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his book is dedicated to the art and science of Operative Dentistry. Our focus with this
edition is to provide students, teachers, and practicing colleagues with a comprehensive and
evidence-based resource for Operative Dentistry and related disciplines.
We also dedicate the seventh edition to the editors and contributors of the previous editions.
Much of their work can still be found in this edition.
Finally, we dedicate this book to Drs. Cliford Sturdevant, Roger Barton, and John Brauer,
who were the editors for he Art and Science of Operative Dentistry, First Edition, 1968. We
hope that they would be proud to see how far their legacy has extended.
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C HA P T E R Foreword

Foreword

Dr. Cliford Sturdevant had a brass plaque on his desk that read
“If it’s almost right it’s wrong!” his commitment to excellence
also was the mantra upon which his classic textbook, he Art and
Science of Operative Dentistry, was irst written and published in
1968. his textbook has been the basis for training dental students
in the ine art and clinical science of Operative Dentistry for 50
years. In light of this signiicant landmark, which coincides with
the publication of this new Seventh Edition, we believe it is
important to present the evolution of the various editions of the
textbook from a historical perspective.
he First Edition (Sturdevant, Barton, Brauer, 1968) was meant
“to present the signiicant aspects of Operative Dentistry and the
research indings in the basic and clinical sciences that have immediate application” in the ield of Operative Dentistry. It is important
to note that Dean Brauer pointed out in his preface that beyond
having the knowledge and skills needed to perform a procedure,
the practitioner must also have high moral and ethical standards,
essential and priceless ingredients. Since the First Edition, this
textbook series has always attempted to present artistic and scientiic
elements of Operative Dentistry in the context of ethical standards
for patient care.
It is also worth noting that the First Edition was printed and
bound in “landscape” format so that it could more easily be used
as a manual in the preclinical laboratory and would always remain
open to the desired page. he handmade 5X models used to illustrate
the various steps in cavity preparation were created by two dental
students enrolled at he University of North Carolina at Chapel
Hill School of Dentistry during the writing of the First Edition.
Illustrations of these models have continued to be used in later
editions, and the models themselves have served as important
teaching materials for decades.
Although the techniques, materials, armamentarium, and
treatment options continue to evolve, many of the principles of
Operative Dentistry described in the First Edition are still pertinent
today. An understanding of these principles and the ability to
meticulously apply them are critical to providing the outstanding
dental treatment expected by our patients.
he Second Edition (Sturdevant, Barton, Sockwell, Strickland,
1985) expanded on many techniques (e.g., acid etching) using
experience and published research that had occurred since publication of the First Edition. he basics of occlusion were emphasized
and presented in a way that would be helpful to the dental student
and practitioner. A chapter on treatment planning and sequencing
of procedures, as well as a chapter providing a thorough treatise
on the use of pins, was included. Information on silicate cement,
self-curing acrylic resin, and the baked porcelain inlay was eliminated
for obvious reasons. A chapter on endodontic therapy and the
chapter on the “dental assistant” were no longer included. Chapters
on (1) tooth-colored restorations and (2) additional conservative
viii

and esthetic treatments explained the changes and improvements
that occurred in the areas of esthetic options available to patients.
In the chapter on gold inlay/onlay restorations, increased emphasis
was given to the gold onlay restorations for Class II cavity
preparations.
he hird Edition (Sturdevant, Roberson, Heymann, J. Sturdevant, 1995) placed a new emphasis on cariology and the “medical
model of disease” with regard to risk assessment and managing
the high-risk caries patient. This important concept laid the
foundation for what is still taught today with regard to identifying
risk factors and deining a treatment plan based on caries risk
assessment. he hird Edition also included new expanded chapters
on infection control, diagnosis and treatment planning, and dental
materials. In light of the growing interest in the area of esthetic
dentistry, a variety of conservative esthetic treatments were introduced including vital bleaching, microabrasion and macroabrasion,
etched porcelain veneers, and the novel all-porcelain bonded pontic.
Additionally, an entirely new section on tooth-colored inlays and
onlays was included that chronicled both lab-processed resin and
ceramic restorations of this type and those fabricated chairside
with CAD/CAM systems.
With the Fourth Edition of this text (Roberson, Heymann,
Swift, 2002), Dr. Cliford Sturdevant’s name was added to the
book title to honor his contributions to the textbook series and
the discipline of Operative Dentistry. In this edition, a particular
emphasis was placed on bonded esthetic restorations. Consequently,
an entirely new chapter was included on fundamental concepts
of enamel and dentin adhesion. his chapter was intended to
provide foundational information critical to the long-term success
of all types of bonded restorations.
he Fifth Edition (Roberson, Heymann, Swift, 2006) continued
with the renewed emphasis on the importance of adhesively bonded
restorations and focused on scientiic considerations for attaining
optimal success, particularly with posterior composites. Concepts
such as the “C Factor” and keys to reducing polymerization efects
were emphasized along with factors involved in reducing microleakage and recurrent decay.
he Sixth Edition (Heymann, Swift, Ritter, 2013) represented
a transition from a large printed edition, as in the past, to a smaller,
streamlined printed version that focused on concepts and techniques
immediately essential for learning contemporary Operative Dentistry.
he same amount of information was included, but many chapters
such as those addressing biomaterials, infection control, pain control,
bonded splints and bridges, direct gold restorations, and instruments
and equipment were available for the irst time in a supplemental
online format.
With this new Seventh Edition of Sturdevant’s Art and Science
of Operative Dentistry, fundamental concepts and principles of
contemporary Operative Dentistry are maintained and enhanced,

Foreword

but vital new areas of content also have been incorporated.
Diagnosis, classiication, and management of dental caries have
been signiicantly updated in light of the latest clinical and epidemiological research. Similarly, content on adhesive dentistry and
composite resins has been updated as a result of the evolving
science in these ields.
An entirely new chapter on light curing and its important role
in the clinical success of resin composite restorations has been
added. Moreover, a new scientiically based chapter details the
important elements of color and shade matching and systematically
reviews how the dental clinician is better able to understand the
many co-variables involved in color assessment. It also reviews
how best to improve shade matching of esthetic restorations to
tooth structure.
In an attempt to better optimize restorative treatment outcomes
involving periodontal challenges, a new chapter has been included
that addresses these principles. Periodontology Applied to Operative
Dentistry chronicles the various clinical considerations involving
conditions such as inadequate crown length, lack of root coverage,
and other vexing problems requiring interdisciplinary treatment
to optimize success.
Finally, the Seventh Edition of this text addresses the everevolving area of digital dentistry with a new chapter, Digital
Dentistry in Operative Dentistry. his chapter reviews the various
technologies involved in scanning and image capture for both
treatment planning and restorative applications. Additionally, the
authors review various types of digital restorative systems for both

ix

chairside and modem-linked laboratory-based fabrication of restorations. In recognition of the rapid movement to digital dentistry,
this chapter is a vital addition to a textbook whose tradition has
been always to relect the latest technologies and research indings
in contemporary Operative Dentistry.
Since its inception 50 years ago, the Sturdevant text has been
a dynamic document, with content that has included innovative
information on the latest materials and techniques. Over this time
period, numerous internationally recognized experts have addressed
many speciic topics as authors and co-authors of various chapters.
It also should be pointed out that with all editions of the textbook,
the authors of the various chapters are themselves actively involved
in teaching students preclinical and clinical Operative Dentistry.
Moreover, they are “wet-ingered dentists” who also practice Operative Dentistry for their individual patients.
In summary, for 50 years Sturdevant’s Art and Science of Operative
Dentistry has been a major resource guiding educators in the teaching
of contemporary Operative Dentistry. Each edition of this text
has striven to incorporate the latest technologies and science based
on the available literature and supporting research. he Seventh
Edition is a superb addition to this tradition, which will most
assuredly uphold the standard of publication excellence that has
been the hallmark of the Sturdevant textbooks for half a century.
Harald O. Heymann, DDS, MEd
Kenneth N. May, Jr., DDS
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Preface

Since the publication of the First Edition in 1968, he University
of North Carolina’s he Art and Science of Operative Dentistry has
been considered a major Operative Dentistry textbook in many
countries, and it has been translated in several languages. he
widespread use of this textbook in dental education is a testimony
to both its success and its value for dental students and dental
educators alike.
With the Seventh Edition we attempted to elevate the level of
excellence this textbook series is known for. All relevant content
from the previous editions is still here (from cariology and treatment
planning to biomaterials and clinical techniques for amalgam and
composite restorations). However, most chapters were signiicantly
revised to relect current scientiic and clinical evidence, and several
chapters were virtually rewritten by new contributors who are
more engaged in the speciic content areas. he chapter on biomaterials, in addition to being signiicantly revised, appears again
in print in the Seventh Edition, making it easier for the reader to
access the information while reading the print version of the
textbook. Additionally, many chapters were condensed into more
streamlined and concise single chapters (for example, three of the
“composite chapters” from the Sixth Edition are now concisely
presented in a single “composite chapter” in this new edition; a
similar approach was used for the “amalgam chapters”).
In addition, four new and relevant chapters were added (Light
Curing of Restorative Materials, Color and Shade Matching in
Operative Dentistry, Periodontology Applied to Operative Dentistry,
and Digital Dentistry in Operative Dentistry) to bring the textbook
in line with disciplines that ever more interface with Operative
Dentistry, emphasizing the increased role of an interdisciplinary
approach to modern Operative Dentistry. Each of these new chapters
is authored by recognized authorities in the respective topics, and
considerably broaden the scope of the Seventh Edition.
he new edition also features an Expert Consult website that
includes a full online version of the print text, as well as ive
additional online-only chapters and technique videos.
Expanding on a signiicant layout facelift that started with the
Sixth Edition, the Seventh Edition ofers an increased number of
color images, line drawings that were further revised and improved
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Dr. Clifford Sturdevant.

for increased text comprehension, and a reorganization of chapter
sequence. Furthermore, redundant and outdated information has
been deleted. All these updates enhance the user experience and
make the Seventh Edition an even user-friendlier textbook for the
wide range of readers—students, teachers, and practitioners/
colleagues.
Many hours of diligent work have been invested so as to ofer
you the best possible Operative Dentistry textbook at this point
in time. We have sought to honor the long-standing tradition of
he Art and Science of Operative Dentistry textbook series and to
bring you updated, clinically relevant and evidence-based information. To publish this edition on the year we commemorate the
50th anniversary of the publication of the First Edition is a milestone
for Operative Dentistry in general and for he University of North
Carolina at Chapel Hill’s Department of Operative Dentistry in
particular. We are honored to have had the opportunity to work
on and present the Seventh Edition.
he Editors
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1
Clinical Signiicance of Dental Anatomy,
Histology, Physiology, and Occlusion
LEE W. BOUSHELL, JOHN R. STURDEVANT

A

thorough understanding of the histology, physiology, and
occlusal interactions of the dentition and supporting tissues
is essential for the restorative dentist. Knowledge of the
structures of teeth (enamel, dentin, cementum, and pulp) and
their relationships to each other and to the supporting structures
is necessary, especially when treating dental caries. he protective
function of the tooth form is revealed by its impact on masticatory
muscle activity, the supporting tissues (osseous and mucosal), and
the pulp. Proper tooth form contributes to healthy supporting
tissues. he contour and contact relationships of teeth with adjacent
and opposing teeth are major determinants of muscle function in
mastication, esthetics, speech, and protection. he relationships
of form to function are especially noteworthy when considering
the shape of the dental arch, proximal contacts, occlusal contacts,
and mandibular movement.

Teeth and Supporting Tiue
Dentition
Humans have primary and permanent dentitions. he primary
dentition consists of 10 maxillary and 10 mandibular teeth. Primary
teeth exfoliate and are replaced by the permanent dentition, which
consists of 16 maxillary and 16 mandibular teeth.

Clae of Human Teeth: Form and Function
Human teeth are divided into classes on the basis of form and
function. he primary and permanent dentitions include the incisor,
canine, and molar classes. he fourth class, the premolar, is found
only in the permanent dentition (Fig. 1.1). Tooth form predicts
the function; class traits are the characteristics that place teeth into
functional categories. Because the diet of humans consists of animal
and plant foods, the human dentition is called omnivorous.

Incisors
Incisors are located near the entrance of the oral cavity and function
as cutting or shearing instruments for food (see Fig. 1.1). From a
proximal view, the crowns of these teeth have a relatively triangular
shape, with a narrow incisal surface and a broad cervical base.
During mastication, incisors are used to shear (cut through) food.

Incisors are essential for proper esthetics of the smile, facial soft
tissue contours (e.g., lip support), and speech (phonetics).

Canines
Canines possess the longest roots of all teeth and are located at
the corners of the dental arches. hey function in the seizing,
piercing, tearing, and cutting of food. From a proximal view, the
crown also has a triangular shape, with a thick incisal ridge. he
anatomic form of the crown and the length of the root make
canine teeth strong, stable abutments for ixed or removable
prostheses. Canines not only serve as important guides in occlusion,
because of their anchorage and position in the dental arches, but
also play a crucial role (along with the incisors) in the esthetics of
the smile and lip support.
Premolars
Premolars serve a dual role: (1) hey are similar to canines in the
tearing of food, and (2) they are similar to molars in the grinding
of food. Although irst premolars are angular, with their facial cusps
resembling canines, the lingual cusps of the maxillary premolars
and molars have a more rounded anatomic form (see Fig. 1.1). he
occlusal surfaces present a series of curves in the form of concavities
and convexities that should be maintained throughout life for correct
occlusal contacts and function. Although less visible than incisors
and canines, premolars still play an important role in esthetics.
Molars
Molars are large, multicusped, strongly anchored teeth located
nearest the temporomandibular joint (TMJ), which serves as the
fulcrum during function. hese teeth have a major role in the
crushing, grinding, and chewing of food to dimensions suitable
for swallowing. hey are well suited for this task because they have
broad occlusal surfaces and anchorage (Figs. 1.2 and 1.3). Premolars
and molars are important in maintaining the vertical dimension
of the face (see Fig. 1.1).

Structure of Teeth
Teeth are composed of enamel, the pulp–dentin complex, and
cementum (see Fig. 1.3). Each of these structures is discussed
individually.
1
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• Fig. 1.1

Maxillary and mandibular teeth in maximum intercuspal position. The classes of teeth are incisors, canines, premolars, and molars.
Cusps of mandibular teeth are one half cusp anterior of corresponding
cusps of teeth in the maxillary arch. (From Logan BM, Reynolds P, Hutchings RT: McMinn’s color atlas of head and neck anatomy, ed 4, Edinburgh,
2010, Mosby.)
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• Fig. 1.3

Cross section of the maxillary molar and its supporting structures. 1, Enamel; 1a, gnarled enamel; 2, dentin; 3a, pulp chamber; 3b,
pulp horn; 3c, pulp canal; 4, apical foramen; 5, cementum; 6, periodontal
ibers in periodontal ligament; 7, alveolar bone; 8, maxillary sinus; 9,
mucosa; 10, submucosa; 11, blood vessels; 12, gingiva; 13, lines of
Retzius; 14, dentinoenamel junction (DEJ).

• Fig. 1.2

Occlusal surfaces of maxillary and mandibular irst and second
molars after several years of use, showing rounded curved surfaces and
minimal wear.

Enamel
Enamel formation, amelogenesis, is accomplished by cells called
ameloblasts. hese cells originate from the embryonic germ layer
known as ectoderm. Enamel covers the anatomic crown of the
tooth, varies in thickness in diferent areas, and is securely attached
to the dentin by the dentinoenamel junction (DEJ) (see Fig. 1.3).
It is thicker at the incisal and occlusal areas of the crown and
becomes progressively thinner until it terminates at the cementoenamel junction (CEJ). he thickness also varies from one class
of tooth to another, averaging 2 mm at the incisal ridges of incisors,
2.3 to 2.5 mm at the cusps of premolars, and 2.5 to 3 mm at the
cusps of molars.
Cusps on the occlusal surfaces of posterior teeth begin as separate
ossiication centers, which form into developmental lobes. Adjacent
developmental lobes increase in size until they begin to coalesce.
Grooves and fossae result in the areas of coalescence (at the junction
of the developmental lobes of enamel) as cusp formation nears

• Fig. 1.4 Maxillary and mandibular irst molars in maximum intercuspal
contact. Note the grooves for escape of food.
completion. he strategic placement of the grooves and fossae
complements the position of the opposing cusps so as to allow
movement of food to the facial and lingual surfaces during mastication. A functional cusp that opposes a groove (or fossa) occludes
on enamel inclines on each side of the groove and not in the depth
of the groove. his arrangement leaves a V-shaped escape path
between the cusp and its opposing groove for the movement of
food during chewing (Fig. 1.4).
Enamel thickness varies in the area of these developmental
features and may approach zero depending on the efectiveness of
adjacent cusp coalescence. Failure or compromised coalescence of
the enamel of the developmental lobes results in a deep invagination
in the groove area of the enamel surface and is termed issure.
Noncoalesced enamel at the deepest point of a fossa is termed pit.
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• Fig. 1.5

Fissure (f) at junction of lobes allows accumulation of food
and bacteria predisposing the tooth to dental caries (c). Enamel (e), dentin
(d), enamel caries lesion (ec), dentin caries lesion (dc), transparent dentin
(td); early enamel demineralization (arrow).

Fissures and/or pits represent non–self-cleansing areas where
acidogenic bioilm accumulation may predispose the tooth to dental
caries (Fig. 1.5).
Chemically, enamel is a highly mineralized crystalline structure.
Hydroxyapatite, in the form of a crystalline lattice, is the largest
mineral constituent (90%–92% by volume). Other minerals and
trace elements are present in smaller amounts. he remaining
constituents of tooth enamel include organic matrix proteins
(1%–2%) and water (4%–12%) by volume.
Structurally, enamel is composed of millions of enamel rods
(or “prisms”), rod sheaths, and a cementing interrod substance.
Enamel rods, which are the largest structural components, are
formed linearly by successive apposition of enamel in discrete
increments. he resulting variations in structure and mineralization
are called incremental striae of Retzius and may be considered growth
rings that form during amelogenesis (see Fig. 1.3). he striae of
Retzius appear as concentric circles in horizontal sections of a
tooth. In vertical sections, the striae are positioned transversely at
the cuspal and incisal areas in a symmetric arc pattern, descending
obliquely to the cervical region and terminating at the DEJ. When
these circles are incomplete at the enamel surface, a series of
alternating grooves, called imbrication lines of Pickerill, are formed.
Elevations between the grooves are called perikymata; they are
continuous around a tooth and usually lie parallel to the CEJ and
each other. Rods vary in number from approximately 5 million
for a mandibular incisor to about 12 million for a maxillary molar.
In general, the rods are aligned perpendicularly to the DEJ and
the tooth surface in the primary and permanent dentitions except
in the cervical region of permanent teeth, where they are oriented
outward in a slightly apical direction. Microscopically, the enamel
surface initially has circular depressions indicating where the enamel
rods end. hese concavities vary in depth and shape, and gradually
wear smooth with age. Additionally, a structureless outer layer of
enamel about 30 µm thick may be commonly identiied toward
the cervical area of the tooth crown and less commonly on cusp
tips. here are no visible rod (prism) outlines in this area and all
of the apatite crystals are parallel to one another and perpendicular
to the striae of Retzius. his layer, referred to as prismless enamel,
may be more heavily mineralized.
Each ameloblast forms an individual enamel rod with a speciic
length based on the speciic type of tooth and the speciic coronal
location within that tooth. Enamel rods follow a wavy, spiraling
course, producing an alternating clockwise and counterclockwise

• Fig. 1.6 Gnarled enamel. (From Berkovitz BKB, Holland GR, Moxham
BJ: Oral anatomy, histology and embryology, ed 4, Edinburgh, 2009,
Mosby.)
arrangement for each group or layer of rods as they progress radially
from the dentin toward the enamel surface. hey initially follow
a curving path through one third of the enamel next to the DEJ.
After that, the rods usually follow a more direct path through the
remaining two thirds of the enamel to the enamel surface. Groups
of enamel rods may entwine with adjacent groups of rods and
follow a curving irregular path toward the tooth surface. hese
constitute gnarled enamel, which occurs near the cervical regions
and also in incisal and occlusal areas (Fig. 1.6). Gnarled enamel
is not subject to fracture as much as is regular enamel. his type
of enamel formation does not yield readily to the pressure of
bladed, hand-cutting instruments in tooth preparation. he orientation of the enamel rod heads and tails and the gnarling of enamel
rods provide strength by resisting, distributing, and dissipating
impact forces.
Changes in the direction of enamel rods, which minimize the
potential for fracture in the axial direction, produce an optical
appearance called Hunter-Schreger bands (Fig. 1.7). hese bands
appear to be composed of alternate light and dark zones of varying
widths that have slightly diferent permeability and organic content.
hese bands are found in diferent areas of each class of teeth.
Because the enamel rod orientation varies in each tooth, HunterSchreger bands also have a variation in the number present in each
tooth. In anterior teeth, they are located near the incisal surfaces.
hey increase in numbers and areas of teeth, from canines to
premolars. In molars, the bands occur from near the cervical region
to the cusp tips. In the primary dentition, the enamel rods in the
cervical and central parts of the crown are nearly perpendicular
to the long axis of the tooth and are similar in their direction to
permanent teeth in the occlusal two thirds of the crown.
Enamel rod diameter near the dentinal borders is about 4 µm
and about 8 µm near the surface. his diameter diference accommodates the larger outer surface of the enamel crown compared
with the dentinal surface at the DEJ. Enamel rods, in transverse
section, have a rounded head or body section and a tail section,
forming a repetitive series of interlocking rods. Microscopic
(~5000×) cross-sectional evaluation of enamel reveals that the
rounded head portion of each rod lies between the narrow tail
portions of two adjacent prisms (Fig. 1.8). Generally, the rounded
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• Fig. 1.7 Photomicrograph of enamel Hunter-Schreger bands. Photographed obtained by relected light. (Modiied from Chiego DJ Jr: Essentials of oral histology and embryology: A clinical approach, ed 4, St Louis,
2014, Mosby.)

head portion is oriented in the incisal or occlusal direction; the
tail section is oriented cervically. he inal act of the ameloblasts,
upon the completion of enamel rod formation, is the secretion of
a membrane layer that covers the ends of the enamel rods. his
layer is referred to as Nasmyth membrane, or primary enamel cuticle.
Ameloblasts degenerate upon completion of Nasmyth membrane,
which covers the newly erupted tooth and is worn away by mastication and cleaning. he membrane is replaced by an organic deposit
called the pellicle, which is a precipitate of salivary proteins.
Microorganisms may attach to the pellicle to form a bioilm
(bacterial plaque), which, if acidogenic in nature, may become a
precursor to dental disease.
Each enamel rod contains millions of small, elongated apatite
crystallites that vary in size and shape. he crystallites are tightly
packed in a distinct pattern of orientation that gives strength and
structural identity to the enamel rod. he long axis of the apatite
crystallites within the central region of the head (body) is aligned
almost parallel to the rod long axis, and the crystallites incline
with increasing angles (65 degrees) to the rod axis in the tail region.
he susceptibility of these crystallites to acidic conditions, from
the caries process or as a result of an etching procedure, may be
correlated with their orientation. Acid-induced mineral dissolution
(demineralization) occurs more in the head region of each rod.
he tail region and the periphery of the head region are relatively
resistant to acidic demineralization. he crystallites are irregular
in shape, with an average length of 160 nm and an average width
of 20 to 40 nm. Each apatite crystallite is composed of thousands
of unit cells that have a highly ordered arrangement of atoms. A
crystallite may be 300 unit cells long, 40 cells wide, and 20 cells
thick in a hexagonal coniguration (Fig. 1.9). An organic matrix
surrounds individual crystals.

• Fig. 1.8 Electron micrograph of cross section of rods in mature human
enamel. Crystal orientation is different in “bodies” (B) than in “tails” (T).
Approximate level of magniication ×5000. (From Meckel AH, Griebstein
WJ, Neal RJ: Structure of mature human dental enamel as observed by
electron microscopy, Arch Oral Biol 10(5):775–783, 1965.)

Although enamel is a hard, dense structure, it is permeable to
certain ions and molecules. he route of passage may be through
structural units such as rod sheaths, enamel cracks, and other
defects that are hypomineralized and rich in organic content. Water
plays an important role as a transporting medium through the
small intercrystalline spaces. Enamel tufts are hypomineralized
structures of interrod substance between adjacent groups of enamel
rods that project from the DEJ (Fig. 1.10). hese projections arise
in dentin, extend into enamel in the direction of the long axis of
the crown, and may play a role in the spread of dental caries.
Enamel lamellae are thin, lealike faults between the enamel rod
groups that extend from the enamel surface toward the DEJ,
sometimes extending into dentin (see Fig. 1.10). hey contain
mostly organic material and may predispose the tooth to the entry
of bacteria and subsequent development of dental caries. Enamel
permeability decreases with age because of changes in the enamel
matrix, a decrease referred to as enamel maturation.
Enamel is soluble when exposed to acidic conditions, but the
dissolution is not uniform. Solubility of enamel increases from
the enamel surface to the DEJ. When luoride ions are present
during enamel formation or are topically applied to the enamel
surface, the solubility of surface enamel is decreased. Fluoride
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• Fig. 1.11

Microscopic view of scalloped dentoenamel junction (DEJ;
arrow). E, Enamel; D, dentin. (From Fehrenbach MJ, Popowics T: Illustrated dental embryology, histology, and anatomy, ed 4, St. Louis, 2016,
Saunders. Courtesy James McIntosh, PhD, Assistant Professor Emeritus, Department of Biomedical Sciences, Baylor College of Dentistry,
Dallas, TX.)

20 nm

• Fig. 1.9 Electron micrograph of mature, hexagon-shaped enamel crystallites. (From Nanci A: Ten Cate’s oral histology: development, structure,
and function, ed 7, St Louis, 2008, Mosby.)
A
• Fig. 1.12

Enamel

B

A, Enamel rods unsupported by dentin base are fractured
away readily by pressure from hand instrument. B, Cervical preparation
showing enamel rods supported by dentin base.

Lamella

Dentinoenamel
junction
Dentinal part
of lamella
Dentin

• Fig. 1.10

Microscopic view through lamella that goes from enamel
surface into dentin. Note the enamel tufts (arrow). (From Fehrenbach MJ,
Popowics T: Illustrated dental embryology, histology, and anatomy, ed 4,
St. Louis, 2016, Saunders. Courtesy James McIntosh, PhD, Assistant
Professor Emeritus, Department of Biomedical Sciences, Baylor College
of Dentistry, Dallas, TX.)

concentration decreases toward the DEJ. Fluoride is able to afect
the chemical and physical properties of the apatite mineral and
inluence the hardness, chemical reactivity, and stability of enamel,
while preserving the apatite structures. Trace amounts of luoride
stabilize enamel by lowering acid solubility, decreasing the rate of
demineralization, and enhancing the rate of remineralization.
Enamel is the hardest substance of the human body. Hardness
may vary over the external tooth surface according to the location;
also, it decreases inward, with hardness lowest at the DEJ. he
density of enamel also decreases from the surface to the DEJ.
Enamel is a rigid structure that is both strong and brittle (high

elastic modulus, high compressive strength, and low tensile strength).
he ability of the enamel to withstand masticatory forces depends
on a stable attachment to the dentin by means of the DEJ. Dentin
is a more lexible substance that is strong and resilient (low elastic
modulus, high compressive strength, and high tensile strength),
which essentially increases the fracture toughness of the more
supericial enamel. he junction of enamel and dentin (DEJ) is
scalloped or wavy in outline, with the crest of the waves penetrating
toward enamel (Fig. 1.11). he rounded projections of enamel it
into the shallow depressions of dentin. his interdigitation may
contribute to the durable connection of enamel to dentin. he
DEJ is approximately 2 µm wide and is comprised of a mineralized
complex of interwoven dentin and enamel matrix proteins. In
addition to the physical, scalloped relationship between the enamel
and dentin, an interphase matrix layer (made primarily of a ibrillary
collagen network) extends 100 to 400 µm from the DEJ into the
enamel. his matrix-modiied interphase layer is considered to
provide fracture propagation limiting properties to the interface
between the enamel and the DEJ and thus overall structural stability
of the enamel attachment to dentin.1 Enamel rods that lack a
dentin base because of caries or improper preparation design are
easily fractured away from neighboring rods. For optimal strength
in tooth preparation, all enamel rods should be supported by
dentin (Fig. 1.12).
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• Fig. 1.13

Pulp cavity size. A, Premolar radiograph of young person. B, Premolar radiograph of older
person. Note the difference in the size of the pulp cavity (arrows).

Pulp–Dentin Complex
Pulp and dentin tissues are specialized connective tissues of
mesodermal origin, formed from the dental papilla of the tooth
bud. Many investigators consider these two tissues as a single
tissue, which forms the pulp–dentin complex, with mineralized
dentin constituting the mature end product of cell diferentiation
and maturation.
Dental pulp occupies the pulp cavity in the tooth and is a
unique, specialized organ of the human body that serves four
functions: (1) formative (developmental), (2) nutritive, (3) sensory
(protective), and (4) defensive/reparative. he formative function
is the production of primary and secondary dentin by odontoblasts.
he nutritive function supplies mineral ions, proteins, and water
to dentin through the blood supply to odontoblasts and their
processes. he sensory function is provided by nerve ibers within
the pulp that mediate the sensation of pain. Dentin nervous
nociceptors are unique because various stimuli elicit only pain as
a response. he pulp usually does not diferentiate between heat,
touch, pressure, or chemicals. Motor nerve ibers initiate relexes
in the muscles of the blood vessel walls for the control of circulation
in the pulp. he defensive/reparative function is discussed in the
subsequent section on The Pulp-Dentin Complex: Response to
Pathologic Challenge.
he pulp is circumscribed by dentin and is lined peripherally
by a cellular layer of odontoblasts adjacent to dentin. Anatomically,
the pulp is divided into (1) coronal pulp located in the pulp
chamber in the crown portion of the tooth, including the pulp
horns that are located beneath the incisal ridges and cusp tips,
and (2) radicular pulp located in the pulp canals in the root portion
of the tooth. he radicular pulp is continuous with the periapical
tissues through the apical foramen or foramina of the root. Accessory
canals may extend from the pulp canals laterally through the root
dentin to periodontal tissue. he shape of each pulp conforms
generally to the shape of each tooth (see Fig. 1.3).
he pulp contains nerves, arterioles, venules, capillaries, lymph
channels, connective tissue cells, intercellular substance, odontoblasts, ibroblasts, macrophages, collagen, and ine ibers.2 he
pulp is circumscribed peripherally by a specialized odontogenic
area composed of the odontoblasts, the cell-free zone, and the
cell-rich zone.
Knowledge of the contour and size of the pulp cavity is essential
during tooth preparation. In general, the pulp cavity is a miniature
contour of the external surface of the tooth. Pulp cavity size varies
with tooth size in the same person and among individuals. With
advancing age, the pulp cavity usually decreases in size. Radiographs
are an invaluable aid in determining the size of the pulp cavity
and any existing pathologic condition (Fig. 1.13). A primary
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• Fig. 1.14

Odontoblasts (o) have cell processes (Tomes ibers [tf]) that
extend through the predentin (pd) into dentin (d). mf, Mineralization front.

objective during operative procedures must be the preservation of
the health of the pulp.
Dentin formation, dentinogenesis, is accomplished by cells called
odontoblasts. Odontoblasts are considered part of pulp and dentin
tissues because their cell bodies are in the pulp cavity, but their
long, slender cytoplasmic cell processes (Tomes ibers) extend well
(100–200 µm) into the tubules in the mineralized dentin (Fig.
1.14).
Because of these odontoblastic cell processes, dentin is considered
a living tissue, with the capability of reacting to physiologic and
pathologic stimuli. Odontoblastic processes occasionally cross the
DEJ into enamel; these are termed enamel spindles when their ends
are thickened (Fig. 1.15). Enamel spindles may serve as pain
receptors, explaining the sensitivity experienced by some patients
during tooth preparation that is limited to enamel only.
Dentin forms the largest portion of the tooth structure, extending
almost the full length of the tooth. Externally, dentin is covered
by enamel on the anatomic crown and cementum on the anatomic
root. Internally, dentin forms the walls of the pulp cavity (pulp
chamber and pulp canals) (Fig. 1.16). Dentin formation begins
immediately before enamel formation. Odontoblasts generate an
extracellular collagen matrix as they begin to move away from
adjacent ameloblasts. Mineralization of the collagen matrix,
facilitated by modiication of the collagen matrix by various
noncollagenous proteins, gradually follows its secretion. he most
recently formed layer of dentin is always on the pulpal surface.

CHAPTER 1

7

Clinical Signiicance of Dental Anatomy, Histology, Physiology, and Occlusion

A

T
A

• Fig. 1.15

Longitudinal section of enamel. Odontoblastic processes
extend into enamel as enamel spindles (A). (From Berkovitz BKB, Holland
GR, Moxham BJ: Oral anatomy, histology and embryology, ed 4, Edinburgh, 2009, Mosby. Courtesy of Dr. R. Sprinz.)

• Fig. 1.17 Ground dentinal surface, acid-etched with 37% phosphoric
acid. The artiicial crack shows part of the dentinal tubules (T). The tubule
apertures are opened and widened by acid application. (From Brännström
M: Dentin and pulp in restorative dentistry, London, 1982, Wolfe Medical.)
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• Fig. 1.16

Pattern of formation of primary dentin. This igure also shows
enamel (e) covering the anatomic crown of the tooth and cementum (c)
covering the anatomic root.

his unmineralized zone of dentin is immediately next to the cell
bodies of odontoblasts and is called predentin (see Fig. 1.14). Dentin
formation begins at areas subjacent to the cusp tip or incisal ridge
and gradually spreads, at the rate of ~4 µm/day, to the apex of
the root (see Fig. 1.16). In contrast to enamel formation, dentin
formation continues after tooth eruption and throughout the life
of the pulp. he dentin forming the initial shape of the tooth is
called primary dentin and is usually completed 3 years after tooth
eruption (in the case of permanent teeth).
he dentinal tubules are small canals that remain from the
process of dentinogenesis and extend through the entire width of
dentin, from the pulp to the DEJ (Figs. 1.17 and 1.18). Each
tubule contains the cytoplasmic cell process (Tomes iber) of an

• Fig. 1.18

Dentinal tubules in cross section, 1.2 mm from pulp. Peritubular dentin (P) is more mineralized than intertubular dentin (I). (From
Brännström M: Dentin and pulp in restorative dentistry, London, 1982,
Wolfe Medical.)

odontoblast and is lined with a layer of peritubular dentin, which
is much more mineralized than the surrounding intertubular dentin
(see Fig. 1.18).
he surface area of dentin is much larger at the DEJ and
dentinocemental junction than it is on the pulp cavity side. Because
odontoblasts form dentin while progressing inward toward the
pulp, the tubules are forced closer together. he number of tubules
increases from 15,000 to 20,000/mm2 at the DEJ to 45,000 to
65,000/mm2 at the pulp.3 he lumen of the tubules also varies
from the DEJ to the pulp surface. In coronal dentin, the average
diameter of tubules at the DEJ is 0.5 to 0.9 µm, but this increases
to 2 to 3 µm near the pulp (Fig. 1.19).
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• Fig. 1.19 Tubules in supericial dentin close to the dentoenamel junction (DEJ) (A) are smaller and more sparsely distributed compared with
deep dentin (B). The tubules in supericial root dentin (C) and deep root
dentin (D) are smaller and less numerous than those in comparable depths
of coronal dentin.
he course of the dentinal tubules is a slight S-curve in the
tooth crown, but the tubules are straighter in the incisal ridges,
cusps, and root areas (Fig. 1.20). Tubules are generally oriented
perpendicular to the DEJ. Along the tubule walls are small lateral
openings called canaliculi or lateral canals. he lateral canals are
formed as a result of the presence of secondary (lateral) branches
of adjacent odontoblastic processes during dentinogenesis. Near
the DEJ, the tubules are divided into several branches, forming
an intercommunicating and anastomosing network (Fig. 1.21).
After the primary dentin is formed, dentin deposition continues
at a reduced rate (~0.4 µm/day) even without obvious external
stimuli, although the rate and amount of this physiologic secondary
dentin vary considerably among individuals. In secondary dentin,
the tubules take a slightly diferent directional pattern in contrast
to the primary dentin (Fig. 1.22). he secondary dentin forms on
all internal aspects of the pulp cavity, but in the pulp chamber, in
multirooted teeth, it tends to be thicker on the roof and loor than
on the side walls.4
he walls of the dentinal tubules (peritubular dentin) in the
primary dentin gradually thicken, through ongoing mineral deposition, with age. he dentin therefore becomes harder, denser, and,
because tubular luid low becomes more restricted as the lumen
spaces become smaller, less sensitive. he increased amount of
mineral in the primary dentin is deined as dentin sclerosis. Dentin
sclerosis resulting from aging is called physiologic dentin sclerosis.
Human dentin is composed of approximately 50% inorganic
material and 30% organic material by volume. he organic material
is approximately 90% type I collagen and 10% noncollagenous
proteins. Dentin is less mineralized than enamel but more mineralized than cementum or bone. he mineral content of dentin
increases with age. he mineral phase is composed primarily of
hydroxyapatite crystallites, which are arranged in a less systematic
manner than are enamel crystallites. Dentinal crystallites are smaller
than enamel crystallites, having a length of 20 to 100 nm and a
width of about 3 nm, which is similar to the size seen in bone
and cementum.4 Dentin is signiicantly softer than enamel but
harder than bone or cementum. he hardness of dentin averages
one ifth that of enamel, and its hardness near the DEJ is about
three times greater than near the pulp. Although dentin is a hard,
mineralized tissue, it is lexible, with a modulus of elasticity of
approximately 18 gigapascals (GPa).5 his lexibility helps support
the more brittle, less resilient enamel. Dentin is not as prone to
fracture as is the enamel rod structure. Often small “craze lines”

• Fig. 1.20 Ground section of human incisor. Course of dentinal tubules
is in a slight S-curve in the crown, but straight at the incisal tip and in the
root. (From Young B, Lowe JS, Stevens A, Heath JW: Wheater’s functional
histology: a text and colour atlas, ed 5, Edinburgh, 2006, Churchill
Livingstone.)
are seen in enamel, indicating minute fractures of that structure.
he craze lines usually are not clinically signiicant unless associated
with cracks in the underlying dentin. he ultimate tensile strength
of dentin is approximately 98 megapascals (MPa), whereas the
ultimate tensile strength of enamel is approximately 10 MPa. he
compressive strength of dentin and enamel are approximately 297
and 384 MPa, respectively.5
During tooth preparation, dentin usually is distinguished from
enamel by (1) color and opacity, (2) relectance, (3) hardness, and
(4) sound. Dentin is normally yellow-white and slightly darker
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• Fig. 1.21

Ground section showing dentinal tubules and their lateral
branching close to the dentoenamel junction (DEJ). (From Berkovitz BKB,
Holland GR, Moxham BJ: Oral anatomy, histology, and embryology, ed 4,
Edinburgh, 2010, Mosby.)
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• Fig. 1.23 Stimuli that induce rapid luid movements in dentinal tubules
distort odontoblasts and afferent nerves (arrow), leading to a sensation of
pain. Many operative procedures such as cutting or air-drying induce rapid
luid movement.
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• Fig. 1.22

Ground section of dentin with pulpal surface at right. Dentinal
tubules curve sharply as they move from primary to secondary dentin.
Dentinal tubules are more irregular in shape in secondary dentin. (From
Nanci A: Ten Cate’s oral histology: development, structure, and function,
ed 8, St. Louis, 2013, Mosby.)

than enamel. In older patients, dentin is darker, and it can become
brown or black when it has been exposed to oral luids, old
restorative materials, or slowly advancing caries. Dentin surfaces
are more opaque and dull, being less relective to light than similar
enamel surfaces, which appear shiny. Dentin is softer than enamel
and provides greater yield to the pressure of a sharp explorer tine,
which tends to catch and hold in dentin.
Dentin sensitivity is perceived whenever nociceptor aferent
nerve endings, in close proximity to odontoblastic processes within
the dental tubules, are depolarized. he nerve transduction is most
often interpreted by the central nervous system as pain. Physical,
thermal, chemical, bacterial, and traumatic stimuli are remote
from the nerve ibers and are detected through the luid-illed
dentinal tubules, although the precise mechanism of detection has
not been conclusively established. he most accepted theory of
stimulus detection is the hydrodynamic theory, which suggests that
stimulus-initiated rapid tubular luid movement within the dentinal
tubules accounts for nerve depolarization.6 Operative procedures
that involve cutting, drying, pressure changes, osmotic shifts, or
changes in temperature result in rapid tubular luid movement,
which is perceived as pain (Fig. 1.23).
Dentinal tubules are illed with dentinal luid, a transudate of
plasma that contains all components necessary for mineralization

• Fig. 1.24 Ground section of MOD (mesio-occluso-distal) tooth preparation of a third molar. Dark blue dye was placed in the pulp chamber
under pressure after tooth preparation. Dark areas of dye penetration (D)
show that the dentinal tubules of axial walls are much more permeable
than those of the pulpal loor of preparation.
to occur. hese components include water, matrix proteins, matrixmodifying proteins, and mineral ions. he vital dental pulp has a
slight positive pressure that results in continual dentinal luid low
toward the external surface of the tooth. Enamel and cementum,
though semipermeable, provide an efective layer serving to protect
the underlying dentin and limit tubular luid low. When enamel
or cementum is removed during tooth preparation, the protective
layer is lost, allowing increased tubular luid movement toward
the cut surface. Permeability studies of dentin indicate that tubules
are functionally much smaller than would be indicated by their
measured microscopic dimensions as a result of numerous constrictions along their paths (see Fig. 1.18).7 Dentin permeability is not
uniform throughout the tooth. Coronal dentin is much more
permeable than root dentin. here also are diferences within coronal
dentin (Fig. 1.24).8 Dentin permeability primarily depends on the
remaining dentin thickness (i.e., length of the tubules) and the
diameter of the tubules. Because the tubules are shorter, more
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• Fig. 1.26
• Fig. 1.25 Horizontal section in the occlusal third of a molar crown.
Dark blue dye was placed in the pulp chamber under pressure. Deep
dentin areas (over pulp horns) are much more permeable than supericial
dentin. (From Pashley DH, Andringa HJ, Derkson GD, Derkson ME, Kalathoor SR: Regional variability in the permeability of human dentin, Arch
Oral Biol 32:519–523, 1987, with permission from Pergamon, Oxford,
UK.)
numerous, and larger in diameter closer to the pulp, deep dentin
is a less efective pulpal barrier compared with supericial dentin
(Fig. 1.25).

The Pulp–Dentin Complex: Response to
Pathologic Challenge
he pulp–dentin complex responds to tooth pathology through
pulpal immune-inlammation defense systems and dentin repair/
formation. he defensive and reparative functions of the pulp are
mediated by an extremely complex host-defense response to bacterial,
chemical, mechanical, and/or thermal irritation.9 Primary odontoblasts are the irst to respond to lesion formation and communicate
with the deeper pulp tissue (via cytokines and chemokines) such
that an adaptive and innate inlammatory reaction begins. Mild
to moderate injury normally causes a reversible inlammatory
response in the pulp, referred to as reversible pulpitis, which resolves
when the pathology is removed. Moderate to severe injury (e.g.,
deep caries) may cause the degeneration of the afected odontoblastic
processes and death of the corresponding primary odontoblasts.
Toxic bacterial products, molecules released from the demineralized
dentin matrix, and/or high concentrations of inlammatory response
mediators may signal death of the primary odontoblasts. In cases
of severe injury, an irreversible inlammatory response of the pulp
(irreversible pulpitis) will ultimately result in capillary dilation,
local edema, stagnation of blood low, anoxia, and ultimately pulpal
necrosis (see Chapter 2).
Very early host-defense processes in primary dentin seek to
block the advancement of a caries lesion by means of the precipitation of mineral in the lumens of the dentinal tubules of the afected
area. he physical occlusion of the tubular lumens increases the
ability of light to pass through this localized region (i.e., increases
its transparency). his dentin is referred to as transparent dentin
(Fig. 1.26).10 Dentin in this area is not as hard as normal primary
dentin because of mineral loss in the intertubular dentin (see
Chapter 2). Successful host-defense repair processes result in the

Transparent dentin (arrow) beneath a caries lesion (c).

remineralization of the intertubular dentin, in addition to the
mineral occlusion of the dentinal tubules, such that the inal
hardness of the dentin in this afected area is greater than normal
primary dentin. he increased overall mineralization of this cariesafected primary dentin is referred to as reactive dentin sclerosis.
Deep dentin formation processes occur simultaneously with
the pulpal inlammatory response and result in the generation of
tertiary dentin at the pulp–dentin interface. he net efect of these
processes is to increase the thickness/efectiveness of the dentin as
a protective barrier for the pulp tissue. Two types of tertiary dentin
form in response to lesion formation. In the case of mild injury
(e.g., a shallow caries lesion), primary odontoblasts initiate increased
formation of dentin along the internal aspect of the dentin beneath
the afected area through secretion of reactionary tertiary dentin
(or “reactionary dentin”). Reactionary dentin is tubular in nature
and is continuous with primary and secondary dentin.
More severe injury (e.g., a deep caries lesion) causes the death
of the primary odontoblasts. When therapeutic steps successfully
resolve the injury, replacement cells (variously referred to as secondary
odontoblasts, odontoblast-like cells, or odontoblastoid cells) diferentiate
from pulpal mesenchymal cells. The secondary odontoblasts
subsequently generate reparative tertiary dentin (or “reparative
dentin”) as a part of the ongoing host defense. Reparative dentin
usually appears as a localized dentin deposit on the wall of the
pulp cavity immediately subjacent to the area on the tooth that
had received the injury (Fig. 1.27). Reparative dentin is generally
atubular and therefore structurally diferent from the primary and
secondary dentin.

Cementum
Cementum is a thin layer of hard dental tissue covering the anatomic
roots of teeth. It is formed by cells known as cementoblasts, which
develop from undiferentiated mesenchymal cells in the connective
tissue of the dental follicle. Cementum is slightly softer than dentin
and consists of about 45% to 50% inorganic material (hydroxyapatite) by weight and 50% to 55% organic matter and water by
weight. he organic portion is composed primarily of collagen
and protein polysaccharides. Sharpey ibers are portions of the
principal collagen ibers of the periodontal ligament embedded in
cementum and alveolar bone to attach the tooth to the alveolus
(Fig. 1.28). Cementum is avascular.
Cementum is yellow and slightly lighter in color than dentin.
It is formed continuously throughout life because, as the supericial

CHAPTER 1

Clinical Signiicance of Dental Anatomy, Histology, Physiology, and Occlusion

11

d

rd

• Fig. 1.29

Radiograph showing root resorption on lateral incisor after
orthodontic tooth movement.

p

• Fig. 1.27 Reparative dentin in response to a caries lesion. d, Dentin;
rd, reparative dentin; p, pulp. (From Trowbridge HO: Pulp biology: Progress during the past 25 years, Aust Endo J 29(1):5–12, 2003.)

Cementum is capable of repairing itself to a limited degree and is
not resorbed under normal conditions. Some resorption of the
apical portion of the root cementum and dentin may occur, however,
if orthodontic pressures are excessive and movement is too fast
(Fig. 1.29).

Physiology of Tooth Form
Radicular dentin
Fibers
perforating
the alveolar
bone
Fibers
perforating
the cementum

• Fig. 1.28 Principal ibers of periodontal ligament continue into surface
layer of cementum as Sharpey ibers. (Modiied from Chiego DJ Jr: Essentials of oral histology and embryology: A clinical approach, ed 4, St Louis,
2014, Mosby.)
layer of cementum ages, a new layer of cementum is deposited to
keep the attachment intact. Acellular cementum (i.e., there are no
cementoblasts) is predominately associated with the coronal half
of the root. Cellular cementum is more frequently associated with
the apical half of the root. Cementum on the root end surrounds
the apical foramen and may extend slightly onto the inner wall
of the pulp canal. Cementum thickness may increase on the root
end to compensate for attritional wear of the occlusal or incisal
surface and passive eruption of the tooth.
The cementodentinal junction is relatively smooth in the
permanent tooth. he attachment of cementum to dentin, although
not completely understood, is very durable. Cementum joins enamel
to form the CEJ. In about 10% of teeth, enamel and cementum
do not meet, and this can result in a sensitive area as the openings
of the dentinal tubules are not covered. Abrasion, erosion, caries,
scaling, and restoration inishing/polishing procedures may denude
dentin of its cementum covering. his may lead to sensitivity to
various stimuli (e.g., heat, cold, sweet substances, sour substances).

Function
Teeth serve four main functions: (1) mastication, (2) esthetics, (3)
speech, and (4) protection of supporting tissues. Normal tooth
form and proper alignment ensure eiciency in the incising and
reduction of food. he various tooth classes—incisors, canines,
premolars, and molars—perform speciic functions in the masticatory process and in the coordination of the various muscles of
mastication. he form and alignment of anterior teeth contribute
to the esthetics of personal physical appearance. he form and
alignment of anterior and posterior teeth assist in the articulation
of certain sounds so as to efect proper speech. Finally, the form
and alignment of teeth assist in the development and protection
of supporting gingival tissue and alveolar bone.
Contours
Facial and lingual surfaces possess a degree of convexity that afords
protection and stimulation of supporting tissues during mastication.
he convexity generally is located at the cervical third of the crown
on the facial surfaces of all teeth and the lingual surfaces of incisors
and canines. Lingual surfaces of posterior teeth usually have their
height of contour in the middle third of the crown. Normal tooth
contours act in delecting food only to the extent that the passing
food stimulates (by gentle massage) and does not irritate (abrade)
supporting soft tissues. If these curvatures are too great, tissues
usually receive inadequate stimulation by the passage of food. Too
little contour may result in trauma to the attachment apparatus.
Normal tooth contours must be recreated in the performance of
operative dental procedures. Improper location and degree of facial
or lingual convexities may result in iatrogenic injury, as illustrated
in Fig. 1.30, in which the proper facial contour is disregarded in
the design of the cervical area of a mandibular molar restoration.
Overcontouring is the worst ofender, usually resulting in increased
plaque retention that leads to a chronic inlammatory state of the
gingiva.
Proper form of the proximal surfaces of teeth is just as important
to the maintenance of periodontal tissue health as is the proper
form of facial and lingual surfaces. he proximal height of contour
serves to provide (1) contacts with the proximal surfaces of adjacent
teeth, thus preventing food impaction, and (2) adequate embrasure
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space (immediately apical to the contacts) for gingival tissue,
supporting bone, blood vessels, and nerves that serve the supporting
structures (Fig. 1.31).

Proximal Contact Area
When teeth initially erupt to make proximal contact with previously
erupted teeth, a contact point is present. he contact point increases
in size to become a proximal contact area as the two adjacent
tooth surfaces abrade each other during physiologic tooth movement
(Figs. 1.32 and 1.33).
he physiologic signiicance of properly formed and located
proximal contacts cannot be overemphasized; they promote normal
healthy interdental papillae illing the interproximal spaces. Improper
contacts may result in food impaction between teeth, potentially
increasing the risk of periodontal disease, caries, and tooth movement. In addition, retention of food is objectionable because of
its physical presence and the halitosis that results from food
decomposition. Proximal contacts and interdigitation of maxillary
and mandibular teeth, through occlusal contact areas, stabilize and
maintain the integrity of the dental arches.
he proximal contact area is located in the incisal third of the
approximating surfaces of maxillary and mandibular central incisors
(see Fig. 1.33). It is positioned slightly facial to the center of the
proximal surface faciolingually (see Fig. 1.32). Proceeding posteriorly

A

B

from the incisor region through all the remaining teeth, the contact
area is located near the junction of the incisal (or occlusal) and
middle thirds or in the middle third. Proximal contact areas typically
are larger in the molar region, which helps prevent gingival food
impaction during mastication. Adjacent surfaces near the proximal
contacts (embrasures) usually have remarkable symmetry.

Embrasures
Embrasures are V-shaped spaces that originate at the proximal
contact areas between adjacent teeth and are named for the direction
toward which they radiate. hese embrasures are (1) facial, (2)
lingual, (3) incisal or occlusal, and (4) gingival (see Figs. 1.32
and 1.33).
Initially, the interdental papilla ills the gingival embrasure.
When the form and function of teeth are ideal and optimal oral

C

• Fig. 1.30 Contours. Arrows show pathways of food passing over facial
surface of mandibular molar during mastication. A, Overcontour delects
food from gingiva and results in understimulation of supporting tissues. B,
Undercontour of tooth may result in irritation of soft tissue. C, Correct
contour permits adequate stimulation and protection of supporting tissue.

• Fig. 1.31 Portion of the skull, showing triangular spaces beneath
proximal contact areas. These spaces are occupied by soft tissue and
bone for the support of teeth.

Facial embrasure
Lingual embrasure

A

B

• Fig. 1.32 Proximal contact areas. Black lines show positions of contact faciolingually. A, Maxillary
teeth. B, Mandibular teeth. Facial and lingual embrasures are indicated.
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Incisal embrasure
Occlusal embrasure
Gingival embrasure

B
• Fig. 1.33 Proximal contact areas. Black lines show positions of contact incisogingivally and occlusogingivally. Incisal, occlusal, and gingival embrasures are indicated. A, Maxillary teeth. B, Mandibular teeth.

Contact area

y

w

y

Col
w
Soft tissue outline

• Fig. 1.34

Relationship of ideal interdental papilla to molar contact area.

health is maintained, the interdental papilla may continue in this
position throughout life. When the gingival embrasure is illed by
the papilla, trapping of food in this region is prevented. In a faciolingual vertical section, the papilla is seen to have a triangular
shape between anterior teeth, whereas in posterior teeth, the papilla
may be shaped like a mountain range, with facial and lingual peaks
and the col (“valley”) lying beneath the contact area (Fig. 1.34).
his col, a central faciolingual concave area beneath the contact,
is more vulnerable to periodontal disease from incorrect contact
and embrasure form because it is covered by nonkeratinized
epithelium.
he correct relationships of embrasures, cusps to sulci, marginal
ridges, and grooves of adjacent and opposing teeth provide for the
escape of food from the occlusal surfaces during mastication. When
an embrasure is decreased in size or absent, additional stress is
created on teeth and the supporting structures during mastication.
Embrasures that are too large provide little protection to the
supporting structures as food is forced into the interproximal space
by an opposing cusp (Fig. 1.35). A prime example is the failure
to restore the distal cusp of a mandibular irst molar when placing
a restoration (Fig. 1.36). Lingual embrasures are usually larger
than facial embrasures; and this allows more food to be displaced
lingually because the tongue can return the food to the occlusal
surface more easily than if the food is displaced facially into the
buccal vestibule (see Fig. 1.32). he marginal ridges of adjacent
posterior teeth should be at the same height to have proper contact
and embrasure forms. When this relationship is absent, it may

z

x

z

x

• Fig. 1.35 Embrasure form. w, Improper embrasure form caused by
overcontouring of restoration resulting in unhealthy gingiva from lack of
stimulation. x, Good embrasure form. y, Frictional wear of contact area
has resulted in decrease of embrasure dimension. z, When the embrasure
form is good, supporting tissues receive adequate stimulation from foods
during mastication.

x
y

• Fig. 1.36 Embrasure form. x, Portion of tooth that offers protection to
underlying supporting tissue during mastication. y, Restoration fails to
establish adequate contour for good embrasure form.
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• Fig. 1.38 Vertical section of a maxillary incisor illustrating supporting
structures: 1, enamel; 2, dentin; 3, pulp; 4, gingival sulcus; 5, free gingival
margin; 6, free gingiva; 7, free gingival groove; 8, lamina propria of gingiva;
9, attached gingiva; 10, mucogingival junction; 11, periodontal ligament;
12, alveolar bone; 13, cementum; 14, alveolar mucosa.

• Fig. 1.37

Poor anatomic restorative form. A, Radiograph of lat
contact/amalgam gingival excess and resultant vertical osseous loss. B,
Radiograph of restoration with amalgam gingival excess and absence of
contact resulting in osseous loss, adjacent root caries. C, Poor embrasure
form and restoration margins.

cause an increase in the problems associated with inadequate
proximal contacts and faulty embrasure forms.
Preservation of the curvatures of opposing cusps and surfaces
in function maintains masticatory eiciency throughout life (see
Fig. 1.2). Correct anatomic form renders teeth more self-cleansing
because of the smoothly rounded contours that are more exposed
to the cleansing action of foods and luids and the frictional
movement of the tongue, lips, and cheeks. Failure to understand
and adhere to correct anatomic form may contribute to the
breakdown of the restored system (Fig. 1.37).

Maxilla and Mandible
he human maxilla is formed by two bones, the maxilla proper
and the premaxilla. hese two bones form the bulk of the upper
jaw and the major portion of the hard palate and help form the
loor of the orbit and the sides and base of the nasal cavity. hey
contain 10 maxillary primary teeth initially and later contain 16
maxillary permanent teeth in the alveolar process (see Figs. 1.1
and 1.3, label 7).
he mandible, or the lower jaw, is horseshoe shaped and relates
to the skull on either side via the TMJs. he mandible is composed
of a body of two horizontal portions joined at the midline symphysis
mandibulae and the rami, the vertical parts. he coronoid process

and the condyle make up the superior border of each ramus. he
mandible initially contains 10 mandibular primary teeth and later
16 mandibular permanent teeth in the alveolar process. Maxillary
and mandibular bones comprise approximately 38% to 43%
inorganic material and 34% organic material by volume. he
inorganic material is hydroxyapatite, and the organic material is
primarily type I collagen, which is surrounded by a ground substance
of glycoproteins and proteoglycans.

Oral Mucosa
he oral mucosa is the mucous membrane that covers all oral
structures except the clinical crowns of teeth. It is composed of
two layers: (1) the stratiied squamous epithelium and (2) the
supporting connective tissue, called lamina propria. (See the lamina
propria of the gingiva in Fig. 1.38, indicator 8.) he epithelium
may be keratinized, parakeratinized, or nonkeratinized, depending
on its location. he lamina propria varies in thickness and supports
the epithelium. It may be attached to the periosteum of alveolar
bone, or it may be interposed over the submucosa, which may
vary in diferent regions of the mouth (e.g., the loor of the mouth,
the soft palate). he submucosa, consisting of connective tissues
varying in density and thickness, attaches the mucous membrane
to the underlying bony structures. he submucosa contains glands,
blood vessels, nerves, and adipose tissue.
Oral mucosa is classiied into three major functional types: (1)
masticatory mucosa, (2) lining or relective mucosa, and (3) specialized mucosa. he masticatory mucosa comprises the free and
attached gingiva (see Fig. 1.38, indicators 6 and 9) and the mucosa
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of the hard palate. he epithelium of these tissues is keratinized,
and the lamina propria is a dense, thick, irm connective tissue
containing collagen ibers. he hard palate has a distinct submucosa
except for a few narrow speciic zones. he dense lamina propria
of the attached gingiva is connected to the cementum and periosteum of the bony alveolar process (see Fig. 1.38, indicator 8).
he lining or relective mucosa covers the inside of the lips,
cheek, and vestibule, the lateral surfaces of the alveolar process
(except the mucosa of the hard palate), the loor of the mouth,
the soft palate, and the ventral surface of the tongue. he lining
mucosa is a thin, movable tissue with a relatively thick, nonkeratinized epithelium and a thin lamina propria. he submucosa
comprises mostly thin, loose connective tissue with muscle and
collagenous and elastic ibers, with diferent areas varying from
one another in their structures. he junction of the lining mucosa
and the masticatory mucosa is the mucogingival junction, located
at the apical border of the attached gingiva facially and lingually
in the mandibular arch and facially in the maxillary arch (see Fig.
1.38, indicator 10). he specialized mucosa covers the dorsum of
the tongue and the taste buds. he epithelium is nonkeratinized
except for the covering of the dermal iliform papillae.

Periodontium
he periodontium consists of the oral hard and soft tissues that
invest and support teeth. It may be divided into (1) the gingival
unit, consisting of free and attached gingiva and the alveolar mucosa,
and (2) the attachment apparatus, consisting of cementum, the
periodontal ligament, and the alveolar process (see Fig. 1.38).

Gingival Unit
As mentioned, the free gingiva and the attached gingiva together
form the masticatory mucosa. he free gingiva is the gingiva from
the marginal crest to the level of the base of the gingival sulcus
(see Fig. 1.38, indicators 4 and 6). he gingival sulcus is the space
between the tooth and the free gingiva. he outer wall of the
sulcus (inner wall of the free gingiva) is lined with a thin, nonkeratinized epithelium. he outer aspect of the free gingiva in each
gingival embrasure is called gingival or interdental papilla. he free
gingival groove is a shallow groove that runs parallel to the marginal
crest of the free gingiva and usually indicates the level of the base
of the gingival sulcus (see Fig. 1.38, indicator 7).
he attached gingiva, a dense connective tissue with keratinized,
stratiied, squamous epithelium, extends from the depth of the
gingival sulcus to the mucogingival junction. A dense network of
collagen ibers connects the attached gingiva irmly to cementum
and the periosteum of the alveolar process (bone).
he alveolar mucosa is a thin, soft tissue that is loosely attached
to the underlying alveolar bone (see Fig. 1.38, indicators 12 and
14). It is covered by a thin, nonkeratinized epithelial layer. he
underlying submucosa contains loosely arranged collagen ibers,
elastic tissue, fat, and muscle tissue. he alveolar mucosa is delineated
from the attached gingiva by the mucogingival junction and
continues apically to the vestibular fornix and the inside of the
cheek.
Clinically, the level of the gingival attachment and gingival
sulcus is an important factor in restorative dentistry. Soft tissue
health must be maintained by teeth having the correct anatomic
form and position to prevent recession of the gingiva and possible
abrasion and erosion of the root surfaces. he margin of a tooth
preparation should not be positioned subgingivally (at levels between
the marginal crest of the free gingiva and the base of the sulcus)

15

unless dictated by caries, previous restoration, esthetics, or other
preparation requirements.

Attachment Apparatus
he tooth root is attached to the alveolus (bony socket) by the
periodontal ligament (see Fig. 1.38, indicator 11), which is a complex
connective tissue containing numerous cells, blood vessels, nerves,
and an extracellular substance consisting of ibers and ground
substance. Most of the ibers are collagen, and the ground substance
is composed of a variety of proteins and polysaccharides. he
periodontal ligament serves the following functions: (1) attachment
and support, (2) sensory, (3) nutritive, and (4) homeostatic. Bundles
of collagen ibers, known as principal ibers of the ligament, serve
to connect between cementum and alveolar bone so as to suspend
and support the tooth. Coordination of masticatory muscle function
is achieved, through an eicient proprioceptive mechanism, by
the sensory nerves located in the periodontal ligament. Blood
vessels supply the attachment apparatus with nutritive substances.
Specialized cells of the ligament function to resorb and replace
cementum, the periodontal ligament, and alveolar bone.
he alveolar process—a part of the maxilla and the mandible—
forms, supports, and lines the sockets into which the roots of teeth
it. Anatomically, no distinct boundary exists between the body
of the maxilla or the mandible and the alveolar process. he alveolar
process comprises thin, compact bone with many small openings
through which blood vessels, lymphatics, and nerves pass. he
inner wall of the bony socket consists of the thin lamella of bone
that surrounds the root of the tooth and is termed alveolar bone
proper. he second part of the bone is called supporting alveolar
bone, which surrounds and supports the alveolar bone proper.
Supporting bone is composed of two parts: (1) the cortical plate,
consisting of compact bone and forming the inner (lingual) and
outer (facial) plates of the alveolar process, and (2) the spongy
base that ills the area between the plates and the alveolar bone
proper.

Occlusion
Occlusion literally means “closing”; in dentistry, the term means
the contact of teeth in opposing dental arches when the jaws are
closed (static occlusal relationships) and during various jaw movements (dynamic occlusal relationships). he size of the jaw and
the arrangement of teeth within the jaw are subject to a wide range
of variation. he locations of contacts between opposing teeth
(occlusal contacts) vary as a result of diferences in the sizes and
shapes of teeth and jaws and the relative position of the jaws. A
wide variety of occlusal schemes are found in healthy individuals.
Consequently, deinition of an ideal occlusal scheme is fraught
with diiculty.11 Repeated attempts have been made to describe
an ideal occlusal scheme, but these descriptions are so restrictive
that few individuals can be found to it the criteria. Failing to ind
a single adequate deinition of an ideal occlusal scheme has resulted
in the conclusion that “in the inal analysis, optimal function and
the absence of disease is the principal characteristic of a good
occlusion.”11 he dental relationships described in this section
conform to the concepts of normal, or usual, occlusal schemes
and include common variations of tooth-and-jaw relationships.
he masticatory system (muscles, TMJs, and teeth) is highly
adaptable and usually able to successfully function over a wide
range of diferences in jaw size and tooth alignment. Despite this
great adaptability, however, some patients are highly sensitive to
changes in tooth contacts (which inluence the masticatory muscles
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and TMJs), which may be brought about by orthodontic and
restorative dental procedures.
Occlusal contact patterns vary with the position of the mandible.
Static occlusion is deined further by the use of reference positions
that include fully closed, terminal hinge (TH) closure, retruded,
protruded, and right and left lateral extremes. he number and
location of occlusal contacts between opposing teeth have important
efects on the amount and direction of muscle force applied during
mastication and other parafunctional activities such as mandibular
clenching, tooth grinding, or a combination of both (bruxism).
In extreme cases, these forces damage the teeth and/or their supporting tissues. Forceful tooth contact occurs routinely near the
limits or borders of mandibular movement, showing the relevance
of these reference positions.12
Tooth contact during mandibular movement is termed dynamic
occlusal relationship. Gliding or sliding contacts occur during
mastication and other mandibular movements. Gliding contacts
may be advantageous or disadvantageous, depending on the teeth
involved, the position of the contacts, and the resultant masticatory
muscle response. he design of the restored tooth surface will have
important efects on the number and location of occlusal contacts,
and both static and dynamic relationships must be taken into
consideration. he following sections discuss common arrangements
and variations of teeth and the masticatory system. Mastication
and the contacting relationships of anterior and posterior teeth are
described with reference to the potential restorative needs of teeth.

General Description
Tooth Alignment and Dental Arches
In Fig. 1.39A, the cusps have been drawn as blunt, rounded, or
pointed projections of the crowns of teeth. Posterior teeth have
one, two, or three cusps near the facial and lingual surfaces of
each tooth. Cusps are separated by distinct developmental grooves
and sometimes have additional supplemental grooves on cusp
inclines. Facial cusps are separated from the lingual cusps by a
deep groove, termed central groove. If a tooth has multiple facial
cusps or multiple lingual cusps, the cusps are separated by facial
or lingual developmental grooves. he depressions between the
cusps are termed fossae (singular, fossa). Cusps in both arches are
aligned in a smooth curve. Usually, the maxillary arch is larger
than the mandibular arch, which results in maxillary cusps overlapping mandibular cusps when the arches are in maximal occlusal
contact (see Fig. 1.39B). In Fig. 1.39A, two curved lines have been
drawn over the teeth to aid in the visualization of the arch form.
hese curved lines identify the alignment of similarly functioning
cusps or fossae. On the left side of the arches, an imaginary arc
connecting the row of facial cusps in the mandibular arch have
been drawn and labeled facial occlusal line. Above that, an imaginary
line connecting the maxillary central fossae is labeled central fossa
occlusal line. he mandibular facial occlusal line and the maxillary
central fossa occlusal line coincide exactly when the mandibular
arch is fully closed into the maxillary arch. On the right side of
the dental arches, the maxillary lingual occlusal line and mandibular
central fossa occlusal line have been drawn and labeled. hese lines
also coincide when the mandible is fully closed.
In Fig. 1.39B, the dental arches are fully interdigitated, with
maxillary teeth overlapping mandibular teeth. he overlap of the
maxillary cusps may be observed directly when the jaws are closed.
Maximum intercuspation (MI) refers to the position of the mandible
when teeth are brought into full interdigitation with the maximal
number of teeth contacting. Synonyms for MI include intercuspal

contact, maximum closure, and maximum habitual intercuspation
(MHI).
In Fig. 1.39C (proximal view), the mandibular facial occlusal
line and the maxillary central fossa occlusal line coincide exactly.
he maxillary lingual occlusal line and the mandibular central
fossa occlusal line identiied in Fig. 1.39A also are coincidental.
he cusps that contact opposing teeth along the central fossa occlusal
line are termed functional cusps (synonyms include supporting,
holding, or stamp cusps); the cusps that overlap opposing teeth
are termed nonfunctional cusps (synonyms include nonsupporting
or nonholding cusps). he mandibular facial occlusal line identiies
the mandibular functional cusps, whereas the maxillary facial cusps
are nonfunctional cusps. hese terms are usually applied only to
posterior teeth to distinguish the functions of the two rows of
cusps. In some circumstances, the functional role of the cusps may
be reversed, as illustrated in Fig. 1.40C.2. Posterior teeth are well
suited to crushing food because of the mutual cusp–fossa contacts
(Fig. 1.41D).
In Fig. 1.39D, anterior teeth are seen to have a diferent relationship in MI, but they also show the characteristic maxillary overlap.
Incisors are best suited to shearing food because of their overlap
and the sliding contact on the lingual surface of maxillary teeth.
In MI, mandibular incisors and canines contact the respective
lingual surfaces of their maxillary opponents. he amount of
horizontal (overjet) and vertical (overbite) overlap (see Fig. 1.40A.2)
can signiicantly inluence mandibular movement and the cusp
design of restorations of posterior teeth. Variations in the growth
and development of the jaws and in the positions of anterior teeth
may result in open bite, in which vertical or horizontal discrepancies
prevent teeth from contacting (see Fig. 1.40A.3).

Anteroposterior Interarch Relationships
In Fig. 1.39E, the cusp interdigitation pattern of the irst molar
teeth is used to classify anteroposterior arch relationships using a
system developed by Angle.13 During the eruption of teeth, the
tooth cusps and fossae guide the teeth into maximal contact. hree
interdigitated relationships of the irst molars are commonly
observed. See Fig. 1.39F for an illustration of the occlusal contacts
that result from diferent molar positions. he location of the
mesiofacial cusp of the maxillary irst molar in relation to the
mandibular irst molar is used as an indicator in Angle classiication.
he most common molar relationship inds the maxillary mesiofacial
cusp located in the mesiofacial developmental groove of the
mandibular irst molar. his relationship is termed Angle Class I.
Slight posterior positioning of the mandibular irst molar results
in the mesiofacial cusp of the maxillary molar settling into the
facial embrasure between the mandibular irst molar and the
mandibular second premolar. his is termed Class II and occurs
in approximately 15% of the U.S. population. Anterior positioning
of the mandibular irst molar relative to the maxillary irst molar
is termed Class III and is the least common. In Class III relationships, the mesiofacial cusp of the maxillary irst molar its into the
distofacial groove of the mandibular irst molar; this occurs in
approximately 3% of the U.S. population. Signiicant diferences
in these percentages occur in people in other countries and in
diferent ethnic groups.
Although Angle classiication is based on the relationship of
the cusps, Fig. 1.39G illustrates that the location of tooth roots
in alveolar bone determines the relative positions of the crowns
and cusps of teeth. When the mandible is proportionally similar
in size to the maxilla, a Class I molar relationship is formed; when
the mandible is proportionally smaller than the maxilla, a Class
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B. Maximum intercuspation (MI): the teeth
in opposing arches are in maximal contact

A. Dental arch cusp and fossa alignment
Right side
Right

Left
Maxilla
Central fossa line

Lingual occlusal line

Central fossa line

Facial occlusal line

C. Molar view
Mandible

D. Incisor view

Central fossa line

Lingual
occlusal line
1. The maxillary lingual occlusal line and the
mandibular central fossa line are coincident.
2. The mandibular facial occlusal line and the
maxillary central fossa line are coincident.

Central
fossa line
Facial occlusal line

E. Facial view of anterior-posterior variations

F. Molar Classes I, II, and III relationships
Class I

Class II

Class III

Class I

Class II

Class I

Class II

Class III

G. Skeletal Classes I, II, and III relationships
• Fig. 1.39

Dental arch relationships.

Class III
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A.2 Incisor relationships

A.3 Variations in incisor relationships

A.1
Vertical
overlap
(overbite)

Horizontal
overlap
(overjet)

B.1 Premolar relationships

Open bite
(mandibular
deficiency)

Open bite
(excessive
eruption of
posterior teeth)

Crossbite
(mandibular
growth
excess)

B.2 Variations in premolar relationships

Tooth-to-tooth Tooth-to-two-tooth
cusp marginal
cusp marginal
ridge
ridge

Tooth-to-tooth
cusp fossa

C.1 Molar relationships

C.2 Variations in molar relationships
Proximal view
Mesial-distal
longitudinal
section

Transverse arch
relationships
Normal

Facial
crossbite

Lingual
crossbite

Facial-lingual
longitudinal
section

• Fig. 1.40

Tooth relationships.

II relationship is formed; and when the mandible is relatively
greater than the maxilla, a Class III relationship is formed.

Interarch Tooth Relationships
Fig. 1.40 illustrates the occlusal contact relationships of individual
teeth in more detail. In Fig. 1.40A.2, incisor overlap is illustrated.

he overlap is characterized in two dimensions: (1) horizontal
overlap (overjet) and (2) vertical overlap (overbite). Diferences in
the sizes of the mandible and the maxilla can result in clinically
signiicant variations in incisor relationships, including open bite
as a result of mandibular deiciency or excessive eruption of posterior
teeth, and crossbite as a result of mandibular growth excess (see
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Inner inclines
Cusp ridge

Outer inclines

Drawing conventions: the height of the
marginal ridges and cusp ridges are
marked with a circumferential line that
outlines the occlusal table.

A

Marginal ridge
Each cusp has four ridges:
1. Outer incline (facial or lingual ridge)
2. Inner incline (triangular ridge)
3. Mesial cusp ridge
4. Distal cusp ridge

Cusp ridge names:
1. Outer inclines are named for their surface.
2. Inner inclines are triangular ridges named
for cusp.
3. Cusp ridges are named for their direction.

B

(1)

Outer inclines
Facial cusp ridges

(2)

Inner inclines
Triangular ridges

(3) Cusp ridges
Mesial

C

(1)

(2)

(3)

Major developmental grooves separate cusps

Pattern of cusps and grooves are
similar to mortar and pestle for
crushing food.

D

Mesial and distal triangular fossae
Mesial and distal triangular fossae
define marginal ridges and sharpen
occlusal contacts.

E

Supplemental grooves on inner inclines

Supplemental grooves widen
pathways for opposing cusp
movement.

F

• Fig. 1.41

Common features of all posterior teeth.
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Fig. 1.40A.3). hese variations have signiicant clinical efects on
the contacting relationships of posterior teeth and resultant masticatory activity during various jaw movements because the anterior
teeth are not contributing to mandibular guidance.
Fig. 1.40B.1 illustrates a normal Class I occlusion, in which
each mandibular premolar is located one half of a tooth width
anterior to its maxillary antagonist. his relationship results in the
mandibular facial cusp contacting the maxillary premolar mesial
marginal ridge and the maxillary premolar lingual cusp contacting
the mandibular distal marginal ridge. Because only one antagonist
is contacted, this is termed tooth-to-tooth relationship. he most
stable maxillary/mandibular tooth relationship results from the
contact of the functional cusp tips against the two marginal ridges,
termed tooth-to-two-tooth contact. Variations in the mesiodistal root
position of teeth produce diferent relationships (see Fig. 1.40B.2).
When the mandible is slightly distal to the maxilla (termed Class
II tendency), each functional cusp tip occludes in a stable relationship with the opposing mesial or distal fossa; this relationship is
a cusp–fossa contact.
Fig. 1.40C illustrates Class I molar relationships in more detail.
Fig. 1.40C.1 shows the mandibular facial cusp tips contacting the
maxillary marginal ridges and the central fossa triangular ridges.
A faciolingual longitudinal section reveals how the functional cusps
contact the opposing fossae and shows the efect of the developmental grooves on reducing the height of the nonfunctional cusps
opposite the functional cusp tips. During lateral movements, the
functional cusp is able to move through the facial and lingual
developmental groove spaces without contact. Faciolingual position
variations are possible in molar relationships because of diferences
in the growth of the width of the maxilla or the mandible.
Fig. 1.40C.2 illustrates the normal molar contact position, facial
crossbite, and lingual crossbite relationships. Facial crossbite in
posterior teeth is characterized by the contact of the maxillary
facial cusps in the opposing mandibular central fossae and the
mandibular lingual cusps in the opposing maxillary central fossae.
Facial crossbite (also termed buccal crossbite) results in the reversal
of roles of the cusps of the involved teeth. In this reversal example,
the mandibular lingual cusps and maxillary facial cusps become
functional cusps, and the maxillary lingual cusps and mandibular
facial cusps become nonfunctional cusps. Lingual crossbite results
in a poor molar relationship that provides little functional contact.

Posterior Cusp Characteristics
Four cusp ridges may be identiied as common features of all cusps.
he outer incline of a cusp faces the facial (or the lingual) surface
of the tooth and is named for its respective surface. In the example
using a mandibular second premolar (see Fig. 1.41A), the facial
cusp ridge of the facial cusp is indicated by the line that points
to the outer incline of the cusp. he inner inclines of the posterior
cusps face the central fossa or the central groove of the tooth. he
inner incline cusp ridges are widest at the base and become narrower
as they approach the cusp tip. For this reason, they are termed
triangular ridges. he triangular ridge of the facial cusp of the
mandibular premolar is indicated by the arrow to the inner incline.
Triangular ridges are usually set of from the other cusp ridges by
one or more supplemental grooves. In Fig. 1.41B.1 and C.1, the
outer inclines of the facial cusps of the mandibular and maxillary
irst molars are highlighted. In Fig. 1.41B.2 and C.2, the triangular
ridges of the facial and lingual cusps are highlighted.
Mesial and distal cusp ridges extend from the cusp tip mesially
and distally and are named for their directions. Mesial and distal
cusp ridges extend downward from the cusp tips, forming the

characteristic facial and lingual proiles of the cusps as viewed from
the facial or lingual aspect. At the base of the cusp, the mesial or
distal cusp ridge abuts to another cusp ridge, forming a developmental groove, or the cusp ridge turns toward the center line of
the tooth and fuses with the marginal ridge. Marginal ridges are
elevated, the rounded ridges being located on the mesial and distal
edges of the tooth’s occlusal surface (see Fig. 1.41A). he occlusal
table of posterior teeth is the area contained within the mesial and
distal cusp ridges and the marginal ridges of the tooth. he occlusal
table limits are indicated in the drawings by a circumferential line
connecting the highest points of the curvatures of the cusp ridges
and marginal ridges.
he unique shape of cusps produces the characteristic form of
individual posterior teeth. he mandibular irst molars have longer
triangular ridges on the distofacial cusps, causing a deviation of
the central groove (see Fig. 1.41B.2). he mesiolingual cusp of a
maxillary molar is much larger than the mesiofacial cusp. he
distal cusp ridge of the maxillary irst molar mesiolingual cusp
curves facially to fuse with the triangular ridge of the distofacial
cusp (see Fig. 1.41C.2). his junction forms the oblique ridge,
which is characteristic of maxillary molars. he transverse groove
crosses the oblique ridge where the distal cusp ridge of the mesiolingual cusp meets the triangular ridge of the distofacial cusp.

Functional Cusps
In Fig. 1.42, the lingual occlusal line of maxillary teeth and the
facial occlusal line of mandibular teeth mark the locations of the
functional cusps. hese cusps contact opposing teeth in their
corresponding faciolingual center on a marginal ridge or a fossa.
Functional cusp–central fossa contact has been compared to a
mortar and pestle because the functional cusp cuts, crushes, and
grinds ibrous food against the ridges forming the concavity of
the fossa (see Fig. 1.41D). Natural tooth form has multiple ridges
and grooves ideally suited to aid in the reduction of the food bolus
during chewing. During chewing, the highest forces and the longest
duration of contact occur at MI. Functional cusps also serve to
prevent drifting and passive eruption of teeth—hence the term
holding cusp. he functional cusps (see Fig. 1.42) are identiied by
ive characteristic features:14
1. hey contact the opposing tooth in MI.
2. hey maintain the vertical dimension of the face.
3. They are nearer the faciolingual center of the tooth than
nonfunctional cusps.
4. heir outer (facial) incline has the potential for contact.
5. hey have broader, more rounded cusp ridges with greater dentin
support than nonfunctional cusps.
Because the maxillary arch is larger than the mandibular arch,
the functional cusps are located on the maxillary lingual occlusal
line (see Fig. 1.42D), whereas the mandibular functional cusps
are located on the mandibular facial occlusal line (see Fig. 1.42A
and B). Functional cusps of both arches are more robust and better
suited to crushing food than are the nonfunctional cusps. he
lingual tilt of posterior teeth increases the relative height of the
functional cusps with respect to the nonfunctional cusps (see Fig.
1.42C), and the central fossa contacts of the functional cusps are
obscured by the overlapping nonfunctional cusps (see Fig. 1.42E
and F). A schematic showing removal of the nonfunctional cusps
allows the functional cusp–central fossa contacts to be studied (see
Fig. 1.42G and H). During fabrication of restorations, it is
important that functional cusps are not contacting opposing teeth
in a manner that results in lateral delection. Rather, restorations
should provide contacts on plateaus or smoothly concave fossae
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Synonyms for
functional
cusps include:
1. Centric cusps
2. Holding cusps
3. Stamp cusps

A. Mandibular arch

B. Mandibular right quadrant

Facial
occlusal line

Facial
occlusal line

Mandibular functional cusps are located
on the facial occlusal line.

The mandibular arch is smaller than
the maxillary arch, so the functional
cusps are located on the facial occlusal
line. The mandibular lingual cusps that
overlap the maxillary teeth are
nonsupporting cusps.

D. Maxillary right quadrant

C. Proximal view of molar
teeth in occlusion

Mandibular
functional
cusp in
opposing
maxillary
fossa

Lingual occlusal line

20°

Maxillary
functional cusp
in opposing
mandibular
fossa

E. Lingual view of left dental arches in
occlusion

G. Mandibular nonfunctional cusps

Functional cusps are located on the
lingual occlusal line in maxillary arch.

F. Facial view of left dental arches in
occlusion

H. Maxillary nonfunctional cusps removed

removed

Maxillary functional cusps occluding in
opposing fossae and on marginal ridges

Mandibular functional cusps occluding in
opposing fossae and on marginal ridges

• Fig. 1.42

Functional cusps.

Functional cusp features:
1. Contact opposing tooth in MI
2. Support vertical dimension
3. Nearer faciolingual center of
tooth than nonsupporting
cusps
4. Outer incline has potential for
contact
5. More rounded than
nonsupporting cusps
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so that masticatory forces are directed approximately parallel to
the long axes of teeth (i.e., approximately perpendicular to the
occlusal plane).

Nonfunctional Cusps
Fig. 1.43 illustrates that the nonfunctional cusps form a lingual
occlusal line in the mandibular arch (see Fig. 1.43D) and a facial
occlusal line in the maxillary arch (see Fig. 1.43B). Nonfunctional
cusps overlap the opposing tooth without contacting the tooth.
Nonfunctional cusps are located, when viewed in the anteroposterior
plane, in facial (lingual) embrasures or in the developmental groove
of opposing teeth, creating an alternating arrangement when teeth
are in MI (see Fig. 1.43E and F). he maxillary premolar nonfunctional cusps also play an essential role in esthetics. In the
occlusal view, the nonfunctional cusps are farther from the faciolingual center of the tooth than are the functional cusps and have
less dentinal support. Nonfunctional cusps have sharper cusp ridges
that may serve to shear food as they pass close to the functional
cusp ridges during chewing strokes. he overlap of the maxillary
nonfunctional cusps helps keep the soft tissue of the cheek out
and away from potential trauma from the occlusal table. Likewise,
the overlap of the mandibular nonfunctional cusps helps keep the
tongue out from the occlusal table. herefore, the position of the
maxillary and mandibular nonfunctional cusps help to prevent
self-injury during chewing.

Mechanics of Mandibular Motion
Mandible and Temporomandibular Joints
he mandible articulates with a depression in each temporal bone
called glenoid fossa. he joints are termed temporomandibular joints
(TMJs) because they are named for the two bones (temporal and
mandible) forming the articulation. he TMJs allow the mandible
to move in all three planes (Fig. 1.44A).
A TMJ is similar to a ball-and-socket joint, but it difers from
a true mechanical ball-and-socket joint in some very important
aspects. he ball part (the mandibular condyle) is smaller than the
socket (the glenoid fossa) (see Fig. 1.44B). he space resulting
from the size diference is illed by a tough, pliable, and movable
stabilizer termed the articular disc. he disc separates the TMJ
into two articulating surfaces lubricated by synovial luid in the
superior and inferior joint spaces. Rotational opening of the
mandible occurs as the condyles rotate under the discs (see Fig.
1.44C). Rotational movement occurs between the inferior surface
of the discs and the condyle. During wide opening or protrusion
of the mandible, the condyles move or slide anteriorly in addition
to the rotational opening (see Fig. 1.44D and E). he TMJ is
referred to as a ginglymoarthrodial joint because it has hinge
(ginglymus) capability as well as sliding/gliding/translating (arthrodial) capability.
he discs move anteriorly with the condyles during opening
and produce a sliding movement in the superior joint space between
the superior surface of the discs and the articular eminences (see
Fig. 1.44B). TMJs allow free movement of the condyles in the
anteroposterior direction but resist lateral displacement. he discs
are attached irmly to the medial and lateral poles of the condyles
in normal, healthy TMJs (see Fig. 1.45B). he disc–condyle
arrangement of the TMJ allows simultaneous sliding and rotational
movement in the same joint.
Because the mandible is a semirigid, U-shaped bone with joints
on both ends, movement of one joint produces a reciprocal movement in the other joint. he disc–condyle complex is free to move

anteroposterior, providing sliding movement between the disc and
the glenoid fossa. One condyle may move anteriorly, while the
other remains in the fossa. Anterior movement of only one condyle
produces reciprocal lateral rotation in the opposite TMJ.
he TMJ does not behave like a rigid joint as those on articulators
(mechanical devices used by dentists to simulate jaw movement
and reference positions [see the subsequent section on Articulators
and Mandibular Movements]). Because soft tissues cover the two
articulating bones and an intervening disc composed of soft tissue
is present, some resilience is to be expected in the TMJs. In addition
to resilience, normal, healthy TMJs have lexibility, allowing small
posterolateral movements of the condyles. In healthy TMJs, the
movements are restricted to slightly less than 1 mm laterally and
a few tenths of a millimeter posteriorly.
When morphologic changes occur in the hard and soft tissues
of a TMJ because of disease, the disc–condyle relationship is possibly
altered in many ways, including distortion, perforation, or tearing
of the disc, and remodeling of the soft tissue articular surface
coverings or their bony support. Diseased TMJs have unusual
disc–condyle relationships, diferent geometry, and altered jaw
movements and reference positions. Textbooks on TMJ disorders
and occlusion should be consulted for information concerning the
evaluation of diseased joints.15 he remainder of this discussion
of the movement and position of the mandible is based on normal,
healthy TMJs and does not apply to diseased joints.

Review of Normal Masticatory Muscle Function and
Mandibular Movement
Masticatory muscles work together to allow controlled, subtle
movements of the mandible. he relative amount of muscle activity
depends on the interarch relationships of maxillary and mandibular
teeth as well as the amount of resistance to movement.16-19 Primary
muscles involved in mandibular movements include the anterior
temporalis, middle temporalis, posterior temporalis, supericial
masseter, deep masseter, superior lateral pterygoid, inferior lateral
pterygoid, medial pterygoid, and digastric muscles.17,18,20 he
suprahyoid, infrahyoid, mylohyoid, and geniohyoid muscles also
are involved in mandibular movements but not usually included
in routine clinical examinations.18,21 he relative amount of muscle
activity of the various muscles has been identiied through the use
of electromyographic technology, in which electrodes were placed
in the evaluated muscles,17,18,22 as well as on the skin immediately
adjacent to the muscles of interest.12,17,18,20,21-30 he strategic threedimensional arrangement of the muscles and the corresponding
force vectors allow for the complete range of inely controlled
mandibular movements. he reader should consult an appropriate
human anatomy textbook to identify the location, size, shape,
three-dimensional orientation, and bony insertion of the various
muscles discussed in this section.
Simple jaw opening requires the activation of digastric and
inferior lateral pterygoid muscles.17,18,22 Fine control of opening is
accomplished by simultaneous mild antagonistic activity of the
medial pterygoid.17,18 When resistance is applied to jaw opening,
mild masseter activation allows further stabilization and ine
control.17,18
Jaw closure requires the activation of the masseter and medial
pterygoid.18 Once teeth come into contact, the temporalis (anterior,
middle, and posterior) muscles activate as well.17,18 he masseter,
medial pterygoid, and temporalis muscles act to elevate the mandible
and are generally referred to as elevator muscles. Clenching involves
maximum activation of the masseter and temporalis, moderate
activation of the medial pterygoid and superior lateral pterygoid,
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A. Maxillary arch

B. Maxillary left quadrant
Facial
occlusal line

Maxillary nonfunctional cusps are
located on the facial occlusal line.

The maxillary arch is larger than the
mandibular arch causing the maxillary
facial line (nonfunctional cusps) to
overlap the mandibular teeth.

C. Molar teeth in occlusion

D. Mandibular left quadrant
Mandibular nonfunctional cusps
are located on the lingual occlusal line.

Lingual
occlusal line
Maxillary
nonfunctional
cusp overlapping
mandibular tooth

Mandibular
nonfunctional
cusp overlapping
maxillary tooth
20°

Nonfunctional cusp features:
1. Do not contact opposing tooth
in MI
2. Keep soft tissue of tongue or
cheek off occlusal table
3. Farther from faciolingual center
of tooth than supporting cusps
4. Outer incline has no potential
for contact
5. Have sharper cusp ridges than
supporting cusps

F. Views of left dental arches in occlusion

E. Views of left dental arches in occlusion
showing interdigitation of nonfunctional cusps

1

1

showing facial and lingual occlusal lines

2

2

Nonfunctional cusp location:
1. Opposing embrasure
2. Opposing developmental groove

• Fig. 1.43

Nonfunctional cusps.
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B

Temporomandibular joint sagittal section

Midsagittal

Superior joint space
Articular disc
Parasagittal
Inferior joint space
Articular eminence
Transverse
(horizontal)

A

Glenoid fossa
External
auditory
meatus

Condyle
Lateral pterygoid muscle:
Superior head
Inferior head
Coronal
(frontal)

C

Rotation about an axis
Hinge
opening

Mandibular opening:

Hinge opening produces about 25 mm
of separation of the anterior teeth.

D

Protrusion

Translation

The mandible can protrude
approximately 10 mm.

E

Maximum
opening

Complex

Maximum opening is
approximately 50 mm.

F

Left lateral movement
Rotating
condyle

Translating
condyle

Rotating
condyle

Translating
condyle

W  working side
NW  nonworking side

NW

W

NW

Lateral movement is
approximately 10 mm.

• Fig. 1.44

Types and directions of mandibular movements.
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Left TMJ, sagittal section
10-12 mm

c 10 mm, limit of protrusion
Articular eminence

CRO

5-6 mm
TH, rotational
motion of condyles

Posselt’s
diagram

a 25 mm, limit
of rotational opening

A.

Limits of condyle motion:
10-12 mm anterior to CR
0.2 mm posterior to CR
5-6 mm vertical displacement
due to curvature of eminence

Sagittal view
Determination of sagittal borders:
Superior - tooth contact
Posterior - joint ligaments
Inferior - muscle lengthening
Anterior - joint ligaments

Advancing condyles

Left TMJ, frontal section

b 50 mm, limit of opening

.75 mm .75 mm

Right
Superior border
determined by tooth
contact (canine guidance).

Left

Normal TMJ flexibility
allows up to 1.5 mm of
lateral shifting (Bennett shift).

d 10 mm right
lateral jaw movement

Frontal view

Lateral
pole

e

d

B.

Medial
pole

MI
(CRO)

e 10 mm left
lateral jaw movement

Left TMJ, horizontal view
b
0.75 mm
Left

Right

10 mm

C.

Horizontal view

d
Borders are arcs of circles
based on rotation of the
condyles in retruded and
protruded positions.

MI (CRO)

e

Condyle motion:
0.75 mm left/right
10-12 mm, limit of protrusion
anterior/posterior

c

• Fig. 1.45 Capacity of mandibular movement. (Mandible drawings are not to scale with border diagrams.) CO=MI (i.e., there is no functional shift and, therefore, is termed centric relation occlusion [CRO]).
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and recruitment of the inferior lateral pterygoid, digastrics, and
mylohyoid muscles.17,18,22 In general, the supericial masseter has
slightly higher activity than the deep masseter during clenching.20
Coactivation of cooperating and antagonistic muscles allows for
controlled force to be applied to teeth.17
Protrusion requires maximum bilateral activation of the inferior
lateral pterygoid, with moderate activation of the medial pterygoid,
masseter, and digastric muscles. During protrusion minimal activation of the temporalis and superior lateral pterygoid occurs. he
superior lateral pterygoid has muscle ibers that insert into the
temporomandibular disc as well as the neck of the mandibular
condyle (see Fig. 1.44).22 It is important to note that minimal
activation of the superior lateral pterygoid is necessary if the
temporomandibular disc is to rotate to the top of the condylar
head as the condyle translates down the articular eminence during
mandibular protrusive or excursive movements.17
Incisal biting with posterior disclusion requires maximum
bilateral activity of the supericial masseter to force the incisors
toward each other, as well as maximum activity of the inferior
lateral pterygoid to maintain the protruded position of the condylar
head down the slope of the articular eminence.17 Incisal biting
also requires moderate activity of the anterior temporalis, medial
pterygoid, anterior digastric, and superior lateral pterygoid.17 Note
that the shift in the level of activity of the superior lateral pterygoid
from protrusion to incisal biting indicates a dual role in condylar
positioning and temporomandibular disc positioning or stabilization.
he middle and posterior temporalis regions have minimal activity
during incisal biting.18
Retrusion of the mandible requires bilateral maximum activation
of the posterior and middle temporalis as well as moderate activity
of the anterior temporalis and anterior digastric.17,18 he superior
lateral pterygoid is maximally active when the mandible is retruded
and posterior teeth are clenched.17 he masseter has minimal activity
in retrusion.17 he inferior lateral pterygoid and the medial pterygoid
have minimal to no activity during retrusion.17,18
Excursive movement of the mandible to the right requires
moderate to maximal activity of the left inferior lateral pterygoid and medial pterygoid muscles as well as the right posterior
temporalis, middle temporalis, and anterior digastric.17-19 In addition to these, the right superior lateral pterygoid, right anterior
temporalis, and left anterior digastric are minimally to moderately
active.17-19 Activation of the right superior lateral pterygoid provides resistance to right condyle distalization as well as positional
support of the right temporomandibular disc. he right supericial
masseter, right inferior lateral pterygoid, right medial pterygoid,
left superior lateral pterygoid, left anterior temporalis, left middle
temporalis, left posterior temporalis, and left supericial masseter
all have minimal activity.17-19 Minimal activity of the left superior
lateral pterygoid allows the disc to shift distally, as needed, so as
to remain between the condylar head and the articular eminence
while translation or rotation of the left condylar head occurs.
Activation of the elevator muscles on the left side provides for
the translating left condyle–disc complex to remain in contact
with the articular eminence. Movement of the mandible to the
left follows the same pattern of coordinated muscle activity except
in reverse.
Wide opening requires bilateral moderate to maximal activity
of the inferior lateral pterygoid and anterior digastric muscles.17
In addition to these, the medial pterygoid muscles are minimally
to moderately active.17 he temporalis, masseter, and superior lateral
pterygoid muscles have minimal to no activity during wide
opening.17,18

During mastication, the typical mandibular movement involves
opening with corresponding bilateral anterior, inferior, and rotating
condylar motion.12,31 As closure begins, the entire mandible moves
laterally.12 As closure continues, the working-side condyle shifts
back to its terminal hinge position before the teeth occlude and
remains nearly stationary.12 As the closure continues, the workingside condyle shifts medially while the nonworking-side condyle
shifts superiorly, distally, and laterally to its terminal hinge position.12
he medial shift of the working-side condyle may be caused by
the inluence of the superior lateral pterygoid muscle contraction.
he opening and closing paths of the incisors vary from individual
to individual and also depend on the consistency of the food being
masticated.12 he realistic normal lower limit for the incisal opening
in patients between 10 and 70 years of age is 40 mm.32
To describe mandibular motion, its direction and length must
be speciied in three mutually perpendicular planes. By convention,
these planes are sagittal, coronal (frontal), and transverse (horizontal)
(see Fig. 1.44A). he midsagittal plane is a vertical (longitudinal)
plane that passes through the center of the head in an anteroposterior
direction. A vertical plane of the center line, such as a section
through the TMJ, is termed parasagittal plane. he coronal plane
is a vertical plane perpendicular to the sagittal plane. he transverse
plane is a horizontal plane that passes from anterior to posterior
and is perpendicular to the sagittal and frontal planes. Mandibular
motion is described in each of these planes.

Types of Motion
Centric relation (CR), in healthy TMJs, is the location of the mandible
when the condyles are positioned superiorly and anteriorly in the
glenoid fossae. In CR, the thinnest avascular portion of the TMJ
discs are in an anterosuperior position on the condylar head, and
are adjacent to the beginning of the slopes of the articular eminences
(see Fig. 1.44B). his position is independent of tooth contacts.
Rotation is a simple motion of an object around an axis (see
Fig. 1.44C). he mandible is capable of rotation about an axis
through centers located in the condyles. he attachments of the
discs to the poles of the condyles permit the condyles to rotate
under the discs. Rotation with the condyles positioned in CR is
termed terminal hinge (TH) movement. Maximum rotational opening
in TH is limited to approximately 25 mm measured between the
incisal edges of anterior teeth. Initial tooth contact during a TH
closure provides a reference point termed centric occlusion (CO).
Many patients have a small slide from CO to MI, referred to as
a functional shift, which may have forward and lateral components.
CR is used in dentistry as a reproducible reference position for
major restorative reconstruction of the maxillary and mandibular
occlusal planes and also when fabricating full dentures. The
reproducibility of the CR position allows the establishment of
simultaneous contact of all functional cusps in maximum intercuspation while the mandible is in CR. his occlusion is termed centric
relation occlusion (CRO). CRO allows maximum osseous support
of the mandibular condyles and even distribution of occlusal loading
forces, generated by the elevator muscles, across the whole dentition.
he functional cusps in CRO are termed centric cusps. he nonfunctional cusps in CRO are termed noncentric cusps.
Translation is the bodily movement of an object from one place
to another (see Fig. 1.44D). he mandible is capable of translation
by the anterior movement of the disc–condyle complex from the
TH position forward and down the articular eminence and back.
Simultaneous, direct anterior movement of both condyles, or
mandibular forward thrusting, is termed protrusion. he pathway
followed by anterior teeth during protrusion may not be smooth
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or straight because of contact between anterior teeth and sometimes
posterior teeth. (See the superior border of Posselt diagram in Fig.
1.45A.) Protrusion is limited to approximately 10 mm by the
ligamentous attachments of masticatory muscles and the TMJs.
Fig. 1.44E illustrates complex motion, which combines rotation
and translation in a single movement. Most mandibular movement
during speech, chewing, and swallowing consists of rotation and
translation. he combination of rotation and translation allows
the mandible to open 50 mm or more.
Fig. 1.44F illustrates the left lateral movement of the mandible.
It is the result of forward translation of the right condyle and
rotation of the left condyle. Right lateral movement of the mandible
is the result of forward translation of the left condyle and rotation
of the right condyle.

Capacity of Motion of the Mandible
In 1952, Posselt recorded mandibular motion and developed a
diagram (termed Posselt diagram) to illustrate it (see Fig. 1.45A).33
By necessity, the original recordings of mandibular movement were
done outside of the mouth, which magniied the vertical dimension
but not the horizontal dimension. Modern systems using digital
computer techniques can record mandibular motion in actual time
and dimensions and then compute and draw the motion as it
occurred at any point in the mandible and teeth.12 his makes it
possible to accurately reconstruct mandibular motion simultaneously
at several points. hree of these points are particularly signiicant
clinically: incisor point, molar point, and condyle point (Fig.
1.46A).34 he incisor point is located on the midline of the mandible
at the junction of the facial surface of mandibular central incisors
and the incisal edge. he molar point is the tip of the mesiofacial
cusp of the mandibular irst molar on a speciied side. he condyle
point is the center of rotation of the mandibular condyle on the
speciied side.

Limits of Mandibular Motion: The Borders
In Fig. 1.45A, the limits for movement of the incisor point are
illustrated in the sagittal plane. he mandible is not drawn to scale
with the drawing of the sagittal borders. his particular diagram
is drawn in CRO (i.e., CO coincides with MI). he starting point
for this diagram is CRO, the contact of all teeth when the condyles
are in CR. he posterior border of the diagram from CRO to a
in Fig. 1.45A is formed by the rotation of the mandible around
the condyle points. his border from CRO to a is the TH movement. Hinge axis is the term used to describe an imaginary line
connecting the centers of rotation in the condyles (condyle points)
and is useful for reference to articulators (see upcoming section,
Articulators and Mandibular Movements). he hinge-axis position
(also referred to as CR) is a reproducible reference position and
rotational, mandibular closure movement on this axis is used when
restorative procedures require recreation of the occlusal relationships
of multiple teeth. he inferior limit to this hinge opening occurs
at approximately 25 mm and is indicated by a in Fig. 1.45A. he
superior limit of the posterior border occurs at tooth contact and
is identiied as CRO.
At point a in Fig. 1.45A, further rotation of the condyles is
impossible because of the stretch limits of the joint capsule, ligamentous attachments to the condyles, and the mandible-opening
muscles. Further opening can be achieved only by translation of
the condyles anteriorly, producing the line a-b. Maximum opening
(point b) in adults is approximately 50 mm. hese measures are
important diagnostically. Mandibular opening limited to 25 mm
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suggests blockage of condylar translation, usually the result of a
disc disorder(s). Limitation of opening in the 35- to 45-mm range
suggests masticatory muscle hypertonicity. he line CRO-a-b
represents the maximum retruded opening path. his is the posterior
border, or the posterior limit of mandibular opening. he line b-c
represents the maximum protruded closure. his is achieved by a
forward thrust of the mandible that keeps the condyles in their
maximum anterior positions while closing the mandible.
Retrusion, or posterior movement of the mandible, results in
the irregular line c-CRO. he irregularities of the superior border
are caused by tooth contacts; the superior border is a toothdetermined border. Protrusion is a reference mandibular movement
starting from CRO and proceeding anteriorly to point c. Protrusive
mandibular movements are used by dentists to evaluate occlusal
relationships of teeth and restorations. he complete diagram,
CRO-a-b-c-CRO, represents the maximum possible motion of
the incisor point in all directions in the sagittal plane. he area of
most interest to dentists is the superior border produced by tooth
contact. (Mandibular movement in the sagittal plane is illustrated
in more detail in Fig. 1.46.)
he motion of the condyle point during chewing is strikingly
diferent from the motion of the incisor point. Motion of the
condyle point is a curved line that follows the articular eminence.
he maximum protrusion of the condyle point is 10 to 12 mm
anteriorly when following the downward curve of the articular
eminence. The condyle point does not drop away from the
eminence, as a result of controlled/coordinated elevator muscle
activity, during mandibular movements. Chewing movements in
the sagittal plane are characterized by a nearly vertical up-anddown motion of the incisor point, whereas the condyle points
move anteriorly and then return posteriorly over a curved surface
(see Fig. 1.46B).
In the frontal view shown in Fig. 1.45B, the incisor point and
chin are capable of moving about 10 mm to the left or right. his
lateral movement—or excursion—is indicated by the lines MI-d
to the right and MI-e to the left. Points d and e indicate the limit
of the lateral motion of the incisor point. Lateral movement is
often described with respect to only one side of the mandible for
the purpose of deining the relative motion of mandibular teeth
to maxillary teeth. In a left lateral movement, the left mandibular
teeth move away from the midline, and the right mandibular teeth
move toward the midline.
Mandibular pathways directed away from the midline are termed
working (synonyms include laterotrusion and functional), and
mandibular pathways directed toward the midline are termed
nonworking (synonyms include mediotrusion, nonfunctional, and
balancing). The terms working and nonworking are based on
observations of chewing movements in which the mandible is seen
to shift during closure toward the side of the mouth containing
the food bolus. he side of the jaw where the bolus of food is
placed is termed the working side. he working side is used to
crush food, whereas the nonworking side is without a food bolus.
Working side also is used in reference to jaws or teeth when the
patient is not chewing (e.g., in guided test movements directed
laterally). he term also may identify a speciic side of the mandible
(i.e., the side toward which the mandible is moving). During
chewing, the working-side closures start from a lateral position
and are directed medially to MI.
he left lateral mandibular motion indicated by the line MI-e
(see Fig. 1.45B) is the result of rotation of the left condyle (workingside condyle) and translation of the right condyle (nonworking-side
condyle) to its anterior limit (see Fig. 1.44F). he translation of
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• Fig. 1.46

Mandibular capacity for movement: sagittal view. CO≠MI (i.e., there is a functional shift).

the nonworking condyle in a right lateral motion of the mandible
can be seen in the horizontal view in Fig. 1.47A and B. he line
e-b in Fig. 1.45B is completed by mandibular opening that is the
result of rotation of both condyles and translation of the working
condyle to its maximum anterior position. he line b-d-MI represents similar motions on the right side.
he vertical displacement in the incisor point line from MI to
e or d, shown in Fig. 1.45B, is the result of teeth, usually canines,
gliding over each other. Vertical displacement of the mandible
secondary to gliding contact of canine teeth is termed canine
guidance and has signiicance for restorative procedures. he gliding
tooth contact supplied by canine guidance provides some of the
vertical separation of posterior teeth during lateral jaw movements
and prevents potentially damaging collisions of their cusps secondary

to the increased elevator muscle activity that occurs when posterior
teeth come into contact. When the canine guidance is shallow,
the occlusal surface of posterior teeth must be altered to prevent
potentially damaging contacts during lateral or protrusive
movements.
Flexibility in the TMJs allows the condyles to move slightly to
the working side during the closing stroke. his lateral shift of the
condylar head, illustrated in the frontal view of a right TMJ in
Fig. 1.45B, is termed Bennett shift or lateral shift and varies from
patient to patient (see Fig. 1.47B–D). he magnitude of the shift
in normal TMJs varies from 0 to 1.5 and normally has little efect
on posterior teeth. Excessive lateral shift may be associated with
morphologic changes of the TMJs. Excessive lateral condylar shifting
coupled with shallow canine guidance poses a signiicant problem,
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• Fig. 1.47

Mandibular capacity for movement: horizontal view.
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however, for restorative procedures because the resulting lateral
mandibular movements are lat; consequently, little separation of
posterior teeth occurs, resulting in increased contact of posterior
teeth as well as associated increased elevator muscle activity.
In Fig. 1.45C, the horizontal view illustrates the capability of
the mandible to translate anteriorly. Extreme left lateral motion
is indicated by MI-e produced by rotation of the left condyle
(working condyle) and translation of the right condyle (nonworking
condyle) to its anterior limit. From point e, protrusion of the left
condyle moves the incisor point to c, the maximum protruded
position where both condyles have translated.

to the nearly vertical closing strokes at incisor point, the sagittal
closing strokes at the molar point involve an anterior component
on the working side and a posterior component on the nonworking
side. his diference in molar point movement is caused by the
deviation of the jaw to the working side during closure, illustrated
by the diference in motion of the working-side and nonworking-side
condyles. he nonworking-side closing strokes closely approach
the superior border, indicating the potential for undesirable posterior
tooth contact and increased elevator muscle activity (as well as
increased activity of the superior lateral pterygoid muscle) on the
nonworking side (see Fig. 1.46C).

Sagittal View
In Fig. 1.46, the drawing of the mandible is used to orient
the sagittal border diagrams in a patient who has a functional
shift between CO and MI. Recall CO is the tooth contact that
occurs when the TMJs are in CR and that, in many patients, a
small anterior or anterolateral slide may occur from CO to MI.
Projected below the mandible are diagrams of the incisor point
(i) and molar point (m) borders (see Fig. 1.46A). he molar point
borders are similar to the incisor point diagram but are shorter
in the vertical dimension because the molar point is closer to the
TMJ. Closure of the jaw on the posterior border is termed TH
closure. TH closure is a simple arc of a circle with a radius equal
to the length from the incisor point to the center of the hinge
axis (condyle point c). he area near MI is enlarged to illustrate
the details of the TH closure (see Fig. 1.46B). CO and MI are
located fairly close to each other in this case. In the magniied
view, teeth may be seen to guide the mandible from CO to MI.
he gliding (sliding) functional shift typically is 1 to 2 mm long
and may occur on any of the posterior teeth. he horizontal
component of this slide varies and may only be a few tenths of a
millimeter. he primary concern is that the functional shift may
position the condyle(s) on the slope of the articular eminence,
a position that requires constant protrusive muscle activity to
maintain.17,22
he clinical signiicance of the shift between CO and MI has
been a source of debate in dentistry, resulting in extensive literature
on the topic.35,36 Clinical ramiications may include an increased
risk of the development of pathologic changes in the TMJs and/
or pain associated with the muscles of mastication. It has been
observed that asymmetrical shifts between CO and MI were related
to symptoms and signs of temporomandibular disorders, whereas
symmetrical shifts were not.32 It has been noted that increasing
symptoms and signs of temporomandibular disorders were associated
with increasing functional shift distance from CO to MI.37 However,
a shift of greater than 2 mm, mediotrusive posterior tooth interferences, and a large overjet were only weakly associated with masticatory muscle pain, suggesting other factors in addition to occlusal
relationships may be involved.38,39 Failure to recognize that some
patients have damaged TMJs may further complicate the determination of the clinical signiicance of a CO–MI slide. Damage to the
TMJs as a consequence of arthritic processes or internal derangements may change the relationship of CO to MI.
Chewing movements at the incisor point involve an almost
vertical opening and a loop slightly to the posterior on closing,
using only a small percentage of the total area of the sagittal border
diagram. During chewing, the only border contact occurs at MI.
he closing strokes never approach TH, indicating that at least
one condyle (on the nonworking side) remains advanced during
the closing stroke. he condyle point moves along the pathway
Pc during all movements other than TH (see Fig. 1.46). In contrast

Horizontal View
Fig. 1.47A shows a horizontal view (or occlusal view when referring
to teeth) of the mandible with superimposed incisor, molar, and
condyle point test movements. Chewing movements are characterized by wide lateral movement of the mandible to the working
side during closure (see Fig. 1.47B). When viewed from above,
the pathways of the molar and incisor points are typically in a
igure-8 pattern, with an S-shaped lateral opening motion and a
straight medial closing stroke. Important diferences exist in the
directions of closure for the molar point on the working and
nonworking sides. During closure on the working side (labeled b
in Fig. 1.47B), mandibular teeth medially approach maxillary teeth
from a slightly posterior position and move slightly anteriorly into
MI. During closure on the nonworking side (the contralateral
side, labeled d in Fig. 1.47B), mandibular molar teeth approach
the maxillary teeth in a medial-to-lateral direction from a slightly
anterior position and move slightly posteriorly into MI. he closing
strokes are the same pathways generated by guided (test) lateral
mandibular movements used to check the occlusion except the
directions traveled are opposite (see Fig. 1.47B, inset). On the
inset drawing of the maxillary left teeth in Fig. 1.47B, the working,
nonworking, and protrusive pathways are marked W, NW, and
P. hese are the guided test movements used by dentists to assess
the occlusal contact of teeth during function.
he horizontal, enlarged view of the mandible showing condyle
point movement (working side labeled a; nonworking side labeled
e) during chewing is important because it illustrates the lateral
shift of the condyles during the closing stroke (see Fig. 1.47B).
Opening, in the typical chewing motion illustrated here, involves
movement of both condyle points on the midsagittal path, producing
the vertical drop in the incisor point seen in the sagittal view.
Lateral opening may be seen in normal children and adults with
worn and lattened teeth. As closing is initiated, the mandible
shifts laterally, moving both condyle points to the working side.
he nonworking condyle movement closely approaches its medial
border during the closing stroke (see Fig. 1.47C). During inal
closure, when teeth are brought into MI, the condyle points return
to their starting positions. Contact and gliding on the inclines of
teeth are responsible for bringing the mandible into its inal, fully
closed position (MI).
Allowance for lateral displacement of the condyles during lateral
jaw movements is built into semiadjustable articulators in the form
of a Bennett angle or progressive lateral shift adjustment. he
progressive lateral shift allows the condyles to shift gradually during
lateral mandibular movement. As a result of mandibular movement
studies, more recent articulator models have replaced the progressive
lateral shift with immediate shift. Shifting of the mandible, as
depicted by the shift in the condyle points, results in a similar
shift at the teeth that cannot be simulated by progressive shift (see
Fig. 1.47C).
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The superior border of the incisor point tracing is
determined by the canine teeth, but the molar point
superior border is influenced by the pathway of the
condyle point. Canine guidance and articular
eminence slope are mechanically coupled to produce
the superior border of the molar point tracing but they
do not contribute equally. The canine is primarily
responsible for the superior border of molar point on
the working pathway (away from the midline). The
nonworking side articular eminence has the dominant
influence on the nonworking pathway (toward the
midline) on the molar point superior border.
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• Fig. 1.48

Mandibular capacity for movement: frontal view.

Frontal View
In Fig. 1.48A, lateral movement of the mandible on the superior
border is controlled by three elements—the rotating condyle, the
translating condyle, and the working-side canine. During chewing
closures, mandibular teeth approach maxillary teeth from a lateral
position. Frequent contact with the border occurs in the incisor

and molar point tracings, indicating that lateral tooth gliding is
common during chewing. his gliding contact occurs on the teeth
having the highest projecting cusps that form the superior border
(usually canines).
he incisor point tracing is projected below the drawing of the
mandible in Fig. 1.48A. he chewing strokes show the gliding
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contact on the border. he incisor-point superior border is shaped
by the lingual surfaces of the guiding teeth, which most frequently
are maxillary canines. In Fig. 1.48B, the lateral side of the molarpoint superior border is shaped by the working-side tooth guidance,
which is usually the maxillary canine. he medial side of the
molar-point superior border is predominately formed by the
nonworking condyle moving down the articular eminence. he
shape of the superior border at the molar point is the critical factor
for determining the location and height of the molar cusps during
restorative procedures. It is easy to visualize the efect of changes
in the cusp height when viewing the close-up of molar teeth in
the magniied inset.

Articulators and Mandibular Movements
Figs. 1.49, 1.50, 1.51, and 1.52 illustrate the scientiic basis for
the use of articulators to aid in diagnostic evaluation of occlusion
and fabrication of dental restorations.37,40-42 In these igures, the
characteristics of chewing movements and dentist-guided test
movements are compared with the characteristics of movements
produced by simple articulators. his may be done by comparing
the cusp movement near MI produced by the articulator with
the cusp movement observed in chewing studies or guided movements of patients. Additionally, the changes in cusp movement
near MI that occur because of variations in the adjustment of
articulators are discussed with respect to their efects on dental
restorations.
Fig. 1.49 illustrates the relationship between condylar movement
and articulator settings. Together, the horizontal condylar guidance
setting and the medial-wall setting of an articulator supply suicient
information to approximate the condyle movement near MI. he
horizontal condylar guidance setting approximates the slope of
the articular eminence; the medial-wall setting approximates the
lateral shift. Collectively, these two settings are referred to as posterior
guidance.
Posterior guidance alone is not suicient to simulate mandibular
movements near MI because tooth guidance also is involved in
forming the superior border. Full-arch casts mounted in the
articulator, with the use of techniques that correctly position the
maxillary cast relative to the artiicial TMJs, supply the information
concerning anterior guidance from canines and incisors. he
mechanical coupling of the anterior guidance and posterior guidance
settings provides suicient information to simulate the movement
of posterior teeth on the superior border.
Research has identiied that the slope of the articular eminence
ranges approximately 25 to 70 degrees from the axis-orbital
plane (see Fig. 1.50A and B).43 Adjustable articulators have been
designed based on these observations and allow establishment
of patient-specific setting of horizontal condylar inclination.
Furthermore, left/right individual settings allow for diferences
that may exist in the relative movements of the two condyles (see
Fig. 1.50C and D). he condyles move anteriorly and inferiorly
while in contact with the curved surface of the simulated articular
eminence within the condylar housing of the articulator. More
recent designs of semiadjustable articulators have adopted curved
surfaces to simulate the curvature of the articular eminence.
Only the first few millimeters of movement have significant
effects on the posterior teeth. Horizontal condylar guidance
(supplied by the articulator) and anterior guidance (supplied
by the mounted casts) are mechanically coupled to produce the
separation of posterior teeth. he combined guidance determines
the amount of (or lack of ) vertical separation of posterior teeth

as the mandible leaves or enters MI during protrusion and lateral
movements.
Lateral mandibular movements also produce separation of
posterior teeth. Horizontal guidance of the nonworking condyle
coupled with working-side canine guidance determines the amount
of vertical separation of posterior teeth on both sides as the mandible
leaves or enters MI during lateral movements (see Fig. 1.48). his
information may be used to design restorations with the proper
cusp location and height to avoid collisions during chewing and
other mandibular movements.
he slope of the articular eminence varies considerably among
individuals. he efect of diferent slopes may be evaluated by
altering the horizontal condylar guidance on articulators. Increasing
the horizontal condylar guidance increases the steepness of the
mandibular molar movement in protrusion. he movement of the
maxillary mesiolingual cusp relative to the mandibular molar is
plotted in Fig. 1.50E–G for 20-, 30-, and 50-degree slopes.44 he
efect of removing the anterior guidance (a) is drawn on the same
grid. he loss of anterior guidance has the greatest efect when the
horizontal condylar guidance is shallow (20 degrees) and has the
least efect when the horizontal condylar guidance is steep (50
degrees). Anterior guidance has an additive efect on the molar
pathway at all degrees of horizontal guidance. his is an important
observation because alteration of the anterior guidance may occur
during dental treatment that involves the guiding surfaces of the
anterior teeth. here may be a therapeutic advantage to increasing
anterior guidance, by restorative or orthodontic means, to facilitate
the separation of posterior teeth in patients who have shallow
horizontal guidance. he articulator may be used to diagnose the
need to alter the anterior guidance and to design restorations that
avoid cusp collisions in mandibular movements.
TMJ lateral shift may be measured clinically and transferred
to an adjustable articulator. A series of tracings of guided movements
from diferent patients is shown in Fig. 1.51A.45,46 All the tracings
are parallel after the irst few millimeters of movement. he difference from one patient to the next is the result of the amount
of lateral shift. Fig. 1.51B illustrates simulations of arcs at diferent
degrees of lateral shift; the similarity of lines a, b, and c to the
lines similarly marked in Fig. 1.51A should be noted. None of
the tracings of lateral condylar movement exhibits the “progressive”
lateral shift indicated by the dashed line in Fig. 1.51B. Fig. 1.51C
illustrates the underside of a condylar housing of an articulator.
Shifting the medial wall simulates TMJ lateral shift and allows
movements similar to those illustrated in Fig. 1.51A. Fig. 1.51D
illustrates how movements a, b, and c were made for Fig. 1.51B
by shifting the medial wall of the condylar housing on the articulator.
Increasing lateral shift of the TMJ results in signiicant changes
in movement of the molar point near MI (see Fig. 1.51E). he
working-side movement is least afected because it is already a
directly lateral movement. he nonworking molar-point movement
is changed in the lateral and horizontal components. he lateral
pathway is extended progressively more laterally in patients with
excessive lateral shift of the TMJs. he horizontal efect is a “lattening” of the pathway by reduction of the vertical separation.
hese efects are illustrated by tracings of molar-point movement
on an articulator as the amount of lateral shift is increased from
“a” to “b” to “c.” he efect of increasing lateral shift is to increase
the likelihood of collisions of the mesiolingual cusps of the maxillary
molars with the mandibular distofacial cusps of the molars on the
nonworking side (see Fig. 1.51E and F). hese types of undesirable
contact between the opposing functional cusps are termed nonworking interferences.

CHAPTER 1

Clinical Signiicance of Dental Anatomy, Histology, Physiology, and Occlusion

b

a

TMJ sagittal section

The combination of horizontal
condylar guidance and side
shift is sufficient to define the
components of condyle point motion.

º

0º

a

90º

30
º

60

Adjustment of the articulator
condylar housing allows
analogous movement to a
in the upper left drawing.

Opening

Closing

b

The medial wall adjustment allows
movement analogous to condylar
movement shown in upper right
drawing (b).
The vertical displacement of the condyle as
it moves over the articular eminence is
simulated by the horizontal condylar
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The jaws and teeth are superimposed over an
articulator to illustrate the relationship of the
articulator to the patient.

The shifting of the condyles during lateral
movements is simulated by the Bennett
adjustment (b).

The articulator serves to simulate movement of the
mandible. The axis-orbital plane is used as a
reference point for mounting the maxillary cast by
facebow transfer. The mandibular cast is mounted
with respect to the upper arch by use of bite records.
Consult other textbooks for the methods of bite
registration and facebow transfer.

• Fig. 1.49

Relationship between condylar movement and articulator settings.
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E, F, and G illustrate the combined effect of anterior and posterior
guidance on the superior border of molar point. The angulation of
the posterior guidance is indicated in degrees for each figure. The
absence of anterior guidance is indicated by a and presence of
anterior guidance by b. The tracing of the movement of the
mesiolingual cusp of the maxillary molar is made on the grid in each
figure. Note that the absence of anterior guidance reduces the
separation of the posterior teeth, but has the greatest effect when
the posterior guidance is shallow.
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Horizontal condylar guidance.
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Guided border movements:
1. Follow chewing pathway in reverse direction
2. Differences are due to amount of side shift
3. Progressive side shift was not observed

a

b

Simulated movements:
1. Are arcs of circles
2. Differ by side shift
3. Are comparable to guided movements

a

c

A

b

B

c
d

Lateral shift:
(a) minimal
(b) moderate
(c) extreme
(d) progressive

Simulated movements

Guided border movements

Underside of condylar housing
condylar ball movement at extreme
side shift

C

Adjustment of the lateral shift to
produce simulated movements
above

D
a b c

Maxillary molar; showing
change in nonworking
movement of mandibular
distofacial cusp with
increasing lateral shift

E

a

b
c

F

c

• Fig. 1.51

Mandibular molar; showing
change in nonworking
movement of maxillary
mesiolingual cusp with
increasing lateral shift
b c
a
a
b
c

a
b
Lateral condylar guidance: the medial wall.

35

36

C HA P T E R 1

Clinical Signiicance of Dental Anatomy, Histology, Physiology, and Occlusion

Posterior guidance:
slope of articular eminence

A.

B.
Incisor point tracing

Superior border
near MI is
determined by
canine

Canine guidance
Right mandibular
movement

Separation of posterior teeth
on nonworking side
determined by slope of
articular eminence.

C.

Proximal view

D.

1 2 3 5
4

Right maxillary canine
guiding the mandibular
canine

543

2

1

Zones of posterior contact:
1. Inner incline of nonfunctional
cusp
2. Central fossa contact area
3. Inner incline of functional
cusp
4. Functional cusp contact
area
5. Outer incline of functional
cusp

Protrusive contacts
on incisors and canines

E1.

Left

Right

Group function on working
side (zone 1)

F1.

Right

Left

Excusive
canine guidance
P

Canine wear results
in group function

Undesirable
nonworking
contacts for right
mandibular
movement (zone 3)

NW
Undesirable working
contacts for right
mandibular movement
(maxillary zone 1)

E2.

Undesirable working
contacts for right
mandibular movements
(mandibular zone 1)

W
Pathways of mandibular
distofacial cusp tip in test
movements
Maxilla

Mandible
Pathways of maxillary
mesiolingual cusp in
test movements
W

Maxillary canine
guidance for left
mandibular
movement

Maxilla

F2.

Nonworking contacts often are the result of shallow
posterior guidance and insufficient canine guidance
due to wear (see Fig. 1.46C).
Undesirable
nonworking
contacts for right
mandibular
movement (zone 3)

P
NW

Group function on mandibular
teeth (zone 5)

Mandibular canine guidance
for left mandibular movement
Right

Protrusive
contacts on
incisors

• Fig. 1.52

Left

Right

Left

Tooth contacts during mandibular movement.

Tooth Contacts During Mandibular Movements
Dentists must design restorations capable of withstanding the forces
of mastication. Evaluation of the location, direction, and area of
tooth contacts during various mandibular movements is an essential

part of the preoperative evaluation of teeth to be restored. Anterior
teeth support gliding contacts, whereas posterior teeth support the
heavy forces applied during chewing and clenching. Fig. 1.52
shows a variety of tooth contact relationships. In Fig. 1.52A, a
right mandibular movement is illustrated, showing the separation

CHAPTER 1

Clinical Signiicance of Dental Anatomy, Histology, Physiology, and Occlusion

of the posterior teeth on the left, or nonworking, side. his separation of posterior teeth results from the combined efects of the
canine guidance and the slope of the articular eminence on the
nonworking side. he efect of the canine guidance is illustrated
in the incisor point tracing in Fig. 1.52B. he superior border on
either side of MI is determined by the shape of the lingual surfaces
of maxillary canine teeth. Guiding contact between the right canines
is illustrated in Fig. 1.52C. A variety of areas on posterior teeth
may contact opposing teeth during mandibular movements. In
Fig. 1.52D, the opposing surfaces of molar teeth are divided into
ive areas:
1. Inner incline of the nonfunctional cusp. his area has the potential
for undesirable contact in working-side movements by contacting
the outer aspect of the functional cusp (area 5).
2. Fossa or marginal ridge contact area. his is the main contact
area for the opposing functional cusp.
3. Inner incline of the functional cusp. his area has the potential
for undesirable contact during nonworking movements.
4. Contact area of the functional cusp. his is the main cusp contact
area.
5. Outer aspect of the functional cusp. his area sometimes participates
in working-side movements by contacting the inner incline of
the nonfunctional cusp (area 1).

Anterior Tooth Contacts
During anterior movement of the mandible (i.e., protrusion), the
lower anterior teeth glide along the lingual surfaces of maxillary
anterior teeth (see Fig. 1.52E and F). he combination of the
anterior guidance (slope and vertical overlap of anterior teeth) and
the slope of the articular eminence (horizontal condylar guidance
on the articulator) determines the amount of vertical separation
of posterior teeth as the mandible moves anteriorly. Some texts
refer to this separation as disocclusion (or disclusion) of posterior
teeth. Multiple contacts between the opposing dental arches on
anterior teeth are desirable in protrusion movements. With protrusion, multiple contacts serve to prevent excessive force on any
individual pair of gliding teeth. Posterior tooth contact during
protrusion is not desirable because it may overload the involved
teeth secondary to the increased elevator muscle activity that occurs
when posterior teeth come into contact. It has been shown that
when anterior teeth are in contact and posterior teeth are discluded,
elevator muscles are less active.16-19,23,27,30,47
Articulator-mounted casts may be used to assess the superior
border near MI, which is the critical zone for tooth contact. his
information is useful during the fabrication of indirect restorations
because the position and height of the restored cusps can be evaluated and adjusted in the laboratory, which minimizes the chairside
time and efort required to adjust the completed restorations.
Posterior Tooth Contacts
In idealized occlusal schemes designed for restorative dentistry,
posterior teeth should contact only in MI such that the force that
results from maximum activation of the elevator muscles is
distributed evenly over multiple teeth.16-19,23,27,28,30,47 Any movement
of the mandible should result in the separation of posterior teeth
by the combined efects of anterior guidance and the slope of the
articular eminence (horizontal condylar guidance on the articulator).
he immediate separation of posterior teeth during protrusion or
excursion results in a decrease in the level of activity and force
being generated by the elevator muscles.16,18,19,21,23,27,30,47
Forceful contact of individual posterior tooth cusps during
chewing and clenching may lead to muscle discomfort, damage
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to teeth and supporting structures, or both in some patients. In
patients with shallow anterior guidance or open bite, restoration
without the introduction of undesirable tooth contacts is more
diicult. Articulator-mounted casts may be used to assess and solve
restorative problems that are diicult to manage by direct intraoral
techniques.
he preferred occlusal relationship for restorative purposes is
one that limits the working-side contact to canines only. his is
directly related to the observation that, compared with canine
guidance alone, guidance from canines and posterior teeth will
result in greater activation of the anterior temporalis muscle and
longer activation of the masseter and temporalis muscles during
excursive movements.27,30,47
Tooth contact posterior to the canine on the working side may
occur naturally in worn dentitions. As canines are shortened by
wear, separation of posterior teeth diminishes. Lateral mandibular
movements in worn dentitions successively bring into contact more
posterior teeth as the heights of canines decrease. Multiple tooth
contacts during lateral jaw movements are termed group function.
Right-sided group function is illustrated in Fig. 1.52E, compared
with left canine guidance contact in Fig. 1.52F. Because the amount
of torque and wear imposed on teeth increases closer to the muscle
attachments on the mandible, molar contact in group function is
undesirable (see Fig. 1.52E and F). It has been observed that facial
cusps of the maxillary premolars and molars (Maxillary Zone 1,
nonfunctional cusps) and lingual cusps of mandibular molars
(Mandibular Zone 1, nonfunctional cusps) have increased incidence
of fracture.48 his inding is consistent with the increased elevator
muscle activity that occurs as posterior teeth come into contact
and that the bulk of dentin supporting the nonfunctional cusps
is considerably less than that of the functional maxillary and
mandibular cusps. Group function limited to premolars may be
a therapeutic goal when the bony support of canines is compromised
by periodontal disease or Class II occlusions in which canine
guidance is impossible.
he nonworking side is opposite the working side and normally
does not contain a food bolus during chewing. During chewing
closures, mandibular teeth on the nonworking side close from an
anteromedial position and approach MI by moving posterolaterally.
Contact of the molar cusps on the nonworking side may overload
these teeth, compromise the ipsilateral TMJ, or both because of
a resultant increase in the activity of the masseter, anterior temporalis, and posterior temporalis muscles and the ipsilateral superior
lateral pterygoid.16-18,20 Each of these muscles counteracts the action
of the nonworking-side inferior lateral pterygoid, which is responsible (along with the contralateral posterior temporalis and digastric
muscles) for efecting the down and forward translation of the
nonworking-side condyle. Additional activity of the ipsilateral
superior lateral pterygoid muscle should not occur during condylar
translation when the TMJ disc needs to rotate posteriorly toward
the top of the condylar head to maintain its position between the
condyle and the articular eminence. Great variation exists among
patients in the level of masticatory system tolerance to nonworkingside contacts. Questions remain as to whether the presence of a
nonworking-side posterior contact always represents an interference
to mandibular function. he predictable, normal physiologic muscle
response to nonworking-side tooth contact (along with the potential
negative sequelae of tooth wear, tooth fracture, masticatory muscle
pain and/or TMJ internal disc derangement) leads to the conclusion
that avoidance of these contacts is an important goal for restorative
procedures in the posterior dentition. Undesirable nonworking-side
contacts are illustrated in Fig. 1.52F.
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Neurologic Correlates and Control
of Mastication
his summary of neurologic control is based on an excellent review
by Lund.49 he control of mastication depends on sensory feedback.
Sensory feedback serves to control the coordination of the lips,
tongue, and mandibular movement during manipulation of the
food bolus through all stages of mastication and preparation for
swallowing. Physiologists divide an individual chewing cycle into
three components: opening, fast closing, and slow closing. he slowclosing segment of chewing is associated with the increased forces
required for crushing food. he central nervous system receives
several types of feedback from muscle spindles, periodontal receptors,
and touch receptors in the skin and mucosa. his feedback controls
the mandibular closing muscles during the slow-closing phase.
Sensory feedback often results in inhibition of movement (e.g.,
because of pain). During mastication, some sensory feedback from
teeth is excitatory, causing an increase in the closing force as the
food bolus is crushed. An upper limit must, however, be present
where inhibition occurs; this prevents the buildup of excessive
forces on teeth during the occlusal stage.
A group of neurons in the brainstem produces bursts of discharges at regular intervals when excited by oral sensory stimuli.
hese bursts drive motor neurons to produce contractions of the
masticatory muscles at regular intervals, resulting in rhythmic
mandibular movement. he cluster of neurons in the brainstem
that drives the rhythmic chewing is termed central pattern generator.
he chewing cycles illustrated in Figs. 1.46, 1.47, and 1.48 are
caused by central pattern generator rhythms. Oral sensory feedback
can modify the basic central pattern generator pattern and is essential
for the coordination of the lips, tongue, and mandible. Sensory
input from the periodontal and mucosal receptors maintains the
rhythmic chewing. Coactivation of the opening and closing muscles
serves to protect the dentition from excessively forceful contact,
makes the mandible more rigid, and probably serves to brace the
condyles while the food is crushed.
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T

his chapter presents basic deinitions and information on
dental caries, clinical characteristics of the caries lesion,
caries risk assessment, and caries management, in the context
of clinical operative dentistry.

What I Dental Carie?
Dental caries is a preventable, chronic, and bioilm-mediated disease
modulated by diet. his multifactorial, oral disease is caused primarily by an imbalance of the oral lora (bioilm) due to the presence
of fermentable dietary carbohydrates on the tooth surface over
time. Traditionally, this tooth-bioilm-carbohydrate interaction has
been illustrated by the classical Keyes-Jordan diagram (Fig. 2.1).1
However, dental caries onset and activity are in fact much more
complex than this three-way interaction, as not all persons with
teeth, bioilm, and consuming carbohydrates will have caries lesions
over time. Several modifying risk and protective factors inluence
the dental caries process, as will be discussed later in this chapter.
At the tooth level, dental caries activity is characterized by
localized demineralization and loss of tooth structure, the caries
lesion (Figs. 2.2 and 2.3). In health, the microbiome is in symbiosis,
the oral commensals striving in a neutral pH. Some bacteria in
the bioilm metabolize reined carbohydrates for energy and produce
organic acid by-products. hese organic acids, if present in the
bioilm ecosystem for extended periods, can lower the pH in the
bioilm to below a critical level (5.5 for enamel, 6.2 for dentin).
his low pH has efects both on the bioilm composition and at
the tooth surface level (Fig. 2.4).132 With extended periods of low
pH there is a shift in the microbiome to bacteria that are acidogenic
and acidophilic, causing a dysbiosis in the microbiome. his change
in turn will lead to further acidiication of the environment. he
low pH drives calcium and phosphate from the tooth to the bioilm
in an attempt to reach equilibrium, hence resulting in a net loss
of minerals by the tooth, or demineralization. When the pH in
the bioilm returns to neutral and the concentration of soluble
calcium and phosphate is supersaturated relative to that in the
tooth, mineral can then be added back to partially demineralized
a

Dr. Eidson was an inactive author in this edition.
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enamel in a process called remineralization. hus at the tooth
surface and subsurface level, dental caries lesions result from a
dynamic process of damage (demineralization) and restitution
(remineralization) of the tooth matter. hese events take place
several times a day over the life of the tooth and are modulated
by many factors including number and type of microbial lora in
the bioilm, diet, oral hygiene, genetics, dental anatomy, dentin
and enamel composition, use of luorides and other chemotherapeutic agents, saliva composition, salivary low, and bufering
capacity. hese factors are highly individual and tooth speciic,
and will difer from person to person, tooth to tooth in the same
individual, and site to site on a same tooth. he balance between
demineralization and remineralization has been illustrated in terms
of pathologic factors (i.e., those favoring demineralization) and
protective factors (i.e., those favoring remineralization) (Fig. 2.5).2
Individuals in whom the balance tilts predominantly toward protective factors (remineralization) are much less likely to develop dental
caries lesions than those in which the balance is tilted toward
pathologic factors (demineralization). Understanding the balance
between demineralization and remineralization is key to caries
management.
Repeated demineralization events may result from a predominantly pathologic environment causing the localized dissolution
and destruction of the calciied dental tissues, evidenced as a caries
lesion. he ongoing demineralization at the enamel subsurface
level leads to a collapse of the surface and hence the formation of
a cavitation in the enamel surface. Severe demineralization of dentin
results in the exposure of the protein matrix, which is denatured
initially by host matrix metalloproteinases (MMPs) and subsequently
degraded by MMPs and other bacterial proteases. Demineralization
of the inorganic phase (dentin mineral), and denaturation and
degradation of the organic phase (primarily dentin collagen) result
in dentin cavitation.3
It is essential to understand that caries lesions, or cavitations
in teeth, are signs of an underlying condition, an imbalance between
protective and pathologic factors favoring the latter. In clinical
practice it is very easy to lose sight of this fact and focus entirely
on the restorative treatment of caries lesions, failing to treat the
underlying cause of the disease (Table 2.1). Although symptomatic
treatment is important for many reasons, failure to identify and
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Primary modifying factors:
• Tooth anatomy
• Saliva
• Biofilm pH
• Biofilm composition
• Use of fluoride
• Diet specifics
• Oral hygiene
• Immune system
• Genetic factors
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Secondary modifying factors:
• Socioeconomic status
• Education
• Life-style
• Environment
• Age (?)
• Ethnic group (?)
• Occupation

host

time

cariogenic
biofilm

CARIES*

fermentable
carbohydrates

*In the absence of protective factors
and if other risk factors are present

• Fig. 2.1 Modiied Keyes-Jordan diagram. As a simpliied description, dental caries is a result of the
interaction of cariogenic oral lora (bioilm) with fermentable dietary carbohydrates on the tooth surface
(host) over time. However, dental caries onset and activity are, in fact, much more complex, as not all
persons with teeth, bioilm, and who are consuming carbohydrates will have caries over time. Several
modifying risk factors and protective factors inluence the dental caries process. (Modiied from Keyes
PH, Jordan HV: Factors inluencing initiation, transmission and inhibition of dental caries. In Harris RJ,
editor: Mechanisms of hard tissue destruction, New York, 1963, Academic Press.)

A

A
a

b

22

a
20

b

12
10
8

B
• Fig. 2.2

21

11

9

A, Young adult with multiple active initial and cavitated caries
lesions involving teeth No. 8 through 10. B, Cavitated areas (a) are surrounded by areas of extensive demineralization that are chalky and opaque
(b). Some areas of initial (noncavitated) caries have supericial stain.

b

B
• Fig. 2.3

23

a

24

25

b

Extensive active caries in a young adult (same patient as in
Fig. 2.2). A, Mirror view of teeth No. 20 through 22. B, Cavitated lesions
(a) are surrounded by extensive areas of chalky, opaque demineralized
areas (b). The presence of smooth-surface lesions such as these is associated with rampant caries. Occlusal and interproximal smooth-surface
caries usually occur in advance of facial smooth-surface lesions. The
presence of these types of lesions should alert the dentist to the possibility
of a high caries risk patient and possibly extensive caries activity elsewhere
in the mouth. The interproximal gingiva is swollen red and would bleed
easily on probing. These gingival changes are the consequence of longstanding irritation from the bioilm adherent to the teeth.
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• Fig. 2.4 This diagram illustrates how the diet affects the bioilm and consequences on the tooth
surface. In health, the bioilm is in symbiosis. A person who has only occasional consumption of fermentable carbohydrates will have a resident microbiome dominated by nonmutans streptococci and actinomyces in a dynamic stability stage that is adapting to the relatively minor changes in pH. As the diet
changes to more frequent exposures to fermentable carbohydrates, the microbiome adapts to the more
acidic environment in an acidogenic stage, where bacteria that favor low pH lourish. In diets with frequent
exposures to fermentable carbohydrates this constant acid-induced adaptation and selection of the
microbiome continues and leads to an aciduric stage where there is an increase in MS and nonmutans
aciduric bacteria, thus leading to a dysbiosis of the microbiome. At one end of the spectrum, in an environment with severe and prolonged acidiication and aciduric bacteria, there is a net mineral loss at the
tooth surface, enamel, or dentin, causing lesion initiation or lesion progression, while at the other end of
the spectrum with only mild acidiication there is a net mineral gain at the tooth surface and consequently
lesion regression or arrest. Certainly this is a simpliied explanation of the changes in the bioilm as the
microbiome adapts to the acidic environment due to cariogenic diets, which does not consider the many
other factors that are at play to either halt the process or boost the process. (From Takahashi N1, Nyvad
B. The role of bacteria in the caries process: ecological perspectives, J Dent Res 90(3):294–303, 2011.
doi:10.1177/0022034510379602)
The “Caries Balance”

TABLE 2.1

Pathological Factors

Protective Factors

• Acid-producing bacteria
• Sub-normal saliva flow
and/or function
• Frequent eating/drinking of
fermentable carbohydrates
• Poor oral hygiene

• Saliva flow and components
• Remineralization (fluoride,
calcium, phosphate)
• Good oral hygiene
• Strategies that maintain a
healthy microbiome
(probiotics, prebiotics
(arginine), pH modifiers,
erythritol and xylitol)
• Strategies that modulate a
dysbiotic microbiome (silver,
peptides, tin, antimicrobials)

Demineralization
(Caries)

Caries Management Based on the
Medical Model

Primary Etiology

Cariogenic Bioilm Resultant From a
Cariogenic Diet

Symptoms

Demineralization lesions in teeth

Treatment, therapeutic

Improvement of host resistance by (1)
bioilm modiication, (2) elevating
bioilm pH, and (3) enhancing
remineralization

Treatment, symptomatic

Remineralization/arrest of lesions,
restoration of cavitated lesions

Posttreatment assessment,
therapeutic

Reevaluation of etiologic conditions
and primary and secondary risk
factors; and continuous
management based on indings

Posttreatment assessment,
symptomatic

Examination of teeth for new lesions,
assessment of lesion activity,
assessment of lesion progression

Remineralization
(No caries)

• Fig. 2.5 The caries balance. The balance between demineralization
and remineralization is illustrated in terms of pathologic factors (i.e., those
favoring demineralization) and protective factors (i.e., those favoring remineralization). (Modiied from Featherstone JDB: Prevention and reversal
of dental caries: role of low level luoride, Community Dent Oral Epidemiol
27:31–40, 1999.)
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manage the underlying causative factors of dental caries allows the
disease to continue and increases the chance of treatment failure.
Caries management eforts must be directed not only at the tooth
level (traditional or surgical treatment) but also at the total-patient
level (caries management by risk assessment). Restorative treatment
does not cure the caries process. Instead, identifying and managing
the risk factors for caries must be the primary focus, in addition
to the restorative repair of damage caused by caries.
his chapter emphasizes the components of a caries management
program that is based irst on risk assessment and then on modifying
the bioilm ecology to enhance protective factors and minimize
pathologic factors.4 his chapter also presents information on clinical
characteristics of the caries lesion as they relate to clinical operative
dentistry. Use of correct and consistent terms when referring to
caries and caries lesions is important. Box 2.1 summarizes the
most common terms used in this textbook to deine caries lesions
based on their location, cavitation status, and activity status. More

• BOX 2.1
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in-depth information on the dental caries process can be found
elsewhere.133

Ecologic Bai of Dental Carie: The Role of the
Bioilm
Dental plaque is a term historically used to describe the soft, tenacious ilm accumulating on the surface of teeth. Dental plaque has
been more recently referred to as the dental bioilm or simply the
bioilm, which is a more complete and accurate description of its
composition (bio) and structure (ilm).5 he bioilm is composed
mostly of bacteria, their by-products, extracellular matrix, and water
(Figs. 2.6, 2.7, 2.8, 2.9, and 2.10). Bioilm is not adherent food
debris, as was widely and erroneously thought, nor does it result
from the haphazard collection of opportunistic microorganisms.
he accumulation of the bioilm on teeth is a highly organized

Caries Lesion Deinitions

• Caries lesion. Tooth demineralization as a result of the caries process.
Other texts may use the term carious lesion. Laypeople may use the term
cavity.
• Smooth-surface caries. A caries lesion on a smooth tooth surface.
• Pit-and-issure caries. A caries lesion on a pit-and-issure area.
• Occlusal caries. A caries lesion on an occlusal surface.
• Proximal caries. A caries lesion on a proximal surface.
• Enamel caries. A caries lesion in enamel, typically indicating that the
lesion has not penetrated into dentin. (Note that many lesions detected
clinically as enamel caries may very well have extended into dentin
histologically.)
• Dentin caries. A caries lesion into dentin.
• Coronal caries. A caries lesion in any surface of the anatomic tooth
crown.
• Root caries. A caries lesion in the root surface.
• Primary caries. A caries lesion not adjacent to an existing restoration or
crown.
• Secondary caries. A caries lesion adjacent to an existing restoration,
crown, or sealant. Other term used is caries adjacent to restorations and
sealants (CARS). Also referred to as recurrent caries, implying that a
primary caries lesion was restored but that the lesion reoccurred.
• Residual caries. Refers to carious tissue that was not completely
excavated prior to placing a restoration. Sometimes residual caries can be
dificult to differentiate from secondary caries.
• Cavitated caries lesion. A caries lesion that results in the breaking of the
integrity of the tooth, or a cavitation.
• Initial caries lesion. A caries lesion that has not been cavitated. In
enamel caries, initial caries lesions are also referred to as noncavitated or
“white spot” lesions. (Clinically, the distinction between a cavitated and a
noncavitated caries lesion is not as simple as it may seem. Although
historically any roughness detectable with a sharp explorer has been
considered a cavitated lesion, more recent caries detection guidelines
establish that only lesions in which a blunt probe penetrates without
pressure are to be considered cavitated. This distinction has important
implications on lesion management, because most initial caries lesions can
be arrested or remineralized, while most cavitated lesions require
restorative intervention.)
• Moderate caries lesion. A caries lesion that may or may not have
cavitated but that has not reached the inner one-third of dentin. This can
be observed clinically by microcavitations in the enamel or a gray shadow.
• Advanced (deep) caries lesion. A deinitely cavitated lesion exposing
dentin. For the purposes of this protocol any lesion that has reached the
inner one-third of the dentin will be considered an advanced lesion.

• Active caries lesion. A caries lesion that is considered to be biologically
active—that is, a lesion in which tooth demineralization is in frank activity
at the time of examination.
• Inactive caries lesion. A caries lesion that is considered to be biologically
inactive at the time of examination—that is, in which tooth
demineralization caused by caries may have happened in the past but has
stopped and is currently stalled. Also referred to as arrested caries,
meaning that the caries process has been arrested but that the clinical
signs of the lesion itself are still present.
• Rampant caries. Term used to describe the presence of extensive and
multiple cavitated and active caries lesions in the same person. Typically
used in association with “baby bottle caries,” “radiation therapy caries,” or
“meth-mouth caries.” These terms refer to the etiology of the condition.
• Primary dentin. Sound, normal dentin that forms during tooth
development; it is usually completed 3 years after tooth eruption.
Histologically, primary dentin has tubules with smooth odontoblastic
processes, with no intratubular crystals. The intertubular dentin has normal
cross-banded collagen and normal dense apatite crystals. Clinically,
primary dentin is hard, cannot be easily penetrated with a blunt explorer,
and can only be cut by a bur or a sharp cutting instrument.
• Secondary dentin. Sound, normal dentin that forms physiologically on all
internal aspects of the pulp cavity throughout the life of the tooth.
Histologically, secondary dentin resembles primary dentin. Clinically,
secondary dentin is similar to primary dentin.
• Tertiary dentin. Dentin that forms in response to stimuli such as caries,
attrition, and operative procedures. Also known as reparative or reactive
dentin. Usually appears as a localized dentin deposit on the wall of the
pulp space immediately subjacent to the area of the tooth that has
received the injury. Tertiary dentin is less mineralized than primary and
secondary dentin, and contains irregular dentinal tubules. Clinically, tertiary
dentin is not as hard as primary dentin.
• Sclerotic dentin. Dentin that forms in response to stimuli such as aging or
mild irritation (slow advancing caries). When responding to initial caries
demineralization events, crystalline material precipitates in intratubular and
intertubular dentin. Sclerotic dentin walls off a lesion by blocking (sealing)
the dentinal tubules. This zone can be seen even before the
demineralization reaches the dentin and it may not be present in rapidly
advancing lesions. Clinically, sclerotic dentin is dark and harder than
normal dentin.
• Leathery dentin. Term used to describe the clinical presentation of the
transition zone between soft and irm dentin (see next section). Technically
leathery dentin is part of the irm dentin zone.
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pr

er

sr

ap

p

A
Longitudinal section
of tail of rod

Occlusal
Crystallites

Longitudinal section
of head of rod (4 µm)

Perikymata
Cross-section
of a rod
(head and tail)

Striae of Retzius

B
• Fig. 2.6

Enlarged area
in Fig. 2.6C

Cervical

A, Composite diagram illustrating the relationship of bioilm (p) to the enamel in a smoothsurface initial (noncavitated) lesion. A relatively cell-free layer of precipitated salivary protein material, the
acquired pellicle (ap) covers the perikymata ridges (pr). The bioilm bacteria attach to the pellicle. Overlapping perikymata ridges can be seen on the surface of enamel (see Fig. 2.7). (Figs. 2.9 and 2.10 are
photomicrographs of cross sections of bioilm.) The enamel is composed of rodlike structures (er) that
course from the inner dentinoenamel junction (DEJ) to the surface of the crown. Striae of Retzius (sr) can
be seen in cross sections of enamel. B, Higher power view of the cutout portion of enamel in A. Enamel
rods interlock with each other in a head-to-tail orientation. The rod heads are visible on the surface as
slight depressions on the perikymata ridges. The enamel rods comprise tightly packed crystallites. The
orientation of the crystallites changes from being parallel to the rod in the head region to being perpendicular to the rod axis in the tail end. Striae of Retzius form a descending diagonal line, descending
cervically.

and ordered sequence of events. Bacteria seem to occupy the
same spatial niche on most individuals. A “hedgehog” formation
has been recently characterized209 because of the spine of radially
oriented ilaments. he ilaments are a mass of Corynebacterium
ilaments with Streptococcus at the periphery. Actinomyces are usually
found at the base of the bioilm suggesting that Corynebacterium
attaches to a preexisting bioilm containing Actinomyces. In any
case it is notable that each taxon is localized in a precise and
well-deined spatial zone indicating that the microbes in the

oral bioilm have a precise and well-tuned interaction209 (see
Fig. 2.6D).
Many of the organisms found in the mouth are not found
elsewhere in nature. Survival of microorganisms in the oral environment depends on their ability to adhere to a surface. Free-loating
organisms are cleared rapidly from the mouth by salivary low and
frequent swallowing. Although a few specialized organisms, primarily
streptococci, are particularly able to adhere to oral surfaces such
Text continued on p. 48

Acquired pellicle
Enamel

30 min-1 hr

1
Head of enamel rod

12-24 hrs

Cocci covering surface

2

Filamentous bacteria
1-3 days

3

Palisades of cocci
Filamentous
bacterial
colony
1 week

4

3 weeks

5
“Corn cobs”

C

Large segment removed

• Fig. 2.6, cont’d C, Drawings 1 through 5 illustrate the various stages in colonization during plaque
formation on the shaded enamel block shown in B. The accumulated mass of bacteria on the tooth
surface may become so thick that it is visible to the unaided eye. Such plaques are gelatinous and tenaciously adherent; they readily take up disclosing dyes, aiding in their visualization for oral hygiene instruction. Thick plaque bioilms (4 and 5) are capable of great metabolic activity when suficient nutrients are
available. The gelatinous nature of the plaque limits outward diffusion of metabolic products and serves
to prolong the retention of organic acid metabolic by-products.
Continued
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D
• Fig. 2.6, cont’d

D, This illustrates how different taxons inhabit speciic niches on the bioilm creating
microenvironments. There is a ine-tuned synergy among the cells in the oral microbial communities. The
environment and the biochemical gradients drive the selection process. This can be exempliied by the
the role of Streptococcus. Where Streptococcus predominate they create an environment rich in CO2,
lactate, and acetate, containing peroxide and having low oxygen. This environment is advantageous for
the growth of bacteria such as Fusobacterium and Leptotrichia. (From Welch JL, Rossetti BJ, Riekem
CW, et al: Biogeography of a human oral microbiome at the micron scale, Proc Natl Acad Sci USA
9;113(6):E791–E800, 2016. doi:10.1073/pnas.1522149113)

P

A

B
• Fig. 2.7 A, Scanning electron microscope view (600×) of overlapping perikymata (P) in sound enamel
from unerupted molar. B, Higher power view (2300×) of overlapped site rotated 180 degrees. Surface of
noncavitated enamel lesions has “punched-out” appearance. (From Hoffman S: Histopathology of caries
lesions. In Menaker L, editor: The biologic basis of dental caries, New York, 1980, Harper & Row.)
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• Fig. 2.8 Representative 3-D rendering images of mixed-species bioilms in an environment with 1%
(W/V) sucrose. The images show the evolution of the microcolonies over time and the arrangement with
the EPS matrix. (From Xiao J, Klein MI, Falsetta ML, et al: The exopolysaccharide matrix modulates the
interaction between 3D architecture and virulence of a mixed-species oral bioilm, PLoS Pathog
8(4):e1002623, 2012. https://doi.org/10.1371/journal.ppat.1002623)
f

a

• Fig. 2.9

Plaque bioilm formation at 1 week. Filamentous bacteria (f)
appear to be invading cocci microcolonies. Plaque near gingival sulcus
has fewer coccal forms and more ilamentous bacteria (860×). (From
Listgarten MA, Mayo HE, Tremblay R: Development of dental plaque on
epoxy resin crowns in man. A light and electron microscopic study, J
Periodontol 46(1):10–26, 1975.)

• Fig. 2.10 At 3 weeks old, plaque bioilm is almost entirely composed
of ilamentous bacteria. Heavy plaque formers have spiral bacteria (a)
associated with subgingival plaque (660×). (From Listgarten MA, Mayo
HE, Tremblay R: Development of dental plaque on epoxy resin crowns in
man. A light and electron microscopic study, J Periodontol 46(1):10–26,
1975.)
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• Fig. 2.11 Approximate proportional distribution of predominant cultivable lora of ive oral habitats.
(From Simón-Soro Á, Tomás I, Cabrera-Rubio R, et al: Microbial geography of the oral cavity, J Dent Res
92:616, 2013. DOI:10.1177/0022034513488119.)
as the mucosa and tooth structure, over 700 diferent species of
bacteria have been identiied in the oral bioilm. Oral bioilm from
healthy teeth have a higher diversity than from carious teeth.134
Signiicant diferences exist in the bioilm communities found
in various habitats (ecologic environments) within the oral cavity
(Fig. 2.11A and B). he organisms also have unique contributions
to the ecosystem (see Fig. 2.11B). Mature bioilm communities
have tremendous metabolic potential and are capable of rapid
anaerobic metabolism of any available carbohydrate (Fig. 2.12).
However, because of the highly structured bacterial microcolonies
embedded in an exopolysaccharide (EPS)-rich matrix, there are
acidic regions in the bioilm that are not neutralized by saliva
bufers.210
Many distinct habitats may be identiied on individual teeth,
with each habitat containing a unique bioilm community (Table
2.2; see Fig. 2.11A). Although the pits and issures on the crown
may harbor a relatively simple population of streptococci, the root
surface in the gingival sulcus may harbor a complex community
dominated by ilamentous and spiral bacteria. Even within the
same anatomic location there can be a considerable diference in
bacterial diversity.134 For example the mesial surface of a molar
may be carious and have a bioilm dominated by large populations
of mutans streptococci (MS) and lactobacilli, whereas the distal
surface may lack these organisms and be caries free. Generalization
about bioilm communities is diicult.

Recent evidence indicates that there are no speciic pathogens
that correlate with dental caries, but rather microbial communities.135
Nevertheless, the general activity of bioilm growth and maturation
is predictable and suiciently well known to be of therapeutic
importance in the prevention of dental caries.
Professional tooth cleanings are intended to control the bioilm
(plaque) and prevent caries (and periodontal) disease. However,
after professional removal of all organic material and bacteria from
the tooth surface, a new coating of organic material begins to
accumulate immediately. Within 2 hours, a cell-free, organic ilm,
the acquired enamel pellicle (AEP) (see Fig. 2.6A and C), can
cover the previously denuded area completely. he pellicle is formed
primarily from the selective precipitation of various components
of saliva, particularly selective enzymes. he functions of the pellicle
are believed to be (1) to protect the enamel, (2) to reduce friction
between teeth, and (3) to provide a matrix for remineralization.6
Although the pellicle exhibits antibacterial activity due to the
presence of several enzymes, it can also function as a facilitator of
bacterial cononization.136

Tooth Habitat for Cariogenic Bioilm
he tooth surface is unique because it is not protected by the
surface-shedding mechanisms (continual replacement of epithelial
cells) used throughout the remainder of the digestive tract. he
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• Fig. 2.12 A, Mature bioilm communities have tremendous metabolic
potential and are capable of rapid anaerobic metabolism of any available
carbohydrates. Classic studies by Stephan show this metabolic potential
by severe pH drops at the plaque-enamel interface after glucose rinse. It
is generally agreed that a pH of 5.5 is the threshold for enamel demineralization. Exposure to a glucose rinse for an extreme caries activity plaque
results in a sustained period of demineralization (pH 5.5). Recording from
a slight caries activity bioilm shows a much shorter period of demineralization. B, The frequency of sucrose exposure for cariogenic bioilm greatly
inluences the progress of tooth demineralization. The top line illustrates
pH depression, patterned after Stephan’s curves in A. Three meals per
day results in three exposures of bioilm acids, each lasting approximately
1 hour. The bioilm pH depression is relatively independent of the quantity
of sucrose ingested. Between-meal snacks or the use of sweetened
breath mints results in many more acid attacks, as illustrated at the
bottom. The effect of frequent ingestion of small quantities of sucrose
results in a nearly continuous acid attack on the tooth surface. (The clinical
consequences of this behavior can be seen in Fig. 2.37.) C, In active
caries, a progressive loss of mineral content subjacent to the cariogenic
bioilm occurs. Inset illustrates that the loss is not a continuous process.
Instead, alternating periods of mineral loss (demineralization) occur, with
intervening periods of remineralization. The critical event for the tooth is
cavitation of the surface, marked by the vertical dashed line. This event
marks an acceleration in caries destruction of the tooth and irreversible
loss of tooth structure. An intervention is usually required to arrest the
lesion, often of the restorative nature. (A, Adapted and redrawn from
Stephan RM: Intra-oral hydrogen-ion concentration associated with dental
caries activity, J Dent Res 23:257, 1944.)

5.5
8 am

Noon

8 pm

Between-meals sugar
pH

tooth surface is stable and covered with the pellicle of precipitated
salivary glycoproteins, enzymes, and immunoglobulins. It is the
ideal surface for the attachment of many oral streptococci. If left
undisturbed, bioilm rapidly builds up to suicient depth to produce
an anaerobic environment adjacent to the tooth surface. Given
the right conditions (that is, a conducive diet and poor oral hygiene)
these tooth habitats will become favorable for harboring pathogenic
bioilm and include (1) pits and issures (Fig. 2.13); (2) the smooth
enamel surfaces immediately gingival to the proximal contacts and
in the gingival third of the facial and lingual surfaces of the clinical
crown (Fig. 2.14); (3) root surfaces, particularly near the cervical
line; and (4) subgingival areas (Fig. 2.15). hese sites correspond
to the locations where caries lesions are most frequently found.

5.5

B
Changes in Mineral Content Over Time

Mineral content

Surface
cavitation
White spot
formation

Increasing
cavitation

C

Initial caries

Clinical caries

Pits and Fissures
Pits and issures are particularly susceptible surfaces for caries lesion
initiation (Figs. 2.16, 2.17, 2.18, 2.19, 2.20; see also Figs. 2.13
to 2.15). he pits and issures provide excellent mechanical shelter
for organisms and harbor a community dominated by S. sanguis
and other streptococci.7 he relative proportion of MS most probably
determines the cariogenic potential of the pit-and-issure community.
In susceptible patients, sealing the pits and issures just after tooth
eruption may be the most important strategy in their resistance
to dental caries on those surfaces.
Smooth Enamel Surfaces
he proximal enamel surfaces immediately gingival to the contact
area are the second most susceptible areas to dental caries lesions
(Figs. 2.21 and 2.22; see also Figs. 2.14 and 2.19). hese areas are
protected physically and are relatively free from the efects of
mastication, tongue movement, and salivary low. he types and
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Oral Habitatsa

Habitat

Predominant
Species

Environmental
Conditions Within
Bioilm

Mucosa

S. mitis
S. sanguis
S. salivarius

Aerobic
pH approximately 7
Oxidation-reduction
potential positive

Tongue

S. salivarius
S. mutans
S. sanguis

Aerobic
pH approximately 7
Oxidation-reduction
potential positive

Teeth (noncarious)

S. sanguis

Aerobic
pH 5.5
Oxidation-reduction
negative

Gingival crevice

Fusobacterium
Spirochaeta
Actinomyces

Anaerobic
pH variable
Oxidation-reduction very
negative

A

C

a

Veillonella

b

c

d

E

Enamel caries

S. mutans

Anaerobic
pH <5.5
Oxidation-reduction
negative

Dentin caries

S. mutans
Lactobacillus

Anaerobic
pH <5.5
Oxidation-reduction
negative

Root caries

Actinomyces

Anaerobic
pH <5.5
Oxidation-reduction
negative

a

The microenvironmental conditions in the habitats associated with host health are generally
aerobic, near neutrality in pH, and positive in oxidation-reduction potential. Signiicant
microenvironmental changes are associated with caries and periodontal disease. The changes
are the result of the bioilm community metabolism.

numbers of organisms composing the proximal surface bioilm
community vary. Important ecologic determinants for the bioilm
community on the proximal surfaces are the topography of the
tooth surface, the size and shape of the gingival papillae, and the
oral hygiene and diet of the patient. A rough surface (caused by
caries lesions, a poor-quality restoration, or a structural defect)
restricts adequate bioilm removal. his situation favors the occurrence and progression of caries lesions and/or periodontal disease
at the site.

Root Surfaces
he proximal root surface, particularly near the cementoenamel
junction (CEJ), often is unafected by the action of hygiene
procedures such as lossing because it may have concave anatomic
surface contours (luting) and occasional roughness at the termination of the enamel. hese conditions, when coupled with exposure
to the oral environment (as a result of gingival recession), favor
the formation of mature, cariogenic bioilm and proximal rootsurface caries lesions. Likewise, the facial or lingual root surfaces

B

D

• Fig. 2.13 Developmental pits, grooves, and issures on the crowns of
the teeth can have complex and varied anatomy. A and B, The facial
developmental groove of the lower irst molar often terminates in a pit.
The depth of the groove and the pit varies. C and D, The central groove
extends from the mesial pit to the distal pit. Sometimes grooves extend
over the marginal ridges. E, The termination of pits and issures may vary
from a shallow groove (a) to complete penetration of the enamel (b). The
end of the issure may end blindly (c) or open into an irregular chamber
(d). The physical nature of the pit and issures allows for bioilm to remain
stagnated. Additionally, the decreased thickness of enamel (and sometimes absence of enamel) at the bottom of the pit and issure make these
surfaces especially susceptible to dental caries.

(particularly near the CEJ), when exposed to the oral environment
(because of gingival recession), are often both neglected in hygiene
procedures and usually not rubbed by the bolus of food. Consequently, these root surfaces also frequently harbor cariogenic bioilm.
Root-surface caries lesions are more common in older patients
because of niche availability and other factors sometimes associated
with senescence, such as decreased salivary low due to multiple
medications and poor oral hygiene as a result of lowered manual
dexterity and decreased motivation. Caries lesions originating on
the root are alarming because they (1) have a comparatively rapid
progression, (2) are often asymptomatic, (3) are closer to the pulp,
and (4) are more diicult to restore.
Text continued on p. 58
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• Fig. 2.14 Bioilm formation on posterior teeth and associated caries lesions. A, Teeth No. 19 and 20
in contacting relationship. B, The crown of tooth No. 20 has been removed at the cervix. The proximal
contact and subcontact bioilm can be seen on the mesial surface of tooth No. 19. The bioilm on the
facial surfaces is illustrated. C, During periods of unrestricted growth, the bioilms on the mesial and facial
surfaces become part of a continuous ring of bioilm around teeth. D, A horizontal cross section through
teeth No. 19 and 20 with heavy bioilm. Inset shows the interproximal space below the contact area illed
with gelatinous bioilm. This mass of interproximal bioilm concentrates the effects of bioilm metabolism
on the adjacent tooth smooth surfaces. All interproximal surfaces are subject to bioilm accumulation and
acid demineralization. In patients exposed to luoridated water, most interproximal lesions become
arrested at a stage before cavitation.

a
dt
rd
b

p
rd
s

dt

c

A

B

C

• Fig. 2.15 A, Caries lesions may originate at many distinct sites: pits and issures (a), smooth surface
of crown (b), and root surface (c). Proximal surface lesion of crown is not illustrated here because it is a
special case of smooth-surface lesion. Histopathology and progress of facial (or lingual) and proximal
lesions are identical. Dotted line indicates cut used to reveal cross sections illustrated in B and C. Lesions
illustrated here are intended to be representative of each type. No particular association between these
lesions is implied. B, In cross section, the three types of lesions show different rates of progression and
different morphology. Caries lesion progression and morphology follows the inclination of the enamel rods
and/or dentinal tubules. Pit-and-issure lesions have small sites of origin visible on the occlusal surface
but have a wide base. Overall shape of a pit-and-issure lesion is an inverted V. In contrast, a smoothsurface lesion is V shaped with a wide area of origin and apex of the V directed toward pulp (p). Root
caries begins directly on dentin. Root-surface lesions can progress rapidly because dentin is less resistant
to caries attack. C, Although advanced caries lesions produce considerable histologic change in enamel,
dentin and pulp changes in dentin can be seen even before the lesion reached the dentin. Bacterial invasion of lesion results in extensive demineralization and proteolysis of the dentin. Clinically, this necrotic
dentin appears soft, wet, and mushy. Deeper pulpally, dentin is demineralized and is structurally intact.
This tissue appears to be dry and leathery in texture. Two types of pulp–dentin response are illustrated.
Under pit-and-issure lesions and smooth-surface lesions, odontoblasts have died, leaving empty tubules
called dead tracts (dt). New odontoblasts have been differentiated from pulp mesenchymal cells. These
new odontoblasts have produced reparative dentin (rd), which seals off dead tracts. Another type of
pulp–dentin reaction is sclerosis (s)—occlusion of the tubules by peritubular dentin. This is illustrated under
root-caries lesion.
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A
A

B
• Fig. 2.16

C

D

Progression of caries in pits and issures. A, Initial lesions
develop on the lateral walls of the issure. Demineralization follows the
direction of the enamel rods, spreading laterally as it approaches the
dentinoenamel junction (DEJ). B, Soon after the initial enamel lesion
occurs, a reaction can be seen in the dentin and pulp. Forceful probing
of the lesion at this stage can result in damage to the weakened porous
enamel and accelerate the progression of the lesion. Clinical detection at
this stage should be based on observation of discoloration and opaciication of the enamel adjacent to the issure. These changes can be observed
by careful cleaning and drying of the issure. C, Initial cavitation of the
opposing walls of the issure cannot be seen on the occlusal surface.
Opaciication can be seen that is similar to the previous stage. Remineralization of the enamel because of trace amounts of luoride in the saliva
may make progression of pit-and-issure lesions more dificult to detect.
D, Extensive cavitation of the dentin and undermining of the covering
enamel darken the occlusal surface (see Fig. 2.17).

B

• Fig. 2.17 A, Maxillar irst molar has undermined discolored enamel
owing to extensive pit-and-issure caries. Note the dark shadow due to
the dentin demineralization underneath the enamel. The lesion began as
illustrated in Fig. 2.16 and has progressed to the stage illustrated in Fig.
2.16D. B, Discolored enamel is outlined by the broken line in the central
fossa region.

CHAPTER 2 Dental Carie: Etiology, Clinical Characteritic, Rik Aement, and Management

Radiolucency

A

B

Radiolucency
Radiopacity

C

E

D

F
• Fig. 2.18 Progression of pit-and-issure caries. A, The mandibular right irst molar (tooth No. 30) was
sealed. Note radiolucent areas under the occlusal enamel in A and B. The sealant failed, and caries
progressed slowly during the next 5 years; the only symptom was occasional biting-force pain. This
underscores the need to monitor the sealant for failures. C and D, Note the extensive radiolucency under
the enamel and an area of increased radiopacity below the lesion, suggesting sclerosis. Conversely, a
well-sealed surface can prevent lesion progression. E and F, This maxillar irst molar (tooth No. 14) with
a shadow and a radiolucency indicative of dental caries was sealed as part of a clinical study.
Continued
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• Fig. 2.18, cont’d

G–J, The tooth was followed clinically and by bitewing radiographs over the next
8 years. K and L, No progression of the lesion was observed. (E–L, Courtesy Dr. Azam Bakhshandeh,
Department of Odontology, Faculty of Health and Medical Sciences, University of Copenhagen, Department of Cariology, Endodontics, and Pediatric Dentistry, Copenhagen, Denmark.)
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• Fig. 2.19 A young patient with extensive caries. A and B, The occlusal pits of the irst molar and
second premolar are carious. An interproximal caries lesion is seen on the second premolar. The second
premolar is rotated almost 90 degrees, bringing the lingual surface into contact with the mesial surface
of the irst molar. Normally, the lingual surfaces of mandibular teeth are rarely affected by caries, but here
tooth rotation makes the lingual surface a proximal contact and consequently produces an interproximal
habitat, which increases the susceptibility of the surface to caries. C and D, The irst and second molars
have extensive caries lesions in the pits and issures. E and F, On the bitewing radiograph, not only can
the extensive nature of the caries lesion in the second premolar be seen but also seen is a lesion on the
distal aspect of the irst molar, which is not visible clinically. (Dark areas in B, D, and F indicate caries.)
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Caries
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Extensive
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• Fig. 2.20 Example of occlusal caries that has undermined enamel. Note the dark shadow from the
dentin next to the stained issure. A and B, Clinical example. C and D, A bitewing radiograph further
conirms the extensive area of demineralization undermining the distofacial cusp.

A

B
• Fig. 2.21 Bitewing radiograph of normal teeth, free from caries. Note the uniform density of the enamel
on the interproximal surfaces. A third molar is impacted on the distal aspect of the lower second molar.
The interproximal bone levels are uniform and located slightly below the cementoenamel junctions, suggesting a healthy periodontium.
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• Fig. 2.22

D

Longitudinal sections (see inset for A) showing initiation and progression of caries on interproximal surfaces. A, Initial demineralization
(indicated by the shading in the enamel) on the proximal surfaces is dificult to detect clinically or radiographically. The lesions develop right below the
contact surface. Flossing of the interproximal area and thorough drying will allow for the best conditions to detect these lesions clinically. B, When proximal
caries lesions irst become detectable radiographically, the enamel surface is likely still to be intact. An intact surface is essential for successful remineralization and arrest of the lesion. Demineralization of the dentin (indicated by the shading in the dentin) occurs before cavitation of the surface of the
enamel. Treatment designed to promote remineralization can be effective up to this stage. C, Cavitation of the enamel surface is a critical event in the
caries process in proximal surfaces. After cavitation, lesion arrest becomes more dificult and virtually impossible in an interproximal surface contact.
Restorative treatment to repair the damaged tooth surface is required. Cavitation can be diagnosed only by clinical observation. The use of a sharp
explorer to detect cavitation is problematic because excessive force in application of the explorer tip during inspection of the proximal surfaces can
damage weakened enamel and accelerate the caries process by iatrogenic cavitation. Separation of the teeth using orthodontic separators can be used
to provide more direct visual inspection of suspect surfaces. Fiberoptic illumination although not speciic for cavitation can facilitate detection; an orange
shadow can be seen when lesions reach the dentin. D, Advanced cavitated lesions require prompt restorative intervention to prevent pulpal disease,
limit tooth structure loss, and remove the nidus of infection of odontopathic organisms. E, Radiographic image showing radiolucency on distal of tooth
No. 13 and mesial of tooth No. 14. F, An orthodontic separator was placed and left in place for 3 days. G, Clinical image of the teeth after separation.
H, There was no evidence of cavitation on either surface.
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Oral Hygiene and It Role in the Dental Carie
Proce

bacterial clearance, direct antibacterial activity, buffers, and
remineralization.10

Oral hygiene, accomplished primarily by proper tooth brushing
and lossing, is another ecologic determinant of dental caries onset
and activity. Careful mechanical cleaning of teeth disrupts the
bioilm and leaves a clean enamel surface. he cleaning process
does not destroy most of the oral bacteria but merely removes
them from the surfaces of teeth. Large numbers of these bacteria
subsequently are removed from the oral cavity during rinsing and/
or swallowing after lossing and brushing, but suicient numbers
remain to recolonize teeth. Some fastidious organisms and obligate
anaerobes may be killed by exposure to oxygen during tooth
cleaning; however, no single species is likely to be entirely eliminated.
Although all the species that compose mature bioilm continue to
be present, most of these are unable to initiate colonization on
the clean tooth surface.

Bacterial Clearance
Secretions from various salivary glands pool in the mouth to form
whole or mixed saliva. he amount of saliva secreted varies greatly
over time. When secreted, saliva remains in the mouth for a short
time before being swallowed. While in the mouth, saliva lubricates
oral tissues and bathes teeth and the bioilm. he secretion rate
of saliva may have a bearing on dental caries susceptibility and
calculus formation. Adults produce 1 to 1.5 L of saliva a day, very
little of which occurs during sleep. he lushing efect of this salivary
low is, by itself, adequate to remove virtually all microorganisms
not adherent to an oral surface. he lushing is most efective
during mastication or oral stimulation, both of which produce
large volumes of saliva. Large volumes of saliva also can dilute and
bufer bioilm acids.

Saliva: Nature’ Anticarie Agent
Saliva is an extremely important substance for the proper digestion of foods, and it also plays a key role as a natural anticaries
agent (Table 2.3). he importance of saliva for oral health is
dramatically noted after therapeutic radiation to the head and
neck. After radiation, salivary glands become ibrotic and produce
little or no saliva, leaving the patient experiencing an extremely
dry mouth (xerostomia) (xero, dry; stoma, mouth), a condition
termed hyposalivation. Such patients may experience near-total
destruction of the teeth in just a few months after radiation
treatment.8,9 Patients that have autoimmune disease (e.g., Sjögren
syndrome) also sufer from hyposalivation and experience severe
xerostomia, and can experience the same devastating efects of
hyposalivation on their dentition. In addition, many common
medications are capable of reducing salivary low and increasing caries risk (Table 2.4). Salivary protective mechanisms that
maintain the normal oral lora and tooth surface integrity include

TABLE 2.3

Direct Antibacterial Activity
Salivary glands produce an impressive array of antimicrobial products
(see Table 2.3). Lysozyme, lactoperoxidase, lactoferrin, and agglutinins possess antibacterial activity. hese salivary proteins are not
part of the immune system but are part of an overall protection
scheme for mucous membranes that occurs in addition to immunologic control. hese protective proteins are present continuously
at relatively uniform levels, have a broad spectrum of activity, and
do not possess the “memory” of immunologic mechanisms. However,
it is important to note that the normal resident oral lora apparently
has developed resistance to most of these antibacterial
mechanisms.
Although the antibacterial proteins in saliva play an important
role in the protection of soft tissue in the oral cavity from infection
by pathogens, they have little efect on dental caries because similar
levels of antibacterial proteins can be found in caries-active and
caries-free individuals.11,12 It is suggested that dental caries susceptibility in healthy individuals is not related to saliva composition.

Elements of Saliva That Control Bioilm Communities

Names

Action

Effects on Bioilm Community

Amylase

Cleaves—1,4 glucoside bonds

Increases availability of oligosaccharides

Lactoperoxidase

Catalyzes hydrogen peroxide–mediated
oxidation; adsorbs to hydroxyapatite in
active form

Lethal to many organisms; suppresses bioilm formation
on tooth surfaces

Lysozyme

Lyses cells by degradation of cell walls,
releasing peptidoglycans; binds to
hydroxyapatite in active conformation

Lethal to many organisms; peptidoglycans activate
complement; suppresses bioilm formation on tooth
surfaces

Lipases

Hydrolysis of triglycerides to free fatty acids
and partial glycerides

Free fatty acids inhibit attachment and growth of some
organisms

Lactoferrin

Ties up free iron

Inhibits growth of some iron-dependent microbes

Secretory immunoglobulin
A(IgA) (smaller
amounts of IgM, IgG)

Agglutination of bacteria inhibits bacterial
enzymes

Reduces numbers in saliva by precipitation; slows bacterial
growth

Glycoproteins (mucins)

Agglutination of bacteria

Reduces numbers in saliva by precipitation

Salivary Enzymes

Nonenzyme Proteins
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TABLE 2.4

Medications With Potential to Cause Hyposalivation or Dry Mouth (Xerostomia)

Action/Medication Group

Medicaments

Sympathomimetic
Antidepressants

Tricyclic antidepressants

Medicaments

Diuretics

Furosemide
Bumetanide
Torsemide
Ethacrynic acid

Sympathomimetic
Amitriptyline
Clomipramine
Amoxapine
Protriptyline
Doxepin
Imipramine
Trimipramine
Nortriptyline
Desipramine

Muscarinic receptor antagonists

Oxybutynin

Alpha-receptor antagonists

Tamsulosin
Terazosin

Antihistamines

Action/Medication Group
Anticholinergic, Dehydration

Venlafaxine
Duloxetine
Reboxetine
Bupropion

Anticholinergic

Antipsychotics
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Antihypertensive agents

Metoprolol
Moxonidine
Rilmenidine

Appetite suppressants

Fenluramine
Sibutramine
Phentermine

Decongestants

Pseudoephedrine

Bronchodilators

Tiotropium

Skeletal muscle relaxants

Tizanidine

Antimigraine agents

Rizatriptan

Promazine
Trilupromazine
Mesoridazine
Thioridazine
Clozapine
Olanzapine

Synergistic Mechanism

Aziridine
Brompheniramine
Chlorpheniramine
Cyproheptadine
Dexchlorpheniramine
Hydroxyzine
Phenindamine
Cetirizine
Loratadine

H2 antagonists, proton pump inhibitors Cimetidine
Ranitidine
Famotidine
Nizatidine
Omeprazole

Opioids, hypnotics

Opium
Cannabis
Tramadol
Diazepam

Unknown

Cytotoxic drugs

Fluorouracil

Anti-HIV drugs, protease inhibitors

Didanosine

Adapted from the Kois Center, Support Materials, Always Pages, http://koiscenter.com/store/supmatlist.aspx, accessed January 13, 2012.

Individuals with decreased salivary production (owing to illness,
medication, or irradiation) may have signiicantly higher caries
susceptibility (see Table 2.4).

Bufer Capacity
he volume and bufering capacity of saliva available to tooth
surfaces have major roles in dental caries protection.13 he bufering
capacity of saliva is determined primarily by the concentration of
bicarbonate ion. Bufering capacity can be estimated by titration
techniques and may be a useful method for assessment of saliva
in caries-active patients. Simple commercial kits are available for
chairside tests. he beneit of the bufering is to reduce the potential
for acid formation; however, in pathogenic bioilms there are highly
compartmentalized clusters of acidic pH and neutral pH that make
neutralization by saliva diicult.210, 211
In addition to bufers, saliva contains molecules that contribute
to increasing bioilm pH. hese include urea and sialin, the latter
of which is a tetrapeptide that contains lysine and arginine.
Hydrolysis of either of these basic compounds results in production
of ammonia, causing the pH to increase.

Because saliva is crucial in controlling the oral lora and the
mineral content of teeth, salivary testing should be done on patients
with signs and symptoms of hyposalivation. Signs include lack of
saliva pool on the loor of the mouth, gingivitis and mucositis
(including burning mouth syndrome), cheilitis (inlammation and
issuring of the lips and/or the tongue), issure in the soft mucosa,
fungal infections in the mouth such as thrush, glossodynia (painful
tongue), sialadenitis (salivary gland infection), saliva that seems
thick and stringy, and several caries lesions especially in uncommon
areas such as the lower central incisors. Symptoms include complaints of “cotton mouth” (xerostomia); bad breath; diiculty
chewing, speaking, and swallowing; a changed sense of taste; and
problems wearing dentures.

Remineralization
Saliva and bioilm luid are supersaturated with calcium and phosphate ions. Without a means to control precipitation of these ions,
the teeth literally would become encrusted with mineral deposits.
Saliva contains statherin, a proline-rich peptide that stabilizes
calcium and phosphate ions and prevents excessive deposition of
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these ions on teeth.14 his supersaturated state of the saliva provides
a constant opportunity for remineralizing enamel and can help
protect teeth in times of cariogenic challenges.

Diet and Dental Carie
High-frequency exposure to fermentable carbohydrates such as
sucrose may be the most important factor in producing cariogenic
bioilm and ultimately caries lesions. Frequent ingestion of fermentable carbohydrates begins a series of changes in the local tooth
environment, essentially changing the composition of the bioilm,
thus favoring the growth of highly acidogenic bacteria that eventually
leads to caries lesion formation (see Fig. 2.4). In contrast, when
ingestion of fermentable carbohydrates is severely restricted or
absent, bioilm growth typically does not lead to caries lesions.
Dietary sucrose plays a leading role in the development of pathogenic
bioilms and may be the most important factor in disruption of
the normal healthy ecology of dental bioilm communities. Sucrose
in particular allows the formation of extracellular polysaccharides,
which render the bioilm viscous and sticky. Because the eventual
metabolic product of cariogenic diet is acid, in addition to caries
lesions the exposure to acidity from other sources (e.g., dried fruits,
fruit drinks, or other acidic foods and drinks) also may result in
dental erosion. he dietary emphasis must include all intakes that
result in acidity, not just sucrose.

Clinical Characteritic of the Carie Leion
As discussed, the caries lesion results from disequilibrium between
the demineralization and remineralization processes. However,
caries lesions appear in a variety of diferent clinical presentations
depending on lesion location, severity, and progression rate or
activity of the demineralization process, among other factors.
Clinically, caries lesions can be present on various tooth surfaces,
can be cavitated or noncavitated, active or inactive, and vary
depending on their severity (initial, moderate, or severe). For a
complete description of current caries classiication criteria based
on lesion severity and activity, see Chapter 3. he following sections
will summarize these characteristics.

large numbers of MS usually are found in carious pits and
issures.
he shape of the pits and issures contributes to their high
susceptibility to caries lesion. he long, narrow issure prevents
adequate bioilm removal (see Fig. 2.13). Considerable morphologic
variation exists in these structures. Some pits and issures end
blindly, others open near the dentin, and others penetrate entirely
through the enamel.
Pit-and-issure caries lesions typically “expand” as they penetrate
into the enamel. he entry site may appear much smaller than the
actual lesion, making clinical detection diicult. Caries lesions of
pits and issures develop from demineralization on their walls,
known as wall lesions (see Fig. 2.16A–C). Progression of the dissolution of the walls of a pit-and-issure lesion is similar in principle
to that of the smooth-surface lesion because a wide susceptible
surface area extends inward, paralleling the enamel rods. A lesion
originating in a pit or issure afects a greater area of the dentinoenamel junction (DEJ) than does a comparable smooth-surface
lesion. In cross section, the gross appearance of a pit-and-issure
lesion is an inverted V with a narrow entrance and a progressively
wider area of involvement closer to the DEJ (see Fig. 2.16D).

Smooth Enamel Surfaces
he smooth enamel surfaces of teeth present a less favorable site
for cariogenic bioilm attachment. Cariogenic bioilm usually
develops only on the smooth surfaces that are near the gingiva or
are under proximal contacts. he proximal surfaces are particularly
susceptible to caries lesion formation because of the extra shelter
provided to resident cariogenic bioilm owing to the proximal
contact area immediately occlusal to it (Fig. 2.22 and 2.23). Lesions
starting on smooth enamel surfaces have a broad area of origin
and a conical, or pointed, extension toward the DEJ. he path of
ingress of the lesion is roughly parallel to the long axis of the
enamel rods in the region. A cross section of the enamel portion
of a smooth-surface lesion shows a V shape, with a wide area of
origin and the apex of the V directed toward the DEJ. After the
demineralization reaches the DEJ, when there is enamel cavitation
and bacterial contamination, the bacterial metabolic activity within
the lesion causes rapid dentin demineralization both laterally and
pulpally (see Fig. 2.22).142,143

Clinical Site for Carie Initiation
he characteristics of a caries lesion vary with the nature of the
surface on which the lesion develops. here are three distinctly
diferent clinical sites for caries lesion initiation: (1) developmental
pits and issures of enamel, which are the most susceptible sites;
(2) smooth enamel surfaces that shelter cariogenic bioilm; and
(3) root surfaces (see Fig. 2.15). Each of these areas has distinct
surface morphology and environmental conditions. Consequently
each area has a distinct bioilm population. he diagnosis, treatment,
and prevention of these diferent lesion types should take into
account the diferent etiologic factors operating at each site.

Pits and Fissures
Bacteria rapidly colonize the pits and issures of newly erupted
teeth. he type and nature of the organisms prevalent in the oral
cavity determine the type of organisms colonizing pits and issures
and are instrumental in determining the outcome of the colonization. Large variations exist in the microlora found in pits and
issures, suggesting that each site can be considered a separate
ecologic system. Numerous gram-positive cocci, especially S. sanguis,
are found in the pits and issures of newly erupted teeth, whereas

• Fig. 2.23 Extracted tooth showing extensive caries lesion just gingival
to the proximal contact area. (Note the slightly “lat” contact area adjacent
to marginal ridge.)
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• Fig. 2.24

A, Cross section of small caries lesion in enamel examined by transmitted light (100×).
Surface (a) appears to be intact. Body of lesion (b) shows enhancement of striae of Retzius. Dark zone
(c) surrounds body of lesion, whereas translucent zone (d) is evident over entire advancing front of lesion.
B, The porosity of the lesion changes across the different zones. Thus a sharp explorer can easily penetrate the outer enamel and cause a small cavitation on an active lesion. (A, From Silverstone LM, et al.
editors: Dental caries, London and Basingstoke, 1981, Macmillan, Ltd. Reproduced with permission of
Palgrave Macmillan. B, Courtesy Dr. Masatoshi Ando.)

Root Surfaces
he root surface is rougher than enamel and readily allows cariogenic
biofilm formation in the absence of good oral hygiene. The
cementum covering the root surface is extremely thin and provides
little resistance to caries lesion activity. In addition, the critical
pH for dentin is higher than for enamel, so demineralization is
likely to start even before the pH reaches the critical level for
enamel (pH = 5.5). Root caries lesions have less well-deined margins
than coronal caries lesions, tend to be U shaped in cross section,
and progress more rapidly than coronal caries lesions because of
the lack of protection from an enamel covering. In recent years,
the prevalence of root caries has increased signiicantly because of
the increasing number of older persons who retain more teeth,
experience gingival recession, and usually have cariogenic bioilm
on the exposed root surfaces.15-18

2.15, 2.16, and 2.22). he time for progression from a noncavitated
caries lesion to a cavitated caries lesion on smooth surfaces is
estimated to be 18 months (± 6 months).19 Peak rates for the
incidence of new lesions occur 3 years after the eruption of the
tooth. Occlusal pit-and-issure lesions develop in less time than
smooth-surface caries lesions. Poor oral hygiene and frequent
exposures to sucrose-containing or acidic food can produce
noncavitated initial (“white spot”) lesions (irst clinical evidence
of demineralization) in 3 weeks. Radiation-induced hyposalivation
(dry mouth) can lead to development of caries lesions in 3 months
from the onset of the radiation. Caries lesion progression in healthy
individuals is usually slow compared with the progression in
compromised persons.

Carie Leion Progreion

An understanding of the enamel composition and histology is
helpful to understand enamel caries histopathology (see Chapter
1; Figs. 2.24, 2.25, and 2.26). On clean, dry teeth the earliest
evidence of caries lesion on the smooth enamel surface of a crown

he progression and morphology of the caries lesion vary depending
on the site of origin and the conditions in the mouth (see Figs.

Enamel Carie Leion
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• Fig. 2.25 Microradiograph (150×) of cross section of small caries lesion
in enamel. Well-mineralized surface (s) is evident. Alternating radiolucent and
radiopaque lines indicate demineralization between enamel rods. (From
Silverstone LM, et al, editors: Dental caries, London and Basingstoke, 1981,
Macmillan, Ltd. Reproduced with permission of Palgrave Macmillan.)

is the initial lesion or a “white spot” (Fig. 2.27; see also Figs. 2.2
and 2.3). hese lesions usually are observed on the facial and
lingual surfaces of teeth. Initial lesions are chalky white, opaque
areas that are revealed only when the tooth surface is desiccated
and are termed noncavitated enamel caries lesions or initial lesions.
hese areas of enamel lose their translucency because of the extensive
subsurface porosity caused by demineralization. Care must be
exercised in distinguishing white spots of initial caries lesions from
developmental white spot hypocalciications or other developmental
defects of enamel. Initial (white spot) caries lesions partially or
totally disappear visually when the enamel is hydrated (wet), whereas
hypocalciied enamel is afected less by drying and wetting (Table
2.5). Hypocalciied enamel does not represent a clinical problem
except for its potential esthetically objectionable appearance. he
surface texture of an initial lesion is unaltered and is undetectable
by tactile examination with an explorer. A more advanced lesion
develops an irregular surface that is rougher than the unafected,
normal enamel. Softened chalky enamel that can be chipped away
with an explorer is a sign of active caries. However, injudicious
use of an explorer tip can cause actual cavitation in a previously
noncavitated area, requiring, in most cases, restorative intervention.
Similar initial lesions occur on the proximal smooth surfaces,
although their detection by visual examination is more challenging.
Tooth separation with orthodontic separators can facilitate visual
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• Fig. 2.26

A, Cross section of initial caries lesion in enamel examined in quinoline with polarized light
(100×). Advancing front of lesion appears as a dark band below body of lesion. B, Same section after
exposure to artiicial calcifying solution examined in quinoline and polarized light. Dark zone (DZ) covers
a much greater area after remineralization has occurred (100×). C, Schematic diagram of A and B. Left
side indicates small extent of zones 1 and 2 before remineralization. Small circles indicate relative sizes
of pores in each zone. Right side indicates increase in zone 2, the dark zone, after remineralization. This
micropore system must have been created where previously the pores were much larger. (From Silverstone
LM, et al, editors: Dental caries, London and Basingstoke, 1981, Macmillan, Ltd. Reproduced with permission of Palgrave Macmillan. C was redrawn.)
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• Fig. 2.27

i

Facial and lingual smooth-surface caries. This patient has high caries activity with rapidly
advancing caries lesions. Cariogenic bioilm extends entirely around the cervical areas of the posterior
teeth. Several levels of caries involvement can be seen, including cavitation (c); initial (noncavitated) white
spot lesions (i); and stained, roughened, partially remineralized initial (noncavitated) lesions (s).

c
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Clinical Characteristics of Normal and Altered Enamel
Hydrated

Desiccated

Surface Texture

Surface Hardness

Normal Enamel

Translucent

Translucent

Smooth

Hard

Hypocalciied Enamel

Opaque

Opaque

Smooth

Hard

Active Initial Caries

Translucent (early lesions)
Opaque (more established initial lesions)

Opaque
Opaque

Rough
Rough

Softened
Softened

Arrested Initial Caries

Shiny and/or dark

Shiny and/or dark

Smooth

Hard

Active Moderate Caries

Opaque

Opaque

Rough

Softened

Arrested Moderate Caries

Shiny and/or dark

Shiny and/or dark

Smooth

Hard

Active Advanced Caries

Opaque

Opaque

Rough

Softened

Arrested Advanced Caries

Shiny and/or dark

Shiny and/or dark

Smooth

Leathery or hard

1

2

Histopathology
3b
4a

3a

Bitewing

4b

4

5

6

Naked eye
?

Probe
White spot

Cavity

Key to histopathology
Translucent zone
Dark zone
Body of lesion
Organic change

Naked eye

Spaces
1%
2-4%
5-25%
25%

Demineralization
1
2
3
4

Organic change
—
—
—
1

• Fig. 2.28

Schematic representation of developmental stages of enamel caries lesion correlated with
radiographic and clinical examination. Cavitation occurs late in development of the lesion. Before cavitation
remineralization is possible, lesion arrest is possible at any stage given the right conditions. (Redrawn
from Darling AI: The pathology and prevention of caries, Br Dent J 107:287–302, 1959. Reproduced by
kind permission of the editor.)

examination of proximal tooth surfaces. Initial enamel lesions
sometimes may be seen on radiographs as a faint radiolucency that
is limited to the supericial enamel. When a proximal lesion is
clearly visible radiographically, the lesion may have advanced
signiicantly, and histologic alteration of the underlying dentin
probably already has occurred, whether the lesion is cavitated or
not (Fig. 2.28).

It has been shown experimentally and clinically that initial
enamel caries lesions can remineralize20,21 whether the dentin is
involved or not. Table 2.5 and Table 2.6 list the characteristics of
enamel at various stages of demineralization. Initial, noncavitated
enamel lesions retain most of the original crystalline framework
of the enamel rods, and the etched crystallites serve as nucleating
agents for remineralization. Calcium and phosphate ions from
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Clinical Signiicance of Enamel Lesions

Bioilm

Enamel Structure

Nonrestorative, Therapeutic
Treatment (e.g., Remineralization,
Antimicrobial, pH control)

Normal Enamel

Normal

Normal

Not indicated

Not indicated

Hypocalciied Enamel

Normal

Abnormal, but not weakened

Not indicated

Only for esthetics

Noncavitated Caries

Cariogenic

Porous, weakened

Yes

Not indicated

Active Caries

Cariogenic

Cavitated, very weak

Yes

Yes

Inactive Caries

Normal

Remineralized, strong

Not indicated

Only for esthetics

Saliva-biofilm substrate activity
Mineralization cariogenic challenge
0

Local mechanism of enamel adaptation to the cariogenic challenge

Tooth
resistance

1
2
3
4
Mineralization-demineralization cycles

5

• Fig. 2.29 Diagrammatic representation of enamel adaptation reaction.
Enamel interacts with its luid environment in periods of undersaturation
and supersaturation, presented here as periodic cycles. Undersaturation
periods dissolve most soluble mineral at the site of cariogenic attack,
whereas periods of supersaturation deposit most insoluble minerals if their
ionic components are present in immediate luid environment. As a result,
under favorable conditions of remineralization, each cycle could lead
toward higher enamel resistance to a subsequent challenge. (Redrawn
from Koulouirides T: In Menaker L, editor: The biologic basis of dental
caries, New York, 1980, Harper & Row.)

saliva can penetrate the enamel surface and precipitate on the
highly reactive crystalline surfaces in the enamel lesion. The
supersaturation of saliva with calcium and phosphate ions serves
as the driving force for the remineralization process. Artiicial and
natural caries lesions of human enamel have been shown to regress
to earlier histologic stages after exposure to conditions that promote
remineralization. he presence of trace amounts of luoride ions
during this remineralization process greatly enhances the precipitation of calcium and phosphate, resulting in the remineralized enamel
becoming more resistant to subsequent caries activity because of
the incorporation of more acid-resistant luorapatite (Fig. 2.29).
Remineralized (arrested) lesions may be observed clinically as either
intact, smooth white lesions or discolored, usually brown or black,
spots (Fig. 2.30). he change in color is presumably caused by
trapped organic debris and metallic ions within the enamel. hese
discolored, remineralized, arrested caries lesion areas are more
resistant to subsequent caries activity than the adjacent unafected
enamel. hey should not be restored unless they are esthetically
objectionable.
Cavitated enamel lesions can be initially detected as subtle
breakdown of the enamel surface. hese lesions are very sensitive

Restorative Treatment

to probing and can be easily enlarged by using sharp explorers
and excessive probing force. More advanced cavitated enamel lesions
are more obviously detected as enamel breakdown. Although
theoretically any caries lesion given the right conditions can be
arrested and have their progression to larger lesions forestalled,
once cavitation occurs removal of the bioilm is more diicult and
many will require a sealant or restorative intervention. When the
tooth surface cavitates, a more retentive site becomes available to
the bioilm community. he cavitation of the tooth surface produces
a synergistic acceleration of the growth of the cariogenic bioilm
community and the expansion of the demineralization with ensuing
expanded cavitation. his sheltered, highly acidic, and anaerobic
environment provides an ideal niche for cariogenic bacteria. his
situation results in a rapid and progressive destruction of the tooth
structure.

Dentin Carie Leion
An understanding of the dentin composition and histology is helpful
to understand the histopathology of dentin caries lesions (see
Chapter 1; Fig. 2.31). Progression of dental caries in dentin is
diferent from progression in enamel because of the structural
diferences of dentin (Figs. 2.32, 2.33, and 2.34; see also Fig.
2.31). Dentin contains much less mineral and possesses microscopic
tubules that provide a pathway for the ingress of bacteria and
egress of minerals.
When enamel demineralization advances to the DEJ, rapid
lateral expansion of the caries lesion along the DEJ may occur if
there is bacterial contamination. his process is still poorly understood, but it likely occurs only when there is enamel cavitation.
For many years this “lateral spread” has been attributed to the
DEJ’s lower mineral content compared to primary dentin.137 More
recently, it has been shown that a high concentration of MMPs
is found at the DEJ. MMPs are implied in dentin caries lesion
progression, although this may be a host defense mechanism and
not necessarily linked to an increase in caries susceptibility.138 What
is known is that the increased susceptibility to demineralization
observed at the DEJ on lesions that have reached dentin is a result
of bacterial metabolic activity within the dentinal lesion.139-141
Increasing demineralization of the body of the enamel lesion
results in the weakening and eventual collapse of the surface enamel.
he resulting cavitation provides an even more protective and
retentive habitat for the cariogenic bioilm, accelerating the progression of the lesion. he DEJ provides less resistance to the carious
process than either enamel or dentin. he dentin contamination
by bacterial metabolites leads to the lateral spread of the lesion at
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• Fig. 2.30 A and B, Example of arrested caries lesion on the mesial surface of a mandibular second
molar. The area below the proximal contact (A and B, mirror view of tooth No. 18) is partly opaque and
stained. Clinically the surface is hard and intact, yet the area is more radiolucent than the enamel above
or below the stain. C and D, In a different clinical case, caries diagnosis based only on the radiograph
would lead to a false-positive diagnosis (i.e., caries lesion present when it is not). The radiolucency is
caused by the broad area of subsurface demineralization that extends from the facial to the lingual line
angles. The x-ray beam was directed parallel to the long axis of demineralization and consequently produced a sharply demarcated zone of radiolucency in the enamel. This example illustrates the shortcomings
of radiographic diagnosis. Were there not visual access to the mesial surface of the second molar, it
would be easy to diagnose active caries incorrectly and consequently restore the tooth. E, Cavitated
inactive (arrested) enamel caries lesion on the cervical one third of a central incisor of a 27-year-old patient
with low caries risk. This lesion, if not esthetically offensive, does not require a restoration and should be
monitored.

the DEJ, producing the characteristic second cone of caries activity
in dentin (see Figs. 2.16 and 2.22).143 Figs. 2.31, 2.35, 2.36, 2.37,
and 2.38 illustrate advanced lesions with soft, infected dentin.
Because of these characteristics, dentin caries is V shaped in cross
section with a wide base at the DEJ and the apex directed pulpally.
Caries lesions advance more rapidly in dentin than in enamel
because dentin provides much less resistance to acid demineralization
owing to less mineralized content and the presence and orientation
of the dentinal tubules.
he dental caries process produces a variety of responses in
dentin including pain, sensitivity, demineralization, and

remineralization. Often pain is not reported even when caries
lesions invade dentin except when deep lesions bring the bacterial
infection close to the pulp. Episodes of short-duration pain may
be felt occasionally during earlier stages of dentin caries lesion
progression. he pain is caused by stimulation of pulp tissue by
the rapid movement of luid through the dentinal tubules that
have been opened to the oral environment by cavitation. When
bacterial invasion of the dentin is close to the pulp, toxins and
possibly a few bacteria enter the pulp, resulting in inlammation
of the pulpal tissues, increased pulpal pressure, and thus pulpal
pain.

66

C HA P T E R 2

Dental Carie: Etiology, Clinical Characteritic, Rik Aement, and Management

Odontoblast

a

b

Tubule

A
1

2

3

B
12 3

• Fig. 2.31 Normal and carious dentin. A, Normal dentin has characteristic tubules that follow a wavy path from the external surface of dentin,
below enamel or cementum, to the inner surface of dentin in the pulp
tissue of the pulp chamber or pulp canal. Dentin is formed from the external surface and grows inward. As dentin grows, odontoblasts become
increasingly compressed in the shrinking pulp chamber, and the number
of associated tubules becomes more concentrated per unit area. The
more recently formed dentin near the pulp (a) has large tubules with little
or no peritubular dentin and calciied intertubular dentin illed with collagen
ibers. Older dentin, closer to the external surface (b), is characterized by
smaller, more widely separated tubules and a greater mineral content in
intertubular dentin. The older dentin tubules are lined by a uniform layer
of mineral termed peritubular dentin. These changes occur gradually from
the inner surface to the external surface of the dentin. Horizontal lines
indicate predentin; diagonal lines indicate increasing density of minerals;
darker horizontal lines indicate densely mineralized dentin and increased
thickness of peritubular dentin. The transition in mineral content is gradual,
as indicated in Fig. 2.25. B, Carious dentin undergoes several changes.
The most supericial infected zone of carious dentin (3) is characterized
by bacteria illing the tubules and granular material in the intertubular
space. The granular material contains very little mineral and lacks characteristic cross-banding of collagen. As bacteria invade dentinal tubules, if
carbohydrates are available, they can produce enough lactic acid to
remove peritubular dentin. This doubles or triples the outer diameter of
the tubules in infected dentin zone. Pulpal to (below) the infected dentin
is a zone where the dentin appears transparent in mounted whole specimens. This zone (2) is the advancing demineralization front, affected
carious dentin, and is characterized by loss of mineral in the intertubular
and peritubular dentin. Many crystals can be detected in the lumen of the
tubules in this zone. The crystals in the tubule lumen render the refractive
index of the lumen similar to that of the intertubular dentin, making the
zone transparent. Normal dentin (1) is found pulpal to (below) transparent
dentin.

he pulp–dentin complex reacts to caries activity by attempting
to initiate remineralization and blocking of the open tubules. hese
reactions result from odontoblastic activity and the physical process
of demineralization and remineralization. he pulp–dentin complex
reaction occurs even before the lesion has reached the dentin.
Dentin can react defensively (by repair) to low-intensity and
moderate-intensity caries lesion progression as long as the pulp
remains vital and has adequate blood circulation. Dentin reaction
can happen through remineralization of intertubular dentin and

• Fig. 2.32 Cross section of demineralized specimen of advanced caries
in dentin. Reparative dentin (A) can be seen adjacent to the most advanced
portion of lesion. (From Boyle P: Kornfeld’s histopathology of the teeth
and their surrounding structures, Philadelphia, 1955, Lea & Febiger.)

Bacterial biofilm
Zone 3: Soft Dentin
(Infected dentin/
outer carious dentin)
Zone 2: Firm Dentin
(Affected dentin/
inner carious dentin)
Zone 1: Hard Dentin
(Reparative dentin)

• Fig. 2.33 Cross section of occlusal caries. The occlusal enamel
appears intact, with a small opening in the occlusal issure. Enamel is
darkened where it is undermined by demineralization. The surface of
enamel may not be clinically cavitated, but usually some discoloration is
observed at the entrance of the issure. The lesion is illed with a bacterial
plug containing high numbers of MS and lactobacilli. When there is a break
in the enamel, the dentin underneath the enamel will be highly contaminated below the plug. Deeper dentin is not as heavily contaminated but
is extensively demineralized. Reparative dentin is being formed below the
lesion.

apposition of peritubular dentin or by reparative dentin, as described
in the next paragraphs.
In slowly advancing caries lesions, a vital pulp can repair
demineralized dentin by remineralization of the intertubular dentin
and by apposition of peritubular dentin. Initial stages of caries
lesions or mild caries activity produce long-term, low-level acid
demineralization of dentin. Direct exposure of the pulp tissue to
microorganisms is not a prerequisite for an inlammatory response.
Toxins and other metabolic by-products, especially hydrogen ion,
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• Fig. 2.34 A cross section of a caries lesion in dentin and the histologic and clinical manifestations
(adapted from Ogawa et al, 1983). The most supericial outer layer of dentin is heavily contaminated,
necrotic, with irreversible demineralization and denatured collagen ibers. Clinically this is very soft, wet
dentin. This soft, contaminated layer gets progressively harder as the dentin approaches the pulp. The
still demineralized dentin (formerly affected dentin) can feel leathery to the touch or irm, but not as hard
as sound dentin or tertiary dentin (closest to the pulp, dentin formed in reaction to the caries process).
During caries excavation, the goal is to remove only the soft, outer carious dentin (infected dentin), while
the inner carious dentin (affected dentin) is remineralizable and can be maintained. (For orientation of
layers on tooth, see Fig 2.35.) (Modiied from Ogawa K, Yamashita Y, Ichijo T, et al: The ultrastructure
and hardness of the transparent layer of human carious dentin. J Dent Res 62(1):7–10, 1983.)

A

C

can penetrate via the dentinal tubules to the pulp. Even when the
lesion is limited to enamel, the pulp can be shown to respond
with inlammatory cells.22,23 Dentin responds to the stimulus of
its irst caries demineralization episode by deposition of crystalline
material from the intertubular dentin in the lumen of the tubules
in the advanced demineralization front (formally called afected
dentin) (see Figs. 2.31 and 2.34). he refractive index of the dentin
changes and the intertubular dentin with more mineral content

B

• Fig. 2.35 A, Rampant caries in a preschool child. B, Rampant
caries in a school-age child. C, Rampant caries in an adult. (A, From
Dean JA, Avery DR, McDonald RE: McDonald and Avery’s dentistry
for the child and adolescent, ed 9, St Louis, 2011, Mosby.)

than normal dentin is termed sclerotic dentin. he apparent function
of the sclerotic dentin is to wall of a lesion by blocking (sealing)
the tubules. he permeability of sclerotic dentin is greatly reduced
compared with that of normal dentin because of the decrease in
the tubule lumen diameter.24 Hypermineralized areas may be seen
on radiographs as zones of increased radiopacity (often S shaped,
following the course of the tubules) ahead of the advancing, infected
portion of the lesion. Sclerotic dentin formation may also be seen

A

B

C

D
Dark areas indicate caries

• Fig. 2.36 Rampant caries in a 21-year-old man. Although occlusal and interproximal lesions exist in
the patient, the progress of the occlusal lesions produced the most tooth destruction. The potential for
developing occlusal lesions could have been reduced by earlier application of sealants. This extensive
amount of caries was the result of the patient’s excessive fear of bad breath. In an attempt to keep his
breath smelling fresh, he kept sugar-containing breath mints in his mouth most of the day. (Dark areas in
B and D indicate caries.)

• Fig. 2.38 Advance cavitated active caries lesions on a 35-year-old
patient with high caries risk. (Courtesy Dr. Ayesha Swarn, DDS, Operative
Dentistry Graduate Program at UNC School of Dentistry.)

• Fig. 2.37
teeth.

Acute, rampant caries in both anterior (A) and posterior (B)
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under an old restoration. Sclerotic dentin is usually shiny and
darker in color but feels hard to the explorer tip. By contrast,
normal, freshly cut dentin lacks a shiny, relective surface and
allows some penetration from a sharp explorer tip. his repair by
sclerotic dentin occurs only if the tooth pulp is vital.
When these afected tubules become completely occluded by the
mineral precipitate, they appear clear when a histologic section of
the tooth is evaluated. his portion of dentin has been termed
translucent dentin (see Zones of Dentinal Caries Lesions) and is the
result of mineral loss in the intertubular dentin and precipitation
of this mineral in the tubule lumen. Consequently, translucent dentin
is softer than normal dentin (see Fig. 2.34)25 and is called “irm”
(afected) dentin, in contrast to sound dentin that is “hard” dentin.
More intense caries activity results in bacterial invasion of dentin.
he most supericial (closer to the tooth surface) zone of the carious
dentin is the necrotic zone. his very soft (infected) dentin contains
a wide variety of pathogenic materials or irritants, including high
acid levels, hydrolytic enzymes, bacteria, and bacterial cellular
debris. hese materials can cause the degeneration and death of
odontoblasts and their tubular extensions below the lesion and a
mild inlammation of the pulp. he pulp may be irritated suiciently
from high acid levels or bacterial enzyme production to cause the
formation (from undiferentiated mesenchymal cells) of replacement
odontoblasts (secondary odontoblasts). hese cells produce reparative
dentin (reactionary or tertiary dentin) on the afected portion of
the pulp chamber wall (see Figs. 2.31B and 2.33). his dentin is
diferent from the normal dentinal apposition that occurs throughout
the life of the tooth by primary (original) odontoblasts. he structure
of reparative dentin varies from well-organized tubular dentin (less
often) to very irregular atubular dentin (more often), depending
on the severity of the stimulus. Reparative dentin is an efective
barrier allowing limited difusion of material through the tubules
and is an important step in the repair of dentin. Severe stimuli
also can result in the formation within the pulp chamber of unattached dentin, termed pulp stones, in addition to reparative dentin.
he success of dentinal reparative responses, either by remineralization of intertubular dentin and apposition of peritubular dentin or
by reparative dentin, depends on the severity of the caries challenge
and the ability of the pulp to respond. he pulpal blood supply
may be the most important limiting factor to the pulpal responses.
Acute, rapidly advancing caries lesions with high levels of acid production overpower host defenses of the pulp and result in infection,
abscess, and death of the pulp. Compared with other oral tissues,
the pulp is poorly tolerant of inlammation. Small, localized infections
in the pulp produce an inlammatory response involving capillary
dilation, local edema, and stagnation of blood low. Because the
pulp is contained in a sealed chamber, and its blood is supplied
through narrow root canals, any stagnation of blood low can result
in local anoxia and necrosis. he local necrosis leads to more inlammation, edema, and stagnation of blood low in the immediately
adjacent pulp tissue, which becomes necrotic in a cascading process
that rapidly spreads to involve the entire pulp.
Maintenance of pulp vitality depends on the adequacy of pulpal
blood supply. Recently erupted teeth with large pulp chambers
and short, wide canals with large apical foramina have a much
more favorable prognosis for surviving pulpal inlammation than
fully formed teeth with small pulp chambers and small apical
foramina.

Zones of Dentin Caries Lesions
Although enamel and dentin have distinct characteristics, the
reaction observed in dentin is a direct response of the pulp to
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external insults to the enamel.133 Since enamel is a microporous
solid, stimuli in the tooth surface are transmitted to the pulp. he
irst defense of the pulp is tubular sclerosis, which consists of
mineral deposition in the peritubular dentin and in the dentinal
tubule’s lumen. Wear and age can also cause tubular sclerosis. his
process only occurs in vital pulps. Caries progression in dentin
proceeds through three changes: (1) Weak organic acids demineralize
dentin and expose its organic matrix; (2) the organic matrix of
dentin, particularly collagen, is denatured and degraded; and (3)
the loss of matrix structural integrity is followed by invasion of
bacteria. hree diferent zones of dentin have been described in
moderate and advanced caries lesions (see Figs. 2.33 and 2.35):
• Soft Dentin (formerly infected dentin). Also called outer carious
dentin, soft (infected) dentin is primarily characterized by
bacterial contamination. his is the carious dentin closer to the
tooth surface, characterized by the presence of bacteria, low
mineral content, and irreversibly denatured collagen. Histologically this zone may be referred to as necrotic and contaminated.
While soft dentin typically does not self-repair, the advance
front of the soft dentin zone (near irm dentin) is characterized
by supericial bacterial invasion and the caries process can still
be stalled when a good restorative seal is obtained. Clinically,
soft dentin lacks structure and can be easily excavated with
hand and rotary instrumentation.
• Firm Dentin (formerly afected dentin). Also called inner
carious dentin, irm (afected) dentin is primarily characterized
by demineralization of intertubular dentin and of initial formation of intratubular ine crystals at the advancing front of the
caries lesion. As the tubule lumen becomes illed with minerals
it will give a “transparent” appearance in a section observed in
a light microscope. Histologically this zone may be referred to
as demineralized. Because of the caries demineralization process,
irm dentin is softer than hard, normal dentin. Although organic
acids attack the mineral and organic contents of dentin, the
collagen cross-linking remains intact in this zone and can serve
as a template for remineralization of intertubular dentin.
herefore, provided that the pulp remains vital, irm (afected)
dentin is remineralizable. Clinically, irm dentin is resistant to
hand excavation and can only be removed by exerting pressure.
he transition between soft and irm dentin can have a leathery
texture, particularly in slowly advancing lesions, and has been
called leathery dentin. Clinically, leathery dentin does not deform
upon pressure from an instrument but can be excavated with
hand instruments such as spoons and curette without much
pressure.
• Hard Dentin. Hard dentin represents the deepest zone of a
caries lesion—assuming the lesion has not yet reached the
pulp—and may include tertiary dentin, sclerotic dentin, and
normal (or sound) dentin. Clinically this dentin is hard, cannot
be easily penetrated with a blunt explorer, and can only be
removed by a bur or a sharp cutting instrument. (See deinitions
in Box 2.1 for histologic characteristics of hard, tertiary, and
sclerotic dentin.)
hese dentin caries zones are most clearly distinguished in slowly
advancing lesions. In rapidly progressing caries lesions (see Figs.
2.36, 2.37, and 2.38), the diference between the zones becomes
less distinct.

Carie Rik Aement and Management
Although it is very important to detect caries lesions, caries detection
and caries diagnosis are not exclusively a tooth-centered process.
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It is critical to remember that clinicians treat the entire patient
and not just individual teeth and caries lesions. As noted earlier
in this chapter, dental caries is a multifactorial medical disease
process, and the caries lesions are the expression of a disease process
that involves the patient as a whole. Equally important in the
management of the caries disease is the ability to individualize
caries diagnosis and treatment or interventions for each patient.
To do this, the clinician must formulate a caries risk assessment
proile that is based on the individual patient’s current risk factors
and risk indicators. A risk factor is deined as an environmental,
behavioral, or biologic factor that directly increases the probability
that a disease will occur and the absence or removal of which
reduces the possibility of disease.37,38 Risk factors are part of the
causal chain of the disease process, or they expose the host to the
causal chain; but once the disease occurs, removal of a risk factor
may not always result in the disease process being halted. Any
deinition of risk factor must clearly establish that the exposure
has occurred before the outcome or before the conditions are
established that make the outcome likely. his means that longitudinal studies are necessary to demonstrate risk factors. Terms
such as risk indicators and risk markers are also used in the caries
literature to refer to risk factors, putative risk factors, or something
else entirely. Risk indicators may refer to existing signs of the disease
process, or signs that the disease process has occurred, but are not
part of the disease causal chain. For example, existing caries lesions
would be risk indicators, as they indicate a risk status, but are not
per se part of the causal chain so they are not risk factors. Multiple
risk factors (and indicators) have been studied, reviewed, and
validated in the assessment of risk for development of future caries
disease, but caries risk assessment is not an exact science. Because
caries is a complex multifactorial disease, no single risk factor (or
indicator, or marker) is highly predictive of future caries. However,
caries risk assessment is necessary to identify what (if any) interventions are needed to lower the patient’s caries risk and activity—which
is the ultimate goal of caries management when using the medical
model.39,40 A discussion of diferent risk factors will be included
in this section of the chapter.
Caries risk assessments are speciic for adults and adolescents
older than 6 years and for children under 6 years of age. It is very
important to spend time with the patient to uncover all relevant
risk factors and indicators currently present. Some risk and protective
factors can be adjusted and modiied by either the patient or the
clinician, such as sucrose intake and luoride exposure; other risk
factors are not easily modiiable, such as hyposalivation as the
result of a needed medication or an existing condition such as
Sjögren syndrome. Understanding and controlling risk factors and
protective factors can be very important in the prevention of new
caries lesion formation and to slow or arrest the progression of
existing caries lesions.
No consensus exists on exactly how to deine the risk categories
for caries risk assessments. Examples of terms used to describe risk
assessment are “at risk,” “low risk,” “medium risk,” “high risk,”
and “extreme risk.” Assignment of these terms is typically based
on the subjective judgment of the clinician with general rules
applied, based on the clinician’s previous clinical experiences and
training. If a clinician inds no detectable or active caries lesions
and minimum or no identiiable risk factors, that patient would
be assigned a low caries risk. In this situation, in the current state
of the patient’s health, the protective factors for not developing
caries lesions outweigh the risk factors that could lead to new
caries lesions. he strongest predictor for caries risk for patients
in the at-risk and high-risk categories are the number of caries

lesions being detected for the patient over the last 2 to 3 years
along with past history of caries lesions in the patient’s
lifetime.39
Historically, dentistry has used a surgical model for dental caries
management, which mainly contemplated the biomechanical
excision (removal, excavation) of caries lesions and the restoration
of the resultant tooth preparation to form and function with a
restorative material. Management of caries disease by a surgical
model consisted of detecting cavitations and “treating” them with
excavation and restorations. Eventually it became apparent that
dealing only with the end result of the disease and not addressing
its etiology for each individual patient was not successful in controlling the caries disease process. Since surgical management alone
was not successful, a system has been developed using caries
management strategies. his system looks at individualized caries
risk assessments and uses this information to design treatment
plans according to the risk assessment indings. hese assessments
look at each patient’s unique set of pathologic and protective factors.
Caries management by risk assessment (CAMBRA) represents a
management philosophy that manages the caries disease process
using a medical model. his process provides an individualized
evaluation of a patient’s pathologic factors and protective factors
and assesses the patient’s risk for developing future disease. he
risk assessment is then used to develop an individualized evidencebased caries management plan that involves aspects of nonsurgical
therapeutics and dental surgical interventions. Both risk assessment
and patient-centered interventions are based on the concept of
caries balance as discussed earlier in this chapter (see Fig. 2.1).
he caries balance model is based on minimizing pathologic factors
while maximizing protective factors to attain a balance that favors
no disease occurring, or health. With the use of CAMBRA for
patient management, mounting evidence suggests that early damage
to teeth may be reversed and that the incidence of disease manifestations can be signiicantly reduced or prevented. CAMBRA is a
concept that has gained interest in the United States, and is evolving
into the standard of care in caries management.4,41,144,145 Additionally,
the International Caries Classiication and Management System
(ICCMS)146-148 has endeavored to merge caries detection and
assessment with an individualized management plan. Another caries
risk assessment method that has been validated for children is the
Cariogram.149,150

Carie Rik Aement
he clinical examination process for diagnosis and detection of
caries lesions is discussed in detail in Chapter 3. he caries risk
assessment is an important part of this overall process of patient
care. he clinician must gather all appropriate data from both the
interview with the patient and the clinical examination for caries
detection to formulate an individualized caries risk assessment.
Part of the caries risk assessment identiies the risk (causative)
factors, but does not predict the caries outcome. Risk factors can
exist for a patient without the disease being expressed at the time
of the examination. he predictive model part of the risk assessment
looks at the assessment of caries progression in the future. Risk
factors are associated with the variables that have value for prediction
purposes, which means that the risk factor is present before the
disease occurs. As discussed, risk indicators are existing signs of
the disease process. hey are examples of what is happening with
the patient’s current state of oral health, not how disease occurred.
Risk indicators are clinical observations and detection modalities
used to identify risk-level status. Examples include visible cavitations
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in pits and issures or in proximal surfaces of teeth, brown spots,
active initial lesions, or cavitated lesions on free smooth surfaces,
as well as any restorations in the past 3 years. he ideal caries risk
assessment method should be inexpensive and easy to use but at
the same time have high predictive value. It should be valuable in
decision making for caries management in the use of nonsurgical
therapeutics and surgical interventions that serve the patient in a
cost-efective and health-promoting manner.
One of the roles of caries risk assessment in caries management
is to assist in determining the current caries lesion activity. Caries
lesions may be detected signiicantly before frank cavitation occurs.
he diagnosis of caries lesions should include whether they are
actively progressing. An inactive lesion may be visible clinically or
radiographically; however, it may not be active or progressing over
time. With a positive shift in protective factors, change in oral
hygiene, or reduction of pathologic factors, it is possible for caries
lesions to change in density, size, hardness, and clinical appearance.
hese inactive lesions are arrested and may not require operative
intervention. Assessment by the clinician of all the pathologic and
protective factors in the patient’s current history will greatly aid
in the decision regarding current activity. A thorough risk assessment
allows for a more predictive analysis of current and future disease
activity and assists in deciding on nonsurgical or surgical interventions. Caries risk assessment helps the clinician to identify the
etiologic causes of the disease for a speciic patient at a speciic
point in time, and to determine the frequency and treatment
protocols for patient follow-up visits. Restorative decisions in terms
of material used and cavity preparation design are also inluenced
by the information gathered in the risk assessment process. he
data gathered establish an important baseline for use in future
reassessments to help the clinician and the patient measure the
efectiveness of the caries management treatment protocol used
for the patient. he systematic use of risk assessment proiles is
essential in uncovering risk factors that are present before disease
manifestation. his information may be useful in the prevention
of caries lesions in patients who have risk factors present but no
disease expression and then experience a lifestyle change that adds
additional risk factors. he new risk factors then become a tipping
point for the caries balance equation toward disease expression.
For instance, a patient who frequently consumes high-sugar soft
drinks during the day (risk factor) suddenly is prescribed a
hyposalivation-inducing medication (additional risk factor) that
increases caries risk. he informed patient would have the option
of making the decision to eliminate a modiiable risk factor (soft
drinks) before expression of the disease and before the introduction
of the hyposalivation-inducing medication considering this risk
assessment.
he incorporation of risk assessments in routine patient care
and in each patient’s caries management program is necessary
because of the multifactorial nature of the caries disease. No one
factor is able to predict the probability of a patient developing
caries lesions. When developing a preventive and restorative caries
management plan, consideration of the whole patient is essential
to successful outcomes. In addition, recorded speciic risk assessment
proiles provide patients with an educational tool that empowers
them to be an important part of managing their disease. Finally,
risk assessments provide a means for both the clinician and the
patient to monitor and measure the proposed caries management
protocols over time and evaluate and adjust the protocols as needed.
Risk assessments lead to better treatment outcomes for patients.
Knowing certain factors pertaining to the patient’s history is
key in establishing a caries risk assessment. Factors that have been
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identiied as contributing to caries risk include age, gender, luoride
exposure, home care, smoking habits, alcohol intake, medications,
dietary habits, economic and educational status, and general health.
Increased smoking, alcohol consumption, use of medications, and
sucrose intake result in increased risk for caries development.42
Children and older adults have increased risks. Decreased luoride
exposure, lower economic status, and lower educational attainment
also increase risk. Poor general health also increases the risk. A
strong body of evidence suggests that past caries experience is the
best predictor of future caries activity.43 Information that is
important and obtained in the patient history interview would be
biologic and environmental factors that include, but are not limited
to, medical history including current and past diseases, current
medications, and history of hyposalivation from medications or
conditions; dental history including past history of dental caries,
dental phobias, and history of dental conditions; current home
care practices and how well this is done; current diet and exposure
to sucrose and other fermentable carbohydrates; and current
exposure to topical luoride products in toothpaste, mouth rinses,
and luoridated water supply. Some of these factors are explored
in more detail in the following sections.
Fig. 2.39A and B present two examples of caries risk assessment
forms that can be used as part of the initial caries diagnosis process;
Fig. 2.39C is an example of a caries assessment form that can be
used to facilitate communication of the indings with patients.
his latter caries assessment form is a useful tool to measure changes
and determine the efectiveness of caries management procedures.
All of these forms can be incorporated into an electronic patient
management system for increased eiciency.

Social, Economic, and Education Status
Social status and economic status are not directly involved in the
disease process but are important because they afect the expression
and management of the caries disease. he socioeconomic status
and educational status of the patient have implications on the
necessary compliance and behavioral changes that can decrease
risk for caries development. Socioeconomic status and educational
status are predictive at the population level but are generally inaccurate at the individual level.
Diet Analysis
Increased frequency of sugar intake in the form of fermentable
carbohydrates increases risk for caries by modifying the bioilm to
support a lower pH environment. he frequent use of candies and
lozenges during the day or night increases the risk. Sugar-containing
acidic beverages, including sport drinks, fruit juices, and soft drinks,
all contribute to increased risk. Frequent ingestion of fermentable
carbohydrates can change the microbiome proile of the bioilm
favoring acidogenic and aciduric bacteria and by inluencing the
pH of the bioilm to support cariogenic bacteria (see Fig. 2.4).
Salivary Analysis
Salivary low rate, bufering capacity, and pH all can be measured
by various methods (tests). he caries risk predictive value for these
tests is not fully demonstrated by strong evidence in all circumstances. Patients with normal salivary low and adequate bufering
capacity may still develop and/or have caries. However, when
patients have dry mouth symptoms and a salivary low analysis
leads to a diagnosis of hyposalivation, the decreased salivary low
is a predictive risk factor for root caries in older patients with
recession and for increased caries in general in other populations.
As discussed, saliva has numerous efects in protection against
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A
• Fig. 2.39

A, Example of a caries risk assessment form recommended by the American Dental Association. B, Example of a caries risk assessment form used by the University of North Carolina, Department
of Operative Dentistry. C, Another caries assessment form used by the University of North Carolina,
Department of Operative Dentistry. This form is very useful for patient communication and compliance.
(A, Copyright 2009, 2011 the American Dental Association.)
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Caries Risk Initial Assessment

Risk

Low Risk

At Risk
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High Risk

Name___________________________________
Risk Rating Score

£3

≥4 and £8

≥9

Date____________________________________
Patient Interview Assessment
Dental History
1. Had non emergency dental care in last year
2. Brushes teeth at least twice daily
3. Uses fluoridated toothpaste or product daily
4. New caries lesions within the last 3 years
5. Patient has teeth sensitive to hot, cold, sweets
6. Patient avoids brushing any part of mouth

yes
yes
yes
yes
yes
yes

no
no
no
no
no
no

Risk Rating
-1
-3
-3
8
3
3

yes

no

-2

Dietary Assessment
1. Water supply currently fluoridated
2. Frequent snacking with sugary foods,
acidic foods, fermentable carb foods
3. Sugary drinks including soft drinks,
juice, sports drinks, medicinal syrups
4. Tobacco use of any kind
5. Excessive alcohol or recreational drug use
6. Eating disorders

yes

no

8

yes
yes
yes
yes

no
no
no
no

8
3
8
5

Xerostomia Assessment
1. Patient is aware of dry mouth or reduced saliva
2. Medications taken that reduce salivary flow
3. Medical conditions affecting salivary flow/content
4. Saliva flow or content visibly abnormal

yes
yes
yes
yes

no
no
no
no

10
8
8
10

yes
yes
yes
yes
yes
yes
yes

no
no
no
no
no
no
no

5
10
10
5
3
5
10

yes
yes

no
no

3
3

Patient Clinical Assessment
Clinical Oral Findings
1. Readily visible biofilm/plaque
2. Visible cavitated lesions
3. Interproximal enamel lesions or radiolucencies
4. Visible white spots
5. Visible brown spots or non cavitated caries lesions
6. Deep pits or grooves
7. Radiographic cavitated lesions
8. Restorations with overhangs
and/or margin concerns or open contacts
9. Prosthesis ortho, fixed, or removable

Supplemental notes for dental history

Supplemental notes for dietary assessment

Xerostomia Assessments with scores of 8-10
indicate baseline salivary testing is required

Clinical Assessments with scores of 10 indicate that baseline bacterial testing is required

Risk Rating Total =
10. Clinician’s impression of patient’s risk

low

at risk

high

This is clinician’s impression of patient’s
risk if different than would be indicated by
risk factors marked. Describe in box below.

Patient Compliance Assessment
Patient’s attitude and general assessment of patient’s ability to comply for each of the following categories:
Oral hygiene compliance patient limitations
Dietary recommendation patient limitations
Therapeutic homecare products limitations

yes
yes
yes

no
no
no

Special needs health care (physical or mental compliance issues)

yes

no

This is clinician’s assessment of any perceived
limitations for the patient to comply with oral hygiene, dietary, or using home care products. Could
be lifestyle, physical, or economic reasons.
Describe in box below.

Patient Clinical In Office Tests Indicated From Risk Score
Cariscreen Meter
GC America Saliva Check
GC America Strep Mutans
GC America Plaque Indicator
UNC Biologic Testing Lab

completed
completed
completed
completed
completed

at risk
at risk
at risk
at risk
at risk

low risk
low risk
low risk
low risk
low risk

reading _______________

Notes from oral findings, patient’s attitude, office tests, special circumstances that would influence caries risk or management

B
• Fig. 2.39, cont’d

Continued
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PREPARED FOR

Caries Assessment Testing Results

Name________________________

PREPARED BY

________________________.

Date_________________________
_______________________________________________________________________________________________________
Your Risk Scores:

Risk predicts your likelihood of developing future disease. Green is low risk and means you are unlikely to develop a
cavity whereas red means you are very likely to develop a cavity unless your risk factors are managed. We will use
these results to work with you to develop an individualized plan to control your disease.

Existing Dental Conditions

Your dental condition score is based on current areas of decay, number of cavities in
the last three years, exposed root surfaces, crowns and fillings that are defective. Your
score will also be higher if you wear partial dentures or other appliances.

Saliva Assessment Testing
Saliva pH Testing

>6.8

6.0-6.6

<5.8

Saliva Flow and Buffering

Normal

Abnormal

Your saliva is the main protective factor in the caries risk disease state equation. Yellow
and Red results can produce an increased incidence of cavities. If the pH of the saliva
is low, it sets the stage for the bacteria to grow that cause cavities to form in your
mouth. If the quantity of the saliva is below normal, the healing ability of the saliva to
remineralize your teeth after acidic food and beverages is greatly reduced. This can, in
most incidences, result in a dry mouth that is uncomfortable when eating and lead to an
increase in cavities on the roots and other surfaces of your teeth. Any change in saliva
content, amount, or pH can increase your risk for cavities to form even if you have not
had cavities in the past. New medications and medical conditions can cause your saliva to change rapidly.

Plaque Assessment Testing
Plaque pH Testing

>6.8

6.0-6.6

<5.8

Biofilm Activity

<1500

1500-2000 >2000
Visible Plaque

Low

High

Dietary Habits
Frequency of Snacking

<1

2-3

>3

Frequency of sweetened beverages and sport drinks

<1

Plaque or biofilm is the mass of bacteria that is always changing and clings to the surfaces of your teeth. Plaque is one of the main risk factors that result in cavities. For
plaque to produce the acid that dissolves your teeth and form cavities, it has to be in
an acidic state, or in other words, have a low pH. The more acidic, the more damage
that can result. The type of bacteria in the plaque also influences how easy it is for the
damage to occur. The biofilm activity measures the amount of the “bad” bacteria
present in the plaque. The higher the number, the more bacteria are present that cause
the cavities to form. The amount of plaque on your teeth means more bacteria are
present in your mouth. More bacteria produce higher amounts of acid to demineralize
your teeth and cause them to decay.

2-3

A key factor in how you control your disease and prevent cavities is how you eat and
what beverages you consume. Snacking with sweet foods or high carbohydrate foods
that can form sugars causes the plaque to become acidic. This results in more bacteria
forming that produce even more acid. All of this acid dissolves your teeth and forms
the cavities. Sweetened drinks or drinks high in acid content also produce low pH
plaque and more bacteria. Soft drinks and sports drinks like Gatorade are very low in
pH. The more you drink, the more acid the plaque and bacteria produce to cause the
cavities in your teeth.

>3

C
• Fig. 2.39, cont’d
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caries, including inhibition of bacteria, eliminating (clearing of )
bacteria from the tooth surface, dilution of bacterial products,
bufering of bacterial acids, and ofering a reparative environment
with necessary calcium and phosphate minerals after bacteriainduced demineralization. Since all of these beneits are missing
when patients have salivary hypofunction, patients with “dry mouth”
are at higher risk for caries. hese patients are more susceptible to
dietary changes that are associated with lower pH foods and beverages or foods and beverages containing fermentable carbohydrates,
since the protective factors of saliva are diminished in patients
with hyposalivation.

Dental Clinical Analysis (Dental Exam)
he dental examination identiies risk indicators more than risk
factors. his is important as many of the indicators are directly
related to the current caries activity. Risk indicators and current
caries activity drive the decision-making process toward the type
of intervention that the clinician would prescribe. Visible cavitated
caries lesions and active initial lesions on teeth are both indicators
of caries risk. Visible bioilm may also be considered a risk factor
for caries development. Other examination indings that would
inluence increased risk for caries are exposed root surfaces; deep
pits or grooves; ixed, removable prosthesis or orthodontic appliances
used; and existing restorations with open contacts, open margins,
rough surfaces, or overhangs.
Bacterial Bioilm Analysis
Use of supplemental tests to analyze the bacterial component of
the bioilm has little value to determine the patient’s risk level.
For example, the presence of MS or lactobacilli in saliva or plaque
as a sole predictor for caries in primary teeth has been shown to
have low sensitivity but high speciicity. he measurement of
adenosine triphosphate (ATP) activity of the bioilm bacteria as a
TABLE 2.7

surrogate measure of caries activity has also not been identiied to
be a strong predictor of risk. Although these bacterial tests may
be useful for patient communication by providing insight into the
speciics of the bioilm (bacterial types and resultant environment),
the predictive value (for caries risk) of the evidence of the tests
requires further validation by controlled research studies.

Rik Aement Conideration for Children
Under 6 Year Old
In addition to all the above mentioned risk factors for adults and
adolescents, there are age-speciic risk factors and indicators that
should be considered for children under 6 years. hese include
presence of active caries in the primary caregiver in the past year,
feeding on demand past 1 year of age, bedtime bottle or sippy
cup with anything other than water, no supervised brushing, and
severe enamel hypoplasia.

Carie Management and Protocol or Strategie
for Prevention
Caries risk assessment is only meaningful if used in conjunction
with a corresponding caries management program. he caries
prevention or management program should comprise a menu of
prevention therapies and interventions that should be recommended
on the basis of the level of caries risk (Table 2.7 and Box 2.2) and
address the patient’s risk factors. However, as discussed in the
previous section, no caries risk assessment system is perfect.
herefore, in addition to the outcome of the caries risk assessment
tool, the clinician needs to use his or her best clinical judgment,
coupled with the best available research evidence, to design a
preventive or therapeutic program that works for the patient.
Needless to say, this is a dynamic process, so monitoring and

Suggested Risk-Based Interventions for Adultsa

Caries Risk Category

Ofice-Based Interventions

Home-Based Interventions

3-month recare examination and oral prophylaxis
Fluoride varnish at each recare visit
Individualized oral hygiene instructions and use of
specialized cleaning aids (e.g., powered
toothbrush, Waterpik)
Dietary counseling
Bitewing radiographs every 6–12 monthsb

Brush with prescription luoride dentifrice (e.g., 1/1%/5000 ppm NaF)
Use sugar substitutes (e.g., xylitol, erythritol)
Apply calcium-phosphate compounds (e.g., MI Paste)
On selected cases use agents to modulate a dysbiotic microbiome
(e.g., xylitol gum or lozenge, chlorhexidine rinse). Use agents to
encourage a healthy microbiome (probiotics, prebiotics, like arginine)
If xerostomic, increase salivary function (e.g., xylitol gum, rinses, oral
moisturizers)

4–6 month recare examination and oral prophylaxis
Fluoride varnish at each recall
Reinforce proper oral hygiene
Dietary counseling

Brush with luoride dentifrice (e.g., 1450 ppm luoride)
OTC luoride rinse (e.g., 0.05% NaF)

9–12 month recare examination and oral prophylaxis
Reinforce good oral hygiene

Brush with luoride dentifrice

High

Moderate

Low

NaF, Sodium luoride; OTC, over the counter; ppm, parts per million.
These are general guidelines and should be customized based on the speciic patient’s needs and on weight of individual risk factors uncovered with a caries risk assessment instrument.
b
Data from US Department of Health and Human Services, Public Health Service, Food and Drug Administration; and American Dental Association, Council on Dental Beneit Programs, Council on
Scientiic Affairs. The selection of patients for dental radiographic examinations. Rev. ed. 2004.
Available at www.ada.org/prof/resources/topics/radiography.asp. Accessed January 20, 2012.
Modiied from Shugars DA, Bader JD: MetLife quality resource guide: risk-based management of dental caries in adults, ed 3, Bridgewater, NJ, 2009–2012, Metropolitan Life Insurance Co., p. 6.
a
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• BOX 2.2 Sample Preventive Protocol for a High-Risk Patient With Cavitated Caries Lesions
1. A comprehensive oral and radiographic evaluation is conducted charting
caries lesions, periodontal pocket probing, existing restorations, and oral
cancer exam; the medical and dental histories are reviewed. In this
hypothetical patient, multiple caries lesions, poor oral hygiene, and
generalized marginal gingivitis are noted.
2. A caries risk assessment is completed with emphasis on discovering the
risk factors that are contributing to the causative aspect of the caries
problem and discovering the risk factors for the patient that are predictors
of future caries risk. A discussion of these risk factors with the patient is
essential for understanding of the caries disease process and the patient’s
role and the provider’s role in controlling the disease.
3. Diagnosis and treatment planning procedures are completed and
discussed with the patient.
4. Nonoperative and operative treatments will be completed in three phases:
(i) a control phase, (ii) a deinitive treatment phase, and (iii) a maintenance
reassessment phase.
5. CONTROL PHASE (2–4 weeks):
a. Oral hygiene procedures are explained and reviewed at each patient
visit. The frequency of the visits in this initial phase is determined by
severity of the disease. This could be weekly or more frequent,
depending on the provider’s evaluation. When attempting behavior
modiication, repetition is essential. Review of patient’s current home
care techniques and frequency of home care are reviewed along with
lifestyle issues that might impede compliance. Use of a powered
toothbrush and an oral irrigator for possibly improving patient
compliance and technique are discussed. Evaluation of the patient’s
motivation along with the person’s mental and physical capacity to
comply with recommendations for home care must be noted and
considered by the provider. Speciic recommendations are listed for the
patient to use at home, and the patient agrees that this is practical for
his or her life situation.
b. Prescription luoride toothpaste is prescribed (5000 parts per million
[ppm]) and the patient is instructed to brush with it three times per day
and to use according to given instructions (do not rinse after use, only
expectorate excess). Any products used for home care should be
carefully reviewed for the pH of the product. Products with pH lower
than 6 should be carefully considered whether their use would
contribute to the pH shift of the bioilm to pathologic for caries lesion
formation.
c. A diet analysis is completed, analyzed, and reviewed with the patient.
Cariogenic foods and beverages are identiied and alternatives
suggested. Also acidic foods and beverages that are contributing to the
pH shift to a lower oral pH environment are identiied and discussed.
Options for foods that have impact to raise the oral pH are suggested,
such as foods rich in arginine. Again the patient’s motivation and
abilities to it the necessary diet modiications into his or her lifestyle
must be evaluated and discussed.
d. A microbiologic survey may be completed for patient motivation. This
can be accomplished using either the adenosine triphosphate (ATP)
chairside device or formal saliva samples to identify speciic mutans
streptococci (MS) and lactobacilli counts.
e. A saliva analysis is conducted to determine stimulated low rate,
salivary pH and buffering capacity, and viscosity. Treatment protocols
for hyposalivation are recommended for patients with an analysis that
indicates deiciencies in the above areas. Patients with low salivary pH
would need to use baking soda rinses during the day and use xylitol
gum or other recommended products to raise pH levels, increase low,
and increase buffering capacity.
f. Caries control (described elsewhere in this chapter) is completed. This
may involve use of silver diamine luoride (SDF) for cavitated lesions or
partial caries removal and interim restoration of all cavitated caries
lesions (usually during one appointment and restoring with glass
ionomer) or a combination of both. This is critical to reduce the
bacterial load and prevent further progression on the lesion.

g. A prophylaxis is performed and 5% sodium luoride (NaF) varnish is
applied to all teeth.
h. If SDF is used, the lesion should be reassessed 1 to 2 weeks after irst
application to determine if it has arrested. If the lesion has not arrested
a new application of SDF is advised. Lesions that will not be restored
need to have a new SDF application every 6 months.
i. The microbiologic testing, if done, may be repeated 2 to 4 weeks after
initiation of treatment. A reduction in counts can be a great
motivational tool for patients to continue with their modiications in
behavior (diet or oral hygiene). Diet analysis is followed up and
reviewed again. Successes in diet modiications are positively
reinforced. Shortcomings in diet modiications are discussed and
options explored with the patient to rectify diet issues, where needed.
Home care regimens are reviewed again with patients and reined. It is
important to listen to the patient and work to incorporate diet and
home care into the patient’s lifestyle and abilities to mentally and
physically comply with the recommendations.
6. DEFINITIVE TREATMENT PHASE:
a. The glass ionomer provisional restorations are replaced (usually by
quadrants) with deinitive restorations.
b. Oral hygiene procedures are reinforced at each visit. Flossing and
brushing three times per day with prescription toothpaste is
recommended.
c. Patients with root caries may beneit from chewing xylitol chewing
gum with at least 1 gram of xylitol per piece three to six times per day,
preferably after meals and snacks.
d. Some patients with low salivary low or low salivary buffering capacity
may beneit from applying casein phosphopeptide–amorphous calcium
phosphates (CPP-ACP) to teeth after brushing and lossing prior to
retiring to bed.
e. If reduced salivary low rates are considered to be a major etiologic
factor, the patient should be instructed to chew sugar-free mints
several times a day or use other recommended products for
xerostomia treatment. Prescribing pilocarpine or other salivary
stimulant should be considered.
f. When all deinitive restorations are completed, the patient then enters
the maintenance reassessment phase.
7. MAINTENANCE REASSESSMENT PHASE:
a. The patient should be recalled every 3 months. Oral hygiene and home
care procedures are reviewed and evaluated. Recommendations for
improvement and modiications to home care are evaluated and
discussed.
b. Prophylaxis followed by luoride varnish application is accomplished.
c. Caries risk assessment is completed again; changes are noted in risk
factors that have been controlled and those risk factors still listed as
causative and predictive factors.
d. Diet analysis and recommendations from previous visits are reviewed
and evaluated.
e. Patient continues use of prescription 5000-ppm toothpaste, CPP-ACP
paste, and xylitol chewing gum as advised. Any other recommendations
to changes or additions to the product protocols are reviewed,
discussed, and implemented.
f. Every 6 months, salivary evaluations are repeated. Microbiologic
evaluations may also be repeated to keep patient motivation.
g. Bitewing radiographs are taken on an annual basis or more frequently
if new lesions continue to be detected.
h. It is critical for the patient to understand that caries is a disease that is
only controlled and not “cured.” The protocol that is determined to be
currently successful may have to be periodically reviewed, updated,
and changed. More importantly, the patient will be much like a patient
with diabetes, requiring lifetime medication and therapy, diet control,
and lifestyle management for disease stability, and will need to be
dedicated to a lifetime of careful management of caries risk factors to
keep the disease controlled.
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TABLE 2.8

Health History Factors Associated With
Increased Caries Risk

TABLE 2.9

Clinical Examination Findings Associated
With Increased Caries Risk

History Factor

Risk-Increasing Observations

Clinical Examination

Risk-Increasing Findings

Age

Childhood, adolescence, senescence

General appearance

Appearance: sick, obese, or malnourished

Fluoride exposure

No luoride in public water supply
No luoride toothpaste

Mental or physical
disability

Inability or unwillingness to comply with
dietary and oral hygiene instruction

Smoking

Risk increases with amount smoked

Mucosal membranes

Alcohol

Risk increases with amount consumed

Dry, red, glossy mucosa, suggesting
decreased salivary low

General health

Chronic illness and debilitation decreases
ability to give self-care

Active caries lesions

Cavitation and softening of enamel and
dentin; circumferential chalky opacity at
gingival margins

Medication

Medications that reduce salivary low

Plaque bioilm

High plaque scores

Gingiva

Puffy, swollen, and inlamed gingiva; bleeds
easily

Existing restorations

Large numbers, indicating past high caries
rate; poor quality, indicating increased
habitat for cariogenic organisms

periodic reassessment and reevaluation of the disease activity and
prevention or management program are critical.
Management of dental caries and its consequences remains the
predominant activity of dentists; however, preventive and diagnostic
services are increasing.44,45 Although these activities relate to a
variety of dental problems, diagnosis and prevention of caries are
major parts of these increases. In a modern practice model, the
restoration of a caries lesion can no longer be considered a cure
for dental caries. Rather, the practitioner must identify patients
who have active caries lesions and patients at high risk for caries
and institute appropriate preventive and treatment measures. his
section presents some measures that may reduce the likelihood of
a patient developing caries lesions. Depending on the risk status
of the patient and the risk factors at play for the speciic patient,
the dentist must decide which of these to institute. With this
paradigm shift, dentistry is focusing increasingly on limiting the
need for restorative treatment.
Preventive treatment methods are designed to limit tooth
demineralization caused by cariogenic bacteria, preventing initial
lesions and progression of initial lesions into cavitated lesions.
hese methods include (1) limiting pathogen growth and altering
metabolism of the bioilm, (2) increasing the resistance of the
tooth surface to demineralization, and (3) increasing bioilm pH.
A caries prevention and management program is a complex process
involving multiple interrelated factors (Tables 2.8, 2.9, 2.10, and
2.11; see also Table 2.7 and Box 2.2). he primary goals of a caries
prevention program are (1) to modulate the bioilm into a nonpathogenic bioilm and (2) to create an environment conducive
to remineralization. Prevention should start with a consideration
to maintain the patient with a noncariogenic bioilm. Although
the general health of the patient, luoride exposure history, and
function of the immune system and salivary glands have a signiicant
impact on the patient’s caries risk, the patient may have little
control over these factors. he patient usually is capable of controlling other factors such as diet, oral hygiene, use of agents to modulate
the bioilm, and dental care (which may include use of sealants
and restorations). his section presents a variety of factors that
may have an impact on caries prevention.

General Health
he patient’s general health has a signiicant impact on overall
caries risk. Declining health signals the need for increased preventive
measures, including more frequent recalls. Every patient has an
efective surveillance and destruction system for “foreign” bacteria.
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he efectiveness of a patient’s immune system depends on overall
health status. Patients undergoing radiation or chemotherapy
treatment have signiicantly decreased immunocompetence and
are at risk for increased caries.
Medically compromised patients should be examined for changes
in the following: plaque index, salivary analysis, oral mucosa, gingiva,
and teeth. Early signs of increased risk include increased bioilm;
pufy, bleeding gingiva; dry mouth with red, glossy mucosa; and
initial caries lesions on teeth. Decreased saliva low is common
during acute and chronic systemic illnesses and is responsible for
the dramatic increase in bioilm. Ambulatory patients with chronic
illnesses often take multiple medications, which individually or in
combination may reduce salivary low signiicantly (see Table 2.4).
Saliva should be tested for low and bufering capacities when
signs or symptoms are detected from an oral examination.

Diet
Dietary sucrose has two important detrimental efects on how
bioilm afects caries. First, frequent ingestion of foods containing
sucrose provides a change in the bioilm proile from a noncariogenic
bioilm to a cariogenic bioilm.151 Second, mature bioilm exposed
frequently to sucrose rapidly metabolizes it into organic acids,
resulting in a profound and prolonged decline in pH. Caries activity
is most strongly stimulated by the frequency, rather than the
quantity, of sucrose ingested. he message that excessive and frequent
sucrose intake can cause caries has been widely disseminated and
is well known by laypeople. Despite this knowledge, dietary
modiication for the purpose of caries control has failed as a public
health measure. For an individual patient, dietary modiication
may be efective if the patient is properly motivated and supervised.
Evidence of new caries activity in adolescent and adult patients
indicates the need for dietary counseling. he goals of dietary
counseling should be to identify the sources of sucrose and acidic
foods in the diet and to reduce the frequency of ingestion of both.
Minor dietary changes such as substitution of sugar-free foods for
snacks are more likely to be accepted than more dramatic changes.
Rampant (or acute) caries (a rapidly developing process usually
involving several teeth) is a sign of gross dietary inadequacy, a
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Methods of Caries Treatment by the Medical Model

Method and Indications

Rationale

Techniques or Material

Reduce number, duration, and intensity of
acid attacks
Reduce selection pressure for mutans
streptococci (MS)

Diet diary
Eliminate sucrose from between-meal snacks
Substantially reduce or eliminate sucrose from meals

Modify a dysbiotic bioilm and encourage
a healthy bioilm Reduce overall bioilm
burden to improve gingival health

Bactericidal mouthrinse (chlorhexidine)
Topical luoride treatments; probiotics and prebiotics

Prevents plaque bioilm succession
Decreases plaque bioilm mass
Promotes buffering

Brushing
Flossing
Other oral hygiene aids as necessary (e.g., electric
toothbrush)

Increase resistance to demineralization
Decrease plaque bioilm retention

Systemic luorides
Topical luorides
Smooth surface

Increases clearance of substrate and acids
Promotes buffering

Eat noncariogenic foods that require lots of chewing
Sugarless chewing gum
Medications to stimulate salivary low
Use dry mouth topical agents, oral lubricants, etc.

Prevents colonization (infection) of
pit-and-issure system with cariogenic
plaque bioilm
Inhibits progression of smooth-surface
lesion

Use pit-and-issure and smooth-surface resin
sealants

Eliminate nidus of cariogenic bioilm
Deny habitat for cariogenic bioilm
reinfection

Apply SDF to caries lesions as indicated Restore all
cavitated lesions
Correct all defects (e.g., marginal crevices, proximal
overhangs)

A. Limit Cariogenic Substrate
Indications:
Frequent sucrose exposure
Poor-quality diet

B. Modify Microlora
Indications:
High MS counts
High lactobacilli counts

C. Disorganize Plaque Bioilm
Indications:
High plaque bioilm scores
Puffy red gingiva
High bleeding point score

D. Modify Tooth Surface
Indications:
Noncavitated lesions
Surface roughening

E. Stimulate Saliva Flow
Indications:
Dry mouth with little saliva
Red mucosa
Medication that reduces salivary low

F. Seal Susceptible Surfaces
Indications:
Moderate and high caries risk individuals
Teeth with susceptible anatomy (deep
grooves)
Initial noncavitated enamel lesions in highrisk patients (smooth-surface sealants)

G. Restore Active Cavitated Surfaces
Indications:
Cavitated lesions
Defective restorations

TABLE 2.11

Treatment Strategies

Examination Findings

Nonrestorative, Therapeutic Treatment

Restorative Treatment

Follow-upa

Normal (no lesions)

None

None

1-year clinical examination

Hypocalciied enamel
(developmental white spot)

None for nonhereditary lesions; hereditary
lesions (dentinogenesis imperfecta)
may require special management

Treatment is elective;
esthetics (restore
defects)

1-year clinical examination

Noncavitated enamel lesions only;
bitewing radiographs indicated
(demineralized white spot)

Techniques A–E in Table 2.9, as indicated

Seal defective pits and
issures as indicated

3 months; evaluate: oral lora,
mutans streptococci (MS)
counts, progression of white
spots, presence of cavitations

Possible cavitated lesions (active
caries) and other noncavitated
lesions present; bitewing
radiographs indicated

Techniques A–E in Table 2.9, as indicated

Techniques F and G
(restorations, sealants)
in Table 2.9 as
indicated

3 months; evaluate: oral lora,
MS counts, progression of
white spots, presence of new
cavitations, pulpal response

Inactive caries; no active (new
cavitations) or noncavitated
lesions

None

Treatment is elective;
esthetics (restore
defects)

1-year clinical examination

a
These are only generalized follow-up times. Particular circumstances may dictate shorter or longer follow-up intervals, depending on presence of primary and secondary modifying risk factors (see
Fig. 2.1).
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Caries

• Fig. 2.40 Erosion wear and poor home care leading to caries. A young female patient with severe
wear on the facial surfaces of posterior teeth. This patient subsequently was found to have a hiatal hernia
with frequent regurgitation of stomach acids. Too vigorous brushing and acid demineralization of teeth
accelerated the loss of tooth structure (A and B). Areas of severe wear (w) exhibit dentin hypersensitivity.
Dentin pain was the symptom that caused the patient to seek dental care. Advising the patient to reduce
vigorous tooth brushing resulted in cessation of all brushing. Caries activity rapidly occurred (C and D).
complete absence of oral hygiene practice, systemic illness, or a
combination of these pathologic factors. Rampant caries that is
present primarily on proximal surfaces may point more to diet as
the main driving factor, whereas rampant caries in the cervical
and interproximal areas may point to diet and hygiene as the
driving factors. he presence of rampant caries indicates the need
for comprehensive patient evaluation. Textbooks on dental caries,
nutrition, and medicine should be consulted as needed.
For high-risk patients, a formal diet analysis should routinely
be undertaken to identify cariogenic foods and beverages that are
frequently ingested. his analysis may take place by asking the
patient to recall everything that was ingested in the past 24 hours
(the “24-hour diet interview”). Alternatively, a more detailed diet
analysis may be facilitated by requesting the patient to record a
diet diary, which consists usually of a 5- to 7-consecutive-day
period with 2 days surveyed being weekend days as patients’ diets
frequently change considerably on weekends. A form should be
provided to the patient that divides each day into six segments
(breakfast, morning, lunch, afternoon, dinner, and evening), and
the patient should be instructed to write down everything ingested,
including medications, the amount, and the time of consumption.
he diary is then analyzed by the dentist, and a discussion is held
with the patient to suggest appropriate alternatives.46 he dentist
should focus on type of cariogenic foods and time intervals between
their consumption as well as length of exposure of each cariogenic
episode. For example, if a patient were to record “10:00 AM 1
soda,” the dentist should clarify the type of soda consumed, the
quantity of soda, and the duration of time to inish the soda. An
8-oz glass of sugar-containing soda consumed over a 5-minute
period will have a diferent impact than a 20-oz glass sipped over
a 2-hour period.

Oral Hygiene
Bioilm-free tooth surfaces do not decay. Daily removal of bioilm
by dental lossing and tooth brushing with a luoridated toothpaste
is the best patient-based measure for preventing caries and periodontal disease (Figs. 2.40 and 2.41). Löe established supragingival
plaque as the etiologic agent of gingivitis.47 Longstanding gingivitis
may lead to damage of the epithelial attachment and progression
to more serious periodontal disease. Although plaque scores are
not reliable indicators of caries risk, the presence of bioilm over
a lesion may help assess lesion activity.152,153 Efective bioilm control
by oral hygiene measures using a luoridated toothpaste results in
resolution of the gingival inlammation and remineralization of
any initially demineralized enamel surface.
Mechanical bioilm disorganization by brushing and lossing
has the advantage of not eliminating the normal oral lora. Topical
antibiotics may control oral bioilm, but long-term use predisposes
the host to infection by antibiotic-resistant pathogens such as
Candida albicans. Frequent mechanical bioilm removal does not
engender the risk of infection by opportunistic organisms; rather
it changes the species composition of bioilm in the selection for
pioneering organisms and the denial of habitat to potential
pathogens. he oral lora on the teeth of patients with good bioilm
control has a high percentage of S. sanguis or S. mitis and is much
less cariogenic than older, mature bioilm communities, which
have a signiicantly higher percentage of MS.
Krasse showed that a combination of oral hygiene and diet
counseling is efective in children.48 In this classic study, children
in two schools were monitored for Lactobacillus levels. he children
in one school were given feedback about their Lactobacillus levels
and proper preventive oral hygiene and dietary instruction. After
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• Fig. 2.41

A and B, Photograph of the occlusal surfaces of the teeth illustrated in Fig. 2.40. C and D,
After cessation of oral hygiene procedures, caries (c) rapidly developed in the exposed dentin and issures
on the occlusal surfaces. Caries was treated conservatively by excavation of softened dentin and restoration of the excavations and issures with composite.

18 months, the children in the school receiving preventive counseling
had an average of 3.3 new restorations, whereas the control
schoolchildren, who received no counseling, averaged 8.2 new
restorations. his study is an excellent demonstration that good
oral hygiene and dietary improvements may be efective when
using microbiologic testing as a motivational tool.
Rigid oral hygiene programs should be prescribed only to
high-risk persons with evidence of active disease. Overzealous,
universal application of oral hygiene training programs is frustrating
to dentists and their patients. High-risk patients should receive
intensive oral hygiene training usually with a prescription-strength
luoridated toothpaste (5000 parts per million [ppm] F), dietary
instruction, and preventive dental treatment, as necessary, to control
the progress of disease. Adults with a low caries experience probably
require less frequency of daily lossing and brushing.
Bioilm control requires a little dexterity and a lot of motivation.
Some knowledge of tooth contours, embrasure form, proximal
contacts, and tooth alignment is helpful in optimal bioilm control.
Instruction should include the selection and use of mechanical
aids based on patient needs. Professional tooth cleanings can have
an important efect on caries reduction. One study divided grade
school students into three treatment groups: control, monthly
professional cleaning, and twice-a-month professional cleaning.49
In students with low MS levels, the once-a-month cleaning group
showed ~50% fewer new carious surfaces (0.8 surfaces/student)
than the control group (1.8 surfaces/student). In the high MS
group, the control group had the most new caries (2.5 surfaces/
student), whereas the once-a-month cleaning group had similar
levels (0.96 surfaces/student) to the low MS group, and the twicea-month cleaning group had almost one tenth the number of new
lesions (0.34 surfaces/student) as the control group. his study
showed that professional bioilm removal on grade school students,

even only once every 2 weeks, dramatically reduces the development
of new caries lesions. here is little evidence that professional
prophylaxis at the usual 6-month intervals reduces dental caries
levels; therefore it is important to customize recall intervals to the
patient risk. Equal or greater reductions may be expected in patients
who practice proper oral hygiene methods for bioilm removal.
Another adjunct to regular brushing and lossing is the regular
use of electric toothbrushes and oral irrigation devices. A recent
study has demonstrated these devices are efective in the removal
of bioilm and, more importantly, change the composition of the
bioilm in a favorable direction when used regularly.50 Since most
patients are not very eicacious on judicious removal of bioilm,
brushing may be viewed more as a delivery mechanism for luoride.
Recommendations of brushing for at least 2 minutes and not
rinsing may increase compliance and improve outcomes. Additionally, simple suggestions, like feeling tooth surfaces with the tongue
to assess if the bioilm was removed, may improve awareness and
assist in eicacy.

Fluoride Exposure
he highest level of evidence for caries prevention and reduction
supports the exposure of teeth to luoride. Fluoride in trace amounts
increases the resistance of tooth structure to demineralization and
is particularly important for caries prevention (Fig. 2.42). When
luoride is available during cycles of tooth demineralization, it is
a major factor in reduced caries activity.51 Fluoride seems to be an
essential nutrient for humans and is required only in very small
quantities. Laboratory animals fed a completely luoride-free diet
develop anemia and reduced reproduction after four generations.
When available to humans, luoride produces spectacular decreases
in caries incidence. he availability of luoride for caries risk
reduction has primarily been achieved through the luoridation of
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Posteruptive changes in dental enamel:
the fate of Class V lesions
Age 8
Sound enamel 93

Age 15
74
37
15

A

111 sound
enamel

White spot 72

26

41 white
spots

Cavitated lesion 19

4
9
19

32 cavitated
lesions

B
• Fig. 2.42

A, Initial (white spot) lesions of enamel (stage 3 in Fig. 2.28) may remineralize, remain
unchanged, or progress to cavitated lesions. In this study, done in a community with a luoridated public
water supply, only 9 of 72 noncavitated lesions became cavitated. More than half of noncavitated lesions
(37 of 72) regressed to become indistinguishable from normal enamel. B, White spot lesions of enamel
(stage 3 in Fig. 2.28) may remineralize, remain unchanged, or progress to cavitated lesions. A comparison
of a study done in a community with a luoridated public water supply published in 1966 (Backer Dirks,
1966) versus a study completed in a nonluoridated community published in 2012 (Ferreira Zandona et al,
2012). The 1966 study followed 184 smooth surfaces (buccal) over a 7-year period. The 2012 followed
62,812 surfaces over a 4-year period, of those 8652 were buccal surfaces. In both studies only a very
small portion of sound surfaces cavitate (4% versus 1%–2%). Most initial lesions in enamel on smooth
surfaces will not progress to cavitation (only 13% progressed to cavitation in 1966 and only 10% in 2012).
When other surfaces are included the number of lesions that progress to cavitation more than double
(24%) but it still represents only one fourth of all initial lesions. On smooth surfaces even when enamel
cavities are considered, only 20% progress to cavitation exposing the dentin; and, when all surfaces are
included, 30% of enamel cavities do not progress to cavitations exposing the dentin. (A, Redrawn from
Backer Dirks O: Posteruptive changes in dental enamel. J Dent Res 45:503–511, 1966.)

community water systems. Fluoride exposure may occur by means
of diet, toothpastes, mouth rinses, and professional topical applications. he optimal luoride level for public water systems is 0.7 mg
per liter of water.52 he percentage of the U.S. population with
public luoridated community water systems has increased from
62% (140 million) in 1999 to 66% (162 million) in 2000, to
69% (184 million) in 2006,23,54 to 74% (284 million) in 2014.
Public water luoridation has been one of the most successful
public health measures instituted in the United States. For communities that have luoridated water systems, the annual cost
averages about $0.70 per person.53 For every $1 spent on water
luoridation, $6 of health savings are realized. he U.S. Public
Health Service recommends 0.7 ppm of luoride in public water
programs to reap the beneits of water luoridation and reduce the
risk of luorosis. Excessive luoride exposure (≥10 ppm) results in
luorosis, which initially causes enamel to become white but may
eventually cause a brownish discoloration, a condition termed
mottled enamel.
Fluoride exerts its anticaries efect by three diferent mechanisms.
First, the presence of luoride ion greatly enhances the precipitation
into tooth structure of luorapatite from calcium and phosphate
ions present in saliva. his insoluble precipitate replaces the soluble
salts containing manganese and carbonate that were lost because
of bacteria-mediated demineralization. his exchange process results

in the enamel becoming more acid resistant (see Fig. 2.29). Second,
initial caries lesions are remineralized by the same process. hird,
luoride has antimicrobial activity. In low concentrations, luoride
ion inhibits the enzymatic production of glucosyltransferase.
Glucosyltransferase promotes glucose to form extracellular polysaccharides, which increases bacterial adhesion. Intracellular polysaccharide formation also is inhibited, preventing storage of
carbohydrates by limiting microbial metabolism between the host’s
meals. In high concentrations (12,000 ppm) used in topical luoride
treatments, luoride ion is directly toxic to some oral microorganisms, including MS. Suppression of growth of MS after a single
topical luoride treatment may last several weeks.55 It is possible
to lengthen this suppression greatly by a change in dietary habits
(especially eliminating sucrose) and by the patient’s conscientious
application of a good oral hygiene program.
All luoride exposure methods (Table 2.12) are efective to some
degree. he clinician’s goal is to choose the most efective combination for each patient. his choice must be based on the patient’s
age, caries experience, general health, and oral hygiene. Children
with developing permanent teeth beneit most from systemic luoride
treatments via the public water supply. In regions without adequate
luoride in the water supply, dietary supplementation of luoride
is indicated for children and sometimes for adults. he amount
of luoride supplement must be determined individually. his is
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Fluoride Treatment Modalitiesa

Route

Method of Delivery

Concentration (ppm)

Caries Reduction (%)

Systemic Topical

Public water supply
Self-application
Low-dose/high-frequency rinses (0.05% sodium luoride daily)
High-potency–low-frequency rinses (0.2% sodium luoride weekly)
Fluoridated dentifrices (daily)
Prescription-strength luoridated dentifrices (daily)
Professional application
Acidulated phosphate luoride gel (1.23%) annually or semiannually
Sodium luoride solution (2%)
Sodium luoride varnish (5%)
Stannous luoride solution (8%)
Silver diamine luoride (SDF) (38%)

0.7

50–60

225
900
1000–1450
4950

30–40
30–40 after 2 years
20
32

12,300
20,000
22,500
80,000
44,800

40–50
40–50
30
40–50
~96.1 for caries arrest
~70.3 for caries prevention

ppm, Parts per million.
a
Caries reduction estimates for topically administered luorides indicate their effectiveness when used individually. When they are combined with systemic luoride treatment, they can provide some
additional caries protection.

of particular importance in rural areas with individual wells because
the luoride content of well water can vary greatly within short
distances.
Topical application of luoride should be done periodically for
children and adults who are at high risk for caries development.
he periodicity varies with the case. Teeth can be cleaned free of
bioilm before the application of topical luorides. Flossing followed
by tooth brushing is recommended for this purpose. Pumicing of
teeth (professional prophylaxis) is able to remove a considerable
amount of the luoride-rich surface layer of enamel and may be
counterproductive. Acidulated phosphate luoride gel is efective,
but a potential risk of swallowing excessive amounts of luoride
exists, particularly in young children. Acidulated phosphate luoride
is available in thixotropic gels and has a long shelf life. Stannous
luoride (8% F), another option, has a bitter, metallic taste; may
burn the mucosa; and has a short shelf life. Although the tin ion
in stannous luoride may be responsible for staining the teeth, it
may also be beneicial in arresting root caries. Topical luoride
agents should be applied according to the manufacturer’s recommendations and always under supervision so as to limit
ingestion.
Various luoride varnishes are available and are successful in
preventing caries. Varnishes provide a high uptake of the luoride
ion into enamel and are widely accepted as the vehicle of choice
for luoride delivery to young adults and older adults alike. Fluoride
varnishes are professionally applied and may provide the most
cost-efective means of delivery of luoride to teeth. hese varnishes
are efective bactericidal and caries-preventive agents. Fluoride
varnishes were developed several decades ago in an attempt to
improve luoride application techniques and beneits. European
countries have used luoride varnishes for many years. Numerous
randomized clinical trials conducted outside the United States
point to the eicacy and safety of luoride varnishes as cariespreventive agents.56-64 Fluoride varnish enables the deposition of
large amounts of luoride on an enamel surface, especially on a
demineralized enamel surface. Calcium luoride precipitates on
the surface, and often luorapatite is formed. he high concentration
of surface luoride also may provide a reservoir for luoride, which
promotes remineralization. Although additional research on luoride
varnishes is needed, the use of a luoride varnish as a caries-preventive

agent should be expanded because it has advantages over other
topical luoride vehicles in terms of safety, ease of application, and
luoride concentration at the enamel surface.6 he American Dental
Association (ADA) Council on Scientiic Afairs recently endorsed
the use of luoride-containing varnishes as caries prevention agents.65
Current evidence indicates that luoride varnishes with the
concentration of 5% sodium luoride are the most eicacious of
all topically applied luoride products.58,66 For patients with a high
risk of caries, luoride varnish should be applied every 3 months.
For moderate-risk patients, application every 6 months is indicated.
Fluoride varnish is not indicated for low-risk patients.
When applying luoride varnish, the clinician dries of saliva
from teeth and applies a thin layer of luoride varnish directly
onto teeth. Because the luoride varnish sets when contacting
moisture, thorough isolation of the area is not required. Only
tooth brushing, rather than prophylaxis, is necessary before application. he main disadvantage of luoride varnish is that a temporary
change in tooth color may occur. Patients should avoid eating for
several hours and avoid brushing until the next morning after the
varnish has been applied.
Self-administered luoride rinses have an additive efect (about
20% reduction) when used in conjunction with topical or systemic
luoride treatment. Fluoride rinses are indicated in high-risk patients
and patients exhibiting a recent increase in caries activity. Two
varieties of luoride rinses have similar efectiveness: (1) high
dose–low frequency and (2) low dose–high frequency. High-dose
(0.2% F)–low-frequency rinses are best used in supervised weekly
rinsing programs based in public schools. Low-dose (0.05% F)–highfrequency rinses are best used by individual patients at home. A
high-risk or caries-active patient should be advised to use the rinse
daily. he optimal application time is in the evening. he rinse
should be forced between teeth many times and then expectorated,
not swallowed. Eating and drinking should be avoided after the
rinse.
Routine use of over-the-counter luoride containing dentifrice
three times per day is recommended for all patients. hese toothpastes generally contain 0.32% sodium luoride (1450 ppm). For
moderate-risk and high-risk patients 6 years or older, prescription
dentifrices containing higher concentrations of luoride are recommended. hese products typically contain 1.1% sodium luoride

CHAPTER 2 Dental Carie: Etiology, Clinical Characteritic, Rik Aement, and Management

Application of SDF usually only requires removal of the bioilm
and application of the product with a microbrush for 3 minutes,
then either rinsing the area with water or covering the lesion with
luoride varnish. Gingival tissues and lips should be covered with
petroleum jelly to avoid staining. his approach may give patients
who would otherwise be unable to receive treatment a low-cost
alternative to arrest caries lesions and preserve their dentition (Fig.
2.43). However, the anticaries efect of SDF may be reduced over
time. It has been reported that up to 50% of arrested lesions were
“reactivated” by 24 months after one application of SDF.161 he
authors reported that this was likely due to the bioilm-retaining
nature of these cavitated lesions. hus there is a rationale for
restoring these arrested lesions from both the caries management
approach and for function and esthetics.

(5000 ppm) and can be safely used up to three times per day in
this age group.67 For most beneit, patients should be instructed
to not rinse after brushing and avoid eating or drinking for 30
minutes after use.

Silver Diamine Fluoride
Silver diamine luoride (SDF) is a topical solution used as a cariesarresting and antihypersensitivity agent.154,155
SDF was recently cleared by the US Food and Drug Administration (FDA) as an antihypersensitivity agent and is used of-label
to arrest caries lesions. Both silver and luoride play active roles
in their mechanisms of arresting caries development and treatment
of tooth hypersensitivity.156-158 Silver has an antibacterial action
that slows demineralization and enhances remineralization.159 SDF,
due to its ease of use, has been recommended to arrest large cavitated
lesions, allowing not only conservation of tooth structure, but
delivery of treatment to groups of patients that either do not have
access to traditional restorative care or to whom delivery of the
standard treatment is challenging. he main drawback of SDF is
that with the precipitation of silver, the carious dentin becomes
stained black. Some researchers have studied the use of SDF on
root caries and have found it to be efective at preventing root
caries lesions.160

A
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Immunization
For many years, investigators have been trying to develop an efective
anticaries vaccine. Several prototypes have been tested in animals,
but at this time neither the safety nor the eicacy of such a vaccine
has been demonstrated in humans.68,69
Even if an anticaries vaccine was developed, some concerns
remain, which may afect its widespread use. First, the potential
adverse efects of a vaccine must be identiied. he safety of such

B

D

E

• Fig. 2.43 A, Young high caries risk patient. Tooth No. 17 with extensive caries lesion. Tooth was
asymptomatic and roots were still developing. B, Unsupported enamel was removed, soft caries was left
on the pulpal loor to avoid exposing the pulp. C, SDF was applied and left for 3 minutes. Darkened
dentin can be observed. Tooth was restored with amalgam and remained asymptomatic. D, Tooth with
PFM crown and secondary root caries on distal surface with dificult access for restoration. E, SDF applied
and darkened dentin can be observed. (A–C, Courtesy Dr. Nguyen Ngoc, resident Graduate Operative
Program at UNC; D and E, Courtesy Dr. Epure, resident Graduate Operative Dentistry Program at UNC.)
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a vaccine has not yet been shown; concerns about a possible crossreaction with human heart tissue remain. Second, its cost must
be compared with that of public water luoridation, which is
inexpensive and already efective at reducing caries. Vaccination
may be no more efective than luoride therapy, which has a proven
safety record. It may however be practical to use a caries vaccine
when public water luoridation is impractical in developed countries,
and it may be useful in developing countries. hird, limitations
imposed by governmental regulatory agencies may afect the
widespread use of an anticaries vaccine.

Saliva
Saliva, as noted earlier in this chapter, provides an efective irst
line of defense against dental caries. Saliva works by diluting acid
produced in bioilm, washing the acid away (swallowing), bufering
the produced acid (bicarbonate + phosphate), and assisting in
remineralization (calcium + phosphate). Saliva also works by forming
a pellicle. When normal salivary low rates are compromised, patients
are usually at high risk for developing caries.
Normal aging does not result in reduced salivary low rates;
however, many older patients have compromised salivary low rates
as a result of medications taken for systemic conditions. Many
commonly prescribed medications have hyposalivation as a potential
side efect. A recent study has indicated that 63% of the 200 most
commonly prescribed drugs in the United States have the adverse
efect of reduced salivary low rates.70
One important strategy for the prevention of caries in such
patients is to increase the salivary low rate and, by this, the
concomitant bufering capacity. For these patients, gathering initial
baseline data on salivary low rates is critical. Commercial kits are
available for the assessment of salivary low. hese kits provide
data on simulated low rates, the pH of saliva, and the level of
bufering capacity. If saliva samples are sent for microbiologic
testing, speciic MS and lactobacilli counts may be determined.
Speciic strategies for improving low rates and reducing bacterial
counts may then be initiated. Subsequent retesting is necessary to
identify the relative eicacy of the strategies.

TABLE 2.13

When attempting to improve salivary low rates, a consultation
with the patient’s physician may be in order. It may be possible
that a less xerogenic drug be prescribed or the dose of a current
drug reduced. Changing the time of taking the medication(s) may
be useful. Prescribing salivary stimulants such as pilocarpine or
cevimeline may be very beneicial in patients with functioning
salivar y glands but who have medication-induced
hyposalivation.
Other strategies to improve salivary low rates include increased
water intake, use of sugar-free candies/mints several times a day,
and/or use of xylitol chewing gum. Xylitol will be discussed in
the next section.

Chemical Agents
Chemical agents to help modulate the bioilm have been proposed.
hese agents have been shown to reduce MS levels but this alone
has not been shown to modify caries outcomes.71 Prior to initiating
procedures to reduce the numbers of cariogenic bacteria in the
oral cavity, bacterial testing should be conducted to determine
baseline microbiologic variables. Saliva samples may be tested for
speciic MS and lactobacilli levels; commercial devices may help
evaluate the level of ATP in the bioilm. Bacterial counts or ATP
levels are not reliable risk indicators but can be useful as motivational
tools for patients.
Various antimicrobial agents are available (Table 2.13). As
discussed, luoride has antimicrobial efects. Two difering strategies
have been suggested for reducing bacterial counts. he traditional
approach is the use of chlorhexidine (CHX) mouthwash, varnish,
or both, along with prescription luoride toothpaste. When using
this approach, it may be prudent to use toothpaste free from
sodium laurel sulfate (SLS), which causes the foaming action in
dentifrices. Although data are equivocal, evidence demonstrates
that SLS reduces the ability of CHX to reduce bioilm formation.72
Although CHX decreases MS, there is no evidence that it decreases
caries incidence in the absence of luoride.
CHX was irst available in the United States as a rinse and was
irst used for periodontal therapy. It was prescribed as a 0.12%

Antimicrobial Agents

Mechanism of Action

Spectrum of
Antibacterial
Activity

Persistence
in Mouth

Adverse Effects

Vancomycin

Blocks cell wall synthesis

Narrow

Short

Increases gram-negative lora

Kanamycin

Blocks protein synthesis

Broad

Short

Can increase caries activity

Actinobolin

Blocks protein synthesis

Streptococci

Long

Unknown

Alexidine

Antiseptic; prevents bacterial adherence

Broad

Long

Bitter taste; stains teeth and tongue brown;
mucosal irritation

Chlorhexidine

Antiseptic; prevents bacterial adherence

Broad

Long

Bitter taste; stains teeth and tongue brown;
mucosal irritation

Iodine

Bactericidal

Broad

Short

Metallic taste

Fluoride

1–10 parts per million (ppm) reduces
acid production; 250 ppm
bacteriostatic; 1000 ppm bactericidal

Broad

Long

Increases enamel resistance to caries attack;
luorosis in developing teeth with chronic
high doses

Antibiotics

Bis Biguanides

Halogens
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rinse to high-risk patients for short-term use. It is also available
as a varnish, and the most efective mode of varnish use is as a
professionally applied material.73 Chlorhexidine gluconate (0.12%)
solution is efective in its ability to chelate cations and, as a result,
disrupts cell adhesion, cell membrane function, and the ability of
MS to uptake glucose and produce glucans and its metabolism
resulting in a decrease in MS counts. Emilson concluded that
CHX varnishes provide efective reduction in MS, although recent
evidence is not as conclusive in favor of a CHX rinse.74,75 Despite
some favorable evidence, because there is only a weak correlation
with a reduction in caries, CHX currently has very limited application as a regularly used caries management antimicrobial agent.
Xylitol is a natural ive-carbon sugar obtained from birch trees.
MS cannot ferment (metabolize) xylitol, so no acid is produced.
Over time xylitol reduces the number of MS in the bioilm. It is
usually recommended that patients chew two pieces of xylitol gum
containing a total of 1 g xylitol 3 to 6 minutes after eating or
snacking. Chewing any sugar-free gum after meals reduces the
acidogenicity of the bioilm because chewing stimulates salivary
low, which improves the bufering of the pH drop that occurs
after eating.80 Reductions in caries rates are greater however when
xylitol is used as the sugar substitute.81Although there is some
suggestion that xylitol may reduce caries rate,82 enhance remineralization, and help arrest dentinal caries,78,79,162 studies in adults have
not been able to conirm its role on caries control163 except for
root caries.164 he evidence supporting the use of xylitol products
for the purpose of caries reduction in both adults and children is
very weak.165
A myriad of other chemical agents have been suggested to
selectively kill gram-positive cariogenic coaggregates of bacteria.
Among these are propolis, nutraceutical phenols from licorice root,
arginine, and bactericidal products such as sodium hypochlorite
0.2% in the form of an oral rinse.166-168 However, despite the efect
of these strategies on decreasing cariogenic bacteria counts, they
have not been shown to actually decrease caries incidence in the
absence of luoride. Caries is a bioilm disease modulated by diet;
therefore changes to bacterial counts will have a short-term impact
on the caries process. In the absence of other changes, for example
a signiicant reduction in fermentable carbohydrate intake, the
bioilm microbiome will continue to adapt to the acidogenic and
aciduric environment caused by a highly cariogenic diet; and these
antimicrobial strategies will have little impact on caries
outcomes.

Calcium and Phosphate Compounds
Amorphous calcium-phosphate (ACP) products have become
commercially available and reportedly have the potential to
remineralize tooth structure.83 ACP is a reactive and soluble calcium
phosphate compound that releases calcium and phosphate ions to
convert to apatite and remineralize the enamel when it comes in
contact with saliva. Forming on the tooth enamel and within the
dentinal tubules, ACP provides a reservoir of calcium and phosphate
ions in the saliva.84 Casein phosphopeptide (CPP) is a milk-derived
protein that binds to the tooth’s bioilm and is used to stabilize
ACP. Remineralization products that use CPP as a vehicle to deliver
and maintain a supersaturation state of ACP at or near the tooth
surface have recently been introduced. Some of these products
contain other caries-preventive agents such as luoride and xylitol
(e.g., MI Paste Plus, GC America, Alsip, IL). Gum, lozenges, and
topically applied solutions containing CPP-ACP have also been
reported to remineralize white spots.85,86 Mounting evidence
indicates that CPP-ACP complexes, when used regularly, are efective
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in enamel remineralization87-90; however, most of these studies
have not looked at its efect independent of luoride. he CPP-ACP
products must not be prescribed to patients with allergies to dairy
(milk) proteins.

Probiotics
One novel approach for reducing dental caries that has emerged
in recent years is that of probiotics. he fundamental concept is
to inoculate the oral cavity with bacteria that will compete with
cariogenic bacteria and eventually replace them. Obviously the
probiotic bacteria must not produce signiicant adverse efects.
A number of commercial products have been introduced and
have been demonstrated to be safe in short-term studies. However,
their relative level of eicacy remains unknown. It has been speculated that for the probiotic microorganisms to gain dominance,
existing pathogens must irst be eliminated. he concept of probiotics holds signiicant promise but considerably more research is
required.
Sealants
Although luoride treatments are most efective in preventing
smooth-surface caries, they are less efective in preventing pit-andissure caries. he use of sealants is an efective preventive treatment
for caries in pit-and-issure areas.91 Sealants have three important
preventive efects. First, sealants mechanically ill pits and issures
with a resin-based polymer. Second, because the pits and issures
are physically closed of from the oral environment with the sealant
resin, MS and other cariogenic organisms no longer have access
to their preferred habitat. hird, sealants render the surface of the
tooth, where the pits and issures are located, easier to clean by
toothbrushing and mastication (Figs. 2.44 and 2.45).
Based on the available scientiic literature, pit-and-issure sealants
are appropriate for prevention of caries in susceptible teeth and,
within limits, for arresting initial caries lesions.92-96 here is mounting
evidence that sealing initial lesions is an efective means to arrest
dental caries.169
Another strategy recently introduced is the use of extremely
low-viscosity resin sealants for the iniltration of white-spot caries
lesions on smooth surfaces97 (Fig. 2.46). In situ studies demonstrate
the ability of resin sealants, also called iniltrants, to prevent further
demineralization under cariogenic conditions.98 Resin iniltrants
have reportedly been used in free (i.e., facial and lingual) as well
as in interproximal enamel surfaces. However, similar to the sealant
technique used in pit-and-issure areas, the technique requires
careful attention to detail. A practice-based randomized clinical
research trial has indicated that iniltration was more efective at
preventing lesion progression than instructions on oral hygiene,
lossing, and luoride use.170
Restorations
he status of a patient’s existing restorations may have an important
bearing on the outcome of preventive measures and caries treatment.
Old restorations that are rough and plaque retentive should be
smoothed and polished. If the marginal integrity is inadequate,
then the restoration should be repaired or replaced. Restoration
defects such as overhangs, open proximal contacts, and defective
contours contribute to plaque formation and retention. hese
defects should be corrected, usually by replacement of the defective
restoration. Detection of caries around restorations and sealants
(CARS) (“secondary caries”) may be diicult around old restorations.
Discoloration of the enamel adjacent to a restoration suggests the
potential for CARS, but is not a deinitive diagnosis. his condition
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• Fig. 2.44

A and B, Sealant applied to the central fossa of a maxillary
second molar. This tooth was treated because of the appearance of chalky
enamel and softening in the central fossa. A highly illed sealant was used
(see Fig. 2.43).

D

• Fig. 2.45

A and B, Radiograph of a maxillary irst molar with a deep
central fossa pit that appears to penetrate to the dentin. C and D, The
central pit was sealed with a highly illed, radiopaque sealant. The sealant
is readily visible on the radiograph.

A

B

C

D

• Fig. 2.46 A, Radiographic image of irst mandibular molar with a proximal lesion on distal surface.
B, Tooth was iniltrated according to manufacturer’s instructions (Icon, DMG America). C and D, Clinical
images of smooth-surface lesions on anterior teeth before and after iniltration, with Icon. (A, Courtesy
Dr. Andrea Cortes, Operative Dentistry Specialization Program, El Bosque University. B, Courtesy Dr. Olga
Lucia Zarta (chair) and Dr. Ainimsay Benitez (resident), Operative Dentistry Specialization Program, Dental
School, El Bosque University, Bogotá, Colombia. C and D, Reprinted with permission from Meyer-Lueckel
H, Paris, Zahnmedizin up2date 267–290, 2017.)
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appears as a localized opalescent area next to the restoration margins.
(Exception: A bluish color of facial or lingual enamel that directly
overlies an old, otherwise acceptable amalgam restoration does not
indicate replacement unless there is a need for improvement of
esthetics. Such a discoloration may be caused by the amalgam
itself.) Because metallic restorations are radiopaque, the radiolucency
of CARS may be masked. he restoration of cavitated active caries
lesions is preventive only because it removes large numbers of
cariogenic organisms and some of the sites in which they may be
protected, and it restores adequate tooth contours and surface
smoothness that may facilitate oral hygiene. As emphasized earlier,
the placement of a restoration into a cavitated carious tooth does
not cure the caries process.
Although caries diagnostic and preventive measures have been
improved and are more widely used, the repair of destruction
caused by the caries process still is necessary for many patients.
he treatment regimen is dictated by the patient’s caries status. If
the patient is at high risk for caries development, treatment should
consist of restorative procedures concomitant with many of the
preventive measures described previously. he damage done by
caries may be repaired while at the same time seeking to lower the
patient’s risk status for further caries development. Sometimes,
patients present with active caries lesions in numerous teeth. Because
these teeth may be in jeopardy and because of the large numbers
and sites of cariogenic bacteria, arresting medication for caries
control (e.g., SDF) or restorative treatment for caries control may
be indicated, as described later in this section. his procedure
rapidly eliminates the caries lesions, providing better assessment
of the pulpal responses of some teeth and greater success of the
preventive measures instituted. Later, teeth may be restored with
more deinitive restorations.
Once caries has produced cavitation of the tooth surface, unless
the cariogenic bioilm can be removed from a cavitated caries
lesion or the lesion has been treated with SDF, preventive measures
will be inadequate to prevent further progression of the lesion.
Excision of the lesion (tooth preparation) and proper tooth restoration will not only stop the progression of active, cavitated lesions
but also restore tooth function and esthetics.

Clinical Considerations for Caries Removal
Under normal operative clinical circumstances, in a vital permanent
tooth with no symptoms or signs of pulpal pathology, the extent
of the dentin caries removal (excavation) is dictated primarily by
lesion severity and depth:
• Moderate lesions (lesions not reaching the inner one third of
dentin and with no anticipated risk of pulp exposure) should
be excavated to a caries-free DEJ and irm dentin.
• Advanced (deep) lesions (lesions reaching the inner one third
of dentin and with anticipated risk of pulp exposure) should
be excavated to a caries-free DEJ and soft dentin, following a
selective caries removal (SCR) protocol.171,172
For a complete description of current caries classiication criteria
based on lesion severity and activity, please see Chapter 3. he
SCR protocol is a professionally recognized and accepted tooth-level
caries control treatment,173-176 and it can be used on any tooth
with an advanced (deep) caries lesion that is deemed restorable,
and for which the pulpal and periapical areas are deemed healthy.
Selective caries removal consists of complete caries removal peripherally to a sound, caries-free DEJ; axially and pulpally, caries is
removed to within approximately 1 mm of the pulp within soft
dentin; a glass ionomer (e.g., Fuji IX, GC America, Alsip, IL)
temporary restoration or a deinitive restoration is then placed.
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Growing evidence suggests that temporization followed by reentry
does not contribute to improved clinical outcomes27, 28; therefore
current research supports the placement of a deinitive restoration.30,177-181 Selective caries removal allows a restoration to be
placed while avoiding pulpal exposure.26 Avoiding a pulpal exposure
has a great impact on the lifetime prognosis of the tooth and
long-term treatment costs.182 Although the residual dentin thickness
cannot be accurately assessed clinically, its preservation is a signiicant
factor in avoiding pulpal distress.183,184
In slowly advancing lesions, it is expedient to remove the soft
(infected) dentin until the readily identiiable hard (sclerotic) dentin
is reached. In rapidly advancing lesions (see Figs. 2.36, 2.37, and
2.43A), little clinical evidence (as determined by texture or color
change) exists to indicate the extent of the soft (infected) dentin.
For deep lesions, this lack of clinical evidence may result in an
excavation that risks pulp exposure. In a tooth with a deep advanced
caries lesion, no history of spontaneous pain, normal responses to
thermal stimuli, and a vital pulp, a deliberate, selective caries lesion
removal (as noted) may be indicated. his procedure is supported
by a large body of evidence.26-34,99-123,185-192
Removal of the bacterial infection has been seen as an essential
part of all operative procedures; however, even removal of dentin
up to hard dentin in deep, advanced caries lesions does not ensure
a “sterile” dentin as bacteria have been found to be present in all
dentinal layers in deep caries lesions. Nevertheless, even when
bacteria are present, compounding evidence indicates that when
a good seal is present the lesion will arrest193-196 (see Fig. 2.18E–L).
herefore it is not necessary to remove all of the dentin that has
been compromised by the caries process. Although caries detection
solutions such as 1% acid red 52 (acid rhodamine B or food red
106) in propylene glycol35 have been developed to help stain the
infected layer, these dyes bind and stain the demineralized dentin
matrix and do not stain bacteria exclusively. Complete removal of
all stained tooth structure in the preparation therefore ultimately
leads to signiicantly larger preparations than the traditional visualtactile method of evaluating for caries removal, so their use is no
longer recommended.197-199
he following are additional clinical considerations for caries
lesion removal:
a. Regardless of which protocol is used for caries removal (caries
removal to irm dentin or selective caries removal to soft dentin),
the tooth may be restored with a inal restoration (Figs. 2.47
and 2.48). However, the patient should be clearly informed
that in the treatment of advanced (deep) dentin caries some
leathery and soft dentin may remain under the restoration. his
remaining caries-afected dentin has many implications, including
higher risk for endodontic complications205 (not because “caries
was left under the restoration” but because deep caries was
present to begin with) and a radiographic presentation that
may suggest secondary or residual caries.
b. Although there is overwhelming scientiic evidence in support
of the SCR protocol, this is still a controversial clinical procedure
in certain countries32 with potential liability implications as
well as implications for clinical board examinations, most of
which still require complete caries removal (excavation) to hard
dentin as a criteria for a successful clinical board
examination.
c. he patient should be clearly informed of the risks and beneits
of the selective caries removal to soft dentin protocol, and
provide informed consent. If the patient is not willing to accept
the risks, then the alternative, either complete caries removal
with a higher risk of complications (endodontic therapy,
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postoperative sensitivity) or tooth extraction, should be
presented.
d. A sealed tooth-restoration interface is critical for the success of
the restorative procedure (see Fig. 2.18E–L). When a proper
seal is NOT obtained, or when/if the seal is compromised,
marginal leakage and ingress of bacteria/luids/nutrients will
allow lesion progression. his is particularly critical when soft
dentin remains under the restoration.
e. When excavating advanced (deep) dentin caries, if a caries-free
DEJ cannot be obtained, a protective restoration (sedative illing,
temporary restoration) should be used and tooth restorability
should be reassessed. A permanent restoration should not be
used unless a sound DEJ (or peripheral dentin margin) is reached
(see Figs. 2.47 and 2.48).
f. In slowly advancing lesions, it is practical to remove the soft
(infected) dentin until irm (demineralized, afected) dentin is
reached. Despite being demineralized, with adequate marginal
seal, the lesion may arrest and the affected dentin may

remineralize. his allows for the most conservative tooth preparation without jeopardizing the restoration.
g. he pulpal diagnoses outlined here rely on signs and symptoms
of pulp pathology using the best diagnostic tools available.
However, actual pulpal status is difficult to determine
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Dentin

Dentin

Pulp

Pulp

B
A

B
Excavated area
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definitive
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• Fig. 2.47 Schematic representation of caries-control procedure. A and
B, Faciolingual (A) and mesiodistal (B) cross sections of mandibular irst
molar show extensive preoperative occlusal and proximal caries lesions.
C, Tooth after excavation of extensive caries. Note remaining unsupported
enamel. D, Temporary amalgam restoration inserted after appropriate liner
or base.
D
• Fig. 2.48

A, Preoperative clinical radiograph illustrating extensive
caries lesion in the proximal and occlusal regions of the mandibular right
irst molar. Initial caries excavation of tooth. B, Remaining caries requires
further excavation. Also, note the wedge in place, protecting rubber dam
and soft tissue; it has been lightly shaved by a bur. C, Remaining unsupported enamel under mesiolingual cusp. D, Tooth ready for placement of
temporary restoration. Carious involvement required further extension than
that seen in B and C. Liner or base material has been applied to deepest
excavated areas, and matrix, appropriately wedged, has been placed.
E, Temporary restoration completed for caries-control procedure. Caries
has been eliminated, the pulp adequately protected, and interarch and
intraarch positions of tooth maintained by caries-control procedure.
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clinically—bacteria and toxins progressing ahead of caries may
cause areas of undetectable and asymptomatic pulpal necrosis
or irreversible pulpitis.
Use of calcium hydroxide (or other liner/base materials) after
caries removal and before use of a protective or inal restoration
does not appear to improve outcomes.200
Teeth that are restorable only by use of full cuspal coverage
restoration generally are not appropriate for the SCR technique
because of the diiculty of evaluating the tooth for possible
failures such as continuing caries activity under the full coverage
restoration. Another concern is the cost of rectifying failures.
his protocol recognizes that exposures will occur despite
admonitions to leave soft and leathery (infected) dentin rather
than expose the pulp. Whenever there is a pulp exposure, the
treatment should be consistent with existing endodontic
guidelines for vital pulp exposures.
Advances in vital pulp therapy may allow successful endodontic
therapy of pulp exposures without the need for root canal
treatment. With the advent of tricalcium silicates, the prognosis
of pulp capping (partial and full pulpotomy of permanent mature
teeth) has tremendously improved. Recent observational and
randomized trials, as well as systematic reviews and meta-analyses,
have shown that these procedures have success for pulp vitality
that exceeds 90%.201-203 Complete caries removal with the option
of vital pulp therapy should be one of the options ofered to
the patient during the informed consent process.
he SCR protocol can be applied either on a single tooth being
treated or to several teeth in a caries control phase treatment.
High caries risk patients with multiple cavitated caries lesions
can beneit from a treatment plan designed speciically to gain
control over the rapid progression of their disease. he term
caries control refers to a procedure in which multiple teeth with
acute threatening caries are treated quickly by (1) applying a
medication (e.g., SDF) to arrest the caries lesions or (2) removing
the infected tooth structure, medicating the pulp if necessary,
and restoring the defect(s) with a temporary or deinite material.
he intent of caries-control procedures is immediate, corrective
intervention of advanced caries lesions so as to prevent pulpal
disease and avoid possible sequelae such as toothache, root
canal therapy, or more complex ultimate restorations.
his allows the caries process in these cavitated lesions to
be essentially arrested and the overall bacterial load to be reduced.
Caries-control procedures must be accompanied by other preventive measures (Table 2.14). Teeth rapidly treated by caries-control
procedures subsequently may be treated by using routine
restorative techniques if appropriate pulpal responses are
obtained.

Root Carie Management
It is clear that the baby boom generation of North America is
aging. In the year 1900, 3% of the US population was over 60
years of age, whereas in the year 2000, 13% of the population
was over 60 years.124 In the year 2030, it is estimated that at least
20% of the population will be 60 years or older. Root caries is a
pervasive problem in a high percentage of older patients.125,126
Many of these patients have had extensive restorative dentistry
done in their lifetimes. Approximately 38% of patients between
the ages of 55 and 64 years have root caries, and 47% of those
between 65 and 74 years have experienced root caries.127 he
incidence of root caries in old-older adults (over 75 years) is even
higher.128

TABLE 2.14
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Caries-Control Restoration

Initial treatment

Caries risk assessment
Education and motivation
Thorough evaluation and documentation of
lesions
Temporization of all large cavitated lesions by
caries-control restorations
Speciic nonrestorative, therapeutic treatment
(see Table 2.10)
Plaque control (see Table 2.10, technique C)
Dietary control (see Table 2.10, technique A)

Preliminary
assessment

Gingival response as a marker of plaque
bioilm control effectiveness
Arrest of cavitated lesions with SDF as
indicated
Pulpal response of teeth with selective
caries-excavation and restoration
Assessment of patient compliance with
medications, oral hygiene, and dietary
control measures

Follow-up care

Careful clinical evaluation of teeth
Replacement of caries-control restorations with
permanent restorations
Monitoring of plaque bioilm and mutans
streptococci (MS) levels
Further antimicrobial treatment and dietary
reassessment as indicated by new
cavitations, noncavitated lesions, or high MS
levels

One of the primary etiologic factors for these patients is their
use of prescription drugs for a wide variety of systemic medical
problems. It has been estimated that 63% of the 200 most commonly prescribed medications have dry mouth as an adverse efect.
It is the subsequent reduction in salivary low rates and concomitant
diminished bufering capacity resulting from use of these medications
that is primarily responsible for the increase in root caries in older
patients.
The critical pH of dentin (pH at which dentin begins to
demineralize) is between 6.2 and 6.7, whereas that of enamel is
about 5.5.129 As a result, root dentin will demineralize in very
weak acids, and root caries progresses at about twice the rate of
coronal caries. hus it is critical that all older patients receive
thorough clinical and radiographic examinations on a regular basis.
As described previously in this chapter, a caries risk assessment
should be carried out for all older patients. Factors that increase
the risk for root caries include the following:
1. Gingival recession
2. Poor oral hygiene
3. Cariogenic diet
4. Presence of multiple restorations or multiple missing teeth
5. Existing caries
6. Xerogenic medications
7. Compromised salivary low rates
Once it has been determined that a patient is at high risk for
root caries, an aggressive preventive protocol should be considered.
his protocol is based upon four primary strategies for the prevention
of root caries. he irst strategy is to improve salivary low rates
and increase the bufering capacity. he second strategy is to modulate
a cariogenic bioilm in the oral cavity. he third strategy is to
reduce the quantity and numbers of exposures of ingested reined
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carbohydrates, and the fourth is to attempt to remineralize initial
lesions and prevent new lesions from developing. In addition to
following the aforementioned protocol, three additional considerations are important:
1. Use of powered toothbrushes and irrigation devices. It is critical
that patients susceptible to root caries practice meticulous oral
hygiene. However, many of these patients have physical and
visual deiciencies, which makes it diicult for them to adequately
cleanse the mouth. For these patients, a powered toothbrush
may be advantageous.207 Additionally, daily use of a water
irrigation device (Waterpik, Water Pik Inc., Fort Collins, CO)
may be beneicial. Although the device will not remove bioilm,
studies have shown that daily use will change the composition
of the bioilm in a beneicial way. However, since the toothbrush
essentially provides the means of luoride delivery, use of a
water irrigation device alone is not indicated unless used with
a luoridated rinse (e.g., ACT).
2. Restoration of all root caries lesions with a luoride-releasing
material. Resin-modiied glass ionomer materials are preferred

for deinitive restorations of active root caries lesions primarily
because they bond efectively to both enamel and dentin and
they act as reservoirs for luoride, which may be re-released
into the oral cavity.130,131 hese materials may be efective as
anticaries materials only if patients reload the material a
minimum of three times a day by brushing with luoridecontaining toothpaste or by using other luoride-containing
products.208 Alternatively these same root caries lesions can be
arrested by application of SDF (see Fig. 2.43D and E).
3. Educating patients of the necessity for three exposures to luoride
per day and for reloading the luoride-releasing materials can
assist in motivating them to improved levels of compliance.208
In summary, many older patients are experiencing an epidemic
of root caries, primarily as a result of the hyposalivatory efects of
medications prescribed for systemic illnesses. Many root caries
lesions occur in locations that make them diicult if not impossible
to restore. he dental profession has a strong track record of prevention, and it is clear that with root caries, prevention is much better
than restoration.

Summary
Caries management eforts must be directed not at the tooth level
(traditional or surgical treatment) but at the total-patient level
(medical model of treatment). Restorative treatment does not cure
the caries process. Instead, identifying and eliminating the causative
factors for caries must be the primary focus, in addition to the
restorative repair of damage caused by caries.
Much of the remainder of this textbook presents information
on when and how to restore tooth defects. Many tooth defects
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Patient Assessment, Examination,
Diagnosis, and Treatment Planning
LEE W. BOUSHELL, DANIEL A. SHUGARS, R. SCOTT EIDSON a

T

his chapter provides an overview of the process through
which a clinician completes patient assessment, clinical
examination, diagnosis, and treatment planning for operative
dentistry procedures. he chapter assumes that the reader has a
background in oral medicine and an understanding of how to
perform complete (comprehensive) extraoral and intraoral hard
and soft tissue examinations, as well as an understanding of the
etiology, characteristics, risk assessment, and management of dental
caries as presented in Chapter 2. It is not in the scope of this
chapter to incorporate the details of other aspects of a complete
dental examination, such as periodontal, occlusal, and esthetic
examinations. Appropriate textbooks that cover the speciics of
these areas, in health and disease, should be consulted.
Any discussion of diagnosis and treatment must begin with an
appreciation of the role of the dentist in helping patients maintain
their oral health. his role is summarized by the Latin phrase “primum
non nocere,” which means “do no harm.” his phrase represents a
fundamental principle continually embraced by those in the healing
arts over many centuries.
he implication of this concept for operative dentistry is that, before
we recommend treatment, we must be reasonably conident that the
patient will be better of as a result of our intervention. However,
how can we be reasonably conident when we realize that few, if any,
of the tests we perform or the assessments of risk that we make are
completely accurate? To make matters even more challenging, none of
the treatments we provide is without adverse outcomes and none will
likely last for the life of the patient. he answer is that we must
acknowledge that the information or evidence we have is not perfect
and that we must be clear about the possible consequences of our
decisions. If we are informed and clear about options and their
consequences, then we reduce the chances of doing any harm.
he success of operative treatment depends heavily on an
appropriate plan of care, which, in turn, is based on a comprehensive
analysis of the patient’s reasons for seeking care and on a systematic
assessment of the patient’s current conditions and risk for future
problems. his information is then combined with the best available
evidence on approaches to management of the patient’s needs so
that an appropriate plan of care may be ofered.
he collection of this information and the determinations based
on examination indings should be comprehensive and accomplished
in a stepwise manner. Simply put, skipping steps may lead to
a
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overlooking potentially important parts of the patient’s individual
needs. hese steps include reasons for seeking care, medical and
dental histories, clinical examination for the detection of abnormalities, establishing diagnoses (which includes assessing risk), and
determining prognosis. All of these steps must occur before a
sound and appropriate plan of care may be developed and
recommended.
Growing attention to using only the most efective and appropriate treatment has spawned interest in numerous research eforts.
Research that provides information on treatments that work best
in certain situations is expanding the knowledge base of dentistry
and has led to an interest in translating the results of that research
into practice activities that enhance care for patients. his movement
has been termed evidence-based dentistry and is deined as the
“conscientious, explicit, and judicious use of current best evidence
in making decisions about the care of individual patients.”1 Systematic reviews emerging from the focus on evidence-based dentistry
will provide practitioners with a distillation of the available
knowledge about various conditions and treatments. It is incumbent
on the authors of the systematic review to openly discuss the
strengths and weaknesses of the reviewed studies as well as the
relative value of their conclusions for application in dental care.
Currently, the American Dental Association (ADA) has developed
a website (http://ebd.ada.org/) that may be used by dental professionals for evidence-based dentistry decision making. his website
helps clinicians identify systematic reviews, describes the preferred
method for assembling the best available scientiic evidence, and
provides an appraisal of the evidence through critical summaries.
As evidence-based dentistry continues to expand, professional
associations will become more active in the development of
guidelines to assist dentists and their patients in making informed
and appropriate decisions.

General Conideration
It is diicult to overstate the importance of gaining comprehensive
insight into each patient. Dentistry has, by its very origins, been
heavily focused on reconstruction of damaged areas. However,
nothing that we design and create has the ability to withstand the
wet, warm, salty, thermally cycled, and cyclically loaded environment
of the oral cavity for the whole life of the patient. herefore the
emphasis in dentistry has shifted toward understanding and
maintaining conditions consistent with a healthy stomatognathic
95
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system so that steps may be taken to prevent dental disease. he
speciic circumstances of each individual must be considered in
light of the known requirements of optimal oral health. Gaining
insight into individual circumstances begins with proper patient
assessment. Medical and dental health survey questions are excellent
basic tools designed to facilitate this process. Responses to the
broad overview questions (generally referred to as the “medical
history” and “dental history”) then enable speciic exploration of
previous or current conditions unique to the individual patient,
that may represent risk factors or indicators for dental disease, as
well as the primary reason (i.e., the chief concern) that prompted
the patient to seek the assistance of the dentist. his interview
process is then followed by the clinical gathering of additional
information by means of strategic examination. he examination
is the “hands-on” process of observing the patient’s extraoral and
intraoral structures and detecting of symptoms and signs of abnormal
conditions or disease. During the clinical examination, the dentist
must be keenly sensitive to subtle symptoms (that the patient
reports), signs (that the dentist detects), and variations from normal
to detect pathologic conditions and determine etiologic factors.
he discovery of additional risk factors/indicators may occur during
the examination. he combined patient assessment and examination
information is then used to formulate diagnoses (and risk proiles),
which are a determination or judgment of health versus disease,
variations from normal, and likelihood for the development of
additional disease. he dentist must be committed to comprehensive
and meticulous attention to detail.

Patient Aement
Medical Hitory
he patient or legal guardian completes a standard, comprehensive
medical history form. his form is an integral part of the preexamination patient interview, which helps identify conditions that
could alter, complicate, or contraindicate proposed dental procedures. he practitioner should identify (1) communicable diseases
that require special precautions, procedures, or referral; (2) allergies
or medications, which may contraindicate the use of certain drugs;
(3) systemic diseases, cardiac abnormalities, or joint replacements,
which may require prophylactic antibiotic coverage or other treatment modiications; and (4) physiologic changes associated with
aging, which may alter clinical presentation and inluence treatment.
he practitioner also might identify a need for medical consultation
or referral before initiating dental care. All of this information is
carefully detailed in the patient’s permanent record and is used,
as needed, to shape subsequent treatment recommendations.

Dental Hitory
he dental history is a review of previous dental experiences and
current dental problems. Review of the dental history often reveals
information about past dental problems, previous dental treatment,
and the patient’s responses to treatments. Frequency of dental care
and perceptions of previous care may be indications of the patient’s
future behavior. If a patient has diiculty tolerating certain types
of procedures or has encountered problems with previous dental
care, an alteration of the treatment or environment might help
avoid future complications. It is crucial to understand past experiences in order to provide optimal care in the future. Also, this
discussion might lead to identiication of speciic problems such
as areas of food impaction, inability to loss, areas of pain, and

broken restorations or tooth structure. Finally, the date, type, and
diagnostic quality of available radiographs should be recorded so
as to ascertain the need for additional radiographs and to minimize
the patient’s exposure to ionizing radiation.

Chief Concern
Before initiating any treatment, the patient’s chief concerns, or
the problems that initiated the patient’s visit, should be identiied
and clearly understood. Concerns are recorded essentially verbatim
in the dental record. he patient should be encouraged to discuss
all aspects (symptoms) of the current problem(s), including onset,
duration, and related factors they are experiencing. his information
is vital to establishing which speciic diagnostic tests are required,
determining the cause, selecting appropriate treatment options for
the concerns, and building a sound relationship with the patient.

Examination
It is somewhat artiicial to discuss examination as a separate entity
from patient assessment for aspects of the patient “examination”
begin during initial conversations with the patient. Careful observation of extraoral symmetry of the patient’s physical appearance of
the head and neck areas, mandibular movement during speech,
ability to articulate sounds, and tendencies to smile provides vital
information relative to overall presence or absence of abnormalities
or disease. hese observations occur while reviewing/clarifying
information reported in the medical and dental history and while
listening to the patient’s chief concern(s). By deinition, these early
observations are all extraoral in nature.
Many examination data recording systems utilize organizational
logic that begins with “extraoral examination” followed by “intraoral
examination” so as to facilitate the recording of observational
information (what the dentist observes while interacting with the
patient). Utilization of clinical photography to capture full face
and proile images is particularly useful in this process. Any observations will ultimately be followed by the physical examination necessary to assess extraoral aspects of the muscles of mastication,
temporomandibular joints (TMJs), lymphnodes, and other vital
structures, which will then be followed by intraoral examination.

Examination of Ethetic Appearance
Examination of esthetic appearance may be described as the evaluation of tooth color, form, display, and position in relation to the
face. Evaluation must include discussion of realistic esthetic
expectations when considering treatment options with the patient.
Attaining the desired esthetic outcomes may be complicated by
maximum tooth display and excessive or uneven tissue display.
Risk of patient dissatisfaction with treatment outcomes may be
lowered by careful attention to the establishment of intrafacial,
intraarch, and interarch tooth positions that have been identiied
as consistent with maximum esthetics. his is accomplished in
light of the reality that when individual teeth are correct in their
anatomic shape, and positioned in the face and arches for optimum
function, then the overall esthetic result will be optimal (“form
follows function”). Tooth color evaluation becomes a factor if teeth
are more visible when smiling or at the resting position of lips.
Darker colored teeth, teeth with enamel intrinsic staining, and
conditions such as tetracycline staining all increase the risk for not
satisfying the esthetic expectations of patients with tooth color
concerns. Symmetry of gingival margins becomes very important
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in patients who display a large amount of gingival tissue when
smiling. Lack of symmetry increases the risk of not meeting the
patient’s esthetic expectations. Presence of multiple risk factors
requires in-depth, careful consideration of the various components/
relationships of the stomatognathic system, the ability to develop
an interdisciplinary treatment plan, and excellent listening skills
so as to identify realistic options consistent with the patient’s overall
esthetic expectations. All of this must be accomplished without
compromising the short- and long-term dental health of the patient
(“do no harm”). In many of these situations, conservative direct or
indirect enamel-supported restorations are more appropriate for
long-term risk management than are more aggressive preparations
that remove relatively more tooth structure.

Examination of Occluion
A careful examination of the patient’s current occlusal scheme,
along with potential impact on the muscles of mastication and
TMJs, must occur before planning and implementing restorative
care (see Chapter 1). his examination includes identiication of
signs of occlusal trauma, such as heavy wear facets, enamel cracks,
or tooth mobility, and notation of occlusal abnormalities that may
be contributing to pathologic conditions such as bone loss.
Identiication of the current relative health of the stomatognathic
system then allows consideration of the potential ability of the
proposed restorative treatment to achieve harmonious function of
each component of the system. Careful analysis may identify need
for modiication of the current occlusal scheme prior to the initiation
of any deinitive restorative care.
he static and dynamic occlusion must be examined carefully
(see Chapter 1) in light of the observation that there is no “ideal”
occlusion and that most patients may have the ability to adapt
to their occlusion without clinical symptoms. However, the clinician must understand the normal physiologic response of the
muscles of mastication to various occlusal interrelationships and
be able to identify where, for a speciic patient, pathology (of
the dentition, muscles of mastication, and/or TMJs) is present
and what modiications may be indicated. A description of the
patient’s static anatomic occlusion in maximum intercuspation,
including the relationship between molars and canines (Angle Class
I, II, or III), and the amount of vertical overlap (overbite) and
horizontal overlap (overjet) of anterior teeth should be recorded.
his should include assessment of the presence and speciics of
any functional shift from centric relation occlusion to maximum
intercuspation. he presence of missing teeth and the relationship
of the maxillary and mandibular midlines should be determined.
he appropriateness of the occlusal plane and the positions of
malposed teeth should be identiied. Supererupted teeth, spacing,
fractured teeth, and marginal ridge discrepancies should be noted.
he dynamic functional occlusion in all movements of the mandible
(right, left, forward, and all excursions in between) should be
evaluated. he evaluation also includes assessing the relationship
of teeth in centric relation, which is the orthopedic position of the
joint where the condyle head is in its most anterior and superior
position against the articular eminence within the glenoid fossa.
Functional movements of the mandible are evaluated to determine
if canine guidance or group function exists. he presence and
amount of anterior guidance is evaluated to note the degree of
potential posterior disclusion. Teeth are examined for abnormal
wear patterns that are excessive and not age appropriate. If signs
of abnormal or premature wear are present, the patient is queried
as to awareness of any contributing parafunction habits such as
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grinding or clenching. Nonworking-side excursive contacts are
recorded and related to any indings of masticatory muscle myositis
and/or ipsilateral TMJ disc issues. Working-side excursive contacts
are recorded and related to areas of cusp fracture development.
Protrusive contacts on all posterior teeth molars are noted. Heavy
wear facets on posterior cuspal inclines, mobility of teeth, or fremitus
during function is identiied and classiied as primary or secondary
occlusal traumatism. Full analysis of the occlusion may require
articulated diagnostic models. Movement of the mandible from
maximum intercuspation to maximum opening is observed and
maximum unassisted opening is measured; any “clicking or popping”
of the joint disc(s) during mandibular movements is noted and
related to any history of trauma, nonworking occlusal interferences,
or other possible pathologic changes. Bimanual loading of the
joints and palpation of the condyle lateral poles and retrocondylar
areas (during wide mandibular opening) are completed to further
test for tenderness/pain as signs of inlammation. he occlusal
relationships of the teeth are assessed for the presence of an unusually
tall and narrow cusp (a “plunger cusp”) that “plunges” deep into
the occlusal plane of the opposing arch. A plunger cusp might
contact the lower of two adjacent marginal ridges of diferent
levels, contacting directly between two adjacent marginal ridges in
maximum intercuspation, or be positioned in a deep fossa. It may
increase the likelihood of food impaction and tooth or restoration
fracture.
he results of the occlusal examination should be included in
the dental record and considered in the restorative treatment plan.
Acceptable aspects of the occlusion must be preserved and not
altered during treatment. When possible, improvement of the
occlusion (elimination of interferences), based on knowledge of
the physiologic masticatory muscle response to various relationships,
is desirable; occlusal interferences must not be perpetuated in the
restorative treatment.

Examination of Teeth and Retoration
Preparation for Clinical Examination
A trained assistant familiar with the terminology, notation system,
and charting procedure may survey the patient’s teeth and existing
restorations and record the information to save chair time for the
dentist. he dentist subsequently performs the examination and
conirms the charting. Proper instruments, including a mirror, an
explorer, and a periodontal probe, and the ability to air-dry the
surfaces of the teeth are required. Every accessible surface of each
tooth must be inspected for localized changes in color, texture,
and translucency. A routine for charting should be established,
such as starting in the upper right quadrant with the most posterior
tooth and progressing around the maxillary and mandibular arches.
Dental loss is useful in identifying overhanging restorations,
improper proximal contours, and open contacts. he clinical
examination is performed systematically in a clean, dry, wellilluminated mouth. A cotton roll in the vestibular space and another
under the tongue maintain dryness and improve visualization of
the teeth and adjacent gingiva (Fig. 3.1). Heavy bioilm accumulation may require lossing and a toothbrush prophylaxis to aid in
the examination process. Occasionally a gross debridement must
be schedule before inal clinical examination of the teeth may be
accomplished.
Clinical Examination for Caries
Contemporary caries management, which encompasses expanded
nonoperative approaches and conservative operative interventions,
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• Fig. 3.1 Accurate clinical examination requires a clean, dry, well-illuminated mouth. Cotton rolls are placed in the vestibular space and under
the tongue to maintain dryness and enhance visibility.

ADA CCS

relies on enhanced risk assessment and improved lesion detection
and classiication. Clinical caries lesion detection has been found
lacking; thus improvement is needed.2 One means of addressing
these concerns has been the development of a visual system for
caries lesion detection and classiication. he International Caries
Detection and Assessment System (ICDAS) was developed to
serve as a guide for standardized visual caries assessment that
could be used for clinical practice, clinical research, education,
and epidemiology (Fig. 3.2). In the United States, the Caries
Management by Risk Assessment (CAMBRA) movement, as
discussed in Chapter 2, embraces the principles of the ICDAS
for visual examination and assessment of caries lesions. he ICDAS
has been further condensed by the American Dental Association
into the Caries Classiication System (ADA CCS)3 (see Fig. 3.2).
Assessment of dental caries also requires identiication of caries
lesion activity so as to make decisions relative to treatment recommendations (Table 3.1). he objective of improved detection and
classiication systems is to accurately identify those early enamel
lesions that are most likely to be reversed by remineralization.
herefore appropriate nonoperative care may be attempted, and
lesions that require operative treatment may be identiied as early
as possible in the disease process. With this approach, restoration

Initial

Moderate

Extensive

Occlusal Protocol ***
ICDAS code

Definitions

0

1

Sound tooth surface;
no caries change
after air drying (5
sec); or hypoplasia,
wear, erosion, and
other noncaries
phenomena

Histologic depth

2

3

4

5

6

First visual change
in enamel; seen only
after air drying or
colored, change “thin”
limited to the confines
of the pit and fissure
area

Distinct visual change
in enamel; seen when
wet, white or colored,
“wider” than the
fissure/fossa

Localized enamel
breakdown with no
visible dentin or
underlying shadow;
discontinuity of
surface enamel,
widening of fissure

Underlying dark
shadow from dentin,
with or without
localized enamel
breakdown

Distinct cavity with
visible dentin; frank
cavitation involving
less than half of a
tooth surface

Extensive distinct
cavity with dentin;
cavity is deep and
wide involving more
than half of the tooth

Lesion depth in P/F
was 90% in the outer
enamel with only 10%
into dentin

Lesion depth in P/F
was 50% inner enamel
and 50% into the
outer 1/3 dentin

Lesion depth in P/F
with 77% in dentin

Lesion depth in P/F
with 88% into dentin

Lesion depth in P/F
with 100% in dentin

Lesion depth in P/F
100% reaching inner
1/3 dentin

Sealant/restoration
Recommendation
for low risk

Sealant optional
DIAGNOdent may
be helpful

Sealant optional
DIAGNOdent may
be helpful

Sealant optional or
caries biopsy if
DIAGNOdent is 20-30

Sealant or minimally
invasive restoration
needed

Minimally invasive
restoration

Minimally invasive
restoration

Minimally invasive
restoration

Sealant/restoration
Recommendation
for moderate risk

Sealant optional
DIAGNOdent may
be helpful

Sealant recommended
DIAGNOdent may be
helpful

Sealant optional or
caries biopsy if
DIAGNOdent is 20-30

Sealant or minimally
invasive restoration
needed

Minimally invasive
restoration

Minimally invasive
restoration

Minimally invasive
restoration

Sealant/restoration
Recommendation
for high risk * and
extreme risk **

Sealant recommended
DIAGNOdent may be
helpful

Sealant recommended
DIAGNOdent may be
helpful

Sealant optional or
caries biopsy if
DIAGNOdent is 20-30

Sealant or minimally
invasive restoration
needed

Minimally invasive
restoration

Minimally invasive
restoration

Minimally invasive
restoration

* Patients with one (or more) cavitated lesion(s) are high-risk patients. ** Patients with one (or more) cavitated lesion(s) and xerostomia are extreme-risk patients.
*** All sealants and restorations to be done with a minimally invasive philosophy in mind. Sealants are defined as confined to enamel. Restoration is defined as in dentin. A two-surface restoration is defined as a
preparation that has one part of the preparation in dentin and the preparation extends to a second surface (note: the second surface does not have to be in dentin). A sealant can be either resin-based or glass
ionomer. Resin-based sealants should have the most conservatively prepared fissures for proper bonding. Glass ionomer should be considered where the enamel is immature, or where fissure preparation is not
desired, or where rubber dam isolation is not possible. Patients should be given a choice in material selection.

• Fig. 3.2

American Dental Association Caries Classiication System (ADA CCS) and International Caries
Detection and Assessment System (ICDAS) chart showing visual caries detection. (Modiied from Young
DA, Nový BB, Zeller GG, et al.: The American Dental Association Caries Classiication System for Clinical
Practice, A report of the American Dental Association Council on Scientiic Affairs, J Am Dent Assoc
146(2):79–86, 2015; and Jenson L, Budenz AW, Featherstone JD, et al.: Clinical protocols for caries
management by risk assessment, J Calif Dent Assoc 35:714, 2007.)
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Characteristics of Active and Inactive
Caries Lesions
CARIES LESION ACTIVITY
ASSESSMENT DESCRIPTORS

Activity Assessment
Factor

Likely to Be
Inactive/Arrested

Location of the
Lesion

Lesion is not in a
plaque stagnation
area

Lesion is in a plaque
stagnation area
(pit/issure,
approximal,
gingival)

Plaque Over the
Lesion

Not thick or sticky

Thick and/or sticky

Surface Appearance

Shiny; color:
brown-black

Matte/opaque/loss of
luster; color:
white-yellow

Tactile Feeling

Smooth, hard enamel/
hard dentin

Rough enamel/soft
dentin

Gingival Status (If the
Lesion is Located
Near the Gingiva)

No inlammation, no
bleeding on
probing

Inlammation,
bleeding on
probing

Likely to Be Active

From Young DA, Nový BB, Zeller GG, et al.: The American Dental Association Caries Classiication
System for Clinical Practice, A report of the American Dental Association Council on Scientiic
Affairs, J Am Dent Assoc 146(2):79–86, 2015.

will result in the removal of the minimum amount of tooth
structure.
Caries lesions may be detected by visual changes in tooth surface
texture or color or in tactile sensation when an explorer is used
judiciously to detect surface roughness by gently stroking across
the tooth surface. Current thinking inds that the use of an explorer
in this manner might have some relevance for assessing caries
activity. However, it cannot be overemphasized that the explorer
must not be used to determine a “stick” (i.e., a resistance to withdrawal
from a issure or pit). his improper use of a sharp explorer has
been shown to irreversibly damage the tooth by turning a sound,
remineralizable subsurface lesion into a possible cavitation that is
prone to progression. Forcing an explorer into pits and issures
also theoretically risks cross-contamination from one probing site
to another. In contrast, for assessment of root caries, an explorer
is valuable for detecting root surface softness. Additional methods
used in caries lesion identiication include radiographs, which show
changes in tooth density from normal, and adjunctive tests that
use various technologies to aid in caries lesion detection and caries
activity (discussed in later sections).
Occlual Surface

Caries lesions are most prevalent in the faulty pits and issures of
the occlusal surfaces where the developmental enamel lobes of
posterior teeth partially or completely failed to coalesce (Fig. 3.3A).
It is important to remember the distinction between primary occlusal
grooves and fossae and occlusal issures and pits. Primary occlusal
grooves and fossae are smooth “valley or saucer” landmarks that
result from complete coalescence of developmental enamel lobes
(see Chapter 1). Normally, such grooves and fossae are not susceptible to caries because they are not niches for bioilm and
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frequently are cleansed by the rubbing action of food during
mastication. Conversely, occlusal issures and pits are deep, tight
crevices or holes in enamel, where the lobes failed to coalesce
partially or completely. Fissures and pits are detected visually and
may frequently be stained but not diseased.
As noted earlier, sharp explorers previously have been used
to evaluate issures and pits in an attempt to diagnose issure/
pit caries. However, numerous studies have found that the use
of a sharp explorer for this purpose did not increase diagnostic
validity compared with visual inspection alone.4-7 he use of the
dental explorer for this purpose was found to fracture enamel
and serve as a source for transferring pathogenic bacteria among
various teeth.8,9 herefore the use of a sharp explorer in diagnosing
pit-and-issure caries is contraindicated as part of the detection
process.
An occlusal surface is examined visually and radiographically.10,11
he visual examination is conducted in a dry, well-illuminated
ield. Direct vision is used to observe how light passes into the
surface of the tooth structure. he occlusal surface is diagnosed
as diseased if external chalkiness (enamel caries) or subsurface
opacity (dentin caries) or cavitation of tooth structure, forming
the issure or pit, is seen. At times a brown-gray discoloration,
radiating peripherally from the issure or pit, is present (see Fig.
3.3A, enamel area adjacent to the central pit/lingual issure)
indicating caries progression in dentin below the translucent enamel.
In contrast, it is common to observe nondiseased occlusal surfaces
with narrow grooves or fossae that exhibit supericial staining, but
no visual changes in light relection through the enamel immediately
adjacent (see Fig. 3.3A, distal aspect of central groove and distal
fossa area) and with no radiographic evidence of caries. The
supericial staining is extrinsic and occurs over several years of oral
exposure in a person with low caries risk. Caries lesions occasionally
develop on cusp tips (see Fig. 3.3B). Typically, these are the result
of developmental enamel defects or following loss of enamel
(exposure of dentin) due to erosion, abrasion, or parafunction.
he presence of caries in these self-cleansing areas usually indicates
that the patient is at high risk of developing additional caries (see
Risk Assessments and Proiles in the Diagnosis section to come).
Carious pits and issures also occur on the occlusal two thirds of
the facial or lingual surface of posterior teeth and on the lingual
surface of maxillary incisors.
he clinical interpretation of subtle changes in the appearance of tooth structure is aided by simultaneous consideration of
the patient’s overall caries risk, along with the patient’s previous
patterns of susceptibility. he patient’s medical history, dental
history, oral hygiene, diet, and age, among other caries risk factors
and indicators, may suggest a prediction of current and future
caries activity. In addition, occlusal caries lesions tend to occur
bilaterally.
he ICDAS uses a two-stage process to record the status of
the caries lesion. he irst is a code for the severity of the caries
lesion and the second is for the restorative status of the tooth.
he status of the caries severity is determined visually on a scale
of 0 to 6:
0 = sound tooth structure
1 = irst visual change in enamel
2 = distinct visual change in enamel
3 = enamel breakdown, no dentin visible
4 = dentinal shadow (not cavitated into dentin)
5 = distinct cavity with visible dentin
6 = extensive distinct cavity with visible dentin
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• Fig. 3.3 Caries may be diagnosed clinically by careful inspection. A, Loss of translucency and change
in color of occlusal enamel resulting from a carious issure. B, Caries lesions on cusp tips. C, White chalky
appearance or shadow under marginal ridge (distal #4 and mesial #5). D, Incipient smooth-surface caries
lesion, or a white spot, has intact surface. E, Smooth-surface caries may appear white or dark, depending
on the degree of extrinsic staining. F, Root-surface caries.
his severity code is paired with a restorative/sealant code 0
to 8:
0 = not sealed or restored
2 = sealant, partial
3 = sealant, full; tooth-colored restoration

4 = amalgam restoration
5 = stainless steel restoration
6 = ceramic, gold, PFM (porcelain-fused-to-metal) crown or
veneer
7 = lost or broken restoration
8 = temporary restoration
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• Fig. 3.4 Caries may be diagnosed radiographically as translucencies in the enamel or dentin. A and
B, Proximal caries tends to occur bilaterally (a) and on adjacent surfaces (b). C, Occlusal caries (c). D,
Recurrent caries gingival to an existing restoration (d). This same recurrent caries (d) also is shown in B.
Note that there are additional radiolucencies (consistent with caries lesion development) that are not
identiied with arrows.
See Fig. 3.2 for examples of ADA CCS and ICDAS coding for
caries lesion severity. he details of the ICDAS system for detection,
and training to use the system with an online tutorial, are available
at www.icdas.org.
Proximal Surface

Early proximal surface caries, one form of smooth-surface caries,
is usually diagnosed radiographically (Fig. 3.4A and B). It also
may be detected by careful visual examination after tooth separation
or through iberoptic transillumination.12 When the caries lesion
has progressed through the proximal surface enamel and has
demineralized dentin, a white opaque appearance or a shadow
under the marginal ridge may become evident (see Fig. 3.3C).
Careful probing with an explorer on the proximal surface may
detect cavitation, which is deined as a break in the surface contour
of enamel. he combined use of all examination methods may be
helpful in arriving at an accurate inal diagnosis.
Brown spots on intact, hard proximal surface enamel adjacent
to and usually gingival to the contact area are often seen in older
patients, in whom caries activity is low. hese discolored areas are
a result of extrinsic staining during earlier caries demineralizing
episodes, each followed by a remineralization episode. hese areas
are no longer carious and are usually more resistant to caries as a
result of luorohydroxyapatite formation. Restorative treatment of
these areas is not indicated. Inactive proximal caries lesions
sometimes are diicult to correctly diagnose because of faint
radiographic evidence revealing previous mineral loss.
Proximal surface caries in anterior teeth may be identiied by
radiographic examination, visual inspection (with optional transillumination), or probing with an explorer. Transillumination is
accomplished by placing the mirror or light source on the lingual
aspect of teeth and directing the light through teeth. Small early
enamel proximal lesions may be detectable only on the radiograph
(see Fig. 3.4B). More advanced proximal lesions appear as a dark

area along the marginal ridge when the light is directed through
the tooth. In addition to transillumination, tactile exploration of
anterior teeth is appropriate to detect cavitation because the proximal
surfaces generally are more visible and accessible than in the posterior
regions.
Another form of smooth-surface caries may occur on the facial
and lingual surfaces of the teeth of patients with high caries activity,
particularly in the cervical areas that are less accessible for cleaning.
he earliest clinical evidence of early enamel lesions on these surfaces
is a white spot that is visually diferent from the adjacent translucent
enamel that appears when the surface is dried. Rewetting results
in partial or total disappearance. his appearing–disappearing
phenomenon distinguishes the smooth-surface early enamel lesion
from the enamel white spot that results from nonhereditary enamel
hypocalciication (see section on clinical examination for additional
defects). Both types of white spots are undetectable tactilely because
the surface is intact, smooth, and hard. For white spot lesions,
nonsurgical remineralization therapies (discussed in Chapter 2)
should be instituted to promote remineralization.
he presence of several facial (or lingual) smooth-surface caries
lesions within a patient’s dentition suggests a high caries rate,
which means that if the existing risk factors are not addressed, the
patient is at high risk for developing more lesions in the future.
In a caries-susceptible patient, the gingival third of the facial surfaces
of maxillary posterior teeth and the gingival third of the facial and
lingual surfaces of mandibular posterior teeth should be evaluated
carefully because these surfaces are often at a greater risk for caries.
Advanced smooth-surface caries exhibits discoloration and demineralization and feels soft as the explorer is translated across the
suspicious area. he discoloration may range from white to dark
brown, with rapidly progressing caries usually being light in color.
Slowly progressing caries, in a patient with low caries activity,
darkens over time because of extrinsic staining and physical changes
in the structure of the dentin collagen matrix. Remineralization
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of the decalciied tooth structure will return the tactile hardness
of the lesion and is an evidence that the caries has been arrested.
he dentin in an arrested remineralized lesion has become sclerotic
(see Chapter 1). Such an arrested lesion at times may be rough,
although cleanable, and restoration is not indicated except to address
the esthetic concerns of the patient or to assist with patient control
of bioilm accumulation. hese lesions are inactive but remain
susceptible to new caries activity in the future.
Cervical Area

In patients with attachment loss, extra care must be taken to inspect
for root-surface caries. A combination of root exposure, dietary
changes, systemic diseases, and medications that afect the amount
and character of saliva may predispose a patient, especially an older
individual, to root-surface caries. Lesions are often found at the
cementoenamel junction (CEJ) or more apically on cementum or
exposed dentin in older patients or in patients who have undergone
periodontal surgery (see Fig. 3.3F). Early in its development, root
caries appears as a well-deined, discolored area adjacent to the
gingival margin, typically near the CEJ. Root caries is softer than
the adjacent tooth structure, and lesions typically spread laterally
around the CEJ. Although no clinical criteria are universally accepted
for the diagnosis of root caries, it is generally agreed that softened
cemental or dentinal tooth structure compared with the surrounding
surface is characteristic.13 Active root caries is detected by the
presence of softening and cavitation.14,15 Although root-surface caries
may be detected on radiographic examination, a careful, thorough
clinical examination is crucial. A diicult diagnostic challenge is the
patient who has attachment loss with no gingival recession, limiting
accessibility for clinical inspection of the proximal root surfaces.
Proximal root-surface lesions often progress rapidly and are best
diagnosed using quality bitewing radiographs. Diferentiation of
a caries lesion from a radiolucent artifact created by radiographic
cervical burnout is, however, essential.12,13

Clinical Examination of Amalgam Restorations
Evaluation of existing restorations should be accomplished systematically in a clean, dry, well-lit ield. Clinical evaluation of amalgam
restorations requires visual observation, application of tactile sense
with the explorer, use of dental loss, interpretation of radiographs,
and knowledge of the probabilities that a given condition is sound
or at risk for further breakdown. At least 11 distinct conditions
might be encountered when amalgam restorations are evaluated:
(1) amalgam “blues,” (2) proximal overhangs, (3) marginal ditching,
(4) voids, (5) fracture lines, (6) lines indicating the interface between
abutted amalgam restorations placed at separate times, (7) improper
anatomic contours, (8) marginal ridge incompatibility, (9) improper
proximal contacts, (10) improper occlusal contacts, and (11)
recurrent caries lesions.
Discolored areas or “amalgam blues” are often seen through
the enamel in teeth that have amalgam restorations. his bluish
hue results either from the leaching of amalgam corrosion products
into the dentinal tubules or from the color of underlying amalgam
seen through translucent enamel. he latter occurs when the enamel
has little or no dentin support, such as in undermined cusps,
marginal ridges, and regions adjacent to proximal margins. When
other aspects of the restoration are sound, amalgam blues do not
indicate caries, do not warrant classifying the restoration as defective,
and require no further treatment. Replacement of the restoration
may be considered, however, for elective improvement of esthetics
or for areas under heavy functional stress that may require a cusp
coverage restoration designed to prevent possible tooth fracture.

• Fig. 3.5

Proximal restoration overhang (a) may be diagnosed
radiographically.

Proximal overhangs are diagnosed visually, tactilely, and radiographically (Fig. 3.5). he amalgam–tooth junction is evaluated
by moving the explorer back and forth across it. If the explorer
stops at the junction and then moves outwardly onto the amalgam,
an overhang is present. Overhangs also may be conirmed by the
catching or tearing of unwaxed dental loss. Such an overhang
likely represents an area of bioilm accumulation, provides an
obstacle to good oral hygiene, and may contribute to chronic
inlammation of adjacent soft tissue. his type of overhang should
be corrected, and often indicates the need for restoration
replacement.
Marginal gap formation (or “ditching”) is the deterioration of
the amalgam–tooth interface as a result of enamel wear and/or
restoration edge fracture (Fig. 3.6A). Improper tooth preparation
may predispose an amalgam restoration to ditching. It can be
diagnosed visually or by the explorer dropping into an opening
as it crosses the margin. Shallow ditching less than 0.5 mm deep
usually is not a reason for restoration replacement because the area
is self-cleaning and not prone to caries development.16 Such a
restoration usually looks worse than it really is. he ongoing selfsealing property of amalgam allows the restoration to continue
serving adequately if it can be satisfactorily cleaned and maintained.
If the ditch is too deep to be cleaned or jeopardizes the integrity
of the remaining restoration or tooth structure, the restoration
should be replaced.16 However, marginal gaps near the gingival
wall frequently become areas of secondary caries development and
correction of these areas is indicated.17
Localized voids, which result from poor condensation of the
amalgam, may also occur at the margins of amalgam restorations.
If the void is at least 0.3 mm deep and is located in the gingival
third of the tooth crown, the restoration is judged as defective and
should be repaired or replaced. Accessible small voids in other
marginal areas where the enamel is thicker may be corrected by
enamel recontouring or repairing with a small restoration.
A careful clinical examination is able to detect the presence of
a fracture line across the occlusal portion of an amalgam restoration.
A line that occurs in the isthmus region generally indicates a
fractured amalgam, and the defective restoration must be replaced
(Fig. 3.7A). Procedures involved with replacement must ensure
adequate thickness of the amalgam restoration and rounding of
the internal line angles (e.g., the axiopulpal line angle) so as to
limit the likelihood of recurrence of a fracture on the occlusal
surface (see Fig. 3.7B). Care must be taken to correctly evaluate
any such line, however, especially if it is in the midocclusal area
because this may be an interface line, a manifestation of two abutted
restorations accomplished at separate appointments (see Fig. 3.7A).
If other aspects of the abutted restorations are satisfactory, replacement is unnecessary.
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• Fig. 3.6 Restorations may be diagnosed clinically as being defective by observing the following. A,
Deep marginal ditching. B, Improper contour. C, Recurrent caries. D, Esthetically unappealing dark
staining.

A

B
• Fig. 3.7 Lines across the occlusal surface of an amalgam restoration. A, Fracture line indicates
replacement. An interface line (arrow) indicates two restorations placed at separate appointments, which,
by itself, is insuficient indication for replacement. B, Radiograph revealing thin amalgam area, which
allowed material lexure and subsequent fracture.
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Amalgam restorations should duplicate the normal anatomic
contours of teeth. Restorations that impinge on soft tissue, have
inadequate embrasure form or proximal contact, or prevent the
use of dental loss should be classiied as defective, indicating
recontouring or replacement (see Fig. 3.6B).
he marginal ridge portion of the amalgam restoration should
be compatible with the adjacent marginal ridge. Both ridges should
be at approximately the same level and display correct occlusal
embrasure form for passage of food to the facial and lingual surfaces
and for proper proximal contact area (see Chapter 1). If the marginal
ridges are incompatible and are associated with poor tissue health,
food impaction, or the inability of the patient to loss, the restoration
is defective and should be recontoured or replaced.
he proximal surface of an amalgam restoration should recreate
the normal height of contour such that it comes into contact with
the adjacent tooth at the proper occlusogingival and faciolingual
area with correct adjacent embrasure form (a “closed” contact).
he use of loss is helpful in assessing the intensity of a closed
contact. If the proximal contact of any restoration is suspected to
be inadequate, it should be evaluated visually by trial angulations
of a mouth mirror (held lingually when viewing from the facial
aspect, etc.) to relect light and see if a space where the contact
should occur (“open” contact) is present. For this viewing, the
contact must be free of saliva. If the contact is open and is associated
with poor interproximal tissue health, food impaction, or both,
the restoration should be classiied as defective and should be
replaced or repaired. An open contact typically is annoying to the
patient, so correcting the problem usually is an appreciated service.
Recurrent caries adjacent to the marginal area of the restoration
is detected visually, tactilely, or radiographically and is an indication
for repair or replacement (see Figs. 3.4D and 3.6C). he same
criteria for initial proximal and occlusal caries lesions apply for
the diagnosis of and intervention for recurrent caries lesions around
restorations.
Improper occlusal contacts on an amalgam restoration may
cause deleterious occlusal loading (and predisposition to fracture
or pain on biting from hyperocclusion), undesirable tooth movement, or both. Premature occlusal contacts may be seen as a “shiny”
spot on the surface of the restoration or detected by occlusal marking
paper. Such a condition warrants correction by selective occlusal
adjustment.

Clinical Examination of Indirect Metal Restorations
Indirect metal restorations should be evaluated clinically in the
same manner as amalgam restorations. Any aspect of the restoration
that is not satisfactory, that is causing harm to tissue or occlusal
function, should be noted and considered for recontouring, repair,
or replacement.
Clinical Examination of Composite and Other
Tooth-Colored Restorations
Tooth-colored restorations (direct and indirect) should be evaluated
clinically in the same manner as amalgam and cast-metal restorations. he presence of improper contour or inadequate proximal
contact, overhanging margin, recurrent caries, or occlusal interference should be noted and considered for correction. Corrective
procedures include recontouring, polishing, repairing, or replacement
of the restoration.
One of the main concerns with anterior teeth is esthetics. If a
tooth-colored restoration has dark marginal staining or is discolored
to the extent that it is esthetically unappealing to the patient, the
restoration should be judged as defective (see Fig. 3.6D). Marginal

staining that is judged to be noncarious may be corrected by a
small repair restoration along the margin. Occasionally, the staining
is supericial and may be removed by resurfacing or removal of
restoration excess extending beyond the preparation margins.

Clinical Examination of Dental Implants and
Implant-Supported Restorations
Baseline radiographs that reveal the initial levels of implant bone
support should be obtained when the implant is restored. Percussion
of the restoration should reveal a clinical sound consistent with
integration. Probing depths associated with the implant ixture
should be consistent with the thickness of the local gingival tissue.
he gingival tissue should be assessed for signs of inlammation
(redness, edema, tenderness, bleeding on probing). he marginal
adaptation between implant restorations and their abutments should
allow for optimal bioilm removal. Any deviation from normal
should be noted. Many edentulous areas receive implants that are
generally smaller than the roots of the teeth they are replacing.
herefore the restorations of the implants require modiied cervical
contours. Implant restorations should be evaluated for proper
cervical (especially proximal) contours that limit food impaction
or bioilm accumulation.
Chronic inflammation (periimplantitis), secondary to the
presence of residual dental cement or bioilm accumulation, of
the tissue immediately adjacent to the implant ixture/restoration
may lead to localized bone loss around an implant and impact its
long-term survival. Periimplantitis has a multifactorial etiology.
See Chapter 11, and a textbook dedicated to dental implantology,
for additional information.
Clinical Examination for Additional Defects
A thorough clinical examination occasionally identiies localized
noncavitated, hard white areas on the facial (Fig. 3.8) or lingual
surfaces or on the cusp tips of teeth. Generally, these are hypocalciied areas of enamel resulting from childhood fever, trauma, or
luorosis that occurred during the developmental stages of tooth
formation. hese areas are diagnosed as nonhereditary developmental
enamel hypoplasia. Another cause of hypocalciication is arrested
and remineralized incipient caries, which leaves an opaque, discolored, and hard surface. When smooth and cleanable, such areas
do not warrant restorative intervention unless they are esthetically
ofensive to the patient. hese areas remain visible whether the
tooth is wet or dry, and should not be confused with the opaque
white smooth-surface incipient caries lesions that appear when

• Fig. 3.8 Nonhereditary hypocalciied areas on facial surfaces. These
areas may result from numerous factors but do not warrant restorative
intervention unless they are esthetically offensive or cavitation is present.
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teeth are air-dried. Care must be exercised in distinguishing
nonhereditary developmental enamel hypoplasia from an early
enamel caries lesion.
Rare genetic disorders afecting enamel and dentin may be
discovered during clinical examination. Defective enamel organization and calciication, which results in teeth that are compromised
in appearance and strength, is referred to as amelogenesis imperfecta.
Defective dentin formation and a compromised dentinoenamel
junction (DEJ) resulting in early loss of clinically normal enamel
is referred to as dentinogenesis imperfecta. Additional information
on these genetic disorders may be found in textbooks on oral
pathology.
he loss of surface tooth structure by chemical action in the
continued presence of demineralizing agents with low pH (Fig.
3.9) is deined as erosion. he resulting defective surface is usually
smooth. Although erosive agents are the predominant causative
factors, it is thought that toothbrushing and/or other abrasive
agents in the diet may accelerate the loss of tooth structure, which

is generally referred to as erosive tooth wear. It is necessary to document the severity of the tooth structure loss and the speciic areas
that have been afected. If the defects are only on the lingual of
upper teeth, the diagnosis would be diferent from inding defects
on the occlusal surfaces of lower molars. Exogenous acidic agents
such as lemon juice (through sucking on lemons) may cause
crescent-shaped or dished defects (rounded as opposed to angular)
on the surfaces of teeth exposed to the agent (see Fig. 3.9A),
whereas endogenous acidic agents, such as gastric luids, cause
generalized erosion on the lingual, incisal, and occlusal surfaces
(see Fig. 3.9B). Erosion processes may also be involved in the loss
of the tooth structure with a clinical presentation of “cupped-out”
areas on occlusal surfaces. hese defective areas are associated with
the binge–purge syndrome in bulimia, or with gastroesophageal
relux disease (GERD). Many patients with GERD are often not
aware of their gastric symptoms or do not associate them with the
problems with their teeth. Consultation with a physician to obtain
a proper diagnosis of GERD may assist in the diagnosis and
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• Fig. 3.9 Erosion. A, Crescent-shaped defects on enamel facial surfaces caused by exogenous demineralizing agent (from sucking on lemons several years previous to the time of the photograph). B, Generalized erosion caused by endogenous luids. C, Rounded cervical lesions associated with toothbrush
abrasion. D, Idiopathic erosion lesions in cervical areas are hypothesized to be associated with abnormal
occlusal forces. E, Generalized attrition caused by excessive functional or parafunctional mandibular
movements. F, Enamel craze lines.
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management of erosion. Other sources of erosion may be use of
sports drinks, herbal teas, and vomiting associated with chemotherapy, and, in the case of alcoholism, the presence of stomach
contents in the mouth during periods of excessive alcohol consumption. It is necessary to document the erosion process as it progresses
over time through the use accurate study models, photography,
and/or digital scanning technology. Risk assessments for erosion
should be included in the assessment of the patient, as indicated.
he low and bufering capacity of the individual patient’s saliva
impact the rate of progression of erosive tooth wear. Understanding,
identifying, and diagnosing tooth damage secondary to erosion
(erosive tooth wear) is essential if management of the disease process
is to be successful.18
Abnormal tooth surface loss resulting from direct frictional
forces between teeth and external objects or from frictional forces
between contacting teeth in the presence of an abrasive medium
is termed abrasion. Habitual chewing on hard objects (e.g., paper
clips, pens, pencils) or chronic use of agents with high abrasivity
(e.g., smokeless tobacco, inadequately washed vegetables) may
result in loss of occlusal-surface tooth structure.
he loss of tooth structure in the cervical areas (abrasion) is
commonly seen as a rounded notch in the gingival portion of the
facial aspects of teeth (see Fig. 3.9C). In contrast to cervical lesions
that develop from abrasion processes, idiopathic erosion lesions
(“abfractions”) are cervical, wedge-shaped defects (angular as opposed
to rounded) similar to the defects customarily associated with
abrasion but in which one of the possible causative factors may
include excessive lexure of the tooth as a result of heavy, eccentric
occlusal forces (see Fig. 3.9D). he heavy occlusal loading may
also lead to the development of a pronounced occlusal wear facet.
It is hypothesized that the lexural force produces tension stress
in the afected wedge-shaped region on the tooth side away from
the tooth-bending direction, resulting in loss of the surface tooth
structure by microfractures, which is termed abfracture.19 Proponents
of this hypothesis add that microfractures may increase the rate
of tooth structure loss during abrasion from tooth brushing and/
or from acids in the diet or bioilm. Opponents of this hypothesis
note that these cervical lesions have been detected in individuals
who do not have any apparent evidence of heavy occlusal forces
(such as wear facets and/or fremitus). he general consensus among
experts is that the etiology of these lesions is multifactorial and
that well-designed clinical research studies are required to gain
better understanding relative to the etiology of cervical abrasion
and abfraction defects, which are generally referred to as noncarious
cervical lesions (NCCLs).20 he presence of such defects does not
automatically warrant intervention.
he mechanical wear of the incisal or occlusal tooth structure
that results from functional or parafunctional movements of the
mandible is termed attrition. Although a certain degree of attrition
is expected with age, it is important to note abnormally advanced
attrition (see Fig. 3.9E). If abnormal attrition is present, the patient’s
functional movements should be evaluated and inquiry made with
regard to potential parafunctional habits such as tooth grinding
or clenching/grinding (bruxism). Heavy occlusal loading from
clenching may result in the presence of “craze lines” that are limited
to enamel (i.e., do not progress through the DEJ into dentin; see
Fig. 3.9F). Craze lines are not sensitive and do not require treatment
but may be evidence of excessive masticatory muscle activity (see
Chapter 1). he etiology of the parafunction may include stress,
airway issues, and/or sleep apnea. In some older patients, the enamel
of the cusp tips (or incisal edges) is worn of, resulting in cupped-out
areas because the exposed, softer dentin wears faster than the

surrounding enamel, though there may also be an erosive component
to the process. Sometimes, these areas are an annoyance because
of food retention or the presence of peripheral, ragged, sharp
enamel edges. he sharp edges may result in tongue or cheek
biting; rounding these edges does not completely resolve the problem
but may improve comfort. Slowing such wear by appropriate
restorative treatment may be indicated.
he examination process may reveal areas of horizontal or vertical fracture development. Awareness of extreme variations in dental
anatomy aids in the identiication of fracture-prone areas. For
example, deep developmental issures that cross between marginal
or cusp ridges may predispose posterior teeth to fracture. Early
fractures may be invisible upon initial assessment. Appropriate
dye materials or transillumination may aid in detecting the line of
fracture within the tooth structure. Cusp isolation/loading devices
and techniques must be utilized so as to identify fractures that
involve the dentin and are symptomatic (i.e., fractures that are
actively propagating). Teeth with active, symptomatic fractures
should be considered for full coverage of the occlusal surface.
Fractures that have been present for a period of time become
stained and thereby visible during examination; they should be
considered at risk for further propagation into dentin. Any tooth
that has extensive caries, or restoration, and remaining cusps with
little dentin support should be identiied as being susceptible to
future fracture and considered for a cusp-protecting restoration (Fig.
3.10). Complete cusp fracture is a common occurrence in posterior
teeth. In general, the most frequently fractured cusps are the nonfunctional cusps (see Chapter 1). Speciically, the most frequently
fractured teeth are mandibular molars and second premolars, with
the lingual (nonfunctional) cusps fracturing more often than the
facial (functional) cusps. Maxillary premolars also frequently
fracture, and similar to mandibular teeth, the facial (nonfunctional)
cusps fracture more often than the lingual (functional) cusps. he
mesiofacial (nonfunctional) and distolingual (small functional)
cusps are the most commonly fractured cusps in maxillary molars.21
A study of fracture severity found that 95% of the fractures

• Fig. 3.10 Extensively restored teeth with weakened and fractured
cusps. Note the distal developmental issure in the second molar, which
further predisposes the distal cusps to fracture.
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exposed dentin, 25% were below the CEJ, and 3% resulted in
pulp exposure. he consequences of posterior tooth fracture were
found to vary, with maxillary premolar and mandibular molar
fractures being generally more severe. Most fractures were treated
with direct or indirect restorations or recontouring and polishing; 3% of the fractured teeth were extracted, and 4% received
endodontic treatment.22 Risk factors for nontraumatic fracture
of posterior teeth were found to be the presence of a stained
fracture in enamel and an increase in the proportion of the volume
of the natural tooth crown occupied by a restoration.23,24 he
examination process should notate the presence and activity of all
fracture areas.
he dental examination also may reveal dental anomalies that
include variations in size, shape, structure, or number of teeth—such
as dens in dente, macrodontia, microdontia, gemination, concrescence, dilaceration, amelogenesis imperfecta, and dentinogenesis
imperfecta. An in-depth discussion of these anomalies is beyond
the scope of this text. he reader should consult an oral pathology
textbook for additional information.

Radiographic Examination of Teeth and Restorations
Radiographs are an indispensable part of the contemporary dentist’s
diagnostic armamentarium. he use of diagnostic ionizing radiation
is, however, not without risks. Cumulative exposure to ionizing
radiation potentially may result in adverse efects. he diagnostic
yield or potential beneit that might be gained from a radiograph
must be weighed against the inancial costs and the potential adverse
efects of exposure to radiation. Several technologies, particularly
digital radiography, are now available and are designed to enhance
diagnostic yield and reduce radiation exposure.
he ADA, in collaboration with the Food and Drug Administration (FDA), developed guidelines for the prescription of dental
radiographic examinations to serve as an adjunct to the dentist’s
professional judgment with regard to the best use of diagnostic
imaging. Radiographs help the dental practitioner evaluate and
deinitively diagnose many oral diseases and conditions. However,
the dentist must weigh the beneits of taking dental radiographs
against the risk of exposing a patient to ionizing radiation, the
efects of which accumulate from multiple sources over time. he
dentist, being aware of the patient’s health history and vulnerability
to oral disease, is in the best position to make this judgment. For
this reason, guidelines are intended to serve as a resource for the
practitioner and are not intended to be standards of care, requirements, or regulations. he ADA/FDA guidelines help direct the
type and frequency of radiographs needed according to patient
condition and risk factors (Table 3.2).
Generally, patients at higher risk for caries or periodontal disease
should receive more frequent and more extensive radiographic
surveys. A systematic review of methods of diagnosing dental caries
lesions found that although radiographs were useful in detecting
lesions, they do have limitations.25 For the examination of occlusal
surfaces, radiographs had moderate sensitivity and good speciicity
for diagnosing dentinal lesions; however, for enamel lesions, the
sensitivity was poor and the speciicity was reduced (see the section
on Diagnosis for description of these terms). Studies of the
radiographic examination of proximal surfaces found that there
was moderate sensitivity and good speciicity for the detection of
cavitated lesions and low to moderate sensitivity and moderate to
high speciicity for enamel or dentinal lesions. Before rendering a
diagnosis and deciding on treatment, information obtained from
radiographs should be conirmed or augmented through clinical
examination indings if at all possible.
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For diagnosis of proximal surface caries, restoration overhangs,
or poorly contoured restorations, posterior bitewing and anterior
periapical radiographs are most helpful. When interpreting the
radiographic presentation of proximal tooth surfaces, it is necessary
to know the normal anatomic picture presented in a radiograph
before any abnormalities may be diagnosed. In a radiograph, a
proximal caries lesion usually appears as a dark area or a radiolucency
in the enamel slightly apical to the contact (see Fig. 3.4A). his
radiolucency is typically triangular and has its apex toward the
DEJ.
Moderate-to-deep occlusal caries lesions may be seen as a
radiolucency extending into dentin (see Fig. 3.4C). Because the
speciicity of radiographs for detecting dentinal lesions on occlusal
surfaces is relatively good at 80% (very few false positives), when
a radiolucency is apparent beneath the occlusal enamel surface
emanating from the DEJ a diagnosis of caries is appropriate.
However, because the sensitivity of radiographs for dentinal lesions
on the occlusal surface is rather low (50%), the absence of a
radiolucency does not mean that a lesion is not present. In these
situations, the clinician should rely more on the results of the
visual examination and the indings of any adjunctive tests (discussed
later).
Some defective aspects of restorations, including improper
contour, overhangs (see Fig. 3.5), and recurrent caries lesions gingival
to restorations (see Fig. 3.4D), may also be identiied radiographically. he height and integrity of the marginal periodontium may
be evaluated using bitewing radiographs. Pulpal abnormalities such
as pulp stones and internal resorption may be identiied in various
radiographs. Periapical radiographs are helpful in identifying changes
in the periapical periodontium that are consistent with periapical
abscesses, dental granulomas, or cysts. Impacted third molars,
supernumerary teeth, and other congenital or acquired abnormalities
also may be discovered on periapical radiographic examination.
he sensitivity and speciicity of dental radiographs vary, however,
according to the diagnostic task (e.g., surface of the tooth being
examined, proximal versus occlusal; and depth, enamel versus
dentin).
Radiographs aid in determining the relationship between the
margins of existing or proposed restorations and bone. A biologic
width of at least 2 mm is required for the junctional epithelium
and the connective tissue attachments located between the base
of the sulcus and the alveolar bone crest (Fig. 3.11A). In addition
to this physiologic dimension, the restoration margin should be
placed occlusally as far away as possible from the base of the sulcus.
Restoration margins that encroach on the biologic width, by being
placed deep in the sulcus, are inaccessible for bioilm removal and
result in chronic inlammation. he inlammatory state may be
clinically detected as clinical redness, swelling, and bleeding on
probing or lossing in the area. Localized loss of osseous support
will occur and the biologic width will reorganize further apically.
he osseous loss and reorganization will result in deeper periodontal
probing depths, which in turn will further limit efective bioilm
removal. For these reasons, the inal position of a proposed gingival
margin, which is dictated by the existing restoration, caries, or
retention features, must be estimated before restoration to determine
if crown-lengthening procedures are indicated (see Fig. 3.11B).
Surgical crown lengthening procedures involve the surgical removal
of the gingiva, bone, or both to create a longer clinical crown and
provide more tooth structure for placing the restoration margin
and for increasing retention form. Another possible treatment
option may be to orthodontically extrude the tooth so that the
restoration margins do not violate the biologic width. Restorative
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procedures must be accomplished such that the periodontal health
may be maintained.
Dental radiographs should always be interpreted cautiously.
he dental radiograph is a two-dimensional image of a threedimensional mass; thus a facial or lingual lesion (or radiolucent
tooth-colored restoration) may be radiographically superimposed
over the proximal area, mimicking a proximal caries lesion (false
positive). he general inding that approximately 25% mineral
loss has to occur before a radiolucency begins to appear on a
radiograph means that a caries lesion may be present and not
detected (false negative). Misdiagnosis may occur when cervical
burnout (the radiographic picture of the normal structure and
contour of the cervical third of the crown) mimics a caries lesion.
Finally, although a caries lesion may be more extensive clinically

TABLE 3.2

than it appears radiographically, it is estimated that over half of
radiographically detected proximal lesions (in the outer half of
dentin) are likely to be noncavitated and treatable with remineralization measures.26 Radiographic indings must always be clinically
veriied (if possible) prior to the inalization of a diagnosis and
treatment plan.

Adjunctive Aid for Examining Teeth
and Retoration
Magniication in Operative Dentistry
Clinical dentistry often requires the viewing and evaluation of
small details in teeth, intraoral and perioral tissues, restorations,
and study casts. Unaided vision is often inadequate to view details

Guidelines for Prescribing Dental Radiographs

The recommendations in this chart are subject to clinical judgment and may not apply to every patient. They are to be used by dentists only after
reviewing the patient’s health history and completing a clinical examination. Because every precaution should be taken to minimize radiation exposure,
protective thyroid collars and aprons should be used, whenever possible. This practice is strongly recommended for children, women of childbearing age,
and pregnant women.

Type of Encounter

Patient Age and Dental Developmental Stage
Adult, Dentate
or Partially
Edentulous

Child With Primary Dentition
(Prior to Eruption of First
Permanent Tooth)

Child With Transitional
Dentition (After
Eruption of First
Permanent Tooth)

Adolescent With
Permanent Dentition
(Prior to Eruption of
Third Molars)

New patient* being
evaluated for dental
diseases and dental
development

Individualized radiographic
exam consisting of selected
periapical/occlusal views
and/or posterior bitewings if
proximal surfaces cannot be
visualized or probed.
Patients without evidence of
disease and with open
proximal contacts may not
require a radiographic exam
at this time.

Individualized
radiographic exam
consisting of
posterior bitewings
with panoramic
exam or posterior
bitewings and
selected periapical
images.

Individualized radiographic exam consisting
of posterior bitewings with panoramic
exam or posterior bitewings and selected
periapical images.
A full mouth intraoral radiographic exam is
preferred when the patient has clinical
evidence of generalized dental disease
or a history of extensive dental
treatment.

Recall patient* with clinical
caries or at increased risk
for caries**

Posterior bitewing exam at 6- to 12-month intervals if proximal surfaces cannot be
examined visually or with a probe.

Recall patient* with no
clinical caries and not at
increased risk for caries**

Posterior bitewing exam at 12- to 24-month intervals if
proximal surfaces cannot be examined visually or with
a probe.

Recall patient* with
periodontal disease

Clinical judgment as to the need for and type of radiographic images for the evaluation of periodontal
disease. Imaging may consist of, but is not limited to, selected bitewing and/or periapical images of
areas where periodontal disease (other than nonspeciic gingivitis) can be identiied clinically.

Patient for monitoring of
growth and development

Clinical judgment as to need for and type of radiographic
images for evaluation and/or monitoring of dentofacial
growth and development.

Posterior bitewing
exam at 18- to
36-month intervals.

Clinical judgment as to
need for and type of
radiographic images
for evaluation and/
or monitoring of
dentofacial growth
and development.
Panoramic or
periapical exam to
assess developing
third molars.

Adult,
Edentulous

Individualized
radiographic
exam, based
on clinical
signs and
symptoms.

Posterior bitewing
exam at 6- to
18-month
intervals.

Not applicable

Posterior bitewing
exam at 24- to
36-month
intervals.

Not applicable

Usually not indicated

Not applicable
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Guidelines for Prescribing Dental Radiographs—cont’d

Patient with other
circumstances including,
but not limited to,
proposed or existing
implants, pathology,
restorative/endodontic
needs, treated periodontal
disease, and caries
remineralization

Clinical judgment as to need for and type of radiographic images for evaluation and/or monitoring in these circumstances.

*Clinical situations for which radiographs may be indicated include but are not limited to:
A. Positive Historical Findings
1. Previous periodontal or endodontic treatment
2. History of pain or trauma
3. Familial history of dental anomalies
4. Postoperative evaluation of healing
5. Remineralization monitoring
6. Presence of implants or evaluation for implant placement
B. Positive Clinical Symptoms/Signs
1. Clinical evidence of periodontal disease
2. Large or deep restorations
3. Deep caries lesions
4. Malposed or clinically impacted teeth
5. Swelling
6. Evidence of dental/facial trauma
7. Mobility of teeth
8. Sinus tract (“istula”)
9. Clinically suspected sinus pathology
10. Growth abnormalities
11. Oral involvement in known or suspected systemic disease
12. Positive neurologic indings in the head and neck
13. Evidence of foreign objects
14. Pain and/or dysfunction of the temporomandibular joint and/or muscles of mastication
15. Facial asymmetry
16. Abutment teeth for ixed or removable partial prosthesis
17. Unexplained bleeding

needed to make treatment decisions. Magniication aids such as
loupes provide a larger image size for improved visual acuity, while
allowing proper upright posture to be maintained with less eye
fatigue.
When choosing loupes, several parameters should be
considered.27-29 Magniication (power) describes the increase in
image size. Most dentists use magniications of 2× to 4×. he lower
power systems of 2× to 2.5× allow multiple quadrants to be viewed,
whereas the higher power systems of 3× to 4× enable viewing of
several teeth or a single tooth. In general, higher magniication
systems are heavier, have a narrower ield of view, are more expensive,
and require more light than lower power systems. he use of small,
lightweight light-emitting diode (LED) headlamps attached to the
eyeglass frame or headband ofer the considerable visual advantage
of added illumination when used with loupes.
Working distance (focal length) is the distance from the eye to
the object when the object is in focus. his parameter should be
considered carefully before selecting loupes because the desired
working distance depends on the dentist’s height, arm length, and
seating preferences. Dentists of average height typically choose a
working distance of 13 to 14 inches (33–35 cm), whereas tall
dentists and those who prefer to work farther away from the patient
use working distances of 14 to 16 inches (35–40 cm).
Depth of focus, or the diference between the far and near focus
limits of the working distance, depends on the magniication.
Typically, the lower the magniication, the greater is the depth of
focus.

18. Unexplained sensitivity of teeth
19. Unusual eruption, spacing, or migration of teeth
20. Unusual tooth morphology, calciication, or color
21. Unexplained absence of teeth
22. Clinical erosion
**Factors increasing risk for caries may include but are not limited to:
1. High level of caries experience or demineralization
2. History of recurrent caries
3. High titers of cariogenic bacteria
4. Existing restoration(s) of poor quality
5. Poor oral hygiene
6. Inadequate luoride exposure
7. Prolonged nursing (bottle or breast)
8. Frequent high sucrose content in diet
9. Poor family dental health
10. Developmental or acquired enamel defects
11. Developmental or acquired disability
12. Xerostomia
13. Genetic abnormality of teeth
14. Many multisurface restorations
15. Chemotherapy/radiation therapy
16. Eating disorders
17. Drug/alcohol abuse
18. Irregular dental care
From American Dental Association, US Food and Drug Administration: The selection of patients
for dental radiograph examinations. Available on www.ada.org. Document created November 2004.

Many choices of magniication loupes are currently available
for dentistry. he simplest magniiers are the diopter single-lens
loupes, which are single-piece plastic pairs of lenses that clip onto
eyeglass frames. hese loupes are inexpensive and lightweight and
may provide magniication of up to 2.5×. However, images may
be distorted, and working lengths less than ideal. he more commonly used dental loupe is binocular with lenses mounted on an
eyeglass frame. Binocular loupes typically have Galilean and
prismatic optics that provide 2×, 3.5×, 4×, and greater magniication.
Prescription lenses may be placed in the eyeglass frames for all
loupe types. Most models also have side shields or a wraparound
design for eye protection and infection control. Two mounting
systems are currently available for binocular loupes: (1) lip-up
and (2) ixed or through-the-lens types.
Dental microscopes, though limited primarily to endodontic
practices in the past, are now being used in some restorative dentistry
practices. Compared with high powered loupes, dental microscopes
allow the clinician to view intraoral structures at a higher level of
magniication while maintaining a broader ield of view. Because
very small areas may be seen, microscopes are used in detail-oriented
procedures such as the inishing of porcelain restoration margins,
identifying minute caries lesions, and minimizing the removal of
sound tooth structure. Generally, microscopes include ive or six
levels of magniication that typically range from 2.5× to 20×.
Manufacturers of dental microscopes include Carl Zeiss, Inc.
(Dublin, CA); Global Surgical Corporation (St. Louis, MO); and
Seiler Precision Microscope Instrument Company (St. Louis, MO).
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• Fig. 3.11

A, Biologic width (a) is the physiologic dimension needed for
the junctional epithelium (d) and the connective tissue attachment (e),
which is measured from the base of the sulcus (c) to the level of the bone
crest (f). The margin of the restoration (b) must not violate this dimension.
B, Tooth with an existing restoration (g) that encroaches on the biologic
width requires crown-lengthening procedures before placement of a new
restoration.

Cost, size of the equipment, and perceived lack of value to the
clinician are factors that have limited the use of microscopes in
operative dentistry practice.

Photography in Operative Dentistry
Photography in dentistry has many uses and, with newer digital
technologies, is becoming mainstream in dental practice. Photography is an excellent tool for documentation and evaluation.
Intraoral cameras and single-lens relex (SLR) digital cameras provide
opportunities to document existing esthetic conditions such as
color, shape, and position of teeth. Close-up images of existing
pits and issures provide the opportunity to image current conditions
for the purpose of future reevaluation and detection of changes
that may be developing. Photographs of preparations of deep caries
lesions provide documentation to aid in future diagnosis of tooth
conditions. Digital documentation with photographs, and ability
to process and store images in an electronic patient record, is easy
and cost efective.
Diagnostic Study Models
Study models are helpful in evaluating a patient’s clinical status
in many situations. Study models are able to provide an understanding of occlusal relationships, help in developing the treatment
plan, and serve as a tool for educating the patient. Accurately
mounted study models provide an opportunity for a thorough
evaluation of the tooth interdigitation, the functional occlusion,
and any occlusal abnormalities. Study models allow further

evaluation of the plane of occlusion; tilted, rotated, or extruded
teeth; crossbites; plunger cusps; wear facets and defective restorations;
coronal contours; proximal contacts; and embrasure spaces between
teeth. he ability to obtain virtual study models via digital impression technology has increased the ease and level of diagnostic
evaluation, especially in situations where the use of conventional
impression techniques/materials may not be an option (such as in
patients with a hyperactive gag relex). Combined with clinical
and radiographic indings, study casts allow the practitioner to
carefully relect on indings and develop a treatment plan without
the patient present, thus saving valuable chair time. When a
proposed treatment plan is discussed with the patient, study models
are a valuable educational medium in helping the patient understand
and visualize existing conditions and the need for the proposed
treatment.

Caries Detection Technologies
In addition to the traditional methods of caries detection, several
new technologies have emerged and show promising results for
the clinical detection and diagnosis of caries lesions. hese devices
may have the potential to replace the tactile portion of caries
detection, where explorers are used to try to estimate the depth
of the caries lesions into the pits and issures. However, these
devices have two limitations. he irst is that they are only indicated
for use on unrestored pits and issures. he second is that their
diagnostic accuracy has not been irmly established. he technologies
currently approved by the FDA include laser-induced luorescence,
light-induced luorescence, and alternating current (AC) impedance
spectroscopy (ACIST).10,30
he DIAGNOdent device (KaVo Dental Corporation, Charlotte,
NC) uses laser luorescence technology, with the intention of
detecting and measuring bacterial products and changes in tooth
structure in a caries lesion. his compact and portable device,
which requires a clean, dry occlusal surface, yields a numerical
score from 0 to 99. he manufacturer has recommended threshold
scores that represent the presence and extent of a lesion. A systematic
review found that the “device is clearly more sensitive than traditional diagnostic methods, but the increased likelihood of falsepositive diagnoses limits its usefulness as a principal diagnostic
method.”31
Another system currently available for caries lesion detection
is the CamX Spectra Caries Detection Aid (Air Techniques, Melville,
NY). his system claims to detect caries lesions by measuring
increased light-induced luorescence. Special LEDs project highenergy violet or blue light onto the tooth surface. Light of this
wavelength supposedly stimulates porphyrins—metabolites unique
to cariogenic bacteria—to appear distinctly red, while healthy
enamel luoresces to appear green. Using this luorescent technology,
the data captured by the Spectra system are analyzed by imaging
software, which highlights the lesions in diferent color ranges and
deines the potential caries activity on a scale of 0 to 5.
he CarieScan PRO (CarieScan, LLC, Charlotte, NC) is a
device for the detection and monitoring of caries by the application
and analysis of ACIST (AC Impedance Spectroscopy Technology).
he CarieScan PRO claims to enable clinicians to evaluate demineralized tooth structure using ACIST by providing information
about tissue being healthy, in the early stages of demineralization,
or already signiicantly decayed. he device provides a color scale
and a numerical scale to determine the severity of the caries lesion
and is accompanied by management recommendations that range
from therapeutic prevention to operative intervention appropriate
for the extent of the demineralization.
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Although these technologies appear promising, the standard of
care remains visual inspection of well-illuminated, clean and dry
teeth, with use of radiographs as indicated.32 An ideal diagnostic
test accurately detects when a tooth surface is healthy (speciicity);
when a lesion or demineralization is present (sensitivity); and if
demineralization is present, whether or not it is active and whether
or not it has cavitated the surface (see section on Diagnosis). Except
for the presence of frank cavitation in more advanced lesions, none
of the available approaches to detecting caries or determining lesion
activity is completely accurate. hus the clinician must take all of
the available diagnostic information together—visual, tactile,
radiographic, and so on—along with the respective reported levels
of accuracy and combine that with an assessment of the patient’s
overall caries status to make a inal diagnosis of the presence and
extent of a caries lesion.

Diagnoi
Dental Dieae; Interpretation and Ue of
Diagnotic Finding
As discussed in Chapter 2, dental caries is a multifactorial, transmissible, infectious oral disease caused primarily by the complex
interaction of cariogenic oral lora (bioilm) with fermentable dietary
carbohydrates on the tooth surface over time. Caries lesions are the
result of the caries disease process, not the cause.
he diagnostic efort of health care professionals has been
enhanced by the use of principles adopted from clinical epidemiology. his analytic approach relies on “2 × 2” contingency tables
(Fig. 3.12) derived from clinical trials data. Such studies compare
the results of a diagnostic test with the results obtained from a
“gold standard” (knowledge of the actual condition) to determine
how well a test identiies the “true,” or actual, condition. he
results of the diagnostic test, positive or negative, are shown across
the rows of the table, and the results of a “gold standard” or the
“truth” are displayed in the columns. Cell A of the table contains
the cases that the test identiies as being positive (or diseased) that
actually are positive (i.e., conirmed by the “gold standard”). hese
cases are termed true positives. Cell B contains all cases for which
a positive inding from the diagnostic test is present, but where
the actual condition is negative. herefore this cell denotes false
positives. Cell C includes the cases identiied by the diagnostic test
as not being diseased, but actually are diseased, as determined by
Gold Standard







A

B



C

D

Diagnostic
Test
Results

Cell A  true positives
Cell B  false positives
Cell C  false negatives
Cell D  true negatives

• Fig. 3.12

Contingency table for interpretation of diagnostic tests.
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the “gold standard.” Findings in this cell are termed false negatives.
he inal cell, cell D, includes true negatives, where the diagnostic
test accurately identiies nondiseased cases that are truly negative
as conirmed by the “gold standard.” A perfect diagnostic test
would result in all cases being assigned to cells A or D with no
false positives (cell B) or false negatives (cell C).
When the basics of this table are understood, the information
it yields may be put to good use by the diagnostician. he irst
concept is test sensitivity, which is calculated as the number of
true positives (A) divided by the number of total positive cases (A
+ C, i.e., the number of times where disease was actually present
regardless of the diagnostic test results). Sensitivity indicates the
proportion of individuals with disease in any group or population
that is identiied positively by the test. In contrast, speciicity refers
to the proportion of individuals without disease properly classiied
by the diagnostic test and is the ratio of true negatives (D) to all
negatives (B + D). Sensitivity and speciicity will not vary on the
basis of the prevalence of disease, that is, the proportion of cases
in a population. Rather, these statistics indicate what proportions
of existing disease and absence of disease will be correctly identiied
in any group of individuals.
A test with low sensitivity indicates that a high probability
exists that many of the individuals with negative results have the
disease and go undiagnosed. Conversely, a test with high sensitivity
means that most of those who actually have disease will be identiied
as such. Tests with high speciicity suggest that patients without
the disease are highly likely to test negative. Tests with low speciicity
will misclassify a sizable proportion as diseased when many are
actually free of disease.
Very few tests have both high sensitivity and high speciicity, so
trade-ofs are inevitable. he clinician must weigh the seriousness
of the disease that is left untreated (in cases of low sensitivity)
against the invasiveness of the treatment (in cases of low speciicity). In the former, low sensitivity may be acceptable for tests
diagnosing slowly progressing, nonfatal conditions but unacceptable
for conditions that progress rapidly or are life threatening. In the
latter, low speciicity may not be acceptable if the treatment is
invasive and irreversible, but more acceptable if the treatment is
noninvasive and temporary. In the case of dental caries, all things
being equal, this means that the clinician may accept a less sensitive
test (i.e., miss some initial lesions [cell C]) because caries usually
progresses slowly over years. But given that operative treatment
is invasive and irreversible, a highly speciic test (i.e., few false
positives [cell B]) means that fewer healthy teeth will be incorrectly
treated.
he dentist should be mindful of the fact that except in cases
of relatively large caries lesions, the accuracy of the methods used to
detect lesions (visual inspection, radiographs, caries detection devices,
etc.) are all prone to inaccuracies (Box 3.1). hese inaccuracies result
in false-positive and false-negative indings. his situation raises
the question, “What are the implications of these inaccuracies for
clinical decision making?” False-positive indings may result in the
surgical treatment of a sound tooth, and false-negative indings
will result in a diseased surface receiving remineralization treatment
instead of operative treatment. he former situation is irreversible
and should be avoided, whenever possible. In the latter situation,
false negatives will receive remineralization therapy, regular monitoring, and, if a lesion develops, may be treated operatively at a later
time, if needed. his reasonable approach takes into consideration
that caries lesions generally do not progress rapidly.33-35 hus the
clinician should strive to reduce the number of false positives by
making sure that strong diagnostic evidence supports the presence

112

C HA P T E R 3

• BOX 3.1

Patient Aement, Examination, Diagnoi, and Treatment Planning

Assessing the Accuracy of a Diagnostic
Test for Caries

Contingency Table for Diagnostic Test Evaluation
Histologic Gold Standard
Caries
No caries
Diagnostic Test
Caries
True positive (TP)
False positive (FP)
No caries
False negative (FN)
True negative (TN)
Desirable and Undesirable Outcomes Resulting from Diagnostic Tests
with Low Sensitivity or Speciicity
Example 1
Diagnosing 100 teeth (90 healthy and 10 carious) with a diagnostic test
having a high sensitivity (0.80) and low speciicity (0.50) would result
in the following:
Desirable outcomes:
Correctly detect 8 of 10 carious teeth (TP)
Correctly diagnose 45 of 90 healthy teeth (TN)
Undesirable outcomes:
Fail to detect 2 of 10 carious teeth (FN)
Fail to diagnose 45 healthy teeth as carious (FP)
Example 2
Diagnosing 100 teeth (90 healthy and 10 carious) with a diagnostic test
having low sensitivity (0.50) and high speciicity (0.80) would result in
the following:
Desirable outcomes:
Correctly detect 5 of 10 carious teeth (TP)
Correctly diagnose 72 of 90 healthy teeth (TN)
Undesirable outcomes:
Fail to detect 5 of 10 carious teeth (FN)
Fail to diagnose 18 healthy teeth as carious (FP)

of cavitation or dentin penetration before recommending irreversible
operative treatment.
hese concepts are widely used in medical practice. Although
many of the necessary research studies have not been conducted
to develop probabilities for dental conditions, interest in the use
of clinical epidemiology in the dental profession has been growing.
In the future, more research studies will be conducted so as to
provide this information to clinicians, and one should be prepared
to take advantage of their use.

Rik Aement and Proiles
he patient assessment and examination process allows opportunity
to identify factors and indicators that increase likelihood (risk) of
future problems, given the patient’s current behaviors, clinical
conditions, and so on (see Chapter 2).36,37 Risk assessments help
organize the data relative to multiple causative factors. Few diseases
or dental conditions are caused by a single factor. Rather, most
diseases and dental conditions have been shown to be associated
with numerous behavioral or sociodemographic, physical or
environmental, microbiologic, or host factors. In addition, every
patient has a diferent set of risk factors. his presents a challenge
to determining the likelihood that a disease or condition would
occur in the future or that some form of dental treatment or
therapeutics would decrease the chances of disease occurrence.
Many risk assessments use terms such as low risk, medium risk,

and high risk to associate a level of risk with a category. his is
sometimes expressed by using color-coded categories: red for high
risk, yellow for medium risk, and green for low risk. Categories
simplify the concept for the patient, as they are easily understood
while discussing assessments and their implications for treatment
recommendations.
Patients who possess risk factors and risk indicators should be
considered to be at risk for dental caries even if the examination
does not reveal any caries lesions.33 A patient at high risk for dental
caries should receive aggressive intervention to remove or alter as
many risk factors as possible. Alternatively, regular monitoring
and reassessment might be appropriate for a patient at low risk
for dental caries. Risk assessment is a relatively young science in
the dental profession, but as more research is completed, evidence
is quickly validating this approach to patient care. Approaches to
patient care using risk assessments and disease management such
as CAMBRA are becoming the recognized standard of care. he
CAMBRA guidelines were developed over several years as an
evidence-based approach to preventing, reversing, and, when
necessary, repairing early damage to teeth caused by caries. Refer
to Chapter 2 for more information on how CAMBRA is used to
determine caries risk and how this determination helps the clinician
in the decision-making process for surgical or nonsurgical therapeutic
interventions.
In relation to operative dentistry, risk assessments are made for
caries, erosive tooth wear, and structural problems of teeth such
as fractures. However, risk assessments should be established for
other areas of the stomatognathic system such as periodontal disease,
functional occlusal and TMJ issues, and for the “risk” involved in
satisfying the patient’s esthetic expectations. All treatment for
patients should be designed to lower their risk for problems in
each of these areas. Dental treatment in any one of the abovementioned areas may improve risk status in that area but at a cost of
increased risk in another area. For example, preparation of teeth
for full-coverage crowns might reduce occlusal or esthetic risk but
at a cost of increasing risk for future caries or pulpal pathology.
Taken together, risk assessments provide a risk proile that helps
guide preventive and operative recommendations that are made
to the patient with the goal of mitigating as many risk factors as
possible.

Prognoi
Prognosis is the term used to describe the prediction of the probable
course and outcome of a disease or condition as well as the outcome
expected from an intervention, be it preventive or operative.
Prognosis may also be used to estimate the likelihood of recovery
from a disease or condition. In operative dentistry, prognosis may
be used to describe the likelihood of success of a particular treatment
procedure in terms of time of service, functional value, comfort,
and esthetic value for the patient. A prognosis may be described
as excellent, good, fair, poor, or even hopeless. Prognosis for a disease
or condition is largely dependent on the risk factors and indicators
that are present in the patient. However, other variables, such as
the skill of the dentist and the current status of the disease before
beginning treatment, also have an efect on the prognosis. For
example, a patient with severe caries may be willing to eliminate
all of the modiiable risk factors, but if the disease is too advanced,
the long-term prognosis for the afected teeth may still be poor.
It is important for the clinician to take into account the entire
risk proile of the patient in all areas of the person’s medical and
dental health when trying to establish a prognosis. Once the dentist
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and the patient have a good understanding of the current
condition(s), the patient’s risk proile, and all associated prognoses,
they will be able to work together as a team to identify treatment
options and establish a treatment plan.

Treatment Planning
General Conideration
Patient assessment, examination, and diagnosis result in a listing
of dental problems, an inventory of existing risk factors (or indicators), and an accurate prognosis for each tooth and for the patient’s
overall oral health. he dentist then begins to consider various
options in light of the paramount principle in dentistry: to do no
harm. Clinicians must have a sound knowledge of the current
evidence relative to the risks and beneits of their treatment recommendations. One option that must always be included is recommend
that there not be any intervention. Another consideration, based
on the patient–dentist interaction, particular needs/desires of the
patient, and/or the skill/comfort level of the dentist, is to recommend
referral to another practitioner. With regard to operative dentistry
procedures, the decision to recommend surgical or nonsurgical
intervention depends on the determination that a tooth is diseased,
a restoration is defective, or the tooth or restoration is at some
increased risk of further deterioration if the intervention does not
occur. If any of these conditions exists, intervention is recommended
to the patient. here may be multiple possible means by which
to resolve the diagnosed disease or defect. Identiication of treatment
alternatives involves establishing a list of one or more reasonable
interventions from the set of possible alternatives. Treatment
alternatives for a speciic condition may include, for example,
periodic reevaluation to monitor the condition, chemotherapeutics
(e.g., applications of luoride to promote remineralization or
antimicrobials to reduce bacteria), recontouring defective restorations
or irregular tooth surfaces, repair of an existing restoration, and
restoration of caries lesions or other defects. he list of reasonable
treatment alternatives is based on current evidence of the efectiveness of treatments, prevailing standards of care, and clinical and
nonclinical patient factors. If the decision is made to recommend
intervention then identiication and selection among treatment
alternatives, with the patient’s involvement, enables creation of
the treatment plan.
he treatment plan is a carefully sequenced series of services
designed to eliminate or control etiologic factors, repair existing
damage, and create a functional, maintainable environment. An
appropriate treatment plan depends on thorough evaluation of
the patient, the expertise of the dentist, and a prediction of the
patient’s response to treatment. he treatment plan will also include
strategies designed to reduce the patient’s risk for future caries
or other oral disease. Selection of speciic components of the
treatment plan is accomplished in consultation with the patient.
he patient is advised of the reasonable treatment alternatives
and related risks and beneits. After the patient is fully informed,
the dentist and patient select a course of action that is most
appropriate.
Treatment plans are inluenced by many factors, including
patient preferences, motivation, systemic health, emotional status,
and inancial resources. he treatment plan is also inluenced by
the dentist’s knowledge, experience, and training; laboratory support;
dentist–patient compatibility; availability of specialists; and the
patient’s functional, esthetic, and technical demands. Finally, a
treatment plan is not a static list of services. Rather, it is often a
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multiphase and dynamic series of activities. Success of the treatment
plan is determined by its ability to meet the patient’s initial and
long-term needs. A treatment plan should allow for reevaluation
and be adaptable to meet the changing needs, preferences, and
health conditions of the patient.
In the context of planning dental treatment, the clinician should
recommend invasive operative treatment only when the beneits
outweigh the risks of adverse outcomes. Restorations that require
permanent removal of tooth structure have a limited lifespan.
Studies have shown that the average lifespan of a restoration ranges
from 5 to more than 15 years.38 When the restoration is subsequently
replaced additional tooth structure is removed, regardless of how
carefully the operator removes the existing restoration. his situation
results in what has been termed the cycle of re-restoration, which
leads to larger and more invasive restorations over the course of a
patient’s life.39
As a general rule, remineralization therapies, as well as sealants
in the case of pits and issures, are the preferred methods of managing
coronal lesions that are neither cavitated nor involve dentin.
Remineralization is also recommended for root-surface lesions in
which a break in the surface contour of the exposed root surface
has not occurred. However, it is very important to note that
remineralization requires a high level of patient compliance with the
therapeutic regimen and frequent recall visits to assess the success of
the treatment. If lesion progression is detected at recall, then operative
intervention is warranted.
here are exceptions to the general rule of managing noncavitated enamel lesions with remineralization. Remineralization requires a shift in the delicate balance of the oral bioilm
and therefore depends heavily on changes in patient behavior
(e.g., improved home care, diet) and the timely application of
antimicrobial agents, luoride, and other remineralizing agents.
hus, when it is clear that the patient is unwilling or unable to
follow the prescribed remineralization regimen of home care and
professional care, it is often appropriate to remove the lesion(s)
surgically and restore the defect or to seek to arrest the lesion (see
Chapter 2).
If conirmed cavitation of the enamel or demineralization
penetrating into the dentin on coronal surfaces is present or a
break exists in the contour of exposed root and softening of the
surface, then operative treatment is usually recommended. One
exception to this general guideline is the lesion that is deemed
arrested.

Treatment Plan Sequencing/Phaing
Proper sequencing is a crucial component of a successful treatment
plan. Certain treatments must follow others in a logical order,
whereas other treatments may or must occur concurrently and
require coordination. Complex treatment plans often are sequenced
in phases, including an urgent phase, a control phase, a reevaluation
phase, a deinitive phase, and a maintenance phase (that includes
reassessment and recare). For most patients, the irst three phases
are accomplished simultaneously. Generally, the principle of “greatest
need” guides the order in which treatment is sequenced. his
principle suggests that what the patient needs most is performed
irst—with pain, bleeding, and swelling at the beginning of the
treatment plan and elective esthetic procedures at the end. he
process of treatment planning requires that the dentist develop an
ever-increasing, comprehensive knowledge of dental disease management in the context of individualized patient care. Study of textbooks
devoted to this discipline is indicated.40
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Urgent Phase
he urgent phase of care begins with a thorough review of the
patient’s medical history and current condition. A patient presenting
with swelling, pain, bleeding, or infection should have these
problems managed as soon as possible, before initiation of subsequent phases.

appointments for bioilm removal (dental prophylaxis). he frequency of reevaluation examinations depends, in large part, on
the patient’s risk for dental disease. A patient with a low risk proile
may have longer intervals (e.g., 9–12 months) between recall visits.
In contrast, patients at high risk proile should be recalled and
examined much more frequently (e.g., 3–4 months).

Control Phase
A control phase is appropriate when the patient presents with
multiple pressing problems and extensive active disease or when
the prognosis is unclear. he goals of this phase are to remove
etiologic factors, eliminate the ecologic niches of pathogens, and
stabilize the patient’s dental health. hese goals are accomplished
by (1) removal of active disease such that inlammation may resolve,
(2) correction of conditions that prevent or limit hygiene eforts,
(3) elimination of potential causes of disease, and (4) initiation of
preventive activities. Examples of control phase treatment include
extractions, endodontics, periodontal debridement and scaling,
occlusal adjustment, caries arrest and/or removal, replacement or
repair of defective restorations such as those with gingival overhangs,
and use of caries control measures, as discussed in Chapter 2.
he dentist should develop a plan for the management and
prevention of dental caries as part of the control phase. After the
patient’s caries status and caries risk have been determined, chemical,
surgical, behavioral, mechanical, and dietary techniques may be
used to improve host resistance and alter the oral lora.40 Chapter
2 presents a detailed discussion of caries diagnosis, prevention,
treatment, and control.

Interdiciplinary Conideration in Operative
Treatment Planning

Reevaluation Phase
he reevaluation phase allows time between the control and deinitive phases for resolution of inlammation and healing. Initial
treatment and pulpal responses are reevaluated during this phase
as the relative efectiveness of control phase treatment may inluence
and modify the deinitive phase treatment plan. his phase is used
to reinforce home care habits and assess motivation for further
treatment.
Patients with an overall low risk proile, who only require minor
alterations in diet, behaviors, and exposure to remineralization
agents, may not require a formal control phase/reevaluation phase
process. he treatment plan for these patients may start with a
plan to deinitively address immediate concerns while simultaneously
implementing minor changes and reinforcing habits consistent
with dental health.
Deinitive Phase
he patient enters the deinitive phase of treatment only after the
dentist reassesses initial eforts to control disease and, with the
patient, determines the need for further care. his phase may include
endodontic, periodontal, orthodontic, and surgical procedures. he
patient’s active disease must be under control, and preventive eforts
habitually established, before ixed or removable prosthodontic
treatment. his phase is discussed in more detail in the section on
interdisciplinary considerations in operative treatment planning.
Maintenance (Reassessment and Recare) Phase
he maintenance phase includes regular reassessment (synonyms
include reevaluation, periodic) examinations that may reveal the
need for adjustments to prevent future breakdown, provide an
opportunity to reinforce home care, and plan recare treatment
steps where disease has returned. Examinations for reassessment
most frequently occur as part of strategically planned (recall)

When an operative procedure is performed during the control or
deinitive phases, general guidelines help determine when the
operative treatment should occur relative to other forms of care.
Following is a discussion on sequencing operative care with
endodontic, periodontal, orthodontic, surgical, and prosthodontic
treatments.

Endodontics
All teeth to be restored with large restorations should have a pulpal
and periapical evaluation. If indicated, teeth should have endodontic
treatment before restoration is completed. Also, a tooth previously
endodontically treated, that shows no evidence of healing or has
an inadequate illing or a illing exposed to oral luids, should be
evaluated for retreatment before restorative therapy is initiated.41
Periodontics
Generally, periodontal treatment should precede operative care,
especially when improved oral hygiene and initial scaling/root
planing procedures create (through reduction of gingival inlammation) a more desirable environment for performing operative
treatment. A tooth with a questionable periodontal prognosis should
not receive an extensive restoration until periodontal treatment
provides a more favorable prognosis. If a tooth has a good periodontal prognosis, then operative treatment may occur before or
after periodontal therapy, as long as the operative treatment is not
compromised by the existing tissue condition. Treatment of deep
caries lesions often requires caries control (see Chapter 2). Caries
control may utilize temporization, creation of a foundation, or
root canal therapy/foundation before periodontal therapy. he
correction of gross restorative defects in restoration contours (e.g.,
open contact resulting from restoration undercontour, gingival
overhang, poor embrasure form, occlusal interference resulting in
increased mobility) is considered a part of initial periodontal therapy,
and such corrections enable a more favorable tissue response. If
periodontal surgical procedures are required, indirect restorations
such as inlays or onlays, crowns, and prostheses should be delayed
until the surgical phase is completed. Teeth planned for cast restorations may, however, be prepared and temporized before periodontal
surgery. his approach permits conirmation of the restored tooth
prognosis before surgery and allows improved access for the surgical
procedure.
Patients with gingivitis and early periodontitis generally respond
favorably to improved oral hygiene and scaling/root planing
procedures. Patients with more advanced periodontitis might require
removal (or at least minimization) of associated risk factors/indicators
through surgical steps that eliminate/reduce sulcular depths or
various regenerative procedures to resolve their periodontal disease.
Steps to increase the zones of attached gingiva and eliminate
abnormal frenal tension should be achieved by corrective periodontal
surgical procedures around teeth receiving restorations with subgingival margins. In addition, any teeth requiring restorations that
may encroach on the biologic width of the periodontium should
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have appropriate crown-lengthening surgical procedures performed
before the inal restoration is placed. Usually, a minimum of 6
weeks is required after the surgery before inal restorative procedures
are undertaken.

Orthodontics
Orthodontic therapy, such as realignment or extrusion, may be
required to provide improved interdental spacing, stress distribution,
function, and esthetics. All caries lesions should be corrected with
amalgam or composite restorations before orthodontic treatment
begins. Few indications exist for cast restorations before orthodontic
treatment is completed. In addition, patients undergoing orthodontic treatment should receive more intense focus (especially by the
orthodontist) on the minimization/elimination of risk factors for
caries and gingival/periodontal disease. he orthodontic treatment
plan should include shorter recall intervals for bioilm removal,
examination, and oral hygiene reinforcement.
Oral Surgery
In most instances, impacted, unerupted, and/or hopelessly diseased
teeth should be removed before operative treatment. Oral surgery
procedural steps required for third molar removal may jeopardize
new restorations placed on second molars. In addition, soft tissue
lesions, complicating exostoses, and improperly contoured ridge
areas should be eliminated or corrected before inal restorative care.
Fixed, Removable, and Implant Prosthodontics
Direct restorations should be completed, if possible, before placing
indirect restorations. Large amalgam or composite foundation
restorations must have secondary retention features (grooves, slots,
pins) placed further from the external surface of the tooth so that
the retention of the foundation material is not compromised during
preparation for the indirect restoration. In removable prosthodontics,
tooth preparations and restorations should allow for the design of
the removable partial denture. his includes allowance for rests,
guide planes, and clasps. he design of the direct restoration and
the selection of appropriate restorative materials must be compatible with the design of the contemplated removable prosthesis. In
cases where dental implants have been or will be placed, direct
restorations should be planned and executed to allow necessary
mesial, distal, and vertical (occlusal) space for implant-supported
indirect restorations. Implant restorations may sometimes have
unusual proximal contours, and adjacent amalgam or composite
restorations should be designed to allow the best possible proximal
contact relationships.

Treatment of Abraion, Eroion, Abfraction,
and Attrition
Abraded or eroded areas should be considered for restoration only
if one or more of the following is true: (1) he area is afected by
caries, (2) the defect is suiciently deep to compromise the structural
integrity of the tooth, (3) intolerable sensitivity exists and is
unresponsive to conservative desensitizing measures, (4) the defect
contributes to a gingival or periodontal problem (chronic bioilm
accumulation), (5) the area is to be involved in the design of a
removable partial denture, (6) the depth of the defect is such that
there is increased risk of pulpal involvement, (7) the defect is
actively progressing, or (8) the patient desires esthetic improvement.
Areas of signiicant occlusal attrition that have exposed dentin,
are sensitive, or annoying should be considered for restoration or
at least protection from additional loss of tooth structure. he
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creation of an occlusal guard, for nocturnal use, may be indicated
with a diagnosis of sleep-related bruxism. A treatment plan for
deinitive indirect restorations must include an occlusal analysis
(which requires articulated diagnostic models) as part of the
comprehensive examination. Careful consideration of related
information from the patient assessment and examination process
is essential if all aspects of the etiology are to be identiied and
risk factors reduced. Also, occlusal guard therapy should be considered for nocturnal protection of indirect restorations completed
as part of the deinitive phase.

Treatment of Root-Surface Carie
Root caries is common in older adults and in patients who have
had periodontal therapy. Increases in the number of older patients
in the patient population and tooth retention have contributed
to this growing problem. Areas with root-surface caries usually
should be restored when clinical and/or radiographic evidence of
cavitation exists. Care must be exercised, however, to distinguish
the active from the arrested (inactive) root-surface lesion. he
arrested root-surface lesion may have sclerotic dentin that has
darkened from extrinsic staining, is irm to the touch of an explorer,
may be rough but is cleanable. Successful caries arrest usually
occurs in patients whose oral hygiene or diet has improved such
that the balance between demineralization and remineralization
has become favorable. Generally, these lesions should not be restored
except when the patient expresses esthetic concerns. If it is determined that the lesion needs restoration, it may be restored with
tooth-colored materials or amalgam, depending on demands of
the restorative material, preferences of the patient, and caries risk.
Prevention is preferred over restoration. It is recommended that
appropriate preventive steps, such as improvement in diet/oral
hygiene and luoride treatment (with or without cementoplasty/
dentinoplasty to eliminate surface roughness), be taken so as to
limit carious breakdown and the need for restoration.

Treatment of Root-Surface Senitivity
It is not unusual for patients to complain of root-surface sensitivity,
which is an annoying sharp pain usually associated with gingival
recession and exposed root surfaces. he most widely accepted
explanation of this phenomenon is the hydrodynamic theory. his
theory postulates that rapid dentinal tubule luid movement toward
the external surface of the tooth elongates odontoblastic processes
(which extend from the pulp through the predentin and into
dentin) and associated aferent nerve ibers. he elongation of the
nerve ibers results in depolarization and the perception of pain
(see Chapter 1). Causes of such luid shifts include temperature
changes, air-drying, and extreme osmotic gradients. Treatment
methods that reduce rapid luid shifts, by partially or totally
occluding the ends of the exposed dentinal tubules, may help
reduce the perceived sensitivity.
Dentinal hypersensitivity may become a problem when periodontal surgery causes clinical exposure of root surfaces (such that
dentinal tubules are exposed and open). Numerous forms of
nonsurgical treatment, such as luoride varnishes, oxalate solutions,
glutaraldehyde/HEMA-based desensitizers, resin-based adhesives,
sealants, and desensitizing toothpastes that contain potassium
nitrate, have been used to occlude the open tubules and, thereby,
provide relief. When nonsurgical methods fail to provide relief,
direct restorative treatment that physically covers the exposed dentin
is indicated.
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Treatment by Repair and Recontour of
Exiting Retoration
Amalgam, composite, or indirect restorations often may be repaired
or recontoured as opposed to completely removed and replaced.
Growing evidence suggests that the removal and replacement of
restorations result in the cycle of re-restoration, which leads to
increasingly larger tooth preparations and the resultant trauma to
the tooth and supporting structures.39 In addition, resurfacing or
repair of composites and repair of cast restorations has been shown
to be efective.42-44 Also, amalgam restorations with localized defects
may be repaired with amalgam or with sealant resins.17,42 If a restoration has an isolated carious defect, and complete removal of the
caries lesion has been conirmed, then it is acceptable and often
preferable to restore the isolated area without replacement of the
whole restoration. In many instances, recontouring or resurfacing
the existing restoration may delay replacement and is an acceptable
form of treatment.

Treatment by Replacement of
Exiting Retoration
Indications for replacing restorations include the following: (1)
marginal void(s), especially in the gingival one third, that cannot
be repaired and predispose to caries formation; (2) poor proximal
contour or a gingival overhang that contributes to periodontal
breakdown; (3) a marginal ridge discrepancy that contributes to
food impaction; (4) overcontouring of a facial or lingual surface
resulting in bioilm accumulation gingival to the height of contour
and resultant inlammation of gingiva overprotected from the
cleansing action of food bolus or toothbrush; (5) poor proximal
contact that is either open or improper in location or size, resulting
in interproximal food impaction and inlammation of impacted
gingival papilla; (6) recurrent caries that cannot be treated adequately
by a repair restoration; and (7) supericial marginal gap formation
(ditching) deeper than 0.5 mm that predisposes to caries.44
Indications for replacing tooth-colored restorations include (1)
improper contours that cannot be repaired, (2) large voids, (3)
deep marginal staining, (4) recurrent caries, and (5) unacceptable
esthetics.44 Bonded restorations that have supericial marginal
staining may be corrected by shallow, narrow, marginal repair.

Treatment With Amalgam Retoration
Dental amalgam still is recognized as one of the most successful
direct restorative materials and is especially indicated for patients
deemed to be moderate or high caries risk.45 Inaccurate information
with regard to the safety of amalgam has resulted in controversy
among health care providers, environmentalists, legislators, and
the general population. Although the use of amalgam is considered
safe by multiple independent agencies, the release of elemental
mercury does contribute to environmental levels. Therefore
responsible handling is important. Chapter 10 presents the current
indications for amalgam restorations and Chapter 13 presents a
more complete discussion of legitimate mercury concerns and the
safe use of dental amalgam.

Treatment With Direct Compoite and Other
Tooth-Colored Retoration
Direct composite restorations are indicated for the treatment of
many lesions in anterior and posterior teeth. Successful treatment

outcomes require meticulous attention to detail with regard to
the enamel/dentin substrate and the properties of the speciic
adhesive system/composite resin being used. Correct application
will result in the rewarding creation of form, function, and lifelike
appearance of missing tooth structure. Determination of patient
caries risk is important when considering the use of composite
resin-based restorations. A systematic review has identiied that
the likelihood of development of recurrent caries adjacent to
composite resin restorations is at least twice that of amalgam
restorations in high caries risk patients.45 Detailed indications for
composite and other tooth-colored restorations are presented in
Chapter 8.

Treatment With Indirect Cat-Metal Retoration
Partial- or full-coverage indirect cast-metal (primarily gold alloy)
onlay restorations still remain among the most predictable and
dependable restorations available to dentistry. hese are the conservative restoration of choice for compromised teeth in high stress
areas. he beneit of these restorations is that they cover and reinforce
cusps without removal of healthy tooth structure in the middle
and cervical areas of the facial and lingual surfaces (see Online
Chapter 18). Indirect cast-metal restoration of the total clinical
crown of teeth allows complete control of all contours and, thereby,
the creation of anatomic shape consistent with optimal occlusal
function and gingival health.

Treatment With Indirect
Tooth-Colored Retoration
Properly designed porcelain-fused-to-metal (PFM) indirect restorations have clinically proven, long-term success in the restoration
of individual teeth and edentulous areas. he use of ceramic materials
without metal substrates has steadily increased in recent years.
Partial-coverage bonded indirect tooth-colored restorations may
be indicated for the restoration of large defects in low stress areas
when esthetics and optimal control of contours is necessary. Fullcoverage bonded indirect tooth-colored restorations also may be
selected for the conservative restoration of weakened posterior
teeth in low stress, esthetically critical areas.
he use of tooth-colored, zirconia-based, indirect restorations
has steadily increased over the last two decades. In vitro and shortterm in vivo research studies suggest that the clinical durability of
these crowns may allow use as an alternative to indirect cast-metal
or PFM restorations. However, there are currently no published
long-term randomized, controlled clinical trials verifying this to
actually be the case. hese restorations may be generated through
the use of traditional impression/dental laboratory techniques or
through the use of computer-assisted digital impression, design
and manufacturing processes. Indirect tooth-colored restorations
are covered in more detail in Chapter 12.

Treatment of Ethetic Concern
Interest in smile esthetics is growing among many segments of the
population. As a result, a range of treatments has been developed
to manage a wide array of esthetic concerns. Chapter 9 describes
conservative esthetic treatments, which include selective recontouring
of anterior teeth, vital bleaching, and microabrasion. hese conservative approaches have well-documented outcomes. In addition to
these conservative techniques, advances in direct composite restorations have permitted the closure of diastemas, recontouring of
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teeth, and other tooth additions by means other than extensive
full-coverage indirect restorations.

Treatment Conideration for Older Patient
In the past, older adults constituted a relatively minor proportion
of the population. Older individuals used dental services infrequently
because most were edentulous, had limited inancial resources,
and delayed unmet dental needs until they became symptomatic.
Today, individuals 65 years and older represent a rapidly growing
segment of the population. Older individuals now are better
educated consumers, have greater inancial resources, are more
prevention minded, and have retained more teeth as compared
with their predecessors. However, older individuals are living with
increasingly more complex medical, mental, emotional, and social
conditions that afect their ability to care for their dentition and
periodontium. hese conditions must be considered when planning
dental treatment. Financial and social barriers prevent some older
individuals from seeking oral health care. Although, as a group,
older adults enjoy greater inancial resources, many remain on
restricted budgets and are faced with tough decisions regarding
the spending of limited resources. Transportation to and from the
dental oice becomes complicated for those who no longer drive.
A comprehensive review of geriatric dentistry is beyond the scope
of this chapter; rather, some issues that are important for treatment
planning for older patients are highlighted.46-48
Clear and efective communication is crucial. Many older adults
have hearing loss and dentists must speak more distinctly and at
a higher volume. Patients with memory loss appreciate written
summaries and instructions that assist them in remembering details
of the visit and planned treatment when they leave the dental
oice. he use of large simple fonts in written communications
is particularly helpful to patients with diminished visual acuity.
An accurate medical history, risk assessment, and integration
of dental and medical care are particularly important considerations
for older patients. Many chronic diseases of the cardiovascular,
respiratory, endocrine, renal, gastrointestinal, musculoskeletal,
immune, and neurologic systems are associated with aging, inluence
dental disease, and complicate dental treatment decision making.
Cardiovascular disease, Alzheimer disease, depression, osteoarthritis,
rheumatoid arthritis, osteoporosis, cancer, and diabetes are a few
of the diseases that commonly afect older adults, and their medical
management increases in complexity with advancing years. It is
estimated that older individuals living in community settings take
an average of four medications each day; six of the top 10 drugs
prescribed in 2001 were used to treat age-related chronic conditions.46,47 Many of these medications have the potential for adverse
drug reactions and drug interactions. Oral adverse efects include
dry mouth (xerostomia), increased bleeding of tissues, lichenoid
reactions, tissue overgrowth, and hypersensitivity reactions. he
dentist must be aware of the impact these medications may have
on dental treatment planning and management. Consultation with
the patient’s physician is highly recommended so as to gain
understanding of these medical, mental, and emotional conditions
and their potential impact on dental treatment. he dentist should
recognize the impact of polypharmacy on salivary low, especially
the use of xerostomic medications, and discuss with the physician
the potential substitution of medications with fewer xerostomic
efects.
Oral changes associated with undernourishment, immunosuppression, dehydration, smoking, alcohol use, disease, medications,
and dental problems lead to a depressed sense of taste and smell
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in older patients.49 Perceptions of salty and bitter tastes and olfactory
function decline with age, whereas perceptions of sweet and sour
tastes do not. As a result, food may become tasteless and unappetizing, and more sugars, fats, and salts are added in an attempt
to increase lavor. Undernourished individuals are encouraged to
consume calorie-rich, complete-nutrition beverages, which also
are rich in reined carbohydrates. Smoking reduces the taste of
foods by causing physical coating of the tongue and regression of
the taste buds on the tongue and olfactory receptors in the roof
of the nasal cavity over time. Inadequate luid intake may lead to
chronic dehydration and altered taste perception. hese practices
increase the risk of dental disease in this population. Dietary
assessment and counseling are crucial in older patients to identify
inadequate diets and suggest modiications that enhance taste and
smell while lowering the risks of dental disease. Herb seasonings
may enhance the lavor of foods in lieu of sugar and salt. Salivary
stimulants, citrus-lavored candies containing xylitol or other sugar
replacements, tongue brushing or scraping, and smoking cessation
are some additional measures that may promote taste and olfactory
perception in older adults.
Dental and periodontal diseases may progress more rapidly in
older adults.47 Dental caries, particularly root caries, is the most
signiicant reason for tooth loss in older adults. Inefective plaque
removal, xerostomia, soft sugar-rich diets, ixed and removable
prostheses, abrasions at the CEJ, gingival recession, and chronic
periodontal inlammation (with increased activity of collagenolytic
enzymes) make root surfaces more prone to caries compared with
other surfaces. Root-surface restorations are challenging to successfully perform and are at risk of recurrent decay in the future.
Careful selection of restoration design, materials, and inishing is
essential if the patient is to be able to perform successful bioilm
removal and thereby maximize the longevity of restorations. Also,
many dental practitioners prefer to intervene more aggressively
with dental treatment rather than take a “watchful waiting”
approach. As more teeth are being retained and have large restorations at risk of fracture or recurrent decay, attention must be placed
on developing cost-efective and innovative means of restoring
teeth, particularly for older individuals on a limited budget. he
cost-efective use of silver diamine luoride (SDF) to arrest caries,
even though the treated area becomes darkly stained, may be an
optimal treatment option in this population (see Chapter 2).
Prevention of dental disease increases in importance but becomes
more challenging in older adults. Physical limitations such as
arthritis, Parkinson disease, vision impairment, and other chronic
illnesses reduce the patients’ ability to clean their teeth and periodontal tissues efectively. Powered rotation–oscillation toothbrushes
and manual toothbrushes with larger handles, for easier gripping,
are recommended for patients with decreased manual dexterity.
Consistent use of luoride-containing dentifrices and other remineralization products, antimicrobial mouthrinses, oral pH management, lossing, oral irrigation, and chewing of xylitol gum may
reduce the risk of developing dental caries and periodontal
infection.50 Written reminders are useful to serve as aids for older
patients who forget to brush their teeth because of memory loss
associated with Alzheimer disease. Because many older individuals
may have never been taught how to efectively clean their teeth,
the dentist must observe their technique and instruct them in
proper oral hygiene procedures to be performed after each meal.
Dentists must carefully inform patients in the proper application
method of 5000-ppm luoride toothpastes. Incorrect application
(e.g., rinsing/eating/drinking immediately after brushing) severely
limits any potential beneit.
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A unique aspect of aging is an increasing reliance on the assistance
of caregivers with activities of daily living. As a result, the dentist
must work with caregivers who provide dental care for patients in
the home, assisted living facility, nursing home, and hospital settings.
he dental professional may need to spend more time educating
and training the caregiver, rather than the patient, in the importance
of oral hygiene and efective plaque removal techniques.

Treatment Plan Approval
Informing patients well about their conditions and treatment options
and then obtaining their consent has become an integral part of
contemporary dental practice.51 One aspect of informed consent
is to provide patients with the necessary information about the
alternative therapies available to manage their oral conditions. For
nearly all conditions, usually more than one treatment alternative

is available. hese alternatives, with their advantages and disadvantages, should be presented to the patient. In addition, the
patient should be informed of the risks associated with each
alternative therapy. Dentists must remember that a reasonable
alternative often is not to intervene directly with restorative care.
Rather, based on the nature of dental disease progression, elimination
or reduction of risk factors/indicators may need to be the initial
focus while monitoring the condition. Even these intentional eforts
are part of a treatment plan and must be included in the informed
consent process. Proactive conservative steps, in the case of caries,
may be to attempt to remineralize or arrest the lesion(s). Finally,
the cost of treatment alternatives should be discussed with the
patient. Treatment may proceed when the dentist is sure that the
patient has a full and complete understanding of the alternative
treatments, their associated risks and beneits, and the results of
possible nontreatment.51-53

Summary
Proper assessment, examination, diagnosis, and treatment planning
play a crucial role in the delivery of quality dental care. Each
patient must be evaluated (examined) individually in a thorough
and systematic fashion. After the patient’s preferences, risks, and
condition(s) are understood and recorded, a treatment plan may
be developed and implemented. A successful treatment plan carefully
sequences and integrates all necessary procedures indicated for the
patient. Few absolutes exist in treatment planning; the available
information must be considered carefully and incorporated into

a sequenced approach that its the desires/needs of the individual.
Patients must have an active role in the process; they must be
informed of the indings, advised of the risks and beneits of
proposed treatment, and given the opportunity to decide the course
of treatment. he process of patient assessment, examination,
diagnosis, and treatment planning represents one of the greatest
challenges in dentistry and is rewarding for both the patient and
the dentist if done properly (i.e., thoroughly and with the patient’s
best interests in mind).
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eeth require intervention (i.e., need some type of preparation)
for various reasons: (1) caries lesion progression to the point
that loss of tooth structure requires restoration; (2) tooth
fracture compromising form and function with or without associated
pain or sensitivity; (3) congenital malformation or improper position
in need of reestablishment of form or function; (4) previous restoration with inadequate occlusal or proximal contact, defective (open)
margins, or poor esthetics; or (5) as part of fulilling other restorative
needs (see Chapter 3). Every efort must be made to limit the risk
of iatrogenic damage to adjacent tooth surfaces while seeking to
prepare and restore caries lesions or defects. Teeth requiring
intervention are prepared such that various restorative materials
have the most predictable outcome.
his chapter deines tooth preparation and the historical classiication of anatomic locations afected by caries lesions. Consideration
is given to factors that directly impact preparation design, followed
by description of the logic and procedural organization of preparation steps. Additional factors that must be considered in overall
care of the patient may indirectly impact preparation design (Box
4.1; see Online Chapter 15). Chapters that are devoted to the
preparation and restoration of speciic lesions/defects elaborate
on these additional factors. he ability to utilize the information
presented here requires working knowledge of dental anatomy and a
solid understanding of concepts presented in Chapters 1, 2, and 3.
In the past, most restorative treatment was for cavitated caries
lesions, and the term cavity was used to describe a caries lesion
that had progressed to the point that there was a breach in the
surface integrity of the tooth. Likewise, when the afected tooth
was treated, the cutting or preparation of the remaining tooth
structure (to receive a restorative material) was referred to as cavity
preparation. Currently, many indications for treatment are not
related to carious destruction, and the preparation of the tooth
no longer is referred to as cavity preparation, but as tooth
preparation.

Tooth Preparation: Deinition and
Foundational Concepts
Tooth preparation is the mechanical alteration of a defective, injured,
or diseased tooth such that placement of restorative material
reestablishes normal form (and therefore function) including esthetic
corrections, where indicated. Generally, the objectives of tooth
preparation are to (1) conserve as much healthy tooth structure
as possible, (2) remove all defects while simultaneously providing
protection of the pulp–dentin complex, (3) form the tooth
120

preparation so that, under the forces of mastication, the tooth or
the restoration (or both) will not fracture and the restoration will
not be displaced, and (4) allow for the esthetic placement of a
restorative material where indicated.
G.V. Black presented a classiication of tooth preparations
according to diseased anatomic areas involved and by the associated
type of treatment.1 Black’s classiication originally was based on
the observed frequency of caries lesions in various surface areas
of teeth. hese classiications were designated as Class I, Class II,
Class III, Class IV, and Class V. Since Black’s original classiication,
an additional class has been added, Class VI. Although the relative
frequency of caries lesion locations may have changed over the
years, the original classiication is still used in the diagnosis of caries
lesions (e.g., Class I Caries). In addition, the various classes are
used to identify lesion-associated preparations and restorations (e.g.,
a Class I amalgam preparation or a Class I amalgam restoration).
All preparations required to treat pit-and-issure caries are termed
Class I preparations. hese include preparations on (1) occlusal
surfaces of premolars and molars, (2) occlusal two thirds of the
facial and lingual surfaces of molars, and (3) the lingual surfaces
of maxillary incisors. Preparations required to correct caries lesions
that develop in the proximal surfaces of posterior teeth are termed
Class II preparations. Preparations required to correct caries lesions
that develop in the proximal surfaces of anterior teeth that do not
include the incisal edge are termed Class III preparations. Preparations
required to correct caries lesions or other defects that develop in
the proximal surfaces of anterior teeth that include the incisal edge
are termed Class IV preparations. Preparations required to correct
caries lesions or other defects that develop in the gingival third of
the facial or lingual surfaces of all teeth are termed Class V preparations. Preparations required to correct caries lesions or other defects
that develop in the incisal edges of anterior teeth or the occlusal
cusp tips of posterior teeth are termed Class VI preparations.
Much of the rationale supporting the development of tooth
preparation techniques was introduced by Black.1 Modiications
of Black’s principles of tooth preparation have resulted from the
inluence of Bronner, Markley, J. Sturdevant, Sockwell, and C.
Sturdevant; from improvements in restorative materials, instruments,
and techniques; and from the increased knowledge and application
of preventive measures for caries.2-6 Tooth preparation design takes
into consideration the nature of the tooth (the structure of enamel,
the structure of dentin, the position of the pulp in the pulp–dentin
complex, the enamel connection to the dentin) and the nature of
material to be used for restoration of the defect. For example, a
diamond abrasive cutting instrument may be chosen to increase
the roughness, and thereby surface area, of prepared walls and
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• BOX 4.1

Factors to Consider Before and During
Tooth Preparation

Patient Factors

Lesion/Defect Factors

•
•
•
•
•
•

•
•
•
•
•
•

Desires
Home care
Risk status
Age
Cooperation
Anesthesia

Restorative Material Factors

•
•
•
•
•

• Physical properties
• Color characteristics
• Cost effectiveness

Procedural Factors
•
•
•
•

b

Bone support
Occlusion
Severity
Gingival status
Pulpal status
Fracture development

Anatomical Factors
Enamel rod orientation
Dentin thickness
Pulp location
Coronal contours
Extent of previous restoration
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Operator skill
Instrument design
Type of rotary cutting instrument
Ability to isolate

margins when planning for an adhesively retained composite resin
restoration (see Online Fig. 14.24).
Highly mineralized enamel depends on the resiliency of its
dentin support. Every preparation is designed to conserve as much
dentin as possible for the strength of the enamel and the protection
of the pulp. he durable attachment between enamel and dentin
(the dentinoenamel junction [DEJ]) enables enamel to withstand
the rigors of mastication. When caries (or any defect) has compromised the DEJ, then associated supericial enamel becomes
prone to fracture under cyclic occlusal loading. Most preparation
designs remove enamel that has lost its attachment to the underlying
dentin (see Chapter 8 for exceptions). he nature of enamel formation (see Chapter 1) requires that the preparation walls be, at
minimum, oriented 90 degrees to the external surface of the enamel
so as to maintain a continuous connection with the essential
supporting dentin beneath (Fig. 4.1, a). An enamel wall with this
coniguration is able to withstand the forces associated with occlusal
loading. An even more durable wall coniguration results when
the preparation has full-length enamel rods buttressed by shorter
enamel rods on the preparation side of the wall (Fig. 4.1, b). Tooth
preparations must also include design features that take into account
the physical limitations of the planned restorative material.
Dental restorative materials are best considered in terms of their
ability to survive the stresses of the oral environment in comparison
with natural tooth structure. Natural tooth structure is able to
withstand the cyclic loading of mastication because of its ability
to undergo small amounts of lexure without fracture or separation
of the enamel from the dentin. Ideal restorative materials would
be able to mimic the durability of natural tooth structure. All
current restorative materials fall short of the ideal. Tooth preparation
design takes into consideration that dental restorative materials
are structurally either polycrystalline or polymeric.
Restorative materials that are polycrystalline in nature (e.g., dental
amalgam, glass-ceramic) have very limited ability to lex without
fracturing. herefore they are prone to fracture when occlusal
loading causes material lexure. Preparations for polycrystalline
materials require removal of diseased tooth structure followed by

a

• Fig. 4.1 All enamel walls must consist of either full-length enamel rods
on sound dentin (a) or full-length enamel rods on sound dentin supported
on preparation side by shortened rods also on sound dentin (b).

a design that allows enough material thickness such that lexure
under occlusal load will not occur. his process usually results in
a preparation with fairly uniform (at least uniformly minimal)
depths. Polycrystalline materials generally require a minimum
thickness of 1.5 to 2.0 mm so as to withstand occlusal loading
without lexure. he periphery of preparations for polycrystalline
materials are designed to allow thickness (i.e., bulk) of the margins
(edges) of the planned restoration. he design of the cavosurface
margins for these materials is therefore as close to 90 degrees as
possible as this marginal coniguration allows maximum thickness
of the polycrystalline material that will subsequently be placed
in the preparation (Fig. 4.2; also see Fig. 1.12). Preparations for
polycrystalline restorative materials often require strategic, additional removal of healthy tooth structure to allow for material
limitations.
Restorative materials that are polymeric in nature (e.g., composite
resin) have greater ability to lex without fracture. herefore they
are not prone to fracture when occlusal loading causes material
lexure. Preparations for polymeric restoratives generally only require
removal of the diseased tooth structure as these materials have no
minimum material thickness requirement. he thin restoration
will lex as needed. he periphery of preparations for polymeric
materials do not require any particular design to allow for bulk
of material at the margins of the planned restoration. Polymeric
restorative materials may be as thin as is required to replace lost
tooth structure and reestablish normal anatomy. For this reason,
preparations for polymeric restorative materials generally allow
maximum conservation of natural tooth structure and therefore
are considered to be “minimally invasive” by design. he attachment
between polymeric materials and enamel remains stable over time.
However, the attachment between polymeric materials and dentin
deteriorates over time.
Tooth preparations are usually limited to the clinical crowns
of teeth. he clinical crown is the portion of the tooth (usually
predominantly covered by enamel) that is exposed in the oral
cavity. Frequently tooth preparation leaves much of the clinical
crown surface uninvolved and is referred to as an intracoronal tooth
preparation. he appearance of the completed preparation has been
conceptually described as “boxlike” (Fig. 4.3). he goal of the
operative dentist is always maximum conservation of any remaining
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• Fig. 4.2 Diagram of caries lesion development in the occlusal pit/issure area (ICDAS 4) of a tooth (A)
and in the smooth surface area on the facial (B). Sectional view (C) of initial stage of tooth preparations
for lesions in A and B when planning for a polycrystalline restorative material such as amalgam. C, The
preparation cavosurface angle (cs), axial wall (a), pulpal wall (loor) (p), enamel wall (e), dentinal wall (d),
preparation margin (m), and DEJ ( j ). Note, in the upper exploded view, that the cavosurface angle (cs)
may be visualized by imaginary projections of the preparation wall (w′ ) and of the unprepared surface
(us′ ) contiguous with the margin, forming angle cs′. Angles cs and cs′ are equal because opposite angles
formed at the intersection of two straight lines are equal. Likewise, minimal restorative material angle rm
is equal to angle rm′. Polycrystalline restorative materials require rm to approach 90 degrees. Note the
axis of preparation aligned with the long axis of the mandibular posterior tooth crown.

• Fig. 4.3

Intracoronal preparation with “boxlike” appearance.

clinical crown knowing that the tooth has already been weakened
from the carious loss of tooth structure. Controlled, conservative
removal of any remaining tooth structure, based on the needs of
the restorative material, is always accomplished with the awareness
that the intracoronal restoration will not add strength to the tooth
over the long term, regardless of the nature of the restorative
material being used.

When carious destruction of the clinical crown is severe (i.e., the
remaining enamel has lost a large amount of the dentinal support),
additional eforts to encircle and reinforce the remaining tooth
structure are required. hese additional preparation eforts most
frequently require removal of most or all of the remaining enamel
and therefore include the whole anatomic crown. All external enamel
surfaces are involved and the preparation efort is therefore referred
to as an extracoronal preparation. In concept, all the enamel (at least
the correct physical dimensions and frequently the physical appearance) is to be replaced. In addition, missing dentin may need to be
replaced with an appropriate restorative material to act as a dentin
substitute. he dentin substitute, along with remaining healthy
dentin, acts to support the new restorative material that is replacing
the enamel. he goal of the extracoronal preparation is to create
enough physical space for the planned restorative material to restore
the natural anatomy of the afected tooth. In general, the appearance
of a completed extracoronal preparation is reminiscent of a tree
stump and is referred to as “stumplike” (Fig. 4.4). he actual amount
of space required depends directly on the physical properties of the
restorative material to be used. he extracoronal restoration generally
reestablishes the anatomy of the crown of the tooth (clinical or
anatomic crown, depending on whether any enamel is remaining)
and is therefore termed a “crown.” he crown must extend well
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• Fig. 4.5 The external and internal walls (loors) for Class II tooth preparation required to treat occlusal and mesioproximal caries lesions.
• Fig. 4.4

Extracoronal “stumplike” tooth preparation with dentin (d) and
dentin substitute (core component of a cast post and core, ds). The
adjacent tooth has been restored with a full porcelain-fused-to-metal
crown (c). Note staining that has subsequently developed in areas of
iatrogenic damage (arrow).

beyond any dentin substitute (i.e., include remaining adjacent healthy
tooth structure) if the restorative process is to successfully reestablish
the strength required for durable function of the restored tooth.
he more extensive the preparation, the greater the risk of iatrogenic
damage of adjacent structures or restorations during procedures.
Further information relative to extracoronal tooth preparations and
restorations may be identiied in textbooks devoted to this subject.
Dentistry has developed terminology useful in the communication of all aspects of preparation design and associated procedures.
Tooth preparation terminology efectively describes preparation
aspects with regard to complexity, anatomic location, threedimensional orientation, and geometry.

Tooth Preparation: Terminology
A tooth preparation is termed simple if only one tooth surface is
involved, compound if two or three surfaces are involved, and complex
if a preparation involves four or more surfaces. A preparation takes
the name of the involved tooth surface(s)—for example, a defect
on the occlusal surface is treated with an occlusal preparation.
When discussing or writing a term denoting a combination of
two or more surfaces, the -al ending of the preix word is changed
to an –o. For example, the angle formed by the lingual and incisal
surfaces of an anterior tooth would be termed linguoincisal line
angle and the tooth preparation involving the mesial and occlusal
surfaces is termed mesioocclusal preparation. he preparation involving
the mesial, occlusal, and distal surfaces is a mesioocclusodistal
preparation. For brevity in records and communication, the description of a tooth preparation is abbreviated by using the irst letter,
capitalized, of each tooth surface involved. Examples are as follows:
(1) A simple tooth preparation involving an occlusal surface is an
“O”; (2) a compound preparation involving the mesial and occlusal
surfaces is an “MO”; and (3) a complex preparation involving the
mesial, occlusal, distal, and lingual surfaces is an “MODL.”
he process of creating a preparation in a tooth results in the
formation of preparation walls or loors (Fig. 4.5). An internal
wall is a prepared surface that does not extend to the external

tooth surface. here are two types of internal walls. he axial wall
is an internal wall that is oriented parallel to the long axis of the
tooth. he pulpal wall is an internal wall that is oriented perpendicular to the long axis of the tooth and is located occlusal to the
pulp. his internal wall may also be referred to as the pulpal loor.
An external wall is a prepared surface that extends to the external
tooth surface. Such a wall takes the name of the tooth surface (or
aspect) that the wall is adjacent to (Fig. 4.5). he external wall
that is approximately horizontal (i.e., perpendicular to the occlusal
forces that are directed occlusogingivally and generally parallel to
the long axis of the tooth crown) may also be referred to as a
preparation loor (e.g., a gingival loor; see Fig. 4.5). he enamel
wall is that portion of a prepared external wall consisting of enamel
(see Fig. 4.2C). he dentinal wall is that portion of a prepared
external wall consisting of dentin, in which mechanical retention
features may be located (see Fig. 4.2C). Tooth preparation features
or sections that are parallel (or nearly so) to the long axis of the
tooth crown are commonly described as vertical, such as vertical
height of cusps, or vertical walls. he term longitudinal may be
used in lieu of vertical. Tooth preparation features that are perpendicular (or nearly so) to the long axis of the tooth are termed
horizontal or transverse.
he junction of two or more prepared surfaces is referred to as
the angle. his transition area from one surface to another is designed
to be smooth and rounded, rather than abrupt or sharp, to limit
stress concentration. A line angle is the junction of two planar
surfaces of diferent orientation along a line (Figs. 4.6 and 4.7).
An internal line angle is the line angle whose apex points into the
tooth. he external line angle is the line angle whose apex points
away from the tooth. he point angle is the junction of three planar
surfaces of diferent orientation (see Figs. 4.6 and 4.7).
he cavosurface angle is the angle of tooth structure formed by
the junction of a prepared wall and the external surface of the
tooth. he actual junction is referred to as cavosurface margin. he
cavosurface angle may difer with the location on the tooth, the
direction of the enamel rods on the prepared wall, or the type of
restorative material to be used. In Fig. 4.2C, the cavosurface angle
(cs) is determined by projecting the prepared wall in an imaginary
line (w′) and the unprepared enamel surface in an imaginary line
(us′) and noting the angle (cs′) opposite to the cavosurface angle
(cs). For better visualization, these imaginary projections may be
formed by using two periodontal probes, one lying on the unprepared surface and the other on the prepared external tooth wall
(Fig. 4.8).
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• Fig. 4.6

Schematic representation (for descriptive purpose) of a Class
I tooth preparation illustrating line angles and point angles. Line angles are
faciopulpal (fp), distofacial (df), distopulpal (dp), distolingual (dl), linguopulpal (lp), mesiolingual (ml), mesiopulpal (mp), and mesiofacial (mf).
Point angles are distofaciopulpal (dfp), distolinguopulpal (dlp), mesiolinguopulpal (mlp), and mesiofaciopulpal (mfp).

• Fig. 4.8 Visualization of the cavosurface angle and the associated
minimal restorative material angle for a typical amalgam tooth preparation.
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• Fig. 4.7

Schematic representation (for descriptive purpose) of a Class
II tooth preparation illustrating line angles and point angles. Line angles
are distofacial (df), faciopulpal (fp), axiofacial (af), faciogingival (fg), axiogingival (ag), linguogingival (lg), axiolingual (al), axiopulpal (ap), linguopulpal
(lp), distolingual (dl), and distopulpal (dp). Point angles are distofaciopulpal
(dfp), axiofaciopulpal (afp), axiofaciogingival (afg), axiolinguogingival (alg),
axiolinguopulpal (alp), and distolinguopulpal (dlp).

Tooth Preparation: Stage and
Procedural Step
Overview
It is imperative that the end result (i.e., the overall shape/goals of
the preparation procedure) be envisioned/considered before the
initiation of any step. The process of tooth preparation is

A

B

• Fig. 4.9 A, Enameloplasty on area of imperfect coalescence of enamel.
B, No more than one third of the enamel thickness should be removed.

conceptually divided into initial and inal stages, each with several
steps, so as to facilitate this mental discipline.
he initial stage of the preparation involves what is essentially
a supericial surgical incision (with rotary instrumentation) into
and through the enamel caries lesion to the depth of the DEJ
followed by lateral extension of the preparation walls, at this limited
depth, so as to fully expose the carious dentin lesion or defect. he
lateral extension is controlled so as to only remove enamel with a
compromised (demineralized) DEJ. he placement and orientation
of the preparation walls are designed to resist fracture of the tooth
or restorative material from masticatory forces principally directed
parallel to the long axis of the tooth and to retain the restorative
material in the tooth (except for a Class V preparation and Class
III preparations with no component involving the occlusion).
Occasionally, very narrow grooves or fossae (that do not penetrate
to any great depth into enamel) at the periphery of the preparation
prevent the creation of preparation margins that are clearly deined
and easily restored. Extension of the preparation to include these
nondiseased irregularities would result in unnecessary removal of
healthy tooth structure. A reasonable compromise may be to make
a minor modiication of the external enamel contours, in this
peripheral area only, by selective removal of the surface enamel
associated with the shallow, narrow developmental groove or fossa.
he objective of this process, referred to as enameloplasty, is to
create a smooth, saucer-shaped external surface that is self-cleansing
or easily cleaned (Fig. 4.9 and Box 4.2).
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• BOX 4.2 Enameloplasty and Prophylactic

Odontotomy
Historically, enameloplasty was utilized as an ultraconservative
procedure on the occlusal surfaces, which were deemed to be at
risk of the development of a pit or issure caries lesion. Extreme
prudence was exercised in the selection of these areas and in the
depth of enamel removed. This procedure was never used unless
the area could be transformed into a cleansable groove (or fossa)
by a minimal reduction of enamel, and unless occlusal contacts
could be maintained. This procedure technically included a
preparation stage but no restoration stage. Currently, clinical
situations such as these (ICDAS 1 or 2) are managed by treatment
with luoride or placement of sealants. Research studies support
the illing of issures/pits and narrow grooves/fossae (i.e., “sealing”)
with low viscosity composite resin materials, without any
mechanical alteration (enameloplasty) of the at-risk tooth anatomy.9
Additionally, “prophylactic odontotomy” procedures were used in
the past. These more aggressive procedures involved preparing
developmental or structural imperfections of the enamel that were
thought to be at increased risk of caries and illing the preparation
with amalgam to prevent caries from developing in these sites.
Prophylactic odontotomy is no longer advocated as a preventive
measure.42

Enameloplasty is accomplished as part of the initial preparation
stage but does not involve extension of the preparation outline
form and may be useful when creating a preparation to be restored
with amalgam or glass-ceramic. Restorative material will not be
placed into the recontoured area. he only diference in the restoration is that the thickness of the restorative material, at the
enameloplastied margin, is slightly decreased because the pulpal
depth of the preparation external wall is slightly decreased. his
approach difers from including adjacent faulty (decalciied, discolored, poorly contoured) enamel areas, during preparation steps
for composite restorations, as these defective areas are physically
covered with adhesively bonded composite material as part of the
restoration. Care is taken when choosing the area that will beneit
from enameloplasty. Usually, a narrow groove should be included
in the initial preparation extension if it penetrates to more than
one third the thickness of the enamel in the area. If one third or
less of the enamel depth is involved, the narrow groove may be
removed by enameloplasty, thus limiting further extension of the
tooth preparation. his procedure is also applicable to supplemental
narrow grooves extending up cusp inclines. If the ends of these
grooves were to be included in the tooth preparation, the cusp
may be weakened to the extent that it would need to be reduced
and covered with restorative material. Another instance in which
enameloplasty may be indicated is the presence of a narrow groove
that approaches or crosses a lingual or facial ridge. Inclusion of
this narrow groove in the preparation would result in the involvement of two surfaces of the tooth, and use of the enameloplasty
procedure may often limit the tooth preparation to one surface.
Once the initial stage is completed, the inal stage of preparation
design may be accomplished.
he inal stage is focused on (1) accurate management of the
lesion/defect that has been isolated, (2) optimal protection of
remaining tooth structure, and (3) preparation enhancements
consistent with best long-term prognosis (durability) of the restoration. he goals of each step in the preparation stages must be
thoroughly understood, and each step must be accomplished as
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• BOX 4.3 Steps of Tooth Preparation
Initial Tooth Preparation Stage
Step 1: Initial depth and outline form
Step 2: Primary resistance form
Step 3: Primary retention form
Step 4: Convenience form

Final Tooth Preparation Stage
Step 5: Removal of defective restorative material and/or soft dentin
Step 6: Pulp protection
Step 7: Secondary resistance and retention forms
Step 8: External wall inishing
Step 9: Final procedures: debridement and inspection

precisely as possible if optimal treatment outcomes are to be
obtained. he stages and steps in tooth preparation are listed in
Box 4.3. he sequence of these steps may need to be altered when
extensive caries has increased the risk of pulpal involvement (see
Chapter 2).
he concepts of initial and inal stages of tooth preparation are
utilized for caries lesions that have progressed into dentin, have
compromised the dentinal support of enamel, and therefore require
surgical intervention. he information presented is comprehensive
and speciic primarily for tooth preparations designed to receive
direct restorative materials that are not adhesively attached to the
tooth structure and are polycrystalline in nature (i.e., amalgam).
Major diferences that exist for other types of minimally invasive
tooth preparations for polymeric restorative materials (composite
resin) are noted.

Occlual Contact Identiication and Rotary
Instrument Axis Alignment
Class I, II, III, IV, and VI preparations may involve surfaces that
are brought into direct occlusal contact with opposing tooth
structure during function. Identiication of the precise area of
occlusal contact is essential so as to prevent the placement of
a preparation margin (and subsequent preparation/restoration
interface) where the occlusal contact occurs. Occlusal contact
on the preparation/restoration interface will increase the risk
of early failure of the restoration. Identiication of the occlusal
contact areas may be accomplished by use of articulating paper
(Fig. 4.10).
he anatomic orientation of caries lesion formation in the pit
and issure areas of posterior teeth requires alignment of the rotary
instrument shank axis (through proper positioning of the handpiece)
so that it is parallel with the long axis of the tooth crown prior to
initiation of the preparation (see Online Chapter 14 for information
on handpieces and rotary instruments, speciically Fig. 14.18).
Correct alignment of the long axis of the shank limits the likelihood
of iatrogenic removal, and thereby weakening, of adjacent healthy
(occasionally referred to as “sound”) coronal tooth structure. Most
proximal caries lesions associated with posterior teeth also require
that the shank axis be aligned parallel with the long axis of the
tooth crown (Figs. 4.11 and 4.12; also see Fig. 4.2). Caries lesion
formation associated with the facial or lingual surfaces of the
dentition require that the shank axis be aligned perpendicular to
the external surface of the tooth where the lesion is located (see
Fig. 4.12B).
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Axis of preparation

• Fig. 4.10

Occlusal contact areas identiied through the use of articulat-

ing paper.

• Fig. 4.11 Diagram of a carious issure. Note that the issure is parallel
to the long axis of the posterior tooth crown. The axis of the initial preparation into the carious issure is aligned with the long axis of the tooth crown
so as to prevent iatrogenic removal of adjacent healthy tooth structure.

Rotary instrument axis
perpendicular to external
surface of enamel
0.75 mm
Initial
preparation
extension

701

0.2 mm
DEJ

0.5 mm
DEJ

Initial
preparation
extension

CEJ

B

0.75 - 0.8 mm

0.2 mm

DEJ

A
Rotary instrument
axis parallel
to long axis of
tooth crown

C

0.2 mm

DEJ

• Fig. 4.12 Initial tooth preparation stage for conventional preparations. A–C, Extensions in all directions
are to healthy, mineralized (“sound”) tooth structure, while maintaining a speciic limited pulpal or axial
depth regardless of whether end (or side) of rotary instrument is in a caries lesion or old restorative material. The dentinoenamel junction (DEJ) and the cementoenamel junction (CEJ) are indicated in B. In A,
initial depth is approximately two thirds of 3-mm rotary instrument head length, or 2 mm, as related to
prepared facial and lingual walls, but is half the rotary instrument (speciically the No. 245 carbide bur)
head length, or 1.5 mm, as related to central issure location.
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Initial Tooth Preparation Stage: Step 1-4
Step 1: Initial Depth and Outline Form
he irst step in tooth preparation is to establish the initial depth
and then, at that depth, extend the walls of the preparation until
the junction between the enamel and supporting dentin is uncompromised (i.e., a “sound DEJ” has been reached; see Fig. 4.12).
he peripheral walls determine the overall outline of the preparation,
which is referred to as the outline form. It is essential that the
outline form be visualized (i.e., mentally anticipated) as much as
possible before any mechanical alteration of the tooth has begun.
he initial depth of the preparation is 0.2 mm internal to the DEJ
or 0.8 mm internal to the normal root surface (see Fig. 4.12).
Establishment of the initial depth is always accomplished even
when there is a large caries lesion (i.e., no healthy tooth structure
immediately adjacent to the point of entry) or when previous
restorative material is present. An exception to this initial depth
of 0.2 mm internal to the DEJ is when the enamel is thin and
greater depth is necessary for the strength of the restorative material
that will be used. he initial preparation depth is 0.5 mm internal
to the DEJ in any area where secondary retention features are
being planned (see Step 7). Root-surface preparations may be
shallower than 0.8 mm if the restorative material to be used does
not require secondary retention features. Generally, the goals behind
the establishment of initial depth and outline form on occlusal
surfaces are the preservation of cuspal and marginal ridge strength
(where possible). hese goals are accomplished by limitation of
the depth of the preparation into dentin and the minimization of
faciolingual and mesiodistal extensions. Careless, iatrogenic removal
of healthy dentin further compromises the diseased tooth and
must be avoided. he outline form is designed, regardless of the
type of tooth preparation, such that (1) all unsupported or weakened
(friable) enamel is usually removed, (2) all faults are included, and
(3) all preparation margins are usually placed in a position that
allows inspection and inishing of the subsequent restoration
margins. See Chapters 8 and 10 for exceptions to these general
principles.
Black theorized that, in tooth preparations for smooth-surface
caries, the initial preparation should be further extended to areas
that are normally self-cleansing so as to prevent recurrence of caries
around the periphery of the restoration.1 his principle was known
as extension for prevention and was broadened to include the extension necessary to remove remaining enamel imperfections, such
as deep, noncarious fossae and grooves, on occlusal surfaces. he
practice of extension for the prevention has virtually been eliminated,
however, because of the relative caries immunity provided by
preventive measures such as luoride application and improved
education relative to oral hygiene and diet. his change has fostered
a more conservative tooth preparation philosophy. Current factors
that dictate extension on smooth surfaces include (1) the extent
of caries or injury and (2) the restorative material to be used.
Likewise, extension for prevention to include the caries-prone areas
on occlusal surfaces has been reduced by treatments that conserve
tooth structure. Such treatments may include enameloplasty,
application of pit-and-issure sealant, and preventive resin or
conservative composite restoration.7
Esthetic considerations not only afect the choice of restorative
material but also the design of the tooth preparation in an efort
to maximize the esthetic result of the restoration. Correcting or
improving occlusal relationships also may necessitate altering the
tooth preparation to accommodate such changes, even when the
involved tooth structure is not faulty (i.e., a cuspal form may need
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to be altered so as to improve occlusal relationships). Likewise,
the adjacent tooth contour may dictate speciic preparation extensions that enable the creation of appropriate proximal restoration
form. Occasionally the tooth preparation outline for a new restoration contacts or extends slightly into a sound, existing restoration
(e.g., a new MO abutting a sound DO). his approach is an
acceptable practice (i.e., to have a margin of a new restoration
placed into an existing, clinically acceptable restoration). Lastly,
the desired cavosurface marginal coniguration of the proposed
restoration afects the outline form. Restorative materials that need
beveled margins require tooth preparation outline form extensions
that must anticipate the inal cavosurface position and form that
will result after the bevels have been placed.

Step 2: Primary Resistance Form
Primary resistance form may be deined as the shape and placement
of the preparation walls (loors) that best enable the remaining
tooth structure, as well as the anticipated restoration, to withstand
masticatory forces primarily oriented parallel to the long axis of the
tooth. Such loors may be purposefully prepared to provide a level
supporting surface for the restoration, allowing a broader area for
stress distribution. Primary resistance form is obtained through use
of a preparation design that conserves as much healthy tooth structure
as possible. Carefully controlled extension of the preparation walls
allows conservation of the dentin support of adjacent cusps (and
marginal ridges when possible), which helps to maintain maximum
strength and therefore resistance to fracture during the cyclic loading
of mastication. Transitions between the walls of the preparation
(i.e., the internal line angles) are slightly rounded so as to limit
stress concentration in these areas, which increases tooth resistance
to fracture.8,9 Rounding of external angles within the tooth preparation
(e.g., axiopulpal line angles) limits the likelihood of stress concentration in the corresponding intaglio surface of restorative materials,
which increases resistance to fracture of the restorative material.
he relatively horizontal pulpal and gingival walls, prepared perpendicular to the tooth’s long axis, help the restoration resist occlusal
forces and limit the likelihood of tooth fracture from wedging efects
caused by opposing cusps. It may be necessary to reduce cusps that
no longer have suicient dentin support and cover (or envelope)
them with an adequate thickness of restorative material in order to
provide resistance to fracture of the tooth and/or the restorative
material. Preparation design must allow for adequate thickness of
polycrystalline restorative materials to ensure adequate primary
resistance to restoration fracture. he minimal occlusal thickness,
for appropriate resistance to fracture, of amalgam is 1.5 to 2 mm
and glass-ceramic is 2 mm. Polymeric restorative materials (e.g.,
composite resins) have no minimal thickness.
When developing the outline form in Class I and II preparations,
the end of the cutting instrument prepares a relatively horizontal
pulpal wall of uniform depth into the tooth (i.e., the pulpal wall
follows the original occlusal surface contours and the DEJ, which
are approximately parallel; see Fig. 4.12A and C). Similarly, in the
proximal portion of Class II preparations, the end of the cutting
instrument prepares a gingival wall (loor) that is approximately
parallel to the occlusal surface and, thereby, relatively perpendicular
to occlusal forces.
When an extensive caries lesion is present, facial or lingual
extension of pulpal or gingival walls may require (1) reduction of
weak cusps for coverage by the restorative material (Fig. 4.13) and/
or (2) extension of the gingival loors around axial tooth line angles
onto facial or lingual surfaces. hese preparation modiications
provide resistance to parallel and also obliquely (laterally) directed
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Basic primary retention form in Class II tooth preparations
for amalgam (A) with vertical external walls of proximal and occlusal portions converging occlusally and for inlay (B) with similar walls slightly
diverging occlusally.

Consider cusp reduction

more – Recommend cusp reduction

• Fig. 4.13

Rule for cusp reduction and coverage: If extension from a
primary groove toward the cusp tip is no more than half the distance, no
cusp reduction and coverage should be done; if the extension is one half
to two thirds of the distance, consider cusp reduction and coverage; if
the extension is more than two thirds of the distance, usually reduce the
cusp and cover it with restorative material. Cusp reduction and coverage
has also been referred to as “cusp capping.”

occlusal forces. he decision to reduce a cusp should be approached
judiciously. he most important aspect in the evaluation of a
suspicious cusp is the judgment of the amount of remaining dentin
support. Cusp reduction should be considered when the outline
form has extended half the distance from a primary groove to a
cusp tip. Cusp reduction is strongly recommended when the outline
form has extended two thirds the distance from an adjacent primary
groove to the cusp tip. he exception to reducing a cusp, where
extension has been two thirds from a primary groove toward the
cusp tip, is when the operator judges that adequate cuspal strength
(adequate dentin support) remains. Reduction of cusps occurs as
early as possible in the preparation process so as to improve access
and visibility for the operator.
Special consideration is given to teeth that have lost an excessive
amount of dentin support in the central area of the tooth secondary
to endodontic procedures. Adjacent cusps may be considerably
compromised and, as such, may need to be reduced, enveloped,
and covered with restorative material to prevent subsequent catastrophic fracture when under occlusal load.10,11 In general, the
greater the occlusal load, the greater is the potential for future
fracture of the tooth and/or restoration. he further posterior the
tooth is, the greater is the efective occlusal load because of its
closer location to the hinge axis (i.e., the temporomandibular joint
[TMJ]).
Weakened, friable tooth structure always should be removed
at this step in the preparation. Unsupported but not friable
enamel may be left for esthetic reasons in anterior teeth where
stresses are minimal and a bonded composite restoration is
anticipated.

Step 3: Primary Retention Form
Primary retention form is the shape or form of the preparation that
prevents displacement or removal of the restoration by tipping or
lifting forces. In many respects, retention form and resistance form
are accomplished at the same time (Fig. 4.14). he retention form

developed during initial tooth preparation may be adequate to
retain the restorative material in the tooth.
he design of preparation primary retention form is directly
related to the retention needs of the anticipated restorative material.
Amalgam restoration of a Class I or II preparation is retained by
developing external tooth walls that converge occlusally (see Fig.
4.14A). In this way, when the amalgam is placed in the preparation
and hardens, it cannot be dislodged. However, excessive occlusal
convergence of the external walls will result in unsupported enamel
rods at the cavosurface margin and must be avoided. he external
walls of Class III and V preparations diverge so as to provide strong
enamel margins (see Figs. 1.12B and 4.12A and B). Retention of
amalgam in these areas requires the creation of secondary features
(coves or grooves) in the dentinal walls that serve to retain the
restoration (see Step 7).
Composite restorations are primarily retained in the tooth by
micromechanical and, depending on the adhesive, chemical bonding
that is established between the restoration and the tooth structure.
In such restorations, the preparation surface of the enamel and
dentin are etched (demineralized) by creation of acidic conditions
and then iniltrated with resin-based adhesive materials before
placement of the composite.
Cast-metal intracoronal restorations, referred to as inlay restorations, rely on diverging vertical walls that are almost parallel and
a luting cement to provide retention of the casting in the tooth
(see Online Chapter 18). During the initial tooth preparation, the
preparation walls are designed not only to provide for draw (for
the casting to be placed into the tooth) but also to provide for an
appropriate small angle of divergence (2–5 degrees per wall) from
the line of draw (to enable retention of the luted restoration). he
amount of divergence required depends on the length of the prepared
walls: he greater the vertical height of the walls, the more divergence
is permitted and recommended, but within the range described.
he path of draw is usually designed to be perpendicular to the
horizontal features of the preparation (see Fig. 4.14B).

Step 4: Convenience Form
Convenience form is the shape or form that provides adequate
observation, accessibility, and ease in the preparation and restoration
of the tooth. Severe caries destruction may necessitate the extension
of distal, mesial, facial, or lingual walls so as to gain adequate
access to deeper areas of the preparation. Extension of the proximal
walls, so as to obtain clearance with an adjacent proximal surface,
may aford better access for the inishing of preparation walls, the
placement of the matrix, and the inishing of the restoration margins.
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he arbitrary extension of facial margins on anterior teeth is usually
contraindicated, however, for esthetic reasons. Clearance with the
adjacent proximal surface is mandatory for glass-ceramic and cast
gold restorations because of the need to inish the preparation
walls, make an accurate impression of the prepared tooth, and
accomplish insertion/inishing. Preparation extensions to increase
the convenience of various procedures are always accomplished in
light of the goal of conserving as much healthy tooth structure as
possible.

Final Stage of Tooth Preparation: Step 5-9
When the design of external wall orientation and position has
fulilled the objectives of initial tooth preparation, the preparation
is carefully inspected for other needs. he preparation may be
complete after the initial tooth preparation stage when the caries
lesion (or other defect) is minimal. In this case the preparation
will then only require (1) desensitization of the prepared dentin
walls for amalgam or (2) modiication of the surface of the enamel
and dentin so as to create an adhesive interface for composite.

Step 5: Removal of Defective Restorative Material
and/or Soft Dentin
Once the caries lesion has been fully exposed (via the initial
preparation), careful pulpal and/or axial extension is accomplished
so as to remove defective restorative material and/or soft dentin as
indicated (see Chapter 2). Old restorative material may remain
on the pulpal or axial walls after initial tooth preparation. his
material should be removed if any of the following conditions are
present: (1) the old material may negatively afect the esthetic
result of the new restoration (i.e., old amalgam material left under
a new composite restoration), (2) radiographic evidence indicates
caries lesion development under the old material and clinical
evaluation conirms the radiographic interpretation, (3) the tooth
pulp was symptomatic preoperatively, (4) the dentin along the
periphery of the remaining old restorative material is soft, or (5)
retention of the existing material is compromised and the material
is easily dislodged. If none of these conditions is present, it is
acceptable to leave the remaining old restorative material to serve
as a base, rather than risk unnecessary excavation in close proximity
to the pulp, which may result in pulpal irritation or exposure.
Removal of remaining old restorative material, when indicated,
may be accomplished using sharp rotary instruments and light
intermittent pressure with or without water irrigation/cooling.
Water spray (along with high-volume evacuation) is used when
removing old amalgam material to reduce exposure to mercury
vapor.
In preparations that remain primarily in enamel, isolated faulty
areas (remnants of diseased enamel issure or pit) on the pulpal
wall may require additional minimal extensions. When a pulpal
or axial wall has been established at the proper initial tooth preparation position, and a small amount of carious tissue remains, only
this tissue should be removed, leaving a rounded, concave area in
the wall. he level or position of the wall peripheral to the excavation
should not be altered.
Clinical decisions that guide carious tissue removal are based
on the relative tactile hardness (irmness) of the dentin associated
with the caries lesion. Carious dentin that has had some mineral
loss, but not to the point of collagen exposure, is not as clinically
hard as normal dentin and is referred to as irm dentin. Firm
dentin, if isolated from the oral environment by some type of
restoration, will remineralize and therefore should not be removed.12
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If further demineralization causes exposure of the collagen matrix,
subsequent enzymatic degradation of the matrix begins as a result
of the activity of host matrix metalloproteinases (MMPs) and
cysteine cathepsins. Denaturation of the collagen, by host proteolytic
enzymes, allows subsequent collagen degradation (of the denatured
collagen) by bacterial proteases. Bacterial proteases are not able to
degrade intact, native collagen. he process of denaturation and
degradation changes the three-dimensional structure of the collagen
such that remineralization is no longer possible. Carious tissue
that has been demineralized and structurally damaged to this level
feels tactilely soft and is therefore referred to as soft dentin. Soft
dentin (previously referred to as infected dentin because of high
numbers of bacteria) no longer retains the physical properties
necessary to survive in the rigors of the oral environment and must
be removed except in the deepest areas of the preparation where
removal would result in exposure of an asymptomatic, vital pulp
(see Chapter 2, selective caries removal [SCR] protocol).
he use of color alone to determine how much dentin to remove
is unreliable. For example, an area of dentin that has experienced
episodes of demineralization and remineralization often clinically
appears discolored, compared with normal dentin, yet may be irm
to tactile exploration and should not be removed. Alternatively,
acute (rapid) caries often manifests itself entirely within the normal
range of color for dentin and is tactilely soft. he soft dentin
requires removal except as indicated (see Chapter 2). Additionally,
when the conditions in the lesion have allowed remineralization
to occur, the dentin may be distinctly discolored or “stained.” In
this case host defenses not only have enabled remineralization of
the dentin, which is often clinically comparable in irmness (hardness) with surrounding normal dentin, but also have, for the most
part, successfully illed in the dentinal tubules with mineral. his
resultant hypermineralized state of the dentin (mineralization above
that which is found in normal dentin as the lumens of the dentinal
tubules are illed with mineral in addition to the normal mineralization of the intertubular dentin) is referred to as sclerotic dentin.
Sclerotic dentin should not be removed.
Removal of carious dentin is accomplished with awareness of
the ability of the vital pulp to efect remineralization of dentin
when the matrix (collagen) has not been denatured. herefore
every efort should be made to limit further pulpal irritation and
limit the likelihood of pulpal involvement during the caries removal
process. he use of sharp spoon excavators and sharp rotary instruments, with intermittent light pressure, may help limit pulpal
irritation. Removal of carious tissue in a moderate lesion (i.e., a
lesion that has not reached the inner one third of dentin) has a
low risk of pulpal involvement. he pulpal and axial caries removal
of a moderate lesion should therefore extend to where the dentin
is irm to tactile sense (i.e., extend to irm dentin). Removal of a
carious tissue in an advanced lesion (i.e., a lesion that has reached
the inner one third of dentin) has a higher risk of pulpal involvement. he pulpal and axial caries removal of an advanced lesion
should therefore extend to approximately 1 mm from the pulp
with the recognition that dentin in this deep region may still be
soft (soft dentin) to tactile sense. Carious dentin in more peripheral
areas is removed until the dentin is irm.
In dentin, as the caries lesion progresses, a zone of demineralization precedes the invasion of, or infection by, bacteria. It is
currently impossible to clinically identify the speciic depth of
the bacterial invasion. Previous notions of dentin excavation for
the purpose of complete removal of all bacteria have resulted in
exposure of pulp tissue that was not irreversibly inlamed, leading
to overtreatment and increased frequency of adverse outcomes. It
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is not necessary that all dentin invaded by bacteria be removed.
In moderate caries lesions, removal of the masses of bacteria and
subsequent sealing of the preparation by a restoration at best destroy
those comparatively few remaining microorganisms and at worst
reduce them to inactivity or dormancy.13 Even in advanced caries
lesions, in which actual invasion of the pulp may have occurred,
the recovery of the pulp requires only that a favorable balance be
established between the virulence of the bacteria and the resistance
of the host. his balance is best accomplished by utilization of the
selective caries removal protocol (see Chapter 2). Caries removal
in advanced lesions usually is immediately followed by eforts to
aford protection to the pulp tissue adjacent to the deepest area
of the preparation.

Step 6: Pulp Protection
Deep dentin is very porous and susceptible to desiccation. he
thin remaining wall of dentin provides little protection from (1)
heat generated by rotary instruments during subsequent steps, (2)
noxious ingredients of various restorative materials, (3) thermal
changes conducted through restorative materials, (4) forces transmitted through materials to the dentin, (5) galvanic shock, and (6)
the ingress of bacteria and/or noxious bacterial toxins through
microleakage.14,15 Deep dentin also is a very poor substrate for
subsequent bonding procedures. herefore eforts to cover deep
dentin, to limit dentinal tubular luid low, and to create a protective
thermal/physical barrier are warranted. Various materials that have
been utilized to establish this protective barrier include suspensions
or dispersions of zinc oxide, calcium hydroxide, or resin-modiied
glass ionomer (RMGI) that are applied to the tooth surface.15
hese materials are referred to as liners when used in a relatively
thin ilm.15 he term base is used to describe the placement of
materials, used in thicker dimensions, beneath permanent restorations to provide for mechanical, chemical, and thermal protection
of the pulp. Examples of bases include zinc phosphate, zinc
oxide–eugenol, polycarboxylate, and most commonly, some type
of glass ionomer material (usually a RMGI). Generally, it is desirable
to have approximately a 2-mm dimension of bulk between the
pulp and a metallic restorative material. his bulk may include
remaining dentin, liner, or base. Composite resin materials, which
are thermal insulators, do not require the same bulk of material
(dentin + liner/base) between the restoration and the pulp. Although
the placement of liners and bases is not a step in tooth preparation,
in the strict sense of the term, these serve to create an efective
barrier over the deep pulpal/axial dentin prior to receiving the
inal restorative material.
If the removal of soft dentin does not extend deeper than 1
to 2 mm from the initially prepared pulpal or axial wall, usually
no liner is indicated. If the excavation extends to within 0.5 mm
of the pulp, a liner usually is selected to cover the deepest area of
the dentin. he stimulation of reparative dentin (indirect pulp cap
procedure) in this deep area with a calcium hydroxide (CaOH2)
liner may be efective.16 Current evidence suggests that the actual
type of material used for the liner is not as important as the
overall efective sealing of the dentin with the liner (or base) and
subsequent restoration.17
Zinc oxide–eugenol and calcium hydroxide liners (chemosetting
types that harden) in thicknesses of approximately 0.5 mm or
greater have adequate strength to resist condensation forces of
amalgam and provide insulation against thermal extremes.18 CaOH2
liners must always be covered with a RMGI when used under
amalgam restorations to prevent dissolution of the liner over time.
In addition, CaOH2 liners should be covered by a RMGI to protect

the liner from dissolution from the phosphoric acid etchant used
prior to composite placement.14,19 Protection of the CaOH2 liner
with an RMGI base also prevents inadvertent displacement of the
liner during subsequent procedural steps.
Very deep excavations may contain microscopic pulpal exposures
that are not visible to the naked eye. Hemorrhage is the usual
evidence of a vital pulp exposure, but with microscopic exposures,
such evidence may be lacking. Nevertheless, these exposures may
be large enough to allow direct pulpal access for bacteria or other
restorative materials. he ability of a hard-setting CaOH2 material
to stimulate the formation of reparative dentin when in contact
with pulpal tissue makes it the usual material of choice for application to very deep excavations and known pulpal exposures (direct
pulp cap procedures).16 Alternatively, mineral trioxide aggregate
(MTA) liners have been found to be efective for direct pulp
capping.17,20 Liners and bases in exposure areas should be applied
without pressure.
Usually, a RMGI is used for “base” needs. hese materials
efectively bond to tooth structure, release luoride, and have
suicient strength. Placement and contouring of RMGI materials
is readily accomplished. Mechanical retentive preparation features
are not typically required for RMGI because of their chemical
bond to the mineral phase of tooth structure. hese materials are
excellent for use under amalgam, gold, ceramic, and composite
restorations. A base should never overill the preparation and,
thereby, compromise the minimum required thickness of the inal
restoration.
A liner may be utilized to seal of the dentin immediately adjacent
to the pulp when traumatic fracture has occurred. he desired
pulpal efects may include sedation and stimulation, the latter
resulting in reparative dentin formation. he speciic pulpal response
desired dictates the choice of liner material. An appropriate text
focused on the emergency management of dental trauma should
be consulted for current treatment strategies.

Step 7: Secondary Retention and Resistance Forms
Placement of secondary retention and resistance forms, as part of
a preparation, follows management of the caries lesion and any
indicated pulpal protection. Each anatomically distinct area requiring
restoration must be independently retentive. When the external
walls of the preparation converge toward each other, as they approach
the external surface of the tooth, then no additional or “secondary”
retention is required. However, correctly oriented external walls
(i.e., walls that have proper dentinal support of the enamel) may
diverge as they approach the external surface of the tooth. For
example, preparation of a proximal caries lesion on a posterior
tooth will frequently result in facial, lingual, and gingival walls
that diverge proximally. Preparation walls that diverge will not
physically retain a restoration that is not bonded in place. Diverging
walls will not resist forces that have the potential to result in the
dislodgement of a restoration. herefore it may become necessary
to strategically modify internal aspects of the preparation so as to
mechanically retain the restoration.
Because many preparation features that improve retention form
also improve resistance form, and the reverse is true, they are
presented together. he secondary retention and resistance forms are
of two types: (1) mechanical preparation features and (2) treatments
of the preparation walls with etching, priming, and adhesive
materials. he second type is not really considered a part of tooth
preparation but, rather, the irst step for the insertion of the
restorative material. Regardless, some general comments are presented about such treatments.
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Mechanical Feature

A variety of mechanical alterations to the preparation enhance
retention form. hese alterations require additional selective removal
of healthy tooth structure.
Retention Grooves and Coves. Vertically oriented grooves
associated with the facial and lingual aspects of a proximal preparation are used to provide additional retention for the proximal
portions of some Class II amalgam restorations. Horizontally
oriented retention grooves are prepared in most Class III and V
preparations for amalgam and in some root-surface tooth preparations for amalgam and composite resin. Small retentive indentions,
referred to as “coves,” are utilized for retention in the incisal areas
of Class III amalgams.
Historically, retention grooves in Class II preparations for
amalgam restorations were recommended to increase retention of
the proximal portion against movement secondary to creep. Also,
it was thought that retention grooves may increase the resistance
form of the restoration against fracture at the junction of the
proximal and occlusal portions. In vivo studies do not substantiate
the necessity of these grooves in proximocclusal preparations with
occlusal dovetail outline forms or in MOD preparations.4 hey
are recommended, however, for extensive tooth preparations for
amalgam involving wide faciolingual proximal boxes resulting in
notable proximal wall divergence, cusp reduction procedures, or
both. herefore mastery of the techniques of optimal groove design
and placement is indicated.
Preparation Extensions. Additional retention of the restorative
material may be obtained by arbitrarily extending the preparation
for molars onto the facial or lingual surface to include a facial or
lingual groove. Such an extension, when performed for cast-metal
restorations, results in additional vertical (almost parallel) walls
for retention. his preparation design may also enhance the resistance
form of the remaining tooth by enveloping and contributing
reinforcement.
Skirts. Skirts are preparation features used in cast gold restorations that extend the preparation around some, if not all, of the
line angles of the tooth. When properly prepared, skirts provide
additional, opposing vertical walls that increase retention of the
restoration. he placement of skirts also enables increased resistance
to fracture by allowing the envelopment of the remaining compromised tooth structure with the restorative material.
Beveled Enamel Margin

Some cast-metal and composite preparations include beveled
marginal conigurations. he bevels for cast-metal restorations are
used primarily to aford a better junctional relationship between
the metal and the tooth. Additionally, retention form may be
slightly improved when opposing bevels are present. Enamel margins
of some composite restorations may utilize a beveled or lared (>90
degrees) coniguration so as to increase the retention form of the
preparation by increasing the area of enamel available for bonding.
Step, Amalgam Pin, Slot, and Pin

When the need for increased retention form for amalgam is unusually great (i.e., there is limited remaining tooth structure available
to help retain the restoration), additional secondary features may
be incorporated into the preparation. Careful orientation of
remaining horizontal and vertical walls during tooth preparation
results in “steps” that increase retention and resistance form of the
restoration. Independently retentive holes with parallel walls (for
“amalgam pins”) and/or horizontal slots (with internal converging
walls) may be efectively used when there is moderate vertical loss
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of tooth structure. Severe vertical loss of structure associated with
the line angles of the tooth may require the placement of metal
pins. hese pins are anchored in remaining sound dentin, protrude
vertically above the remaining tooth structure, are subsequently
encased during placement of the restorative material, and thereby
enable retention and resistance form. Features that enhance the
retention form of a preparation also enhance the resistance form
(e.g., slots or pins placed in a manner such that, upon completion
of the restoration, the structural integrity of the restoration enhances
the structural integrity of the remaining tooth structure).
Ue of Adheive to Increae Retention and Reitance

Supericial demineralization of preparation walls and subsequent
iniltration of the altered surface with resin-based adhesives allows
for increased retention and resistance of restorations. he structural
makeup of enamel allows the creation of a microscopically roughened
mineral surface when supericially demineralized by acidic conditions. All adhesive systems have some means by which to efect
the necessary demineralization. his essential, initial step is then
followed by iniltration of the roughened surface with resin-based
adhesive materials. Demineralization of the exposed dentin surface
results in exposure of the dentin matrix (collagen), which may
then be iniltrated with adhesive resin materials. Restorative materials
(composite, glass-ceramic) may then be attached to this adhesive
layer through material-speciic mechanisms resulting in increased
retention of the “bonded” restoration. he use of bonding systems
with intracoronal restorations, while enhancing retention, does
not increase the resistance form of the remaining tooth structure
over the long term.
Retention of indirect restorations may be enhanced by the
material used for cementation. Although not considered part of
the tooth preparation, the cementation procedure does afect the
retention of these restorations, and some cementing materials require
pretreatment of the dentin, resulting in varying degrees of micromechanical bonding. Adhesive bonding of etchable glass-ceramic
materials to enamel and dentin increase their resistance to fracture
development when under occlusal load.

Step 8: External Wall Finishing
Finishing the external preparation walls is the further development,
when indicated, of a speciic design (e.g., degree of smoothness
or roughness, the placement of a bevel) immediately adjacent to
or including the cavosurface margin such that the anticipated
restorative material has the greatest likelihood of clinical success.
Proper inishing of the external walls allows the creation of an
optimal marginal junction between the restorative material and
the tooth structure. When this occurs there is a smooth transition
across the marginal junction and both tooth and restorative material
have maximal strength. Awareness of the point of contact of the
opposing functional cusp is essential as occlusal contact directly
on the marginal interface will result in early fatigue and failure of
the margin. When the defect results in a preparation outline form
that places the marginal interface at the point of contact, then the
inal position of the preparation outline is modiied slightly so
that the marginal junction is away from the occlusal contact (review
section Occlusal Contact Identiication and Rotary Instrument
Axis Alignment).
It is appropriate, for clinical practicality, to consider that enamel
rods are oriented perpendicular to the external tooth surface. Enamel
walls that form a 90-degree angle with the cavosurface may be
considered to have dentinal support and to be strong (see Figs.
4.1 and 4.2C). Enamel rods that do not run uninterrupted from
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the preparation margin to dentin tend to split of, leaving a V-shaped
ditch along the cavosurface margin area of the restoration. Enamel
rods incline slightly apically in the gingival third of the tooth
crown and preparation design in this area should be modiied so
as to ensure strong enamel margins (Fig. 4.15).
When a preparation has extended onto the root surface (i.e.,
no enamel present), the root-surface cavosurface angle should be
either 90 degrees (for amalgam, composite, or ceramic restorations)
or beveled (for intracoronal cast-metal restorations). he 90-degree
root-surface margin provides a butt joint relationship between the
restorative material and the dentin (with overlying cementum)
preparation wall, a coniguration that provides appropriate strength
to both.
An acute, abrupt change in a preparation wall outline form
increases the diiculty of optimal adaptation of the restorative
material. he outline form of all preparation walls should have
smooth curves or straight lines. he line angle that forms where
two walls meet, regardless of whether it is acute or obtuse, should
be slightly curved (“softened”) (Fig. 4.16).
he design of the cavosurface angle depends on the restorative
material being used. Because of the low edge strength of amalgam
and glass-ceramic, a 90-degree cavosurface angle produces maximal
strength for these materials. Beveling a cavosurface margin would
result in a thin, fracture-prone amalgam or ceramic margin and
is contraindicated. On occlusal surfaces for Class I and II amalgam
restorations, the incline planes of the cusp and the converging
walls (for retentive purposes) of the preparation approximate the
desirable 90-degree butt joint junction, even though the actual
occlusal enamel margin may be greater than 90 degrees (see
Figs. 4.1, 4.2, 4.8, and 4.12).
Beveling the external walls is a preparation technique used for
some materials, such as intracoronal cast gold and composite restorations. As previously noted, beveling will result in the strongest

type of enamel margin. When a bevel is used for indirect cast gold
restorations, it may allow a better marginal seal in slightly undersized
castings and may assist in the adaptation of castings that fail to
seat by a small amount. In addition, a thin gold margin is more
readily burnished and adapted to the preparation margin.
Beveling enamel margins in composite preparations is indicated
primarily for large restorations that have increased retention needs
and insuicient amount of prepared enamel for proper retention.
he use of a beveled marginal form increases the surface area
available for bonding, which increases the retention form of the
preparation. Diamond instruments are utilized to create the bevel
so as to maximize the surface area for bonding. he use of a beveled
marginal form is useful for inclusion of minor surface defects just
adjacent to the cavosurface margin as well as afords enhanced
marginal sealing. he esthetic quality of composite restorations of
anterior teeth may be improved by use of a bevel to create an area
of gradual increase in composite thickness from the margin to the
bulk of the restoration. Hand instruments such as enamel hatchets
and margin trimmers may be used in planing enamel walls, cleaving
of unsupported enamel, and establishing enamel bevels.

Step 9: Final Procedures: Debridement and Inspection
Debridement (cleaning) of the tooth preparation involves use of the
air/water syringe to remove visible debris with water and then excess
moisture with a few light bursts of air. In some instances, debris
clings to walls and angles despite the aforementioned eforts, and
it may be necessary to loosen this material with an explorer or small
cotton pellet. It is important not to dehydrate the tooth by overuse
of air as this may damage the odontoblasts associated with the
desiccated tubules (Fig. 4.17). Complete debridement allows careful
inspection of the preparation so as to ensure adherence to all principles
of preparation design. Any inal changes may then be accomplished,
as indicated, followed by steps to disinfect the preparation.

DEJ
90°

15°-20°

Occlusal view

Vertical section

Unsupported
enamel rods

Supported
enamel rods

• Fig. 4.15 Vertical section of Class II tooth preparation. Gingival loor enamel (and margin) is unsupported by dentin and friable unless removed.

Correct

Incorrect

Before

Occlusal outline form

• Fig. 4.16

After

Reduced cusp

The junctions of enamel walls (and respective margins) should be slightly rounded, whether
obtuse or acute.
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preparation joins an occlusal lesion with a proximal lesion by
means of a prepared tunnel under the involved marginal ridge.
he objective of this approach is to remove the caries lesion and
leave the marginal ridge essentially intact. However, the development
of appropriately formed preparation walls and the excavation of
the caries lesion may be compromised by lack of access and visibility.
Preservation of the marginal ridge in a strong state is questionable,
especially since the dentinal support (essential for enamel durability
under occlusal loading) of the marginal ridge is no longer present
or is compromised. Generally teeth that have been treated with
tunnel preparations do not perform as well as those treated with
preparations that remove the marginal ridge over the proximal
lesion so as to gain access to the proximal caries lesion. Most
currently published clinical trials focus on the use of glass ionomer
materials to restore tunnel preparations and have found these
materials to be inadequate for use as deinitive, long-term restorations. It is currently unknown whether use of adhesively retained
composite resin materials will result in better long-term clinical
performance. his technique remains controversial and is not
supported in this textbook.12,21

Adheive Amalgam Retoration
A

Odontoblast

• Fig. 4.17 A, Excessive drying (desiccation) of tooth preparations may
cause odontoblasts to be aspirated into dentinal tubules. B, Nuclei are
seen as dark rods in dentinal tubules. Red arrowheads indicate the nuclei
of the aspirated odontoblasts. Green arrows indicate location of the odontoblasts prior to them being drawn into the tubules from outward dentinal
tubular luid low. d, dentin; od, odontoblasts; p, pulp. (B, From Mitsiadis
TA, De Bari C, About I: Apoptosis in development and repair-related
human tooth remodeling: A view from the inside, Exp Cell Res 314(4):869–
877, 2008.)

Additional Concept in Tooth Preparation
New techniques advocated for the restoration of teeth should be
assessed on the basis of the fundamentals of tooth preparation
presented in this chapter. All preparations in stress-bearing areas,
once completed, should ensure healthy dentinal support of remaining enamel.

Tunnel Tooth Preparation for Amalgam,
Compoite Rein, and Gla Ionomer
In an efort to be conservative in the removal of tooth structure,
some investigators advocate a “tunnel” tooth preparation. his

In vitro research studies suggest that the use of adhesive systems
may enhance resistance and retention forms of teeth with compound and complex amalgam preparations/restorations.22,23 hese
techniques mechanically bond the amalgam material to tooth
structure in the hope that this will increase the overall strength
of the remaining tooth structure and improve the overall performance of the restoration. Although proposed bonding techniques
vary, the essential procedure is to prepare the tooth in a fashion
similar to that typical for amalgam and then utilize an adhesive
to bond the amalgam restoration into the preparation. In addition, weakened remaining tooth structure is retained and bonded
to the amalgam instead of reduced and covered with amalgam.
he preparation walls, including the walls of compromised areas
(where there is inadequate dentin support), are treated with speciic
adhesive lining materials that mechanically bond to the tooth
and the amalgam. he amalgam is condensed into this adhesive
material before polymerization, and a mechanical bond develops
between the amalgam and adhesive. It has been suggested that
this technique may limit the likelihood of the development of
postoperative sensitivity, staining of the dental structure, secondary
caries, fracture of the tooth, or partial/total loss of the restoration. However, no clinical improvement over normal, routine
steps utilized in amalgam restoration has been demonstrated.24-28
Therefore this book does not promote the use of bonded
amalgams.

Preparation Treatment to
Enhance Retoration
Diinfection, Deenitization, Stabilization
Disinfection of the preparation prior to insertion of the restorative
material may be considered. Chlorhexidine (2 weight percent [wt%])
solutions have been successfully used in preparations for disinfection
purposes. Disinfection procedures should not be considered
absolutely essential. Investigators have veriied the presence of
bacteria in the dentinal tubules within the preparation walls. While
it is true that the dentinal tubule lumens, which vary from 1 to
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4 µm in diameter depending on the depth of the preparation,
present a pathway for the entrance of bacteria, this fact in no way
indicates that caries progression or restoration failure will result.
he number of bacteria in the dentinal tubules is relatively small
compared with the numerous microorganisms found in the
supericial caries lesion. he caries lesion will not progress if the
defect is correctly restored.12
Even when surface disinfection of the preparation has been
attempted, it is doubtful that potential beneits will continue for
any appreciable length of time because of the diference between
the thermal coeicients of expansion of the tooth and restorative
materials. Although difering in amounts, marginal leakage has
been shown for current restorative materials.18,29,30 Caries is unlikely
to develop in association with marginal gaps that are less than
250 µm.29 Limited protection from further carious activity may
be aforded by some restorative materials.31 he germicidal or
protective efect may be from the luoride content of some toothcolored restorative materials or from the deposition of corrosion
products at the interface between the preparation wall and an
amalgam restoration.
he natural defense mechanisms of the tooth, which result in
the mineralization of the dentinal tubules under a caries lesion,
help limit the potential for invasion of any remaining bacteria.
However, this natural occlusion of the dentinal tubules only will
occur beneath a slowly progressing caries lesion. he precipitation
of mineral in the dentinal tubules beneath a caries lesion (giving
it a transparent appearance) creates a physical barrier to bacterial
ingress. In addition to this host-defense mechanism, the presence
of reparative dentin deposited as a result of pulpal insult constitutes
a signiicant deterrent to bacterial invasion. Bacteria may transition
into dormancy as the result of the more sealed environment of a
restored tooth. When mineral occlusion of the dentinal tubules
has not occurred, there is increased risk of pulpal sensitivity after
the restoration has been placed. herefore routine use of medicaments to occlude the dentinal tubules (i.e. “desensitizers”) is recommended in the inalized preparation.
Desensitization may be accomplished by taking steps to limit
rapid fluid movement in the dentinal tubules. Occlusion of
the dentinal tubules limits the potential for rapid tubular luid
movement. Some desensitizers not only are efective disinfectants
but also are able to occlude (“plug”) the dentinal tubules by
cross-linking and precipitating the proteins in the dentinal tubule
luid.32-35 Preparations designed for amalgam restoration should
be desensitized with a solution that contains 5% glutaraldehyde
and 35% 2-hydroxyethyl methacrylate (HEMA) before amalgam
placement.36 he use of this type of desensitizer allows prevention
of rapid luid movement associated with osmotic gradients and
temperature gradients. Osmotic gradients cause a rapid, transitory increase in the amount of marginal microleakage associated
with recently placed amalgam restorations, which may result
in sensitivity. Temperature gradients (amalgam is an excellent
thermal conductor) also may result in rapid luid movement
in the dentinal tubules secondary to exposure to temperature
extremes. Alternatively, there are some who advocate the use
of an adhesive on the prepared tooth structure so as to limit
rapid luid movement by “sealing” the dentin before amalgam
placement and in this way limit the potential for postoperative
sensitivity.37
Composite restorations require some treatment of the preparation
before insertion of the restorative material, which may primarily
be considered as part of the restoration procedure (see Chapter 8);
however, some discussion is appropriate at this point. Preparation

wall treatment for composites includes the etching (surface
demineralization) of enamel and dentin followed by placement
of a resin-based adhesive. he smear layer that forms on wall
surfaces during preparation is either altered or removed from
the enamel and dentin during the etching process. Placement of
the adhesive will allow subsequent formation of strong, durable
mechanical bond between the etched enamel and the composite.
In dentin, a hybrid layer is formed, which is characterized by
an intermingling of the resin adhesive with exposed collagen
ibrils of the intertubular dentin. his initially creates a strong
mechanical bond between the composite and dentin. However, it
has been identiied that the bond to dentin deteriorates over time
as a result of hydrolysis of the adhesive resin component of the
hybrid layer and proteolytic degradation of the collagen component of the hybrid layer.38 herefore stabilization of the exposed
collagen may be appropriate as an initial step in the restorative
sequence.
Ongoing dental research has sought to optimize the longterm stability of the hybrid layer. For example, in vivo studies
have shown that chlorhexidine (2 wt% solution) application to
etched dentin is able to limit the activity of local collagenolytic
enzymes (matrix metalloproteinases, or MMPs), which are able
to degrade the exposed collagen matrix. Limiting the activity of
the MMPs may help stabilize the hybrid layer, at least in Class I
preparations for the short term.39 Chlorhexidine is able to inactive
MMPs that are exposed as a result of the etching process. However,
additional new MMPs, being generated by ongoing odontoblastic
activity, will remain active and able to degrade collagen that was
demineralized but not adequately iniltrated with adhesive resin.
Long-term hybrid layer stability, as a result of chlorhexidine
use, has not been demonstrated. hese indings, as well as the
decision to incorporate chlorhexidine or other dentin protease
inhibitors as an initial restorative step for hybrid layer stabilization, are to be considered in light of clinical studies that reveal
the clinical performance of composite systems that did not use
chlorhexidine is comparable with that of amalgam in patients
who are low caries risk.40 However, it has been found that, in
high caries risk patients, composite restorations do not perform
as well as amalgam restorations.40,41 herefore there may be advantages to the use of agents that stabilize and increase hybrid layer
resistance to proteolytic activity as a irst step of the restoration
sequence.
The use of a 5% glutaraldehyde/35% HEMA solution
theoretically may be used immediately after etching and before
priming of the dentin for the following reasons: (1) to occlude
dentinal tubules and, thereby, limit tubular luid contamination
during hybrid layer formation, (2) to cross-link the acid-exposed
intertubular collagen so as to render it resistant to proteolytic
degradation, and (3) to cross-link and inactivate noncollagenous
proteins that are able to degrade collagen (MMPs and cathepsins).
Recent in vitro evidence is in support of this theory.35 However,
potential cytotoxic efects of free glutaraldehyde and HEMA (i.e.,
not involved in the protein cross-linking and tubular occlusion)
raise legitimate patient safety concerns. Removal of excess glutaraldehyde and HEMA by rinsing with water may signiicantly
reduce any risk. he outward low of dentinal tubular luid may
also tend to limit the potential for free glutaraldehyde and/or
HEMA to difuse toward and negatively impact pulpal tissue.
Furthermore, it is necessary to recall that pulpal and axial dentin
in an advanced lesion (see Step 5 above) has been damaged by the
caries process and any bond to this deep dentin is compromised.
herefore deep dentin areas of the advanced lesion should be
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covered (i.e., sealed of) with a RMGI prior to any attempt at
demineralization (either by total-etch or self-etch systems) of more
peripheral dentin that might be followed by eforts (such as use
of a 5% glutaraldehyde/35% HEMA solution) to stabilize and
increase hybrid layer resistance to proteolytic activity as a part of
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the restorative sequence. Placement of the RMGI may theoretically
limit the ability of any free glutaraldehyde or HEMA to gain access
to tubules in closest proximity to the pulp. Additional testing to
validate the safety and eicacy of this stabilization technique is
indicated.

Summary
his chapter has addressed the principles of tooth preparation.
Every efort should be made to conserve and protect remaining
healthy natural tooth structure during the various steps of preparation. Tooth preparation is guided through careful consideration

of the implications of many factors. Preparation design is strategically
implemented so as to provide the subsequent restoration with an
optimal chance of clinical success.
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Fundamental Concepts of Enamel and
Dentin Adhesion
JORGE PERDIGÃO, RICARDO WALTER, PATRICIA A. MIGUEZ, EDWARD J. SWIFT, JR.

T

he classic concepts of operative dentistry were challenged
in the 1980s and 1990s by the introduction of new adhesive
techniques, irst for enamel and then for dentin. his chapter
discusses the differences in enamel and dentin adhesion and
developments in adhesive systems over time. Current adhesive
systems applied using several adhesion strategies with their indications and limitations, based on in vitro and clinical evidence, are
discussed.

Baic Concept of Adheion
he American Society for Testing and Materials (speciication D907)
deines adhesion as “the state in which two surfaces are held together
by interfacial forces which may consist of valence forces or interlocking forces or both.”1 he word adhesion comes from the Latin
adhaerere (“to stick to”). An adhesive is a material, frequently a
viscous luid, that joins two substrates together by solidifying and
transferring a load from one surface to the other. Adhesion or
adhesive strength is the measure of the load-bearing capacity of
an adhesive joint.2 Four diferent mechanisms of adhesion have
been described, as follows3:
1. Mechanical adhesion—interlocking of the adhesive with
irregularities in the surface of the substrate, or adherend
2. Adsorption adhesion—chemical bonding between the adhesive
and the adherend; the forces involved may be primary (ionic
and covalent) or secondary (hydrogen bonds, dipole interaction,
or van der Waals) valence forces
3. Difusion adhesion—interlocking between mobile molecules,
such as the adhesion of two polymers through difusion of
polymer chain ends across an interface
4. Electrostatic adhesion—an electrical double layer at the interface
of a metal with a polymer that is part of the total bonding
mechanism
In dentistry, bonding of resin-based materials to tooth structure
is a result of four possible mechanisms, as follows4:
1. Mechanical—penetration of resin and formation of resin tags
within the tooth surface
2. Adsorption—chemical bonding to the inorganic component
(hydroxyapatite) or organic components (mainly type I collagen)
of tooth structure
3. Difusion—precipitation of substances on the tooth surfaces to
which resin monomers can bond mechanically or chemically
4. A combination of the previous three mechanisms
136

For good adhesion, close contact must exist between the adhesive
and the substrate (enamel or dentin). he surface tension of the
adhesive must be lower than the surface energy of the substrate.
Failures of adhesive joints occur in three locations, which are
generally combined when an actual failure occurs: (1) cohesive
failure in the substrate; (2) cohesive failure within the adhesive;
and (3) adhesive failure, or failure at the interface of substrate and
adhesive.
A major problem in bonding resins to tooth structure is that
all methacrylate-based dental resins shrink during free-radical
addition polymerization.5 Dental adhesives must provide a strong
initial bond to resist the stresses of resin shrinkage.

Trend in Retorative Dentitry
he introduction of enamel bonding, the increasing demand for
restorative and nonrestorative esthetic treatments, and the ubiquity
of luoride have combined to transform the practice of operative
dentistry.6,7 he classic concepts of tooth preparation were advocated
in the early 1900s,8 but these have changed drastically. This
transformation in philosophy has resulted in a more conservative
approach to tooth preparation, with regard to not only the basic
concepts of retention form but also the resistance form of the
remaining tooth structure. Bonding techniques allow more conservative tooth preparations, less reliance on macromechanical retention,
and less removal of unsupported enamel.
he availability of new scientiic information on the etiology,
diagnosis, and treatment of carious lesions and the introduction
of reliable adhesive restorative materials have substantially reduced
the need for extensive tooth preparations. With improvements in
materials, indications for resin-based materials have progressively
shifted from the anterior segment only to posterior teeth as well.
Adhesive restorative techniques currently are used to accomplish
the following:
1. Restore Class I, II, III, IV, V, and VI carious lesions or traumatic
defects.
2. Change the shape and the color of anterior teeth (e.g., with
full or partial resin veneers).9,10
3. Improve retention for porcelain-fused-to-metal (ceramometal)
or metallic crowns.11,12
4. Bond all-ceramic restorations (Fig. 5.1).13,14
5. Seal pits and issures.15
6. Bond orthodontic brackets.16
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• Fig. 5.1 A, Preoperative view of anterior teeth in a 24-year-old patient with defective composite restorations. The treatment plan included bonded porcelain veneers on teeth #7, #8, and #10 to match the
natural aspect of tooth #9. B, Porcelain veneers were bonded with a two-step etch-and-rinse adhesive
and a light-activated resin cement. C, Final aspect 1 week after the bonding procedure.
7. Bond splints for tooth luxations and periodontally involved
anterior teeth and conservative tooth-replacement prostheses.17-20
8. Repair existing restorations (composite, amalgam, ceramic, or
ceramometal).21-24
9. Provide foundations for crowns.25,26
10. Desensitize noncarious cervical lesions (NCCLs) and exposed
root surfaces.27-30
11. Impregnate enamel and dentin making them less susceptible
to caries.31,32
12. Bond fractured fragments of anterior teeth (Fig. 5.2).33
13. Bond prefabricated iber, metal, and cast posts.34
14. Reinforce fragile endodontically treated roots internally.35,36
15. Seal root canals during endodontic therapy.37,38
16. Seal surgically resected root apices.39,40

Enamel Adheion
Inspired by the industrial use of 85% phosphoric acid to facilitate
adhesion of paints and resins to metallic surfaces, Buonocore
envisioned the use of acids to etch enamel for sealing pits and
issures.6,41 Since Buonocore’s introduction of the acid-etch technique, many dental researchers have attempted to achieve methods
for reliable and durable adhesion between resins and tooth
structures.
Various concentrations of phosphoric acid have been used to
etch enamel. Most current phosphoric acid gels have concentrations
of 30% to 40%, with 37% being the most common, although

some studies using lower concentrations have reported similar
adhesion values.42-45 An etching time of 60 seconds originally was
recommended for permanent enamel using 30% to 40% phosphoric
acid. Although one study concluded that shorter etch times resulted
in lower bond strengths, other studies using scanning electron
microscopy (SEM) showed that a 15-second etch resulted in a
surface roughness similar to that provided by a 60-second etch.46-49
Other in vitro studies have shown similar bond strengths and
leakage for etching times of 15 and 60 seconds.50-54
As measured in the laboratory, shear bond strengths of composite
to phosphoric acid-etched enamel usually exceed 20 megapascals
(MPa) and can range up to 53 MPa, depending on the test method
used.55-58 Such bond strengths provide adequate retention for a
broad variety of procedures and prevent leakage around enamel
margins of restorations.53
Acid etching transforms the smooth enamel into an irregular
surface (Fig. 5.3) and increases its surface-free energy. When a
luid resin-based material is applied to the irregular etched surface,
the resin penetrates into the surface, aided by capillary action.
Monomers in the material polymerize, and the material becomes
interlocked with the enamel surface (Fig. 5.4).41 he formation
of resin microtags within the enamel surface is the fundamental
mechanism of resin-enamel adhesion.41,46,59 Fig. 5.5 shows a
replica of an etched enamel surface visualized through the extensions of resin that penetrated the irregular enamel surface. he
acid-etch technique has revolutionized the practice of restorative
dentistry.
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• Fig. 5.2 A, Intraoral frontal view of a 20-year-old female presenting with complicated crown fracture
on tooth #9 after endodontic treatment. The fracture extends subgingivally on the mesial aspect of the
lingual surface. B, A two-step etch-and-rinse ethanol-based adhesive applied to the crown fragment and
tooth. C, Extraoral view 6 months after rebonding. D, Extraoral view 3 years after rebonding. (From
Macedo GV, Ritter AV: Essentials of rebonding tooth fragments for the best functional and esthetic outcomes, Pediatr Dent 31(2):110–116, 2009.)
importance of micromechanical bonding, similar to what occurs
in enamel bonding, has become accepted.60,67 Dentin adhesion
relies primarily on the penetration of adhesive monomers into the
network of collagen ibrils left exposed by acid etching (Fig. 5.6).67,68
However, for adhesive materials that do not require etching, such
as glass ionomer cements and some phosphate-based self-etch
adhesives, chemical bonding between polycarboxylic or phosphate
monomers and hydroxyapatite has been shown to be an important
part of the bonding mechanism.62-66 Contemporary strategies for
bonding to dentin are summarized in Table 5.1.

Challenge in Dentin Bonding

• Fig. 5.3

Scanning electron micrograph of enamel etched with 35%
phosphoric acid (3M Oral Care) for 15 seconds.

Dentin Adheion
he classic concepts of operative dentistry were challenged in the
1980s and 1990s by the introduction of new adhesive techniques,
irst for enamel and then for dentin. Nevertheless, adhesion to
dentin remains diicult. Adhesive materials can interact with dentin
in diferent ways—mechanically, chemically, or both.7,60-66 he

Substrate
Bonding to enamel is a relatively simple process, without major
technical requirements or diiculties. Bonding to dentin presents
a much greater challenge. Several factors account for this diference
between enamel and dentin bonding. Enamel is a highly mineralized
tissue composed of more than 90% (by volume) hydroxyapatite,
whereas dentin contains a substantial proportion of water and
organic material, primarily type I collagen (Fig. 5.7).69 Dentin also
contains a dense network of tubules that connect the pulp with
the dentinoenamel junction (DEJ) (Fig. 5.8). A cuf of hypermineralized dentin called peritubular dentin lines the tubules. he less
mineralized intertubular dentin contains collagen ibrils with the
characteristic collagen banding (Fig. 5.9). Intertubular dentin is
penetrated by submicron channels, which allow the passage of
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• Fig. 5.5 Replica of enamel etched with 35% phosphoric acid. Enamel
was dissolved completely in 6N hydrochloric acid for 24 hours. The resin
extensions correspond to the interprismatic spaces (asterisks).

A

B

0.5 m

0.5 m

• Fig. 5.4

A and B, Transmission electron micrographs of the enameladhesive interface after application of Adper Single Bond (3M Oral Care)
as per manufacturer’s instructions. Acid etching with 35% phosphoric acid
opened spaces between enamel prisms (arrows), allowing the permeation
of resin monomers between the crystallites (arrowheads). A, Adhesive; E,
enamel.

tubular liquid and ibrils between neighboring tubules, forming
intertubular anastomoses.
Dentin is an intrinsically hydrated tissue, penetrated by a maze
of luid-illed tubules. Movement of luid from the pulp to the
DEJ is a result of a slight but constant pulpal pressure.70 Pulpal
pressure has a magnitude of 25 to 30 mm Hg or 34 to
40 cm H2O.71,72 Dentinal tubules enclose cellular extensions from
the odontoblasts and are in direct communication with the pulp
(Fig. 5.10). Inside the tubule lumen, other ibrous organic structures
such as the lamina limitans are present, which substantially decreases
the functional radius of the tubule. he relative area occupied by

dentin tubules decreases with increasing distance from the pulp.
he number of tubules decreases from about 45,000/mm2 close
to the pulp to about 20,000/mm2 near the DEJ.73 he tubules
occupy an area of only 1% of the total surface near the DEJ,
whereas they occupy 22% of the surface close to the pulp.74 he
average tubule diameter ranges from 0.63 µm at the periphery to
2.37 µm near the pulp.75
Adhesion can be afected by the remaining dentin thickness
after tooth preparation. Bond strengths are generally less in deep
dentin than in supericial dentin.76-78 Some dentin adhesives,
including one-step self-etch adhesives, do not seem to be afected
by dentin depth.79 When the concentration of cross-linked carboxyterminal telopeptide of type I collagen was evaluated using
an immunoassay to detect the degree of collagen degradation,
signiicantly increased degradation was measured for a two-step
etch-and-rinse adhesive compared to a one-step self-etch adhesive.80
In the same study, collagen in deep dentin underwent signiicantly
more degradation than collagen in supericial dentin after thermal
fatigue.80 Degradation of collagen by dentin proteinases is known
to negatively afect the bonded interface.
Whenever tooth structure is prepared with a bur or other
instrument, residual organic and inorganic components form a
“smear layer” of debris on the surface.81,82 he smear layer ills
the oriices of dentin tubules, forming “smear plugs” (Fig. 5.11),
and decreases dentin permeability by nearly 90% in vitro.83 he
composition of the smear layer is basically hydroxyapatite and
altered denatured collagen. his altered collagen can acquire a
gelatinized consistency because of the friction and heat created by
the preparation procedure.84 Submicron porosity of the smear layer
still allows for difusion of dentinal luid.85 Removal of the smear
layer and smear plugs with acidic solutions results in an increase
of the luid low onto the exposed dentin surface. his luid can
interfere with adhesion because hydrophobic resins do not adhere
to hydrophilic substrates, even if resin tags are formed in the dentin
tubules.7,86
Several additional factors afect dentin permeability. Besides
the use of vasoconstrictors in local anesthetics, which decrease
pulpal pressure and luid low in the tubules, factors such as the
radius and length of the tubules, the viscosity of dentin luid, the
pressure gradient, the molecular size of the substances dissolved
in the tubular luid, and the rate of removal of substances by the
blood vessels in the pulp afect permeability. All of these variables
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• Fig. 5.6

A, Dentin etched with 35% phosphoric acid. B, Higher magniication view of etched dentin.
Col, Collagen exposed by the acid; D, normal dentin; T, dentinal tubule; S, residual silica particles used
as acid gel thickener.

TABLE 5.1

Current Strategies for Adhesion of Resins to Dentin
Etchant (E)

Primer (P)

Bonding Agent (B)

Three-step etch-andrinsea
E+P+B

Removes the smear layer
Exposes intertubular and peritubular collagen
Opens tubules in a funnel coniguration
Decreases surface-free energy

Includes bifunctional molecules
(simultaneously hydrophilic
and hydrophobic)
Envelops the external surface
of collagen ibrils
Reestablishes surface-free
energy to levels compatible
with a more hydrophobic
restorative material

Includes monomers that are mostly
hydrophobic such as Bis-GMA;
however, can contain a small
percentage of hydrophilic monomers
such as HEMA
Copolymerizes with the primer molecules
Penetrates and polymerizes into the
interibrillar spaces to serve as a
structural backbone to the hybrid layer

Two-step etch-andrinse
E + [PB]

Removes the smear layer
Exposes intertubular and peritubular collagen
Opens tubules in a funnel coniguration
Decreases surface-free energy

Penetrates into the dentin tubules to form resin tags
The irst coat applied on etched dentin works as a primer—it increases
the surface-free energy of dentin
The second coat (and third, fourth, and so on) acts as the bonding agent
used in three-step systems—it ills the spaces between the dense
network of collagen ibrils

Two-step self-etch
[EP] + B

Enamel etch is typically shallow
The self-etching primer (SEP) does not remove
the smear layer, but ixes it and exposes
about 0.5–1 µm of intertubular collagen
because of its acidity (pH = 1.2–2)
The smear plug is impregnated with acidic
monomers, but it is not removed; some SEP
monomers bond chemically to dentin
When it impregnates the smear plug, the SEP
prepares the pathway for the penetration of
the subsequently placed luid resin into the
microchannels that permeate the smear plug

Uses the same type of bonding agent included in the three-step
etch-and-rinse systems
The resin tags form on resin penetration into the microchannels of the
primer-impregnated smear plug

One-step self-etch
[EPB]

Etches enamel, but etch pattern is typically shallow
Incorporates the smear layer into interface
Being an aqueous solution of a phosphonated monomer, it demineralizes and penetrates dentin simultaneously, leaving a
precipitate on the hybrid layer
Forms a thin layer of adhesive, leading to low bond strengths; a multicoat approach is recommended; an extra layer of a
hydrophobic bonding resin improves bond strengths and clinical performance
Incompatible with self-cure composite resins unless coated with an hydrophobic bonding resin

a

Although the meaning of the two terms is the same, the term “etch-and-rinse” is preferred over “total-etch.”
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• Fig. 5.7

Composition of enamel and dentin by volume percent.
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• Fig. 5.8 Scanning electron micrograph of dentin that was fractured
longitudinally to show dentinal tubules.
make dentin a dynamic substrate and consequently a diicult
substrate for bonding.74,87

Stresses at the Resin–Dentin Interface
Composites shrink as they polymerize, creating considerable
stresses within the composite mass, depending on the coniguration
of the preparation.88-91 When the composite is bonded to one
surface only (e.g., for a direct facial veneer), stresses within the
composite are relieved by low from the unbonded surface. Stress
relief within a three-dimensional bonded restoration is limited
however by its coniguration factor (C-factor).92 In an occlusal
preparation, composite is bonded to ive tooth surfaces—mesial,
distal, buccal, lingual, and pulpal. he occlusal surface of the
composite is the only “free” or unrestrained surface. In such a
situation, the ratio between the number of bonded surfaces and
the number of unbonded surfaces is 5 : 1, giving the restoration
a coniguration factor equal to 5. Stress relief is limited because
low can occur only from the single free surface.92,93 Unrelieved
stresses in the composite contribute to internal bond disruption and
marginal gaps around restorations that may increase microleakage
and potential postoperative sensitivity.94 he C-factor might be
partially responsible for the decrease in bond strengths observed
when deep dentin is bonded as part of a three-dimensional
preparation.95

B

0.6 m

• Fig. 5.9 A, Scanning electron micrograph of etched dentin showing
exposed collagen ibrils. B, Higher magniication shows the characteristic
collagen banding in intertubular collagen. Supericial collagen was dissolved by collagenase to remove the most supericial collagen ibrils that
were damaged by tooth preparation.
In addition to the C-factor, the magnitude of the polymerization
shrinkage stress depends on several other variables, including the
rate of the polymerization reaction, the degree of conversion, the
composite stifness and its rate of acquisition of stifness during
polymerization, the nature and relative volume of the inorganic
iller, the type of monomers in the composite, the composite
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• Fig. 5.10

Scanning electron micrograph of deep dentin displaying an
odontoblastic process in a dentinal tubule (asterisk).

• Fig. 5.11

Scanning electron micrograph of a smear plug blocking the
entrance of a dentinal tubule. SP, Smear plug.

insertion technique, and the opacity of the composite.96-100 It has
been reported that immediate bond strengths of approximately
17 MPa are necessary to resist the contraction stresses that develop
in the composite during polymerization, to prevent marginal
debonding.90,101 However, this magnitude of bond strengths may
not be enough to counteract the polymerization contraction stresses
in some composite restorations, as stifer composite materials, in
general, result in increased stresses than those generated by more
elastic composite materials.102
he water absorption in composites results in partial relief of
the contraction residual stresses from polymerization.103 However,
the magnitude of hygroscopic expansion from water absorption
depends on the volume of the restoration and the speciic monomers
used in the composition of composites,104,105 as more hydrophilic
materials may actually result in a net expansion.103 Composite
materials that contain bisphenol A ethoxylated dimethacrylate
(Bis-EMA) undergo less water sorption than composites with
traditional monomers such as bisphenol A-glycidyl methacrylate
(Bis-GMA) and urethane dimethacrylate (UDMA).104 Silorane-based
composites have the lowest hygroscopic expansion.105
Several clinical strategies have been suggested to reduce the
efects of polymerization shrinkage stress, including control of

curing light irradiance,106,107 incremental insertion techniques,102,108
and application of intermediate low-modulus liners.109 None of
these methods has been efective in completely eliminating the
deleterious efects of polymerization shrinkage stress, which include
cuspal delection, tooth cracking, marginal leakage and gap formation,
reduction of adhesive bond strengths, and decreased physical
properties of the resin restorative material.110 Nevertheless, polymerization shrinkage stresses of composites remain a concern, and
stress relief in a restoration is important. Polymerization is initiated
on the surface of the restoration, close to the light source, eliminating
this surface as a potential stress relief pathway.111 Several methods
have been advocated to improve the low capacity of composites
used in Class II tooth preparations. One of those methods is the
use of a lowable composite between the composite and the tooth
wall. Conceptually, this lowable low-modulus composite would
serve as a shock absorber and simultaneously protect the interface
against fatigue stresses.112,113 he use of lowable composites as an
intermediate layer in NCCLs or as the gingival increment of Class
II preparations however has not been proved efective clinically.114-118
Likewise, the application of a glass ionomer cement base underneath
posterior composite restorations does not improve the restoration
survival rate at 18 years.119 Also, modiications of the current
resin-based composites have been proposed as a means to reduce
stress without compromising mechanical properties.120 Studies have
shown that some commercial composites speciically designed to
have reduced polymerization contraction and/or stress produce
less deleterious outcomes on marginal adaptation and cuspal
delection.121-123 However, further studies demonstrated that, in
spite of the lower total shrinkage obtained with the recent lowshrinkage composite, shrinkage stress is not necessarily reduced.
Each time a restoration is exposed to wide temperature variations
in the oral environment (e.g., drinking cofee and eating ice cream),
the restoration undergoes volumetric changes of diferent magnitude
compared with those of the tooth structure. his occurs because
the linear coeicient of thermal expansion (CTE) of hybrid and
microilled composites is about two to three times and four times
greater than that of dentin, respectively.124-126 Microleakage around
dentin margins is potentiated by this discrepancy in linear coeicient
of thermal expansion between the restoration and the substrate.127,128
Enamel bond strengths usually are suicient to prevent the formation
of marginal gaps by polymerization contraction stresses. hese
stresses might however be powerful enough to cause enamel defects
at the margins.107 Although the extension of the enamel cavosurface
bevel helps improve the enamel peripheral seal in vitro and reduce
the stresses,88,129,130 recent systematic reviews have questioned the
need for enamel beveling prior to acid etching.131,132
Loading and unloading of restored teeth can result in transitional
or permanent interfacial gaps.133 Additionally, the tooth substrate
itself might be weakened by cyclic loading.134 A study found
that 71% of Class V composite restorations in third molars with
antagonists had signiicantly more leakage than restorations placed
in teeth without opposing contact.135 Another study found that
cyclic loading and preparation coniguration signiicantly reduced
the bond strengths of self-etch and etch-and-rinse adhesives.136,137

Development
Beginning
During the 1950s, it was reported that a resin containing glycerophosphoric acid dimethacrylate (GPDM) could bond to a
hydrochloric acid–etched dentin surface.138 (Note: A complete listing
of the chemical names mentioned in this chapter is provided in
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TABLE 5.2

Abbreviations Commonly Used in Dentin/
Enamel Adhesion Literature and in This
Chapter

Abbreviation

Chemical Name

Bis-EMA

Bisphenol A ethoxylated dimethacrylate

Bis-GMA

Bisphenol A-glycidyl methacrylate

EDTA

Ethylenediamine tetra-acetic acid

GPDM

Glycerophosphoric acid dimethacrylate

HEMA

Hydroxyethyl methacrylate

10-MDP

10-Methacryloyloxy decyl dihydrogen phosphate

4-META

4-Methacryloxyethyl trimellitate anhydride

NPG-GMA

N-phenylglycine glycidyl methacrylate

PENTA

Dipentaerythritol penta-acrylate monophosphate

Phenyl-P

2-(Methacryloxy) ethyl phenyl hydrogen phosphate

UDMA

Urethane dimethacrylate

Table 5.2.) he bond strengths of this primitive adhesion technique
were severely reduced by immersion in water. A few years before
that report, another researcher had used the same monomer
chemically activated with sulinic acid, and that combination would
later be known commercially as Sevriton Cavity Seal (Amalgamated
Dental Company, London, England).139,140

First Generation
he development of the surface-active comonomer NPG-GMA
was the basis for Cervident (S.S. White Burs, Inc., Lakewood,
NJ), which is considered the irst-generation dentin bonding
system.141,142 heoretically, this comonomer could chelate with
calcium on the tooth surface to generate water-resistant chemical
bonds of resin to dentinal calcium.143,144 he in vitro dentin bond
strengths of this material were, however, in the range of only 2 to
3 MPa.145 Likewise, the in vivo results were discouraging as
Cervident had poor clinical results when used to restore NCCLs
without mechanical retention.146
Second Generation
In 1978, the Clearil Bond System Fc was introduced in Japan
(Kuraray Co., Ltd., Osaka, Japan). Generally recognized as the irst
product of the second generation of dentin adhesives, it was a
phosphate-ester material (phenyl-P and hydroxyethyl methacrylate
[HEMA] in ethanol). Its mechanism of action was based on the
polar interaction between negatively charged phosphate groups in
the resin and positively charged calcium ions in the smear layer.145
he smear layer was the weakest link in the system because of its
relatively loose attachment to the dentin surface. Examination of
both sides of failed bonds revealed the presence of smear layer debris.147
Several other phosphate-ester dentin bonding systems were
introduced in the early 1980s, including Scotchbond (3M Dental
Products, St. Paul, MN), Bondlite (Kerr Corporation, Orange,
CA), and Prisma Universal Bond (DENTSPLY Caulk, Milford,
DE). hese second-generation dentin bonding systems typically
had in vitro bond strengths of only 1 to 5 MPa, which was considerably below the 10-MPa value estimated as the threshold value for
acceptable in vivo retention.84,148 In addition to the problems caused
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by the loosely attached smear layer, these resins were relatively
devoid of hydrophilic groups and had large contact angles on
intrinsically moist surfaces.149 hey did not wet dentin well, did
not penetrate the entire depth of the smear layer, and therefore
could not reach the supericial dentin to establish ionic bonding.84
Whatever bonding did occur was due to interaction with calcium
ions in the smear layer.150
he in vitro performance of second-generation adhesives after
6 months was unacceptable.151 he bonding material tended to
peel from the dentin surface after water storage, indicating that
the interface between dentin and some types of chlorophosphate
ester–based materials (e.g., second-generation dentin bonding
systems) was unstable.151,152 he in vivo performance of these
materials was found to be clinically unacceptable 2 years after
placement in cervical tooth preparations without additional retention, such as beveling and acid etching.153,154

Third Generation
he concept of phosphoric acid etching of dentin before application
of a phosphate ester–type bonding agent was introduced by
Fusayama et al. in 1979.155 Because of the hydrophobic nature of
the bonding resin however, acid etching did not produce a signiicant
improvement in dentin bond strengths despite the low of the
resin into the open dentinal tubules.86,156 Pulpal inlammatory
responses were thought to be triggered by the application of acid
on dentin surfaces, providing another reason to avoid etching.157,158
Nevertheless, continuing the etched dentin philosophy, Kuraray
introduced Clearil New Bond in 1984. his phosphate-based
material contained HEMA and a 10-carbon molecule known as
10-MDP (10-methacryloyloxydecyl dihydrogen phosphate), which
includes a long hydrophobic component and a short hydrophilic
component.143 Treatment of the smear layer with acidic primers
was proposed using an aqueous solution of 2.5% maleic acid, 55%
HEMA, and a trace of methacrylic acid (Scotchbond 2, 3M Dental
Products).95 Scotchbond 2 was the irst dentin bonding system to
receive “provisional” and “full acceptance” from the American
Dental Association (ADA).159 With this type of smear layer treatment, manufacturers efectively combined the dentin etching
philosophy advocated in Japan with the more cautious approach
advocated in Europe and the United States. he result was preservation of a modiied smear layer with slight demineralization of the
underlying intertubular dentin surface. Clinical results were mixed,
with some reports of good performance and some reports of poor
performance.153,154
he removal of the smear layer using chelating agents such as
EDTA was recommended in the original Gluma system (Bayer
Dental, Leverkusen, Germany) before the application of a primer
solution of 5% glutaraldehyde and 35% HEMA in water. he
efectiveness of this system might have been impaired however by
the manufacturer’s questionable recommendation of placing the
composite over uncured unilled resin.154
Most other third-generation materials were designed not to
remove the entire smear layer, but to modify it and allow penetration
of acidic monomers such as phenyl-P or PENTA (see Table 5.2).
Despite promising laboratory results, some of the bonding mechanisms never resulted in satisfactory clinical results.154

Current Option for Rein–Dentin Bonding
Three-Step Etch-and-Rinse Adhesives
Although the smear layer acts as a “difusion barrier” that reduces
the permeability of dentin, it may be considered an obstacle that
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• Fig. 5.12

Bonding of resin to dentin using an etch-and-rinse technique.

must be removed or chemically modiied to permit resin bonding
to the underlying dentin substrate.65,83,160,161 Based on that consideration, a new generation of dentin adhesives was introduced
for use on acid-etched dentin.162 Removal of the smear layer via
acid etching led to improvements in the in vitro bond strengths
of resins to dentin.163-166 Because the clinical technique involves
simultaneous application of an acid to enamel and dentin, this
method was originally known as the “total-etch” technique. Now
more commonly called etch-and-rinse technique, it was the most
popular strategy for dentin bonding during the 1990s and remains
somewhat popular today (Fig. 5.12).
Application of acid to dentin results in partial or total removal
of the smear layer and demineralization of the underlying dentin.167
Acids demineralize intertubular and peritubular dentin, open the
dentin tubules, and expose a dense iligree of collagen ibrils (see
Fig. 5.6), increasing the microporosity of the intertubular dentin
(Fig. 5.13).67,167 Dentin is demineralized by up to approximately
7.5 µm depending on the type of acid, application time, and
concentration.67,167
Despite the obvious penetration of early adhesives into the
dentinal tubules, etching did not result in a signiicant improvement
in bond strengths, possibly as a result of the hydrophobic nature
of the phosphonated resin.156 On the basis of concerns about the
potential for inlammatory pulpal responses, acids were believed
to be contraindicated for direct application on dentin, and the
total-etch technique was not readily accepted in Europe or the
United States. Adhesive systems based on the total-etch philosophy
have proved successful however in vitro and in vivo.154,168-170

T

2 m

• Fig. 5.13 Scanning electron micrograph of dentin that was kept moist
after rinsing off the etchant. The abundant intertubular porosity serves as
a pathway for the penetration of the dentin adhesive. T, Dentinal tubule.

Adhesive systems such as All-Bond 2 and All-Bond 3 (Bisco,
Inc., Schaumburg, IL), OptiBond FL (Kerr Corporation), and
Scotchbond Multi-Purpose (3M Oral Care, St. Paul, MN) (Table
5.3) are described by some authors as fourth-generation adhesives.
However, because they include three essential components that
are applied sequentially, they are more accurately described as
three-step etch-and-rinse systems. he three essential components
are (1) a phosphoric acid–etching gel that is rinsed of; (2) a primer
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Adhesive Systems Categorized by Adhesion Strategy
COMPONENTS

Type

Brand Names (Manufacturer)

1

2

3

Three-step etch-andrinse

Adper Scotchbond Multi-Purpose (3M Oral Care)
All-Bond 2 (Bisco, Inc.)
All-Bond 3 (Bisco, Inc.)
OptiBond FL (Kerr Corporation)
Solobond Plus (Voco)
Syntac (Ivoclar Vivadent)

Phosphoric acid

Hydrophilic primer

Bonding resin

Two-step etch-and-rinse

Admira Bond (Voco)
Adper Single Bond Plus (3M Oral Care)
ExciTE F (Ivoclar Vivadent)
One-Step Plus (Bisco, Inc.)
OptiBond SOLO Plus (Kerr Corporation)
Prime & Bond NT (DENTSPLY Sirona)
Prime & Bond XP (DENTSPLY Sirona)

Phosphoric acid

Combined
(hydrophilic primer + bonding resin)

Two-step self-etch

AdheSE (Ivoclar Vivadent)
All-Bond SE (Bisco)
Clearil SE Bond (Kuraray Noritake Dental Inc)
Clearil SE Protect (Kuraray Noritake Dental Inc)
OptiBond XTR (Kerr Corporation)

One-step self-etch

Clearil S3 Bond Plus (Kuraray Noritake Dental Inc)
Futurabond M (Voco)
iBond (Heraeus Kulzer)
OptiBond All-in-One (Kerr Corporation)
Xeno IV (DENTSPLY Sirona)
Xeno V+ (DENTSPLY Sirona)

Two-step etch-and-rinse

Adhese Universal (Ivoclar Vivadent)
All-Bond Universal (Bisco, Inc.)
Clearil Universal Bond (Kuraray Noritake Dental Inc)
Futurabond U (Voco)
One Coat 7 Universal (Coltene)
Prime & Bond Elect (DENTSPLY Sirona)
Scotchbond Universal Adhesive (3M Oral Care)
Prime & Bond Active (DENTSPLY Sirona)

or

One-step self-etch

containing reactive hydrophilic monomers in ethanol, acetone, or
water; and (3) a nonsolvated unilled or illed resin bonding agent.
Some authors refer to this third step as adhesive. It contains
hydrophobic monomers such as Bis-GMA, frequently combined
with hydrophilic molecules such as HEMA.
he acid-etching step not only alters the mineral content of
the dentin substrate but also changes its surface-free energy.77,162
he latter is an undesirable efect because for good interfacial
contact, any adhesive must have a low surface tension, and the
substrate must have a high surface-free energy.84,152,171 Phosphoric
acid etching of dentin removes hydroxyapatite, which has high
surface energy, exposing the low surface energy collagen. A correlation exists between the ability of an adhesive to spread on the
dentin surface and the concentration of calcium on that same
surface.172 he primer in a three-step system is designed to increase
the critical surface tension of dentin, and a direct correlation between
surface energy of dentin and shear bond strengths has been shown.77
When primer and bonding resin are applied to etched dentin,
they penetrate the intertubular dentin, forming a resin–dentin
interdifusion zone or hybrid layer. hey also penetrate and polymerize in the open dentinal tubules, forming resin tags. For most
etch-and-rinse adhesives, the ultramorphologic characterization of
the transition between the hybrid layer and the unafected dentin

Self-etching primer

Bonding resin

All-in-one
Self-etch hydrophilic primer/bonding resin

Phosphoric acid

Hydrophilic bonding resin

Self-etch hydrophilic primer/bonding resin

suggests that an abrupt shift from hybrid tissue to mineralized
tissue occurs, without any empty space or pathway that could
result in leakage (Figs. 5.14 and 5.15). he demarcation line seems
to consist of hydroxyapatite crystals embedded in the resin from
the hybrid layer (see Fig. 5.15B). For self-etch adhesive systems,
the transition is more gradual, with a supericial zone of resinimpregnated smear residues and a deeper zone, close to the
unafected dentin, rich in hydroxyapatite crystals (Fig. 5.16).

Two-Step Etch-and-Rinse Adhesives
Much of the research and development (R&D) has focused on
the simpliication of the bonding procedure. A number of dental
materials manufacturers market a simpliied, two-step etch-and-rinse
adhesive system. Some authors refer to these as ifth-generation
adhesives. A separate etching step still is required. In vitro dentin
bond strengths obtained with two-step etch-and-rinse adhesives
have improved so much that they approach the level of enamel
bonding.56 However, three-step etch-and-rinse adhesives result in
better laboratory and clinical performance than two-step etchand-rinse adhesives.170,173-175
Numerous two-step etch-and-rinse adhesive systems are available
(see Table 5.3), including One-Step Plus (Bisco, Inc.), Prime &
Bond NT (DENTSPLY Sirona, York, PA, USA), Adper Single
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Bond Plus (3M Oral Care), OptiBond SOLO Plus (Kerr Corporation), PQ1 (Ultradent Products, South Jordan, UT), ExciTE F
(Ivoclar Vivadent, Schaan, Liechtenstein), One Coat Bond (Coltene,
Altstätten, Switzerland), and Prime & Bond XP (DENTSPLY
Sirona).
Diferent from three-step etch-and-rinse adhesives, these simpliied etch-and-rinse materials do not contain a hydrophobic bonding
agent as the last bonding step. he primer/adhesive single solution
in two-step etch-and-rinse adhesives contains solvents and

• Fig. 5.14

Scanning electron micrograph of the transition between
composite resin (C)–adhesive (A), adhesive–hybrid layer (H), and hybrid
layer–dentin.

A

hydrophilic components from the primer that are mixed with the
hydrophobic monomers from the bonding agent. For this reason,
hydrolytic degradation, which directly relates to the hydrophilicity
of the adhesive,176 is more evident in two-step etch-and-rinse
adhesives when compared to their nonsimpliied predecessors.174,176
Active rubbing application and the use of multiple coats of the
adhesive have been shown to somewhat compensate for the lack
of a hydrophobic resin bonding agent layer as the last step in
two-step etch-and-rinse adhesives.177,178

Two-Step Self-Etch Adhesives
An alternative bonding strategy is the self-etch approach (Fig.
5.17; see Fig. 5.16).
Introduced in Japan, two-step self-etch adhesives (SEAs) contain
an acidic monomer that functions as a self-etching primer and a
hydrophobic nonsolvated bonding resin. he acidic primers include
a phosphonated and/or carboxylated resin molecule that performs
two functions simultaneously—etching and priming of dentin
and enamel. In contrast to conventional etchants, the acidic primers
are not rinsed of. he bonding mechanism of SEAs is based on
the simultaneous etching and priming of enamel and dentin, forming
a continuum in the substrate and incorporating smear plugs into
the resin tags (Fig. 5.18).179,180 In addition to simplifying the bonding
technique, the elimination of rinsing and drying steps reduces the
possibility of overwetting or overdrying dentin, either of which
can afect adhesion adversely.164,165 Also, water is always a component
of the acidic primer because it is needed for the monomers to
ionize and trigger demineralization of hard dental tissues; this
makes SEAs less susceptible to variations in the degree of substrate
moisture but more susceptible to chemical instability due to
hydrolytic degradation.176,181,182

B
• Fig. 5.15 Transmission electron micrograph of a resin–dentin interface formed by the etch-and-rinse
adhesive Adper Single Bond Plus (3M Oral Care). This specimen was not decalciied or stained; the
unaltered dentin appears darker and the hybrid layer appears lighter. A, General view showing the composite (C), the adhesive (A), the hybrid layer (H), a illed resin tag (T), and the unaffected dentin (D). B,
Higher magniication of the transition between the hybrid layer and unaffected dentin. Note the iller in
the resin tag as small dark dots (nanoiller).
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H

• Fig. 5.16 Transmission electron micrograph of a resin–dentin interface formed with the two-step selfetch adhesive Clearil SE Bond (Kuraray Noritake Dental Inc.). Residual hydroxyapatite crystals and
residual components of the smear layer are embedded in the resin within the hybrid layer (H).

Self-Etching Primer

Dentin Smear Layer
Created with Bur

Adhesive + Composite

Composite

No Rinsing

Primer

Dentin Adhesive
Hybrid
Layer

ResinImpregnated
Smear Plug

• Fig. 5.17

Bonding to dentin using a self-etch primer.
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• Fig. 5.18

A, Scanning electron micrograph of a resin–dentin interface formed with Clearil SE Bond
(Kuraray Noritake Dental Inc.) on chemical dissolution of the supericial dentin. B, Transmission electron
micrograph of a resin–dentin interface formed with Clearil SE Bond on EDTA decalciication and staining
with uranyl acetate and lead citrate. A, Adhesive; D, residual dentin (appears gray in B because it was
decalciied with EDTA); H, hybrid layer (appears dark in B because of decalciication followed by staining);
T, resin tag; Ts, resin tag that incorporates the smear plug.

Because they are user friendly and do not require the etching
and rinsing step, SEAs have become very popular.183 One disadvantage is that some SEAs do not etch enamel as well as phosphoric
acid, particularly if the enamel has not been instrumented.184,185
However, some of the in vitro enamel bond strengths obtained
with SEAs may not relect their actual bonding efectiveness as
the use of silicon carbide (Si-C) paper in in vitro experiments
creates smear layers that are not clinically relevant.160 If enamel is
not etched adequately, the seal of enamel margins in vivo might
be compromised.186,187 When enamel bonds are stressed in the
laboratory by thermal cycling, some of the irst SEAs were more
likely than etch-and-rinse systems to undergo deterioration.188 his
decrease in bond strengths with thermal fatigue might be a sign
that a potential exists for enamel microleakage when SEAs are
employed to bond to enamel. In a 10-year recall of an older generation SEA, 39 of 44 restorations had marginal discoloration.189 he
enamel bond strengths of some newer SEAs approach the enamel
bond strengths of phosphoric acid–based adhesives however, suggesting that SEAs are gradually being developed to replace etchand-rinse adhesive systems.
Several two-step SEAs are available, including AdheSE (Ivoclar
Vivadent), All-Bond SE (Bisco, Inc.), Clearil SE Bond or Clearil
SE Bond 2 (Kuraray Noritake Dental Inc., Tokyo, Japan), Clearil
SE Protect (Kuraray Noritake Dental Inc.), and OptiBond XTR
(Kerr Corporation) (see Table 5.3). Clearil SE Bond contains an
aqueous mixture of a phosphoric acid ester monomer (10-MDP),
with a much higher pH than that of phosphoric acid etchants.190
Although the pH of a 34% to 37% phosphoric acid gel is much
lower than 1.0, the pH of Clearil SE Primer (Kuraray Noritake
Dental Inc.) is 1.9 to 2.0.167,191 SEAs have been classiied according

to their pH in three categories: mild, moderate, and aggressive, with
Clearil SE Bond being a mild SEA.191 Mild SEAs tend to provide
excellent dentin bond strengths and poorer enamel bonds, whereas
more aggressive self-etch systems provide the reverse. Clearil SE
Bond resulted in 93% retention rate in Class V composite restorations at 13 years with selective enamel etching of the margins
versus 86% without enamel etching, but the diference was not
statistically significant.192 Selective enamel etching improved
marginal adaptation and marginal discoloration compared to the
self-etch strategy.192 In posterior restorations, Clearil SE Bond
resulted in 100% retention rate at 2 years with a tendency for
deterioration of the composite margins compared with the etchand-rinse control Adper Single Bond.168 he clinical success of
Clearil SE Bond might be a result of its chemical composition,
speciically the monomer 10-MDP, which has been shown to bond
chemically to calcium in hydroxyapatite through a mechanism
known as nanolayering.65,193
SEAs are less technique sensitive than are etch-and-rinse
adhesives. Additionally, SEAs are less likely to result in a discrepancy
between the depth of demineralization and the depth of resin
infiltration because SEAs demineralize and infiltrate dentin
simultaneously.190 Recently, however, that concept has been challenged by showing that Clearil SE Bond may also present partially
demineralized dentin beneath the hybrid layer.194 SEAs do not
remove the smear layer from dentin completely (see Figs. 5.16
and 5.17), and in some cases smear layer remnants may interfere
with in vitro bond strengths.161 For some self-etch adhesives, collagen
ibrils in the hybrid layer are not totally enveloped by the adhesive,
leaving a partially demineralized dentin layer.195 Strong one-step
SEAs continue the demineralization of the adjacent dentin structure
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in the tubules, which may also result in exposed collagen ibers.196
he presence of a hybrid layer that is not completely iniltrated
by the adhesive may increase the stresses in resin–dentin
interfaces.194
Research has been conducted on the potential for remineralization of the partially iniltrated demineralized collagen inside the
hybrid layer. One of the methods used to remineralize exposed
dentin collagen ibrils is the application of casein phosphopeptideamorphous calcium phosphate (CPP-ACP), which has been shown
to have the potential to induce biomimetic mineralization of dentin
collagen ibrils.197 Another method with promising results is to
obtain intraibrillar and interibrillar remineralization of a 5-µmthick layer of demineralized dentin with the inclusion of carboxylic
acid–containing and phosphonic acid–containing polyelectrolytes
as biomimetic analogues in a phosphate-containing luid.198 More
recently it has been demonstrated that intermediate precursors of
calcium phosphate biomineralization may be prefabricated for
loading and release with the goal of achieving collagen intraibrillar
mineralization with released luidic intermediate precursors.199 hese
authors reported that collagen ibrils can be mineralized using
polyacid-stabilized amorphous calcium phosphate loaded with
amine-functionalized mesoporous silica nanoparticles. These
nanoparticles may be included in the composition of dentin
adhesives as controlled release devices for the delivery of the
amorphous calcium phosphate prenucleation clusters to remineralize
deiciently iniltrated hybrid layers.200
Despite the prevailing opinion that SEAs cause less postoperative
sensitivity compared with etch-and-rinse systems, recent clinical
studies have shown no relationship between the type of adhesive
and the occurrence of postoperative sensitivity.201-206

One-Step Self-Etch Adhesives
Continuing the trend toward simpliication, no-rinse self-etch
materials that incorporate the fundamental steps of etching, priming,
and bonding into one solution have become increasingly popular.
In contrast to conventional adhesive systems that contain an
intermediate light-cured, low-viscosity bonding resin to join the
composite restorative material to the primed dentin–enamel
substrate, these one-step SEAs contain uncured ionic monomers
that contact the composite restorative material directly.207,208 heir
acidic unreacted monomers are responsible in part for the incompatibility between these simpliied adhesives and self-cured composites
(discussed later).209 Additionally, one-step SEAs tend to behave as
semipermeable membranes, facilitating hydrolytic degradation of
the resin–dentin interface.181 Because these adhesives must be acidic
enough to be able to demineralize enamel and penetrate dentin
smear layers, the hydrophilicity of their resin monomers, usually
organophosphates and carboxylates, also is high. Some of these
resin monomers are too hydrophilic, which makes them liable to
water degradation.176,210
One-step SEAs, which have etching, priming, and bonding
functions delivered in a single solution, include AdheSE One
F (Ivoclar Vivadent), All-Bond SE (Bisco Inc.), Bond Force
(Tokuyama Dental Corporation Inc., Tokyo, Japan), Clearil S3
Bond Plus (Kuraray Noritake Dental Inc.), iBOND Self-Etch
(Heraeus Kulzer GmbH, Hanau, Germany), OptiBond All-inOne (Kerr Corporation), and Xeno IV (DENTSPLY Sirona)
(see Table 5.3). he pH of one-step SEAs afects their clinical
properties. Also, application of multiple coats signiicantly increases
dentin bond strengths and decreases leakage, suggesting that
some of the one-step SEAs might not coat the dentin surface
uniformly.211
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he in vitro and clinical behavior of one-step SEAs improves
with the addition of an extra coat of a hydrophobic bonding
layer.212-214 In a clinical study in Class V lesions, the one-step SEA
iBond resulted in 40% retention rate at 18 months.212 For the
group to which an extra layer of a thick bonding resin was added
(Scotchbond Multi-Purpose Adhesive), the retention rate increased
to 83.3% at 18 months. his behavior of one-bottle SEAs may
be related to their behavior as semipermeable membranes in vitro
and in vivo.181,215 Simpliied SEAs do not provide a hermetic seal
for vital deep dentin as demonstrated by transudation of dentinal
luid across the polymerized adhesives to form luid droplets on
the surface of the adhesive.176

Universal Adhesives
Dentists have used dentin adhesives following the adhesion strategy
recommended by the respective manufacturer. With the advent
of universal adhesives dentists are now using the same dentin
adhesive for diferent adhesion strategies (i.e., self-etch, etch-andrinse, or selective enamel etch adhesive), according to each speciic
clinical situation. Because of their multistrategy approach, this
new generation of one-bottle dental adhesives has become very
popular in dentistry.
hese adhesives are basically one-step self-etch adhesives that
can be used under diferent adhesion strategies (see Table 5.3).216-218
As one-step SEAs, universal adhesives also beneit from the application of an extra hydrophobic bonding resin.219 he major diference
between traditional one-step SEAs and universal adhesives is that
most universal adhesives contain 10-MDP (and/or other monomers),
which is capable of bonding ionically to hydroxyapatite through
nanolayering.65,220 he 10-MDP molecule forms stable calciumphosphate salts without causing strong decalciication. he chemical
bonding formed by 10-MDP is more stable in water than that of
other monomers used in the composition of SEAs, such as 4-META
and phenyl-P.221 Because the nature of the chemical bonding
provided by 10-MDP depends on the concentration of this molecule,
the extent of chemical bonding in universal adhesives is very weak
compared to that observed for the two-step SEA Clearil SE Bond.220
Additionally, the presence of HEMA may hamper the chemical
bonding ability of 10-MDP–containing universal adhesives,222
because it reduces the formation of MDP-Ca salts.
The active application (rubbing) of 10-MDP–containing
adhesives results in more intense nanolayering than passive application.65 It has also been shown that active application results in
higher bond strengths to intact enamel for most universal adhesives
compared to passive application.223 hese improvements from
rubbing the adhesive on the bonding substrate may be caused by
higher concentration of 10-MPD molecules in intimate contact
with the hydroxyapatite crystals in addition to higher rate of solvent
evaporation from the enamel and dentin surfaces.65
Diferences in the hydroxyapatite structure in dentin and enamel
dictate the interaction pattern of 10-MDP with these substrates.
he lesser amount and smaller hydroxyapatite crystals in dentin
and their criss-cross orientation compared to a more parallel orientation in enamel makes dentin more receptive to the chemical
interaction between 10-MDP and hydroxyapatite. his interaction
discloses the formation of a nanolayered structure, which is reduced
in enamel compared to dentin.65
Universal adhesives show signs of interfacial bonding
degradation after 12-month water storage when applied either
as self-etch or etch-and-rinse adhesives, although the self-etch
strategy caused less nanoleakage.224 In spite of the simpliication of the bonding protocol, universal adhesives will likely

150

C HA P T E R 5

Fundamental Concept of Enamel and Dentin Adheion

undergo the same degradation pattern observed with older
one-step SEAs.218

Moit Veru Dry Dentin Surface With
Etch-and-Rine Adheive
Because vital dentin is inherently wet, complete drying of dentin
is diicult to achieve clinically.165,225 Water has been considered
an obstacle for attaining an efective adhesion of resins to dentin,
so research has shifted toward the development of dentin adhesives
that are compatible with humid environments. he “moist bonding”
technique used with etch-and-rinse adhesives prevents the spatial
alterations (i.e., collagen collapse) that occur on drying demineralized
dentin (Fig. 5.19; compare with Fig. 5.13).165 Such alterations
might prevent the monomers from penetrating the labyrinth of
nanochannels formed by dissolution of hydroxyapatite crystals
between collagen ibrils.226,227

3 m

• Fig. 5.19

Scanning electron micrograph of dentin collagen after acid
etching with 35% phosphoric acid. Dentin was air-dried. The intertubular
porosity disappeared as a consequence of the collapse of the collagen
secondary to the evaporation of water that served as a backbone to keep
collagen ibrils raised.

he use of etch-and-rinse adhesive systems on moist dentin is
made possible by incorporation of the organic solvents acetone or
ethanol in the primers or adhesives. Because the solvent can displace
water from the dentin surface and the moist collagen network, it
promotes the infiltration of resin monomers throughout the
nanospaces of the dense collagen web. he moist bonding technique
has been shown repeatedly to enhance bond strengths of etchand-rinse adhesives in vitro because water preserves the porosity
of the collagen network available for monomer interdifusion.165,225,228
Studies showed that the excess water after rinsing the etching gel
can be removed with a damp cotton pellet, high-volume suction,
disposable brush, or laboratory tissue paper without adversely
afecting bond strengths.229,230 If the dentin surface is dried with
air in vitro, the collagen mesh may undergo immediate collapse
and prevent resin monomers from penetrating (Fig. 5.20).231,232
When etched dentin is dried using an air syringe, in vitro bond
strengths decrease substantially, especially for acetone-based and
(to a lesser extent) ethanol-based dentin adhesive systems.164,232,233
When water is removed, the elastic characteristics of collagen may
be lost. While in a wet state, wide gaps separate the collagen
molecules from each other.234 In a dry state, the molecules are
arranged more compactly. his is because extraibrillar spaces in
hydrated type I collagen are illed with water, whereas dried collagen
has fewer extraibrillar spaces open for the penetration of the
monomers included in the adhesive systems.235 During air-drying,
water that occupies the interibrillar spaces previously illed with
hydroxyapatite crystals is lost by evaporation, resulting in a decrease
of the volume of the collagen network to about one third of its
original volume.231 Under the scanning electron microscope, the
adhesive does not seem to penetrate etched intertubular dentin
that has been dried.232 Under the transmission electron microscope
(TEM), collagen ibrils coalesce into a structure without individualized interibrillar spaces.232 When air-dried demineralized dentin
is rewetted with water, the collagen matrix may reexpand and
recover its primary dimensions to the levels of the original hydrated
state.227,231,236 his spatial reexpansion is a result of the spaces between
ibrils being reilled with water, but also reexpansion occurs because
type I collagen itself is capable of undergoing expansion on rehydration.237 he stifness of decalciied dentin increases when the tissue
is dehydrated chemically in water-miscible solvents or physically
in air.227 he increase in stifness is reversed when specimens are

Moist Etched Dentin

Dried Etched Dentin
AIR

Collapsed Collagen

Interfibrillar
Water
Collagen
Fibers
Residual
Mineral
Crystals
Dentin

• Fig. 5.20

Collapse of etched dentin by air-drying.
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the time needed to replace water with ethanol in the dentin collagen
network would make the technique diicult to implement in a
clinical setting.

Role of Water in Self-Etch Adheive

• Fig. 5.21

Clinical aspect of moist dentin—a glistening appearance
without accumulation of water. (From Rubinstein S, Nidetz A: The art and
science of the direct posterior restoration: Recreating form, color, and
translucency, Alpha Omegan 100(1):30–35, 2007.)

rehydrated in water. Rewetting dentin after air-drying to check
for the enamel frosty aspect is an acceptable clinical procedure.68,238
In addition, pooled moisture should not remain on the tooth
because excess water can dilute the primer and render it less efective.233,239 A glistening hydrated surface is preferred (Fig. 5.21).240
Although having adequate dentin surface moisture is important,
agitation of the hydrophilic primer/adhesive during application
of two-step etch-and-rinse adhesives may be critical for optimal
adhesive iniltration into the demineralized collagen network. hat
procedure also may aid in the evaporation of residual water in the
adhesive and hybrid layers preventing nanoleakage.177,178,215 It is
speculated that active rubbing of the adhesive compresses the
demineralized collagen network, which is illed with the adhesive
upon pressure release and expansion of the collagen. A recent
clinical trial compared the performance of Prime & Bond NT
using no rubbing action, slight rubbing action, and vigorous rubbing
action in the restoration of NCCLs. While retention rates of 82.5%
were found for the no rubbing action and slight rubbing action
groups, 92.5% of the restorations in the vigorous rubbing action
group were retained after 24 months of clinical service.177
In case universal adhesives are applied using an etch-and-rinse
strategy, it may not be necessary to leave dentin moist for two
reasons:
(1) Universal adhesives contain 10% to 20% water, which may
be able to rewet dried dentin. heir bond strengths to dentin that
has been air-dried for 10 seconds is similar to their bond strengths
to moist dentin.217
(2) Manufacturers recommend the evaporation of the solvent
with air for 5 seconds after the application of the universal adhesive
(10 seconds for All-Bond Universal); however, 5 seconds is not
enough to evaporate the water added to the composition of the
adhesive.241 If dentists leave dentin moist prior to applying universal
adhesives, the amount of residual water left into the dentin substrate
after air-drying will reduce bond strengths and substantially increase
hydrolytic degradation of the bonded interface.242
Recently, some in vitro research has evaluated the possibility
of replacing water with ethanol in the etched dentin collagen
network, a technique known as “ethanol wet-bonding.”243,244 When
acid-etched dentin is saturated with 100% ethanol instead of water,
the bond strengths of both hydrophilic and hydrophobic resins
increase signiicantly.243,244 Although ethanol wet-bonding appears
promising, it involves an extra step of replacing rinse water with
100% ethanol, and no clinical studies are available. Additionally,

Water plays diferent roles in the bonding mechanisms of self-etch
adhesives and etch-and-rinse adhesives. Unlike etch-and-rinse
adhesives, self-etch systems do not include separate acid-etching
and rinsing steps. The functions of etching and priming are
simultaneously performed by the acidic monomers. Water (10–30
weight percent [wt%]) is added to the hydrophilic formulations
to ionize the acidic methacrylate monomers (usually phosphate
or carboxylic) and to solubilize calcium and phosphate ions that
form from the interaction of the monomers with dentin and
enamel.245,246 When SEAs are formulated, a compromise must be
made to provide suicient water for adequate ionization of the
acidic monomers without lowering the monomer concentration
to levels that would jeopardize the bonding eicacy. Increasing
the water concentration from 0 to 60 volume percent (vol%) in
the acidic primer resulted in improved acidic monomer ionization
and increased depth of dentin demineralization created by the
acidic monomers.246 However, increasing the water concentration
dilutes the concentration of the acidic monomer, thereby lowering
the bonding eicacy of the respective adhesive system.
he mechanical properties of one-step SEAs might be signiicantly compromised in the presence of water, which is less likely
to occur with two-step SEAs.247 One-step SEAs have higher water
absorption or solubility than two-step self-etch adhesives.175,248

Role of Protein in Dentin Bonding
Despite eforts to generate new dental materials that can enhance
dentin bonding, the stability of the hybrid layer and thus long-term
acceptable bond strength are still a challenge. Stability of the hybrid
layer due to hydrolytic degradation of dentin collagen ibrils that
have been exposed by acid etching of dentin and not completely
embedded by adhesive during the bonding procedure continues
to be extensively studied. he degradation is enzyme driven and
compromises the hybrid layer, which becomes the restoration’s
weakest link.249,250 his observation is important because acid etching
demineralizes dentin and may leave a layer of exposed collagen at
the bottom of the hybrid layer.251,252 However, it has been reported
that when demineralized dentin is restored with an adhesive system,
the demineralized layer might undergo remineralization within 4
months.253
Some evidence also suggests that phosphoric acid causes
denaturation of collagen ibrils in dentin.254,255 Concerns about
potential efects of phosphoric acid on dentin collagen arose from
its known susceptibility to other acids such as bacterial lactic acid
in caries processes.256 However, it has been demonstrated that
treatment of collagen with phosphoric acid does not signiicantly
alter the biochemistry of dentin collagen as per analyses of collagen
intramolecular and intermolecular cross-links.257 Although evidence
suggests that longer etching times might denature the collagen
ibril, the normal 15-second etch does not change the spatial
coniguration of the collagen molecule. Etching for 15 seconds
does not compromise the bonding substrate.258
Collagen type I is the main organic component of dentin.69
he mineralized dentin structure carries a well-compressive load,
as mineral crystals minimize movement and deformation of the
collagen. In physiologic conditions (dentin formation), particles
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are deposited within (intraibrillar) and on the surface (interibrillar)
of collagen ibrils.259,260 Structures such as bone and dentin have
different mechanical properties from nonmineralized tissues.
Mineralized structures are much stifer, and although they tolerate
compression well, they cannot extend much in tension.261 When
phosphoric acid treatment removes the mineral around and within
collagen ibrils, the tension and compressive strength of the collagen
change. hen, the cross-linking of collagen ibrils is extremely
important in providing the mechanical and adaptive response.262,263
In this regard, hydration also plays a major role. In hydrated and
nonmineralized collagen, hydrogen bonds form between collagen
and water, which allows for slipping and movement. However, as
the collagen is dried, bonds form directly between collagen molecules
and within ibrils, preventing sliding and stifening the structure.
With dehydration, the stress point lowers and collagen ibrils break
more easily.264 In dentin bonding, ideally collagen should be
demineralized as minimally as possible, keeping the demineralized
collagen hydrated and iniltrated with a hydrophilic adhesive to
ensure proper penetration within the exposed collagen ibrils.
Ninety percent of the protein content of dentin is type I collagen
and the remaining are noncollagenous proteins. he noncollagenous
proteins fall into several categories: proteoglycans (PGs), SIBLINGs,
growth factors, matrix metalloproteinases (MMPs), serum proteins,
among others. A few of these noncollagenous proteins act as
nucleators for mineral growth and dentin mineralization. he most
characterized dentin mineral nucleator is dentin phosphoprotein
(DPP). his protein is able to bind calcium and present it to
collagen at the mineralization front during the formation of
dentin.265 It contains a large number of aspartic acid residues and
thus is acidic. Biomimetic analogs of such proteins that are as
acidic as DPP are able to create amorphous calcium phosphate
precursors and to bind to dentin collagen. 266-269 Polyacrylic,
polycarboxylic, and polyvinylphosphonic acids have been used as
analogs of dentin noncollagenous phosphoproteins and have been
able to induce intraibrillar mineralization within hybrid layers
when exposed to a remineralization media containing a calcium
hydroxide–releasing material.270-272
Another noncollagenous protein category of importance in
dentin bonding is the MMP family. Matrix metalloproteinases are
zinc-dependent and calcium-dependent endopeptidases capable
of degrading all extracellular matrix components.273-275 In 1999,
one study suggested that the direct inhibition of the MMP activity
by chlorhexidine might explain the beneicial efects of chlorhexidine
in the treatment of periodontitis.276 Chlorhexidine was irst used
in dentin bonding as a dentin disinfectant prior to the application
of the dentin adhesive. SEM revealed that chlorhexidine debris
remained on the dentin surface and within the tubules of etched
dentin after rinsing, but chlorhexidine had no signiicant efect
on the dentin shear bond strengths.277
More recently, research has shifted toward the preservation of
the hybrid layer through the inhibition of speciic dentin proteases
capable of degrading collagen, using chlorhexidine as a protease
inhibitor.278 Collagen ibrils that are not encapsulated by resin
might be vulnerable to degradation by endogenous MMPs after
acid etching.273 Collagenolytic and gelatinolytic activities found
in partially demineralized dentin imply the existence of MMP in
human dentin.273 Dentin contains gelatinases (MMP-2 and
MMP-9), collagenase (MMP-8), and enamelysin (MMP-20).273-275
hese enzymes are trapped within the mineralized dentin matrix
during odontogenesis.273,275
Dentin collagenolytic and gelatinolytic activities can be overcome
by protease inhibitors, indicating that MMP inhibition might

preserve the integrity of the hybrid layer and reduce the rate of
resin–dentin bond degradation within the irst few months after
restoration.278,279 When chlorhexidine is used, the integrity of the
hybrid layer and the magnitude of bond strengths are preserved
in aged resin–dentin interfaces.280-282 When phosphoric acid is
applied without the subsequent application of chlorhexidine, it
does not inhibit the collagenolytic activity of mineralized dentin.
In contrast, the use of chlorhexidine after acid etching—even in
very low concentrations—strongly inhibits that activity.
However, the role of MMPs in dentin bonding is not completely
clear for several reasons: (1) he immunoreactivity of MMP-2 is
localized preferably in predentin and around the DEJ in teeth
from subjects age 12 to 30 years; (2) MMP-2 and MMP-9 are
both gelatinases and are unable to degrade the collagen ibrils
directly, so the initial degradation step has to be performed by
another mechanism; (3) MMPs do not inhibit the degradation of
bonded interfaces created by self-etch adhesives; and (4) preservation
of the hybrid layer can occur even in the absence of MMP
inhibitors.283-285

Microleakage and Nanoleakage
“Microleakage” is deined as the passage of bacteria and their
toxins between restoration margins and tooth preparation walls.
Clinically, microleakage becomes important when one considers
that pulpal irritation is more likely caused by bacteria than by
chemical toxicity of restorative materials.286-288 An adhesive restoration might not bond suiciently to etched dentin to prevent gap
formation at margins.289 Several studies have shown that the pulpal
response to restorative materials is related to the degree of marginal
leakage.291-294 Bacteria are able to survive and proliferate within
the luid-illed marginal gaps under composite restorations. If the
restoration is hermetically sealed, bacteria may not be able to
survive.286,293
Despite the common presence of marginal gaps, their occurrence
at the resin–dentin interface does not necessarily cause debonding
of the restoration. Despite having shown excellent marginal seal
in vitro, OptiBond (Kerr Corporation) does not completely seal
the interface in vivo.94 Other reports showed excellent clinical
retention of OptiBond and OptiBond FL in Class V lesions at 12
and 13 years, respectively.94,169,170 If a dentin adhesive system does
not adhere intimately to the dentin substrate, an interfacial gap
eventually develops; bacteria may penetrate through this gap and
cause demineralization of the substrate around the restoration
margins.295 Despite the probability of an incomplete dentin margin
seal, Class V clinical studies using etch-and-rinse dentin adhesive
systems reported no findings of pulpal inflammation or
necrosis.76,154
Important to point out is that in vitro microleakage measurements for a speciic adhesive material often do not correlate with
clinical behavior of the same material.296 Additionally, silver nitrate
penetration may be a particularly demanding test of marginal seal
because silver ions are smaller than the bacteria that colonize the
oral cavity.297
When all margins of the restoration are in enamel, the quality
and integrity of the bonds remain unchanged with time, at least
in vitro.298 Degradation of the bonds might result from hydrolysis,
which occurs either in the adhesive resin or in the collagen ibril
that are not fully enveloped by the adhesive in the hybrid layer,
especially when margins are in dentin.298-300 he degree of degradation of the bonded interface is more pronounced with simpliied
adhesives (i.e., one-step self-etch and two-step etch-and-rinse
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• Fig. 5.22

Nanoleakage under the electron microscope. A, Spotted
pattern in the hybrid layer formed by a one-step self-etch adhesive under
the transmission electron microscope. B, Reticular pattern and “water
trees” in the adhesive layer formed by a one-step self-etch adhesive under
the scanning electron microscope in backscattered mode.

adhesives). A nearly 50% reduction in bond strengths of the 24-hour
control has been reported at 1 year with a one-step SEA.299
he term “nanoleakage” has been used to describe small porosities
in the hybrid layer or at the transition between the hybrid layer
and the mineralized dentin that allow the penetration of minuscule
particles of a silver nitrate dye.301 When ammoniacal silver nitrate
is used, silver deposits penetrate the hybrid layer formed by either
etch-and-rinse or self-etch adhesive materials.302 Penetration of
ammoniacal silver nitrate results in two distinct patterns of nanoleakage: (1) a spotted pattern in the hybrid layer of self-etch adhesives,
which might be caused by incomplete resin iniltration (Fig. 5.22A),
and (2) a reticular pattern that occurs in the adhesive layer, most
likely caused by areas where water was not totally removed from
the bonding area (see Fig. 5.22B).303 he term “water trees” is
associated with porosities in the polymerized adhesive layer.303
Silver uptake in hybrid layers formed by one-step SEAs is associated
with areas of increased permeability within the polymerized resin
from which water was incompletely removed. he residual water
prevents complete polymerization.303 here has been, however,
some discussion regarding the clinical relevance of nanoleakage
and the methods used to assess it.304

Besides demineralizing the dentin surface, phosphoric acid removes
the smear layer and opens the oriices of the tubules (see Fig.
5.12).67,305 Despite past apprehension about potential acid penetration into the dentin tubules and pulp space, the interaction of
etchants with dentin is limited to the supericial 1 to 7 µm.67,167
It is unlikely that the acid is directly responsible for any injury to
the pulp.306,307 Acid penetration occurs primarily along the tubules,
with penetration of intertubular dentin occurring at a lower
rate.307,308 he efects of etchants on dentin are limited by the
bufering efect of hydroxyapatite and other dentin components,
including collagen, which may act as a barrier that reduces the
rate of demineralization.309,310 Marshall et al. elucidated the
importance of pH with regard to the efects of acids on dentin
surfaces.307 Etching rates increase dramatically with lower pH.
Small diferences in pH between acidic gels of similar phosphoric
acid concentration may be responsible for distinct depths of dentin
demineralization. Manufacturers add thickeners to facilitate handling
and other modiiers (e.g., bufers, surfactants, and colorants) to
their etching gels, which may contribute to that phenomenon.
Several early studies suggested that acidic components included
in restorative materials such as silicate cements would trigger adverse
pulp reactions.157,311 For several decades, the development of adhesive
systems was limited by the belief that acids applied to dentin
during restorative procedures caused pulpal inlammation. he
use of bases and liners was considered essential to protect the pulp
from the toxicity of restorative materials. his concept has, however,
changed over the years.286,287,312,313
Dentin adhesive systems are well tolerated by the pulp-dentin
complex in the absence of bacterial infection.313 To prevent bacterial
infection, restorations must be hermetically sealed. he pulp response
to dentin adhesives, when teeth are restored in an ideal clinical
environment, has been studied using histologic assessment of animal
pulps or in human premolars extracted for orthodontic reasons
and in third molars extracted for surgical reasons.288,289,312-319 Some
clinical studies also have reported normal pulp responses after the
application of adhesive on the dentin-pulp complex when the pulp
is macroscopically exposed, although reports involved only one
tooth.320,321 Another study showed that the newest dentin adhesive
systems are not harmful when applied to exposed pulps.322 Several
reports have shown however that etching the pulp and applying
a dentin adhesive directly on the exposed pulp tissue results in
severe inlammation and eventual formation of pulpal abscesses.323-326
he solution for this disparity would be long-term follow-up of
patients in whom the pulp was treated with acid and adhesive.
Ethical concerns do not allow the routine use of pulpal etching
in patients. It is known however that the thicker the remaining
dentin left between the pulpal aspect of the preparation and the
pulp, the better the prognosis for that speciic pulp.324 he concept
of pulp capping remains a controversial topic.
Adverse pulpal reactions after a restorative procedure are not
caused by the material used in that procedure but by bacteria
remaining in, or penetrating, the preparation. In some cases, adverse
reactions are caused by a combination of factors, as follows:
1. Bacterial invasion of the pulp, either from the tooth preparation
or from an existing carious lesion286,327
2. Bacterial penetration into the pulp caused by a faulty
restoration286
3. Pressure gradient caused by excessive desiccation or by excessive
pressure during cementation328,329
4. Traumatic injuries330,331
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5. Iatrogenic tooth preparation—excessive pressure, heat, or
friction328,332
6. Pulpal temperature rise induced during the polymerization of
composites, especially lowable composites333,334
7. Stress derived from polymerization contraction of composites
and adhesives335
8. Unpolymerized resin monomers336
With regard to the biocompatibility issue, tooth preparations
with enamel peripheries are important. When all margins are in
enamel, polymerization shrinkage stresses at the interface are
counteracted by strong enamel adhesion. Marginal gaps are less
likely to form, and the restoration is sealed against bacteria.

Relevance of In Vitro Studie
One of the major concerns with laboratory bond strength testing
is the wide range of results obtained for the same material in
diferent testing sites. It is not an uncommon occurrence for the
same dentin adhesive system to have average shear bond strengths
of 20 MPa in one laboratory and bond strengths less than 10 MPa
in another.84,142 Also, dentin bond strengths for a speciic dentin
adhesive vary depending on the speciic test used—microtensile,
shear, or microshear.337 Some perplexity exists that no correlation
can be established between bond strength and degree of resin
penetration into the hybrid layer.338,339 To illustrate this discrepancy,
some reports have suggested that dentin adhesives do not penetrate
the whole depth of the demineralized dentin layer but still result
in bond strengths greater than 20 MPa.340,341 Intuitively, one would
expect an inverse relationship between bond strength and microleakage, but that relationship has not been conirmed.342
he microtensile bond strength testing methodology has become
popular in recent decades.343 his method allows for the assessment
of bond strengths using bonded surfaces with a cross-sectional
area in the range of 1 to 1.5 mm2 or even less (Fig. 5.23). Microtensile testing has several advantages over conventional shear and
tensile bond strength methods for the following reasons:
1. It permits the use of only one tooth to fabricate several bonded
dentin-resin rods.
2. It allows for testing substrates of clinical signiicance, such as
carious dentin, cervical sclerotic dentin, and enamel.344
3. It results in fewer defects occurring in the small-area specimens,
as relected in higher bond strengths.345
4. It allows for the testing of regional diferences in bond strengths
within the same tooth.346
However, the results of the microtensile bond strength methodology vary in function of several testing parameters, including storage
time, the cross-sectional shape of the microspecimen, remaining
dentin thickness, and jig design.347,348
Although in vitro bond strength studies are only rough categorizing tools for evaluating the relative eicacy of bonding materials,
they are excellent tools for screening new materials and for comparing the same parameter among diferent adhesive systems.349 he

• Fig. 5.23
testing.

Preparation of specimens for microtensile bond strength

results of in vitro bond strength tests have been validated with
clinical results because improvements seen in the laboratory
environment from the earlier generations to contemporary adhesive
systems have been conirmed in clinical trials.154
A systematic analysis of the correlation between in vitro marginal
adaptation and the outcome of clinical trials of Class V restorations
revealed that the correlation is weak and only present for studies
that used the same composite for the in vitro and in vivo evaluation.350 Another systematic review found a correlation between
bond strength data and clinical retention rates of Class V restorations, speciically when the bond strength specimens were aged
prior to testing.349 he clinical parameter in Class V restorations
that is more directly related to bond strength data is marginal
adaptation.338 Clinical studies with dentin adhesive systems are
expensive for manufacturers and take at least 18 months to 3 years.
Cost is a major concern, in part because of the constant developments in the area of adhesion, making new materials quickly
obsolete. No inancial incentive exists for the manufacturer to
invest in a clinical study of a material that may not be on the
market by the time the study is concluded. Consequently, in vitro
studies are still used predominantly by manufacturers to anticipate
the clinical behavior of their materials.
Several factors contribute to the questionable use of in vitro
tests to predict clinical behavior. Among others, variables including
age and storage conditions of the teeth used, dentin depth, degree
of sclerosis, tooth surface to be bonded, dentin roughness, and
type of test used frequently are not controllable.4,5,351,352 According
to some authors, one of the major drawbacks of laboratory bond
strength testing is the usual lack of simulated pulpal pressure to
replicate the pulpal pressure that occurs in vivo. Other authors
have reported, however, that the pulpal pressure does not interfere
signiicantly with bond strength results.353

Clinical Performance
Several clinical factors may inluence the success of an adhesive
restoration. he mineral content of dentin increases in diferent
situations, including aged dentin, dentin beneath a carious lesion,
and dentin exposed to the oral cavity in NCCLs in which the
tubules become obliterated with tricalcium phosphate crystals.343,354,355 he dentin that undergoes these compositional changes
is called sclerotic dentin and is much more resistant to acid etching
than “normal” dentin.163,356 Consequently, the penetration of a
dentin adhesive is limited.356-358 Irrespective of the use of a etchand-rinse or a self-etch technique, bonding to sclerotic dentin in
NCCLs has resulted in low bond strengths.355,359 Additionally, the
clinical efectiveness of dentin adhesives is less in sclerotic cervical
lesions than in normal dentin.360,361 Nevertheless, some speciic
dentin adhesives may perform better in sclerotic dentin than in
normal dentin.362
Some evidence suggests that masticatory forces not only might
cause NCCLs but also might contribute to the failure of Class V
restorations.359,363,364 Bruxism or any other eccentric movement
may generate lateral forces that cause concentration of stresses
around the cervical area of the teeth. Although this stress may be
of very low magnitude, the fatigue caused by cyclic stresses may
cause failure of bonds between resin and dentin. Considering the
challenges to successfully bond to NCCLs, these have been used
often as ultimate clinical test to assess adhesives.
he type of composite used might play an important role in
clinical longevity of Class V, as well as Class II, restorations.350,365
Composites shrink as they polymerize, but the amount of shrinkage
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depends on the inorganic load of each speciic composite. Microilled
composites have a low elastic (or Young) modulus, which means
that they are better able to relieve stresses caused by polymerization
or by tooth lexure.366,367 Materials that have a higher Young modulus
do not relieve stresses by low; they are unable to compensate for
the stresses accumulated during polymerization. hese stresses
subsequently might be transferred to the adhesive interface and
cause debonding. As adhesives have improved however, restorative
material stifness might be less important. A 2-year clinical study
of a three-step etch-and-rinse adhesive showed no diference in
retention rates of Class V composite restorations based on stifness
of the restorative material.368 Another clinical study reported that
composite stifness did not afect the clinical longevity of cervical
composite restorations.369
A systematic review published in 2005370 analyzed the literature
published from January 1998 to May 2004 on the clinical efectiveness of adhesives to restore NCCLs to determine if simpliied
adhesives were as clinically efective as conventional three-step
adhesives in terms of retention rate. Although GIC-based materials
are usually outperformed by adhesively bonded restorations in in
vitro studies, their clinical retention to tooth structure is more
efective and durable than any other type of adhesive material.
hree-step etch-and-rinse adhesives and two-step SEAs showed a
clinically reliable clinical performance. he clinical efectiveness
of two-step etch-and-rinse adhesives was less favorable, while the
worst clinical performance was found for one-step SEAs.
A meta-analysis published in 2010, for which 50 clinical studies
and 40 adhesive systems matched the inclusion criteria, reported
that the clinical performance of dentin adhesives in NCCLs up
to 3 years is signiicantly inluenced by the type of adhesive system
used and whether or not the dentin/enamel is roughened.371 GICbased materials, two-step SEAs, and three-step etch-and-rinse
adhesives performed better than adhesives of the other categories.
he use of rubber dam isolation did not increase the chance of
survival of restorations in this meta-analysis.
Peumans et al.174 conducted a systematic review in which they
analyzed annual failure rates in NCCLs in publications, including
AADR/IADR abstracts, up to 2013.174 Dentin adhesive materials
were divided into six main categories: three-step etch-and-rinse
adhesives, two-step etch-and-rinse adhesives, two-step SEAs, one-step
SEAs, GIC-based materials, and self-adhesive composites. Both
classes of SEAs were further subdivided as “mild” and “intermediately
strong” (pH ≥1.5) and “strong” (pH <1.5).174 GIC-based materials
had a 2% annual failure rate (AFR), which was the lowest for all
adhesive classes analyzed. he AFR for two-step mild SEAs was
2.5% and for three-step etch-and-rinse adhesives was 3.1%. Higher
AFRs were measured for one-step strong SEAs (5.4%), two-step
etch-and rinse adhesives (5.8%), and two-step strong SEAs (7.9%).
Selective enamel etching did not signiicantly inluence the retention
rate of SEAs.
Another recent meta-analysis analyzed prospective clinical trials
on restorations of NCCLs with an observation period of at least
18 months.132 Eighty-one studies involving 185 experiments for
47 adhesives matched the inclusion criteria. he respective authors
concluded that 12.3% of the cervical restorations were lost, 27.9%
exhibited marginal discoloration, and 34.6% exhibited marginal
deterioration after 5 years of service. he clinical indexa was 17.4%
of failures after 5 years and 32.3% after 8 years; however, a great
variability was measured for retention loss and marginal
a

Clinical index = (4xR + 2xMD + 1xMI) / 7 (R = Retention; MD = marginal
discoloration; MI = detectable margins).

155

discoloration. his meta-analysis concluded that roughened dentin
and rubber-dam use resulted in a statistically signiicantly higher
retention rate than unprepared dentin or no rubber dam. Enamel
beveling however had no inluence on any of the examined variables.
Overall, one-step SEAs had a signiicantly worse clinical index
than two-step SEAs and three-step etch-and-rinse adhesives.
Because universal adhesives are fairly recent materials, systematic
reviews of clinical studies are not yet available. Two clinical trials
have reported acceptable clinical efectiveness for the irst universal
adhesive introduced to the market, Scotchbond Universal Adhesive
(Single Bond Universal in some regions) (3M Oral Care).372,373 A
3-year clinical study compared this adhesive applied in diferent
adhesion strategies (self-etch, selective enamel etch, etch-and-rinse
applied on moist dentin, etch-and-rinse applied on air-dried dentin)
and concluded that while there was no statistical diference among
bonding strategies, there were signs of marginal degradation when
the universal adhesive was applied in full self-etch mode.372
In summary, results from recent clinical studies and systematic
reviews suggest that chemical bonding to dentin calcium may play
a crucial role in stable adhesion to NCCLs, as GIC-based materials
and mild two-step SEAs result in excellent retention rate. Roughening dentin in NCCLs may increase retention rate, whereas enamel
beveling does not seem to be a signiicant factor. Although there
is conlicting data on the inluence of rubber-dam isolation, its
use may decrease the failure rate of restorations in NCCLs. GICbased materials are still the standard to restore NCCLs in terms
of retention rate.

Incompatibility Iue With Self-Cure and
Dual-Cure Compoite
Chemically activated and dual-activated composites still have
signiicant use in restorative dentistry, especially in areas of preparations with limited access to light. Examples include crown foundations, bonded posts, and ceramic and composite inlays, onlays,
and crowns.
Several studies have reported incompatibility between speciic
light-cured adhesives and chemically activated composites.209,374,375
In one study, Prime & Bond NT, which contains PENTA, a
monomer with an acidic phosphate group, did not bond to a
self-cured composite unless the adhesive was mixed with a sulinic
acid activator.375 In another study, the reductions in mean bond
strength of adhesives decreased by 45% to 91% when self-cured
composite was used instead of light-cured composite.374 he most
drastic reduction was associated with Prime & Bond NT. he
inhibition of polymerization of the self-cured composites by
adhesives with speciic compositions seems to be related directly
to the pH of the adhesive.374 One-Step, which caused the least
reduction in bond strengths between self-cured and light-cured
composite in that speciic study, was the adhesive with the highest
pH. Prime & Bond NT had the lowest (more acidic) pH.
Similarly, an adverse chemical interaction occurs between catalytic
components of chemically cured composites and acidic one-step
self-etch adhesives.208,209 In contrast, despite the acidity of their
primers, some two-step self-etch adhesives might be compatible
with self-cure and dual-cure composites, owing to the presence of
a thick resin layer that is less permeable and more hydrophobic
than the layer formed with all-in-one systems.208,209
he issue related to the acidity of one-step adhesives also applies
to recently introduced universal adhesives. his issue is particularly
relevant because the indication for universal adhesives has been
expanded to indirect restorations, including those made of
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glass-matrix ceramics and oxide-based ceramics, without the need
for additional primers.376-378 While some current universal adhesives
contain different functional monomers, the compatibility of
universal adhesives with chemically activated and dual-cured
resin-based composite materials has not been thoroughly investigated, especially taking into consideration that the pH of universal
adhesives varies from to 1.6 to 3.2.379,380 Among others, Clearil
Universal Bond (pH = 2.3, Kuraray Noritake Dental Inc.), One
Coat 7 Universal (pH = 2.8, Coltene), Prime & Bond Elect (pH
= 2.5, DENTSPLY Sirona), and Scotchbond Universal Adhesive
(pH = 2.7, 3M Oral Care) are examples of universal adhesives for
which the respective manufacturer recommends mixing the universal
adhesive with a chemical activator when used with composite
materials that contain a chemical activator, such as dual-cured
buildup composite materials and dual-cured resin cements. AdheSE
Universal (pH = 2.5–3, Ivoclar Vivadent) and All-Bond Universal
(pH = 3.1–3.2, Bisco Inc.) are examples of universal adhesives for
which the respective manufacturer does not recommend adding
a chemical activator due the relatively high pH of the adhesive
solution. he manufacturer of the universal adhesive Xeno Select
(DENTSPLY Sirona, also known as Prime & Bond One Select in
some countries) does not recommend this adhesive for any indirect
restorations due to its low pH (1.6).380
All current universal adhesives that are recommended for indirect
restorations resulted in high bond strengths to sandblasted zirconia
if used in light-cured mode (without adding a dual-cured activator)
with a dual-cured amine-free resin cement (NX3, Kerr Corporation).380 his may explain why the manufacturer of Scotchbond
Universal Adhesive recommends combining the adhesive with its
proprietary amine-free dual-cured resin cement without the need
to mix the adhesive with the respective chemical activator. he
same adhesive must be mixed with the chemical activator if it is
used with a conventional dual-cured resin cement based on the
peroxide-amine redox system.

Expanded Clinical Indication for
Dentin Adheive
Desensitization
Dentin hypersensitivity is a common clinical condition that is
diicult to treat because the treatment outcome is not consistently
successful. Most authorities agree that the hydrodynamic theory
best explains dentin hypersensitivity.357 he equivalency of various
hydrodynamic stimuli has been evaluated from measurements of
the luid movement induced in vitro and relating this to the
hydraulic conductance of the same dentin specimen.381 here are
other mechanisms responsible for tooth sensitivity including those
triggered by dental whitening agents.382
Patients may complain of discomfort when teeth are subjected
to temperature changes, osmotic gradients such as those caused
by sweet or salty foods, or even tactile stimuli. he cervical area
of teeth is the most common site of hypersensitivity. Cervical
hypersensitivity may be caused not only by chemical erosion but
also by mechanical abrasion or even occlusal stresses.383,384
heories about the transmission of pain stimuli in dentin sensitivity suggest that pain is ampliied when the dentinal tubules are
open to the oral cavity.385,386 Dentin hypersensitivity can be a major
problem for periodontal patients who frequently have gingival
recession and exposed root surfaces. he relationship between dentin
hypersensitivity and the patency of dentin tubules in vivo has been
established; occlusion of the tubules seems to decrease that
sensitivity.387

he use of dentin adhesives to treat hypersensitive root surfaces
has gained popularity.27,28 Reductions in sensitivity can result from
formation of resin tags and a hybrid layer388 when a dentin adhesive
is used. he precipitation of proteins from the dentinal luid in
the tubules may also account for the eicacy of desensitizing
solutions.389 Other factors may be involved in the action of dentin
desensitizing solutions.390 he primer of the multibottle adhesive
system All-Bond 2 has a desensitizing efect, even without consistent
resin tag formation.391 In a clinical study using the primer of the
original GLUMA adhesive system (an aqueous solution of 5%
glutaraldehyde and 35% HEMA, currently marketed as GLUMA
Desensitizer [Heraeus Kulzer GmbH]), the desensitizing solution
was applied to crown preparations.392 he authors concluded that
GLUMA primer reduced dentin sensitivity through a protein
denaturation process with concomitant changes in dentin permeability. Glutaraldehyde has long been used as a fixative that
cross-links proteins.393 his theory has been supported by studies
using confocal microscopy, which found the formation of transversal
septa occluding the dentinal tubules after application of GLUMA
Desensitizer.394 Another study evaluated dentin permeability in
dogs up to 3 months. At the end of this period, GLUMA Desensitizer had the lowest permeability value, providing a longer lasting
tubule-occluding efect.395 Most desensitizing agents, however, are
able to greatly decrease dentin permeability.396
he same glutaraldehyde-based desensitizing agent has been
suggested as a rewetting agent on etched dentin to help prevent
postoperative sensitivity under posterior composite restorations.397,398
In spite of the favorable in vitro bond strengths, one clinical pilot
study found that the operative technique might be more relevant
to prevent postoperative sensitivity than the use of the glutaraldehydebased desensitizer.399 A randomized clinical trial of Class I restorations in molars and premolars included a glutaraldehyde-containing
two-step etch-and-rinse adhesive, a glutaraldehyde-containing
one-step SEA, and a glutaraldehyde-free two-step etch-and-rinse
adhesive. here was no diference in postoperative sensitivity after
48 hours and after 7 days.400
he use of a dentin desensitizer before cementing full-coverage
crowns is supported by studies that showed dentin-desensitizing
solutions do not interfere with crown retention, regardless of the
type of luting cement used.401,402

Adhesion to Root Canal Dentin
Adhesive strategies used in root dentin are similar to those used
in coronal dentin. here are however diferences in terms of bonding
substrate and the restorative technique.
A. Subtrate for Adheion

Dentin located in the root walls of teeth that have been endodontically treated contains 9% less moisture than root dentin of vital
teeth.403 hat is a positive feature for dentin adhesion. However,
the area occupied by the more calciied transparent dentin in the
root, also called sclerotic dentin,404,405 widens with aging. Additionally the apical area of root dentin has fewer tubules than the
occlusal part.406
he cutting instruments and cutting speed used for root dentin
during endodontic therapy, as well as the irrigation methods (including chelating and deproteinizing solutions), are diferent from those
used for coronal dentin, which results in diferent composition of
the respective smear layers and dentin substrate.407,408 Diferently
from the smear layer formed during a conventional coronal preparation, the morphology of the smear layer formed in the root canal
walls includes two zones. he deepest part of endodontic smear
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layer is 1 to 2 µm thick and similar to that formed in coronal
dentin. he most supericial zone forms smear plugs into the dentinal
tubules to a depth of at least 10 µm,409 which are not as accessible
to dentin adhesives. Furthermore, there is a great variability in the
composition of this deepest smear layer407,410 aside from the presence
of more organic tissue remnants and residual gutta-percha and
endodontic sealer in some occasions.410
B. Retorative Technique

As discussed, stress relief within a three-dimensional bonded restoration is limited by its C-factor.92 While the magnitude of the C-factor
typically varies from 1 to 5 in direct coronal restorations, the estimated
C-factor in the root canal may exceed 200, which is extremely
unfavorable for restorative procedures that involve composite-based
materials.411 he polymerization shrinkage stress also depends on
the degree of compliance (or deformation) of the substrate, which
provides stress relief for luted restorations.412 As this compliance
is minimal in the root canal space, all root canal luting procedures
that involve radical polymerization resins are challenging.
he concept of anatomic or relined iber post (a glass iber post
relined with composite to reduce the volume of resin luting cement
to retain the glass iber post in the root canal) 413-415 has been
recently advocated as a technique to increase the pushout bond
strengths and decrease the polymerization stress associated with
increased volume of resin cement. his concept however does not
seem to take into account the slow chemical polymerization of
resin luting cements used in the root canal. he use of chemically
cured composites, as well as the utilization of hand-mixed resin
materials, may partially compensate for the polymerization stresses
that develop in the interface formed by root dentin and the
composite material.412,416 he polymerization stresses decrease and
the development of the curing stress decreases with increasing of
the layer thickness of chemically cured composites up to a thickness
of 2.7 mm.412 here is no strong evidence to recommend this
technique over the use a nonrelined glass iber post.
Although both the etch-and-rinse and the self-etch strategies
are still often used to bond to root canal dentin, more recently
the use of self-adhesive resin cements (i.e., no separate dentin
conditioner or adhesive required) has gained popularity for their
user-friendliness and better sealing ability than conventional adhesive
systems (Fig. 5.24).417,418 A systematic review of in vitro studies

• Fig. 5.24 Scanning electron micrograph (backscattered mode) of a
dentin/self-adhesive resin cement/iber post interface. D, Root dentin; C,
self-adhesive resin cement; P, iber post.
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also suggested that self-adhesive resin cements may improve the
retention of glass iber posts into the root canal,419 while being
less technique sensitive.420
here is some controversy regarding the use of eugenol-containing
sealers and their inluence on the retention of luted posts, as eugenol
is a phenolic component that can scavenge free radicals and delay
or inhibit the polymerization of resin-based materials.421 Some
authors have reported lower bond strengths to root canal dentin
when eugenol-based sealers were used with the root canal treatment.422-424 Other authors have reported no signiicant diferences
in bond strengths to root canal dentin when eugenol-based sealers
were used.425,426
Unilled controls revealed signiicantly higher retentive post
strengths compared to root-illed groups indicating that remnants
of sealer might hamper adhesion inside the root canal.425,427 When
the post is luted 1 week after the completion of the root canal
treatment, bond strengths to root canal dentin are not compromised
regardless of the presence of eugenol in the endodontic sealer.428,429

Indirect Adhesive Restorations
Some current dentin adhesive systems bond to various substrates
besides dentin.7,418,430-433 Developments in adhesion technology
have led to new indications for bonding to tooth structure, such
as indirect ceramic and resin-based restorations (crowns, inlays,
onlays, and veneers). he use of a dentin/enamel adhesive system
in conjunction with a resin cement provides durable bonding of
indirect restorations to tooth structure.13,431
A. Gla-Matrix Ceramic

Silica-based or glass-matrix ceramics434 are still extensively used
for porcelain veneers, inlays/onlays, and single crowns. Examples
of glass-matrix ceramics are feldspathic porcelain, leucite-reinforced,
and lithium disilicate–reinforced ceramics. Glass-matrix ceramic
restorations must be etched internally with ~5% to ~10% hydroluoric acid (HF) for 20 to 180 seconds 435-437 to create retentive
microporosities (Fig. 5.25) analogous to those created in enamel
by phosphoric acid etching.438 HF must be rinsed of thoroughly
with running water.439 he adhesion of a resin luting cement to
glass-matrix ceramics is achieved through a combination of mechanical retention from HF etching and chemical adhesion provided
by the silane coupling agent to achieve durable adhesion.13,431 Etched
porcelain is an inorganic substrate, which silane makes more
receptive to organic materials, the adhesive system, and resin cement.
Silane coupling agents were introduced in 1952 to bond organic
with inorganic substances.440 In 1962, this technology was transferred to dentistry to couple inorganic iller particles with Bis-GMA
resin to form a composite resin.441-444 After rinsing of the HF and
air-drying, a silane coupling agent is applied on the etched glassmatrix ceramics intaglio surface and air-dried. he silane acts as
a primer because it modiies the surface characteristics of etched
glass-matrix ceramics. he application of a silane solution on
HF-etched surfaces increases bond strengths between resin-based
composite materials and glass-matrix ceramics up to 50% compared
to HF alone, including bond strengths obtained with feldspathic
porcelain and lithium disilicate–reinforced ceramic blocks.437,442
With the introduction of universal one-bottle adhesives and
new silane solutions containing 10-MDP, some manufacturers do
not recommend the application of a separate silane coupling agent
to HF-etched glass-matrix ceramic surface. Clearil Universal Bond
and Scotchbond Universal Adhesive are examples of universal
adhesives that contain a silane in their composition; however, the
combination of resin monomers with a silane in the same solution
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• Fig. 5.25

Scanning electron micrograph of lithium disilicate–reinforced ceramics (IPS e.max CAD,
Ivoclar Vivadent). A, Top view, etched with 5% hydroluoric acid for 20 seconds. B, Lateral view, etched
with 9.6% hydroluoric acid for 20 seconds.

remains controversial.378,445 Bond strengths to lithium disilicate–
reinforced and leucite-reinforced ceramics are lower when a
silane-containing universal adhesive is used compared to the
application of a silane solution followed by a conventional multistep
adhesive or a universal adhesive.378,446 Contact angle and bond
strength measurements have demonstrated that a silane primer
may not be compatible mixed with resin monomers in the same
solution.445
Some clinicians use sandblasting with aluminum oxide particles
(airborne-particle abrasion) in the internal surface of glass-matrix
ceramics restorations to roughen the intaglio surface. Mean bond
strengths decrease however when hydroluoric acid etching is not
used.437 Additionally airborne-particle abrasion of glass-matrix
ceramics with alumina particles results in immediate lower intrinsic
strength447 triggered by the reduction in flexural strength of
feldspathic porcelains448 as well as of lithium disilicate–reinforced
ceramics.431
B. Polycrytalline Ceramic

he discovery of a stress-induced transformation from the metastable
tetragonal form to the stable monoclinic form (t→m)449-451 has
led to a new class of strong, tough, dense, relatively law-tolerant
oxide-based or polycrystalline ceramics known as zirconium oxide
or zirconia.449-451 his t→m phase transformation can occur in the
vicinity of a propagating crack, causing an increase in volume,
thereby closing the crack tip and preventing further crack propagation.450,451 hese high-strength ceramic materials have become
extremely popular in dentistry, especially yttria-stabilized tetragonal
zirconia polycrystal (Y-TZP) and ceria-stabilized tetragonal zirconia
polycrystal/alumina (Ce-TZP/Al2O3).452-454
HF etching does not improve bond strengths to oxide-based
or polycrystalline ceramics,434,435,455-457 since these substrates do not
contain a glass matrix. Accordingly, other surface conditioning
methods have been used in the last two decades to improve bond
strengths of resin luting cements to polycrystalline ceramics.435,456,458,459 Some of the newest protocols include airborne-particle
abrasion, tribochemical silica coating, and primers or silanes mixed
with functional monomers such as the phosphate ester monomer
10-MDP.430,459-461 Recent meta-analysis and systematic reviews of
in vitro studies430,458,459 concluded that the combination of mechanical and chemical pretreatment is recommended for bonding to

zirconia. Although the luting material may not be a determining
factor after aging, as long as resin-based cement is used, adhesion
to zirconia is increased after mechanical and chemical surface
pretreatment and the use of a 10-MDP–based resin cement. he
recommended chemical treatment of the Y-TZP intaglio is the
application of a 10-MDP–based primer or a 10-MDP–based
universal adhesive solution.376,377,430,460,462 Chemical bonding between
10-MDP solutions and Y-TZP substrates was conirmed with
time-of-light secondary ion mass spectroscopy.460 When dual-cure
resin cements were used on Y-TZP surfaces that had not been
air-abraded, higher bond strengths were achieved when a speciic
10-MDP–containing zirconia primer was used,462 conirming its
chemical bonding ability. Nevertheless, micromechanical retention
plays a more prominent role in adhesion to Y-TZP than chemical
bonding.463
As surface contamination and aging in water have negative
efects on adhesion to zirconia, the residual alumina particles and
other surface contamination must be removed prior to adhesive
luting.459 he protocol for removing surface contaminants from
intaglio surfaces of Y-TZP restorations includes cleaning the restoration in distilled water or ethanol for at least 3 minutes in an
ultrasonic device, followed by rinsing with copious amounts of
water spray and drying the surface with a strong stream of oil-free
air.464
he durability of Y-TZP–based biomaterials has been questioned.
In 1981 a phenomenon currently known as low-temperature
degradation of Y-TZP was irst described for applications near
250oC.465 It was revealed that Y-TZP could undergo a slow supericial
t→m transformation in a humid atmosphere followed by microcracking and loss in strength. In 1999 the t→m transformation
of a 3Y-TZP from 70°C to 130°C in water and in steam was
reported, conirming the susceptibility of Y-TZP to degradation
in humid environments.466 Stress corrosion by water molecules
was also described as responsible for slow crack propagation in
Y-TZP under cyclic loading.467 his slow aging under humid
environment was associated with roughening and microcracking,
which led to increased wear and the release of wear debris in the
body from hip replacement zirconia prostheses.468
Regarding the oral environment, Y-TZP–based materials may
undergo fatigue and subcritical crack growth under functional
loading with subsequent reduction in lexural strength.469,470 New
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ceria-stabilized zirconia (Ce-TZP) materials do not undergo the
same reduction in lexural strength compared to Y-TZP.471 Signiicant
decrease in bond strengths were noticed after aging through water
storage at 37°C for 3 days or 150 days and 37,500 thermal cycles,
regardless of the surface conditioning method (airborne-particle
abrasion or tribochemical silica coating abrasion) and the luting
system used.376
he clinical relevance of these structural changes in Y-TZP used
in dentistry is not clear, as most in vitro studies have tested Y-TZP
without a glaze coating.472,473 he Y-TZP structure is not usually
exposed directly to the oral environment except for zirconia abutments474 and for glazed monolithic zirconia restorations that are
adjusted prior to cementation.
C. Rein-Matrix Ceramic

Resin-based CAD/CAM materials for indirect restorations have
become recently popular. Ambarino High-Glass (Creamed GmbH
& Co. Produktions, Marburg, Germany), Brilliant Crios (Coltene),
Ceramill COMP (Amann Girrbach AG, Herrschaftswiesen, Austria),
Cerasmart (GC Corporation, Tokyo, Japan), and Lava Ultimate
(3M Oral Care) are examples of CAD/CAM resin blocks currently
available. hese new resin-based CAD/CAM materials have a much
lower modulus of elasticity compared to CAD/CAM ceramic
materials.446,447 It is recommended to treat the intaglio surface with
airborne particle abrasion without any chemical etching.475,476 Air
abrasion with alumina particles improves fracture resistance of
Lava Ultimate compared to polished specimens,447 which may be
a result of better mechanical interlocking of the bonding resins
into the resin microporosities and better stress distribution at higher
loads. Most universal adhesives also seem to bond efectively to
air-abraded resin-based CAD/CAM materials.380
Hybrid resin-ceramic materials consisting of a polymer-iniltrated
ceramic network (PICN) have been recently introduced with the
goal to more closely mimic the physical properties of the natural
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tooth compared to other tooth-colored restorative materials.477
Vita Enamic (VITA Zahnfabrik H. Rauter GmbH & Co. KG,
Bad Säckingen, Germany) is a PICN containing an aluminum
oxide–enriched feldspathic porcelain (86 wt%) into which 14 wt%
urethane dimethacrylate and triethylene glycol dimethacrylate
polymer material is injected.478 he bond strengths obtained with
HF-etched PICN materials are similar to those obtained with
lithium disilicate–reinforced ceramics.475
Indirect tooth-colored restorations are luted with low-viscosity
composite resin materials. Many of these resin cements are dual
cured—that is, they polymerize both chemically and by light
activation. Some materials marketed as “dual cure” may not
polymerize eiciently in the absence of a curing light.479-481 Selfadhesive cements, a recent category of resins, have become very
popular to cement oxide–based ceramic restorations. Self-adhesive
cements are dual-cured phosphate monomer-based resin cements
(BisCem, Bisco Inc.; G-CEM LinkAce, GC Corporation; Maxcem
Elite, Kerr Corporation; Panavia SA Cement Plus, Kuraray Noritake
Dental Inc.; RelyX Unicem 2, 3M Oral Care; SmartCem2,
DENTSPLY Sirona; Solocem, Coltene; SpeedCEM Plus, Ivoclar
Vivadent) that do not require any pretreatment of the tooth
substrate. he acidic phosphate groups react with the iller and
simultaneously etch enamel or dentin in the same manner as do
self-etch adhesives. A chemical interaction between self-adhesive
cements and hydroxyapatite has been reported, 481,482 but this
interaction depends of the activation mode and the speciic selfadhesive resin cement tested.482 he pH of some self-adhesive
cements increases from 1 to 5 or 6 during their acid-base setting
reaction.483 he setting pH proiles of self-adhesive resin cements
depend on the brand and mode of cure. In spite of their dual-curing
ability, the physical properties improve signiicantly when light
activated.482,484 Self-adhesive resin cements result in lower bond
strengths to etched glass-matrix ceramics than traditional resin
cements.437

Summary
Reliable bonding of resins to enamel and dentin has revolutionized
the practice of operative dentistry. Improvements in dentin bonding
materials and techniques are likely to continue. Even as the materials
themselves become better and easier to use however, proper attention
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Light Curing of Restorative Materials
RICHARD B. PRICE, FREDERICK A. RUEGGEBERG

T

he ability to light cure dental resins “on demand” has revolutionized the practice of restorative dentistry and the dental
curing light has become an indispensable tool in almost
every dental oice.1-3 Despite their ubiquitous presence and routine
use, the interaction between curing lights and light-activated dental
resins or resin cements is poorly understood.4 At irst glance, it
appears that the process of light curing is simple and requires little
attention. his misconception is concerning. Although the surface
of the resin closest to the light polymerizes readily, giving the
appearance that all the resin has been fully “light cured,” this has
not always occurred in the deeper layers of the restoration. his
may result in bulk fracture of the restoration, increased wear,
increased release of chemicals, a low bond strength to the tooth,
and increased microleakage between the tooth and the resin.5-15
In most countries, dental curing lights are classiied as medical
devices that must pass stringent tests before they are approved for
use. his chapter will review the background and discuss the current
knowledge of dental curing light and its use in contemporary resin
photopolymerization. he International System of Units (SI)
terminology that should be used to describe the output from a
curing light will also be presented (Table 6.1).

Methacrylate-Baed, Free
Radical Polymerization
Virtually all resin-based restorative materials used to directly restore
teeth belong to the methacrylate family.1 hese methacrylate-based
monomers are linked to form polymers by a process called free
radical addition polymerization. Once the free radical species are
formed, the polymerization process is the same for all types of
methacrylate-based restorative materials that are in use today. he
only diference is how the free radicals are generated, the rate at
which they are generated, and the number of free radicals that are
produced. his process consists of the following four steps: activation, initiation, propagation, and termination (Fig. 6.1).

Activation and Initiation
he irst step involves activation of a free radical species. his is
a compound with an unpaired electron that aggressively seeks
another electron with which it can form a covalent bond. here
are many types of free radical species, but to become activated
they all require an external energy source such as heat, an amine
reducing agent (used in “self-curing” or “cold-curing”), or electromagnetic radiation (ultraviolet [UV] light, visible blue light, or
170

microwave energy). In dental resins, the activated, free radical
species seek out the electron-rich carbon double bond that is present
in methacrylate groups of a monomer molecule. his double bond
gives up one electron to the newly initiated radical, and the other
electron acts as the free radical agent. This process is called
“initiation.”

Propagation
his monomer-radical species then seeks another carbon double
bond in an adjacent monomer molecule; it absconds one of the
double bond electrons and forms a new covalent bond between
the two monomer molecules. This newly attached monomer
possesses the unpaired electron, and it brings along the entire
polymer chain to ind yet more electron-rich carbon double bonds
with which it can react. With every additional methacrylate-based
monomer that is added to the end, the polymer chain grows longer.
his process is called “propagation.”

Termination
As the chain length increases, its molecular weight grows, thus
decreasing the ability of the polymer chain to move. Also, because
the surrounding resin changes from a liquid to a gel, the mobility
of the reacting molecules decreases. Further increases in the chain
length become difusion controlled and the inability of the growing
polymer chains to readily ind and join to additional unreacted
methacrylate monomers causes the rate of polymerization to
decrease. his phenomenon is termed auto-deceleration. Eventually
the polymerized resin becomes a solid, thus further inhibiting
linear chain growth. At this point, the probability increases that
two free radical ends from two diferent polymer chains will meet
and form a covalent bond. Once this occurs, further increase in
the linear chain length becomes impossible. his phase is called
“termination.” Most direct resin restorative materials used intraorally
also contain monomer units that have two or more carbon double
bonds that also allow cross-linking between adjacent polymer chains.
Cross-linking between chains is highly desirable because polymers
that have little cross-linking tend to be weak and lexible, whereas
those that are highly cross-linked have greater fracture resistance,
are harder, are less lexible, and are more heat resistant.16 Of note,
the use of diferent curing lights or light exposure modes can result
in polymers that have diferent amounts of cross-linking.1,16,18 his
phenomenon means that solvents, food substances, and enzymatic
attack can have diferent efects on the same dental resin, depending
on how it was light cured.16-18
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Radiometric Terminology Used to Describe the Emission From Dental Curing Lights

Term

Units

Symbol

Notes

Radiant energy

Joule

J

Describes the energy emitted or received

Radiant exposure

Joule per square centimeter

J/cm

2

Describes the energy emitted or received

3

Radiant energy density

Joule per cubic centimeter

J/cm

The volumetric (cm3) energy density
Not to be confused with the energy density term that
has been used in dentistry

Radiant power, or
Radiant lux

Watt

W or J/s

Radiant energy per unit time

Radiant exitance, or
Radiant emittance

Watt per square centimeter

W/cm2

Radiant power (lux) emitted from a deined area (e.g.,
the tip of a light-curing unit)

Irradiance (incident
irradiance)

Watt per square centimeter

W/cm2

Radiant power (lux) incident on a known surface area
An averaged value over this surface area

Spectral radiant power

Watt per nanometer

W/nm

Radiant power at each wavelength of light in nm

2

Spectral irradiance

Watt per square centimeter per nanometer

W/cm /nm

Irradiance per wavelength of light at each nm

Luminous eficacy

Lumens per watt

lm/W

The ratio of luminous lux to power
A measure of how eficiently a light source can produce
light in terms of the human eye response to light

• Fig. 6.1 Stages of vinyl, free radical addition polymerization—the mechanism used in polymerization
of all methacrylate-based dental resins.

Development of Polymerization Strategie
for Dentitry
Self-Curing Direct Retorative Product
he irst dental resins were “self-curing” or “cold-cure” acrylics.
his reaction combined the same benzoyl peroxide free radical
generator that is used in heat-cured resins with an aromatic amine.
hese components are packaged separately as a “catalyst” and a
“base” because when mixed together at room temperature, they

react together to form free radicals19 (Fig. 6.2). he resin component
was improved over the years to include dimethacrylate-based
monomers and ground glass particles (to make a composite), but
the same basic components were used in this self-curing polymerization reaction. Following mixing, the paste was packed into the
cavity and held in situ for several minutes as the resin polymerized.19
Additional material could be added to the original increment after
it became hard. he material could be used in bulk increments
because free radicals are produced throughout the resin as the
benzoyl peroxide and the aromatic amine interact. he relatively
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slow chemical reaction of these self-curing resin-based restorative
materials was a limitation and it was recommended to delay inal
polishing for 24 hours. Polymerization shrinkage still occurred
and was an undesirable outcome.

Light-Cured Polymerization Reaction
A few years later, a faster and less complicated method of free
radical polymerization was developed. his process used photons
of radiant electromagnetic energy (light) to penetrate a mixture
of polymerizable monomers that contained a photoinitiator to
generate the free radicals. Only a single component was needed,
but it had to be protected from excessive light exposure and inhibitors
were included in the system; otherwise the resin would prematurely
self-polymerize. After placing this light-curable resin into a tooth,
the operator adjusted and contoured the material to achieve the
correct shape. he resin restoration was then exposed to light at
speciic wavelengths and for the speciied time to activate the
photoinitiator and produce the necessary free radicals. he same
sequence of free radical vinyl polymerization then occurred as in
the self-curing resins and polymerization shrinkage still occurred.

Radiometric Terminology
To understand the basics of photochemistry and to be able to
communicate with others, a background in the proper terminology

used in this ield is required. Commonly used terms to describe
the output from a curing light such as intensity, power density, or
energy density are not SI terms, they are confusing as to what they
mean, and ideally they should not be used. he appropriate SI
radiometric terms to better describe the output from a curing light
are provided in Table 6.1.3
When measured at zero distance, such as when the curing light
tip is in direct contact with the meter detector or the resin surface,
the SI term radiant exitance is efectively the same as the SI term
incident irradiance and is usually described in milliWatts per square
centimeter (mW/cm2). he radiant exitance (irradiance at 0 mm
distance) is commonly used to describe the output from a curing
light; however, this parameter provides limited information about
how powerful (Watts) the curing light is, the efect of tip-to-target
distance on the irradiance received, the spectral radiant power, or
the beam uniformity. For example, if two curing lights deliver the
same radiant power, but one has a 7-mm and the other has a
10-mm tip diameter, the smaller diameter tip will be half the area
(0.38 cm2) of the larger one (0.79 cm2). his decrease in tip area
will double the radiant exitance (irradiance) at the tip, even though
both lights deliver the same radiant power. Such small tip diameters
are often seen in budget curing lights that need only deliver a low
radiant power from a small tip to deliver what appears to be an
acceptably high irradiance.20,21 For this reason, both the radiant
power (watts) and the irradiance (mW/cm2) should be reported;
otherwise a curing light could deliver a high irradiance, but not
be very powerful.

Electromagnetic Energy / Electromagnetic
Spectrum
he radiant energy perceived by humans as “light” is electromagnetic
(EM) radiation. he visible spectrum ranges from red, which is
comprised of longer wavelengths of light (700 to 750 nm), through
various colors, until reaching violet (comprised of shorter wavelengths between 390 and 400 nm). Fig. 6.3 shows the portion of
EM spectrum associated with what humans perceive as visible
light, as well as the colors corresponding to those wavelength
ranges. EM radiation is delivered in packages of energy called
photons and the energy carried by each photon is expressed in the
following equation:
• Fig. 6.2

Example of a self-curing, paste-paste, resin-based composite.
(Courtesy Dental Technologies, Inc.)

E=

hc
λ

• Fig. 6.3 Correlation between electromagnetic energy wavelength (in nanometers) and the human
perception of color.
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where E is the photon energy, h is Planck’s constant, c is the speed
of light in vacuum, and λ is the photon’s wavelength. he energy
carried by each photon changes in direct relation to wavelength
λ because h and c are both constants and two photons of the same
wavelength will carry the same energy, even if one photon was
emitted from a dental curing light and the other from the Sun.
he relationship between the speed of light and wavelength is
expressed as the frequency (f ), where:
c
= f
λ
he photon energy equation can be simpliied to the PlanckEinstein relation as:
E = hf
For simplicity, dental terminology utilizes wavelength (in
nanometers) rather than the frequency (Hz) to describe the properties of light, although both are directly related. Longer wavelength
electromagnetic energy (lower frequency) than what the human
eye can perceive as the color red is in the region of the EM spectrum
known as infrared (IR) radiation. Photonic energy delivered in
this region interacts with molecules of matter and increases their
vibrational amplitudes. his interaction increases the probability
that two molecules will collide with each other, producing friction
and ultimately heat. In contrast, photons of shorter wavelengths
(higher frequency) in the ultraviolet (UV) range contain more
energy than those in the longer wavelength range (red color).
Photons in the UV range are considered to be ionizing because
they deliver suicient energy to totally remove an electron from
the outer shell of an atom, creating a negatively charged species:
an ion.

Light Curing of Retorative Rein
The Photoinitiator Molecule and
Free Radical Generation
he interaction between EM radiation and matter is used in the
various curing mechanisms to create the free radicals that are
required to polymerize dental resins. For a photochemical reaction
to take place, the irst law of photochemistry, the Grotthuss-Draper
law, states that light must irst be absorbed by the chemical substance. he second law of photochemistry, the Stark-Einstein law,
states that, for each photon of light absorbed, only one molecule
within the chemical system can be activated. hese two laws,
together with the Planck-Einstein relationship, explain why two
curing lights that deliver the same radiant power, but at diferent
wavelengths, may produce diferent results.
he photoinitiator molecules used in light-curable resin materials
contain speciic types of bonds that are only capable of absorbing
EM radiation within certain wavelength ranges. he interactions
of a photon with electrons present in the outermost orbital level
of a photoinitiator atom are diagrammatically described in Fig.
6.4. When the photoinitiator atom is struck by a photon at the
appropriate energy level (wavelength), an electron in the outermost
orbital level absorbs the energy, thus quenching the photon (Fig.
6.5). his electron is then raised to the next higher orbital (quantum)
level (E2) and the excited atom now contains potential energy that
can be transferred (Fig. 6.6) because in this excited state the electron
is unstable and rapidly decays its ground state level. his causes
chemical reactions to occur that create free radicals that initiate
the free radical polymerization process. If no reaction occurs, the
electron falls back to its ground state and returns the absorbed

• Fig. 6.4 Prior to absorbing a photon, an electron exists in an outer orbital shell at a speciic quantum
energy level—its “ground state” (red arrow). A discrete amount of energy exists between this orbital level
(E1) and the higher level (E2, designated as ΔE).

• Fig. 6.5
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When struck by a photon of light at the correct wavelength (frequency) and energy level (ΔE),
the electron in the lower orbital shell absorbs this energy and is raised to a higher orbital level (red arrow)
that is dependent on the energy difference.
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ENERGY USE WHEN
RETURNING TO GROUND
STATE

Excited State (occupied)
1. Transfer of energy to
formation of free radical

E2

HIGHER ORBITAL LEVEL

∆E = E2 – E1

2. Heat
3. Release of low-energy, long
wavelength photon

E1

OUTERMOST ORBITAL LEVEL

• Fig. 6.6 Upon its return to the original ground state orbital level, the stored energy is released from
the electron.
energy as heat as well as a longer wavelength photon. he ability
of a photoinitiator to interact with electromagnetic energy is
dependent on the frequency (wavelength) of the photon and the
very speciic electron coniguration of the photoinitiator molecule.
If these two needs do not match, then no radicals are formed.
hus in accordance with the irst and second laws of photochemistry
the critical parameter for efective photocuring is the number of
photons of the correct wavelength that are absorbed by the photoinitiator
system(s) within the resin composite.
Generally, two types of photoinitiators are used in dentistry:
Type I photoinitiators have a high quantum yield, meaning they
require fewer photons to generate a free radical than do Type II
initiators.22-24 Type II photoinitiators (e.g., camphorquinone [CQ]
and 1-phenyl-1,2-propanedione [PPD]) also require an additional
secondary electron transfer agent (this is typically an amine electron
accepting agent) to generate a free radical.22 hus Type II photoinitiators are slower and less eicient than Type I initiators (e.g., Lucirin
TPO, and derivatives of dibenzoyl germanium such as Ivocerin).
hese Type I initiators do not require additional co-initiators and
break down directly into one or more free radicals when they
absorb light at the correct wavelengths.
Fig. 6.7 indicates the spectral absorption profiles of four
photoinitiators present at equivalent molar concentrations, and
the relative ability of each photoinitiator to absorb radiant energy
at each wavelength. It can be seen that CQ is best activated by
light in the blue region close to 470 nm, whereas Lucirin TPO
absorbs light only within the violet region below 420 nm, with a
maximum absorption near 385 nm.23,24 Initiators such as Ivocerin
and PPD are reactive to a broader-spectrum of light because they
are activated by EM radiation, both the violet and blue color
ranges. For example, Ivocerin is most reactive near 410 nm but is
still very sensitive to wavelengths of light between 400 and 430 nm.24

Ultraviolet v. Blue Light
Initial attempts to light cure directly placed resin-based restorative
materials used UV light at wavelengths shorter than 400 nm.
Although the polymerization reaction was under the direct control
of the clinician, the inability of these short UV wavelengths to
penetrate deeply into the resin composite meant that the incremental
layers of resin could be at most 1 mm thick. his limitation increased
the chairside treatment time required to restore a tooth and did
not save much time when compared to using a self-curing product.25
Although some of the UV-cured materials were successful when
placed by excellent clinicians,26 concerns that the UV light could
cause cataract formation or selective changes in the oral biolora
meant that the use of UV light was discontinued. Instead a diferent

• Fig. 6.7 Spectral absorption proiles of the most commonly used
photoinitiators in dentistry, when all are at equivalent molar concentration.
As a reference, the bandwidths associated with “violet light” (390 to
420 nm) and that of “blue light” (420 to 490 nm) are also provided to
present the potential for interaction between these photoinitiators and the
output from a dental curing light: For example, some LED units deliver no
light below 420 nm.

light source and photoinitiator, camphorquinone (CQ), was used.
CQ is very reactive both to EM radiation shorter than 320 nm
and to blue light, with an absorption peak near 470 nm. he
initial curing lights developed to activate CQ used a quartz-tungstenhalogen (QTH) ilament-based light source, similar to a projector
bulb. his QTH light source emitted a broad spectrum of radiant
energy, from near UV through visible light and well into the
infrared region. Aggressive optical iltering was used to eliminate
IR wavelengths that might generate excessive heat, or UV wavelengths that deliver ionizing EM radiation. hus the curing light
delivered only blue light between approximately 400 and 500 nm.
his blue light can penetrate deeper into the resin than UV or
violet light, such that some “blue light–cured” restorations can
now be adequately light cured in increments that are up to 5-mm
thick. his enhancement reduced chairside treatment time and
provided a “set-on-command” restorative product. However,
polymerization shrinkage still occurred and remains a concern.

CHAPTER 6 Light Curing of Retorative Material

175

Factor Afecting the Ability to Polymerize
a Rein-Baed Compoite

is increased) by following the instructions for use and increasing
the exposure time.

Depth of Cure

Efect of Thickne of the Retorative Material

Within a composite, the degree of conversion (the extent to which
resin monomer has been converted into polymer) and the depth
to which the resin is cured are related to the radiant exposure (the
number of photons) received by the resin (J/cm2) (Table 6.1).
Where insuicient light is delivered, the resin is inadequately
polymerized and the boundary between what is considered the
cured and uncured resin is called the depth of cure. Under optimum
light curing conditions, this point is reached at a depth of 1.5 to
2 mm from the surface for a conventional resin composite and
between 4 and 6 mm for a bulk-ill resin composite. In cases of
poor access to the restoration, or when using more opaque shades,
the depth of cure will be less.

he number of photons of light that reach the depths of the resin
depend on many factors, which include the thickness of the resin
increment, the wavelengths of the light delivered, the refractive
indices of the resin and iller components, the iller content and
size, and the overall opacity of the material.32,33 As the resin
composite thickness increases, exponentially fewer and fewer photons
reach to the bottom, thus potentially reducing the degree of conversion of the resin at the bottom.34-37 Even small increases in resin
thickness can have a large efect on the amount of transmitted
light and resin polymerization such that doubling the exposure
time cannot compensate for a doubling of the increment thickness
(Fig. 6.8).

Expoure Time

Interaction Between Wavelength of Light
and Filler Particle

Under optimal conditions using a curing light that delivers
1000 mW/cm2 from an 8- to 10-mm-diameter tip, many resin
composites require a 20-second exposure time typically (delivering
20 J/cm2) to adequately cure a 2-mm-thick increment of resin.
Increasing the concentration of photoinitiator in the resin composite
system, reducing the inhibitor concentration, matching the refractive
indices of the resin and the iller, and, to a limited extent, increasing
the irradiance can shorten this time. However, true reciprocity
between the duration of exposure and the irradiance does not exist
and short exposure times are not recommended.14,27-31 If the
manufacturer recommends delivering 500 mW/cm2 for 40 seconds
(delivering 20 J/cm2), this does not mean that the same extent or
type of resin polymerization would occur if 4000 mW/cm2 was
delivered for 5 seconds, even though both resins would receive an
identical radiant exposure, 20 J/cm2. However, it is possible to
somewhat compensate for a lower irradiance (e.g., if a weaker light
is used, or if the distance between the light tip and the top surface

he inluence of the Rayleigh scattering of light somewhat helps
to explain why the shorter “violet” wavelengths of light do not
penetrate as deeply as do longer wavelengths of “blue” light, into
dental resins,1,2 and it has been reported that light scattering is
greater when the iller particle size is equal to or smaller than the
wavelength of light (i.e., less than 460 nm or 0.46 microns) (Fig.
6.9).32,38 Although the Beer-Lambert law plays a role in the amount
of light penetrating through the resin, this law can only partly
predict the amount of light transmitted through the resin material
because there is a complex interaction between the iller particles
scattering the light, the colorants that absorb the light, the
photoinitiator(s) that use the light, and the diferences between
the refractive indices of the resin and the illers.38,39 Manufacturers
will often adjust the type and concentration of photoinitiators,
inhibitors, and illers for diferent shades of the same product to
compensate for this decreased light penetration and to optimize

• Fig. 6.8 Inluence of irradiance on the polymerization zone in a resin composite. A, Varying the irradiance with width and depth affects the degree of monomer conversion, the shape of the cured material,
and its depth. B, The proximity of the curing light tip to the restoration surface affects the number of
photons reaching the top surface and thus the monomer conversion throughout the restoration.
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the exposure time. Consequently, the resin manufacturer instructions
should be followed because an opaque, but white, shade of composite
may require a longer exposure time than a yellow, but more
transparent, shade.

Matching Rein and Filler Refractive Indice
he closer the refractive indices of the resin and the iller are
matched, the better will be the light transmission through the
resin composite and the better the depth of cure.32,38,39 If they are
perfectly matched, the iller particles will optically disappear, but
the increased translucency will mean that the resin composite will
appear gray in the mouth. In the unpolymerized state, the refractive
index of the resin is often lower than that of the filler. As

polymerization occurs, the refractive index of the resin component
increases. Consequently, most, but not all, resin composites become
more translucent after light curing. For this reason, shade selection
of composite should not be performed using uncured resin
composite paste, but instead using the light-cured product.

Development of Dental Curing Light
here are four types of blue light sources that have been used to
activate the photoinitiators in dental resins: quartz-tungsten-halogen
(QTH), plasma-arc (PAC), argon-ion laser, and the light-emitting
diode (LED). hese sources produce light in diferent ways, and
guidelines for the selection and use of curing lights have been
proposed.1-3,40-42 Examples of PAC, QTH, and LED curing lights
are shown in Fig. 6.10.

Quartz-Tungten-Halogen Light

• Fig. 6.9 Differences in the loss of ”blue” (>420 nm) and ”violet”
(<420 nm) wavelengths of light when passing through a commercial resinbased composite. The light in both regions decreases exponentially with
increasing composite thickness, and almost no violet light penetrates
beyond 3.5 mm of resin composite.

• Fig. 6.10

The first visible curing lights used QTH low-voltage 35- to
150-watt projector bulbs (one water-cooled unit used a 300-watt
bulb).1,42 he QTH source consists of a tungsten ilament that is
surrounded by a clear, crystalline quartz bulb containing a chlorinebased halogen gas. When electrical current passes through the
ilament, the tungsten wire becomes incandescent and atoms are
vaporized from the ilament surface. his vaporization releases a
large amount of electromagnetic energy, most of which falls into
the infrared region. When the current is turned of, the ilament
cools and the vaporized tungsten atoms are redeposited from the
halogen gas back onto the ilament surface in a process termed “the
halogen cycle.”
To prevent the QTH light from delivering signiicant amounts
of unwanted EM radiation to the resin and tooth, the optical
radiation from the QTH bulb must be iltered. he light is irst
directed toward a silverized parabolic relector behind the bulb.
he relector acts as dichroic ilter that allows some of the longer
wavelengths of infrared light to pass through and not be relected
forward. he shorter wavelengths of visible light are relected forward
toward an infrared bandpass ilter (see Fig. 6.10A) to block the
remaining infrared wavelengths. he light then passes through a
visible light bandpass ilter (see Fig. 6.10B). hus only light at

Examples of a PAC (A), QTH (B), and LED (C) curing light.
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wavelengths between 400 and 500 nm reaches the proximal surface
of a multistranded, bundled, glass iberoptic light guide, where it
is transmitted through hundreds of small optical ibers to the tip
end. QTH curing lights are very ineicient; it has been estimated
that as much as 70% of the input power to the QTH bulb is
converted to heat, with only 10% producing visible light, and
only 0.5% to 2% of the total energy input is emitted as useful
blue light.42,43
hese QTH units were developed using a handheld, gun-style
form factor, with the QTH bulb located within the body of the
unit (Fig. 6.11). Although an internal fan dissipates some of the
unwanted heat away from the bulb, ilters, and relector, the relector
surface and QTH bulb still become very hot when the light is on,
and then cool down between uses. Vapors from bonding systems,
solvents, cleaning agents, or even moisture in the operatory air
can become deposited onto the relector, thus dulling or clouding
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its surface. If this occurs, the relector or the lamp unit should
ideally be replaced, but they can be carefully cleaned with alcohol
or methyl ethyl ketone solvents on cotton swabs. Under ideal
conditions, the QTH bulb should last for about 50 hours,1,2 but
the lifespan will be shortened if the operator immediately turns
the power supply of after use to stop the noise from the fan. his
action prevents the halogen cycle from occurring because if the
bulb does not cool down at a controlled rate, the vaporized tungsten
atoms are not properly deposited back onto the ilament surface.
his permanently darkens the inner surface of the quartz glass,
thins the tungsten ilament, and shortens the lifespan of the bulb.
All these changes can occur without any outward sign to the dentist
that the output from the curing light is decreasing.
The emission spectrum from a typical QTH light source
developed is shown in Fig. 6.12.
Although QTH lights deliver a broad emission spectrum, most
of these units were mains powered. he cooling fan was noisy, and
the units delivered a relatively low radiant power and low irradiance.
Consequently, they required an exposure duration between 30 and
60 seconds to adequately polymerize a 2-mm-thick increment of
resin composite.

Plama-Arc Light

• Fig. 6.11 Internal components of a quartz-tungsten-halogen (QTH)
curing light, using a gun-style form factor and pistol-like trigger activation.
A, Infrared light ilter; B, band pass ilter allowing only light between 400
and 500 nm to pass through.

• Fig. 6.12

In an attempt to reduce light exposure times, high-power PAC
lights were introduced. hese lights were promoted to deliver a
very high irradiance and the initial units claimed that exposure
times between 3 and 5 seconds could successfully light cure a
2-mm-thick increment of resin composite. Instead of a ilament,
the PAC light source has two tungsten electrodes that are surrounded
by xenon gas. When a high voltage is applied, a spark is formed
that ionizes the gas.1 his spark then acts as both a light emitter
and an electrically conductive gaseous medium (a plasma) to
maintain the spark. he gap between the electrodes is parallel to
the long axis of a parabolic-shaped relector that directs the emitted

Emission spectrum from a typical QTH curing light (Demetron 400, Kerr Dental).
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• Fig. 6.13

Example of the broad emission spectrum from a PAC curing light (ARC Light II, Air

Techniques).

light forward and through a sapphire window. Extreme optical
iltering is used to prevent both the emission of unwanted ionizing
radiation and infrared wavelengths of light that would overheat
the tooth.
he emission spectrum of a typical broad-spectrum PAC curing
light is shown in Fig. 6.13. Most PAC lights deliver a broad emission
spectrum from 390 to 510 nm, a high radiant power, and a high
irradiance. However, an early brand of PAC light used multiple
light tips to provide diferent light outputs and outcomes: a bleaching tip (full spectral output), a 430-nm tip for photocuring materials
containing the alternative initiators, and a 470-nm tip for light
curing CQ-containing materials. his use of speciic light tips to
deliver diferent emission spectra for particular situations led to
confusion and clinicians were unsure which light guide they should
use to cure the speciic brand of resin they were placing. Initially,
this PAC light could only run for 3 s, but later generations of
PAC lights used more sophisticated electronics to control the voltage
to the bulb and could provide a high light output for 60 minutes
or more.1 However, PAC lights are expensive, noisy, large, not
portable, cannot be battery operated, and have become less popular
with the introduction of high-output LED curing lights. In addition,
the xenon bulb is expensive to replace when it fails.

Argon-Ion Laer
he term “laser” is an acronym for light ampliication by stimulated
emission of radiation. Argon-ion laser curing lights also claimed
short exposure times of 10 seconds or less compared with 40 to
60 seconds using a conventional QTH source.1 An example of a
laser curing light is shown in Fig. 6.14.
hese curing lights work by delivering electrical energy to speciic
atoms present within the light emitter. hese electrons then become
excited and move from a low-energy orbit to a high-energy orbit
around the atom’s nucleus. When these excited electrons return

• Fig. 6.14

Laser curing light (AccuCure 3000, LaserMed, Inc).

to their normal or “ground” state, they emit photons of light.
hese photons are all at the same wavelength, which is determined
by the amount of energy released when the electron drops back
to a lower orbit. he internally generated laser light is directed to
an emitting tip through a thin iberoptic cable, where the size of
the light beam is expanded before it is directed toward the target.
he argon-ion laser does not produce a broad spectrum of light
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• Fig. 6.15
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Emission spectrum from an argon-ion laser curing light (AccuCure 3000, LaserMed, Inc.).

but instead produces several intense and well-deined emission
peaks in the blue spectral region. hus argon-ion lasers were
considered to be a viable option for a high irradiance curing light
that could rapidly cure dental resins. Fig. 6.15 shows the narrow
emission spectrum from a typical argon-ion laser curing light.
With the introduction of LED curing lights, lasers have become
less popular because they are expensive, not portable, have a narrow
emission spectrum, and cannot be battery operated.

“Turbo” Light Guide
To reclaim some of the market from the PAC and laser curing
lights, two features were added to QTH curing lights to boost
their irradiance and thus attempt to reduce exposure times. he
irst was the so-called “turbo-tip.” At that time, conventional
glass-ibered light guides came in a variety of diameters, but the
proximal entrance aperture and distal exit diameters of the light
guide were the same size. To increase the irradiance (the number
of photons emitted over the output area), the entrance to the turbo
light guide was made larger than the exit diameter.44,45 his enhancement was accomplished by using hundreds of glass ibers that were
larger in diameter at the proximal end (nearest to the light source)
than the opposite (distal) end, nearest to the exit tip. hus many
photons could enter the large entrance to the light guide, and the
same number (assuming no loss) of photons were then emitted
over a smaller area at the exit tip. his arrangement delivered the
same radiant power (watts) as would come from a conventional
light guide placed on the same device, but over a smaller tip area.
his modiication increased the irradiance (mW/cm2) to a value
similar to that from PAC lights. Some QTH lights also included
a special boost mode, where the voltage to the bulb was raised for
a short time, thus increasing light output. By combining the
increased irradiance from the small diameter turbo tip with the
increased emission from a QTH bulb that was powered above its
maximum voltage rating, a higher output was obtained from the

QTH unit. Unfortunately, this procedure shortened the life
expectancy of the QTH bulb and the optical design of the turbo
tip increased the irradiance for only a few millimeters from the
tip end. he irradiance from these turbo tips then declined rapidly
as the distance from the tip increased and the light beam dispersed.44,45 his dispersion adversely afected the extent of resin
polymerization when the light tip was more than 5 mm away from
the resin46 and alerted researchers to the fact that it is not the light
output at the light tip that matters, but it is what is received by
the resin that is important.45

Stre Development During Polymerization
Fast polymerization of dental resin composites is thought to adversely
afect the mechanical properties of the polymer network.1,47,48 his
phenomenon occurs because, when the reaction rate is very fast,
the liquid monomer is quickly converted to a solid, and the
polymerization reaction rapidly becomes difusion limited.49 hus,
in some contemporary dental resins, rapid photopolymerization
produces undesirably short polymer chain lengths because there
is simply insuicient time to form many long chains before resin
solidification is reached. 47 In addition, the formation of the
monomer-to-monomer bonds also causes the resin to shrink, thus
decreasing the overall net volume of the system. As long as the
system is in a liquid state, it can physically deform and no stress
develops; however, beyond the gel point, the resin becomes a solid
and further polymerization shrinkage creates strain both within
the resin network and at the interfaces between the tooth and the
resin. When the polymerization reaction occurs rapidly rather than
slowly, the gel point is reached sooner, the resin becomes hard
sooner, and these outcomes may result in increased stress,50 bond
failure, and increased gap formation between the tooth and
restorative material.51,52 Ultimately, these consequences can lead
to premature restoration failure, cusp fracture, or increased tooth
sensitivity.
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Soft-Start Expoure
With dentists and manufacturers trying to achieve ever shorter
exposure times by using lights that delivered a high irradiance,
concerns arose about the potential for damaging increases in
intrapulpal temperature as well as the potential for generating
excessive internal stresses when using fast-shrinking, high-modulus
resin composites.1 In an attempt to decrease these efects, a variety
of diferent curing modes were developed. An example is the
“soft-start” curing mode, where a low irradiance value is initially
applied to the restoration surface for a short time, and then either
immediately, or over a period of time, the light output increases
to its full operating level for the remainder of the exposure.52,53,54
heoretically this technique reduces the rate at which the photocurable material reacts, produces a more desirable polymer structure,
allows the partially cured resin composite to deform at its unbonded
surface, reduces the stresses developing at the bonded interface,
and reduces the polymerization contraction stress.50,55-58 Another
type of soft-start method (the “pulse delay”) delivered an initial
low irradiance, short-duration exposure. After waiting some 3 to
5 minutes, the final exposure was provided at the full light
output.52,53 his technique may work in vitro for certain resin
composites polymerized by speciic curing lights.52,57,59 However,
some evidence suggests that soft-start polymerization can result
in polymers that have diferent amounts of cross-linking and that
solvents, food substances, and enzymatic attack can have diferent
efects on the same dental resin, depending on how it was light
cured.16-18 It is thought that any potential correlation between
enhanced marginal adaptation, reduced shrinkage, and lowered
polymerization contraction stress using soft-start polymerization
is probably due to the resin receiving less total energy and consequently reaching a lower degree of conversion.1,60 None of these
attempts to reduce the polymerization shrinkage rate and reduce
stress development have yet been found to provide better clinical
performance compared to continuous light exposure,1,61 possibly
because of the irradiance levels used or the diferent exposure times
used by commercial curing lights to ramp up to full power. Some
soft-start exposures in commercial curing lights can be as short as
2 s,62 whereas in the encouraging in vitro tests there was up to a
5-minute delay between the initial light and the final light
exposure.52

Light-Emitting Diode Technology
he next innovation in dental photocuring came in the 1990s,
with the development of blue light-emitting diodes, or LEDs.63,64
hese LED curing lights have many advantages over their predecessors and they dominate the market.2,42 he LED emitters are solid
state, lightweight, battery driven, and more eicient; do not require
any bandpass ilters; and have emitting sources that can provide
an extremely long working life when compared to any ilament
or spark-based light source.1,2,63,64 LEDs are also very eicient at
converting electrical energy to electromagnetic radiation. heir
luminous eicacy (measured in lumens per watt) was initially at
least twice that of a QTH bulb, but, with continued improvements,
some are now 10 times more eicient.2
LEDs are semiconductor light sources that have been doped
with impurities to create a p-n junction. Light is produced by
interposing the electron-excessive (n) and electron-depleted (p)
surfaces of two diferent semiconductor materials in an electrical
circuit.2 When a current is applied, this p-n junction emits light
by a process called electroluminescence. he semiconductor substrate

A

B
• Fig. 6.16

Light is emitted from the p-n junction of a light-emitting diode
(LED) when electrons from the n substrate pass into the holes from the p
substrate, as electrical current lows through the circuit.

on the n side, or cathode, has an excess of electrons and will rise
in potential when supplied with suicient electrical energy. Electrons
from the n substrate then pass through and “fall” into “holes” in
the electron-deicient p side, or anode. When an electron meets
a hole, it “falls” into a lower energy level and releases energy in
the form of a photon of light, as illustrated in Fig. 6.16.
he color of the light emitted corresponds to the energy of the
photon that is in turn determined by the composition of the two
semiconductors and their resulting “band gap” potential.2 he
semiconductor material used in blue LEDs is composed of a mix
of gallium nitride (GaN) and indium nitride (InN). his combination produces light in the blue spectral range that has a relatively
narrow bandwidth with a full-width half maximum (FWHM)
range of only about 20 nm (Fig. 6.17).

First-Generation LED Lights
he early versions of these energy-eicient, gallium nitride, blue
light–emitting LED curing lights emitted blue light from an array
of individual, but similar, low-power LED casings (cans). Although
these irst-generation blue LED curing lights (Fig. 6.18) delivered
a low radiant power output, they generated great interest. hey
were portable, battery operated, and lightweight, and the blue
wavelength output from these early LED chips was in the range
of maximum absorption of CQ (470 nm).1 his made these blue
LED lights very eicient at producing the free radicals required
to photocure CQ-containing dental resins.
When the irst-generation LED lights were marketed, they were
promoted as “cool” lights that produced less temperature rise in
the pulp than did QTH lights,65-67 and it was initially thought
that all LED units would generate little heat—something that was
becoming a concern. However, in retrospect, it is now recognized
that the claims of low heat generation from the early LED lights
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• Fig. 6.17 Emission spectrum of a typical single-peak LED curing light showing a typical full-width half
maximum (FWHM) bandwidth of about 22 nm of blue light.

would overheat and destroy itself. Fig. 6.19 displays images of
such damaged arrays. For this reason, internal cooling fans as well
as large metal heat sinks were used within these units. Often the
metal cladding of these devices also acted as a large heat sink. Fig.
6.20 shows an example of a LED chip assembly, heat sink, and
cooling fan. he typical second-generation blue LED light still
has a relatively narrow emission spectrum with a full-width halfmaximum (FWHM) emission spectrum that is still only about
25 nm (Fig. 6.21).
hese curing lights were more compact and more powerful
than the “irst generation” of LED lights and thus were termed
the “second generation” products. However, neither the irst- nor
the second-generation LED curing lights delivered much light of
wavelengths below 420 nm, and thus they were incompatible with
some of the “alternative” photoinitiators, such as Lucirin TPO.
• Fig. 6.18

Example of the internal coniguration of a irst-generation
LED curing light that contained multiple, individual low-power LED “cans.”

were due to their low radiant power output rather than to any
property of the light they emitted.68

Second-Generation LED Lights
Advancements in LED chip design and increased radiant power
output provided small, integrated packages containing surface area
emitting LED pads instead of discrete LED casings. hese new
chips greatly increased the radiant power output of curing lights
to the level that the number of photons emitted within the absorption range of CQ increased, and sometimes exceeded, what was
delivered from high-output QTH or PAC lights.1 hus the recommended exposure times from some curing lights using the new
high output blue LED chips became less than those for QTH
lights, a feature that further increased the marketability of LED
curing lights. However, with the increase in radiant power output,
the need to cool the LED chip became critical; otherwise the LED

Third-Generation LED Lights: Multiwave,
Multipeak, Polywave
As vital, intraoral tooth bleaching became popular, many dentists
discovered that the shades of composites available at that time
were too yellow and did not match the color of bleached teeth.
his efect occurred because the CQ photoinitiator used in most
dental resins is bright yellow. To overcome this problem, some
manufacturers incorporated co-initiators to boost the efectiveness
of CQ and thus reduce the amount of CQ required in the resin,
while others started using resin compositions that contained
alternative photoinitiators to reduce the CQ concentration.1 hese
alternative initiators imparted less of a yellow color in the resin
and allowed manufacturers to make translucent and bleaching
(lighter) shades of their restorative resins. hese photoinitiators
still function within the visible spectrum, but they are activated
by shorter wavelengths of light closer to violet (<420 nm) light
and could be photocured using the broad emission spectrum from
QTH and PAC curing lights. Unfortunately, the irst- and secondgeneration LEDs that emitted only blue light above 420 nm could
only activate the CQ component within these resins and were
unable to activate the alternative initiators.
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A
• Fig. 6.19

B

C

Undamaged LED chip (A) compared to overheated and damaged LED chips (B, C).

localized microhardness values both across and through the resin
composite.69,71,72 For this reason, the internal optics of broadspectrum, multiple peak LED curing lights that include multiple
LED emitters must be carefully designed so that a homogeneous
light output is produced.
To appreciate differences in the spectral distribution of
photons emitted from diferent types of dental curing lights,
Fig. 6.24 shows examples of the emission spectra from QTH,
PAC, and LED curing lights. Note the relatively narrow emission spectrum from the LED units and the high spectral radiant
power emitted by LED units in the 450-nm region compared
to the broader range of wavelength emitted by QTH and
PAC lights.
• Fig. 6.20

Example of the internal layout of a second-generation LED
curing light having a single emitting LED chip. Note the heat sink and fan
that help dissipate heat away from the LED chip.

To solve the problem caused by the narrow emission spectrum
from the blue-only LED units, an additional color chip(s) was
added to the blue LED array (Fig. 6.22). By incorporating diferent
LED color chips into the curing light, the lights now emitted both
the lower wavelengths of violet light, usually from 390 to 430 nm,
as well as light from 440 to 500 nm1,2 and could now activate all
the diferent photoinitiators used in a dental resin.
hese LED curing lights have been called the “third generation”
units, meaning that they emit light of more than one wavelength
range (or color). Curing lights of this generation have also been
described as “multiwave,” “multipeak,” or Polywave curing lights.
he term Polywave is a registered trademark of Ivoclar Vivadent,
and applies to their current line of “Bluephase” curing lights. he
emission spectrum from a typical third-generation LED light is
shown in Fig. 6.23, where it can be seen that the emission spectrum
from these units includes wavelengths that activate not only CQ
but also the alternative initiators.1,2 However, including radiant
power in the lower wavelengths may not be ideal for photo-curing
bulk-illed resin-based composites because of the limited ability
of the shorter wavelengths of violet light to reach down to the
bottom of 4 or 5 mm of resin composite. Here the resin will
polymerize primarily due to the activation of the CQ photoinitiator
by the longer wavelengths of blue light. Additionally, although
these LED units produce a broader emission spectrum, in some
lights, the location of the various diferent wavelength LED emitters
in the LCU afects both the irradiance beam proile and the
wavelength distribution of light from these curing lights.69,70 his
inding is concerning because a strong positive correlation has
been reported between the irradiance beam proile values and

Batterie
Originally, LED curing lights were powered by nickel-cadmium
(NiCad) batteries. hese batteries can be damaged if they are
discharged to below 75% of their rated voltage, or by being
overcharged. Smaller, high-capacity, nickel-metal hydride or lithiumpolymer batteries later replaced the NiCad sources, and these newer
types should last between 2 to 3 years from the date of manufacture
before needing to be replaced. Ultracapacitors are well-suited for
applications such as a curing light, where high bursts of power are
required for a short time. hey are used in one curing light to
deliver suicient power for approximately 25 ten-second exposures
before needing to be recharged. However, ultracapacitors can be
fully recharged in as little as 40 seconds and they may last up to
10 years before needing to be replaced.

Budget Curing Light
he dental profession can now purchase dental equipment, including
curing lights, directly online and at low cost, without using an
approved distributor. hese “budget curing lights” may not have
been approved for sale in the country of use, and often use small
diameter (6 to 7 mm) light guides. As described previously in the
chapter, by decreasing light tip diameter, budget curing lights can
deliver the same irradiance values as more expensive lights from
major manufacturers that use wider diameter tips (Fig. 6.25). he
light beam proiles from these budget lights can also be inferior
compared with those of the higher priced lights from major
manufacturers,20,21 and the electronics in these units may not
compensate for the decrease in the output from the battery during
use. hus, without any warning to the user, the light output from
battery-operated budget curing lights may not be stable during
operation.20 Dental curing lights are medical devices; thus it is
recommended that you do not use curing lights that have not
been approved for use in your country.
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• Fig. 6.21 Emission spectrum from a typical second-generation LED light (Bluephase 16i, Ivoclar
Vivadent). Note the single emission peak in the blue wavelength range.

into electrical energy. he sensor is composed of hundreds of
interconnected thermocouples that generate an output voltage that
is proportional to a local temperature diference. An alternative
power sensor also suggested in the ISO 10650 standard is the
PowerMax-Pro 150HD with a broadband detector (Coherent Inc.,
Santa Clara, CA). his detector difers from a thermopile (Fig.
6.26) because the sensor contains a stack of thin ilms to generate
an electrical current when light hits the surface of the detector. In
contrast to thermopiles that can take several seconds to respond,
this type of sensor responds rapidly and can provide a radiant
power reading within microseconds.21,74

Spectral Radiant Power Meaurement

• Fig. 6.22 Multiple wavelength emitting LED chip set in a commercial
third-generation Polywave light (Bluephase G2, Ivoclar Vivadent) showing
an array of three blue chips and one violet LED chip in the body of the
light. Note the absence of any ilter within the unit.

Evaluation of Light Output From
a Curing Light
Radiant Power Meaurement
he 2015 ISO 10650 standard for measuring the output from
dental curing lights recommends using a laboratory-grade power
meter to measure radiant power output and dividing this power
by the tip area to produce an average irradiance value from the
curing light.73 An example of a laboratory-grade power sensor is
a thermopile that converts thermal energy delivered by photons

An optical spectrometer, or more accurately termed a spectrophotometer, measures the properties of a light source over a speciic
portion of the electromagnetic spectrum. Inside the spectrophotometer, light is broken down into its various wavelength components, and the signal is digitized as a function of wavelength and
power (W/nm). he irst step in this process is to direct light from
a source being evaluated into a spectrophotometer through a narrow
aperture known as an entrance slit. his slit vignettes the light
and directs it onto a grating. he grating inside the spectrophotometer then disperses the various spectral components of the
light, much like a prism, at slightly varying angles, onto a detector.
hese gratings can be ruled or holographic difraction plates.
Holographic gratings produce less stray light, while ruled gratings
tend to be more relective. he groove density on a grating determines the extent of light dispersion, and the optimum spectral
range (bandwidth) is a function of the groove density. he greater
the groove density, the better is the optical resolution, but the
more truncated will be the spectral range. hus, to produce the
best response from the spectrophotometer, the correct slit dimensions
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• Fig. 6.23 Emission spectrum of a typical third-generation Polywave LED curing lights (Bluephase Style,
Ivoclar Vivadent). Note the distinct emission peaks in the violet and blue wavelength ranges.
Ulbricht sphere). his device is a hollow sphere that has a difuse,
white, relective inner coating. Light enters the sphere through a
port and strikes the sphere sides. he light is then scattered in a
difuse manner, called Lambertian relectance, that minimizes the
efects of the original direction of light. hus only light that has
been difused within the sphere reaches the detector. his is usually
via a iberoptic cable that is connected to the entrance port of a
spectrophotometer; however, the detector can also be attached
directly to the sphere. Integrating spheres can be small and portable
(Fig. 6.28) or they can be so large that a person can walk inside.

Light Beam Uniformity

• Fig. 6.24

Emission spectra from a PAC (black line, Sapphire DenMat),
QTH (green line, Optilux 501, Kerr), and second-generation (red line, Deep
Cure-S, 3M), and third-generation (blue line, Valo Grand, Ultradent) LED
curing light.

and grating groove density must be carefully chosen to match the
radiant power, the wavelength being examined, and the resolution
required. A schematic of the internal components of a miniature
spectrophotometer is shown in Fig. 6.27.

Integrating Sphere
he total radiant power (radiant lux) from a light source can be
collected, without any inluence of the directional characteristics
from the source, using an integrating sphere (also known as an

Recognizing that the power and emission spectrum across the light
tip cannot be adequately described by a single value, laser beam
analyzers have been used to examine the homogeneity of power
and the wavelengths of light emitted from curing lights. he charge
couple detector (CCD) in a digital camera is used to record an
image of the light as the light strikes a difusing target screen.
Since the type of screen or the use of a bandpass ilter can afect
the image, these components must be chosen carefully.70 he radiant
power received by each camera pixel in the CCD array is recorded
and displayed as a color-coded, two- or three-dimensional image
of the light output across the light tip end. A typical arrangement
for using a beam analyzer to characterize the light distribution
across the emitting end of a light-curing tip is shown in Fig. 6.29.
Several publications have shown that the irradiance from many
dental curing lights is not evenly distributed across the emitting
end of the light tip.20,21,69,70,71,72,75,76 In addition, because of how
the light is produced, the emission spectrum is not evenly distributed
across the emitting end of the light tip of some broad-spectrum
LED curing lights.70 In contrast, although the local irradiance
values may difer greatly, because of the light source used, the
emission spectra are distributed evenly across the tip for QTH,
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• Fig. 6.25 By decreasing the internal tip diameter from 9 mm to 7 mm, the output area decreases.
If the same radiant power is emitted, the irradiance will increase when using the 7 mm diameter light tip.
9 mm diameter = area of 63.6 mm2, 400mW radiant power: irradiance = 629 mW/cm2; 7 mm diameter
= area of 38.5 mm2, 400mW radiant power: irradiance is now increased to 1039 mW/cm2.

A
• Fig. 6.27 Schematic diagram of a spectrometer. 1. Fiberoptic connector. 2. Interchangeable entrance slit. 3. Long pass ilter. 4. Collimating
mirror. 5. Grating. 6. Focusing mirror. 7. Collection lens. 8. Detector. 9.
Variable long pass ilter. 10. UV detector window. (Image courtesy Ocean
Optics.)

B
• Fig. 6.26

Images of a conventional thermopile (A) and a PowerMax
Pro 150HD with a high-speed broadband sensor (B).

• Fig. 6.28 A small integrating sphere attached to a miniature iberoptic
spectrometer (Ocean Optics).
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PAC, and single peak LED units.76 he localized inhomogeneity
in the irradiance results in “hot spots” of high-intensity light and
“cold spots” of lower values, where very little light, or diferent
wavelengths of light, may be present. Examples of homogeneous
and inhomogeneous distributions of light across the emitting tips
of diferent dental curing lights are shown in Fig. 6.30.
he beam proile images illustrate that the irradiance across the
light tip is a range of values and the irradiance homogeneity depends
on the design of the curing light. hus using a single irradiance
value to describe the output from a curing light does not adequately
describe the irradiance that is delivered across the entire light tip.76
Instead, this commonly used value represents the average irradiance
value that is emitted across the tip.
Fig. 6.31 shows how scaled images of the irradiance beam proile
can be overlaid on an image of a tooth preparation to demonstrate
the local irradiance values that are delivered to diferent locations
of the preparation. hese beam proile images show that, unless

A

B

the operator is careful, the irradiance and radiant exposure received
at the gingival margins of the proximal boxes from some curing
lights may be inadequate to ensure adequate polymerization of
the adhesive or the resin restoration in these regions.20,21,69 hese
regions are also the most diicult to reach and are the furthest
away from the light source.45,77 Consequently, the resin at these
locations may well be underpolymerized unless the operator pays
careful attention and ensures that all areas of the resin receive an
adequate amount of light.

Monitoring the Output From Curing Light
When using a curing light, the intense blue light and the hardness
of the topmost layer of resin provide a false sense of security that
the curing light has adequately polymerized all of the restorative
material that is underneath the top, exposed surface. Without
warning the user, the light source inside the unit can degrade over

C

D

• Fig. 6.29 Typical arrangement for using a beam analyzer to examine a dental curing light: (A) the CCD
camera, and neutral density ilter (B) and the diffusing screen (C) upon which the output of the curing
light tip is directed (D).

• Fig. 6.30

Images of beam proiles from ive contemporary curing lights. The upper set of images are
a scaled, two-dimensional representation of the irradiance distribution from 0 to 3,000 mW/cm2. The
lower view is a three-dimensional representation with all images scaled to their individual maximum irradiance value. Note the differences in the beam diameters and the inhomogeneous irradiance distribution
across the light tips. Using a single irradiance value cannot fully describe the light output.
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time20,78 and thus decrease the light output. he light output can
also be reduced due to the buildup of scale on the iberoptic light
probe after repeated autoclaving,79 after breakage or fracture at the
light tip,80,81 or due to the presence of cured composite resin or
debris on the light tip.80,82 All these factors can signiicantly decrease
the ability of the curing light to photocure the resin (Fig. 6.32).
hus it is important to use a dental radiometer to routinely measure
the output from the curing light. he value should be recorded,
as well as the condition of the curing light. Ideally, the value of
the light/tip combination should be recorded when the unit is
new and subsequent readings can be used to indicate the relative
performance of the curing light as a function of time.

Handheld “Dental Radiometer”
Examples of seven handheld dental radiometers that can be used
to monitor the output from dental curing lights are displayed in
Fig. 6.33A. hese radiometers usually have a bandpass ilter in
front of a silicon photodiode detector that converts the photons
received from the curing light into electrical current and, when
calibrated, into units of irradiance. However, the light is rarely
emitted uniformly across the entire light tip, and because the
entrance apertures on some dental radiometers are smaller than
the light tip (see Fig. 6.33B), most dental radiometers do not

A

• Fig. 6.31 Images of good (top) and poor (bottom) beam proiles, superimposed on images of premolar and molar tooth preparations. Each image
is normalized and scaled to 100% of its individual, maximum irradiance value.
(From Rueggeberg FA, Giannini M, Arrais CAG, Price RBT: Light curing in
dentistry and clinical implications: a literature review, Braz Oral Res 31(suppl
1): e61, 2017. http://dx.doi.org/10.1590/1807-3107bor-2017.vol31.0061.
Licensed under CC BY 2.0, https://creativecommons.org/licenses/by/2.0/.)

B
• Fig. 6.32

C

Examples of damaged (A) and debris-contaminated light tips (B and C).

A

B
• Fig. 6.33 Image of seven commercial dental radiometers (A), and an example of the difference
between the 4.3-mm entrance aperture into the radiometer and the 10-mm tip of the curing light (B).
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A

B
• Fig. 6.34

A large diameter light tip (A) can cover an entire molar tooth, whereas smaller diameter light
tips (B) require multiple exposures to cover an entire the surface of a molar MOD restoration.

capture all the light from the light emitting tip.83 hus, depending
on where the light tip is positioned over the detector area, a region
of high or low irradiance may be measured. his limitation helps
to explain why several studies have reported that most dental
radiometers are inaccurate.83-86 In addition, because QTH, PAC,
or LED dental curing lights all deliver diferent emission spectra,
the type of bandpass ilter used within many dental radiometers
will afect the accuracy of the irradiance value reported.83,85 hus
the radiometer manufactured by the maker of the curing light
being tested should be the most accurate.

Practical Conideration for Light Curing
Dental Rein in the Mouth
Factor Afecting Light Delivery to the Target
Table 6.1 shows that when the irradiance delivered is multiplied
by the exposure time, the product describes the radiant exposure
(in J/cm2) delivered to the exposed surface of the resin. It has been
recommended that a QTH curing light should deliver a minimum
irradiance of 400 mW/cm2 for 60 seconds to adequately polymerize
a 1.5- to 2-mm-thick increment of resin.87 It has also been recommended that most dental resins require a radiant exposure of
approximately 16 J/cm2 to adequately cure to a depth of 2 mm.88
hus this threshold could be reached in 40 seconds if the curing
light delivers an average irradiance of 400 mW/cm2 to the resin.
However, diferent brands of resin require diferent exposure times,
and the minimum radiant exposure may range from 6 to at least
24 J/cm2 to achieve an adequate level of polymerization in the
various shades and colors.89,90

Light Guide Tip Deign
As discussed previously, the design of the light tip can have a
signiicant impact on the irradiance delivered to the restoration45,91
and can negatively afect the physical properties of the resin and
its bond strength to the tooth.7,92-94 Twenty years ago, most light
tips had a 10 to 13 mm tip diameter, but recently this has changed
and many light tips are now only 6 to 8 mm in diameter. Although
a smaller diameter tip can increase irradiance, small light tips may

• Fig. 6.35

Overlay graph indicating differences among three commercial curing lights with respect to the power received using tip-to-target
distances from 0 to 10 mm.

not cover the entire restoration area. Since there is increased interest
in bulk illing and bulk curing of large restorations, this decrease
in tip diameter is now of concern. With the dimensions of a
mandibular molar being approximately 11.0 mm mesiodistally
and 10.5 mm buccolingually at the crown,95 the clinician who
wishes to reduce time spent light curing restorations should use a
curing light with a tip that completely covers the entire restoration
surface. Otherwise, as seen in Fig. 6.34, even when using a resin
intended for bulk illing, multiple, sequential, overlapping exposures
will be required to ensure that all areas of the restorative material
have received an adequate amount of light.21

Ditance to Target
Irradiance (radiant exitance) values stated by manufacturers are
usually measured at the light tip end. Because the resin is usually
2 to 8 mm away from the light tip, this value does not relect the
irradiance values that are received by the restoration. Fig. 6.35
displays how the efect of increasing the tip-to-target distance difers
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• Fig. 6.36 Examples of different types of plastic barriers placed over the curing light to
minimize contamination. Ideally, the plastic barrier should cover the entire unit instead of just
the light tip.

• Fig. 6.38 If the seam of the barrier crosses the light tip, light output
will be reduced.

• Fig. 6.37

The barrier should it snugly over the light tip and the seam
should be positioned so that it does not impede light output.

among various brands of dental curing lights. Depending on their
design, some curing lights deliver only 25% of the irradiance
measured at the tip when they are 8 mm away from the resin
surface.7,45,96-98 his decrease occurs because the design and the
optics of the light source and the light guide all afect the beam
divergence angle from the distal tip end of the light guide. Some
of the light from a curing light is delivered as a collimated beam,
some is focused to a point, and some is immediately dispersed
laterally from the tip. hus curing lights do not act as a point
source and depending on the unit’s optical design, which sometimes
includes a lens, the efect of changes in the tip to target distance
on the irradiance received does not obey the inverse square law.

Infection Control
Although some iberoptic light guides can be autoclaved, the body
of the curing light itself cannot. hus the use of infection control
barriers, such as the plastic barriers presented in Figs. 6.36 and
6.37, that ideally should cover the entire curing light and light
guides are recommended. he barrier should it snugly over the
light tip and the sleeve seam should not impede the light output.
Fig. 6.38 illustrates the detrimental efect that occurs when the

• Fig. 6.39 Example of a curing light with air vents that should not be
covered by the protective barrier.

seam of a barrier traverses across the light tip and disrupts the
light beam.
Unfortunately, the design of these preformed plastic sheaths
that it over a curing light is not standardized and they may not
be designed to optimize light transmission (Fig. 6.39). Some barriers
can reduce the radiant exitance by up to 40%, and latex-based
barriers should be avoided as they have been reported to negatively
afect resin polymerization.75,99-101 For this reason, the output from
curing lights should be tested on the radiometer with the barrier
over the light tip. Clear, plastic food wrap stretched over the light
tip in a single layer can also be an efective and inexpensive infection
control barrier that has minimal efect on light output.81,100,101
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When using cold sterilizing techniques, only approved cleaning
solutions should be used. Disinfectant sprays can erode the O-rings
used to stabilize light guides, and the residual luid can bake onto
the lens or relectors inside the light housing, thus decreasing the
light output.102 herefore, if it can be detached, the light guide
should be removed from time to time and any lens, relector, and
ilter inside the curing light should be checked to ensure that they,
and both ends of the light guide, are clean and undamaged.

Health-Related Iue
Intrapulpal Temperature Conideration
An in vivo study involving the direct application of heat from a
soldering iron to the facial surfaces of intact rhesus monkey teeth
indicated that an increase in intrapulpal temperature of 5.5°C
resulted in pulpal necrosis in 15% of the teeth tested.103 his
temperature value has been extrapolated to predict that similar
pulpal temperature increases when light curing may cause pulpal
necrosis to an already afected human dental pulp.
As the radiant power output from curing lights has increased,
the potential for generating a damaging temperature increase in
the pulp and oral tissues has also risen.6,68,104-108 his increase in
temperature is related to the amount of energy delivered (the
product of irradiance delivered and exposure time) and the thermal
properties (conductivity and difusivity) of the tooth. Based on in
vitro test results, it is suggested that curing lights that deliver an
irradiance greater than 1,200 mW/cm2 should be used for at most
15 seconds.108
However, this guideline has been questioned because recent
human-based intrapulpal temperature studies have measured the
baseline temperature of anesthetized, healthy human pulp tissue.109
In that work, patients requiring extraction of bicuspids for orthodontic reasons volunteered as participants. Class I preparations
were made, which intentionally exposed the most coronal portion
of the buccal pulp horn. A sterile temperature probe was inserted
directly into the pulp chamber and remained in place during
temperature measurements, while the access opening was illed

with temporary restorative material. he intrapulpal temperature
rise in the teeth, when using a LED curing light, was then measured.
he radiant exposure was determined, and the resulting increase
in intrapulpal temperature is shown in Fig. 6.40.
As the radiant exposure increased, there was a corresponding
increase in intrapulpal temperature. However, only when the radiant
exposure levels approached 72 J/cm2 did some in vivo temperature
values meet or exceed the 5.5°C increase threshold, and thus
potentially cause pulpal damage.103
Time-based proiles of in vivo temperature values inside the
pulp of upper bicuspid teeth exposed using the same curing light,
but with one tooth having an intact buccal enamel surface and
another tooth having a Class V preparation with approximately
1-mm thickness of dentin remaining, are shown in Fig. 6.41.
Although both conditions demonstrate similar pulpal temperature
prior to the 30-second exposure, the rate and extent of temperature
increase is much greater in the tooth with the Class V preparation
than in the intact tooth. In addition, it takes longer for the pulpal
temperature to return to baseline levels at the end of the exposure.
Such evidence supports the concept that the potential for causing
temperature increase in pulpal tissue greatly increases as more
tooth structure is removed and there is less dentin overlying the
pulpal tissues.110,111
Where the pulp is at greater risk, such as in deep cavities with
little overlying dentin, consideration should be given to the choice
of LCU and light exposure program. It has been recommended
that the tooth should be air-cooled during light exposure112,113
from the opposite side (Fig. 6.42) of the exposure. Alternatively,
a high-volume suction device can be used to cool the tooth by
pulling air across the coronal portion of the tooth.
Fig. 6.43 illustrates the in vivo cooling efect of the air spray
when it was applied 3 seconds prior to light exposure, and stopped
when the light was turned of.
Although the pulpal temperature starts to rise shortly after light
exposure, when air-cooled, the pulp temperature decreases both
during and after light exposure. Consequently, it may be possible
to use irradiance levels greater than 1200 mW/cm2 for longer than
15 seconds if appropriate cooling measures are used.
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• Fig. 6.40

Relationship between delivering known radiant exposures to the facial surfaces of intact,
upper bicuspid teeth and the resulting increase in human intrapulpal temperature rise when using a commercial Polywave® LED-based curing light. Exposure duration and output mode selection noted vertically
for each group. N = 15 per test group. (Courtesy Dr. Cesar A.G. Arrais.)
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• Fig. 6.41 Comparison of real-time temperature proiles inside the pulp of an intact bicuspid, and one
having a Class V preparation with approximately 1-mm of dentin remaining when exposed to the same
output time and curing mode from an LED-based curing light. (Courtesy Dr. Cesar A.G. Arrais.)

• Fig. 6.42

Directing an air syringe at the opposite surface being lightexposed will help to lower the in vivo intrapulpal temperature. (Courtesy
Professor Marcelo Giannini.)

Soft Tissue Damage
Current literature has reported several cases of soft tissue burns
that were caused by excessive heat either from a hot light curing
tip or from excessive amounts of light energy delivered to the oral
tissues.114 Soft tissue damage to oral tissues arising from photocuring
restorations can arise from two sources: heat developed by the
external housing of the curing light or from heat developed in
tissues that are exposed to the high-intensity light. Often the light
guide of the curing light is used to retract the cheek or tongue.
For LED-based lights that contain the chip sets at the tip, heat
generated by the chips is difused to the outer surface of the curing
light. In so doing, the surface temperature of areas on the curing
light body opposite to where the chips are emitting may become
hot and thus burn the soft tissues. Fig. 6.44 provides examples of
how the distal portions of light guides are used to retract the soft
tissue and illustrates the potential for causing soft tissue damage.
However, the maximum acceptable external curing light temperature
increases for curing lights is stipulated in the International Electrotechnical Commission speciication, IEC 60601, that applies
to dental curing lights.115 hus, if the curing light has passed this
speciication, the heat from the external housing of the unit should
not be high enough to cause a burn.

When light-curing gingival areas, as in Class V situations, the
gingival portions of veneers, and the margins of crowns, a portion
of light output also reaches soft tissue that is often not protected
by a rubber dam. Because of the translucent properties of the
poorly keratinized oral epithelium, light easily penetrates and is
absorbed by these tissues. his may result in a signiicant tissue
burn if some protection is not provided. Even when using a rubber
dam, the potential for elevated tissue temperatures may occur.114
Fig. 6.45 displays a tissue burn resulting from a 30-second direct
light exposure from a high-intensity LED curing light on the
attached gingiva of a pig. hus, especially when using contemporary
high-power curing lights, clinicians must keep in mind the potential
for causing both direct heat and radiant thermal damage to the
soft tissues and the dental pulp. Clinicians should closely monitor
the position of the light tip and not arbitrarily increase the exposure
time in an attempt to ensure maximal polymerization without
using strategies to minimize thermal damage from the curing light.
One option is to place a small section of cotton gauze under the
dam to protect the gingiva (Fig. 6.46). Another is to carefully
position the light tip just over the resin and watch what you are
doing when light curing so that the light tip does not wander over
the lips or gingiva.

The Optical “Blue Light Hazard”
Dentists have a duty to protect both their patients and employees
from harm. here has been concern that blue light from high-power
curing lights can place dental personnel at risk for ocular
damage.116-120 Although this hazard can be prevented by using
appropriate eye protection, these items are not universally used.121
his blue light hazard is related to the wavelength of light (Fig.
6.47). he hazard mostly occurs between about 415 nm and 480 nm
and is greatest at 440 nm.122 his wavelength range is well within
the emission spectra from all dental curing lights1 (Fig. 6.48). If
eye protection is not used to eliminate the blue light, and instead
the operator looks directly at the curing light, even for just 1
second during the curing cycle before averting his or her eyes, it
may only take as few as seven curing cycles to exceed the recommended maximum daily exposure to blue light.116
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• Fig. 6.43

Comparison of real-time, human pulpal temperature values between an intact facial surface,
with no air-cooling during exposure (blue proile), and when the lingual surface was air-cooled prior to
and all throughout the light exposure (orange proile). Air-cooling resulted in a 2°C pulp temperature
decrease. (Courtesy Dr. Cesar A.G. Arrais.)

A

C

Blue light is transmitted through the ocular media and absorbed
by the retina. Although high levels of blue light can cause immediate
and irreversible retinal burning, there are also concerns that repeated,
chronic exposure to low levels of blue light will cause accelerated
retinal degeneration and chronic photochemical injury to the
retinal-pigmented epithelium and choroid. his chronic exposure

B

• Fig. 6.44 Curing light used to relect the tongue (A) and cheek
(B) to gain better access to the operative site, or resting on the lip
during light exposure (C).

is thought to accelerate age-related macular degeneration
(ARMD).123,124 Most countries follow international guidelines,
such as those from the International Commission on Non-Ionizing
Radiation Protection (ICNIRP) and the American Conference of
Governmental Industrial Hygienists (ACGIH), when determining
safe levels of exposure to blue light in all workplaces, not just
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• Fig. 6.45

Erythema resulting from exposure of pig gingiva to a highintensity LED curing light. (Reprinted from Maucoski C, Zarpellon DC, Dos
Santos FA, et al: Analysis of temperature increase in swine gingiva after
exposure to a Polywave® LED light curing unit, Dent Mater 33(11): 12661273, 2017. With permission from The Academy of Dental Materials.)

• Fig. 6.47 Graphical depiction of the blue light hazard function related to
wavelength. The maximum hazard values occur between 415 and 480 nm.
(From Rueggeberg FA, Giannini M, Arrais CAG, Price RBT: Light curing in
dentistry and clinical implications: a literature review, Braz Oral Res 31(suppl
1): e61, 2017. http://dx.doi.org/10.1590/1807-3107bor-2017.vol31.0061.
Licensed under CC BY 2.0, https://creativecommons.org/licenses/by/2.0/.)

A

B
• Fig. 6.46 Conventional positioning of a curing tip when exposing a
Class V preparation (A). Such a position can cause a tissue burn even
under the rubber dam. A small section of cotton gauze can be placed
under the dam to protect the gingiva (B). (Courtesy Professor Marcelo
Giannini.)
dental oices.122,123 It should also be noted that these maximum
recommended exposure times have been developed for individuals
with normal photosensitivity. Patients or dental personnel who
have had cataract surgery or who are taking photosensitizing
medications will have a greater susceptibility for retinal damage.122,123

• Fig. 6.48 Superimposition of the wavelengths of light that cause the
blue light hazard (light blue area) and that of the emission spectrum from
a multiwave LED dental curing light (violet area). The blue light component
from dental curing light is within the hazard range. (From Rueggeberg FA,
Giannini M, Arrais CAG, Price RBT: Light curing in dentistry and clinical
implications: a literature review, Braz Oral Res 31(suppl 1): e61,
2017. http://dx.doi.org/10.1590/1807-3107bor-2017.vol31.0061. Licensed
under CC BY 2.0, https://creativecommons.org/licenses/by/2.0/.)

Blue Light Blocking Protection
Using appropriate ocular protection can completely prevent the blue
light hazard and all LCU manufacturers supply and recommend the
use of protective blue-blocking orange shields to protect the eyes
from the bright blue light. hese orange plastic shields are usually
attached to the light tip and can be adjusted to provide eye protection
to the operator. Other types of protective glasses and paddles are also
available in various sizes, thickness, and designs (Fig. 6.49).
Most of the protective orange ilters used in dentistry are designed
to reduce the risks of exposure to wavelengths of blue light between
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B

A
• Fig. 6.49

Various forms of “blue-blocker” eye protection.

A

B
• Fig. 6.50

Depiction of spectral emission of a multiwave LED curing light (A) and how the blue-blocker
shield ilters harmful radiation while allowing light of longer wavelengths to pass (B).

420 and 500 nm. A schematic representation of how blue-blocking
ilters block the damaging radiation from curing lights is seen in
Fig. 6.50.
he best blue light iltering glasses (“orange blue-blockers”)
have been shown to reduce the transmission of light below 500 nm
by 99%.125 When such blue light iltering glasses are used, instead
of looking away from the bright blue light, the operator can safely
watch what he or she is doing when light curing; thus they can
keep the light tip directly over the resin they are trying to light
cure. However, not all brands of protective ilters are equally efective
and some protective ilters have been reported to be inadequate
if they are used to protect the eye against a range of wavelengths
other than the intended range.125 hus it is important to use the
correct blue-blocking ilter for the curing light being used.

Electromagnetic Rik From Curing Light
here is some concern that the electrical circuitry in curing light
can interact with implanted pacemakers.126 Although there is a
theoretical risk, the initial laboratory tests were performed under
conditions where the investigators used physiologic saline baths
and benchtop settings. Major companies are required to test for
this hazard before selling their curing lights, and there should be
no risk if the curing light has been purchased from a reputable
manufacturer.127,128 here may be a risk when using untested budget
curing lights.

• Fig. 6.51

The position of the light tip can produce unwanted shadows
and under-cured resin.

Teaching How to Light Cure
Much of the research on dental resins has been conducted in a
laboratory setting, using a curing light held in a ixed position
that is very close to the resin surface. Although this method makes
the results more consistent, this is not a clinically relevant condition.
When light curing a restoration in the mouth both the dentist
and the patient often move, and access to the posterior teeth is
often limited. Unless the operator is very careful, the position of
the light tip can drift away from the restoration, or unwanted
shadows may be produced that can have an adverse efect on the
amount of energy delivered to the restoration and the subsequent
level of resin polymerization (Fig. 6.51).129,130
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It is known that the light-delivery technique used by the operator
can have a signiicant efect on the radiant exposure delivered to
the restorative material, especially when it is common practice not
to watch the position of the curing light tip over the restoration
when light curing. Not only can this practice negatively afect the
amount of energy delivered to the restoration, it can also result in
a tissue burn.6,114,130-133 he operator variability in how much light
is delivered can be reduced and the radiant exposure delivered to
restorations increased if the operator has been trained using a
device that shows, in real time, his or her ability to efectively
deliver light energy to a simulated restoration. Such a clinical
training simulator (MARC-Patient Simulator, BlueLight Analytics,
Halifax, Canada) is seen in Fig. 6.52.
Individualized hands-on training on how to perform light curing
of a restoration includes learning how to correctly position the
patient to improve access and how to position the light guide
throughout the light curing process.129,131,133-135 By providing
immediate feedback to the operator on how much irradiance and
energy is being delivered, together with instructor coaching on
how to avoid mistakes, the MARC-Patient Simulator has been
shown to be an efective method to teach how to light cure a restoration. Examples of the real-time irradiance delivered to a speciic
restorative location by several operators during a 10-second exposure

• Fig. 6.53

Before and after images of irradiance
levels delivered by several operators to a speciic
intraoral location during a 10-second light exposure, as monitored using the MARC-PS patient
simulator. The after image shows great improvement in how consistently the light was delivered
throughout the exposures. The operators also
delivered more total energy after instruction.
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• Fig. 6.52 Light curing a simulated restoration using the MARC-Patient
Simulator (BlueLight Analytics, Halifax, Canada).
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and monitored using the MARC-PS patient simulator are seen in
Fig. 6.53. he after-image shows a great improvement in the
consistency in the irradiance that was delivered throughout the
exposure. he operators also delivered a greater radiant exposure
(amount of energy in J/cm2) after instruction, thereby increasing
the potential for achieving the intended properties and the promising
in vitro results for the restorative material they are using.

General Recommendation When Uing
a Curing Light
As a general recommendation, users should be aware of the radiant
power output, active emitting tip dimensions, irradiance, efect of
distance on irradiance, and emission spectrum from the curing
light they are using. heir light should be tested regularly to ensure
that it is functioning according to the manufacturer’s speciications
and that the output has not changed signiicantly since purchase.
When light curing, clinicians should deliver suicient radiant
exposure at the correct wavelengths of light required by the
photoinitiator used in the resin composite they are using. To
maximize the radiant exposure delivered, the light tip should be
held both close to and perpendicular to the surface of the restoration.
Operators should directly observe what they are doing throughout
the entire light exposure, and to do so safely, they must also use
appropriate eye protection. Precautions should be taken to avoid
causing an unacceptable temperature increase in the tooth and the
adjacent soft tissues.41,102,136
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C

olor plays a critical role in the success or failure of esthetic
dental restorations. Shade matching is as much an art as
it is a science, and requires knowledge of color science
principles and the implementation of adequate shade matching
techniques. his chapter provides a working knowledge of the
principles of color and perception relative to understanding the
complex nature of tooth color and appearance. Shade matching
methods and tools for achieving predictable esthetic outcomes will
be discussed along with resources available for continued
improvement.

Color and Perception
The Color Triplet (Oberver Situation)
he human perception of color results from the interaction of
three elements: light source, object, and observer (Fig. 7.1).
Because all three of these elements can be modiied, any change
in one element will afect the inal perception of color. he light
source is a visible form of electromagnetic (EM) radiation that
illuminates the object. When light strikes the object (tooth), a
proportion of the energy is absorbed, transmitted, or relected. Color
perception is dependent upon the subjective ability of the human
visual system to combine and interpret the physical interactions
of light and object. he quantity of relected light reaching the
observer’s eyes stimulates a subjective sensation in the brain that
we experience as color. In other words, the perception of color
ultimately resides in the brain and not merely in the property of
the object. For this reason, color can be deined as a psychophysical
sensation provoked in the eye by the visible light and interpreted by
the brain.

Color Viion
Rods and Cones
he human eye and brain, which enable color vision, form an
amazing and complex system. he visual system of a person with
normal color vision can identify millions of diferent colors.1,2 At
the innermost retinal layer of the eye are two types of specialized
neurons that function as photoreceptors, called rods and cones.
200

he more numerous of the two photoreceptors are the rods, which
are sensitive to low levels of light. he rods are primarily responsible
for our peripheral vision and are unable to detect color. In low
levels of light, rods help us see objects in gray scale; as the light
becomes brighter, the rods become inactive. On the other hand,
the cones operate in bright light and provide high acuity color
vision. Both photoreceptors transform light into chemical energies
that stimulate millions of nerve endings. he neural signals are
transported by the optic nerve to the brain, where color is interpreted. here are three types of cones in the retina that are sensitive
to diferent wavelengths of light: blue, green, and red. he blue
cones are most responsive to short wavelengths. he green and
red cones are most responsive to medium and longer wavelengths,
respectively, with some overlap.

Color Deiciency
Color vision deiciency is a weakness or absence in one or more
of the three types of cones. he most common color deiciency
in the population is an individual with a partial green defect known
as deuteranomaly. Other deiciencies are protanomaly, which is caused
by a reduced sensitivity to red light, and tritanomaly, which is
someone lacking blue vision. Individuals with these color deiciencies
still see color; however, their color vision is distorted (Fig. 7.2).
Color blind individuals lack all three types of cones; this condition
is called monochromacy or achromatopsia. Color deiciency poses a
challenge for the clinician when performing visual shade matching.
Popular general tests to check color vision are the Ishihara Test
(Fig. 7.3) and the Farnsworth-Munsell Test.

Color Dimenion
here are numerous systems and theories for arranging color in
some orderly fashion (i.e., color spaces). he most popular system
for visual color matching in dentistry is based on the threedimensional model devised by American artist Alfred H. Munsell
in 1898.2 Munsell’s color system forms the basis for the classiication
of colored objects in the three dimensions: hue, value, and chroma.
It is important to grasp the concepts of hue, value, and chroma
to fully understand dental shade matching as described in this
chapter.
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Light source

Object

• Fig. 7.1
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Observer

The color triplet (observer situation).

A

B

C

D
• Fig 7.2 A, Unaltered digital image, corresponding to normal color vision and after color deiciency
simulations. B, Protanomaly. C, Deuteranomaly. D, Tritanomaly. (The original image processed at http://
www.color-blindness.com/coblis-color-blindness-simulator/.)

Hue
his color dimension is the attribute by which an object is judged
to appear red, orange, yellow, green, blue, purple, etc. hese are
the “pure” colors found on a basic color wheel or a simple box of
crayons. hese hues, which appear on the visual spectrum, are
placed on a continuous, circular scale as seen in Fig. 7.4. Compared
to a standard, the hue of an object would be communicated in
terms such as redder, yellower, greener, or bluer.
Value
he dimension of value refers to the lightness of a color. It is the
achromatic vertical scale from black to white representing all shades

of gray. It is usually communicated in terms of lighter or darker.
A tooth that appears lighter, or “brighter,” as a result of bleaching
would display an increase in value.

Chroma
While hue enables the distinction and diferentiation among
diferent colors, chroma is related to variation in strength of the
same color. he further away from the achromatic vertical axis,
the higher the chroma (stronger, more intense). he closer the
color is to the achromatic (value) axis, the lower the chroma (paler,
weaker). Chroma is often described as more chromatic or less
chromatic. A tooth with a redder and/or yellower appearance at
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A

B
• Fig. 7.3 Ishihara Test. Observer should see number 74 (A) and number 42 (B). (Reproduced from
Ishihara’s Tests for Colour Blindness. Tokyo: Kanehara & Co., but tests for color blindness cannot be
conducted with this material. For accurate testing, the original plates should be used.)
the cervical region, as commonly seen on a canine, can be described
as more chromatic at that region. As the chroma increases, the
hue becomes more speciic.
Value
Hue

Chroma

Other Optical Propertie
When light waves strike the surface of an object, the change in
refractive index can cause waves to be relected, absorbed, or
transmitted by the material. he combination of light speed and
directional changes of the waves results in particular optical appearances of teeth as described later in the chapter.

Translucency
Translucency is the degree to which an object scatters light upon
transmission, resulting in an appearance between complete opacity
and complete transparency. Complete opacity will obscure the
substrate beneath it by blocking the passage of light, while a
completely transparent object will transmit light without scattering
and will clearly show the substrate beneath it.

Munsell 1898
• Fig 7.4

Munsell color system, with achromatic vertical value axis. Hues
(different colors) are arranged in a 360-degree circle. Chroma is represented as the distance from the value axis—that is, the strength of the
same color increases as it departs from the value axis.

Iridescence
Iridescence is a rainbowlike efect caused by the difraction of light
that changes according to the angle from which it is viewed or
the angle of incidence of the light source. Iridescence occurs when
light is difracted from a thin layer that lies between two mediums
of diferent refractive index (e.g., air and water), as in a soap bubble
or a thin ilm of oil on water. Teeth do not display the property
of iridescence, which is often confused with opalescence.
Opalescence
Opalescence is a milky iridescence that resembles the internal play
of colors of an opal. In a natural tooth, opalescence is caused by
light scattering between two phases of enamel that have diferent
indexes of refraction. Short wavelengths of light are relected displaying a blue hue, whereas longer light wavelengths, such as the
orange and red, are transmitted through the tooth.
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Gloss
Gloss is an attribute of visual appearance that originates from the
geometrical distribution of light relected by surfaces.3 Particularly,
gloss is a term used to describe the relative amount of mirrorlike
(specular) relection from the surface of an object. Metals are usually
distinguished by stronger specular relection than that from other
materials, and smooth surfaces will appear glossier than rough ones.
Fluorescence
Fluorescence is a form of luminescence, that is, a form of light
emission by a substance as the result of some external stimuli.
Following the excitation by light, usually ultraviolet (UV), a luorescent substance will reemit some of the absorbed energy in the
form of longer wavelengths. When the luminescence continues
after the source of excitation has been removed, the “after-glow”
is referred to as phosphorescence.

Surround Efect and Blending
Color not only is deined by its color dimensions and optical
properties, but also depends on the surroundings in which the
object appears, the adaptation of our eyes, and our recent visual
experience.3,4

Chromatic Induction
When two objects of the same color are surrounded by diferent
colored backgrounds, an illusory sensation of color can be created
without direct stimulation of the corresponding cones. he two
objects can be the same color when viewed in isolation, but when
each is combined with diferent surroundings, the objects can have
a perceived color diference in relation to each other. his is what
color scientists call chromatic induction.
Contrast and Assimilation
Chromatic induction can generate either a contrast efect or an
assimilation efect. When the object’s color shifts toward the
complementary color of its surroundings, this is known as simultaneous color contrast (Fig. 7.5A) (http://www.andrewkelsall.com/
Simultaneous Color Contrast

Complementary Afterimage

color-efect-designers-should-see/). When the opposite occurs, that
is, the perceived diference between the object’s color and its
surrounding is reduced, this is known as chromatic assimilation.

Blending Efect
Clinically, the perceptual phenomenon of assimilation occurs when
a restorative material (object) takes on the color of the tooth
(background/surround) and appears more similar combined than
when viewed in isolation. In the dental literature, this visual blending
of tooth and material is known as blending efect (BE).5,6 he
blending effect is commonly (and incorrectly) referred to as
“chameleon efect.”
Complementary Afterimage
Similar to contrast and assimilation efects, our eyes can adapt to
a recent visual experience and provoke illusionary perceptions of
color. When we stare at a solid color for approximately 30 seconds
or more, our photoreceptors become sensitized (retinal fatigue)
and can create illusionary images of the complementary color; this
is known as complementary afterimage. If one concentrates on a
solid color red target, for example, the red cones gradually respond
less strongly to that relected red signal. If one switches his or her
gaze to a solid white target, now all colors are relected to the
retina and cones will send a strong green signal and a strong blue
signal, but a weak red signal. One will see a cyan color afterimage,
cyan being the complementary color of red (see Fig. 7.5B).

Color and Appearance of Teeth and
Dental Material
Tooth Color and Appearance
How various relections and transmissions of light integrate to
generate perceived colors in human teeth is a complex process that
is not entirely understood. he polychromatic appearance of the
tooth originates from the relative interactions of light signals and
perceptions (Fig. 7.6).
he quantiication of tooth color has been reported in the past
by measuring the three regions of the tooth: cervical, middle, and
incisal.7-9 Describing tooth regions can help understand how they
are related to overall tooth color and appearance. However, this
approach is not necessarily suicient to capture the polychromatic
and complex tooth appearance (Fig. 7.7).

Dentin
In general, the color of the tooth is not uniform. Dentin contributes
signiicantly to tooth color. his is particularly noticeable in the
cervical region, where only a thin layer of enamel exists. his
region is typically the most chromatic (Fig. 7.8), with the chroma
progressively decreasing through the middle to the incisal third,
displaying hues ranging from yellow to red.7 Dentin is also the
primary source of tooth luorescence.10

A

B
• Fig. 7.5
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A, Simultaneous color contrast. The two Xs appear to be of
different colors due to different backgrounds; however, when observed at
their intersection at the middle base of the image it becomes obvious they
are of the same color. B, Complementary afterimage. Stare for 30 seconds
at the point where the four colors intersect; then switch gaze to the white
target below the color images. Retinal fatigue results in the illusionary
appearance of the complementary colors.

Enamel
In a healthy unworn tooth, the incisal third is typically all enamel.
If the enamel were isolated from the dentin, it would appear primarily achromatic like transparent or white frosted glass (Fig. 7.9).
he translucency and value of the enamel can vary depending on
many factors such as its thickness and age. hick enamel generally
appears higher in value relative to thin enamel. High-value white
patterns, or white spots, also may demonstrate hypomineralized
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• Fig. 7.6

Complex interactions of light and tooth appearance.

• Fig. 7.7

Polychromatic appearance of natural teeth. Notice the progression of color from cervical to incisal on teeth #8 and #9—from chromatic to translucent, changes in hue and incisal opalescence.

• Fig. 7.9

Translucency of isolated enamel. (Courtesy Adam J. Mieleszko,

CDT.)

• Fig. 7.10

The incisal halo: distinct line of opalescent relection at incisal

edge.

• Fig. 7.8

The exposed dentin showing accentuated chroma.

regions within the enamel. For anterior teeth, the enamel gets
thinner toward the incisal and can appear gray to bluish against
the dark background of the oral cavity. Depending on the transmission or relection of light at the incisal edge, the incisal third may
display an opalescent pattern with a distinct line of relection
described as the incisal halo (Fig. 7.10).

Color-Related Propertie of
Retorative Material
Restorative materials should display color and optical properties
similar to those of dentin and enamel. In this section, we will
primarily focus on composite resin and ceramic dental materials
as they relate to color compatibility, stability, and interactions.
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Compatibility
When choosing dental materials such as composite resins or dental
ceramics for restorative procedures, the shade selection of the
material will be dependent on the brand or system in use. Most
commonly a material is keyed to a commercially available shade
guide. Shade guides will be further discussed under Color Matching
Tools. At other times, a restorative material may be labeled with
a shade descriptor, such as “universal dentin” or names like “milky
white” or “pearl frost,” without any reference to a shade guide. In
either case, a material will be most compatible with a tooth when
it has shades that mimic both dentin and enamel.
Stability
he color stability of dental materials is a signiicant concern for
color and appearance in restorative dentistry. When comparing
composite resins and dental ceramics, resins are less color stable
after aging.11 Over time, resins are susceptible to extrinsic staining
from dietary exposures and intrinsic degradation of the inherent
chemical components.12 Resins also can shift color upon curing.
Generally, microill composite resins become lighter and less
translucent upon curing while microhybrid composite resins become
darker and more translucent.13 Ceramic materials, while more
stable in service, can vary by batch and still undergo color shifts
upon iring and glazing.14
Interactions
An existing color diference between the restorative material and
the tooth can be lessened with favorable color interaction properties,
such as layering and blending.
Layering is the essence of tooth anatomy as layers of enamel
and dentin of diferent thicknesses interact creating a polychromatic
appearance. Color of both enamel and dentin can change over
time due to dietary habits or aging, respectively. Given that the
task is to mimic nature, layering is equally essential for creation
of tooth colored restorations.
A blending efect or color shift of a dental material, such as
composite resin or dental ceramic, toward the surrounding tooth
color is a desirable property. his blending efect decreases the
color diference between the tooth-material interface giving the
restoration a more lifelike and natural appearance. he blending
efect is predominantly related to smaller restorations, surrounded
by hard dental tissues, such as composite restorations. It can reduce
suboptimal shade matches due to operational error or lack of satisfactory match in the shade guide or restorative material. he veneers
designed with “contact lens effect” margins before and after
cementation are another example of blending efect (Fig. 7.11).15

A
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Color Matching Tool—Dental Shade Guide
Dental Shade Guide
he standard color matching tool used in dentistry for visual shade
matching is the dental shade guide. Dental shade guides are tabbased tools fabricated from ceramic, resin, or some other form of
plastic or acrylic material. he shade tabs are typically arranged
according to some dimension of color, but because of the complex
polychromatic nature of natural teeth, a given shade guide system
will only serve as a guide and not as an exact color matcher. While
dental shade guides exist for oral soft tissues and facial skin, the
focus of this section will be on guides designed for shade matching
a tooth during the dental restorative procedure.

Commercial Shade Guide
Ceramic Based
For direct restorative procedures, there are many shortcomings
associated with the use of a ceramic-based tooth shade guide for
dental shade matching, but it is the most logical starting point for
shade matching as most composite resins are keyed to a commercially
available ceramic-based system. he most popular of the ceramicbased commercial guides is the Vita classical A1-D4 shade guide
(VITA Zahnfabrik). his 16-tab shade guide can be arranged
according to the hue order (“A-D arrangement” [Fig. 7.12A]) or
according to an apparent light to dark arrangement (“Value Scale”
[see Fig. 7.12B]).
Each tab has a number and a letter. According to the manufacturer, the letters represent one of the following hue groups:
A = Reddish-brown
B = Reddish-yellow
C = Grey
D = Reddish-grey
he number next to the letter on the tab label represents the
chroma and value within each of the A to D groups: 1 = lowest
chroma, lightest, 4 = highest chroma, darkest. Within this system,
shade B1 is the least chromatic and lightest of the reddish-yellow
shades, whereas B4 is the most chromatic and darkest of the
reddish-yellow shades. One way to use this shade guide is to observe
the most chromatic portion of the patient’s tooth, usually the
cervical region of the canine and select the best hue group. Next,
the best shade within that hue group should be selected based on
the closest chroma number. A second way to use this shade guide

B
• Fig. 7.11 A, Laminate veneers designed with “contact lens effect” margins. B, The blending effect of
indistinguishable translucent margins of laminate veneers.
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A

B
• Fig. 7.12

A, Vita classical shade guide: A–D arrangement. B, “Value Scale” arrangement of same

shade guide.

• Fig. 7.13

Vita Bleachedguide 3D-Master. Shade tabs are getting lighter and less chromatic (right to
left), matching the changes that occur of natural teeth when exposed to whitening agents.

is to arrange the shade tabs from light to dark according to the
so-called “Value Scale.” With the most contrasted end of the shade
guide against the teeth, one would slide down or up the scale and
stop on the best match. he “Value Scale” is helpful when monitoring changes in color after bleaching. However, the change from
one tab to the next varies and with inconsistent value shift. For
this reason, the same company released a shade guide in 2007
speciically designed for bleach monitoring—Vita Bleachedguide
3D-Master (Fig. 7.13). It has many advantages over the “Value
Scale,” from much wider range and more uniform color diferences
between the adjacent tabs, to the inclusion of very light shades

that enable monitoring of whitening eicacy of initially light teeth
(e.g., shade B1 before bleaching).16,17 his scale includes 29 shades
(15 tabs with 14 interpolations) with color evenly distributed
between tabs.
Other ceramic shade guides of the 3D-Master system include
the Vita Toothguide 3D-Master and Vita Linearguide 3D-Master
(Fig. 7.14). he latter one is user friendly, simplifying the shade
matching method. Tabs are marked using a number-letter-number
code that correspond to value-hue-chroma, respectively. here are
ive light gray holders, containing tabs from groups 0 to 5 (created
based on decreasing lightness), with groups 0 and 1 on the same
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• Fig. 7.14 Vita Linearguide 3D-Master. Primary division into groups is
made according to value (0–5); within the groups the chroma (1 = least;
3 = most) and hue (M = “neutral” middle hue; L = less red; R = more red)
vary.

holder. Group selection is facilitated by having the middle tab of
each group (M2) in a dark gray holder for initial shade matching.
No more than 7 tabs, arranged in linear order, are viewed at once
with the Linearguide. Furthermore, the 3D-Master system has the
smallest “coverage error” (it covers the color of natural teeth the
best).18 Consequently, it has been reported that this shade guide
was preferred and outperformed others.19
A major concern with using the ceramic-based shade guides
such as the Vita classical A1-D4 for selecting a composite resin
shade keyed to this system is that the actual composite shade may
or may not match the original classical tabs. It should be noted
that large color diferences exist among the composite materials
of the same shade designations.20 If a restorative system is not
supplied with a shade guide, then a ceramic shade guide may be
used as a starting reference.

Polymer Resin Based
Proprietary shade guides supplied with a restorative composite
resin system are often fabricated using the same restorative material.
In other words, they are resin-based tooth shade guides. Initially,
this is a good option because they will have the same optical
properties as the restorative material. However, color stability of
the tabs may become problematic over time as the tabs are disinfected and get darker.
Other Materials (Plastics/Acrylics)
Shade guides are sometimes supplied with a restorative system
fabricated from materials other than ceramics or resin-based
materials, such as plastics or acrylics. hese shade guides are generally
inferior in comparison and are not good tools for shade matching
teeth.

A

B

• Fig. 7.15 Proprietary composite shade guides supplied by manufacturers and made of monochromatic single-layered composites. A, Kuraray
shade guide. B, SDI shade guide.

Cutom Shade Guide
Using the shade guide supplied with the restorative system in
many cases would be advantageous over using a ceramic-based
system. Yet, depending on the accuracy of the shade guide supplied with the system, it may be more accurate to use the actual
composite cured on the tooth. It is important to fully cure the
composite material when performing this evaluation as it has
been shown that a shift in color will occur. In general, restorative
composites will shift upon curing to become less saturated. A more
advanced alternative would be to periodically fabricate custom
shade tabs from the actual restorative material using proprietary
composite shade guides supplied by manufacturers (Fig. 7.15),
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B

B
• Fig. 7.17 A, Custom shade tabs from the actual restorative material
made using a silicone index impression of a tab from a commercially
available shade guide. B, Clinical application: enamel shades UE1, UE2,
and UE3 (left to right).

C
• Fig. 7.16

A, Molds for fabrication of custom composite resin shade
tabs: (1) Tokuyama dentin and enamel molds, tab holders, and custom
made tabs; (2) Style Italiano mold for layered enamel and dentin, the
enamel shell, and a layered tab; (3) Ultradent molds for dentin, enamel,
or layered enamel-dentin, with respective tabs. B, Dentin custom
shade tab—clinical application. C, Enamel custom shade tab—clinical
application.

molds for fabrication of custom shade tabs (Fig. 7.16), a silicone
index of a standard shade guide (Fig. 7.17), or cured pieces of
composite placed onto respective areas of the tooth to be restored
(Fig. 7.18).

Color Matching Intrument
Color diferences can be diicult to verbally communicate between
a tooth and a dental material. For example, what do we mean when

• Fig. 7.18 Cured pieces of composite placed on respective areas of
the tooth to be restored can be helpful in shade matching.
we say a shade is too bright or too yellow? Digital instruments
can be used to numerically quantify color diferences and to help
arrive at an objective standard color. Color matching instruments
are designed to replicate how the human eye receives color, yet
without the subjectivity of the human visual system. Various
devices have been used in dentistry, including digital cameras,
scanners, spectrophotometers, and colorimeters. Regardless of the
device, the basis for all instrumental color measurement is the
hypothetical standard observer. Colorimeters, for example, receive
and reduce light to its RGB (red-green-blue) components similar
to that of the three color receptors (cones) in the retina. he
colorimeter expresses this information in terms of three values,
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converting the numeric information to a standard target color.
Similarly, spectrophotometers measure light relected from the
target relative to the total light. he amount of relected light
at each wavelength along the visible spectrum is calculated and
translated into shade terminology that makes sense to the dental
professional. Historically, dentistry has not been a large market for
color measuring devices. Many devices have come and gone without
widespread adoption. he one instrument that has remained on the
market over many generations is the Easyshade device manufactured
by VITA. he latest generation of this spectrophotometer is the
Vita Easyshade V (Fig. 7.19A). his instrument provides shade
information correlated to the Vita classical A1-D4 and Vita System
3D-Master shade guides. Its proprietary software, Vita Assist,
and smartphone application, Vita mobileAssist, allow Bluetooth
transfer of the color information and digital images to a computer
for patient and laboratory communication (see Fig. 7.19B). An
advanced method used in research where repeatable measurements
are necessary to monitor color changes involves using a custom jig
to avoid angulation of the probe and ensure precise measurements
(Fig. 7.20).21
While color measuring instruments continue to improve, they
still do not replace the operator. Instead, color matching instruments
provide the dental professional with an objective tool to conirm
a “best match” among various shade guides. Ultimately, the best
color matching tool would be the one whose results correspond
to a clinician’s normal color vision.

Dental Photography
he use of photography is integral to a complete analysis of
tooth color and appearance. Digital single-lens relex (DSLR,

recommended) cameras, portable cameras, and cell phones are
used for digital photography. A DSLR camera can be used
with a general-purpose lens or dedicated macro lens, and a
variety of lashes: single-point, ring, dual-point, and twin tube
flash. Digital images can be captured and saved, probably
most frequently in JPG format (with an adjustable degree
of compression and consequently image quality), while
advanced users typically prefer RAW format (with minimally
processed data). Recommendations for basic settings of DSLR
cameras for dental photography are provided in Table 7.1.20
Mirrors and retractors are important accessories for digital
photography.
Photography enables the use of a color monitor to both magnify
a tooth image and discriminate subtle transitions of color and use
black-and-white contrast adjustments to study translucency patterns,
and is an essential tool for communicating color to the dental
laboratory technician for indirect restorations. Today, a photo can
be taken of a tooth with a shade tab held on the same plane, along
with a standard black/white/gray standard card, and software can
provide a “Color Map” of the target tooth. One example of this
type of dental shade matching software is Shade Wave (Issaquah,
WA). An attachment arm (Shade Arm) is available for ixing the
distance, angle, and position of the color reference in the photo.
he software will mathematically normalize, or color correct, the
image to compensate for color imbalances that occur when the
image is taken and will cross-reference the standard card to generate
a “Shade Map,” “Value Map,” and “Translucency Map.” he value
of this type of system is that it does not rely on any speciic camera
or camera settings, nor is it inluenced by surrounding colors or
light. Digital photography is frequently used in conjunction with
general software programs (such as Adobe Photoshop and Corel

A
• Fig. 7.19
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A, Vita Easyshade V clinical spectrophotometer (top), and the instrument display (bottom).
First, to measure color of natural teeth, the tooth symbol (the upper icon) should be selected; then best
matches in Vita 3D-Master (left) and Vita classical A1–D4 shade guide (right); next, color difference (ΔE*)
and value, chroma, and hue differences compared to selected shade; and last, best matching tabs from
Vita 3D-Master (left) and Vita classical A1–D4 (right) shade guides in cervical, middle, and incisal third.
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B
• Fig. 7.19, cont’d

B, Vita Assist is software for Easyshade V that enables recording, storage, editing,
and commenting of patient data and images. It facilitates communication on tooth shade and translucency
between dentist and patient and between dentist and dental technician, including the communication via
smartphone (Vita mobileAssist app).

A

B

C
• Fig. 7.20

Fabrication of clear silicone individual positioning jig for repeated spectrophotometer measurements. A, Acrylic rod cured to the tooth. B, Injection of clear silicone material. C, Measurement
through the cylindrical tunnel created upon the removal of the acrylic rod.
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Basic Setting of DSLR Camera for Dental
Photography20

Manual mode

M (Manual)

Focusing

Manual

Aperture

f22

Shutter speed

1.125 s

ISO

100

Image size

Maximum

Image format

JPG ine

White balance

Flash or 5300°K

Image optimization

Set to neutral

Flash output

One-half or one-quarter power (non-TTL lash)

Gridlines

On (for easier orientation)

Photo-Paint). Mobile apps are becoming increasingly popular for
color management.

Viual Shade Matching Method
Color matching is dependent on controlling subjective variables
such as color vision deiciencies and eye fatigue, while at the same
time controlling the proper viewing conditions and selecting the
correct light sources. he following order of three pre–shade
matching steps and ive shade matching steps will provide a predictable method for visual shade matching.

Three Pre–Shade Matching Step
1. Check Color Vision
Prior to performing a shade matching trial, it is imperative to
screen the vision of the clinician for any color deiciencies. A
common myth about shade matching is that females are better
color matchers than males. While statistics show that up to 8%
of males and 0.5% of women have a color deiciency,3 this does
not equate to a gender superiority if both are trichromats, that is,
have normal color vision.22
Test for color discrimination competency in dentistry consists
of creating pairs of shade tabs from two identical shade guides (at
least one set should not have original markings, such as A1 to D4
of classical, visible).23 Under controlled conditions, this test is an
accepted standard for dental color research but also could be
implemented for everyday practice.
2. Use Color Corrected Lighting
he way we perceive color is greatly inluenced by the light source
used to illuminate the object. In shade matching, we want to use
an illuminant that best matches the white light of natural daylight.
White light is a creation of our minds as a result of interpreting
the spectral colors present in a particular illuminate; there is no
“color white” on the visible light spectrum. White light is actually
a mixture of all the colors of light. To understand correct lighting
for shade matching we irst should consider the issue of correlated
color temperature (CCT). It is based on early 20th-century German
Nobel Laureate Max Planck’s experiments in quantum physics.
He developed a mathematical standard that correlates to a theoretical

A

B

C

D

• Fig. 7.21 Inluence of lights of different color temperature on color
perception of the same object. A, 3000°K. B, 4000°K. C, 5000°K. D,
6500°K.
“black body” whose spectral color changes with temperature. he
perfect black body emits the exact amount of electromagnetic
radiation (light) as is absorbed. As the temperature increases, the
object begins to glow a particular color, turning “red hot” near
1500°K. As the object gets hotter, it changes to a reddish-yellow
around 3000°K (household incandescent lamp) and becomes “white
hot” near 5000°K as it moves throughout the visible spectrum,
eventually turning blue-white. For shade matching, light sources
with a CCT of 5500°K and 6500°K are recommended; the colors
are correlated to standard phases of natural daylight.
he CCT of a light source alone is not the only speciication
important for correct lighting for shade matching. he color rendering
index (CRI) and intensity of the light source should be considered.
he CRI is an average performance rating score for a light source
based on comparisons to reference colors. he maximum score is
100 representing a full-spectrum light source (like the sun) that
afects our color judgment as natural daylight. For best color
rendering results, light sources with CRI of 90 or higher are recommended. he intensity of the light source, or illuminance, is
measured in lux (lx) and should be between 1000 and 2000 lx. If
the illuminance is too low, colors cannot be discerned; if the
illuminance is too high, colors will be washed out. Despite using
quality light sources with the correct CRI, CCT, and intensity,
some dental materials may have spectral properties that appear to
match under a given set of viewing conditions and not match
under another. his phenomenon known as illuminant metamerism
at times is unavoidable due to the inherent properties of the dental
material relative to the complex nature of natural teeth. It is advisable
to use lights with diferent CCT to verify the existence of metamerism (Fig. 7.21).
here are a variety of lights that exhibit the recommended color
characteristics either as ceiling light, loor and table lamps, or
handheld lights. Handheld lights, such as Rite-Lite 2 HI CRI
(http://www.addent.com/rite-lite-2/) and Smile Lite (http://
www.smileline-by-styleitaliano.com/en/shade-taking-dentalphotography/5-smile-lite-style-lense.html), are becoming increasingly
popular for visual shade matching. hey can be used with or
without (standard) polarizing ilters (Fig. 7.22). Polarizing ilters
are intended to reduce glare, thus enabling better comparison of
“pure color” and better visualization of color transitions. However,
no one normally observes a restoration and/or teeth through a
polarizing ilter, and the ilters were not found advantageous in
terms of improving shade matching quality.24 In addition, the
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A

B

C

D
• Fig. 7.22 Handheld shade matching lights. A, Rite-Lite 2 HI CRI without polarizing ilter. B, Rite-Lite
2 HI CRI with polarizing ilter. C, Smile Lite without polarizing ilter. D, Smile lite with polarizing ilter. (Photos
from Clary JA, Ontiveros JC, Cron SG, et al: Inluence of light source, polarization, education, and training
on shade matching quality. J Prosthet Dent 116:91-97, 2016.)

Rite-Lite 2 HI CRI has three light options for shade matching:
with CCT of 5500°K, 3200°K, and their combination, which
enables better visualization of metamerism.

3. Control Surround/Viewing Conditions
As discussed earlier in this chapter (see Color and Perception) the
surrounding conditions can change the overall color perception
of an object. Any surround conditions that may inluence color
perception should be addressed prior to shade matching. Distracting
color should be eliminated from the trial room with walls preferably
painted a neutral gray color. Any bold colors on the patient should
be eliminated. Start by placing a neutral color patient napkin over
sparkling jewelry or bright clothes and having the patient remove
relective glasses and colored lipstick (Fig. 7.23).

Five Shade Matching Step
Once the pre–shade matching steps have been addressed, the
following shade matching steps can be implemented to further
improve visual shade matching performance.

1. Perform at the Beginning
he issue of timing is important to visual shade matching and
should be performed at the beginning of the appointment. Tooth

• Fig. 7.23 Patient is asked to remove intense lipstick prior to shade
matching (note the lipstick on canine and premolar).

dehydration occurs during restorative ield isolation and alters the
tooth color.25 As teeth dehydrate, they will appear lighter, less
chromatic, and more opaque. Performing shade matching at the
start of the appointment will also help prevent eye fatigue and
strain on the visual system as time progresses.
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2. Set Light and Observer
his step involves using the correct viewing distance and position
(Fig. 7.24). he correct viewing distance for shade matching will
vary based on the clinician’s visual acuity. Generally, the ideal
distance should correspond to the best reading distance and visual
angle of subtense (>2 degrees). For most, this distance will fall in
the range of 25 to 35 cm (10–14 in). he angle of illumination
and person performing shade matching relative to the shade tab
is also an important factor, known as the optical geometry. he
optical geometry of 45/0 degrees (light at 45 degrees, unidirectional,
bidirectional, or circumferential; observing at 0 degrees,

• Fig. 7.24

Shade matching should be performed at the distance of 25
to 35 cm (10–14 in), with tooth being observed perpendicularly to its labial
surface and with the 45-degree angle of illumination.

perpendicular to tooth surface) or difuse/0 degrees is typically
used for clinical evaluation. he viewer’s eyes should be on the
same level as the shade tab.

3. Use Appropriate Technique
he shade matching technique includes selection of the appropriate
shade guide for the task (see Color Matching Tools—Dental Shade
Guides earlier in the chapter), appropriate shade tab positioning,
technique, and duration.
Shade Tab Poitioning

After the position of the clinician is set, attention should be focused
on the positioning of the shade tab. he tab should be placed in
accordance with the clinical situation and the goal (overall tooth
color or color in diferent regions). he ideal position of the tab
is on the same plane and the same vertical (cervical to incisal)
orientation (Fig. 7.25). his is easy to achieve if the adjacent tooth
is missing. However, this is most often not the case, so the shade
tab can be placed in between upper and lower teeth, vertically or
horizontally (see Fig. 7.25) to the longitudinal axes of the natural
teeth. Shade tabs should not be positioned in front or behind the
natural teeth (Fig. 7.26).
he shade tab is sometimes placed in front of the adjacent
tooth, but the shade tab will appear lighter solely for being physically
closer to the eye of the clinician. One way to avoid this is to incline
the shade tab to approximately 120 degrees relative to the natural
tooth and observe both from a symmetrical angle (see Fig. 7.25B).
Attention should be given that the tab carrier is opposite the incisal
edge as not to inluence the evaluation of translucency.
As the middle portion of shade tabs, both cervical to incisal
and mesial to distal, is the most accurate representation of the tab
color, tabs can be modiied by reducing the cervical third or keeping

A

B

C

D

E

F

• Fig. 7.25
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Suggested shade tab positions. Vertical positioning: A, When the adjacent tooth is missing,
the ideal position of the tab is on the same plane and the same vertical orientation (cervical to incisal);
B, When the adjacent tooth is present, the ideal position of the tab is inclined at approximately 120
degrees relative to the tooth, with both observed from the angle symmetrical and with the same vertical
orientation (cervical to incisal); C, On the same plane, incisal to incisal orientation. Horizontal positioning
on the same plane, but at 90 degrees to tooth cervical to incisal orientation: D, Tooth shade matching;
E, Stump shade matching with tooth shade tab; F, Stump shade matching with stump shade tab.
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A

B

C

D
• Fig. 7.26 Suboptimal shade tab positioning and/or image capturing. A, Tab in front of tooth appears
lighter. B, Tab behind tooth appears darker. C, Shade designation not captured in image. D, Light relection of tab washes out shade.

only the middle third, as shown on Fig. 7.27. he tab ledges enable
tab positioning at the same anterior-posterior plane with the tooth.
Macro-Mini-Micro Shade Matching Technique
Macro Phase. Shade matching typically begins with a quick

glance and selection of potentially adequate tabs. he entire shade
guide is used, positioned close to the tooth whose color is being
matched, and moved laterally to facilitate this selection (Fig. 7.28A).
Mini Phase. After this, the potentially adequate tabs are clustered
together (in or outside the shade guide holder), and the best matches
for incisal, middle, and cervical third are identiied (see Fig. 7.28B).
Micro Phase. Once the best match or matches have been selected
in the inal micro phase, one needs to determine and describe
diferences in hue, value, and chroma between the regions of natural
tooth and selected shades. Local color characteristics such as white
spots, amber stains, striation patterns, and any other appearance
attributes or details, including translucency, enamel cracks, and
craze lines, should be documented and described (see Fig. 7.28C).
he same process is followed when using the Vita classical shade
guide (see Fig. 7.28D-F)
Shade Matching Duration

A key to discerning the diference in shade between two colors,
especially if the color diference is small, is to use very short glances

for visual shade matching. his will help avoid illusory sensations
of color (chromatic induction, complementary afterimage) due to
saturation of the rods and cones. It is not advisable to stare at any
color during shade matching. Staring at blue for example will create
the illusion that the teeth are more yellow than they actually are in
reality. It is preferable to see the true color, not a complementary
afterimage. To avoid staring at the target, it is best to gaze at a neutral
gray card in between shade matching trials (Fig. 7.29). Ideally the
glances at the target shade should last only between 5 and 7 seconds.

4. Communicate
he next step in the shade matching process is to capture, record,
and communicate the selected tooth shades. he shades observed
for direct restorations should be mapped out to assist in material
selection during the restorative procedure. A simple sketch of the
tooth illustrating the cervical, middle, and incisal shades can help
document the selected shades even through color shifts after ield
isolation.3 he aid of digital photography, software, or data from
a shade matching instrument can nicely supplement visual shade
matching in color documentation and communication.
5. Verify
he inal step is to verify the color of restoration (direct/indirect)
visually, using several diferent lights, shade matching distances,
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• Fig. 7.27 As the middle portion of shade tabs, both cervical to incisal and mesial to distal, is the most
accurate representation of the tab color, tabs can be modiied as follows: First, by reducing the cervical
third: A, Shade tabs; B, Modiied shade tab positioned on the same plane, cervical (tab) to incisal (tooth);
C, Modiied shade tab positioned on the same plane, incisal (tab) to incisal (tooth). Second, by keeping
only the middle third: D, Shade tabs; E, Tab on the same plane, underneath the natural tooth; F, Tab at
120 degrees relative to the natural tooth, observed/photographed from a symmetrical angle.

A

B

D

C

E
• Fig. 7.28

F

Macro-mini-micro shade matching technique. With Linearguide 3D-Master: A, Macro phase.
Start with the entire shade guide and a quick glance and selection of potentially adequate tabs (in this
case, the group selection, 0–5); B, Mini phase. The potentially adequate tabs are clustered together (in
this case into groups) and the best matches for incisal, middle, and cervical third are identiied; C, Micro
phase. In the inal phase, determine and describe differences in hue, value, and chroma between the
regions of natural tooth and selected shades. Local color characteristics and other appearance attributes
or details should be documented and described. The same also applies with Vita classical A1–D4,
arranged according to “Value Scale”; D, Macro phase. Selection of potentially adequate tabs; E, Mini
phase. These tabs are clustered and the best matches by thirds are identiied; F, Micro phase. Determining and describing differences in hue, value, and chroma between the regions of natural tooth and selected
tabs.
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Available Color Education and Training Programs

Name

Type

Publisher

Available at

Color Matching Curriculum (CMC)

Didactic and hands-on CE program

Society for Color and Appearance in
Dentistry (SCAD)

www.scadent.org

Dental Color Matcher (DCM)

Color education and training software

SCAD

www.scadent.org

A Contemporary Guide to Color and
Shade Selection for Prosthodontics

Educational DVD

American College of Prosthodontists

http://dentistry.llu.edu/
continuing-education/

Toothguide Trainer (TT)

Color training software

VITA Zahnfabrik

www.toothguide.com

worth mastering, it will require consistent and intentional practice
of the methods covered in this chapter. he amount of time devoted
to color education and training in dental curriculums has been
lacking in the past.26 While up-to-date content is still lacking
among educational institutions, signiicant advances have been
made and greater resources are currently available for further study
on the topic (Table 7.2).
he Color Matching Curriculum (CMC) is the newest and
most comprehensive color education and training program for
dental professionals and dental students.27 his half-day continuing
education program consists of didactic (color concepts and resources,
color matching conditions, methods, tools, and communication)
and hands-on (visual and instrumental color matching)
portions.

Appendix
The Curiou Cae of a “Bleaching Mihap”

• Fig. 7.29

The clinician glances at a neutral gray card to rest his eyes
in between shade matching trials (lasting 5–7 seconds).

observation angles, and/or observers. he same is true for veriication
using shade matching instruments. he indings before the restoration is fabricated can supplement communication and case documentation. For direct composite resin restorations, the veriication
step can be made with a mockup restoration or by simply applying
(and light-curing) a small increment of the selected composite
material to the area(s) of the tooth corresponding to the selected
shade. he selection can then be ine-tuned accordingly. If this
approach is used, the operator should consider variables such as
viewing angle, proximity, and others that may inluence the results.

Improving Shade Matching Skill
Shade matching is a skill that can be learned and improved upon
with implementation of sound color principles. Like any skill

A 22-year-old woman with “Hollywood White” expectations
presented with a chief complaint of “two dark front crowns”
(Fig. 7.30A). Her dental history reveals gingival recession and
overbleaching of her natural teeth with at-home whitening
products resulting in a mismatch of all-ceramic crowns on the
upper right central incisor and upper left lateral incisor (see Fig.
7.30B). he patient declined treatment for gingival recession
while accepting treatment to replace mismatched crowns. A
ceramic-based shade tab (Vita Linearguide, 0M3) is used with
a black-and-white standard card held on the same plane as the
teeth to be restored. In conjunction with digital photography and
the standard reference card, digital shade mapping with computer
software can be performed for efective laboratory communication (see Fig. 7.30C). he mismatched crowns were removed to
reveal the natural high chromaticity of the dentinal preparations.
he color of the preparations, “stump shade,” is photographed
for further laboratory communication with a reference shade tab
(Vita Linearguide 3D-Master, 2M2) held in a horizontal position
with the most chromatic portion of the tab (cervical) in contact
with the tooth reference (see Fig. 7.30D). All-ceramic crowns were
delivered with improved color matching to bleached natural teeth
(see Fig. 7.30E).
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C
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E
• Fig. 7.30 A patient with “Hollywood White” expectations. The crowns matched natural dentition before
at-home whitening, which appeared “dark” upon whitening. A, Preoperative smile. B, Preoperative smile,
retracted. C, Shade tab 0M3 with black-and-white standardized card. D, Shade tab 2M2 (stump shade)
of prepared teeth. E, Postoperative smile with all ceramic crowns on the upper right central incisor and
upper left lateral incisor.
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Clinical Technique for Direct Composite
Resin and Glass Ionomer Restorations
ANDRÉ V. RITTER, RICARDO WALTER, LEE W. BOUSHELL, SUMITHA N. AHMED

T

he search for an ideal esthetic material for restoring teeth
has resulted in signiicant improvements in resin-based
composite materials.1-4 Although these materials are referred
to as resin-based composites, composite resins, and other terms,
this book refers to most direct esthetic restorations as composites.
Chapter 13 presents information about composite development,
types, classiication, material properties, and so forth. his chapter
presents many of the speciic clinical applications of these materials
in both anterior and posterior teeth (Fig. 8.1). his chapter also
presents the clinical technique for glass ionomer restorations.
he choice of a material to restore caries lesions and other
defects in teeth is not always simple. Tooth-colored materials, such
as composite, are used in almost all types and sizes of restorations.
Such restorations are accomplished with minimal loss of tooth
structure, little or no discomfort, relatively short operating time,
and modest expense to the patient compared with indirect restorations. When a tooth is signiicantly weakened by extensive defects,
however, and esthetics is of primary concern, the best treatment
may involve the use of a ceramic onlay or crown.
he lifespan of a direct esthetic restoration depends on many
factors, including the nature and extent of the initial caries lesion
or defect; the treatment procedure; the restorative material and
technique used; operator skill; and patient factors such as oral
hygiene, occlusion, caries risk, and adverse habits.5-9 Because all
direct esthetic restorations are bonded to tooth structure, the
efectiveness of generating the bond is paramount for the success
and longevity of such restorations. Failures can result from numerous
causes, including trauma, improper tooth preparation, inferior
materials, poor material selection, and patient-related risk factors.
Composites can be used in almost any tooth surface. Naturally,
factors must be considered for each speciic application. he reasons
for such expanded usage of these materials relate to improvements
in their ability to bond to tooth structure (enamel and dentin) and
in their physical and mechanical properties. he ability to bond a
relatively strong material to tooth structure results in a restored
tooth that is well sealed and regains a portion of its strength.10,11

General Conideration for
Compoite Retoration
his section summarizes general considerations about all composite
restorations. A successful composite restoration requires careful

attention to technique detail, so as to gain the maximum beneit
of the material’s properties. In selecting a direct restorative material,
clinicians usually choose between composite and amalgam. Consequently, some of the following information provides comparative
analyses between those two materials.

Indication and Contraindication
he indications for direct composites are:
1. Class I, II, III, IV, V, and VI restorations
2. Foundations and core buildups
3. Sealants and preventive resin restorations (conservative composite
restorations)
4. Esthetic enhancement procedures:
Partial veneers
Full veneers
Tooth contour modiications
Diastema closures
5. Temporary or provisional restorations
6. Periodontal splinting
7. Luting of indirect esthetic restorations (when used in lowable
form, or when heated to increase low)
he primary contraindications for use of direct composites relate
to:
1. Inability to obtain adequate isolation
2. Occlusal considerations related to wear and fracture of the
composite material
3. Extension of the restoration on root surface
4. Operator factors
If the operating site cannot be isolated from contamination by
oral luids, composite (or any other bonded material) should not
be used. If all of the occlusion is on the restorative material,
composite may not be the choice for use particularly in patients
with heavy occlusal function; however, the need to strengthen
remaining weakened unprepared tooth structure with an economical composite restoration procedure (compared with an
indirect restoration) and the commitment to recall the patient
routinely and in a timely manner may override any concern
about excessive wear potential. Any restoration that extends
onto the root surface may result in less than ideal marginal
integrity. Lastly, the operator must be committed to pursuing
procedures, such as tooth isolation, that make bonded restorations successful. hese additional procedures may make successful
219
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A

B

C

D
• Fig. 8.1 Composite restorations. A and B, Class II composite restoration, before and after. C and D,
Class IV composite restoration, before and after.

bonded restorations more difficult and time consuming to
achieve.

Advantage and Diadvantage
he following are advantages of composite restorations:
1. Esthetics
2. Conservative tooth preparation (less extension, minimum
depth not necessary, mechanical retention usually not
necessary)
3. Low thermal conductivity
4. Universal use
5. Adhesion to the tooth
6. Repairability
he primary disadvantages of composite restorations relate to their
dependence on adequate adhesion and polymerization protocols
and procedural diiculties. Composite restorations:
1. May have poor marginal and internal cavity adaptation, usually
occurring on root surfaces as a result of polymerization shrinkage
stresses or improper insertion of the composite
2. May exhibit marginal deterioration over time in areas where
no marginal enamel is available for bonding
3. Are more diicult and time consuming to place, and more
costly (compared with amalgam restorations) because bonding
usually requires multiple steps; insertion is more diicult;
establishing proximal contacts, axial contours, embrasures, and
occlusal contacts may be more diicult; and inishing and
polishing procedures are more diicult

4. Are more technique sensitive because the operating site must
be appropriately isolated, incremental placement technique must
be used for most materials, and proper adhesive technique is
absolutely mandatory
5. May exhibit greater occlusal wear in areas of high occlusal stress
or when all of the tooth’s occlusal contacts are on the composite
material

Clinical Technique for
Pit-and-Fiure Sealant
Pits and issures typically result from an incomplete coalescence
of enamel and are particularly prone to caries. hese areas can be
sealed with a low-viscosity luid resin after acid etching. Long-term
clinical studies indicate that pit-and-issure sealants provide a safe
and efective method of preventing caries.12-14 In children, sealants
are most efective when applied to the pits and issures of permanent
posterior teeth immediately on eruption of the clinical crowns,
provided proper isolation can be achieved. Adults also can beneit
from the use of sealants if the individual experiences an increase
in caries susceptibility because of a change in diet, lack of adequate
saliva, or a particular medical condition.
Sealants are indicated, regardless of the patient’s age, for either
preventive or therapeutic uses, depending on the patient’s caries
risk, tooth morphology, or presence of incipient enamel caries. In
assessing the occlusal surfaces of posterior teeth as potential candidates for a sealant procedure, the primary decision is based on
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whether a cavitated lesion exists. his decision is based primarily
on radiographic and clinical examinations, although other adjunctive
technologies for occlusal caries detection are available. Explorers
must be used judiciously in the detection of caries, as a sharp
explorer tine may cause a cavitation. he clinical examination
should be primarily focused on visual assessments of a clean, dry
tooth surface preferably under adequate light and magniication.
he patient’s caries risk also should be a factor when considering
treatment options. See Chapter 2 for a discussion of emerging
technologies for occlusal caries detection and monitoring.
When no cavitated caries lesion is diagnosed, the treatment
decision is either to pursue no treatment or to place a pit-and-issure
sealant, particularly if the surface is at high risk for future caries.
If a small caries lesion is detected, and the adjacent grooves and
pits, although sound at the present time, are at risk for caries in
the future, a preventive resin restoration or conservative composite
restoration of the active cavitated lesion and placement of a sealant
to include any radiating noncarious issure or pits is recommended.
Although studies show that sealants can be applied over small,
cavitated lesions, with no subsequent progression of the caries
lesion, sealants should be used primarily for the prevention of
caries rather than for the treatment of existing caries lesions.15,16
A bitewing radiograph should be obtained and evaluated before

A
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sealant placement to ensure that no dentinal or proximal caries
lesion is evident. Only caries-free pits and issures or incipient
lesions in enamel not extending to the dentinoenamel junction
(DEJ) currently are recommended for treatment with pit-and-issure
sealants.17
Because materials and techniques vary, it is important to follow
the manufacturer’s instructions for the sealant material being used.
A standard method for applying sealants to posterior teeth is
presented here. Each quadrant is treated separately and one or
more teeth may be sealed, as indicated. he following presentation
relates to an occlusal surface of a mandibular irst permanent molar
(Fig. 8.2A). he tooth is isolated with a rubber dam (or another
efective isolation method such as cotton rolls or Isolite). If proper
isolation cannot be obtained, the bond of the sealant material to
the tooth surface will be compromised, resulting in either loss of
the sealant or caries under the inadequately bonded sealant. he
area is cleaned with a slurry of pumice on a bristle brush and the
tooth is rinsed thoroughly, while the explorer tip is used carefully
to remove residual pumice or additional debris. he tooth surface
is dried, and etched with 35% to 40% phosphoric acid for 15 to
30 seconds. Airborne particle abrasion techniques have been
advocated for preparing pits and grooves before sealant placement,
but their efectiveness has not been fully investigated.18

B

C
• Fig. 8.2 Steps in application of pit-and-issure sealant. A, After isolation and thorough cleaning of the
occlusal surface to be sealed. B, After acid etching, rinsing, and drying. C, With sealant applied.

222

C HA P T E R 8

Clinical Technique for Direct Compoite Rein and Gla Ionomer Retoration

Properly acid-etched enamel surface has a lightly frosted (matte)
appearance (see Fig. 8.2B). Any brown stains that originally may
have been in the pits and issures still may be present and should
be allowed to remain. he sealant material is then applied and
gently teased into place, to avoid entrapping air, and it should
overill slightly all pits and issures, not extending onto unetched
surfaces (see Fig. 8.2C). If too much sealant is applied, excess may
be removed with a dry microbrush prior to light curing. After
light curing and removal of the rubber dam, if used, the occlusion
is evaluated by using articulating paper. If necessary, a round carbide
inishing bur or white stone is used to remove any excess sealant.
he surface usually does not require further polishing.

Clinical Technique for Preventive Rein and
Conervative Compoite Retoration
When restoring minimally carious pits and issures on a previously
unrestored tooth, an ultraconservative preparation design is recommended. his design allows for restoration of the caries lesion or
defect with minimal removal of the tooth structure and often may
be combined with the use of lowable composite or sealant to seal
radiating noncarious issures or pits that are at high risk for subsequent caries activity (Fig. 8.3). Originally referred to as a preventive
resin restoration,19-21 this type of ultraconservative restoration is

now termed conservative composite restoration at the University of
North Carolina.
An accurate diagnosis is essential before restoring the occlusal
surface of a posterior tooth. he crucial factor in this clinical
assessment is whether the suspicious pit or issure has active caries
that requires restorative intervention. Usually, a conservative
composite restoration is the treatment of choice for the primary
occlusal caries lesion as the tooth preparation can be minimally
invasive.
If a deinitive diagnosis of caries cannot be made for the entire
occlusal surface, a conservative preparation of the suspicious area
is performed with a small bur or diamond to determine the extent
of the suspected fault without extending onto noncompromised
issures (Fig. 8.4). his approach is particularly indicated in patients
with high caries activity and/or risk. As the tooth preparation is
deepened, an assessment is made in the suspicious areas to determine
whether to continue the preparation toward the DEJ (see Fig.
8.4C). If the suspicious fault is removed or found to be sound at
a shallow preparation depth (minimal dentin caries), the conservative
preparation and adjacent pits and issures are etched with 35% to
40% phosphoric acid for 15 to 30 seconds, rinsed thoroughly,
and lightly dried. he etched surfaces then are treated with an
adhesive and restored with a lowable composite, which is placed
and light cured according to manufacturer’s instructions. he
adjacent etched pits and issures, if judged to be at risk, can be

B

A

C
• Fig. 8.3 Conservative composite restoration. A, Occlusal view of the maxillary irst and second molars.
The irst molar has caries on the distal occlusal pit and the second molar has suspicious pit on the distoocclusal aspect. B, Caries was excavated from the irst molar, and the second molar was minimally
prepared. C, The irst molar was restored with composite and the second molar received a conservative
composite restoration with lowable composite.
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• Fig. 8.4 Class I direct composite restoration and conservative composite restoration. A, Mandibular
second molar with suspicious occlusal pits; mandibular irst molar with questionable sealant. B, After
rubber dam isolation. C, Initial exploratory preparation reveals caries extending toward the dentinoenamel
junction (DEJ). D, Conservative preparation on the second molar; the irst molar was minimally prepared.
E, Complete Class I direct composite restoration on the second molar; the irst molar received a conservative composite restoration with lowable composite. F, Final restorations after the rubber dam was
removed and the occlusion was checked.

sealed using a pit-and-issure sealant or the same lowable composite
following the technique described previously.
If the suspicious area is found to be carious, the preparation
depth is extended until all of the soft carious dentin is removed
(see Chapter 2 for a description of dentin caries zones), the prepared
area is then restored with composite as described later in this
chapter (Class I direct composite restoration), and unprepared pits
and issures are sealed. In the example presented in Fig. 8.4, the
preparation was restored with composite.

Clinical Technique for Cla I Direct
Compoite Retoration
Initial Clinical Procedure
A complete examination, diagnosis (including caries risk assessment),
treatment plan, and informed consent should be inalized and
obtained before the patient is scheduled for operative appointments
(emergencies excepted). A brief review of the patient’s record
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(including medical factors), treatment plan, radiographs, and current
caries risk should precede each restorative procedure.

Local Anesthesia
Local anesthesia is required for many operative procedures. Profound
anesthesia contributes to a more comfortable and uninterrupted
procedure and may result in reduction in salivation. hese efects
of local anesthesia contribute to better operative dentistry, especially
when placing bonded restorations.
Preparation of the Operating Site
Prior to beginning any composite restoration, it may be necessary
to clean the operating site with a slurry of pumice to remove
plaque biofilm and superficial stains. Calculus removal with
appropriate instruments also may be needed, although it would
be preferable to see the patient after a thorough hygiene visit has
been completed in this case. Prophy pastes containing lavoring
agents, glycerin, or luorides act as contaminants and must not be
used as they will compromise the adhesive procedure.
Shade Selection
Although not as important for posterior when compared to anterior,
more visible restorations, proper shade selection should be accomplished for all direct composite restorations. he shade of the tooth
should be determined before teeth are subjected to any prolonged
drying. Dehydrated teeth become lighter in shade as a result of a
decrease in translucency secondary to water loss from the naturally
porous tooth structure. A more comprehensive review of factors
afecting shade selection is presented in Chapter 7, while esthetic
considerations of tooth restoration are presented in Chapter 9.
Isolation of the Operating Site
Isolation for tooth-colored restorations is critical and can be
accomplished with a rubber dam, an isolation device (e.g., Isolite),
or cotton rolls/dry angles. Regardless of the method, isolation of
the area is imperative if a successful bond is to be obtained.
Contamination of etched enamel or dentin by saliva results in a
significantly decreased bond; likewise, contamination of the
composite material during insertion results in degradation of physical
and mechanical properties.
Other Preoperative Considerations
When restoring posterior occlusal surfaces, a preoperative assessment
of the occlusion should be made. his assessment should identify
not only the occlusal contacts of the tooth or teeth to be restored
but also the occlusal contacts on adjacent teeth. Knowing the
preoperative location of occlusal contacts is important in planning
the restoration outline form (so as to prevent an area of occlusal
contact directly at a cavosurface/restoration interface) and establishing the proper occlusal contact on the restoration. Remembering
where the contacts are located on adjacent teeth provides guidance
in knowing when the restoration contacts are correctly adjusted.

Small to moderate Class I direct composite restorations may use
minimally invasive tooth preparations and do not require typical
resistance and retention form features. Instead, these conservative
preparations typically result in more lared cavosurface forms without
uniform or lat pulpal or axial walls. he initial pulpal depth is
determined only by the selective removal of carious tooth structure,
and there is no minimal thickness of restorative material requirement
to limit bulk fracture.
hese conservative preparations are prepared with a small round
or elongated pear-shaped diamond or bur with round features, in
an attempt to be as conservative as possible in the removal of the
tooth structure. he size and shape of the instrument generally
are dictated by the size of the lesion or other defect or by the type
of defective restoration being replaced. If a round instrument is
used, the resulting cavosurface margin angle may be more lared
(obtuse) than if an elongated pear-shaped instrument is used (Fig.
8.5). Both carbide and diamond instruments can be used efectively.
Although diamond instruments have been shown to create a thicker
smear layer, thus raising concerns about the ability of self-etch
adhesive systems to adequately reach and etch the underlying tooth
structure, clinical trials have revealed excellent performance of
mild self-etch adhesive systems suggesting this may not be a clinically
relevant concern.22-25
Moderate to large Class I direct composite restorations, especially
when used for larger caries lesions or to replace amalgam restorations,
will typically feature lat walls that are perpendicular to occlusal
forces, as well as strong tooth and restoration marginal conigurations. All of these features help resist potential fracture in less
conservative tooth preparations. However, the preparation should
never be excessively extended beyond removal of faulty structures
to justify resistance and retention forms, as this will further weaken
the tooth structure and can ultimately lead to failure of the toothrestoration unit. If the occlusal portion of the restoration is expected
to be extensive, elongated pear-shaped cutting instruments with
round features are preferred because they result in strong, 90-degree
cavosurface margins without creating sharp internal line angles.
However, this boxlike preparation form may increase the negative
efects of the cavity coniguration factor, or C-factor (see discussion
in the next section). he objective of the tooth preparation is to
remove all of the carious tissues or fault as conservatively as possible.
Because the composite is bonded to the tooth structure, other less
involved or at-risk areas can be sealed as part of the conservative

Tooth Preparation
As a general rule, the tooth preparation for direct posterior
composites involves (1) creating access to the faulty structure, (2)
removal of faulty structures (caries lesion, defective restoration,
and base material, if present), and (3) creating convenience form
for the restoration. When placing most posterior composites, it is
not necessary to incorporate mechanical retention features in the
tooth preparation.

A

B

• Fig. 8.5 Faciolingual cross section of small Class I tooth preparation
using round diamond.
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preparation techniques. Sealants may be combined with the Class
I composite restoration, as described previously.
In moderate to large composite restorations, the tooth is entered
in the area most afected by the caries lesion, with the elongated
pear-shaped diamond or bur positioned parallel to the long axis
of the tooth crown. When it is anticipated that the entire mesiodistal
length of a central groove will be prepared, it is easier to enter the
distal portion irst and then transverse mesially to permit better
operator visibility during the preparation. he pulpal loor is
prepared to an initial depth that is approximately 0.2 mm internal
to the carious DEJ (Fig. 8.6). Ideally the instrument is moved
mesially, along the central groove in a controlled manner, to follow
the rise and fall of the DEJ. he preparation is then carefully
extended facially, lingually, mesially, and distally as indicated at
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the depth of the carious DEJ until a caries-free DEJ is identiied
around the whole periphery of the preparation. However, a lat
pulpal loor with an initial preparation depth of 1.5 to 2 mm may
also be acceptable (see Fig. 8.6B). Mesial, distal, facial, and lingual
extensions are dictated by the caries lesion, old restorative material,
or defect, always using the DEJ as a reference for both extensions
and pulpal depth. Unnecessary extension into cuspal and marginal
ridge areas should be avoided as much as possible as this compromises the strength of the tooth. Although the inal bonded composite
restoration may help restore some of the strength of weakened,
unprepared tooth structure, the outline form should be as conservative as possible. Extensions into marginal ridges should result in
at least 1.5 mm of remaining tooth structure (measured from the
internal extension to the proximal height of contour) for premolars
and approximately 2 mm for molars (Fig. 8.7). hese limited
extensions help preserve the dentinal support of the marginal ridge
enamel and cusp tips and thus the overall ability of the tooth to
resist occlusal forces.
As the instrument is moved along the central groove, the resulting
pulpal loor is usually moderately lat and follows the rise and fall
of the DEJ (Fig. 8.8A). If extension is required toward the cusp
tips, the same depth that is approximately 0.2 mm inside the DEJ

2 mm

1.5 mm

1.5 mm

A

B

• Fig. 8.7 Mesiodistal extension. Preserve dentin support of marginal
ridge enamel. A, Molar. B, Premolar.
A

1.5 mm

B

1.752 mm

C

• Fig. 8.6 A, Entry cut. Diamond or bur held parallel to the long axis of
the crown. Initial pulpal depth is 1.5 mm from the central groove. When
the central groove is removed, facial and lingual wall measurements
usually are greater than 1.5 mm. (The steeper the wall, the greater is the
height.) B, 1.5-mm depth from the central groove. C, Approximately 1.75to 2-mm facial or lingual wall heights.

A

B

• Fig. 8.8 A, After initial entry cut at correct initial depth (1.5 mm), caries
remains facially and lingually. B, Orientation of diamond or bur must be
tilted as the instrument is extended facially or lingually to maintain a
1.5-mm depth.
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A

B

C

• Fig. 8.9 Groove extension. A, Cross section through the faciolingual groove area. B, Extension through
cusp ridge at 1.5-mm initial pulpal depth; the facial wall depth is 0.2 mm inside the dentinoenamel junction (DEJ). C, Facial view.

is maintained, usually resulting in the pulpal loor rising occlusally
(see Fig. 8.8B). he same uniform depth concept also is appropriate
when extending a facial or lingual groove radiating from the occlusal
surface. When a groove extension is through the cusp ridge, the
instrument prepares the facial (or lingual) portion of the faulty
groove at an axial depth of 0.2 mm inside the DEJ and gingivally
to include all caries and other defects (Fig. 8.9).
After extending the outline form to sound tooth structure, if
any caries or old restorative material remains on the pulpal loor,
it should be removed with the appropriately sized round bur or
hand instrument. he occlusal margin is left as prepared. No attempt
is made to bevel the occlusal margin because it may result in
enlarging the occlusal isthmus of the preparation. Because of the
occlusal surface enamel rod direction, the ends of the enamel rods
already are exposed by the preparation, which further reduces the
need for occlusal bevels.
Although large, extensive posterior composite restorations may
have some potential disadvantages when used routinely, “real world”
dentistry sometimes necessitates esthetic treatment alternatives
that may provide a needed service to the patient. Often, patients
simply cannot aford a more expensive esthetic restoration, or they
may have dental or medical conditions that preclude their placement.
In such instances, large posterior composite restorations sometimes
may be used as a reasonable alternative when more deinitive indirect
options are not possible or realistic.

Retorative Technique
Placement of the Adhesive
See Chapter 5 for a more extensive discussion on adhesives. he
dental adhesive is applied to the entire preparation with a microbrush, in accordance with the manufacturer’s instructions. After
application, the adhesive is polymerized with a light-curing unit,
as recommended by the manufacturer.
When the inal tooth preparation is judged to be near the pulp
in vital teeth, the operator may elect to use a base material prior
to placing the adhesive and the composite. If the remaining dentin
thickness (RDT) is clinically judged to be between 0.5 and 1.5 mm,
a resin-modiied glass ionomer (RMGI) base is used; if the RDT
is judged to be less than 0.5 mm, a calcium hydroxide liner should
be applied to the deepest aspect of the preparation, then protected
with an RMGI base prior to adhesive placement.26 In cases of
mechanical pulp exposure, calcium hydroxide or, increasingly,

mineral trioxide aggregate (MTA) can be used as a direct pulpcapping material.26-28 If used, the calcium hydroxide or MTA liners
should always be covered with a RMGI base, sealing the area and
preventing the etchant (applied later) from dissolving the liner.26,29

Insertion and Light Curing of the Composite
A matrix is usually not necessary for Class I direct composite restorations, even when facial and lingual surface grooves are included.
Composite insertion hand instruments or a compule may be used
to place the composite material incrementally (Fig. 8.10). It is
important to place (and light cure) the composite incrementally
to ensure maximum polymerization and possibly to reduce the
negative efects of polymerization shrinkage. Large increments or
attempts at illing a preparation in bulk may compromise polymerization of the restoration secondary to inadequate depth of cure.
As mentioned, the term “C-factor” has been used to describe
the ratio of bonded to unbonded surfaces in a tooth preparation
and restoration. A typical Class I tooth preparation will have a
high C-factor of 5/1 (i.e., ive bonded surfaces—pulpal, facial,
lingual, mesial, and distal—versus one unbonded surface—occlusal).
he higher the C-factor of a tooth preparation, the higher the
potential for composite polymerization shrinkage stress, as the
composite shrinkage deformation is restricted by the bonded
surfaces. he interface most likely to be adversely afected by high
C-factor stresses is at the pulpal wall as the anatomy of dentin in
this area makes establishment of a durable interface more diicult.
Incremental insertion and light curing of the composite may reduce
the negative C-factor efects for Class I composite restorations.30-33
he use of an RMGI liner or a lowable composite liner were
thought to reduce the efects of polymerization shrinkage stress
because of their favorable elastic modulus (a more elastic material
would more efectively absorb polymerization stresses),34,35 but
those claims are not supported by current clinical evidence.36 When
composite is placed over an RMGI material, this technique is
often referred to as a “sandwich” technique. he potential advantages
of this technique are (1) the RMGI material bonds to the dentin
without the need for a dental adhesive37; (2) the RMGI material,
because of its bond to dentin and potential for luoride release
(potential anticariogenicity), may provide a better seal when used
in cases where the preparation extends gingivally onto root structure38; and (3) the favorable elastic modulus of the RMGI may
reduce the efects of polymerization shrinkage stresses. hese
suggested advantages are considered controversial, as no conclusive
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• Fig. 8.10 Class I composite incremental insertion. A, Tooth preparation for Class I direct composite
restoration. B, After a resin-modiied glass ionomer base is placed, the irst composite increment is
inserted and light cured. C–F, Composite is inserted and light cured incrementally, using cusp inclines as
anatomic references to sculpt the composite before light curing. G, Completed restorations. H, At 5-year
follow-up.
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B

C

D
• Fig. 8.11

Composite restorations. A and B, Class I composite, before and after. C and D, Class II
composite, before and after.

published research based on longitudinal clinical trials evaluating
the technique is available.
Regardless of the efect of incremental placement on shrinkage
stress, posterior composites should be placed incrementally to
facilitate proper light curing and development of correct anatomy.
Especially in Class I direct composite restorations, the anatomic
references of the occlusal unprepared tooth structure should guide
the placement and shaping of the composite increments (Fig.
8.11; see Figs. 8.10G and 8.12I). If needed, very deep portions
of the tooth preparation are restored irst, with increments of
no more than 2 mm in thickness (see Fig. 8.10B). he “enamel
layer” of the restoration, that is, the occlusal increment(s), should
be placed using an anatomic layering technique.39 he operator
places and shapes the composite before it is light cured so that the
composite restores the occlusal anatomy of the tooth. Typically,
the operator places and light cures one increment per cusp at
a time and continues to place subsequent increments until the
preparation is illed and the occlusal anatomy is fully developed
(see Fig. 8.10C–F). he uncured composite can be shaped against
the unprepared cusp inclines as visual guides, which will result in a
very natural anatomic contour. Sculpture of the occlusal elements
of the restoration following the anatomic references of the tooth
respects the tooth’s anatomy and occlusion and minimizes the need
for contouring and inishing after the composite is polymerized.
Furthermore, this technique prevents potential damage to the
enamel adjacent to the restoration margins because it minimizes
the need to use rotary instruments to remove excess composite
extending beyond those margins. Any suitable composite hand
instruments can be used with the anatomic layering technique. Fine

composite spatulas and the tine of an explorer can be used to further
develop or reine the anatomy of uncured composite increments.
Microbrushes also can be used to smooth uncured composite
against the preparation margin, but these should never be saturated
with adhesives. Once the composite is fully cured, if additional
contouring is needed, the restoration can be inished immediately after the last increment is cured using appropriate inishing
instruments.
“Bulk-ill composites” have gained increased interest in recent
years. hese materials are available as lowable base bulk-ill composites
and full-body bulk-ill composites.40 Flowable base bulk-ill composites
require a conventional composite as the occlusal increment and
therefore are used for dentin replacement only, whereas full-body
bulk-ill composites can replace dentin and enamel in a single
increment. heir use can expedite the restorative procedure as
increments of up to 4 mm in thickness are often suggested.41
However, in vitro studies have raised concerns about a possible
compromised internal adaptation and increased wear when these
techniques are used.42,43 Although this technique may present
advantages, namely more expediency during composite placement,
bulk-ill composites should be used with caution due to the lack
of long-term clinical performance information at this time.44 Bulk
illing may also limit the operator’s ability to carve the occlusal
anatomy of the restoration before light curing.

Finishing and Polishing of the Composite
If the composite is carefully placed and shaped before light curing,
as described in the previous section, additional inishing with burs
is substantially minimized. However, in many cases, reined inishing
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may be needed, especially when occlusion adjustments are necessary.
he occlusal surface is shaped with a round or oval carbide inishing
bur or similarly shaped inishing diamond. Polishing is accomplished
with appropriate polishing cups, points, or both after the occlusion
is adjusted as necessary (Fig. 8.12).

Clinical Technique for Cla II Direct
Compoite Retoration
Initial Clinical Procedure
he same general procedures as described previously are necessary
before beginning a Class II composite restoration. Several aspects
of those activities, however, need emphasis. First, an assessment
of the expected tooth preparation extensions (outline form) should
be made and a decision rendered on whether or not an enamel
periphery will exist on the tooth preparation, especially at the
gingival margin. he expected presence of an enamel periphery
strengthens the choice of composite as the restorative material
because bonding to enamel is more predictable than bonding to
dentin, especially along the gingival wall of the proximal preparation.
If the preparation is expected to extend onto the root surface,
potential problems with isolation of the operating area, adequate
adhesion to the root dentin, and adequate composite polymerization
exist. Good technique and proper use of the material may reduce
these potential problems, but deep subgingival extension onto the
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root surface may be a contraindication for using composite resin
as a posterior teeth restorative material.
he preoperative occlusal relationship of the tooth to be restored
must also be assessed. he presence of heavy occlusal contacts may
indicate that wear may be more of a consideration. Also, preoperative
wedging in the gingival embrasure of the proximal surfaces to be
restored should occur. Placing wedges, bitine rings, or both before
tooth preparation begins the separation of teeth, which may be
beneicial in reestablishing the proximal contact with the composite
restoration.

Tooth Preparation
Similar to the tooth preparation for Class I direct composite restorations, the tooth preparation for Class II direct composites involves
(1) creating access to the faulty structure, (2) removal of faulty
structures (the caries lesion, defective restoration, and base material,
if present), and (3) creating the convenience form for the restoration.
Retention, as with Class I restorations, is primarily obtained by
bonding, so it is not necessary to use mechanical retention features
in the tooth preparation for Class II composite restorations.
Obtaining access to the defect may include removal of sound
enamel to access the caries lesion. he extension of the preparation
is therefore ultimately dictated by the extension of the fault or
defect. It is usually not necessary to reduce sound tooth structure
to provide “bulk for strength” or to provide conventional retention
and resistance forms.

A

B

C

D
• Fig. 8.12 Contouring and polishing of Class I composite. A, Mandibular molar with old amalgam
restoration. B, Rubber dam isolation; old restoration is carefully removed to minimize increasing preparation size. C, Final tooth preparation. D, Incremental placement of composite.
Coutinued
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I
• Fig. 8.12, cont’d

E, Incremental placement of composite. F, Rubber dam is removed and occlusion
checked. G, Buccal view, a inishing luted bur is used to selectively adjust the occlusion. H, Polishing
with brush and diamond paste. I, Completed restoration.

Small Class II direct composite restorations are often used for
primary caries lesions, that is, initial restorations. A small round
or elongated pear-shaped diamond or bur with round features may
be used for this preparation to remove the carious tissue or faulty
material from the occlusal and proximal surfaces. To help prevent
damage to the adjacent teeth and promote initial interproximal
separation, wedges with or without stainless steel barriers may be
utilized. he initial separation provided by wooden wedges will
facilitate matrix placement in conservative preparations as well as
result in tighter interproximal contacts. he pulpal and axial depths
are dictated only by the depth of the lesion and are not necessarily
uniform. he proximal extensions likewise are dictated only by
the extent of the lesion but may require the use of another

instrument with straight sides to prepare walls that are 90 degrees
or greater (Fig. 8.13). he objective is to remove the caries lesion
or defect conservatively, as well as any friable tooth structure.
Another conservative design for small Class II composites is the
box-only tooth preparation (Fig. 8.14). his design is indicated
when only the proximal surface is defective, with no lesions on
the occlusal surface. A proximal box is prepared with a small,
elongated pear-shaped or round instrument, held parallel to the
long axis of the tooth crown. he instrument is extended through
the marginal ridge in a gingival direction aiming at the center
of the proximal caries lesion or defect. he axial depth is dictated
by the extent of the caries lesion or fault. he form of the box
depends on which instrument shape is used. he facial, lingual,
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B
• Fig. 8.13

Class II direct composite tooth preparation. A, Preoperative visualization of faciolingual
proximal box extensions. Arrows indicate desired extensions. B, Round or oval, small elongated pearl
instrument used. C and D, Facial, lingual, and gingival margins may need undermined cavosurface enamel
(indicated by dotted lines) removed with straight-sided thin and lat-tipped rotary instrument or hand
instrument.

DEJ

• Fig. 8.14

Box-only Class II composite preparation.

and gingival extensions are dictated by the extension of the caries
lesion or defect. No beveling or secondary retention is indicated.
A third conservative design for restoring proximal lesions on
posterior teeth is the facial or lingual slot preparation (Fig. 8.15).
Here, a lesion is detected on the proximal surface, but the operator
believes that access to the lesion can be obtained from either a
facial direction or a lingual direction, rather than through the
marginal ridge in a gingival direction. Usually, a small round
diamond or bur is used to gain access to the lesion. he instrument
is oriented at the correct occlusogingival position, and the entry
is made with the instrument as close to the adjacent tooth as
possible, preserving as much of the facial or lingual surface as
possible. he preparation is extended occlusally, facially, and
gingivally enough to remove the lesion. he axial depth is determined
by the extent of the lesion. he occlusal, facial, and gingival
cavosurface margins are 90 degrees or greater. Care should be taken
not to undermine the marginal ridge during the preparation. If
the defect extends occlusally to the point of undermining the
marginal ridge, a more conventional Class II preparation, with an
occlusal access component, should be used.
he tooth preparation for moderate to large Class II direct composite
restorations has features that resemble a more traditional Class II
amalgam tooth preparation and may include an occlusal step and
a proximal box depending on the location, extension, and depth
of the caries lesion.
he occlusal portion of the Class II preparation is prepared
similarly as described for the Class I preparation. he primary

diferences are related to technique of incorporating the faulty
proximal surface. Preoperatively, the proposed facial and lingual
proximal extensions should be visualized (see Fig. 8.13A). Initial
occlusal extension toward the involved proximal surface should
go through the marginal ridge area at initial pulpal loor depth,
exposing the DEJ. he DEJ serves as a guide for preparing the
proximal box portion of the preparation.
A No. 330 or No. 245 shaped diamond or bur is used to enter
the pit next to the carious proximal surface. he instrument is
positioned parallel with the long axis of the tooth crown. If only
one proximal surface is being restored, the opposite marginal ridge
dentinal support should be maintained (Fig. 8.16).
he pulpal loor is initially prepared with the instrument to a
depth that is approximately 0.2 mm inside the DEJ. he instrument
is moved to include the caries lesion and all defects facially or
lingually, or both, as it transverses the central groove. Every efort
should be made, however, to keep the faciolingual width of the
preparation as narrow as possible. he initial depth is maintained
during the mesiodistal movement, but follows the rise and fall of
the underlying DEJ. he pulpal loor is relatively lat in a faciolingual
plane but may rise and fall slightly in a mesiodistal plane (Fig.
8.17). If more of the caries lesion remains in dentin, it is removed
after the preparation outline, including the proximal box extensions,
has been established.
Because the facial and lingual proximal extensions of the faulty
proximal surface were visualized preoperatively, the occlusal extension toward that proximal surface begins to widen facially and
lingually to begin to outline those extensions as conservatively as
possible. Care is taken to preserve cuspal areas as much as possible
during these extensions. At the same time, the instrument extends
through the marginal ridge to within 0.5 mm of the outer contour
of the marginal ridge. his extension exposes the proximal DEJ
and protects the adjacent tooth (see Fig. 8.17). At this time, the
occlusal portion of the preparation is complete except for possible
additional pulpal loor caries lesion excavation. he occlusal walls
generally converge occlusally because of the inverted shape of the
instrument.
Typically, caries develops on a proximal surface immediately
gingival to the proximal contact. he extent of the caries lesion
and amount of old restorative material dictate the facial, lingual,
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Caries

A

B

C

• Fig. 8.15 Facial or lingual slot preparation. A, Cervical caries on the proximal surface. B, The round
diamond or bur enters the tooth from the accessible embrasure, oriented to the occlusogingival middle
of the lesion. C, Slot preparation.

Preserve
marginal
ridge

Caries

Preparation
outline

• Fig. 8.16 When only one proximal surface is affected, the opposite
marginal ridge should be maintained.

Caries
DEJ

A
• Fig. 8.17

B

Occlusal extension into faulty proximal surface. A and B,
Extension exposes the dentinoenamel junction (DEJ) but does not hit the
adjacent tooth. Facial and lingual extensions as preoperatively visualized
(see Fig. 10.9 for initial pulpal loor depth).

and gingival extensions of the proximal box of the preparation.
Although it is not required to extend the proximal box beyond
contact with the adjacent tooth (i.e., provide clearance with the
adjacent tooth), it may simplify the preparation, matrix placement,
and contouring procedures. If all of the defect can be removed
without extending the proximal preparation beyond the contact,
however, the restoration of the proximal contact with the composite
is simpliied (Fig. 8.18D).
Before the instrument is extended through the marginal ridge,
the proximal ditch cut is initiated. he operator holds the instrument
over the DEJ with the tip of the instrument positioned to create
a gingivally directed cut that is 0.2 mm inside the DEJ (see Fig.
8.18B–D). For a No. 245 instrument with a tip diameter of 0.8 mm,
this would require one fourth of the instrument’s tip positioned
over the dentin side of the DEJ (the other three fourths of the tip
over the enamel side). he instrument is extended facially, lingually,
and gingivally to include all of the caries lesion or old material,
or both. he faciolingual cutting motion follows the DEJ and
therefore is usually in a slightly convex arc outward (see Fig. 8.18C).
During this entire cutting, the instrument is held parallel to the
long axis of the tooth crown. he facial and lingual margins are
extended as necessary and should result in at least a 90-degree
margin (indicating enamel that is supported by dentin), more
obtuse being acceptable as well. If the preparation is conservative,
then a smaller, thinner instrument is used to complete the faciolingual wall formation, avoiding the creation of iatrogenic damage
to the adjacent tooth (Fig. 8.19). Alternatively, a sharp hand
instrument such as a chisel, hatchet, or a gingival margin trimmer
can be used to inish the enamel wall. At this point, the remaining
proximal enamel that was initially maintained to prevent damage
to the adjacent tooth has been removed. he gingival loor is
prepared lat with an approximately 90-degree cavosurface margin.
Gingival extension should be as minimal as possible, to preserve
marginal enamel. he axial wall should be 0.2 mm inside the DEJ
and have a slight outward convexity. For large caries lesions,
additional axial wall caries excavation may be necessary later
(Fig. 8.20).
If no caries lesion in the dentin or other defect remains, the
preparation is considered complete at this time (Fig. 8.21). However,
if carious dentin or faulty restorative material/base remain on the
axial and pulpal aspects of the preparation, which is typically the
case for moderate to large Class II restorations, these areas should
be selectively excavated to irm dentin. Often the initial preparation
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• Fig. 8.20 Proximal extension. The enamel margin on the gingival loor
is critical for bonding, so it should be preserved, if not compromised. Any
remaining soft dentin on the axial wall (or the pulpal loor) is excavated as
part of the inal tooth preparation (as indicated by dotted lines).

B

Margin left
in contact

C

D

• Fig. 8.18 A, The proximal wall may be left in contact with the adjacent
tooth. B, Proximal ditch cut. The instrument is positioned such that a
gingivally directed cut creates the axial wall 0.2 mm inside the dentinoenamel junction (DEJ). C, Faciolingual direction of axial wall preparation
follows the DEJ. D, Axial wall 0.2 mm inside the DEJ.

A

B

• Fig. 8.21 Final Class II composite tooth preparation. A, Occlusal view.
B, Proximal view.

A

B

• Fig. 8.19

Using a smaller instrument to prepare the cavosurface
margin areas of facial and lingual proximal walls. A, Facial and lingual
proximal margins undermined. B, Using a smaller instrument.

outline will have to be enlarged to allow access at this stage of the
preparation. Once selective removal of any remaining carious tissue
or removal of faulty existing restorative/base materials is accomplished, consideration should be given for pulp protection as
described previously in the Class I restorative technique section
of this chapter. When treating a tooth with very extensive and
deep caries on a vital, asymptomatic tooth, care should be exercised
to avoid a pulp exposure, which would considerably compromise
the prognosis for the tooth. See Chapter 2 for considerations on
selective removal of carious dentin.
Because the composite is retained in the preparation by adhesion,
no secondary preparation retention features are necessary. No bevels
are placed on the occlusal cavosurface margins because these walls
already have exposed enamel rod ends. Beveled composite margins

also may be more diicult to inish. Bevels are rarely used on any
of the proximal box walls because of the diiculty in restoring
these areas, particularly when using inherently viscous composites.
Bevels also are not recommended along the gingival margins of
the proximal box; however, it is still necessary to remove brittle
unsupported enamel rods along the margins because of the gingival
orientation of the enamel rods. For most Class II preparations,
this margin already is approaching the cementoenamel junction
(CEJ), and the enamel is thin. Care is taken to maintain any
enamel in this area to achieve a preparation with all-enamel margins.
If the preparation extends onto the root surface, more attention
must be focused on keeping the area isolated during the bonding
technique, but no diferences in tooth preparation are required.
Usually, the only remaining inal tooth preparation procedure that
might be necessary is additional removal of the caries lesion associated with the dentin on either the pulpal loor or the axial wall.
If necessary, a round bur or appropriate spoon excavator is used
for selective removal of any remaining carious tissue.

Retorative Technique
Matrix Application
One of the most important steps in restoring Class II preparations
with direct composites is proper matrix selection and setup. As
with most restorative procedures involving a proximal surface, a
matrix is necessary to (1) conine the restorative material excess
and (2) assist in the development of the appropriate axial tooth
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contours. In contrast to amalgam, which can be condensed against
the matrix and thereby improve the proximal contact, Class II
composites are almost totally dependent on the contour and position
of the matrix for establishing appropriate proximal contacts. Early
wedging and retightening of the wedge during tooth preparation
aid in achieving suicient separation of teeth to compensate for
the thickness of the matrix material. Before placing the composite
material, the matrix material must be in absolute contact with
(i.e., touching) the adjacent contact area.
Generally, the matrix is applied before adhesive placement. An
ultrathin metal matrix band generally is preferred for the restoration
of a Class II composite because it is thinner than a typical metal
band and can be contoured better than a clear polyester matrix.
No signiicant problems are experienced in placing and light curing
composite material when using a metal matrix as long as an
incremental technique is used.
Although a Tolemire-type matrix band can be used for restoring
a two-surface tooth preparation, precontoured sectional metallic
matrices are preferable (Fig. 8.22), because only one thickness of
metal matrix material is encountered instead of two, making contact
generation easier. hese sectional matrices are relatively easy to
use, very thin, and come in diferent sizes so as to accommodate
for varied occlusogingival heights of the proximal box. here are
several systems available, and selection is based on operator

preference. hese systems may use a bitine ring to (1) aid in stabilizing the sectional matrix and (2) provide additional tooth separation
while the composite is inserted. he primary beneit of these systems
is a simpler method for establishing an appropriate composite
proximal contour and contact.45 Use of these systems for restoring
wide faciolingual proximal preparations requires careful application;
otherwise the bitine ring prongs may cause deformation of the
matrix band, resulting in poor restoration contour.
When both proximal surfaces are involved, a Tolemire retainer
with an ultrathin (0.025 mm or 0.001 inch) and burnishable matrix
band is used. he band is contoured, positioned, wedged, and
shaped, as needed, for proper proximal contacts and embrasures.
Before placement, the metal matrix band for posterior composites
should be burnished on a paper pad to impart proper proximal
contour to the band. Alternatively, an ultrathin precontoured metal
matrix band may be used in the Tolemire retainer.
Regardless of the type of matrix system used, the matrix material
should extend at least 1 mm beyond the gingival margin (gingivally)
and the area corresponding to the marginal ridge of the restoration
(occlusally). he matrix should not extend further subgingivally
or occlusally so as not to interfere with the restorative procedure.
If a wedge was used during the tooth preparation procedures, it
is removed so that the matrix band can be installed, and immediately
reinserted. A wedge is needed at the gingival margin to (1) hold

A

B

C

D
• Fig. 8.22 Sectional matrix systems for posterior composites. A, Sectional matrix system in place with
plastic wedge and bitine ring to restore the maxillary premolar with direct composite. B, Sectional matrix
system in place with wooden wedge and bitine ring to restore the mandibular premolar with direct composite. C, Sectional matrix system in place with plastic wedge and bitine ring to restore the maxillary
premolar with direct composite. D, Case presented in C after placement and light curing of the composite,
and matrix removal, before any contouring. Note minimal excess composite as a result of good matrix
adaptation to facial and lingual embrasures.
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the matrix in position, (2) provide slight separation of the teeth,
and (3) prevent a gingival overhang of the composite material. A
wedge must be used to separate teeth suiciently to compensate
for the thickness of the matrix if the completed restoration is to
have appropriate proximal contacts.
Several types of commercial wedges are available in assorted
sizes. An anatomical (triangle-shaped) wedge of compatible size is
indicated for most preparations. he wedge is kept as short as
possible so as not to limit operator access to the preparation during
insertion of the restorative material, and should also not push the
matrix onto the preparation space.
For posterior restorations, the wedge is placed from the larger
to the smaller interproximal gingival embrasure, typically from a
lingual approach, just apical to the gingival margin. he wedge
should engage (stabilize) the matrix band. When a rubber dam is
used, wedge placement may be aided by a small amount of watersoluble lubricant on the tip of the wedge. he rubber dam is irst
stretched gingivally (on the side from which the wedge is inserted),
then released gradually during wedge insertion.

Placement of the Adhesive
he technique for adhesive placement is as described previously
for the Class I direct composite restoration. Care should be exercised
to avoid adhesive pooling along the matrix and preparation margins
gingivally, facially, and lingually.
Insertion and Light Curing of the Composite
he technique for insertion of Class II posterior composites is
illustrated in Fig. 8.23. It is best to restore the proximal box portion
of the preparation irst. Hand instruments or a “composite gun”
may be used to insert the composite material. It is important to
place and light cure the composite incrementally to maximize the
curing potential and to reduce the negative efects of polymerization
shrinkage as discussed earlier in this chapter. Many techniques
have been described for the restoration of the proximal box. Research
comparing diferent insertion and light-curing techniques is not
conclusive and no single technique has been universally accepted.
he number of increments will depend on the size of the proximal
box. At the University of North Carolina, we recommend an oblique
incremental technique: he irst increment(s) should be placed

3

3
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1

• Fig. 8.23

2
1

Oblique incremental technique to restore proximal boxes in
Class II direct composite restorations. The number of increments will
depend on the size of the proximal box. The irst increment(s) (1) should
be placed along the gingival loor and should extend slightly up the facial
wall. This increment should be only approximately 1 to 2 mm thick
because it is the farthest increment from the curing light and the most
critical in establishing a proper gingival seal. A second increment (2) is
then placed against the lingual wall, to restore about two thirds of the box.
The inal increment (3) is then placed to complete the proximal box and
develop the marginal ridge. Subsequent additions, if needed, are made
and light cured (usually not exceeding 2 mm in thickness at a time) until
the proximal box is illed.

235

along the gingival loor and should extend slightly up the facial
(or lingual) wall (see Fig. 8.23). his increment (or increments
for a large box) should be no more than 2 mm thick because it is
the farthest increment from the curing light and the most critical
in establishing a proper gingival seal. A second increment is then
placed against the lingual (or facial) wall to restore about two
thirds of the box. he inal increment is then placed to complete
the proximal box and develop the marginal ridge. Subsequent
additions, if needed, are made and light cured (usually not exceeding
2 mm in thickness at a time) until the proximal box is fully restored
(see Fig. 8.23). Increments should be light cured for as long as
needed, depending on the shade and opacity of the composite
used, the distance of the composite from the light tip, and the
power of the light-curing unit. Regardless of the number of increments needed, when restoring the proximal box, an efort should
be made to develop the anatomy of marginal ridge without excessive
composite, to reduce the amount of rotary instrumentation required
during inishing.
When the proximal box is completed, the occlusal step of the
preparation is restored exactly as it was described for the Class I
direct composite restoration—that is, using an anatomic layering
technique.
he incremental insertion and light-curing technique described
provides enhanced control over the application and polymerization
of individual increments of composite. he incremental technique
also allows for (1) orientation of the polymerization light beam
according to the position of each increment of composite, thus
enhancing the polymerization potential; (2) intrinsic restoration
characterization with darker or pigmented composites; and (3)
sculpture of the restoration occlusal stratum with a more translucent
material simulating the natural enamel. Appropriate proximal
contact intensity can also be better achieved when composite is
applied in increments. he matrix can be held in physical contact
with the adjacent proximal surface while the contact-related increment of composite is light cured. A hand instrument with a large
surface area (e.g., a small football-shaped or round burnisher) is
well suited for that purpose. Once this increment is cured, the
proximal contact is established, and remaining increments can be
inserted and light cured. he matrix is removed and the restoration
is light cured from the facial and lingual directions. he restoration
is inished and polished immediately after the last increment is
cured.
Composite resin placement may be made more diicult by the
stifness and stickiness of some composite materials. Heating the
composite material prior to insertion in the preparation may help
overcome these problems. Commercial “composite warmers” are
available (e.g., Calset, AdDent Inc., Danbury, CT) to preheat the
composite resin to preset temperatures up to 68°C (155°F). he
increased temperature lowers the viscosity of the composite resin,
potentially resulting in better marginal adaptation and reduced
microleakage, although some of these results have been shown to
be composite speciic.46-49 he elevated composite temperatures
have been shown to be safe for clinical use.50,51
When a stifer or “packable” high-viscosity composite is used
for the restoration of the proximal box, a very small increment of
a lowable composite may be irst placed in close proximity to the
external margins of the proximal box so as to improve marginal
adaptation of the restoration.52,53

Finishing and Polishing of the Composite
Finishing can be initiated immediately after the composite material
has been fully light cured (Fig. 8.24). If the occlusal anatomy
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• Fig. 8.24 Contouring and inishing of posterior composite restorations. A, After sectional matrix
removal, excess composite is noted on facial and lingual proximal embrasures. B, Contouring lingual
embrasure with inishing disk. C, Polishing the occlusal surface with inishing brush. D, Completed restoration. E, Note minimal excess composite after removal of sectional matrix because of good matrix adaptation to facial and lingual embrasures and careful incremental insertion of the composite. F–H, Contouring
and polishing with disks and brush.
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was developed as described in the previous sections, the need for
additional contouring is greatly minimized. If inishing is needed,
the occlusal surface is shaped with a round or oval, 12-bladed
carbide inishing bur or inishing diamond. Excess composite is
removed at the proximal margins and embrasures with a lameshaped, 12-bladed carbide inishing bur or inishing diamond and
abrasive discs (see Fig. 8.24B). Any overhangs at the gingival area
are removed with a No. 12 surgical blade mounted in a Bard-Parker
handle with light shaving strokes to remove the excess. Narrow
inishing strips may be used to smooth the gingival proximal
surface. Care must be exercised in maintaining the position of
the inishing strips gingival to the proximal contact area to avoid
inadvertent removal of the composite contact with the adjacent
proximal surface. he rubber dam (or other means of isolation)
is removed, and the occlusion is evaluated for proper contact.
Further adjustments are made, if needed, and the restorations are
polished with appropriate polishing points, cups, brushes, or discs
(see Fig. 8.24C, F–H).

Extenive Cla II Direct Compoite Retoration
and Foundation
Direct composite is not usually indicated for extensive posterior
restorations but may be used as such when economic factors prevent
the patient from selecting a more ideal (and more costly) indirect
restoration, or as a semipermanent restoration in teeth with
questionable prognosis. he 12-year survival rate of large posterior
composite restorations has been shown to be similar to that of
large amalgam restorations, although amalgam performed better
in patients with high caries risk.54 In addition to being used in
selected cases for extensive restorations, composites also may be
considered for use as a foundation for indirect restorations (crowns
and onlays) when the operator determines that insuicient natural
tooth structure remains to provide adequate retention and resistance
form for the crown. he tooth irst is restored with a large restoration
and is then prepared for the indirect restoration.
In addition to the tooth preparation form, the primary retention
form for a very large Class II composite restoration is the micromechanical bonding of the composite to enamel and dentin. When
a full-coverage preparation is anticipated, secondary retention
features must be incorporated, however, because of (1) the decreased
amount of tooth structure available for bonding and (2) the increased
concern for retaining the composite in the tooth. hese features
may include grooves, coves, and slots.
he primary diferences for these very large preparations include
the following: (1) Some or all of the cusps may be reduced and
covered with composite (“capped”), (2) extensions in most directions
are greater than in more conservative preparations, (3) secondary
retention features are used, and (4) additional resistance form
features are used. A cusp must be reduced and covered with
composite if loss of supporting dentin is severe enough to leave
the cusp in a weakened, fracture prone state. Reducing and covering
a cusp with composite usually is indicated when the occlusal outline
form extends more than two thirds the distance from a primary
groove to a cusp tip. An operator sometimes may choose to ignore
this general rule when using a bonded restoration if that weakened
cusp will be covered and reinforced as part of the preparation
design for the subsequent indirect restoration.
If the tooth has had endodontic treatment, the pulp chamber
can be opened and extensions can be made several millimeters
into each treated canal. Because of the increased surface area for
bonding and the mechanical retention from extensions into the
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canals, usually fewer secondary retention features are incorporated
into the remaining tooth preparation.
he elongated pear-shaped diamond or bur is used to prepare
the occlusal step. As already noted, the occlusal outline form is
usually extensive. When moving the instrument from the central
groove area toward a cuspal prominence, the pulpal depth that is
approximately 0.2 mm inside the DEJ should be maintained, if
possible. his creates a pulpal loor, which rises occlusally as it is
extended either facially or lingually (see Fig. 8.8). If a cusp must
be reduced and covered, the side of the rotary instrument can be
used irst to make several depth cuts in the remaining cuspal form
to serve as a guide for cusp reduction. Cusps should be reduced
as early in the tooth preparation procedure as possible, providing
more access and visibility for the preparation. he depth cut is
made with the instrument held parallel to the cuspal incline (from
cusp tip to central groove) and approximately 1.5 to 2 mm deep.
For a large cusp, multiple depth cuts can be made. hen, the
instrument is used to join the depth cuts and extend to the
remainder of the cuspal form (Fig. 8.25). he reduced cusp has a
relatively lat surface that may rise and fall with the normal mesial
and distal inclines of the cusp. It also should provide enough
clearance with the opposing tooth to result in approximately 1.5
to 2 mm of composite material to restore form and function. he
cusp reduction should be blended in with the rest of the occlusal
step portion of the preparation.
he proximal boxes are prepared as described previously. he
primary diference is that they may be much larger, that is, extend
farther in every direction. he extent of the caries lesion may
dictate that a proximal box extend around the line angle of the
tooth to include the caries lesion or faulty facial or lingual tooth
structure. When the outline form has been established (the margins
extended to sound tooth structure), carious tissue at the pulpal
and axial walls is selectively removed and the preparation is assessed
carefully for additional retention form needs.
Retention form can be enhanced by the placement of grooves,
coves, or slots. All such retention form features must be strategically
placed in dentin so as to maintain dentinal support of remaining
enamel while avoiding areas that increase the risk of pulpal involvement. At times, bevels may be placed on available enamel margins
to enhance retention form, even on occlusal areas. Retention form
for foundations must be placed far enough inside the DEJ (at least
1 mm) to remain after the crown preparation is subsequently
accomplished. Otherwise, essential secondary features that are
retaining the foundation may potentially be lost (Fig. 8.26).
Matrix placement is more demanding for these large restorations
because more tooth structure is missing, and more margins may
be subgingival. Proper burnishing of the matrix band to achieve
appropriate axial contours is important, unless immediate full
coverage of the tooth is planned. It also may be necessary to modify
the matrix band to provide more subgingival extension in some
areas and prevent extrusion of the composite at the matrix band–
retainer tooth junction.
Typical adhesive placement techniques are followed. Because
much of the composite bond is to dentin, proper technique is
crucial. Placement of the adhesive is accomplished as previously
described.
When a light-cured composite is used, irst it is placed in 1- to
2-mm increments into the most gingival areas of the proximal
boxes. Each increment is cured, as directed. It may be helpful to
use a hand instrument to hold the matrix against the adjacent
tooth while light curing the composite. his may assist in restoring
the proximal contact.
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• Fig. 8.25

Cusp reduction. A, The initial outline form weakens the mesiolingual cusp enough to necessitate capping. B, Depth cuts made. C, Depth cuts. D, Cusp reduction prepared. E, Vertical wall maintained between reduced and unreduced cusps.

Composite foundation
Crown preparation

Retention
form

• Fig. 8.26

The retention form for foundations must be internal to eventual crown preparation.

Self-cured and dual-cured composite resin materials are frequently
used for large composite foundations because these can be injected
in the preparation in a single increment. However, it is recommended that even when dual-cured composites are used, they be
carefully light cured during and after the inal placement. When
this technique is used, the operator should carefully select the
adhesive system, as some simpliied adhesives have been shown
to be incompatible with some self-cured composite foundation
materials. Acidic monomers in these adhesives scavenge the
activators (tertiary amines) in the self-cure composite.55,56 If
the activator does not function properly, then the composite at
the adhesive interface does not polymerize thoroughly and does

not polymerize with the previously placed adhesive. Some manufacturers have introduced optional chemical catalysts that can be
mixed with the light-cured adhesive to reduce or prevent this
problem.
Contouring the large composite also is more diicult because
of the number of surfaces that may be involved and the amount
of composite present. Anatomically correct contours and contacts
are necessary for restorations, but they are less important for
foundations that will be present only for a short time before the
crown preparation is accomplished and the tooth is stabilized.
Because of the extensiveness of these restorations, a careful assessment of the contours should be made from all angles. When inishing has been completed, the occlusion is adjusted as necessary,
and the restoration is polished. Because these very large restorations
may stretch the limits of composite restorations, the patient should
be on a frequent recall regimen.

Clinical Technique for Cla III Direct
Compoite Retoration
Initial Clinical Procedure
hese are similar to those already described: (1) Anesthesia is usually
necessary for patient comfort and may help decrease salivary low
during the procedure; (2) occlusal assessments should be made to
determine the tooth preparation design and to properly adjust the
restoration’s function; (3) the composite shade must be selected
before the tooth dehydrates and concomitantly lightens; (4) the
area must be isolated to facilitate access and permit efective bonding;
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and (5) if the restoration involves the proximal contact, inserting
a wedge in the area beforehand may assist in the reestablishment
of the proximal contact with composite.

Tooth Preparation
In general, the tooth preparation for a Class III direct composite
restoration involves (1) obtaining access to the defect (caries lesion,
fracture, noncarious defect), (2) removing faulty structures (carious
tissue, defective dentin and enamel, defective restoration, base
material), and (3) creating the convenience form for the restoration
(Fig. 8.27). In most cases, an enamel bevel is used on the facial
cavosurface margin to provide a gradual color transition from the
restoration to the surrounding tooth structure for esthetics. If
unsupported enamel is intentionally left on the facial aspect of
the preparation, a facial cavosurface bevel may not be indicated
as it can unnecessarily extend the facial display of the restoration.
Obtaining access to the defect may include removal of sound
enamel to access the caries lesion. he extension of the preparation
is therefore ultimately dictated by the extension of the fault or
defect. It is usually not necessary to reduce sound tooth structure
to provide either “bulk for strength” or conventional retention
and resistance forms.
Because of the adequate bond of composite to enamel and
dentin, most Class III composite restorations are retained almost
exclusively by bonding, and no additional preparation retention
form is necessary. In the rare cases when additional retention form
is needed, it can be achieved either by increasing the surface area
with a wider enamel bevel or by adding retentive features in the
preparation internal dentin walls.
When a proximal surface of an anterior tooth is to be restored,
and a choice between facial or lingual entry into the tooth is
available, the lingual approach is always preferable unless such an
approach would necessitate excessive removal of the tooth structure,
such as in instances of irregular alignment of teeth or facial positioning of the lesion. he advantages of restoring the proximal lesion
using a lingual approach are:
1. he facial enamel is conserved for enhanced esthetics. (Some
unsupported, but nonfriable, enamel may be left on the facial
wall of the preparation.)
2. Shade matching of the composite is less critical.
3. Discoloration or deterioration of the restoration is less visible.
Indications for a facial approach include:
1. he caries lesion is positioned facially, and facial access would
signiicantly conserve the tooth structure.
2. Teeth are irregularly aligned, and facial access would signiicantly
conserve the tooth structure.
3. An extensive caries lesion extends onto the facial surface.
4. A faulty restoration that originally was placed from the facial
approach needs to be replaced.
When the facial and the lingual surfaces are involved, the
approach that provides the best access for instrumentation should
be used.
he preparation is initiated from a lingual approach (if possible)
by using a round carbide bur or diamond instrument of a size
compatible with the extent of the lesion. he point of entry is
located within the incisogingival dimension of the lesion or defect
and as close to the adjacent tooth as possible without contacting
it (Fig. 8.28A). he initial opening is made by holding the cutting
instrument perpendicular to the enamel surface but at an entry
angle that places the neck portion of the bur or diamond instrument
as far into the embrasure (next to the adjacent tooth) as possible;
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light pressure and intermittent cutting (brush stroke) are used to
gain access into the preparation. Incorrect entry overextends the
lingual outline and unnecessarily weakens the tooth (see Fig. 8.28B
and C).
he same instrument may be used to enlarge the initial access
opening suiciently to permit, in subsequent steps, carious tissue
removal, completion of the preparation, and insertion of the
restorative material (see Fig. 8.28D). No efort is made to prepare
the walls that are perpendicular to the enamel surface; for small
preparations, the walls may diverge externally from the axial depth
resulting in a beveled marginal design and conservation of internal
tooth structure (Fig. 8.29). For larger preparations, the initial tooth
preparation still is as conservative as possible, but the preparation
walls may not be as divergent from the axial wall. Subsequent
beveling or laring of accessible enamel areas may be required.
Despite the size of the lesion, the objective of the initial tooth
preparation is the same: to prepare the tooth as conservatively as
possible by extending the outline form just enough to include the
peripheral extent of the lesion. Sometimes, the incorporation of
an enamel bevel also may be used to extend the inal outline form
to include the caries lesion. If possible, the outline form should
not (1) include the entire proximal contact area, (2) extend onto
the facial surface, or (3) extend subgingivally. Extensions should
be minimal, including only the tooth structure that is compromised
by the extent of the caries lesion or defect. Some undermined
enamel can be left in nonocclusal stress areas, but very friable
enamel at the margins should be removed.
he extension axially also is dictated by the extent of the fault
or caries lesion and usually is not uniform in depth. As noted
earlier, most initial composite restorations (primary caries) use an
ultraconservative preparation design (Fig. 8.30A and B). Because
a caries lesion that requires a restoration usually extends into dentin,
many Class III preparations extend to an initial axial wall depth
of 0.2 mm into dentin and are widened such that peripheral enamel
has dentinal support (Fig. 8.31). No attempt is made however to
prepare distinct or uniform axial preparation walls; rather, the
objective is to selectively remove carious tissue as conservatively
as possible. Additional marginal reinement may be necessary later.
If the preparation outline extends gingivally onto the root surface,
the gingival loor should form a cavosurface margin of 90 degrees,
and the depth of the gingivoaxial line angle should be not more
than 0.75 mm at this initial stage of tooth preparation. he external
walls are prepared perpendicular to the root surface. In this area
of the tooth, apical of the cementoenamel junction (CEJ), the
external walls are composed entirely of dentin and cementum.
When completed, the initial tooth preparation extends the
outline form to include the entire fault unless it is anticipated that
the incorporation of an additional enamel bevel would enhance
retention form or improve the potential for an optimal esthetic
result. Small preparations typically have a beveled marginal coniguration from the initial tooth preparation.
Little may need to be done in the inal tooth preparation stage
for these preparations. Final tooth preparation steps for a Class
III direct composite restoration are, when indicated, (1) selective
removal of carious dentin; (2) pulp protection; (3) bevel placement
on accessible enamel margins; and (4) inal procedures of cleaning
and inspecting. he selective removal of carious dentin is accomplished using round burs, small spoon excavators, or both. Particular
care must be exercised not to weaken the walls or incisal angles
that are subject to masticatory forces.
Larger preparations may require additional beveling of the
accessible enamel walls to enhance retention by bonding (Fig.

A

B

C

D

E

F

G

H
• Fig. 8.27

A, Small proximal caries lesion on the mesial surface of a maxillary lateral incisor. B, Dotted
line indicates normal outline form dictated by shape of the caries lesion. C, Extension (convenience form)
required for preparing and restoring preparation from lingual approach when teeth are in normal alignment.
D–H, Clinical case showing conservative Class III preparation, facial approach. D, Facial view of a caries
lesion on the distal surface of the maxillary central incisor. E and F, Obtaining access to carious dentin.
G, Infected dentin is removed with round bur. H, Completed caries excavation.
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Correct

B

A

Incorrect

C

D

• Fig. 8.28 Beginning Class III tooth preparation (lingual approach). A, The bur or diamond is held
perpendicular to the enamel surface, and an initial opening is made close to the adjacent tooth at the
incisogingival level of the caries. B, The correct angle of entry is parallel to the enamel rods on the mesiolingual angle of the tooth. C, Incorrect entry overextends the lingual outline. D, The same bur or diamond
is used to enlarge opening for caries removal and convenience form while establishing the initial axial wall
depth.

• Fig. 8.29

A small, scoop-shaped Class III tooth preparation.

8.32; see Fig. 8.30C and D). hese enamel margins are beveled
with a lame-shaped or round diamond instrument. he bevel is
prepared by creating a 45-degree angle to the external surface and
to a width of 0.5 to 2 mm, depending on the size of the preparation,
location of the margin, and esthetic requirements of the restoration
(Fig. 8.33; see Fig. 8.32). If the gingival loor has been extended

gingivally to a position where the remaining enamel thickness is
minimal or nonexistent, the bevel is omitted from this area to
preserve the remaining enamel margin or maintain a 90-degree
cavosurface margin in dentin. Likewise, a bevel on the lingual
enamel margin of a maxillary incisor may be contraindicated if it
would result in the creation of a restoration marginal interface at
the area of occlusal contact.
Remaining old restorative material on the axial wall should be
removed if any of the following conditions are present: (1) he
old material is amalgam, and its color would negatively afect the
color of the new restoration; (2) clinical or radiographic evidence
of a caries lesion under the old material is present; (3) the tooth
pulp was symptomatic preoperatively; (4) the periphery of the
remaining restorative material is not intact; (5) there is noticeable
deterioration of the bonding of the remaining restorative material;
or (6) the use of the underlying dentin is necessary to efect a
stronger bond for retention purposes. If none of these conditions
is present, the operator may elect to leave the remaining restorative
material rather than risk unnecessary excavation nearer to the pulp
and subsequent irritation or exposure of the pulp. A RMGI base
is applied only if the remaining dentin thickness is judged to be
less than 1.5 mm and in the deepest portions of the preparation.26
Calcium hydroxide liners are used only in cases when the remaining
dentin thickness is 0.5 mm or less as an indirect pulp-capping
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A

B

C
• Fig. 8.30

D

A

Preparation designs for Class III (A and B); larger preparation
designs for Class III (C and D).

B
• Fig. 8.32

0.2 mm

A
• Fig. 8.31

Large Class III tooth preparation. A, Beveling. The cavosurface bevel is prepared with a lame-shaped or round diamond, resulting
in an angle approximately 45 degrees to the external tooth surface. B,
Completed cavosurface bevel (arrowhead).

B

Ideal initial axial wall preparation depth. A, Incisogingival
section showing axial wall 0.2 mm into dentin. B, Faciolingual section
showing facial extension and axial wall following the contour of the tooth.

material; in cases of pulp exposures calcium hydroxide or, increasingly, MTA can be used as a direct pulp-capping material.26-28 If
used, the calcium hydroxide or MTA liners should always be covered
with a RMGI base, sealing the area and preventing the etchant
(applied later) from dissolving the liner.26,29
When replacing a large restoration or restoring a large Class
III lesion, the operator may decide that retention form should be
enhanced by placing groove (at gingival) or cove (at incisal) retention
features in addition to bonding.
For Class III direct composite preparations with facial access,
with a few exceptions, the same stages and steps of tooth preparation

are followed as for lingual access. he ability to use direct vision
simpliies the procedure (Fig. 8.34).
It is expeditious to prepare and restore approximating caries
lesions or faulty restorations on adjacent teeth at the same appointment. If one of the lesions is larger (more extended outline form)
than the other, then the larger outline form is developed irst. he
second preparation usually can be more conservative because of
the improved access provided by the larger preparation. he reverse
order would be followed when the restorative material is inserted.
A Class III lesion on the distal surface of a maxillary right
central incisor is shown in Fig. 8.35A. he rubber dam is placed
after the anesthetic has been administered and the shade has been
selected. A wedge is inserted in the gingival embrasure to depress
the rubber dam and underlying soft tissue, improving gingival
access (see Fig. 8.35B). Using a carbide bur or diamond instrument
rotating at high speed and with air-water spray, the outline form
is prepared with appropriate extension and the initial, limited
pulpal depth as previously described in the lingual approach
preparation (see Fig. 8.35C). Carious tissue is removed with a
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spoon excavator (see Fig. 8.35D). Some undermined enamel may
be left if it is not in a high-stress area.
When a proximal caries lesion or defective restoration extends
onto the facial and the lingual surfaces, access may be accomplished
from either a facial approach or a lingual approach. An example
of an extensive Class III initial tooth preparation that allows such
choice is illustrated in Fig. 8.36.

Retorative Technique
A

Before bevel

B

After bevel

Matrix Application
A matrix is a device that is applied to a prepared tooth before the
insertion of the restorative material to (1) conine the restorative

• Fig. 8.33

Cross section of facial approach Class III before (A) and after
(B) 45-degree cavosurface bevel on the facial margin.

• Fig. 8.34

Completed Class III tooth preparation (facial approach), with
the bevel marked.

A

B

C

D
• Fig. 8.35 Class III initial preparation (facial approach). A, Large proximal caries with facial involvement.
B, Isolated area of operation. C, Entry and extension with No. 2 bur or diamond. D, Caries removal with
spoon excavator. (Courtesy Vilhelm G. Ólafsson.)
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• Fig. 8.37
A

B

C
• Fig. 8.36

Large Class III tooth preparation extending onto root surface.
A, Facial view. B, Lingual view. C, Mesial view showing gingival and incisal
retention, which is only used when deemed necessary to increase retention. The tooth preparation is now ready for beveling of the enamel walls.

material excess and (2) assist in the development of the appropriate
axial tooth contours. he matrix usually is applied and stabilized
with a wedge before application of the adhesive because it helps
contain the adhesive components to the prepared tooth. Care must
be taken, however, to avoid pooling of adhesive adjacent to the
matrix.
A properly contoured and wedged matrix is a prerequisite for
a restoration involving the entire proximal contact area, unless the
adjacent tooth is missing in which case the restoration may be

Contouring Mylar strip matrix. (Courtesy Aldridge D. Wilder,

DDS.)

completed by direct placement of the composite. When correctly
used, not only would a matrix aid in placing and contouring the
composite restorative material, but it may also reduce the amount
of excess material, thus minimizing the inishing time.
A properly contoured section of Mylar matrix material is used
for most Class III and IV preparations. Because the proximal
surface of a tooth is usually convex incisogingivally and the matrix
material may be lat, it is necessary to shape the matrix to conform
to the desired tooth contour. One way to contour a Mylar matrix
is by drawing it along a hard, rounded object (Fig. 8.37). he
amount of convexity placed in the matrix depends on the size and
contour of the anticipated restoration. Several pulls of the matrix,
with heavy pressure, across the rounded end of the operating pliers
may be required to obtain enough convexity. he contoured matrix
is positioned between teeth so that the convex area conforms to
the desired tooth contour (Fig. 8.38A). he matrix is extended at
least 1 mm beyond the prepared gingival and incisal margins.
Sometimes, the matrix does not slide through or is distorted by a
tight contact or preparation margin. In such instances, a wedge is
lightly positioned in the gingival embrasure before the matrix is
inserted. Care must be taken not to injure the interproximal tissues
and induce bleeding. When the matrix is past the binding area,
it may be necessary to loosen the wedge to place the strip past the
gingival margin (between the wedge and margin). hen the wedge
is reinserted tightly (see Fig. 8.38B).
A wedge is needed at the gingival margin to (1) hold the Mylar
matrix in position, (2) provide slight separation of the teeth, and
(3) prevent a gingival overhang of the composite material. A wedge
must be used to separate teeth suiciently to compensate for the
thickness of the matrix if the completed restoration is to contact
the adjacent tooth properly.
Several types of commercial wedges are available in assorted
sizes. A triangular-shaped wedge (in cross section) is indicated for
preparations with margins that are deep in the gingival sulcus.
he end of a round wooden toothpick usually is an excellent wedge
for preparations with margins coronal to the gingival sulcus. he
wedge is kept as short as possible so as not to limit operator access
to the preparation during insertion of the restorative material.
he wedge is placed, using No. 110 pliers, from the facial
approach for lingual access preparations, and vice versa for facial
access, just apical to the gingival margin. When isolation is
accomplished with the rubber dam, wedge placement may be
aided by a small amount of water-soluble lubricant on the tip of
the wedge. he rubber dam is irst stretched gingivally (on the
side from which the wedge is inserted), then released gradually
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A
A

B
• Fig. 8.38 Inserting and wedging Mylar strip matrix. A, Strip with
concave area next to the preparation is positioned between teeth. B, Strip
in position and wedge inserted. The length of the Mylar strip can be
reduced as needed.
B
during wedge insertion (Fig. 8.39). Subsequently, a trial opening
and closing of the Mylar matrix is helpful. It must open enough
for access to insert the adhesive and composite and close suiciently
to ensure a proper contour. It may be necessary to shorten the
wedge or insert it from the opposite embrasure to optimize access.

Placement of the Adhesive
Adhesive placement steps are accomplished with strict adherence
to the manufacturer’s directions for the particular adhesive system
being used.
Insertion and Light Curing of the Composite
he mesial surface of a maxillary left lateral incisor is used to
illustrate facial insertion of a light-cured composite (Fig. 8.40).
he matrix is contoured, placed interproximally, and wedged at
the gingival margin. he lingual aspect of the matrix is secured
with the index inger, while the thumb relects the facial portion
out of the way (see Fig. 8.40). Light-cured materials are not dispensed until ready for use. he composite should be protected
from ambient light to prevent premature polymerization. Likewise,
the compule tip (when used) should be recapped immediately to
prevent setting of the composite at the end of the syringe.
he composite is inserted by a hand instrument or syringe and
pressed into the preparation. Most modern composites will not
stick to a clean instrument, but if stickiness is perceived, the hand
instrument should be thoroughly cleaned and dried. Once the
desired aspect of the preparation is adequately restored, the material
is polymerized. A second increment of composite is applied, if
needed, to ill the preparation completely and provide a slight

C
• Fig. 8.39 Using a triangular wood wedge to expose gingival margin
of large proximal preparation. A, The dam is stretched facially and gingivally with the ingertip. B, Insertion of wedge (the dam is released during
wedge insertion). C, Wedge in place.
excess so that positive pressure can be applied with the matrix
strip when closed. Any gross excess is removed quickly with the
blade of the insertion instrument or an explorer tine before closing
the matrix.
he operator closes the lingual end of the matrix over the
composite and holds it with the index inger. Next, the operator
pulls the matrix toward the facial direction to ensure excellent
adaptation of the composite with the facial margin. Before light
curing the composite, the operator closes the facial end of the
matrix over the tooth with the thumb and index inger of the
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A

B

C
• Fig. 8.40

Insertion of light-cured composite. A, Bonding adhesive is
applied and light cured. B, The lingual aspect of the strip is secured with
the index inger, while the facial portion is relected away for access. C,
After insertion of the composite, the matrix strip is closed and the material
is cured through the strip.

other hand, tightening the gingival aspect of the matrix ahead
of the incisal portion. he closed matrix is manually shifted so
as to provide proximal contours that allow normal embrasure
form and contact with the adjacent tooth, and the composite is
light cured.
he composite is light cured through the matrix as directed
(see Fig. 8.40C). he matrix should not be touched with the tip
of the light initially because it could distort the contour of the
restoration. he operator removes the index inger and light cures
the lingual surface. Longer light exposures usually are required for
the polymerization of dark and opaque shades. If the restoration
is undercontoured, more composite can be added to the previously
placed composite and light cured. No etching or adhesive is required

between layers if the surface has not been contaminated, and the
oxygen-inhibited layer remains.
With large restorations, it is better to add and light cure the
composite in several increments to reduce the efects of polymerization shrinkage and to ensure complete light curing in remote
regions. If two adjacent preparations are present, the preparation
with the least access (usually the one prepared second) is restored
irst. Contouring of the proximal surface of the irst restoration
should be completed before the second restoration is started. Because
the second tooth preparation has been contaminated, it must be
cleaned (usually by use of the adhesive system etchant) before
bonding materials and composite are applied. During these procedures, a Mylar matrix or piece of Telon tape should be in place
to protect adjacent surfaces.

Finishing and Polishing of the Composite
Good technique and experience in inserting composites signiicantly
reduce the amount of inishing required. Usually a slight excess
of material will need to be removed so as to provide correct contours.
Similar to tooth preparation rotary instruments, inishing and
polishing instruments should be used according to the speciic
surface being inished and polished. For example, lexible discs
and inishing strips are suitable for convex and lat surfaces; ovalshaped inishing burs and polishing points are more suitable for
concave surfaces; and polishing cups can be used in both convex
and concave surfaces.
Coarse diamond instruments may be used to eiciently remove
gross excess, but leave a rough surface on the restoration and
the tooth. A lame-shaped carbide inishing bur or diamond is
recommended for removing excess composite on facial surfaces.
Medium speed with light intermittent brush strokes and air
coolant are used to create correct contours. Special ine diamond
finishing instruments, 12-bladed carbide finishing burs, and
abrasive inishing disks may then be used to obtain excellent
surface smoothness if the manufacturers’ instructions are followed. Care must be exercised with all rotary instruments so as
to prevent damage to the tooth structure, especially at the gingival
marginal areas.
Abrasive discs (the degree of abrasiveness depends on the amount
of excess to be removed) mounted on a mandrel speciic to the
disc type, in a contra-angle handpiece at low speed, can be used
instead of or after the inishing bur or diamond in facial surfaces
and some interproximal and incisal embrasures (Fig. 8.41A). Several
brands of abrasive discs are available, and most are efective when
used correctly. hese discs are lexible and are produced in diferent
diameters, thicknesses, and abrasive textures. hin discs with small
diameters it into embrasure areas easily and are especially useful
in inishing and polishing accessible embrasure areas. Regardless
of the type of disc chosen, discs are used sequentially from coarse
to very ine grit so as to generate a smooth, inal surface. he
external enamel surface should act as a guide for proper contour
and surface texture. A constant shifting motion aids in contouring
and preventing the development of a lat surface. Final polishing
is initiated after correct contours and surface texture have been
achieved and is accomplished with rubber or silicone polishing
instruments, diamond-impregnated polishers, polishing discs, and
polishing pastes.
Excess lingual composite is removed using a round or ovalshaped, 12-bladed carbide inishing bur or inishing diamond. A
smoother surface is produced using a iner round or oval carbide
inishing bur (with 18–24 or 30–40 blades) or ine diamond at
medium speed with air coolant and light intermittent pressure
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• Fig. 8.41

Finishing composites. A, Abrasive disk mounted on mandrel can be used for inishing when
access permits. B, The round carbide inishing bur is well suited for inishing lingual surfaces. C, The No.
12 surgical blade in Bard-Parker handle can be used for removing interproximal excess. D, The abrasive
strip should be curved over the area to be inished. E and F, Replacement of old composite restoration,
before (E) and after (F).
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(see Fig. 8.41B). he appropriate size and shape depend on the
amount of excess and shape of the lingual surface. Polishing is
achieved with rubber polishing instruments and diamondimpregnated polishers.
Proximal surface contours and margins should be assessed visually
and tactilely with an explorer and unwaxed, ultrathin dental loss.
he loss is positioned apical to the gingival margin, adapted to
the convex tooth surface, and slowly moved in an occlusal direction
across the gingival tooth-restoration interface. he loss will begin
to separate (catch, fray) as an indication of excess adhesive,
composite, or other marginal defect. A No. 12 surgical blade
mounted in a Bard-Parker handle (see Fig. 8.41C) is well suited
for removing excess material from the gingival proximal area as it
is thin and has a curved shape consistent with natural embrasure
contours. he instrument should be moved from the tooth to the
restoration or along the margins, using light shaving strokes, keeping
a portion of the cutting edge on the external enamel surface as a
guide to prevent overreduction. If a large amount of composite is
removed with one stroke or in the wrong direction, it may compromise the restoration interface resulting in a marginal defect or
void. Immediate correction of this area is indicated so as to limit
the potential for plaque/debris accumulation resulting in additional
caries and/or discoloration. Rotary instruments especially designed
for this task are also available and can be used for removing excess
and the creation of correct embrasure contours. Careless use of
rotary instrumentation increases the risk of producing an undercontoured (“ledged”) area just adjacent to the contact. All carbide
instruments are made of carbon steel and may leave gray marks
on the restoration. his discoloration is supericial and is removed
easily during the inal inishing by abrasive strips or discs (see
Fig. 8.41D).
Further contouring of proximal surfaces may be completed
with abrasive materials such as Sof-Lex Finishing Strips. hese
inishing strips have two diferent sizes of abrasive particles (e.g.,
medium and ine) impregnated on opposing ends of a polyester
strip, with a small in-between area where no abrasive is present.
he centrally located, nonabrasive area allows easy and safe passage
of the strip through the contact area and apically to the gingival
area in need of additional contouring. If the intensity of the
contact is too great, then the inishing strip may need to be passed
under the contact so as to position it for inishing the gingival/
proximal contours. In addition, thin diamond-coated metal strips
also are commercially available in various grits. Diferent widths
of strips are available and the size of the strip must be selected
based on the contouring needs of the particular situation. he
strip should be curved over the restoration and tooth surface in
a fashion similar to that used with a shoeshine cloth, concentrating on areas that need attention (see Fig. 8.41D). To open the
lingual embrasure or round the marginal ridge, the lingual part
of the strip is held against the composite with the index inger of
one hand, while the other end of the strip is pulled facially with
the other hand. Caution must be used so as to prevent gingival
damage and/or excessive removal of the carefully created composite
contours.
Finally, occlusion should be carefully checked after the rubber
dam is removed, if one was used. he operator evaluates the
occlusion in maximum intercuspation and eccentric movements
by having the patient close on a piece of articulating paper and
slide mandibular teeth over the restored area. If excess composite
is present, the operator removes only a small amount at a time
and rechecks with articulating paper. Usually, occlusion is adjusted
until it does not difer from the original occlusion.

Instead of working sequentially by surface as previously described
(facial, lingual, proximal, and occlusal), the operator may elect to
work by instrument sequence—that is, contour all surfaces of the
restoration by using inishing instruments irst and then proceed
to polish all surfaces by using the polishing instruments described.
his approach improves eiciency of the overall procedure by
limiting the number of times a inishing or polishing instrument
is changed. Fig. 8.41E and F show before and after replacement
of a Class III composite restoration.

Clinical Technique for Cla IV Direct
Compoite Retoration
Initial Clinical Procedure
he same initial procedure considerations presented earlier are
appropriate for Class IV direct composite restorations. he preoperative assessment of the occlusion is even more important for Class
IV restorations because it might inluence the tooth preparation
extension (placing margins in noncontact areas) and retention and
resistance form features (heavy occlusion requires increased retention
and resistance form).
Also, proper shade selection can be more diicult for large Class
IV restorations. Use of separate translucent and opaque shades of
composite is often necessary. Speciic information for esthetic
considerations is presented in Chapters 7 and 9.
For large Class IV lesions or fractures, a preoperative impression
may be taken to be used as a template for developing the restoration
contours. his technique is described later in the chapter.

Tooth Preparation
Similar to the Class III preparation, the tooth preparation for a
Class IV direct composite restoration involves (1) creating access
to the defective structure (caries lesion, fracture, noncarious defect),
(2) removing faulty structures (carious tissue removals, defective
dentin and enamel, defective restoration, and base material), and
(3) creating the convenience form for the restoration (Fig. 8.42A
and B). he tooth preparation for large incisoproximal areas requires
more attention to the retention form than that for a small Class
IV defect (see Fig. 8.42C and D). If a large amount of tooth
structure is missing and the restoration is in a high occlusal stress
area, groove retention form may be indicated even when the
preparation periphery is entirely in enamel. Also, enamel bevels
can be increased in width to provide greater surface area for etching,
resulting in a stronger bond between the composite and the tooth,
and potentially a better esthetic result. Fig. 8.42E and F show a
direct composite restoration of a Class IV defect.
he treatment of teeth with minor coronal fractures requires
minimal preparation. If the fracture is conined to enamel, adequate
retention usually can be attained by simply beveling the sharp
cavosurface margins in the fractured area with a lame-shaped
diamond instrument followed by bonding (Fig. 8.43). Regardless
of its size, the extensions of the Class IV direct composite preparation
are ultimately dictated by the extension of the caries lesion, fracture,
or failed restoration being replaced. he outline form is prepared
to include weakened, friable enamel.
Preparation of a maxillary right central incisor with a large Class
IV defect and fractured mesioincisal corner, which necessitates a
Class IV restoration, is illustrated in Fig. 8.44. he outline form
is prepared using a round carbide bur or diamond instrument of
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• Fig. 8.42 Preparation designs for Class IV (A and B), and larger preparation designs for Class IV
(C and D). E and F, Direct composite restoration of a Class IV defect, before (E) and after (F).

appropriate size at high speed with air-water coolant. All weakened
enamel is removed, and the initial axial wall depth is established.
As with the Class III tooth preparation, the inal tooth preparation
steps for a Class IV tooth preparation are, when indicated, (1)
selective carious tissue removal (if present), (2) pulp protection
(if needed), (3) bevel placement on accessible enamel margins,
and (4) inal procedures of cleaning and inspecting. he operator
bevels the cavosurface margin of all accessible enamel margins of
the preparation. he bevel is prepared at a 45-degree angle to the
external tooth surface with a lame-shaped or round diamond
instrument (see Fig. 8.44A). he width of the bevel should be 0.5
to 2 mm, depending on the amount of tooth structure missing
and the retention perceived necessary. he use of a scalloped,
nonlinear bevel sometimes helps in masking the restoration
margin.
Although retention for most Class IV direct composite restorations is provided primarily by bonding of the composite to enamel
and dentin, when large incisoproximal areas are being restored,
additional mechanical retention may be obtained by groove-shaped
or other forms of undercuts, dovetail extensions, or a combination
of these. If retention undercuts are deemed necessary, a gingival
retention groove is prepared using a No. 1 4 round bur. It is prepared
0.2 mm inside the DEJ at a depth of 0.25 mm (half the diameter
of the No. 1 4 round bur). his groove should extend the length of
the gingival loor and slightly up the facioaxial and linguoaxial line
angles (see Fig. 8.44B). No retentive undercut is usually needed at
the incisal area, where mostly enamel exists. Fig. 8.44C illustrates
the completed large Class IV tooth preparation.

Retorative Technique
Matrix Application
Most Class IV composite restorations require a matrix to conine
the restorative material and to assist in the development of the
appropriate axial tooth contours, except for very small incisal edge
enamel fractures, which can be restored using a free-hand technique.
he Mylar matrix, described previously, also can be used for most
Class IV preparations, although matrix lexibility makes control
diicult. his diiculty may result in an overcontoured or undercontoured restoration, open contact, or both. Also, composite
material extrudes incisally, but this excess can be easily removed
when contouring and inishing.
Creasing (folding) the matrix at the position of the lingual line
angle helps reduce the potential undercontouring (rounding) of
that area of the restoration. he matrix is positioned and wedged
as described for the Class III composite technique. Gingival
overhangs and open contacts are common with any matrix technique
that does not employ gingival wedging. A commercially available
preformed plastic or celluloid crown form is usually too thick and
is not recommended as a matrix. Alternatively, a custom lingual
matrix may be used for large Class IV preparations.57 Fig. 8.45A
illustrates a large defective distofacial Class IV that needs to be
replaced. he shade should be selected before isolating the area
and removing the restorative material (see Fig. 8.45B). Fig. 8.45C
shows a lingual view of the defective restoration after a rubber
dam has been placed. Before the existing restoration is removed,
the lingual matrix is prepared with either a polyvinyl siloxane
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Class IV tooth preparation and restoration. A, Extraoral view, minor traumatic fracture. B,
Intraoral view. C, Fractured enamel is roughened with a lame-shaped diamond instrument. D, The conservative preparation is etched, while adjacent teeth are protected with Mylar strip. E and F, Contouring
and polishing the composite. G, Intraoral view of the completed restoration. H, Extraoral view.
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matrix technique is used, adhesive placement should occur before
seating the matrix.
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B

C
• Fig. 8.44

Class IV tooth preparation. A, Beveling cavosurface margin
of a large Class IV preparation. B, Gingival retention groove. C, Completed
Class IV tooth preparation.

impression putty or a fast-set silicone matrix material. he operator
records the lingual and incisal contours of the existing restoration
by using a small amount of the silicone material, thus creating a
guide or index with which the new restoration will be formed.
he lingual matrix also can be fabricated from a quickly inserted
mockup restoration or waxed study model for more complex cases
when tooth structure is missing preoperatively. When obtained,
the lingual matrix is set aside until it is time to insert the composite.
Fig. 8.45D-E illustrate how the lingual matrix its with the tooth
preparation.

Placement of the Adhesive
Steps for placing the adhesive are the same as previously described
for the Class III composite restoration. Also, the same considerations
presented previously are appropriate for whether or not the matrix
is placed before or after adhesive placement. When the lingual

Insertion and Light Curing of Composite
After application of the adhesive, the operator inserts the composite
with a hand instrument or a syringe as described earlier for Class
III restorations. he composite is inserted in increments less than
2 mm thick. It is usually helpful to develop the lingual surface of
the restoration irst, then its body, and inally the facial surface.
his approach facilitates the development of adequate anatomy
with less potential for resultant excess composite material. his
anatomic incremental layering also facilitates the development
of adequate shade characterization, as dentin and enamel composite shades can be applied according to the structure they are
replacing.
When using a properly contoured Mylar matrix, care must be
taken when closing the matrix not to pull with excessive force
because the soft material is extruded incisally and results in an
undercontoured restoration. When this happens, composite should
be added to restore proper contour and contact.
When a custom lingual matrix is used, the operator positions
the lingual matrix and inserts the initial composite increment
against the matrix in the lingual part of the preparation (see Fig.
8.45E). This initial increment, when polymerized, generally
establishes the lingual, proximal, and incisal contours of the inal
restoration (see Fig. 8.45F). he operator continues to place and
light cure additional increments until the desired form is obtained
(see Fig. 8.45G). During these additions, color modiiers or tints
may be incorporated to enhance the natural blue opalescence
between tooth lobes or other subtle esthetic efects (see Fig. 8.45H).
Because light-cured composites possess the advantage of an extended
working time, the material can be manipulated and shaped to a
considerable degree before light curing. Incremental insertion of
light-cured composites also enables the clinician to layer composites
with diferent optical properties (more opaque, darker in color, or
both, to mimic dentin; and more translucent, lighter in color, or
both, to mimic enamel), which can result in natural-looking
composite restorations. After polymerization, the lingual matrix
is removed. To ensure optimal polymerization, the operator light
cures the restoration from facial and lingual directions. he inal
restoration is illustrated in Fig. 8.45I and J. his technique is
particularly useful when the lingual contour of an existing composite
restoration is to be duplicated in a new composite restoration,
such as the case described. he technique facilitates the development
of proper lingual, incisal, and proximal forms, reducing the need
for contouring of the restoration.
Finishing and Polishing of the Composite
Finishing and polishing the Class IV composite are similar to the
technique described for a Class III composite but usually more
diicult. he primary diferences are the involvement of the incisal
angle and incisal edge of the tooth and an extended facial surface
in large Class IV restorations. Finishing and polishing these sections
of the restoration require similar procedural steps but close assessment of the incisal edge length and thickness, as well as of the
facial macroanatomy and microanatomy of the tooth being restored.
he functional demands of anterior guidance will have a direct
inluence on the inal position and contours of the lingual surface
and incisal edge. Careful adjustment and reinement will prevent
excessive occlusal loading of the restoration and limit the potential
for premature clinical failure. he facial, lingual, and proximal
areas are inished and polished as described previously.
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• Fig. 8.45

Custom lingual matrix. A, Facial preoperative view. B, Preoperative shade determination.
C, Lingual preoperative view after placement of the rubber dam. D, The old composite material is removed,
and a conservative enamel bevel is placed. E, The lingual matrix obtained before tooth preparation is
positioned and guides the application of the irst lingual composite layer. F, The lingual composite layer
determines the future contours of the restoration; note the intrinsic material translucency. Custom lingual
matrix. G, The dentin buildup can be made directly against the lingual enamel; the clinician can visualize
the whole tooth shape and place dentin with appropriate thickness and relation to the incisal edge.
H, Color modiier or tint blue material is applied between the dentin lobes and slightly below the incisal
edge to simulate the blue natural opalescence. I, View of the completed restoration (with second enamel
layer placed on the buccal surface), after inishing. J, Facial postoperative view. (Courtesy of Dr. Didier
Dietschi.)
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Clinical Technique for Cla V Direct
Compoite Retoration
Initial Clinical Procedure
he same initial procedure considerations presented for Class III
restorations apply for Class V restorations, except for occlusal
evaluation, which is not required for Class V restorations unless
there are concerns about occlusal factors as an etiology for noncarious
cervical lesions. During shade selection, it should be noted that
the tooth is typically darker and more opaque in the cervical third.
Isolation may be achieved by a rubber dam and No. 212 retainer
or with a cotton roll and retraction cord.

Tooth Preparation
Class V tooth preparations, by deinition, are located in the gingival
one third of the facial and lingual tooth surfaces. Because of esthetic
considerations, composites most frequently are used for the restoration of cervical caries lesions in anterior and premolar teeth.
Numerous factors, including esthetics, nature of lesion and substrate
characteristics, caries activity, caries risk, access to the lesion, and
moisture control must be taken into consideration in material
selection.
Because many Class V restorations involve root surfaces, at
least on their cervical margins, careful consideration should be
given to the choice of restorative material. he use of materials
other than composite (i.e., that do not require adhesive placement)
should be considered when factors that may compromise the
performance of composite restorations are present. hese factors
include decreased salivary function, decreased patient motivation
or ability for home care, increased diiculty in adequately isolating
the operating area, and increased diiculty in performing the
operative procedure because of the patient’s physical or medical
problems. Despite these concerns, the use of composite as a
restorative material for cervical caries lesions predominates in areas
of esthetic concern.
Similar to the Class III and IV preparations, tooth preparation
for a Class V direct composite restoration involves (1) creating
access to the defect (caries lesion, noncarious defect), (2) removing
the defect (caries lesion, defective dentin and enamel, defective
restoration and base material), and (3) creating the convenience
form for the restoration. he tooth preparation for large Class V
lesions or defects may require more attention to retention form
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than for conservative Class V defects, especially when little enamel
is available for bonding. Areas of hypermineralized (sclerotic) dentin
also may require special attention, as these respond diferently to
bonding than areas with normal dentin.58-60 Enamel bevels are
typically used on the occlusal/incisal margins of the preparation,
while at the cervical margin, bevels are usually not recommended
because of the absence of enamel in this area. Class V tooth
preparations will vary slightly, depending on the type and extension
of the defect being restored.
he objective of the Class V tooth preparation for small or
moderate lesions or defects that do not extend onto the root surface
is to restore the lesion or defect as conservatively as possible. No
efort is made to prepare the walls as butt joints, and usually
no secondary retentive features are incorporated. he lesion or
defect is conservatively prepared resulting in a form that may
have a divergent wall coniguration and an axial surface that
usually is not uniform in depth (Fig. 8.46A and B). Small or
moderate Class V tooth preparations are ideal for small enamel
defects or small primary caries lesions (Fig. 8.47A). hese include
decalciied and hypoplastic areas located in the cervical third
of the teeth, which may be restored for esthetic reasons. he
typical outline form for a Class V lesion in enamel is shown in
Fig. 8.48.
After the usual preliminary procedures, the initial tooth preparation is accomplished with a round diamond or carbide bur, eliminating the entire enamel lesion or defect. he preparation is extended
into dentin only when the defect warrants such extension. No
efort is made to prepare 90-degree cavosurface margins. If carious
tissue remains in dentin, it is selectively removed with a round
bur or spoon excavator. Usually, this preparation technique will
result in a slightly beveled enamel margin. If deemed necessary,
the enamel margin can be further beveled. he completed restoration
is shown in Fig. 8.47B.
An example of a small cervical caries lesion was presented in
Fig. 8.49A, which illustrates a path of a decalciied enamel lesion
(in enamel only) having a broken, rough surface that extends
mesially or distally from the cavitated lesion (or failing existing
restoration). After preparation of the cavitated lesion (or failing
restoration), the margins of the preparation are extended to
include these areas of decalciication by using a round diamond
or bur to prepare the cavosurface margin in the form of a
chamfer, extended in the enamel only to a depth that removes
the defect. A completed preparation of this type was illustrated in
Fig. 8.49B.

C

D

• Fig. 8.46 Preparation designs for Class V (A and B) initial composite restorations (primary caries) and
larger preparation designs for Class V (C and D) restorations.

254

C HA P T E R 8

Clinical Technique for Direct Compoite Rein and Gla Ionomer Retoration

A

B

• Fig. 8.47 Class V tooth preparation. A, Small cavitated Class V lesion. B, Restored with composite
resin. (Courtesy Vilhelm G. Ólafsson.)
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B
• Fig. 8.48

A, Class V caries. B, Typical outline form.

Small or moderate Class V tooth preparations also are used to
restore noncarious cervical lesions (NCCLs). As noted elsewhere
in this textbook, NCCLs have a multifactorial etiology in which
contributing factors include intrinsic and/or extrinsic erosion,
abrasion, abfraction, and/or biocorrosion.61 If the causative factors
are not eliminated, these lesions tend to progress and enlarge with
time. When they are detected (Fig. 8.50A), the operator irst must
decide, with input from the patient, whether the area needs to be
restored. his decision is based on the following considerations.

Caries
If active caries is present, caries management should be initiated.
For the incipient lesion, treatment may consist of application of
a topical luoride or resin-based materials including adhesives and
resin iniltration materials. Inactive lesions may be monitored and
kept unrestored indeinitely, but sometimes these can be esthetically
unsatisfactory. (Most NCCLs are not carious.)
Gingival Health
If the defect is determined to be contributing to the development
of gingival inlammation and/or gingival recession (i.e., plaque
retention, mechanical trauma due to poor tooth contours), the
defect should be restored.

Esthetics
If the defect is in an esthetically critical position, the patient may
elect to have the area restored with a tooth-colored restoration.
Sensitivity
If the defect is very sensitive, application of an adhesive or desensitizing agent may reduce or eliminate the sensitivity, at least temporarily.
Continuing sensitivity may require restoration of the area.
Pulp Protection
If the defect is very large and deep pulpally, its restoration may
be indicated to avoid further defect development that may cause
a pulpal exposure.
Tooth Strength
If the defect is very large or deep, the strength of the tooth at the
cervical area may be compromised. Placement of a bonded restoration reduces the potential for further progression of the defect and
may restore some of the lost strength.
Periodontal therapy with gingival grafts also may be considered
as a treatment option for these exposed root surfaces being used
solo or combined with the restorative therapy.
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A, Decalciied area extending mesially from cavitated Class
V lesion. B, Completed Class V preparation with conservative mesial
extension.

he tooth preparation for a Class V NCCL usually requires only
surface debridement of any exposed dentin and roughening/beveling
all enamel margins with a diamond instrument22 (see Fig. 8.50B).
Often, because of the inherent form of an abraded or eroded
lesion, further preparation of root surface cavosurface margins is
not needed. he completed preparation with etched enamel is
shown in Fig. 8.50C.
In Class V tooth preparation for large lesions or defects that extend
onto the root surface (Fig. 8.51A), the gingival aspect of the preparation form is similar to that described in Chapter 10 for a Class V
amalgam restoration. he features of the preparation include a
90-degree cavosurface margin. Groove retention form usually is
not necessary but may be used if retention of the restoration is a
concern. he enamel margins are prepared using the same design
described for small or moderate Class V tooth preparations, that
is, with a conservative enamel bevel. his preparation design is
indicated for the replacement of an existing, defective Class V
restoration that initially used a conventional preparation or for a
large, new caries lesion. he large Class V preparation initially
exhibits 90-degree cavosurface margins (that subsequently can be
beveled when in enamel) and an axial wall that may or may not
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be uniform in depth (see Fig. 8.47C and D). he axial depth into
dentin is determined by the selective removal of the carious tissue.
Many of these larger preparations are a combination of beveled
enamel margins and 90-degree root surface cavosurface margins.
A completed large Class V preparation extending onto the root
surface is illustrated in Fig. 8.52.
To initiate the preparation, a tapered issure carbide bur (No.
271) or similarly shaped diamond is used at high speed with
air-water spray. If interproximal or gingival access is limited, an
appropriately sized round bur or diamond may be used. When a
tapered issure bur or diamond is used, the handpiece is maneuvered
to maintain the bur’s long axis perpendicular to the external surface
of the tooth during preparation of the outline form, which should
result in 90-degree cavosurface margins. At this initial tooth
preparation stage, the extensions in every direction are to sound
tooth structure. Deeper areas of the caries lesion or old restoration
may still remain in the axial wall at this point in the procedure
(see Fig. 8.51B). Carious tissue remaining on this initial axial wall
is selectively removed during the inal stage of tooth preparation
(see Fig. 8.51C). Old restorative material remaining may or may
not be removed according to the concepts stated previously. When
the desired distal extension is obtained, the instrument is moved
mesially, incisally (occlusally), and gingivally for indicated extensions,
while maintaining proper depth and the instrument’s long axis
perpendicular to the external surface. he axial wall should follow
the original contour of the facial or lingual surface, which is convex
outward mesiodistally and sometimes occlusogingivally. he outline
form extension of the mesial, distal, occlusal (incisal), and gingival
walls is dictated by the extent of the caries lesion, defect, or old
restorative material indicated for replacement (sometimes the new
material abuts a still satisfactory old restoration).
All of the external preparation walls of a Class V tooth preparation are visible when viewed from a facial position (outwardly
divergent walls). Final tooth preparation consists of the following
steps: (1) removing the remaining carious dentin or old restorative
material (if indicated) on the axial wall; (2) applying a base, only
if necessary, as discussed previously in this chapter; and (3) beveling
the enamel margins and adding groove retention, if indicated. he
bevel on the enamel margin is accomplished with a lame-shaped
or round diamond instrument, resulting in an angle approximately
45 degrees to the external tooth surface, and prepared to a width
of at least 0.5 mm depending on the preparation size and esthetic
considerations. A completed Class V preparation is shown in
Fig. 8.53.
Occasionally, a tooth surface that normally is smooth has a pit
in the enamel (Fig. 8.54A). Most unusual pit faults in enamel are
restored best with the preparation design described for small or
moderate Class V defects. For such a preparation for an unusual
pit fault, the outline form (extensions and depth) is dictated by
the extent of the fault or caries lesion. Faults existing entirely in
enamel are prepared with an appropriately sized round diamond
instrument by merely eliminating the defect leaving a lared enamel
margin (see Fig. 8.54B). Adequate retention is obtained by bonding.
When the defect includes carious dentin, the tissue is selectively
removed as indicated.

Retorative Technique
In most cases no matrix is needed for Class V restorations because
the contour can be controlled as the composite restorative material
is being inserted. However, clear precontoured Class V matrix materials
are available if the operator prefers a matrix-assisted technique.
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• Fig. 8.50 Class V tooth preparation for abrasion and erosion lesions. A, Preoperative notched lesion.
B, Beveling the enamel margin. C, Completed preparation with etched enamel. Restoration of a noncarious cervical lesion. D, After application of bonding adhesive, composite resin is inserted incrementally
and the restorative material is light cured. Finishing and polishing. E, Flame-shaped inishing bur removing
excess and contouring. F and G, Rubber polishing point (F) and aluminum oxide polishing paste (G) used
for inal polishing. H, Completed restoration.

Placement of the Adhesive
he techniques for acid etching of the involved tooth structure
and placement of the adhesive are the same as previously described
in this chapter.
Insertion and Light Curing of the Composite
he composite can be inserted with a hand instrument or syringe.
Composites and RMGIs are recommended for Class V restorations.
A light-cured material is recommended for most Class V preparations
because of the extended working time and control of contour
before polymerization. Careful placement allows for minimal need
of rotary inishing. hese features are particularly valuable when
restoring large preparations or preparations with margins located
on cementum because rotary instrumentation can easily damage
the contiguous tooth structure and/or compromise the marginal
integrity of the restoration.
After bonding procedures (according to manufacturer’s instructions), it is recommended to insert the composite incrementally
with a hand instrument or syringe. he number and position of
the increments depend on the size and depth of the preparation.
For large and deep preparations, an incremental technique is recommended. Deep preparations with retentive undercuts are usually
illed with at least two axially placed increments with minimal
contact on the occlusal/incisal and gingival walls. he operator
should avoid placing increments that connect to both occlusal/

incisal walls and gingival walls, or mesial and distal walls, simultaneously, so as to minimize polymerization shrinkage stresses. Regardless
of the technique used, before light curing the last increment that
deines the contour of the restoration, the material is shaped as
close to the inal contour as possible. An explorer or blade of a
composite instrument, or a lat No. 2 sable brush, is useful in
removing excess material from the cervical margin and obtaining
the inal contour. As noted earlier, clear plastic matrices are available
for Class V composite restorations and can be used if the operator
prefers a matrix-assisted approach rather than a free-hand technique.
he light source is applied for polymerization (see Fig. 8.50D).
he restoration should require very little inishing.

Finishing and Polishing of the Composite
When excess composite is present, a lame-shaped carbide inishing
bur or diamond is recommended for removing excess composite
on the facial surface (see Fig. 8.50E). Medium speed with light
intermittent brush strokes and an air coolant are used for inishing
the restoration to the correct contours. Final polishing is achieved
with a rubber polishing point (see Fig. 8.50F) or cup, diamondimpregnated polisher, and sometimes a polishing paste (see Fig.
8.50G and H).
For some locations, abrasive discs, as stated earlier, mounted
on an appropriate mandrel in an angled handpiece at low speed
can be used (see Fig. 8.41A). he degree of abrasiveness depends

CHAPTER 8 Clinical Technique for Direct Compoite Rein and Gla Ionomer Retoration

A

B

D

257

C

E

• Fig. 8.51

Class V tooth preparation. A, Lesion extending onto root surface. B, Initial tooth preparation
with 90-degree cavosurface margins and axial wall depth of 0.75 mm. C, Remaining infected dentin
excavated, and incisal enamel margin beveled. D and E, Direct composite restoration of three Class V
lesions with composite resin, before (D) and after (E). (D and E, Courtesy Vilhelm G. Ólafsson.)

• Fig. 8.52

Completed Class V tooth preparation extending onto the
root; the incisal margin is beveled; the root portion has a retention groove
for increased retention. Retention grooves on the incisal aspect are rarely
required and are shown here for illustration purposes only.

• Fig. 8.53 Completed large Class V preparation. A retention groove on
the incisal aspect is rarely required and is shown here for illustration purposes only.

on the amount of excess to be removed. he external enamel
surface should act as a guide for a proper contour, preventing the
development of a lat surface contour.
Rotary instruments should be used carefully in gingival locations
(especially on margins adjacent to the root surface) to prevent

inadvertent and undesirable damage to tooth structure and periodontal tissues. Finely pointed rotary instruments (inishing burs
or diamonds) are diicult to use to remove gingival margin excess.
Because of the convexity that typically exists in this area, a more
rounded rotary instrument (a ine diamond) may remove the excess
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A, Faulty pit on the facial surface of the maxillary incisor. B, Tooth preparation for an enamel

pit defect.

with less potential to damage the unprepared root surface. Likewise,
abrasive discs used on the root surface may cause ditching of the
cementum, if not used correctly. Fig. 8.51D and E show restoration
of a Class V lesion with composite resin.

Clinical Technique for Cla VI Direct
Compoite Retoration
One of the most conservative indications for a directly placed
posterior composite is a small faulty developmental pit located on
a cusp tip. Fig. 8.55A is an example of a Class VI defect on the
facial cusp tip of a maxillary premolar. he typical Class VI tooth
preparation should be as small in diameter and as shallow in depth
as possible. he faulty pit is entered with an appropriate round
bur or diamond oriented perpendicular to the surface and extended
pulpally to eliminate the lesion (see Fig. 8.55B). Visual examination
and probing with an explorer often reveal that the fault is limited
to enamel because the enamel in this area is quite thick. If a faulty
restoration or extensive caries lesion is present on the cusp tip, a
round bur of appropriate size is used to remove the faulty restoration
or any remaining carious tissue. Stains that appear through the
translucent enamel should be removed; otherwise they may be
seen after the composite restoration is completed. Some undermined,
but not friable, enamel may be left and bonded to the composite
in areas that are not associated with a functional occlusal contact.
he conservative preparation is restored with composite following
adhesion protocols, incremental placement and light curing of the
composite material, and inishing and polishing. he inal Class
VI restoration should, as with any other type of restoration, restore
the tooth to its ideal anatomy relative to tooth contours, occlusion,
esthetics, and surface characteristics (Fig. 8.55C).

Clinical Technique for Gla
Ionomer Retoration
Glass ionomers possess the favorable quality of releasing luoride
when exposed to the oral environment.62,63 hese materials also

have been shown to “recharge” with luoride when exposed to
luoride from various sources.64 hese properties theoretically may
indicate the use of glass ionomer restorations in patients with high
caries risk especially when esthetic demands are minimal. (See
Chapter 13 for types of glass ionomers.)
Because of their limited strength and wear resistance, glass
ionomers are indicated generally for the restoration of low-stress
areas (not for typical Class I, II, or IV restorations), where caries
activity potential is of signiicant concern. In addition to being
indicated for root-surface caries lesions in Class V locations, slotlike
preparations in Class II or III cervical locations (not involving the
proximal contact) may be restored with glass ionomers, if access
permits.
he restoration of caries lesions on the roots of patients with
active caries is the primary indication for the use of a glass ionomer
as a restorative material. Cervical defects of idiopathic erosion
or abrasion origin (or any combination) also may be indications
for restoration with glass ionomers, if esthetic demands are not
critical. he tooth preparations for either of these clinical indications
are the same as previously described for composite restorations
(see Figs. 8.50, 8.51, and 8.52), except bevels are rarely used.
Gingival recession and interproximal gingival inlammation also
increase the risk of developing caries on proximal root surfaces.
Gingival recession sometimes provides access to this type of
caries lesion from the facial or lingual direction, allowing a slot
preparation to be used. he same slot preparation design used
for amalgam is used for glass ionomers. (he reader is referred
to the sections on slot preparations in Chapter 10 and to Fig.
8.56 for speciic details.) With the exception of the matrix used
(if needed), slot preparations for Class II and III restorations are
restored in a single increment and in a similar manner to a Class V
preparation.
Most conventional glass ionomer systems require mild dentin
conditioning to remove the smear layer, efecting improved adhesion of the glass ionomer to dentin. To condition dentin, a mild
acid, such as 10% polyacrylic acid, is applied to the preparation
according to manufacturer’s instructions, followed by rinsing and
removal of excess water, leaving dentin slightly moist. Some modiied
glass ionomer materials may have a substantial resin component
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Most current restorative GICs and RMGIs available may be
inished and polished immediately after light or complete chemical/
dual curing. When the material has set, the matrix, if used, is
removed and the gross excess is shaved away with a No. 12 surgical
blade. Finishing should be accomplished as much as possible with
hand instruments, while striving to preserve the smooth surface
that occurs on setting. If rotary instrumentation is needed, care
must be taken not to dehydrate the surface of the restoration.
Also, lexible abrasive discs used with a lubricant can be efective.
A ine-grit aluminum oxide polishing paste applied with a prophy
cup is used to impart a smooth surface. Fig. 8.57 shows a conventional glass ionomer restoration with a modiied matrix band.
he Tolemire matrix band was adapted around the tooth and an
access hole was created using a No. 2 round bur. he conventional
glass ionomer material was then injected into the preparation
through the access hole until the material illed into the preparation
space and excess material extruded through the access. Suicient
time was allowed for the material to set before inishing the surface
with a No. 12 blade.

Repairing Compoite Retoration

B

C
• Fig. 8.55 Class VI tooth preparation for composite restoration.
A, Class VI preparation on the lingual cusp tip of the maxillary premolar. B,
Entry with small round bur or diamond. C, Final composite restoration and
sealant placed in the occlusal groove. (Courtesy Vilhelm G. Ólafsson.)

and require a special primer to facilitate bonding. Each system
should be used strictly according to the manufacturer’s speciic
instructions.
Encapsulated glass ionomers, for triturator mixing, or paste–paste
materials are greatly preferred to powder and liquid materials. Such
systems optimize and simplify the mixing procedure. Glass ionomer
material should be placed into the preparation in slight excess and
quickly shaped with a composite instrument. Clear plastic cervical
matrices also are available for providing contour to the restoration.
If a conventional glass ionomer is used, a thin coat of light-cured,
resin-based coating is placed on the surface immediately after
placement to limit dehydration and resultant disintegration (“cracking”) of the restoration during the initial setting phase. Newer
glass ionomers may be more resistant to dehydration; however,
careful attention to manufacturer’s instructions for restoration
placement is paramount.

If a patient presents with a composite restoration that has a localized defect, a repair usually can be made.65,66 Easily accessible
areas may be roughened with a diamond; the area is etched; an
appropriate adhesive is applied; and the composite is inserted,
inished, and polished. If the defect is not easily accessible, a tooth
preparation must be created that exposes the defective area, and
a matrix may be necessary; the adhesive and the composite are
then placed.
If a void is detected immediately after insertion of a composite
restoration, but before contouring is initiated, more composite
may be added directly to the void area. hese materials bond
because the void area has an oxygen-inhibited surface layer that
permits composite additions. If any contouring has occurred,
however, the oxygen-inhibited layer may have been removed or
contaminated, and the area must be “refreshed” by a brief etch/
rinse cycle and reapplication of the adhesive prior to the addition
of more composite.

Common Problem: Caue and
Potential Solution
his section lists the causes of common problems associated with
some composite restorations and potential solutions to those
problems.

White Line Adjacent to the Enamel Margin
A white line adjacent to the enamel margin of a direct composite
restoration is usually caused by a microseparation (space) between
the composite and the tooth or a microfracture within the marginal
enamel, either of which is typically caused by:
• Inadequate etching and bonding of the afected area
• High-intensity, fast light curing resulting in excessive polymerization stresses
• Traumatic inishing techniques
Potential solutions are as follows:
• Use atraumatic inishing techniques (e.g., light intermittent
pressure)
• Use proper polymerization techniques (see Chapter 6)
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D
• Fig. 8.56

Class III tooth preparation for a lesion entirely on the root surface. A, Mesiodistal longitudinal
section illustrating a caries lesion. B, Initial tooth preparation. C, Tooth preparation with infected caries
dentin removed. D, Retention grooves shown in longitudinal section. Transverse section through plane
cd illustrates the contour of the axial wall and the direction of the facial and lingual walls. E, Preparing
the retention form to complete the tooth preparation.

Some of these small defects may not be clinically relevant and
can be monitored over time for signs of marginal deterioration.
However, often they need to be managed, as follows:
• Seal the gap with adhesive
• Conservatively remove the defect and re-restore

Void
Causes of voids include the following:
• Spaces left between increments during insertion (lamination
defects)
• Adherence of composite to hand instruments during placement
in the preparation, which is related to the previous item
Potential solutions are as follows:
• Use a more careful restorative technique
• Repair marginal voids by preparing the area and re-restoring

Weak or Miing Proximal Contact
(Cla II, III, and IV)
Causes of weak and missing proximal contacts are as follows:
• Inadequately contoured matrix band
• Inadequate wedging, preoperatively and during the composite
insertion
• Matrix band movement during composite insertion or matrix
band not in direct contact with the adjacent proximal surface
• A circumferential matrix being used when restoring only one contact
• Adherence of composite to hand instruments during insertion
and resultant pulling away from matrix contact area
• Matrix band too thick
Potential solutions include the following:
• Contour the matrix material properly
• Have the matrix in contact with the adjacent tooth
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Inaccurate Shade

A

Causes of an incorrect shade matching include the following:
• Inappropriate operatory lighting while selecting the shade
• Selection of shade after the tooth has dehydrated
• Shade tab not matching the actual composite shade
• Wrong shade utilized
Potential solutions are as follows:
• Use natural light when selecting shade, if possible
• Select the shade before isolating the tooth
• Place some of the selected shade on the tooth and cure preoperatively to verify shade selection
• Do not shine the operator light (overhead or attached to operator
loupes) directly on the area during shade selection
• Understand the typical zones of diferent shades for natural
teeth

Contouring and Finihing Problem

B

Causes of contouring and/or inishing problems are as follows:
• Inadequate anatomic tooth form (overcontour or undercontour
of the restoration)
• Improper selection of finishing instrument and improper
composite placement
• Iatrogenic damage to adjacent unprepared tooth structure
Potential solutions include the following:
• Have a proper matrix with appropriate axial and line angle
contours
• Create embrasures to match the adjacent tooth embrasure form
• Remember the outline form of the preparation
• Use a properly shaped inishing instrument for the area being
contoured
• Be careful with the use of rotary instruments to avoid adversely
afecting the structure of the adjacent tooth or teeth
• Do not use rotary instruments that leave roughened surfaces

Potoperative Senitivity

C
• Fig. 8.57

Conventional glass ionomer restoration with a modiied
matrix band is shown before (A), matrix band adapted with access hole
prepared into the band (B), and immediately postop (C). (Courtesy Vilhelm
G. Ólafsson.)

• Use adequate preoperative and insertion wedging technique
• Use a matrix system that places the matrix only around the
proximal surface to be restored
• Use a hand instrument to hold the matrix against the adjacent
tooth while curing incremental placements of composite
• Be careful with insertion technique

Postoperative sensitivity can result from the following:
• Aggressive tooth preparation (inadequate use of coolant systems,
ineicient cutting instruments)
• Incorrect use of adhesive systems
• Not using a liner/base when indicated
• Formation of microgaps secondary to excessive polymerization
shrinkage stress, particularly in situations of high C-factor
• Aggressive inishing of the restoration
Potential solutions include the following:
• Use careful tooth preparation technique
• Use liners/bases properly
• Use adhesive systems properly
• Use a desensitizer solution after dentin acid etching
• Insert and polymerize the composite material properly
• Finish the composite restoration properly
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Summary
Direct composite restorations are increasingly used because of the
beneits accrued from adhesive bonding to tooth structure, esthetic
qualities, and almost universal clinical use. When accomplished
properly, a composite restoration is able to provide excellent service
for many years. Composite is the material of choice for most Class
III and IV restorations and most esthetically demanding Class V

restorations. When used in Class I and II restorations, however,
composites are more difficult and sensitive to the operator’s
technique than are amalgam restorations. To achieve optimal clinical
results, the operating site must be free from contamination, and
the bonding technique and composite handling must be meticulous
in every way.
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9
Additional Conservative Esthetic
Procedures
HARALD O. HEYMANN, ANDRÉ V. RITTER

S

igniicant improvements in tooth-colored restorative materials
and adhesive techniques have resulted in numerous conservative
esthetic treatment possibilities. Although restorative dentistry
is a blend of art and science, conservative esthetic dentistry truly
emphasizes the artistic component. As Goldstein stated, “Esthetic
dentistry is the art of dentistry in its purest form.”1 As with many
forms of art, conservative esthetic dentistry provides a means of
artistic expression that feeds on creativity and imagination. Dentists
ind performing conservative esthetic procedures enjoyable, and
patients appreciate the immediate esthetic improvements rendered,
often without the need for local anesthesia.
One of the greatest assets a person can have is a smile that
shows beautiful, natural teeth (Fig. 9.1). Children and teenagers
are especially sensitive about unattractive teeth. When teeth are
discolored, malformed, crooked, or missing, often the person makes
a conscious efort to avoid smiling and tries to “cover up” his or
her teeth. Correction of these types of dental problems can produce
dramatic changes in appearance, which often result in improved
conidence, personality, and social life. he restoration of a smile
is one of the most appreciated and gratifying services a dentist can
render. he positive psychologic efects of improving a patient’s
smile often contribute to an improved self-image and enhanced
self-esteem. hese improvements make conservative esthetic dentistry
particularly gratifying for the dentist and represent a new dimension
of dental treatment for patients.
his chapter presents conservative esthetic procedures in the
context of their clinical applications. he principles and clinical
steps involved in adhesive bonding for the treatment alternatives
discussed in this chapter are similar to those described in other
chapters in this textbook. Only speciic conservative esthetic clinical
procedures or variations from previously described techniques are
presented in this chapter.

Artitic Element
Regardless of the result desired, certain basic artistic elements must
be considered to ensure an optimal esthetic result. In conservative
esthetic dentistry, these elements include the following:
• Shape or form
• Symmetry and proportionality
• Position and alignment
• Surface texture
264

• Color
• Translucency
Some or all of these elements are common to virtually every
conservative esthetic dental procedure; a basic knowledge and
understanding of these artistic elements is required to attain esthetic
results consistently.

Shape or Form
he shape of teeth largely determines their esthetic appearance.
To achieve optimal dental esthetics, it is imperative that natural
anatomic forms be achieved. A basic knowledge of normal tooth
anatomy is fundamental to the success of any conservative esthetic
dental procedure.
When viewing the clinical crown of an incisor from a facial
(or lingual) position, the crown outline is trapezoidal. Subtle
variations in shape and contour produce very diferent appearances,
however. Rounded incisal angles, open incisal and facial embrasures,
and softened facial line angles typically characterize a youthful
smile. A smile characteristic of an older individual having experienced attrition secondary to aging typically exhibits incisal
embrasures that are more closed and incisal angles that are more
prominent (i.e., less rounded). Frequently, minor modiication of
existing tooth contours, sometimes referred to as cosmetic contouring,
can efect a signiicant esthetic change (see section Alterations of
Shape of Natural Teeth). Reshaping enamel by rounding incisal
angles, opening incisal embrasures, and reducing prominent facial
line angles can produce a more youthful appearance (Fig. 9.2).
Signiicant generalized esthetic changes are possible when treating
all anterior teeth (and occasionally the irst premolars) visible in
the patient’s smile. his fact is particularly true when placing
full-coverage facial restorations such as veneers (see section Veneers).
With this treatment method, the dentist can produce signiicant
changes in tooth shapes and forms to yield a variety of diferent
appearances.
Although less extensive, restoring an individual tooth rather
than all anterior teeth simultaneously may require greater artistic
ability. Generalized restoration of all anterior teeth with full facial
veneers afords the dentist signiicant control of the contours
generated. When treating an isolated tooth, however, the success
of the result is determined largely by how well the restored tooth
esthetically matches the surrounding natural teeth. he contralateral
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tooth to the one being restored should be examined closely for
subtle characterizing features such as developmental depressions,
embrasure form, prominences, or other distinguishing characteristics
of form. A high degree of realism must be reproduced artfully to
achieve optimal esthetics when restoring isolated teeth or areas.
Illusions of shape also play a signiicant role in dental esthetics.
he border outline of an anterior tooth (i.e., facial view) is primarily
two dimensional (i.e., length and width). he third dimension of
depth is crucial, however, in creating illusions, especially those of
apparent width and length.
Prominent areas of contour on a tooth typically are highlighted
with direct illumination, making them more noticeable, whereas
areas of depression or diminishing contour are shadowed and less
conspicuous. By controlling the areas of light reflection and
shadowing, full facial coverage restorations (in particular) can be
esthetically contoured to achieve various desired illusions of form.
he apparent size of a tooth can be changed by altering the
position of facial prominences or heights of contour without
changing the actual dimension of the tooth. Compared with normal
tooth contours (Fig. 9.3A), a tooth can be made to appear narrower
by positioning the mesiofacial and distofacial line angles closer
together (see Fig. 9.3B). Developmental depressions also can be
positioned closer together to enhance the illusion of narrowness.
Similarly, greater apparent width can be achieved by positioning
the line angles and developmental depressions further apart (see
Fig. 9.3C).
Although more diicult, the apparent length of teeth also can
be changed by illusion. Compared with normal tooth contours
(Fig. 9.4A), a tooth can be made to appear shorter by emphasizing
the horizontal elements such as gingival perikymata and by positioning the gingival height of contour further incisally (see Fig. 9.4B).
Slight modiication of the incisal area, achieved by moving the
incisal height of contour further gingivally, also enhances the illusion
of a shorter tooth. he opposite tenets are true for increasing the
apparent length of a tooth. he heights of contour are moved
farther apart incisogingivally, and vertical elements such as developmental depressions are emphasized (see Fig. 9.4C).
Used in combination, these illusionary techniques are particularly
valuable for controlling the apparent dimension of teeth in procedures that result in an actual increased width of teeth, such as
in diastema (i.e., space) closure (see section Correction of Diastemas).
By contouring the composite additions in such a way that the
original positions of the line angles are maintained, the increased
widths of the restored teeth are less noticeable (Fig. 9.5). If full
facial coverage restorations are placed in conjunction with a diastema

A
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A

B

C
• Fig. 9.1 Examples of conservative esthetic procedures. A, A beautiful
radiant smile is one of the greatest assets a person can have. B, The
appearance of this aspiring young model was marred by hypocalciied
areas of maxillary anterior teeth. C, A simple treatment consisted of removing part of the discolored enamel, acid etching the preparations, and
restoring with direct-composite partial veneers. (Courtesy Dr. C.L.
Sockwell.)

B

• Fig. 9.2 Cosmetic contouring. A, Anterior teeth before treatment. B, By reshaping teeth, a more
youthful appearance is produced.
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closure, vertical elements can be enhanced and horizontal features
deemphasized to control further the apparent dimension of teeth.

Symmetry and Proportionality
he overall esthetic appearance of a human smile is governed
largely by the symmetry and proportionality of the teeth that
constitute the smile. Asymmetric teeth or teeth that are out of
proportion to the surrounding teeth disrupt the sense of balance
and harmony essential for optimal esthetics. Assuming that the
patient’s teeth are aligned normally (i.e., rotations or faciolingual

A

B
Normal

C
Narrowing

Widening

• Fig. 9.3

Creating illusions of width. A, Normal width. B, A tooth can
be made to appear narrower by positioning mesial and distal line angles
closer together and by more closely approximating developmental depressions. C, Greater apparent width is achieved by positioning line angles
and developmental depressions farther apart.

A

positional defects are not present), dental symmetry can be
maintained if the sizes of contralateral teeth are equivalent. A
dental caliper should be used in conjunction with any conservative
esthetic dental procedure that would alter the mesiodistal dimension
of teeth. his recommendation is particularly true for procedures
such as diastema closure or other procedures involving augmentation
of proximal surfaces with composite. By irst measuring and
recording the widths of the interdental space and the teeth to be
augmented, the appropriate amount of contour to be generated
with composite resin addition can be determined (Fig. 9.6). In
this manner, symmetric and equal tooth contours can be generated
(see section Correction of Diastemas). When dealing with restorations involving the midline, particular attention also must be paid
to the incisal and gingival embrasure forms; the mesial contours
of both central incisors must be mirror images of one another to
ensure an optimally symmetric and esthetic result.
In addition to being symmetric, anterior teeth must be in proper
proportion to one another to achieve maximum esthetics. he
quality of proportionality is relative and varies greatly, depending
on other factors (e.g., tooth position, tooth alignment, arch form,
coniguration of the smile). One long-accepted theorem of the
relative proportionality of maxillary anterior teeth typically visible
in a smile involves the concept of the golden proportion.2 Originally
formulated as one of Euclid’s elements, this theorem has been
relied on through the ages as a geometric basis for proportionality
in the beauty of art and nature.3 On the basis of this formula, a
smile, when viewed from the front, is considered to be esthetically
pleasing if each tooth in that smile (starting from the midline)
is approximately 60% of the apparent mesiodistal width of the
tooth immediately mesial to it. he exact proportion of the distal
tooth to the mesial tooth is 0.618 (Fig. 9.7A). hese recurring
esthetic dental proportions are based on the apparent mesiodistal

B
Normal

C
Shortening

Lengthening

• Fig. 9.4

Creating illusions of length. A, Normal length. B, A tooth can be made to appear shorter by
emphasizing horizontal elements and by positioning the gingival height of contour farther incisally. C, The
illusion of length is achieved by moving the gingival height of contour gingivally and by emphasizing vertical
elements, such as developmental depressions.

A
• Fig. 9.5

B

Controlling apparent tooth size when adding proximal dimension. A, Teeth before treatment.
B, By maintaining original positions of the facial line angles (see areas of light relection), increased widths
of teeth after composite augmentations are less noticeable.
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• Fig. 9.6 Diastema closure. A, Teeth before composite additions. B, Symmetrical and equal contours
are achieved in the inal restorations.
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• Fig. 9.7 Tooth proportions. A, The rule of the golden proportion. The exact ratios of proportionality.
B, The anterior teeth of this patient are in golden proportion to one another. C, Width-to-length ratios.
Preoperative view reveals width-to-length ratio of 1 to 1. D, Following a periodontal surgical crown lengthening procedure, a more esthetic width-to-length ratio of 0.80 exists. E, Final result with etched porcelain
veneers. A width-to-length ratio of 0.80 is maintained. F, A 7-year postoperative view reveals a stable and
esthetic long-term result.
width of teeth when viewed straight on and not the actual mesiodistal width of individual teeth. An example of an esthetically
pleasing smile that meets the golden proportion can be seen in
Fig. 9.7B.
Although the golden proportion is not the absolute determinant
of dental esthetics, it does provide a practical and proven guide
for establishing proportionality when restoring anterior teeth,
especially if these teeth are considered long. However, according
to a study by Preston, only 17% of the population naturally exhibits
smiles that meet the golden proportion as the recurring esthetic
dental proportion.4 According to a survey of dentists by Ward, a
recurring esthetic dental proportion of 70% (as opposed to 61.8%
as with the golden proportion) is preferred when teeth are of
normal dimension.5

Little scientiic information is available regarding the proper
proportions of individual anterior teeth. A study by Sterrett et al.
revealed that the average width-to-length ratio for a maxillary
central incisor in men was 0.85 and in women was 0.86. 6 he
actual width-to-length ratios found in this same study for maxillary
lateral incisors in men and women were 0.76 and 0.79, respectively.
Another study by Magne et al. reported average width-to-length
ratios of 0.87 for worn maxillary central incisors and 0.78 for
unworn maxillary central incisors.7 An accepted theorem for
achieving esthetically pleasing central incisors maintains that the
ideal width-to-length ratio should be 0.75 to 0.80. 8 his ratio
represents the ideal proportions needed to optimize the esthetic
result and can help guide the treatment planning process. Considering the range of recommended width-to-length ratios, 0.80 seems
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to be a good benchmark for achieving optimally esthetic results
when restoring maxillary central incisors and 0.75 for maxillary
lateral incisors.
A good example can be seen in Fig. 9.7C–F. Because of altered
passive eruption, this teenaged patient exhibited a preoperative
width-to-length ratio of 1 to 1 for her maxillary central incisors
(see Fig. 9.7C). She revealed excessive gingival tissues relative to
the display of her anterior teeth. To achieve a more esthetic appearance, it was determined that a width-to-length ratio of 0.80 would
be desirable. After a periodontal surgical crown-lengthening
procedure, a more esthetic width-to-length ratio of 0.80 was attained
(see Fig. 9.7D). After placement of eight porcelain veneers for the
treatment of luorosis discoloration, the same 0.80 width-to-length
ratio can be seen (see Fig. 9.7E). A 7-year postoperative photograph
reveals the long-term esthetic result (see Fig. 9.7F).
Because central incisors are the dominant focal point in dental
composition, the dentist must avoid narrow, elongated, or shortand-wide contours. Adequate treatment planning and a fundamental
knowledge of the importance of the ideal width-to-length ratios
can optimize the final esthetic outcome. The importance of
interdisciplinary treatment involving orthodontics, periodontics,
or both cannot be underestimated.

Poition and Alignment
he overall harmony and balance of a smile depend largely on
proper position of teeth and their alignment in the arch. Malposed
or rotated teeth disrupt the arch form and may interfere with the
apparent relative proportions of teeth. Orthodontic treatment of
such defects always should be considered, especially if other
positional or malocclusion problems exist in the mouth. If orthodontic treatment is either impractical or unafordable, however,
minor positional defects often can be treated with composite
augmentation or full facial veneers indirectly made from composite
or porcelain. Only problems that can be treated conservatively
without signiicant alteration of the occlusion or gingival contours
of teeth should be treated in this manner.
Minor rotations can be corrected by reducing the enamel in
the area of prominence and augmenting the deicient area with
composite resin (Fig. 9.8A and B). Care must be taken to restrict
all recontouring of prominent areas to enamel. If the rotation is
to be treated with an indirectly fabricated composite or porcelain
veneer, an intraenamel preparation is recommended, with greater
reduction provided in the area of prominence. his preparation
allows subsequent restoration to appropriate physiologic
contours.

A

B

Malposed teeth are treated in a similar manner. Teeth in mild
linguoversion can be treated by augmentation with full facial veneers
placed directly with composite or made indirectly from processed
composite or porcelain (see Fig. 9.8C and D). Care must be exercised
in maintaining physiologic gingival contours that do not impinge
on tissue or result in an emergence proile of the restoration that
is detrimental to gingival health. A functional incisal edge should
be maintained by appropriate contouring of the restoration (an
excessively thick incisal edge should be avoided). If the occlusion
allows, limited reduction of enamel on the lingual aspect can be
accomplished to reduce the faciolingual dimension of the incisal
portion of the tooth. Lingual areas participating in protrusive
functional contact should not be altered, however. Individual teeth
that are signiicantly displaced facially (i.e., facioversion) are best
treated orthodontically.

Surface Texture
he character and individuality of teeth are determined largely by
their surface texture and existing characteristics. Realistic restorations
closely mimic the subtle areas of stippling, concavity, and convexity
that are typically present on natural teeth. Teeth in young individuals
characteristically exhibit signiicant surface characterization, whereas
teeth in older individuals tend to possess a smoother surface texture
caused by abrasional wear. Even in older patients, however, restorations
that are devoid of surface characterizations are rarely indicated.
he surfaces of natural teeth typically break up light and relect
it in many directions. Consequently, anatomic features (e.g.,
developmental depressions, prominences, facets, perikymata) should
be examined closely and reproduced to the extent that they are
present on the surrounding surfaces. he restored areas of teeth
should relect light as in the unrestored adjacent surfaces. In addition, as alluded to earlier, by controlling areas of light relection
and shadowing, various desired illusions also can be created.

Color
Color is the most complex and least understood artistic element.
It is an area in which numerous interdependent factors exist, all
of which contribute to the inal esthetic outcome of the restoration.
Although complex, a basic knowledge of color is imperative to
producing consistently esthetic restorations (see Chapter 7).
hree fundamental elements of color are hue, value, and chroma.
Hue is the intrinsic quality or shade of the color. Value refers to
the relative lightness or darkness of a hue. It is determined by the
amount of white or black in a hue. Chroma is the intensity of any

C

• Fig. 9.8 Position and alignment. A, A minor rotation is irst treated by reducing enamel in the area of
prominence. B, The deicient area is restored to proper contour with composite. C, Maxillary lateral incisor
is in slight linguoversion. D, Restorative augmentation of facial surface corrects malposition.

D

CHAPTER 9 Additional Conervative Ethetic Procedure

particular hue. Some current shade guides are based irst on value
because of the importance of this element of color.
Dentists also must understand the coloration of natural teeth
to select the appropriate shades of restorative materials accurately
and consistently. Teeth typically are composed of a multitude of
colors. A gradation of color usually occurs from the gingival region
to the incisal region, with the gingival region being typically darker
because of thinner enamel. Use of several diferent shades of
restorative material may be required to restore a tooth esthetically.
Exposed root surfaces are particularly darker (i.e., dentin colored)
because of the absence of overlying enamel. In most individuals,
canines are slightly darker than are incisors.
Young individuals with thick enamel characteristically exhibit
lighter teeth. Individuals with darker complexions usually appear
to have lighter teeth because of the contrast that exists between
teeth and the surrounding facial structures. Women can enhance
the apparent lightness of their teeth simply by using a darker shade
of makeup or lipstick. By increasing the contrast between teeth
and the surrounding facial tissue, the illusion of lighter teeth can
be created.
Color changes associated with aging also occur, primarily owing
to wear. As the facial enamel is worn away, the underlying dentin
becomes more apparent, resulting in a darker tooth. Incisal edges
are often darker because of the thinning of enamel or the exposure
of dentin because of normal attrition. Cervical areas also tend to
darken because of abrasion.
An understanding of normal tooth coloration enhances the
dentist’s ability to create a restoration that appears natural. Several
clinical factors also must be considered, however, to enhance the
color-matching quality of the restoration. Many shade guides for
composite materials are inaccurate. Not only are they often
composed of a material dissimilar to that of the composite, but
they also do not take into consideration color changes that occur
from batch to batch or changes caused by aging of the composite.
Accurate shade selection is best attained by applying and curing
a small amount of the composite restorative material in the area
of the tooth that may need restoration. Shade selection should be
determined before isolating teeth so that color variations that can
occur as a result of drying and dehydration of teeth are avoided.
Problems in color perception also complicate selection of the
appropriate shade of restorative material. Various light sources
produce diferent perceptions of color. his phenomenon is referred
to as metamerism.9 he color of the surrounding environment
inluences what is seen in the patient’s mouth. Color perception

also is inluenced by the physiologic limitations of the dentist’s
eye. On extended viewing of a particular tooth site, eyes experience
color fatigue, resulting in a loss of sensitivity to yellow-orange
shades.7 By looking away at a blue object or background (i.e., the
complementary color), the dentist’s eyes quickly recover and are
able to distinguish subtle variations in yellow-orange hues again.
Because of the many indirect factors that inluence color perception,
it is recommended that the dentist, the assistant, and especially
the patient all be involved in shade selection.

Tranlucency
Translucency is another factor that afects the esthetic quality of
the restoration. he degree of translucency is related to how deeply
light penetrates into the tooth or restoration before it is relected
outward. Normally, light penetrates through enamel into dentin
before being relected outward (Fig. 9.9A); this afords the realistic
esthetic vitality characteristic of normal, unrestored teeth. Shallow
penetration of light often results in loss of esthetic vitality. his
phenomenon is a common problem encountered when treating
severely intrinsically stained teeth such as teeth afected by tetracycline with direct or indirect veneers. Although opaque resin
media can mask the underlying stain, esthetic vitality is usually
lost because of reduced light penetration (see Fig. 9.9B). Indirect
veneers of processed composite or porcelain fabricated to include
inherent opacity also may have this problem.
Illusions of translucency also can be created to enhance the
realism of a restoration. Color modiiers (also referred to as tints)
can be used to achieve apparent translucency and tone down bright
stains or to characterize a restoration. Fig. 9.10 shows a case in
which the maxillary right central incisor with intrinsic yellow
staining caused by trauma to the tooth warranted restoration.
When bleaching treatments were unsuccessful because of calciic
metamorphosis, a direct composite veneer was used in this patient.
After an intraenamel preparation and acid etching, a violet color
modiier (the complementary color of yellow) was applied to the
prepared facial surface to reduce the brightness and intensity of
the underlying yellow tooth. Additionally, a mixture of gray and
violet color modiiers was used to simulate vertical areas of translucency. he inal restoration is shown in Fig. 9.10B. Color modiiers
also can be incorporated in the restoration to simulate maverick
colors, to check lines, or to surface spots for further characterization.
Color modiiers always should be placed within a composite restoration, not on its surface.

Light

Light

Dentin
Enamel

Dentin

Opaque resin

Enamel

A
• Fig. 9.9
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Veneer

B

Translucency and light penetration. A, Light normally penetrates deeply through enamel and
into dentin before being relected outward. This affords realistic esthetic vitality. B, Light penetration is
limited by opaquing resin media under veneers. Esthetic vitality is compromised.

270

C HA P T E R 9

Additional Conervative Ethetic Procedure

Clinical Conideration
Although an understanding of basic artistic elements is imperative
to successfully placing esthetic restorations, certain clinical considerations must be addressed concomitantly to ensure the overall
quality of the restoration. In addition to being esthetic, restorations
must be functional. Dawson stated, “Esthetics and function go
hand in hand. he better the esthetics, the better the function is
likely to be and vice versa.”10
he occlusion always must be assessed before any conservative
esthetic procedure. Anterior guidance, in particular, must be maintained and occlusal harmony ensured when treating areas involved
in occlusion. Another requirement of all conservative esthetic restorations is that they possess physiologic contours that promote good
gingival health. Particular care must be taken in all treatments to
inish the gingival areas of the restoration adequately and to remove
any gingival excess of material. Emergence angles of the restorations
must be physiologic and not impinge on gingival tissue.

Conervative Alteration of Tooth
Contour and Contact
Many unsightly tooth contours and diastemas can be corrected or
the appearance greatly improved by several conservative methods.

A

Often these procedures can be incorporated into routine restorative
treatment. he objective is to improve esthetics and yet preserve
as much healthy tooth structure as possible, consistent with the
acceptable occlusion and health of surrounding tissue. hese
procedures include reshaping natural teeth, correcting embrasures,
and closing diastemas.

Alteration of Shape of Natural Teeth
Some esthetic problems can be corrected conservatively without
the need for tooth preparation and restoration. Consideration
always should be given to reshaping and polishing natural teeth
to improve their appearance and function (Fig. 9.11). In addition,
the rounding of sharp angles can be considered a prophylactic
measure to reduce stress and to prevent chipping and fractures of
the incisal edges.

Etiology
Attrition of the incisal edges often results in closed incisal embrasures
and angular incisal edges (see Fig. 9.11A). Anterior teeth, especially
maxillary central incisors, often are fractured in accidents. Other
esthetic problems, including attrition and abnormal wear from
poor dental habits (e.g., biting ingernails, holding objects with
teeth), often can be corrected or the appearance improved by
reshaping natural teeth.

B

• Fig. 9.10 Use of internally placed color modiiers. A, The maxillary right central incisor exhibits bright
intrinsic yellow staining as a result of calciic metamorphosis. B, Color modiiers under direct-composite
veneer reduce brightness and intensity of stain and simulate vertical areas of translucency.

A

B

C

D

E

F

• Fig. 9.11 Reshaping natural teeth. A, Maxillary anterior teeth with worn incisal edges. B, Areas to be
reshaped are outlined. C, Outlined areas give the patient an idea of what the inal result will look like. D,
A diamond instrument is used to reshape the incisal edges. E, A rubber abrasive disk is used to polish
the incisal edges. F, Reshaping results in a more youthful smile.
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Treatment
Consultation and examination are necessary before any changes
are made to the shapes of teeth. Photographs, study models, line
drawings, and esthetic imaging devices enable the patient to envision
the potential improvement before any changes are made.
As noted earlier, cosmetic contouring to achieve youthful
characteristics often includes rounding incisal angles, reducing
facial line angles, and opening incisal embrasures. he opposite
characteristics typically are considered more mature features.
Cosmetic reshaping to smooth rough incisal edges and improve
symmetry is equally beneicial to women and men.
he patient must understand what is involved and must want
to have the alteration made. If reshaping is desired, it is helpful
to mark, by using a pencil or alcohol-marking pen, an outline of
the areas of the teeth to be reshaped (see Fig. 9.11B). By marking
the anticipated areas for enamel reshaping, the patient is provided
some indication of what the postoperative result may look like
(see Fig. 9.11C). If available, esthetic computer imaging also can
be used to illustrate the possible result before treatment.
Because all reshaping is restricted to enamel, anesthesia is not
required. A cotton roll is recommended for isolation. Diamond
instruments and abrasive disks and points are used for contouring,
inishing, and polishing (see Fig. 9.11D and E). hrough careful
reshaping of appropriate enamel surfaces, a more esthetic smile
(characterized by youthful features) is attained. Rounded incisal
edges also are less likely to chip or fracture (see Fig. 9.11F).
A second example involves the irregular, fractured incisal surfaces
of maxillary central incisors (Fig. 9.12A). An esthetic result can
be accomplished by slightly shortening the incisal edges and
reshaping both teeth to a symmetrical form. Photographs, line
drawings, esthetic imaging, or marking the outline on the patient’s
teeth enables the patient to envision the potential improvement
before any changes are made. Protrusive function always should
be evaluated to prevent inadvertent elimination of this occlusal
contact. Conservative treatment consists of using diamond

A

instruments and abrasive disks and points for contouring and
polishing the central incisors. he inished result is illustrated in
Fig. 9.12B.
As some patients grow older or have the habit of bruxism, the
incisal surfaces often wear away, leaving sharp edges that chip
easily. his is also accompanied by loss of the incisal embrasures
(Fig. 9.13A). To lessen the chance of more fractures and to create
a more youthful smile, the incisal embrasures are opened and the
incisal angles of teeth are rounded (see Fig. 9.13B).

Alteration of Embraure
Etiology
Anterior teeth can have embrasures that are too open as a result
of the shape or position of teeth in the arch. When the permanent
lateral incisors are congenitally missing, canines and posterior teeth
may drift mesially or the space may be closed orthodontically. he
facial surface and cusp angle of some canines can be reshaped to
appear like lateral incisors. In many instances, the mesioincisal
embrasures remain too open (Fig. 9.14A).
Treatment
Composite can be added to establish an esthetic contour and
correct the open embrasures. Evaluation of the occlusion before
restoration determines if the addition would be compatible with
functional movements. he patient should understand the procedures involved and should want to have the change made. Line
drawings, esthetic imaging, or photographs of similar examples
are often helpful in explaining the procedure and allaying patient
concerns. Another patient aid involves adding composite to teeth
(unetched/unbonded) to ill the embrasure temporarily to simulate
the inal result, which is known as a composite mockup.
Preliminary procedures include cleaning the involved teeth,
selecting the shade, and isolating the area. Local anesthesia usually
is not required because the preparation does not extend subgingivally
and involves only enamel. A coarse, flame-shaped diamond

B

• Fig. 9.12 Irregular incisal edges. A, Central incisors have rough, fractured incisal edges. B, Esthetic
result is obtained by recontouring incisal edges.

A
• Fig. 9.13
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B

Loss of incisal embrasures from attrition. Before (A) and after (B) recontouring teeth to
produce a more youthful appearance and improve resistance to fracture.
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• Fig. 9.14 Closing incisal embrasures. A, Maxillary canines moved to close spaces left by missing
lateral incisors. The mesial incisal embrasures are too open. B, Canines reshaped to appear like lateral
incisors.
instrument is used to remove overly convex enamel surfaces (if
present) and to roughen the enamel surface area to be augmented
with composite material. It may be necessary to place a wedge and
use an abrasive strip to prepare the proximal surface. he inal
contour of the restoration should be envisioned before the preparation is made so that all areas to be bonded are adequately
roughened.
A polyester strip or a Telon tape is inserted to protect the
adjacent tooth during acid etching. After etching, rinsing, and
drying, the contoured strip is positioned. A light-cured composite
material is inserted, and the strip is closed during polymerization.
he incisal embrasures of both canines are corrected, and both
restorations are inished by routine procedures (see Fig. 9.14B).
he occlusion should be evaluated to assess centric contacts and
functional movements, and any adjustments or corrections should
be made, if indicated.

Correction of Diatema
Etiology
he presence of diastemas between anterior teeth is an esthetic
problem for some patients (Fig. 9.15A). Before treatment, a diagnosis
of the cause is made, including an evaluation of the occlusion. A
frequent site of a diastema is between maxillary central incisors.
A prominent labial frenum with nonelastic fibers extending
proximally often prevents the normal approximation of erupting
central incisors.11 Other causative factors include congenitally
missing teeth, undersized or malformed teeth, interarch tooth size
discrepancies (i.e., Bolton discrepancy), supernumerary teeth, and
heredity. Diastemas also may result from other problems such as
tongue thrusting, periodontal disease, or posterior bite collapse.
Diastemas should not be closed without irst recognizing and
treating the underlying cause, as merely treating the cause may
correct the diastema.
Treatment
Traditionally, diastemas have been treated by surgical, periodontal,
orthodontic, and prosthetic procedures. hese types of corrections
can be impractical or unafordable and often do not result in
permanent closure of the diastema. In carefully selected cases, a
more practical alternative is to use composite augmentation of
proximal surfaces via adhesive procedures (see Figs. 9.5 and 9.6).
All treatment options (including no treatment) should be considered
before resorting immediately to composite augmentation. Line
drawings, photographs, computer imaging, models with spaces
illed, and direct temporary additions of ivory-colored wax or
composite material on natural teeth (unetched) are important
preliminary procedures.

he correction of a diastema between maxillary central incisors
is described and illustrated in Fig. 9.15. After the teeth are cleaned
and the shade selected, a Boley gauge or other suitable caliper is
used to measure the width of the diastema and the individual teeth
(see Fig. 9.15B and C). Occasionally, one central incisor is wider,
requiring a greater addition to the narrower tooth. Assuming the
incisors are of equal width, symmetrical additions can be ensured
by using half of the total measurement of the diastema to gauge
the width of the irst tooth restored. Cotton rolls, instead of a
rubber dam, are recommended for isolation because of the importance of relating the contour of the restoration directly to the
proximal tissue. Usually the restoration must begin slightly below
the gingival crest to appear natural and to be conluent with the
tooth contours.
With cotton rolls in place, a gingival retraction cord of an
appropriate size is tucked in the gingival crevice of each tooth
from midfacial mesially to midlingual (see Fig. 9.15D). he cord
retracts the soft tissue and prevents seepage from the crevice. In
some instances, the retraction cord may need to be inserted for
one tooth at a time to prevent strangulation of interproximal tissue
during preparation and restorative procedures. To enhance retention
of the composite, a coarse, lame-shaped diamond instrument is
used to roughen the proximal surfaces, extending from the facial
line angle to the lingual line angle (see Fig. 9.15E). More extension
may be needed to correct the facial or lingual contours, depending
on the anatomy and position of the individual tooth. he enamel
is acid etched approximately 0.5 mm past the prepared, roughened
surface. he acid should be applied gingivally only to the extent
of the anticipated restoration. After rinsing and drying, the etched
enamel should display a lightly frosted appearance (see Fig. 9.15F).
A 5-cm by 5-cm (2-inch by 2-inch) gauze is draped across the
mouth and tongue to prevent inadvertent contamination of the
etched preparations by the patient. After both preparations are
completed, the teeth are restored one at a time.
A polyester strip is contoured and placed proximally, with the
gingival aspect of the strip extending below the gingival crest.
Additional contouring may be required to produce enough convexity
in the strip. In most cases, a wedge cannot be used. he strip is
held (with the index inger) on the lingual aspect of the tooth to
be restored, while the facial end is relected for access. A light-cured
composite is used for the restoration. After the bonding agent is
applied, the composite material is inserted with a hand instrument
(see Fig. 9.15G). Careful attention is given to pressing the material
lingually to ensure conluence with the lingual surface. he matrix
is gently closed facially, beginning with the gingival aspect (see
Fig. 9.15H). Care must be taken not to pull the strip too tightly
because the resulting restoration may be undercontoured faciolingually, mesiodistally, or both. he light-cured composite material
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Diastema closure. A, Esthetic problem created by space between central incisors. B and
C, Interdental space and size of central incisors measured with caliper. D, Teeth isolated with cotton rolls
and retraction cord tucked into the gingival crevice. E, A diamond instrument is used to roughen enamel
surfaces. F, Etched enamel surface indicated (arrow). G, Composite inserted with composite instrument.
H, Matrix strip closed with thumb and foreinger. I, Composite addition is cured. J, Finishing strip used
to inalize contour of irst addition. K, A tight contact is attained by displacing the second tooth being
restored in a distal direction with thumb and foreinger, while holding matrix in contact with adjacent
restoration. L, Flame-shaped inishing bur used to contour restoration. M, Finishing strip used to smooth
the subgingival areas. N, The restoration is polished with a rubber abrasive point. O, Final luster attained
with polishing paste applied with Prophy cup. P, Unwaxed loss used to detect any excess composite.
Q, Diastema closed with symmetrical and equal additions of composite.
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is polymerized with the light directed from the facial and lingual
directions for an appropriate amount of time. Note that curing
times may vary according to the type of light source, the composite
used, and the thickness of the material (see Fig. 9.15I). Initially,
it is better to overcontour the irst restoration slightly to facilitate
inishing it to an ideal contour.
When polymerization is complete, the strip is removed. Contouring and inishing are achieved with appropriate carbide inishing
burs, ine diamonds, or abrasive disks (see Fig. 9.15L). Finishing
strips are invaluable for inalizing the proximal contours (see Fig.
9.15J and M). When composite is being added to two adjoining
surfaces, which is often the case, inal polishing is deferred until
the contralateral restoration is completed. However, it is sometimes
necessary to utilize inishing discs to contour the irst composite
addition to achieve the correct mesiodistal dimension of the irst
tooth before the second tooth is restored. It is imperative for good
gingival health that the cervical aspect of the composite addition
be immaculately smooth and continuous with the tooth structure.
Overhangs must not be present. Removal of the gingival retraction
cord facilitates inspection and smoothing of this area. Flossing
with a length of unwaxed loss veriies that the gingival margin is
correct and smooth if no fraying of the loss occurs (see Fig. 9.15P).
After etching, rinsing, and drying, the second restoration is
completed. A tight proximal contact can be attained by displacing
the second tooth being restored in a distal direction (with the
thumb and the index inger) while holding the matrix in contact
with the adjacent restoration (see Fig. 9.15K). Contouring is
accomplished with a 12-luted carbide bur and inishing strips
(see Fig. 9.15L and M). Articulating paper should be used to
evaluate the patient’s occlusion to ensure that the restorations are
not ofensive in centric or functional movements; adjustments can
be made with a carbide inishing bur or abrasive disks. Final polishing is achieved with rubber polishing points or polishing paste
applied with a prophy cup in a low-speed handpiece (see Fig.
9.15N and O). Unwaxed loss is used to detect any excess material

A

or overhang (see Fig. 9.15P). he inal esthetic result is seen in
Fig. 9.15Q.
Multiple diastemas among the maxillary anterior teeth are shown
in Fig. 9.16A. Closing the spaces by orthodontic movement was
considered in this patient; however, because the patient’s teeth
were undercontoured mesiodistally, the diastemas were closed by
bonding composite to the proximal surfaces. he teeth after treatment are shown in Fig. 9.16B. In the presence of defective Class
III restorations or proximal caries, it is recommended that the
teeth be restored with the same composite used for closing the
diastema. Often these restorations can be performed at the same
time the diastema is closed with composite additions (Fig. 9.17).
Occasionally, diastemas are simply too large to close esthetically
with composite augmentation alone (Fig. 9.18A). Closing a large
space of this magnitude with composite would merely create an
alternative esthetic problem—that is, excessively large central
incisors, which would further exacerbate the existing discrepancy
in proportionality among anterior teeth. In such cases, large spaces
are best redistributed orthodontically among anterior teeth so that
symmetric and equal composite additions can be made to the
central and lateral incisors (see Fig. 9.18B and C). his approach
that involves space distribution results in improved proportionality
among anterior teeth (see earlier section Artistic Elements). he
inal result, immediately after completion, is shown in Fig. 9.18D.

Conervative Treatment for
Dicolored Teeth
One of the most frequent reasons patients seek dental care is
discolored anterior teeth. Even patients with teeth of normal color
request whitening procedures. Treatment options include removal
of surface stains, bleaching, microabrasion or macroabrasion,
veneering, and placement of porcelain crowns. Many dentists
recommend porcelain crowns as the best solution for badly

B

• Fig. 9.16 Multiple diastemas occurring among maxillary anterior teeth. A, Before correction.
B, Appearance after diastemas are closed with composite augmentation.

A

B

• Fig. 9.17 A, Diastema closure and cosmetic contouring. B, Signiicant esthetic improvement is
achieved by replacing defective Class III restorations and closing diastemas with conservative composite
additions and cosmetically reshaping teeth.
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• Fig. 9.18 Space distribution. A, Midline diastema too large for simple closure with composite additions. B and C, Space distributed among four incisors with orthodontic treatment. D, Final result after
composite additions.

discolored teeth. If crowns are done properly with the highly esthetic
ceramic materials currently available, they have great potential for
being esthetic and long lasting. However, increasing numbers of
patients do not want their teeth “cut down” for crowns and choose
an alternative, conservative approach such as veneers (see section
Veneers) that preserves as much of the natural tooth as possible.
his treatment is performed with the understanding that the
corrective measures may be less permanent.
Discolorations are classiied as extrinsic or intrinsic. Extrinsic
stains are located on the outer surfaces of teeth, whereas intrinsic
stains are internal. he etiology and treatment of extrinsic and
intrinsic stains are discussed in the following sections.

Extrinic Dicoloration
Etiology
Stains on the external surfaces of teeth (referred to as extrinsic
discolorations) are common and may be the result of numerous
factors. In young patients, stains of almost any color can be
found and are usually more prominent in the cervical areas of
teeth (Fig. 9.19A). hese stains may be related to remnants of
Nasmyth membrane, poor oral hygiene, existing restorations,
gingival bleeding, plaque accumulation, eating habits, or the
presence of chromogenic microorganisms.12 In older patients,
stains on the surfaces of teeth are more likely to be brown, black,
or gray and occur on areas adjacent to gingival tissue. Poor
oral hygiene is a contributing factor, but cofee, tea, and other
types of chromogenic foods or medications can produce stains
(even on plaque-free surfaces). Tobacco stains also are observed
frequently. Existing restorations may be discolored for the same
reasons.
An example of one of the most interesting and unusual types
of external staining is illustrated in Fig. 9.19B. In Southeast Asia,
some women traditionally dye their teeth with betel nut juice to
match their hair and eyes as a sign of beauty.13 Slices of lemon are
held in contact with the teeth before applying the betel nut juice
to make the staining process more efective. his example was
probably one of the irst applications of the acid-etch technique.

A

B
• Fig. 9.19 Extrinsic stains. A, Surface stains on facial surfaces in a
young patient. B, Exotic decoration of anterior teeth by etching with citrus
fruit juice and applying black pigment (betel nut stain). (A, Courtesy Dr.
Tim Wright. B, From Daniel SJ, Harfst SA, Wilder RS: Mosby’s dental
hygiene: Concepts, cases, and competencies, ed 2, St. Louis, 2008,
Mosby. Courtesy Dr. George Taybos, Jackson, MS.)
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A weak acid, such as that found in citrus fruits, is known to cause
rapid decalciication of enamel.

Treatment
Most surface stains can be removed by routine prophylactic
procedures (Fig. 9.20); however, some supericial discolorations
on tooth-colored restorations and decalciied areas on teeth cannot
be corrected by such cleaning. Conservative correction may be
accomplished by mild microabrasion or by surfacing the thin,
outer, discolored layer with a lame-shaped, carbide inishing bur
or diamond instrument (i.e., macroabrasion), followed by polishing
with abrasive disks or points to obtain an acceptable result. (See
section Microabrasion and Macroabrasion for details of clinical
technique.)

Intrinic Dicoloration
Etiology
Intrinsic discolorations are caused by deeper (not supericial) internal
stains or enamel defects, and are more complex to treat than are
external discolorations. Teeth with vital or nonvital pulps as well
as endodontically treated teeth can be afected. Vital teeth may be
discolored at the time the crowns are forming, and the abnormal
condition usually involves several teeth. Causative factors include
hereditary disorders, medications (particularly tetracycline preparations), excess luoride, high fevers associated with early childhood
illnesses, and other types of trauma.12 he staining may be located
in enamel or dentin. Discolorations restricted to dentin still may
show through enamel. Discoloration also may be localized or
generalized, involving the entire tooth.
Various preparations of the antibiotic drug tetracycline can
cause the most distracting, generalized type of intrinsic discoloration
(Fig. 9.21A).14 he severity of the staining depends on the dose,
the duration of exposure to the drug, and the type of tetracycline
analogue used. Diferent types of tetracyclines induce diferent
types of discoloration, varying from yellow-orange to dark blue-gray.

A

Dark blue-gray, tetracycline-stained teeth are considerably more
diicult to treat than are teeth with mild yellow-orange discolorations. Staining from tetracycline-type drugs most frequently occurs
at an early age and is caused by ingestion of the drug concomitant
with the development of permanent teeth. Studies indicate that
permanent teeth in adults also can experience a graying discoloration,
however, as a result of long-term exposure to minocycline, a tetracycline analogue.14
he presence of excessive luoride in drinking water and other
sources at the time of teeth formation can result in another type
of intrinsic stain called luorosis. he staining usually is generalized.
Localized areas of discoloration may occur on individual teeth
because of enamel or dentin defects induced during tooth development. High fevers and other forms of trauma can damage the
tooth during its development, resulting in unesthetic hypoplastic
defects. Additionally, localized areas of dysmineralization, or the
failure of the enamel to calcify properly, can result in hypocalciied
white spots. After eruption, poor oral hygiene also can result in
decalciied white spots. Poor oral hygiene during orthodontic
treatment frequently results in these types of decalciied defects.
White or discolored spots with intact enamel surface (i.e., surface
not soft) are often evidence of intraoral remineralization, however,
and such spots are not indications for invasive treatment (unless
for esthetic concerns). Additionally, caries, metallic restorations,
corroded pins, and leakage or secondary caries around existing
restorations can result in various types of intrinsic discoloration.
As noted earlier, aging efects also can result in yellowed teeth.
As patients grow older, the tooth enamel becomes thinner because
of wear and allows underlying dentin to become more apparent.
Also, often continuing deposition of secondary dentin occurs in
older individuals, resulting in greater dentin thickness. his deposition results in a yellowing efect, depending on the intrinsic color
of dentin. Additionally, the permeability of teeth usually allows
the infusion (over time) of signiicant organic pigments (from
chromogenic foods, drinks, and tobacco products) that produce
a yellowing efect.

C

B

• Fig. 9.20 Treatment of surface stains. A, Tobacco stains. B, Pumicing teeth with rubber cup. C, Shade
guide used to conirm normal color of natural teeth.

A
• Fig. 9.21

B

Intrinsic stains. A, Staining by tetracycline drugs. B, Staining of the maxillary left central
incisor from tooth trauma and degeneration of the pulp.
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Nonvital teeth also can become discolored intrinsically. hese
stains usually occur in individual teeth after eruption has taken
place. he pulp may become infected or degenerate as a result of
trauma, deep caries, or irritation from restorative procedures. If
these teeth are properly treated by endodontic therapy, they usually
retain their normal color. If treatment is delayed, discoloration of
the crown is more likely to occur. he degenerative products from
the pulp tissue stain dentin, and this is readily apparent because
of the translucency of enamel (see Fig. 9.21B). Trauma resulting
in calciic metamorphosis (i.e., calciication of the pulp chamber,
root canal, or both) also can produce signiicant yellowing of the
tooth. his condition is extremely diicult to treat (see Fig. 9.10).

Treatment
Some people deinitely have esthetic problems because of intrinsic
stains, but others worry needlessly about the overall color of their
teeth. In the latter instance, the dentist must decide if the color
of teeth can be improved enough to justify treatment, even though
the patient insists on having something done. Individuals with
light complexions may believe that their teeth are too dark, when
actually they are normal in color (Fig. 9.22A). Positioning a shade
tab from a shade guide of tooth colors next to such teeth often
shows these patients that the color of their teeth is well within the
normal range of shades. As stated earlier, tanned skin, darker
makeup, or darker lipstick usually make teeth appear much whiter
by increasing the contrast between teeth and the surrounding facial
features (see Fig. 9.22B).
he patient should be told that many discolorations can be
corrected or the appearance of teeth greatly improved through
conservative methods such as bleaching, microabrasion or
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macroabrasion, and veneering. Mild discolorations are best
left untreated, are bleached, or are treated conservatively with
microabrasion or macroabrasion because no restorative material
is as good as the healthy, natural tooth structure. he patient
should be informed that the gingival tissue adjacent to restorative
material will never be as healthy as that next to normal tooth
structure.
Color photographs of previously treated teeth with intrinsic
staining (i.e., before and after treatment) are excellent adjuncts to
help the patient make an informed decision. Esthetic imaging with
modern computer simulation of the postoperative result also can
be an efective educational tool. Patients appreciate knowing what
the cause of the problem is, how it can be corrected, how much
time is involved, and what the cost will be. hey also should be
informed of the life expectancy of the various treatment alternatives
suggested. Vital bleaching usually results in tooth lightening for
only 1 to 3 years, whereas an etched porcelain veneer should last
10 to 15 years or longer. With continuous improvements in materials
and techniques, a much longer lifespan may be possible with any
of these procedures. he clinical longevity of esthetic restorations
also is enhanced in patients with good oral hygiene, proper diet,
a favorable bite relationship, and little or no contact with agents
that cause discoloration or deterioration.
Correction of intrinsic discolorations caused by failing restorations entails replacement of the faulty portion or the entire restoration. Correction of discolorations caused by caries lesions requires
appropriate restorative treatment. Esthetic inserts for metal restorations are described later in this chapter. For the other types of
intrinsic discolorations previously discussed, detailed treatment
options are presented in the following three sections.

Bleaching Treatment

A

B
• Fig. 9.22

Illusion of a lighter appearance of teeth by use of darker
makeup. A, Before. B, After. (From Freedman G: Contemporary esthetic
dentistry, St. Louis, 2012, Mosby.)

he lightening of the color of a tooth through the application of
a chemical agent to oxidize the organic pigmentation in the tooth
is referred to as bleaching. In keeping with the overall conservative
philosophy of tooth restoration, consideration should be given
irst to bleaching anterior teeth when intrinsic discolorations are
encountered. Bleaching techniques may be classiied as to whether
they involve vital or nonvital teeth and whether the procedure is
performed in the oice or outside the oice. Bleaching of nonvital
teeth was irst reported in 1848; in-oice bleaching of vital teeth
was irst reported in 1868.15 By the early 1900s, in-oice vital
bleaching had evolved to include the use of heat and light for
activation of the process. Although a 3% ether and peroxide
mouthwash used for bleaching in 1893 has been reported in the
literature, the “dentist-prescribed, home-applied” technique (also
referred to as nightguard vital bleaching or at-home bleaching) for
bleaching vital teeth outside the oice began around 1968, although
it was not commonly known until the late 1980s.16
Most bleaching techniques use some form or derivative of
hydrogen peroxide in diferent concentrations and application
techniques. he mechanism of action of bleaching teeth with
hydrogen peroxide is considered to be oxidation of organic pigments,
although the chemistry is not well understood. Bleaching generally
has an approximate lifespan of 1 to 3 years, although the change
may be permanent in some situations.
With all bleaching techniques, a transitory decrease occurs in
the potential bond strength of composite when it is applied to
bleached enamel and dentin. his reduction in bond strength
results from residual oxygen or peroxide residue in the tooth that
inhibits the setting of the bonding resin, precluding adequate resin
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tag formation in the etched enamel. No loss of bond strength is
noted if the composite restorative treatment is delayed at least 1
week after cessation of any bleaching.17

Nonvital Bleaching Procedure
he primary indication for nonvital bleaching is to lighten teeth
that have undergone endodontic therapy. Discoloration may be a
result of bleeding into dentin from trauma before root canal therapy,
degradation of pulp tissue left in the chamber after such therapy,
or staining from restorative materials and cements placed in the
tooth as a part of the endodontic treatment. Most posterior teeth
that have received endodontic therapy require full-coverage restorations that encompass the tooth to prevent subsequent fracture.
Anterior teeth needing restorative treatment and that are largely
intact may be restored with composite rather than with partialcoverage or full-coverage restorations without signiicantly compromising the strength of the tooth.18 his knowledge has resulted
in a resurgence in the use of nonvital bleaching techniques. Nonvital
bleaching techniques include an in-oice technique and an outof-oice procedure referred to as walking bleach. (See the following
sections for details of these two techniques.)
Although nonvital bleaching is efective, a slight potential (i.e.,
1%) exists for a deleterious side efect termed external cervical
resorption (Fig. 9.23).19 his sequela requires prompt and aggressive
treatment. In animal models, cervical resorption has been observed
most when using a thermocatalytic technique with high heat.20
he walking bleach technique or an in-oice technique that does
not require the use of heat is preferred for nonvital bleaching. To
reduce the possibility of resorption, immediately after bleaching,
a paste of calcium hydroxide powder and sterile water is placed
in the pulp chamber as described in the following sections.21 Also,
sodium perborate alone, rather than in conjunction with hydrogen
peroxide, should be used as the primary bleaching agent. Although
sodium perborate may bleach more slowly, it is safer and less
aggressive to the tooth.22 Periodic radiographs should be obtained
after bleaching to screen for cervical resorption, which generally
has its onset in 1 to 7 years.23

In-Oice Nonvital Bleaching Technique
he in-oice bleaching for nonvital teeth historically has involved
a thermocatalytic technique consisting of the placement of 35%
hydrogen peroxide liquid into the debrided pulp chamber and
acceleration of the oxidation process by placement of a heating

• Fig. 9.23
resorption.

Radiograph revealing the presence of extensive cervical

instrument into the pulp chamber. he thermocatalytic technique
is not recommended, however, because of the potential for cervical
resorption.19 A more current technique uses 30% to 35% hydrogen
peroxide pastes or gels that require no heat. his technique is
frequently the preferred in-oice technique for bleaching nonvital
teeth. In both techniques, it is imperative that a sealing cement
(resin-modiied glass ionomer [RMGI] cement is recommended)
be placed over the exposed endodontic illing before application
of the bleaching agent to prevent leakage and penetration of the
bleaching material in an apical direction. It is also recommended
that the bleaching agent be applied in the coronal portion of the
tooth incisal to the level of the periodontal ligament (not down
into the root canal space) to prevent unwanted leakage of the
bleaching agent through the lateral canals or canaliculi to the
periodontal ligament.

Walking Bleach Technique
Before beginning the walking bleach technique, the dentist needs
to evaluate the potential for occlusal contact on the area of the
root canal access opening. he dentist places a rubber dam to
isolate the discolored tooth and removes all materials in the coronal
portion of the tooth (i.e., access opening). he dentist removes
gutta-percha (to approximately 1–2 mm apical of the clinical crown)
and enlarges the endodontic access opening suiciently to ensure
complete debridement of the pulp chamber. Next, the dentist
places an RMGI liner to seal the gutta-percha of the root canal,
illing from the coronal portion of the pulp chamber. After this
seal has hardened, the dentist trims any excess material from the
seal so that the discolored dentin is exposed peripherally.
Sodium perborate is used with this technique because it is
deemed extremely safe.24 Using a cement spatula, with heavy pressure
on a glass slab, one drop of saline or sterile anesthetic solution is
blended with enough sodium perborate to form a creamy paste.
A spoon excavator or similar instrument is used to ill the pulp
chamber (with the bleaching mixture) to within 2 mm of the
cavosurface margin, avoiding contact with the enamel cavosurface
margins of the access opening. he dentist uses a cotton pellet to
blot the mixture and places a temporary sealing material (e.g.,
Cavit [3M ESPE, St. Paul, MN] or Fuji IX [GC America, Alsip,
IL]) to seal the access opening. he area should remain isolated
for approximately 5 minutes after closure to evaluate the adequacy
of the seal of the temporary restoration. If bubbles appear around
the margins of the temporary material indicating leakage, the
temporary restoration must be replaced. If no bubbles appear, the
dentist removes the rubber dam and checks the occlusion to assess
the presence or absence of contact on the temporary restoration.
he sodium perborate should be changed weekly. On successful
bleaching of the tooth, the chamber is rinsed and illed to within
2 mm of the cavosurface margin with a paste consisting of calcium
hydroxide powder in sterile saline. (he enamel walls and margins
are kept clean and free of the calcium hydroxide paste.) As noted
earlier, a paste of calcium hydroxide powder and sterile water is
placed immediately after bleaching in the pulp chamber to reduce
the possibility of resorption.21 he dentist reseals the access opening
with a temporary restorative material, as previously described, and
allows the calcium hydroxide material to remain in the pulp chamber
for 2 weeks. Subsequently, the dentist removes the temporary
restorative material, rinses away the calcium hydroxide, and dries
the pulp chamber. Next, the dentist restores the tooth with a
light-cured composite (Fig. 9.24).
Occasionally, a tooth that has been bleached by using the walking
bleach technique and sealed with a composite restoration may
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B
Indication for bleaching root canal–illed tooth. A, Before. B, After intracoronal, nonvital

bleaching.

subsequently become discolored. In this instance, the alternative treatment option should be an attempt to bleach the tooth
externally with one of the external bleaching techniques (see next
section).

Vital Bleaching Procedure
Generally the indications for the diferent vital bleaching techniques
are similar, with patient preference, cost, compliance, and diiculty
in the removal of certain discolorations dictating the choice of
treatment or combination of treatments. Indications for vital
bleaching include teeth intrinsically discolored because of aging,
trauma, or certain medications. External vital bleaching techniques
are alternative treatment options for a failed, nonvital, walking
bleach procedure. Vital bleaching also is often indicated before
and after restorative treatments to harmonize the shades of the
restorative materials with those of natural teeth.
Teeth exhibiting yellow or orange intrinsic discoloration seem
to respond best to vital bleaching, whereas teeth exhibiting bluish
gray discolorations often are considerably more diicult to treat
in this manner. Other indications for external bleaching include
teeth that have been darkened by trauma but are still vital or teeth
that have a poor endodontic prognosis because of the absence of
a radiographically visible canal (i.e., calciic metamorphosis). Brown
luorosis stains also are often responsive to treatment, but white
luorosis stains may not be resolved efectively (although they can
be made less obvious if the surrounding tooth structure can be
signiicantly whitened).
Vital bleaching techniques include an in-oice technique referred
to as power bleaching and an out-of-oice alternative that is a
“dentist-prescribed, home-applied” technique (i.e., nightguard vital
bleaching, or simply “at-home bleaching”).25,26 hese techniques
may be used separately or in combination with one another. (Details
are provided in subsequent sections.) Some over-the-counter
bleaching materials, particularly products involving a trayless strip
delivery system, also are efective for whitening teeth, but these
are not discussed in this chapter.27
Overall, vital bleaching has been proven to be safe and efective
when performed by or under the supervision of a dentist. With
short-term treatment, no appreciable efect has been observed on
existing restorative materials, either in loss of material integrity or
in color change, with one exception: Polymethyl methacrylate
restorations exhibit a yellow-orange discoloration on exposure to
carbamide peroxide. For this reason, temporary crowns should be
made from bis-acryl materials, rather than polymethyl methacrylate
crown and bridge resin, if exposure to carbamide peroxide is
anticipated.
Because hydrogen peroxide has such a low molecular weight,
it easily passes through enamel and dentin. his characteristic is

thought to account for the mild tooth sensitivity occasionally
experienced during treatment. his efect is transient, however,
and no long-term harm to the pulp has been reported.
Often the dentist has to decide whether to use an in-oice
bleaching technique or prescribe a home-applied technique. he
advantages of the in-oice vital bleaching technique are that
(although it uses very aggressive chemicals) it is totally under the
dentist’s control, soft tissue is generally protected from the process,
and the technique has the potential for bleaching teeth more rapidly.
Disadvantages primarily relate to the cost, the unpredictable
outcome, and the unknown duration of the treatment. he features
that warrant concern and caution include the potential for soft
tissue damage to both patient and provider, discomfort caused by
the rubber dam or other isolation devices, and the potential for
posttreatment sensitivity. he advantages of the dentist-prescribed,
home-applied technique are the use of a lower concentration of
peroxide (generally 10% to 15% carbamide peroxide), ease of
application, minimal side efects, and lower cost because of the
reduced chair time required for treatment. he disadvantages are
reliance on patient compliance, longer treatment time, and the
(unknown) potential for soft tissue changes with excessively extended
use.

In-Oice Vital Bleaching Technique
In-oice vital bleaching requires an excellent rubber dam technique
and careful patient management. Vaseline or cocoa butter may be
placed on the patient’s lips and gingival tissue before application
of the rubber dam to help protect these soft tissues from any
inadvertent exposure to the bleaching agent. Anterior teeth (and
sometimes the irst premolars) are isolated with a heavy rubber
dam to provide maximum retraction of tissue and an optimal seal
around teeth. A good seal of the dam is ensured by ligation of the
dam with waxed dental tape or the use of a sealing putty or varnish.
Light-cured, resin-based “paint-on” rubber dam isolation media
are available for use with in-oice bleaching materials but cannot
provide the same degree of protection and isolation as a conventionally applied rubber dam. Etching of teeth with 37% phosphoric
acid, once considered a required part of this technique, is
unnecessary.28
Numerous commercially available bleaching agents are available
for in-oice bleaching procedures. Most consist of paste or gel
compositions that most commonly contain 30% to 35% hydrogen
peroxide. Other additives, such as metallic ion–producing materials
or alkalinizing agents that can speed up the oxidation reaction,
also are commonly found in these commercially available whitening
products. he dentist places the hydrogen peroxide–containing
paste or gel on teeth. he patient is instructed to report any sensations of burning of the lips or gingiva that would indicate a leaking
dam and the need to terminate treatment.
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Most of the credible research indicates that the addition of light
during the bleaching procedure does not improve the whitening
result beyond what the bleach alone can achieve.29 Use of a light to
generate heat may accelerate the oxidation reaction of the hydrogen
peroxide and expedite treatment through a thermocatalytic efect.
PAC lights and high-output quartz halogen lights have been commonly used for this purpose. Use of lights to heat the bleaching
agent, however, causes a greater level of tooth dehydration. his
efect not only can increase tooth sensitivity but also results in an
immediate apparent whitening of the tooth owing to dehydration
that makes the actual whitening result more diicult to assess.
Use of carbon dioxide laser to heat the bleaching mixture and
accelerate the bleaching treatment has not been recommended,
according to a report of the American Dental Association (ADA)
because of the potential for hard or soft tissue damage. 30 On
completion of the treatment, the dentist rinses the patient’s teeth,
removes the rubber dam or isolation medium, and cautions the
patient about postoperative sensitivity. A nonsteroidal analgesic
and antiinlammatory drug may be administered if sensitivity is
anticipated.
Contrary to the claims of some manufacturers, optimal whitening
typically requires more than one bleaching treatment.31 Bleaching
treatments generally are rendered weekly for two to six treatments,
with each treatment lasting 30 to 45 minutes. Patients may experience transient tooth sensitivity between appointments, but no
long-term adverse efects of bleaching teeth with otherwise healthy
pulps have been reported in the literature. Because the enamel is
not acid etched, it is not necessary to polish the teeth after they
have been bleached, and it is not essential to provide any luoride
treatment.

Dentist-Prescribed, Home-Applied Technique
he dentist-prescribed, home-applied technique (i.e., nightguard
vital bleaching) is much less labor intensive and requires substantially
less in-oice time. An impression of the arch to be treated is made
and poured in cast stone. It should be ensured that the impression
is free of bubbles on or around teeth by wiping the impression
material onto teeth and the adjacent gingival areas before inserting
the impression. After appropriate infection control procedures,
the dentist rinses the impression vigorously and pours with cast
stone. Incomplete rinsing of the impression may cause a softened
surface on the stone, which may result in a nightguard (bleaching
tray) that is slightly too small and that may irritate tissue. he
dentist trims the cast around the periphery to eliminate the vestibule
and thin out the base of the cast palatally (until a hole is produced).
Generally, the cast must be lifted from the table of the cast-trimming
machine to remove the vestibule successfully without damaging
teeth. he dentist allows the cast to dry and blocks out any signiicant undercuts by using a blockout material (e.g., putty, clay,
light-activated spacer material).
he nightguard is formed on the cast with the use of a heated
vacuum-forming machine. After the machine has warmed up for
10 minutes, a sheet of 0.75- to 1.5-mm (0.020- to 0.040-inch)
soft vinyl nightguard material is inserted and allowed to be softened by heat until the material sags approximately by 25 mm (1
inch). he top portion of the machine is closed slowly and gently,
and the vacuum is allowed to form the heat-softened material
around the cast. After suicient time has been allowed for adaptation
of the material, the dentist turns of the machine and allows the
material to cool.
Next, the dentist uses scissors or a No. 11 surgical blade in a
Bard-Parker handle to trim in a smooth, straight cut about 3 to

• Fig. 9.25 Vacuum-formed, clear plastic nightguard used for vital
bleaching (i.e., scalloped version).
5 mm from the most apical portion of the gingival crest of teeth
(facially and lingually). his excess material is removed irst. he
horseshoe-shaped nightguard is removed from the cast. he dentist
trims the facial edges of the nightguard in a scalloped design,
following the outline of the free gingival crest and using sharp,
curved scissors. Scalloping of the lingual surface is optional because
the bleaching material is applied primarily to the facial aspects of
teeth. Alternatively (on the lingual aspect), the nightguard may
be trimmed apically to within 2 mm of the free gingival crest in
a smooth, horseshoe-shaped coniguration. his scalloped design
is preferred because it allows the tray to cover only teeth and
prevents entrapment of the bleaching material between gingival
tissue and the nightguard. he nightguard is completed and is
ready for delivery to the patient (Fig. 9.25).
he dentist inserts the nightguard into the patient’s mouth and
evaluates it for adaptation, rough edges, or blanching of tissue. A
properly itting nightguard is shown in Fig. 9.26. Further shortening
(i.e., trimming) may be indicated in problem areas. he dentist
evaluates the occlusion on the nightguard with the patient in
maximum intercuspation. If the patient is unable to obtain a
comfortable occlusion because of premature posterior tooth contacts,
the nightguard is trimmed to exclude coverage of the terminal
posterior teeth, as needed (to allow optimal tooth contact in
maximum intercuspation). In addition, if no lingual scalloping is
done, the edges of the guard on the palate should terminate in
grooves or valleys, where possible, rather than on the heights of
soft tissue contours (e.g., in the area of the incisive papilla).
A 10% to 15% carbamide peroxide bleaching material generally
is recommended for this bleaching technique. Commercial bleaching
products are available as clear gels and white pastes. Carbamide
peroxide degrades into 3% hydrogen peroxide (active ingredient)
and 7% urea. Bleaching materials containing Carbopol are recommended because Carbopol thickens the bleaching solution and
extends the oxidation process. On the basis of numerous research
studies, carbamide peroxide bleaching materials seem to be safe
and efective when administered by or under the supervision of a
dentist.22
he patient is instructed in the application of the bleaching gel
or paste into the nightguard. A thin bead of material is extruded
into the nightguard along the facial aspects corresponding to the
area of each tooth to be bleached. Usually, only the anterior six
to eight teeth are bleached. he clinician should review proper
insertion of the nightguard with the patient. After inserting the
nightguard, excess material is wiped from the soft tissue along the
edge with a soft-bristled toothbrush. No excess material should
be allowed to remain on soft tissue because of the potential for
gingival irritation. he patient should be informed not to drink
liquids or rinse during treatment and to remove the nightguard
for meals and oral hygiene.
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Although no single treatment regimen is best for all patients,
most patients prefer an overnight treatment approach because of
the convenience. If the nightguard is worn at night, a single
application of bleaching material at bedtime is indicated. In the
morning, the patient should remove the nightguard, clean it under
running water with a toothbrush, and store it in the container
provided. Total treatment time using an overnight approach is
usually 1 to 2 weeks. If patients cannot tolerate overnight bleaching,
the bleaching time and frequency can be adjusted to accommodate
the patient’s comfort level. In addition, in these cases, tolerance
to the nightguard and bleaching material generally are improved
if the patient gradually increases the wearing time each day.
If either of the two primary adverse efects occurs (i.e., sensitive
teeth or irritated gingiva), the patient should reduce or discontinue
treatment immediately and contact the dentist so that the cause
of the problem can be determined and the treatment approach
modiied. he dentist may prescribe desensitizing agents to help
alleviate sensitivity associated with bleaching.
It is recommended that only one arch be bleached at a time,
beginning with the maxillary arch. Bleaching the maxillary arch
irst allows the untreated mandibular arch to serve as a constant
standard for comparison. Restricting the bleaching to one arch at
a time reduces the potential for occlusal problems that could occur
if the thicknesses of two mouthguards were interposed

A

simultaneously. Fig. 9.27 illustrates a typical case before and after
treatment with nightguard vital bleaching.
Tetracycline-stained teeth typically are much more resistant to
bleaching. Teeth stained with tetracycline require prolonged treatment durations of several months before any results are observed.
Often, tetracycline-stained teeth are unresponsive to the procedure,
especially if the stains are blue-gray in color. Tetracycline-stained
teeth may approach but never seem to achieve the appearance of
normal teeth. A single tetracycline-stained tooth with previous
endodontic therapy or a diferent pulp size may respond diferently
from other teeth in the arch to the bleaching technique.
Because bleaching tetracycline-stained teeth is diicult, some
clinicians advocate intentional endodontic therapy along with the
use of an intracoronal nonvital bleaching technique to overcome
this problem (Fig. 9.28). Although the esthetic result appears much
better than that obtained from external bleaching, this approach
involves all the inherent risks otherwise associated with endodontic
treatment. External bleaching techniques ofer a safer alternative,
although they may not be as rapid or efective. Veneers or full
crowns are alternative esthetic treatment methods for diicult
tetracycline-stained teeth but involve irreversible restorative
techniques (see section Indirect Veneer Techniques). No one
bleaching technique is efective in all cases, and all successes are
not equal. Often, with vital bleaching, a combination of the in-oice

B

• Fig. 9.26 Nightguard for vital bleaching. A and B, Clear plastic nightguard properly seated and positioned in the mouth (scalloped on facial, unscalloped on lingual).

A
• Fig. 9.27

A
• Fig. 9.28
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B
Nightguard vital bleaching. A, Before bleaching treatment. B, After treatment.

B

Bleaching tetracycline-stained teeth. A, Before nonvital bleaching. B, After treatment. (Courtesy Dr. Wayne Mohorn.)
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technique and the dentist-prescribed, home-applied technique has
better results than either technique used alone.

Microabraion and Macroabraion
Microabrasion and macroabrasion represent conservative alternatives
for the reduction or elimination of supericial discolorations. As
the terms imply, the stained areas or defects are abraded away.
hese techniques result in the physical removal of the tooth structure
and are indicated only for stains or enamel defects that do not
extend beyond a few tenths of a millimeter in depth. If the defect
or discoloration remains even after treatment with microabrasion
or macroabrasion, a restorative alternative is indicated.

Microabraion
In 1984, McCloskey reported the use of 18% hydrochloric acid
swabbed on teeth for the removal of supericial luorosis stains.32
Subsequently, in 1986, Croll and Cavanaugh modiied the technique
to include the use of pumice with hydrochloric acid to form a
paste applied with a tongue blade.33 his technique is called
microabrasion and involves the surface dissolution of the enamel
by acid along with the abrasiveness of the pumice to remove
supericial stains or defects. Since that time, Croll further modiied
the technique, reducing the concentration of the acid to approximately 11% and increasing the abrasiveness of the paste using
silicon carbide particles (in a water-soluble gel paste) instead of
pumice.34 his product, marketed as Prema compound (Premier
Dental Products Co., Plymouth Meeting, PA) or Opalustre
(Ultradent Products, Inc., South Jordan, UT), represents an
improved and safer means for the removal of supericial stains or
defects. his technique involves the physical removal of tooth
structure and does not remove stains or defects through any
bleaching phenomena.
Before treatment, the clinician should evaluate the nature and
extent of the enamel defect or stain and diferentiate between
nonhereditary developmental dysmineralization (i.e., abnormal
mineralization) defects (e.g., white or light brown luorotic enamel
and the idiopathic white or light brown spot) versus incipient
caries lesions. Incipient caries lesions usually are located near the
gingival margin. hese lesions have a smooth surface and appear
opaque or chalky white when dried but are less visible when
hydrated.
Incipient caries is reversible if treated immediately. Changing
the oral environment through oral hygiene practices and dietary
adjustments allows remineralization to occur. If the caries lesion
has progressed to have a slightly roughened surface, however,
microabrasion coupled with a remineralization program is an initial
option. If this approach is unsuccessful, it can be followed by a
restoration. Cavitation of the enamel surface is an indication for
restorative intervention. As the location of smooth-surface enamel
caries nears the cementoenamel junction (CEJ), then enamel is
too thin to permit microabrasion or macroabrasion as a treatment
option.
A developmental discolored spot (opaque white or light brown)
is the result of an unknown, local traumatic event during amelogenesis and is termed idiopathic. Its surface is intact, smooth, and
hard. It usually is located in the incisal (occlusal) half of enamel,
which contributes to the unsightly appearance. he patient (or
the patient’s parents in the case of a child) must be informed that
an accurate prognosis for microabrasion cannot be given but that
microabrasion will be applied irst. If microabrasion is unsuccessful

because of the depth of the defect exceeding 0.2 to 0.3 mm, the
tooth will be restored with a tooth-colored restoration. Surface
discolorations resulting from luorosis also can be removed by
microabrasion if the discoloration is within the 0.2- to 0.3-mm
removal depth limit.
Fig. 9.29A shows a young patient with luorosis stains on teeth
Nos. 8 and 9. A rubber dam is placed to isolate the teeth to be
treated and to protect the gingival tissues from the acid in the
Prema paste or compound (Premier Dental Products). Protective
glasses should be worn by the patient to shield the eyes from any
spatter. he Prema paste is applied to the defective area of the
tooth with a special rubber cup that has luted edges (see Fig.
9.29B and C). he abrasive compound can be applied with either
the side or the end of the rubber cup. A 10× gear reduction,
low-speed handpiece (similar to that used for placing pins) is
recommended for the application of the Prema compound to reduce
the possibility of removing too much tooth structure and to prevent
spatter. Moderately firm pressure is used in applying the
compound.
For small, localized, idiopathic white or light brown areas, a
hand application device also is available for use with the Prema
compound (see Fig. 9.29D). Periodically, the paste is rinsed away
to assess the extent of defect removal. he facial surface also is
viewed with a mirror from the incisal aspect to determine how
much tooth structure has been removed. Care must be taken not
to remove too much tooth structure. he procedure is continued
until the defect is removed or until it is deemed imprudent to
continue further (see Fig. 9.29E). he treated areas are polished
with a luoride-containing prophy paste to restore surface luster
(see Fig. 9.29F). Immediately after treatment, a topical luoride is
applied to teeth to enhance remineralization (see Fig. 9.29G).
Results are shown in Fig. 9.29H.

Macroabraion
An alternative technique for the removal of localized, supericial
white spots (not subject to conservative, remineralization therapy)
and other surface stains or defects is called macroabrasion. Macroabrasion simply uses a 12-luted composite inishing bur or a
ine-grit inishing diamond in a high-speed handpiece to remove
the defect (Fig. 9.30A and B). Care must be taken to use light,
intermittent pressure and to monitor the removal of tooth structure
carefully to avoid irreversible damage to the tooth. Air-water spray
is recommended, not only as a coolant but also to maintain the
tooth in a hydrated state to facilitate the assessment of defect
removal. Teeth that have white spot defects are particularly susceptible to dehydration resulting in other apparent white spots
that are not normally seen when the tooth is hydrated. Dehydration
exaggerates the appearance of white spots and makes defect removal
diicult to assess. After removal of the defect or on termination
of any further removal of tooth structure, a 30-luted inishing
bur is used to remove any facets or striations created by the previous
instruments. Final polishing is accomplished with an abrasive rubber
point (see Fig. 9.30C). he results are shown in Fig. 9.30D.
Comparable results can be achieved with microabrasion and
macroabrasion. Both treatments have advantages as well as disadvantages. Microabrasion has the advantage of ensuring better control
of the removal of tooth structure. High-speed instrumentation
used in macroabrasion is technique sensitive and can have catastrophic results if the clinician fails to use extreme caution.
Macroabrasion is considerably faster and does not require the use
of a rubber dam or special instrumentation. Defect removal also
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• Fig. 9.29 Microabrasion. A, Young patient with unesthetic luorosis stains on central incisors. B and
C, Prema compound applied with special rubber cup with luted edges. Protective glasses and rubber
dam are needed for the safety of the patient. D, Hand applicator for applying Prema compound. E, Stain
removed from the left central incisor after microabrasion. F, Treated enamel surfaces polished with prophylactic paste. G, Topical luoride applied to treated enamel surfaces. H, Final esthetic result. (Courtesy
Dr. Ted Croll.)
is easier with macroabrasion compared with microabrasion if an
air-water spray is used during treatment to maintain hydration of
teeth. Nonetheless, microabrasion is recommended over macroabrasion for the treatment of supericial defects in children because of
better operator control and superior patient acceptance. To accelerate
the process, a combination of macroabrasion and microabrasion
also may be considered. Gross removal of the defect is accomplished
with macroabrasion, followed by final treatment with
microabrasion.

Veneer
A veneer is a layer of tooth-colored material that is applied to a
tooth to restore localized or generalized defects and intrinsic
discolorations (for examples, see Figs. 9.7, 9.33, 9.34, 9.35, and
9.41). Typically, veneers are made of directly applied composite,
processed composite, porcelain, or pressed ceramic materials.
Common indications for veneers include teeth with facial surfaces
that are malformed, discolored, abraded, or eroded or have faulty
restorations (Fig. 9.31).
Two types of esthetic veneers exist: (1) partial veneers and (2)
full veneers (Fig. 9.32). Partial veneers are indicated for the restoration of localized defects or areas of intrinsic discoloration (Fig.
9.33; see also Fig. 9.1). Full veneers are indicated for the restoration
of generalized defects or areas of intrinsic staining involving most
of the facial surface of the tooth (for examples, see Figs. 9.7, 9.35,
9.36, 9.37, and 9.41). Several important factors including patient

age, occlusion, tissue health, position and alignment of teeth, and
oral hygiene must be evaluated before pursuing full veneers as a
treatment option. If full veneers are done, care must be taken to
provide proper physiologic contours, particularly in the gingival
area, to ensure good gingival health. An example of poorly contoured
veneers is shown in Fig. 9.31D; severe gingival irritation exists
around the overcontoured veneers, and a purulent exudate is evident
on probing the margins with an explorer.
Full veneers can be accomplished by the direct or indirect
technique. When only a few teeth are involved or when the entire
facial surface is not faulty (i.e., partial veneers), directly applied
composite veneers can be completed chairside in one appointment
for the patient. Placing direct composite full veneers is time consuming and labor intensive. For cases involving young children or a
single discolored tooth, or when the patient’s time or money is
limited, precluding a laboratory-fabricated veneer, the direct
technique is a viable option. Indirect veneers require two appointments but typically ofer three advantages over directly placed full
veneers:
1. Indirectly fabricated veneers are much less sensitive to operator technique. Considerable artistic expertise and attention to
detail are required to consistently achieve esthetically pleasing
and physiologically sound direct veneers. Indirect veneers
are made by a laboratory technician and are typically more
esthetic.
2. If multiple teeth are to be veneered, indirect veneers usually
can be placed much more expeditiously.
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D
• Fig. 9.30 Macroabrasion. A, Outer surfaces of maxillary anterior teeth are unesthetic because of
supericial enamel defects. B and C, Removal of discoloration by abrasive surfacing and polishing procedures. D, Completed treatment revealing conservative esthetic outcome.

A

B

C

D

• Fig. 9.31 Clinical examples of indications for treatment with veneers include teeth affected by tetracycline drug staining (A), luorosis or enamel hypoplasia (B), acid-induced erosion (e.g., lemon-sucking
habit) (C), and defective or improperly done existing veneers (note signiicant gingival overhang with
associated purulent exudate) (D).
3. Indirect veneers typically last much longer than do direct veneers,
especially if they are made of porcelain or pressed ceramic.
Some controversy exists regarding the extent of tooth preparation
that is necessary and the amount of coverage for both direct and
indirect fabricated veneers (see Fig. 9.32). Some operators prefer

to etch the existing enamel and apply the veneer (direct or indirect
type) to the entire existing facial surface without any tooth preparation. he perceived advantage of these “no prep” veneers is that
little or no tooth structure is removed. Also, in the event of failure
or if the patient does not like the veneer, it supposedly can be
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removed (being reversible), although in actuality, it is never easy
to remove any bonded veneer without concomitant removal of
some tooth structure (see also section No-Prep Veneers).
Several signiicant problems exist, however, with this approach.
First, to achieve an esthetic result, if the tooth is otherwise of
normal contour, the facial surface of such a restoration will be
overcontoured, appearing and feeling unnatural. his observation
is true for both direct and indirect veneers. An overcontoured
veneer frequently results in gingival irritation with accompanying
hyperemia and bleeding caused by bulbous and impinging gingival
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• Fig. 9.32

Four types of veneers. A, Facial view of partial veneer that
does not extend subgingivally or involve the incisal angle. B, Full veneer
with window preparation design that extends to the gingival crest and
terminates at the facioincisal angle. C, Full veneer with either a butt-joint
incisal preparation design or an incisal-lapping preparation design extending subgingivally and including all of incisal surface. (Subgingival extension
is indicated only for preparation of darkly stained teeth and is not considered routine.) D–G, Cross sections of the four types of veneers: partial
veneer (D), full veneer with window preparation design (E), full veneer with
butt-joint incisal preparation design (F), full veneer with incisal-lapping
incisal preparation design (G).

A

contours. Second, with regard to direct veneers, the veneer is more
likely to be dislodged when no tooth structure is removed before
the etching and bonding procedures are done. If the veneer is lost,
it can be replaced. he patient may live in constant fear, however,
that it will happen again, possibly causing embarrassment.
he reversibility of no-prep veneers may seem desirable and
appealing to patients from a psychologic standpoint; however, few
patients who elect to have veneers wish to return to the original
condition. In addition, removing full veneers with no damage to
the underlying unprepared tooth, as noted earlier, is exceedingly
diicult if not impossible. To achieve esthetically pleasing and
physiologically sound results consistently, an intraenamel preparation
is usually indicated. he only exception is in cases in which the
facial aspect of the tooth is signiicantly undercontoured because
of severe abrasion or erosion. In these cases, mere roughening of
the involved enamel and deining of the peripheral margins are
indicated.
Intraenamel preparation (or the roughening of the surface in
undercontoured areas) before placing a veneer is strongly recommended for the following reasons:
1. To provide space for bonding and veneering materials for maximal
esthetics without overcontouring
2. To remove the outer, luoride-rich layer of enamel that may be
more resistant to acid etching
3. To create a rough surface for improved bonding
4. To establish a deinite inish line
Establishing an intraenamel preparation with a deinite inish
line is particularly important when placing indirectly fabricated
veneers. Accurate positioning and seating of an indirectly made
veneer are enhanced signiicantly if an intraenamel preparation is
present.
Another controversy involves the location of the gingival margin
of the veneer (see Fig. 9.32). Should it terminate short of the free
gingival crest at the level of the gingival crest or apical of the
gingival crest? he answer depends on the individual situation. If
the defect or discoloration does not extend subgingivally, the margin
of the veneer should not extend subgingivally. he position of the
gingival margin of any veneer is dictated by the extent of the
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• Fig. 9.33 Direct partial veneers. A, Patient with overcontoured direct full veneers. B, After removal of
old veneer, localized white spots are evident. C, Models illustrate fault (x) and cavity preparation (y). The
chamfered margins are irregular in outline. D, Intraenamel preparations for partial veneer restorations.
E, Conservative esthetic result of completed partial veneers.
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defects or discoloration and the amount of tooth structure that is
visible with maximum smiling. If a patient exhibits a high smile
line that exposes the entire facial surface of the tooth and if defects
like luorosis stains are generalized, then the margin of the veneer
must be positioned at the level of the crest of tissue to optimize
esthetics. However, the only logical reason for extending the margin
subgingivally is if the gingival area is carious or defective, warranting
restoration, or if it involves signiicantly dark discoloration that
presents a diicult esthetic problem. No restorative material is as
good as normal tooth structure, and the gingival tissue is never as
healthy when it is in contact with an artiicial material.
hree basic preparation designs exist for full veneers: (1) a
window preparation, (2) a butt-joint incisal preparation, and (3)
an incisal-lapping preparation (see Fig. 9.32). A window preparation
is recommended for most direct composite veneers. It is also
frequently used in cases of indirectly fabricated veneers where the
outline form of the canine is intact and the patient is canine
guided. his intraenamel preparation design preserves the functional
lingual and incisal surfaces of maxillary anterior teeth, protecting
the veneers from signiicant occlusal stress. his quality is of
particular importance with direct composite veneers.
A window preparation design also is recommended for indirectly
fabricated porcelain veneers in patients who exhibit a canine-guided
pattern of lateral guidance and in whom the maxillary canines are
of normal contour with little incisal wear or notching. By using
a window preparation, the functional surfaces are better preserved
in enamel (see Fig. 9.32E and, later, Fig. 9.41I). his design reduces
the potential for accelerated wear of the opposing tooth that could
result if the functional path involved porcelain on the lingual and
incisal surfaces, as with incisal butt-joint or incisal-lapping designs.
For most indirectly fabricated porcelain veneers, either a buttjoint incisal design or an incisal-lapping approach is used. A
butt-joint incisal design is used routinely in cases where no defects
exist along the lingual aspect of the incisal edge. It is the simplest
design and is used to easily provide adequate reduction of the
tooth to accommodate the needed strength of the porcelain veneer
in this area of the preparation (see Fig. 9.32F). An incisal-lapping
preparation is indicated when the tooth being veneered needs
lengthening or when an incisal defect warrants restoration. he
extent of the lapping onto the lingual surface is generally dictated
by the extent of the lingual incisal defect or by the amount of
faciolingual resistance form desired for reinforcement of the incisal
edge (see Fig. 9.32G and, later, Fig. 9.40).
he preparation and restoration of a tooth with a veneer should
be carried out in a manner that provides optimal function, esthetics,
retention, physiologic contours, and longevity. All of these objectives
should be accomplished without compromising the strength of
the remaining tooth structure. If the veneer becomes chipped,
discolored, or worn, it usually can be repaired or replaced.
Darkly stained teeth, especially teeth discolored by tetracycline,
are much more diicult to veneer with full veneers compared with
teeth with generalized defects but that have normal underlying
coloration (see Fig. 9.44). he diiculty is compounded further
when the cervical areas are badly discolored. Usually, only the six
maxillary anterior teeth require correction because they are the
most noticeable when a person smiles or talks. he maxillary irst
premolars (and to a lesser extent the second premolars) also are
included, however, if they too are noticeable on smiling.
Discolored mandibular anterior teeth are rarely indicated for
veneers because the facioincisal portions are thin and usually subject
to biting forces and attrition. Veneering mandibular teeth is discouraged if the teeth are in normal occlusal contact because it is

exceedingly diicult to achieve adequate reduction of the enamel
to compensate for the thickness of the veneering material. Also,
if porcelain veneers are placed on mandibular teeth, the veneers
may accelerate the wear of opposing maxillary teeth because of
the abrasive nature of the porcelain. In most cases, the lower lip
hides these teeth so esthetics is not a signiicant problem. Most
patients are satisied with the conservative approach of veneering
only maxillary anterior teeth.

Direct Veneer Technique
Direct Partial Veneers
Small localized intrinsic discolorations or defects that are surrounded
by healthy enamel are ideally treated with direct partial veneers
(see Fig. 9.1B and C). Often practitioners place full veneers when
only partial veneers are indicated. he four anterior teeth in Fig.
9.33A illustrate the clinical technique for placing partial veneers.
hese defects can be restored in one appointment with a light-cured
composite. Preliminary steps include cleaning, shade selection,
and isolation with cotton rolls or rubber dam. Anesthesia usually
is not required unless the defect is deep, extending into dentin.
Fig. 9.33A shows four anterior teeth that had previously received
direct composite veneers with no enamel preparation for the restoration of developmental white spot lesions. However, even after
veneering, the white spots still show through the veneers. On
removal of the defective veneers, the localized white spots are
evident (see Fig. 9.33B). Models illustrating proper preparation
are shown in Fig. 9.33C. he outline form is dictated solely by
the extent of the defect and should include all discolored areas.
he clinician should use a coarse, elliptical or round diamond
instrument with air-water coolant to remove the defect. he use
of water-air spray is also imperative so that the tooth can be
maintained in a hydrated state. If dehydration is allowed to occur,
it can cause the appearance of other white spots, which are artifacts
and which will make defect assessment much more diicult (see
Fig. 9.33D). After preparation, etching, and restoration of the
defective areas (as described in the following paragraph), the inished
partial veneers are seen (see Fig. 9.33E).
Usually, it is desirable to remove all of the discolored enamel
in a pulpal direction. If the entire defect or stain is removed, a
microilled composite is recommended for restoring the preparation.
Microills are excellent “enamel replacement” materials because of
their optical properties. If the tooth has been maintained in a
hydrated state, the microilled composite can be positioned on a
trial basis to assess the accuracy of the shade prior to inal restoration.
Nanoilled composites also are excellent material choices for this
technique. If a residual lightly stained area or white spot remains
in enamel, however, an intrinsically less translucent composite can
be used rather than extending the preparation into dentin to
eliminate the defect. Most composites illed primarily with radiopaque illers (e.g., barium glass) are more optically opaque with
intrinsic masking qualities (in addition to being radiopaque). Use
of these types of composites for the restoration of preparations
with light, residual stains is most efective and conserves the tooth
structure. In this example, all restorations are of a light-cured
microilled composite.
Direct Full Veneers
Extensive enamel hypoplasia involving all maxillary anterior teeth
was treated by placing direct full veneers in this case (Fig. 9.34A).
A diastema also was present between the central incisors. he
patient desired to have the hypoplasia and the diastema corrected;

CHAPTER 9 Additional Conervative Ethetic Procedure

B

C

A

E

287

D

F

G

• Fig. 9.34 Direct full veneers using light-cured composite. A, Enamel hypoplasia of maxillary anterior
teeth. B, Typical preparation of facial surface for full veneer. C, The preparation is extended onto the
mesial surface to allow closure of diastema. D, Full veneers restore proximal contact. E, Etched preparations of central incisors. F, Veneers completed on maxillary central incisors. G, Treatment completed with
placement of full veneers on remaining maxillary anterior teeth.
examination indicated a good prognosis. A direct technique was
used with a light-cured microilled composite. Placing direct full
composite veneers is very time consuming. Although all six teeth
can be restored at the same appointment, it may be less traumatic
for the patient and the dentist if the veneers are placed in two
appointments. In this example, the central incisors were completed
during the irst appointment, and the lateral incisors and canines
were completed during the second appointment.
After the teeth to receive the veneers are cleaned and a shade
is selected, the area is isolated with cotton rolls and retraction
cords. Both central incisors are prepared with a coarse, rounded-end
diamond instrument. he window preparation typically is made
to a depth roughly equivalent to half the thickness of the facial
enamel, ranging from approximately 0.5 to 0.75 mm midfacially
and tapering down to a depth of about 0.3 to 0.5 mm along the
gingival margin, depending on the thickness of enamel (see Fig.
9.32). A well-deined chamfer at the level of the gingival crest
provides a deinite preparation margin for subsequent inishing
procedures. he margins are not extended subgingivally because
these areas are not defective. he preparation for all veneer types
(both direct and indirect) normally is terminated just facial to the
proximal contact except in the case of a diastema (see Fig. 9.34B).
When interdental spaces exist, the preparations must be extended
from the facial surfaces onto the mesial surfaces, terminating at
the mesiolingual line angles (see Fig. 9.34C and D). his lingual
extension of the preparation allows for proper reestablishment of
the entire proximal contour of the tooth in the inal restoration.
he incisal edges were not included in the preparations in this
example because no discoloration was present. In addition, preservation of the incisal edges better protects the veneers from heavy
functional forces, as noted earlier for window preparations.
he teeth to be treated should be restored one at a time. After
the etching, rinsing, and drying procedures (see Fig. 9.34E), the
dentist applies and polymerizes the resin-bonding agent. he dentist
places the composite on the tooth in increments, especially along

the gingival margin, to reduce the efects of polymerization shrinkage. he composite is placed in slight excess to allow some freedom
in contouring. It is helpful to inspect the facial surface from an
incisal view with a mirror to evaluate the contour before polymerization. After the irst veneer is inished, the second tooth is restored
in a similar manner (see Fig. 9.34F). In this case, the remaining
four anterior teeth are restored with direct composite veneers (see
Fig. 9.34G) at the second appointment. Chapter 8 describes the
procedures used to insert and inish composite restorations. Another
excellent example of direct composite veneers is seen in Fig. 9.35.

Indirect Veneer Technique
Many dentists ind that the preparation, placement, and inishing
of several direct veneers at one time is too diicult, fatiguing, and
time consuming. Some patients become uncomfortable and restless
during long appointments. In addition, veneer shades and contours
can be better controlled when made outside of the mouth on a
cast. For these reasons, indirect veneer techniques are usually
preferable. Indirect veneers are primarily made of (1) processed
composite, (2) feldspathic porcelain, and (3) cast or pressed ceramic.
Because of superior strength, durability, and conservation of the
tooth structure, feldspathic porcelain bonded to intraenamel
preparations has historically been the preferred approach for indirect
veneering techniques used by dentists. Some pressed ceramic
veneering materials ofer comparable esthetic qualities but may
require a deeper tooth preparation that is often located in dentin.
Studies show that bond strengths to dentin decline over time and
that porcelain veneers placed in intraenamel preparations ofer the
best long-term results.35-38 However, newer, currently available
pressed or castable ceramics are capable of being fabricated to
much thinner dimensions, making them viable options for indirect
fabrication as well.
Although two appointments are required for indirect veneers,
chair time is reduced because much of the work has been done in
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• Fig. 9.35 Direct full veneers using light-cured composite for defective veneers. A, Defective composite
veneers with marginal staining. B, Conservative intraenamel preparation. C, New direct composite veneers
on maxillary anterior teeth. (Courtesy Dr. Robert Margeas.)

B

A
• Fig. 9.36

No-prep veneers placed on maxillary anterior teeth. A, Before treatment. B, Immediately
after placement of the no-prep veneers. (Courtesy Dr. Patricia Pereira.)

the laboratory. Excellent results can be obtained when proper clinical
evaluation and careful operating procedures are followed. Indirect
veneers are attached to the enamel by acid etching and bonding
with light-cured resin cement.

No-Prep Veneers
As noted earlier (see section Veneers), one approach being used
for indirect veneers is to place them on teeth with no tooth preparation. Although this “no prep” approach may at irst appear desirable,

it can later cause problems if proper case selection is not done.
No-prep veneers are best used when teeth are inherently undercontoured, when interdental spaces or open incisal embrasures are
present, or when both conditions exist. Examples of successful
no-prep veneers following these guidelines are seen in Figs. 9.36
and 9.37.
However, no-prep veneers can be problematic. First, no-prep
veneers are inherently made thinner and consequently are more
prone to fracture, especially during the try-in phase. Second, for
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A
• Fig. 9.37

No-prep veneers placed to restore undersized maxillary lateral incisors. A, Before treatment.
B, After placement of the no-prep veneers. (Courtesy Dr. Gary Radz.)

marginal staining, tooth sensitivity, etc.) occur when excessive
amounts of dentin are exposed in the veneer preparation.
Tooth Preparation

• Fig. 9.38

Scanning electron micrograph (×31,000) of feldspathic porcelain etched with hydroluoric acid. (Courtesy Dr. Steven Bayne.)

indirect no-prep veneers, interproximal areas are diicult to access
for proper inishing. And third, as noted earlier, if case selection
is not done properly and the teeth are already of normal contour,
the resulting veneers inevitably will be overcontoured. Veneers that
are overcontoured are not generally esthetic and often can result
in impingement of gingival tissue, as noted earlier (see Fig. 9.31D).
For these reasons, it is advisable in most cases to use a conservative,
intraenamel preparation for the use of indirect veneers, as noted
in the next section.

Etched Porcelain Veneers
he preferred type of indirect veneer is the etched porcelain (i.e.,
feldspathic) veneer. Porcelain veneers etched with hydroluoric
acid are capable of achieving high bond strengths to the etched
enamel via a resin-bonding medium.39-41 his porcelain etching
pattern is shown in Fig. 9.38. In addition to the high bond strengths,
etched porcelain veneers are highly esthetic, stain resistant, and
periodontally compatible. he incidence of cohesive fracture for
etched porcelain veneers is also very low.36 However, as noted
earlier, the key to the long-term success with etched porcelain
veneers is the use of a conservative intraenamel preparation. Preparations into dentin should be avoided because virtually all problems
associated with etched porcelain veneers (debonding, accelerated

Because the most important consideration in determining the
success of etched porcelain veneers is tooth preparation, a systematic
approach will be presented irst, using a dentiform series, prior to
reviewing the associated clinical procedures (Fig. 9.39). A veneer
design using a butt-joint incisal edge will be illustrated irst. he
tooth used to illustrate the preparation sequence has intentionally
been colored blue to allow better visualization of the involved
steps. However, it is not recommended that this tooth marking
be done clinically.
he veneer preparation is made with a tapered, rounded-end
diamond instrument. It is critical that the tip diameter of the
diamond be measured because the diamond will serve as the
measuring tool in gauging proper reduction depth. A diamond
with a tip diameter of 1 to 1.2 mm is recommended. he tip
diameter of the diamond used in this series is 1.2 mm.
he irst step in the veneer preparation is establishing the
peripheral outline form. Position the diamond to half its depth
(approximately 0.6 mm in this example) just facial to the proximal
contact on either proximal surface, and then extend the bur, while
maintaining its occlusogingival orientation, around the gingival
area and then back up the opposite proximal area, again keeping
the diamond positioned just facial to the proximal contact area
(see Fig. 9.39A and B). In this example, a supragingival marginal
position was maintained. Recall that clinically, the position
of the gingival margin is determined by lip position (and the
resulting display of teeth) and the gingival extent of the facial
discoloration or defect being treated, as noted previously. If
possible, a supragingival margin position is always considered
desirable because it minimizes the potential for an adverse gingival
response.
Facial reduction is achieved by irst identifying and then reducing
three separate facial zones: the incisal third, the middle third, and
the gingival third (see Fig. 9.39C), in that order. To prepare the
incisal zone of facial reduction, the diamond irst is aligned parallel
with the facial surface of the incisal third of the tooth. he diamond
is then moved mesiodistally from line angle to line angle until the
desired depth of approximately 0.6 mm is attained. Again, the tip
of the diamond is used to gauge this reduction. Reduction depth
can be veriied by viewing the tip of the diamond in proximity to
the unprepared tooth structure gingival to this reduced area when
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viewed from the proximal, facial, and incisal aspects (see Fig. 9.39D
and E). Care also must be taken to round the mesial and distal
facial line angles during this reduction sequence to ensure uniform
facial reduction.
he middle third is reduced in a similar manner. By carefully
watching the striations being created by the diamond mesiodistally
during the reduction of the middle third, it is easy to see when
the level of the previous incisal third reduction is reached (see Fig.
9.39F). When a similar reduction level has been reached, the
striations in the middle one third will then extend into the area
previously reduced in the incisal third. Stop immediately. Do not
go deeper. Again, a reduction depth of approximately 0.6 mm is

A

desirable. Moreover, the reduction depth again can be veriied by
viewing the tip of the diamond in proximity to the unprepared
tooth structure gingival to this reduced area when viewed from
the proximal, facial, and incisal aspects. Care also must be taken
to round the mesial and distal facial line angles during this reduction
sequence to ensure uniform facial reduction.
Reduction of the gingival one third is straightforward and simply
involves removal of the remaining “island” of unprepared tooth
structure to a level consistent with the surrounding previously
prepared tooth structure (see Fig. 9.39G and H).
Incisal reduction is made by orienting the diamond perpendicular
to the incisal edge and then reducing the incisal edge to attain a

B

Incisal 1/3
3 zones of
reduction

Middle 1/3
Gingival 1/3

C

D

E

F
• Fig. 9.39 Intraenamel preparation for an etched porcelain veneer with a butt-joint incisal edge design.
A and B, The peripheral outline form is irst established using a rounded-end diamond instrument.
C–H, Facial reduction is achieved by irst identifying and then reducing three separate facial zones: the
incisal third, the middle third, and the gingival third (C), in that order.
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• Fig. 9.39, cont’d

I, Incisal reduction is attained. J, The completed intraenamel preparation for an
etched porcelain veneer with a butt-joint incisal edge.

minimum reduction of 1 mm or, more desirably, 1.5 mm (see Fig.
9.39I). Clinically, this reduction in depth will be gauged using an
incisal reduction index. In this dentiform example, a minimum
1-mm incisal reduction depth was generated. Finally, round the
facioincisal line angle with the side of the diamond to reduce
internal stresses in the porcelain veneer. he inal intraenamel
preparation for an etched porcelain veneer using a butt-joint incisal
edge design is seen in Fig. 9.39J.
Frequently, an incisal-lapping preparation is indicated if the
patient has worn or defective areas on the lingual aspect of the
incisal edge. Some operators also prefer this design because of
enhanced adaptation of the veneer to the lingual preparation margin
attributable to a “lap sliding” it.
he preparation steps for the incisal-lapping preparation are
identical to those for the butt-joint design, including the steps for
incisal reduction; however, additional steps are required to attain
the incisal-lapping feature. he irst step in achieving this preparation
design is to notch the mesial and distal incisal angles. he tip of
the same diamond instrument used for the earlier steps of the
veneer preparation is used to establish these notches. Using the
diamond, extend the notches completely through the incisal angles
faciolingually to a depth incisogingivally consistent with the desired
amount of lapping of the lingual surface (Fig. 9.40A). For example,
if a 0.5-mm lap of the lingual surface is desired, as in this example,
the notches are prepared to a depth of 0.5 mm each accordingly
(see Fig. 9.40B).
Once the incisal notches have been generated incisogingivally
to a depth consistent with the desired amount of lingual lapping,

the preparation of the lingual lap is made. Position the diamond
into the tooth to a depth of approximately 0.6 mm (less if remaining
faciolingual thickness of the incisal edge enamel is compromised)
and extend the preparation across the lingual surface from notch
to notch (see Fig. 9.40C). he resulting sharp incisal angles must
then be rounded to finish the incisal-lapping portion of the
preparation. Care must be taken to include any desired lingual
defect. he gingival extent of the incisal lap is determined by the
extent of any lingual defect. he inal lapping portion of the
preparation is seen in Fig. 9.40D. he facial view of the completed
incisal-lapping preparation with a lingual lap of 0.5 mm is seen
in Fig. 9.40E.
Clinical Procedure

he case of a patient with generalized luorosis is used to illustrate
the clinical procedures involved (Fig. 9.41A). A consult appointment
is always recommended prior to initiating the veneer procedures.
At this appointment, the actual procedures are discussed in detail,
appropriate consents are obtained, and any needed records are
generated, including shade selection, intraoral photographs, and
impressions for diagnostic models and occlusal records. Laboratory
communications are greatly enhanced through the inclusion of
digital photographs. An excellent series of baseline photographs,
including some with shade tabs positioned in the photographic
ield to document the preoperative shapes and shades of the involved
teeth, should be made.
Although intraenamel preparations will be used, it is always
recommended that patients be anesthetized during the appointment
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• Fig. 9.40 Intraenamel preparation steps for an etched porcelain veneer with an incisal-lapping design.
A and B, Incisal notches. C, Preparing the lingual-lapping portion of the prep. D and E, The completed
intraenamel preparation viewed from the lingual and facial aspects for an etched porcelain veneer with
an incisal-lapping design.

for tooth preparation to ensure maximum comfort for the patient
and the dentist. Once the anesthetic is administered, preoperative
records such as an incisal reduction index and those needed to
facilitate temporization are made. An incisal reduction index is
always recommended to accurately gauge the amount of incisal
reduction during the preparation of teeth for etched porcelain
veneers (Fig. 9.42; see also Fig. 9.41B–H). An incisal reduction
index is made by recording the lingual and incisal contours of the
anterior teeth to be prepared or the contours generated in a
diagnostic wax-up. Typically a fast-setting silicone or polyvinyl
siloxane elastomeric material is used to generate this record. If a
diagnostic model has been made in which the incisal edge positions

of the inal veneers will be diferent from the current teeth, the
incisal reduction index should be made using the diagnostic model
(see Fig. 9.42A and B). As in this case, if no change in the incisal
edge positions of the involved teeth is desired, the reduction index
can be made directly in the patient’s mouth by recording the
existing contours of the involved teeth. Once the facial excess has
been trimmed away with a No. 12 surgical blade in a Bard-Parker
handle, the incisal reduction index should be tried in the mouth
to verify the accuracy of the index (see Fig. 9.41B).
he patient in this case has a high smile line and generalized
defects that involve the entire facial surfaces of anterior teeth.
herefore a small diameter gingival retraction cord is placed in
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• Fig. 9.41 Etched porcelain veneers using an intraenamel preparation. A, A patient with severe dental
luorosis. B, An incisal reduction index is made intraorally, since no signiicant change in incisal edge
position is desired. C, Retraction cord is placed. D, The outline form is irst established. E–G, Facial
reduction is attained by using three zones of facial reduction. H, Incisal reduction is veriied using the
incisal reduction index.
Continued
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• Fig. 9.41, cont’d

I, Finished preparations for intraenamel preparations. Note the window preparations
on canines and premolars. J, Retraction cord is placed for isolation. K, The it of the veneer is assessed.
L and M, Etching of the prepared maxillary central incisors. N and O, Adhesive is applied to the etched
enamel and the tooth side of the porcelain veneer. P, The veneer is loaded with resin cement and seated
on the tooth.
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X
• Fig. 9.41, cont’d

Q, Excess cement is removed with a microbrush. R, Excess cement is removed
interproximally through removal of polyester strip. S, Resin cement cured with intense curing light. T, No.
12 surgical blade in a Bard-Parker handle is used for removing excess cured resin cement. U and V,
Diamond instruments used to “dress” marginal areas. W and X, 30-luted carbide burs and diamond
impregnated polishing instruments used to inish and polish veneer margins.
Continued

295

296

C HA P T E R 9

Additional Conervative Ethetic Procedure

Y

Z
• Fig. 9.41, cont’d

Y and Z, Finished etched porcelain veneers as viewed from the lingual and facial

aspects.

A

B

C

D
• Fig. 9.42 Incisal reduction index made from a diagnostic model. A and B, A fast-set elastomeric
material is used to record the lingual and incisal contours of the diagnostic model. C, Incisal reduction
index is used to verify proper incisal preparation of teeth. D, Finished etched porcelain veneers.

anticipation of veneer margins that will be placed at the level of
the free gingival margins (see Fig. 9.41C).
Incisal-lapping preparations for porcelain veneers are made on
the maxillary central and lateral incisors consistent with the systematic step-by-step preparation procedures described earlier. he
intraenamel preparations are made with a tapered, rounded-end
diamond instrument to a depth of approximately 0.5 to 0.75 mm
midfacially, diminishing to a depth of 0.3 to 0.5 mm along the
gingival margins, depending on enamel thickness. he outline
form is irst established as noted earlier (see Fig. 9.41D). Facial

reduction is attained by using three zones of facial reduction as
previously described (see Fig. 9.41E–G). Veneer interproximal
margins should extend into the facial and gingival embrasures,
without engaging an undercut, and yet should be located just
facial to the proximal contacts.
Since this patient is young with beautifully shaped canines and
also exhibits a canine-guided occlusion, a window type of preparation
design was employed when preparing the maxillary canines. By
restricting the window prep veneers to the facial surface entirely,
functional contact will be maintained solely on tooth structure,
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thereby preventing accelerated wear of opposing teeth. Adequate
incisal reduction is veriied using the incisal reduction index as
noted earlier (see Fig. 9.41H). he inished preparations are shown
in Fig. 9.41I.
After the preparations are completed, an elastomeric impression
is made and appropriate occlusal records generated. Digital photos
of the prepared teeth (with and without appropriate shade tabs in
the photographic ield) also are recommended. In most cases,
provisionals are fabricated for the prepared teeth, as described in
the subsequent section on temporization (see Veneer Provisionalization). If a diagnostic wax-up was generated, veneer provisionals
are necessary to assess the tooth contours generated in the wax-up
intraorally. If no diagnostic wax-up was needed, occasionally
temporary restorations are not required if the patient consents,
because the preparations are shallow and involve only enamel. In
these cases, the patient should be instructed to avoid biting hard
foods and objects, to keep the areas clean with a soft bristled brush,
and to expect the possibility of some mild sensitivity to hot and
cold. It should be noted that the vast majority of veneer cases will
warrant temporization.
After they have been fabricated in the laboratory, the porcelain
veneers are returned to the dentist for cementation at the second
appointment. he completed veneers must be inspected for cracks,
overextended margins, and adequate internal etching (as evidenced
by a frosted appearance). Marginal areas in particular should be
inspected for proper etching so that an adequate seal occurs in
these areas. Overextended marginal areas interproximally may
preclude full seating of adjacent veneers. hese areas can be trimmed
carefully with a micron-inishing diamond instrument or lexible
abrasive disk. Unless severe or inaccessible, most minor overextensions should be trimmed only after bonding the veneer to the
tooth because of the risk of fracturing the porcelain.
After the prepared teeth are cleaned with a pumice slurry, rinsed,
and dried, isolation is accomplished with a lip retractor (optional)
and cotton rolls. A 5-cm by 5-cm (2-inch by 2-inch) cotton gauze
is placed across the back of the patient’s mouth to protect against
aspiration or swallowing of an inadvertently dropped veneer. If
the veneer margins closely approximate the gingiva, a small diameter
retraction cord should be placed in the gingival crevice during
try-in and cementation to prevent inadvertent contamination of
the bonds from crevicular luids (see Fig. 9.41J).
he it of each veneer is evaluated on the respective individual
tooth and adjusted if necessary. A No. 2 explorer should be used
to assess marginal it (see Fig. 9.41K). All of the veneers should
be tried in place not only individually but also in adjacent pairs
to ensure the it of adjacent seated veneers. Veneers should be tried
in place only on clean, dry teeth to eliminate any potential for
contamination. If accidental contamination occurs, the veneer
should be cleaned thoroughly with alcohol or acid etchant, rinsed,
and dried before bonding.
Prior to cementation, a silane agent can optionally be applied
to the internal surfaces of the veneers. he silane acts as a coupling
agent, forming a chemical bond between the porcelain and the
resin that increases bond strength of the resin to the porcelain.42
It also improves the wettability of the porcelain. he primary
source of retention with porcelain veneers still remains the etched
porcelain surface itself. Only a modest increase in bond strength
results from silanation of the porcelain; however, it is recommended
because it also may reduce marginal leakage and discoloration.
A light-cured resin cement is recommended for bonding the
veneer to the tooth because light-cured resins are more color stable
and provide additional working time over the self-cured or
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dual-cured versions. Shade selection of the bonding medium is
determined after the it of the individual veneers has been evaluated
and conirmed. Water can be used as an optical medium for try-in
to assess the appearance of the veneers. With this technique, water
is placed in a single central incisor veneer (or both central incisor
veneers); placed on clean, dry teeth; and the appearance assessed.
If the veneers are deemed acceptable in appearance, an untinted
shade of the bonding resin is indicated. For the vast majority of
etched porcelain veneers, an untinted shade of the bonding resin
is recommended. Because etched porcelain veneers can be fabricated
with inherent color gradients, characterizations, and even additional
opaques when further masking of stains is needed, it is unusual
that alternative shades or opaque resin bonding media are needed.
Nonetheless, alternative shades or opaque versions of resin bonding
cements are sometimes preferred by some dentists.
If alternative shades of resin cements are needed, shade selection
is made by irst placing a uniform layer of a selected shade of resin
cement, approximately 0.5 mm in thickness, on the tooth side of
a single veneer. Typically, a central incisor veneer is used to facilitate
shade determination of the cement. he operatory light is turned
away during shade assessment to prevent premature and inadvertent
curing of the resin cement. he veneer is seated on a clean, dry,
unetched tooth; the excess resin cement is removed with a brush;
and the overall shade of the veneer is evaluated. After try-in, the
veneer is removed quickly and stored in a container that is impervious to light to prevent curing of the cement. If the shade of the
cement is determined to be appropriate, more of the same shade
is added to the veneer just before bonding. If a diferent shade is
deemed necessary, the existing shade is wiped from the inner aspect
of the veneer with a disposable microbrush, and a new shade of
resin cement is placed in the veneer. In the meantime, the assistant
can remove residual cement of the previous shade from the tooth
with a cotton pellet or brush. he veneer loaded with the new
shade of cement is reseated and evaluated, as previously described.
Water-soluble try-in pastes that correspond to the same shades
of resin cements also are available with many veneer bonding kits.
hese try-in pastes allow shade assessment without the risk of
inadvertent premature curing of the cement because the try-in
pastes are not capable of setting. However, after the try-in process
with these try-in pastes, the veneers must be thoroughly cleaned,
according to the manufacturer’s instructions, to ensure that optimal
bonding occurs. A light-cured resin cement of the same shade is
used for inal cementation.
he inherent shade of the veneer, characterization, and internal
opaquing must be accomplished primarily during the fabrication
of the veneer itself in the laboratory. Some additional masking can
be accomplished chairside using an opaque resin-bonding medium
at the time of bonding. However, excess use of opaque bonding
resins also can reduce the “esthetic vitality” of the veneer, resulting
in a poor esthetic outcome. Also, the overall shade of the veneer
can be modiied only slightly by the shade of cement selected.
Significant changes in shading or masking ability cannot be
accomplished chairside.
Prior to cementation of the veneers, the retraction cords are
evaluated to ensure that they are tucked adequately into the gingival
crevice. he tooth used for try-in to assess the shade of the resinbonding medium should be cleaned again with a slurry of pumice
to remove any residual resin or try-in paste that may preclude
proper acid etching of the enamel.
A technique recommended for applying the veneers one at a
time is presented here. Polyester strips are placed interproximally
to prevent inadvertent bonding to the adjacent tooth, followed by
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etching, rinsing, and drying procedures. It is recommended that
the two central incisors be etched and their veneers bonded irst
because of their critical importance esthetically. Etch the teeth to
be bonded with a 35% to 37% phosphoric acid gel (see Fig.
9.41L). Following etching, rinsing, and drying, the preparations
should exhibit a frosted appearance as evidence of an appropriately
etched enamel surface (see Fig. 9.41M). An adhesive is applied to
the etched enamel and the tooth side of the silane-primed porcelain
veneer (see Fig. 9.41N and O). Next, a thin layer (0.5 mm) of
the selected shade of light-cured resin cement is placed on the
tooth side of the veneer, taking care not to entrap air. he irst
veneer is placed on the tooth and vibrated (carefully and lightly)
into position with a blunt instrument or light inger pressure (see
Fig. 9.41P). he margins of the veneer are examined with a No.
2 explorer to verify accurate seating. Next, the excess resin cement
is removed with a disposable microbrush, always directing the
microbrush in a gingival direction to prevent displacement of the
veneer (see Fig. 9.41Q). he second veneer is placed and cleaned
of excess cement in like manner. If a veneer cement with thick
viscosity is used, the polyester strips can be carefully removed to
facilitate removal of interproximal resin prior to curing (see Fig.
9.41R). However, the resin cement should be cured only after
visual inspection reveals no excess resin remains in these critical
interproximal areas.
Veneer margins are evaluated again before the veneer is exposed
to the curing light. To ensure complete polymerization, the veneer
should be cured for a minimum of 20 to 40 seconds each from
the facial and lingual directions with a high-intensity, blue lightemitting diode (LED) light (see Fig. 9.41S). A light stream of air
can be directed on the tooth during the curing sequence to prevent
overheating from the curing light. After positioning and bonding
of the irst two veneers on the central incisors, the remaining
veneers can be positioned carefully and bonded in like manner.
Following proper positioning and bonding of all the veneers, any
residual resin cement can be removed. A No. 12 surgical blade in
a Bard-Parker handle is ideal for removing excess cured resin cement
remaining around the margins (see Fig. 9.41T). Care must be
exercised to ensure that the surgical blade is used only with a
secure inger rest and using short shaving strokes, always directed
parallel to the veneer margins. Removal of the retraction cord at
this time facilitates access and visibility to the subgingival areas.
If the marginal it of the porcelain veneers is deemed acceptable
and a favorable emergence proile exists, only removal of the excess
cement is required.
If the porcelain margins are overextended beyond the cavosurface
angles, an overhang is present, or the marginal areas are too bulbous,
recontouring of these areas is required (especially along the gingival
margins) to ensure proper physiologic contours and gingival health.
A lame-shaped ine diamond instrument is used to carefully

A

B

recontour and “dress” these areas (see Fig. 9.41U). Marginal areas
should be conluent with the surrounding unprepared tooth surfaces
when assessed with a No. 2 explorer. he lingual areas are always
inished with an oval-shaped ine diamond instrument (see Fig.
9.41V). Because the use of a diamond instrument breaks the glazed
surface, a series of appropriate instruments is used to restore a
smooth surface texture. First, a rounded-end or bullet-shaped (or
oval for lingual surfaces), 30-luted carbide inishing bur (Midwest
No. 9803 or Brasseler No. 7801) is used to plane the porcelain
surface and to remove the striations created by the diamond
instruments (see Fig. 9.41W). Studies show that the best results
occur if the diamond instruments are used with air and water
coolant, whereas the 30-luted bur should be used dry.43 Second,
the porcelain is smoothed and polished with a series of abrasive
rubber, porcelain polishing cups, and points (Dialite Porcelain
Polishing Kit; Brasseler USA, Savannah, GA) (see Fig. 9.41X).
Final surface luster is imparted by using a porcelain-polishing
paste, applied with either a rubber Prophy cup or a felt wheel.
his step is optional if a suitable polish has been attained with the
polishing points and cups. he completed veneers are shown from
incisal and facial views in Fig. 9.41Y and Z.
Etched porcelain veneers also can be used efectively to restore
malformed anterior teeth conservatively. Malformed lateral incisors
are shown in Fig. 9.43A. Incisal-lapping preparations that are
extended well onto the lingual surface are used (see Fig. 9.43B).
he resulting restorations are virtually comparable with “threequarter crowns” in porcelain. he inal esthetic results are shown
in Fig. 9.43C.
Darkly discolored teeth are more diicult to treat with porcelain
veneers. Several modiications in the veneering technique can be
used to enhance the inal esthetic result. First, opaque porcelain
can be incorporated during the fabrication of the veneers to achieve
more inherent masking. If the veneers are not inherently opaque,
little chance exists for adequate masking of a darkly stained tooth.
Typically, 5% to 15% opaque porcelain is required to achieve
optimal masking. Exceeding 15% opaque porcelain dramatically
reduces light penetration and results in a signiicant loss of esthetic
vitality; the esthetic vitality or the realistic appearance of teeth
depends on light penetration (see section Translucency, under
Artistic Elements, earlier in the chapter). Second, a slightly deeper
tooth preparation can be used to allow greater veneer thickness.
he preparation should always be restricted to enamel, however,
to ensure optimal bonding of the veneer to the tooth. Even with
improved dentin-bonding agents, the bonds to dentin are less
predictable or durable than the bonds to enamel because of the
high variability and dynamic nature of dentin. Bonds to etched
enamel are highly predictable and very durable.
hird, the laboratory can be instructed to use several coats of
a die-spacing medium on the laboratory model to allow a slightly

C

• Fig. 9.43 Treatment of malformed teeth with porcelain veneers. A, Malformed lateral incisors. B, An
incisal-lapping preparation similar to a three quarter crown in enamel is used. C, Final esthetic results.
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• Fig. 9.44 Darkly stained teeth treated with porcelain veneers. A, Tetracycline-stained teeth seen after
preparation for porcelain veneers. B, After view of completed veneers.
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• Fig. 9.45 Pressed ceramic veneers (IPS Empress). A–C, Before treatment, facial views. D–F, Esthetic
result after completed veneers. (Courtesy Dr. Luiz N. Baratieri.)
greater thickness of the resin-bonding medium. he die-spacing
medium must not be extended closer than 1 mm to the margins
to ensure adequate positioning of the veneer to the preparation
during try-in and bonding and to provide for a slight internal
space. A typical case of darkly discolored teeth showing prepared
teeth and postoperative result is shown in Fig. 9.44.
Patients who have darkly stained teeth always should be informed
that although porcelain (or composite) veneers can result in
improved esthetics, they may not entirely eliminate or mask
extremely dark stains. Because of the limited thickness of the veneers
and the absolute necessity of incorporating intrinsic opacity, the
realistic translucency or esthetic vitality of veneered teeth may
never be comparable with that of natural, unafected teeth (see
Fig. 9.9). Full porcelain coverage with all-ceramic crowns may be
indicated in some patients with severe discoloration because of
the crown’s greater capacity to restore esthetic vitality. Nonetheless,
porcelain veneers are a viable option in most cases for patients
who desire esthetic improvement without significant tooth
reduction.

Pressed Ceramic Veneers
Another esthetic alternative for veneering teeth is the use of pressed
ceramics (e.g., IPS Empress or e.max [Ivoclar Vivadent]). In contrast
to etched porcelain veneers that are fabricated by stacking and
iring feldspathic porcelain, pressed ceramic veneers are literally
cast using a lost wax technique. Excellent esthetics is possible using
pressed ceramic materials for most cases involving mild to moderate

discoloration. Because of the more translucent nature of pressed
ceramic veneers, however, dark discolorations are best treated with
etched porcelain veneers. he clinical technique for placing pressed
ceramic veneers (e.g., IPS Empress) is not markedly diferent from
that for feldspathic porcelain veneers, other than the need for a
slightly greater tooth reduction depth.
he procedures for tooth preparation, try-in, and bonding of
pressed veneers are the same as for etched porcelain veneers except
that the marginal it is superior. For that reason, often little marginal
inishing is necessary. Only the excess bonding medium needs to
be removed. A typical case involving pressed ceramic veneers, with
before and after treatment views, is shown in Fig. 9.45.

Veneer Proviionalization
Because intraenamel preparations for etched porcelain veneers are
by design very conservative, the resulting provisionals are inherently
thin. Furthermore, they cannot be bonded in a similar manner to
conventional provisionals for crowns, for example, because of the
lack of inherent retention form. Moreover, since they are very thin,
they cannot be made in the mouth and removed for trimming
and subsequent cementing because of the high probability of
fracture. herefore veneer provisionals must be made and placed
simultaneously intraorally.
Fig. 9.46 illustrates a typical case involving the fabrication of
provisionals for etched porcelain veneers for maxillary anterior
teeth. A clear polyvinyl siloxane material is used to make the
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preoperative impression from which the provisionals will be made.
If no diagnostic model is needed and the existing contours of the
teeth are to be replicated, the impression for the provisionals is
made directly in the mouth. However, as in this case, if a diagnostic
wax-up was generated (see Fig. 9.46A and B), the clear polyvinyl
siloxane impression is made from this diagnostic model. Making
the temporary from the diagnostic wax-up enables the clinician
to see the contours of the wax-up manifested intraorally in the
resulting provisionals. As seen in Fig. 9.46C, the impression itself
is removed from the outer tray (no tray adhesive is used) and set
aside for future use.
Following the preparation and impression of the teeth for
porcelain veneers, the teeth to be temporized are “spot etched”

with 35% to 37% phosphoric acid. Only a 2-mm circle of enamel
should be etched on the facial surface of each tooth to be veneered
(see Fig. 9.46D and E). Because of the low viscosity of the bis-acryl
temporary material, no bonding agent is required for bonding.
he bis-acryl material will iniltrate the etched areas for micromechanical bonding. hese spot-etched areas will be the only areas
to which the veneer provisionals will be bonded. If the entire tooth
were etched, the veneer provisionals could not be readily removed.
After spot etching, only small etched circles evidenced by a frosted
appearance should be present on the surface of each prepared tooth
(see Fig. 9.46F).
he etched teeth must be kept clean and dry at this point. he
clear polyvinyl siloxane impression is quickly loaded with a

A

B

C

D

E

F
• Fig. 9.46 Temporization for etched porcelain veneers. A and B, Diagnostic models in anticipation of
etched porcelain veneers. C, Clear polyvinyl siloxane (PVS) impression made from diagnostic model.
D–F, Spot-etched areas for retention of temporary veneers.
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G

H

I

J

K

L
• Fig. 9.46, cont’d

G and H, Clear PVS impression is quickly loaded with bis-acryl temporary material,
and positioned in the mouth. I and J, Impression is removed, and No. 12 blade in a Bard-Parker surgical
handle is used to remove excess material. K, Glazing agent placed and cured. L and M, Final facial and
lingual views of veneer provisionals.
Continued
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M

N

O
• Fig. 9.46, cont’d

N and O, At delivery appointment, temporary veneers are removed with Black’s
spoon, and the spot-etched and bonded areas are relieved with a diamond.

self-curing bis-acryl temporary material and thereafter is immediately
positioned in the mouth (see Fig. 9.46G and H). Once seated,
inger pressure is applied to the peripheral areas of the lexible
impression (since no outer hard tray is present) to express the
excess material and “thin out” the resulting resin “lash.”
When the bis-acryl temporary material has set, the clear impression is removed (see Fig. 9.46I). he gross excess “lash” material
facially and lingually is removed with cotton pliers. hereafter, a
No. 12 blade held in a Bard-Parker surgical handle is used to
carefully trim the excess temporary material around the margins
of each tooth (see Fig. 9.46J). he same No. 12 blade is used to
carefully trim excess material in the gingival embrasure areas as
well.
A sharp large discoid applied parallel to the lingual margins is
used to remove resin “lash” in the lingual concave areas. he
temporary veneers are all joined together interproximally, increasing
their collective strength and enhancing retention. A light-cured
resin glazing agent is applied and cured to generate a smooth
surface texture (see Fig. 9.46K). Final views of the inished provisionals are seen in Fig. 9.46L and M.
Appropriate adjustments can then be made intraorally in the
provisionals to optimize occlusion and esthetics. A digital photograph of the inal provisionals should be shared with the laboratory
as a template for the inal veneers. Patients must be instructed that
they should not bite anything of any substance because of the
weak nature of these veneers. hese provisional veneers literally
are more to accommodate esthetics and not function during the
interim time until delivery of the inal veneers.

As demonstrated in a diferent case, once the patient returns
for the inal try-in and cementation of the veneers, the provisionals
are carefully removed by prying them from each tooth using a
Black’s spoon (see Fig. 9.46N). he provisionals can readily be
removed since the only area where they actually are bonded to the
tooth is the very small spot-etched, 2-mm circle on the facial
surface of each prepared tooth. Once the veneer provisionals are
removed, the areas that had been spot etched and bonded need
to be lightly resurfaced with a lame-shaped diamond to ensure
no residual resin-bonding agent is present that could preclude
proper seating and bonding of the inal veneers (see Fig. 9.46O).

Veneer for Metal Retoration
Esthetic inserts (i.e., partial or full veneers) of a tooth-colored
material can be placed on the facial surface of a tooth previously
restored with a metal restoration. For new castings, plans are made
at the time of tooth preparation and during laboratory development
of the wax pattern to incorporate a veneer into the cast restoration.
After such a casting has been cemented, the veneer can be inserted,
as described in the next section, except that the portion of mechanical retention of the veneer into the casting has been provided in
the wax pattern stage.

Veneers for Existing Metal Restorations
Occasionally, the facial portion of an existing metal restoration
(amalgam or gold) is judged to be distracting (Fig. 9.47A). A
careful examination, including a radiograph, is required to determine
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• Fig. 9.47 Veneer for existing cast restoration. A, Mesiofacial portion of onlay is distracting to patient.
B, Model of tooth and preparation. Note 90-degree cavosurface angle and retention prepared in gold
and the cavosurface bevel in enamel. C, Clinical preparation ready for composite resin. D, Completed
restoration.
that the existing restoration is sound before an esthetic correction
is made. he size of the unesthetic area determines the extent of
the preparation. Anesthesia is not usually required because the
preparation is in metal and enamel. Preliminary procedures consist
of cleaning the area with pumice, selecting the shade, and isolating
the site with a cotton roll. When the unesthetic metal extends
subgingivally, the level of the gingival tissue is marked on the
restoration with a sharp explorer and a retraction cord is placed
in the gingival crevice. Rubber dam isolation may be required in
some instances.
A No. 2 carbide bur rotating at high speed with an air-water
spray is used to remove the metal, starting at a point midway
between the gingival and occlusal margins. he preparation is
made perpendicular to the surface (a minimum of approximately
1 mm in depth), leaving a butt joint at the cavosurface margins.
he 1-mm depth and butt joint should be maintained as the
preparation is extended occlusally. All of the metal along the facial
enamel is removed, and the preparation is extended into the facial
and occlusal embrasures just enough for the veneer to hide the
metal. he contact areas on the proximal or occlusal surfaces must
not be included in the preparation. To complete the outline form,
the preparation is extended gingivally approximately 1 mm past
the mark indicating the clinical level of the gingival tissue.
he inal preparation should have the same features as those
described for veneers in new cast restorations. Mechanical

retention is placed in the gingival area with a No. 1/4 carbide
bur (using air coolant to enhance vision) 0.25 mm deep along
the gingivoaxial and linguoaxial angles. Retention and esthetics are enhanced by beveling the enamel cavosurface margin
(approximately 0.5 mm wide) with a coarse, flame-shaped
diamond instrument oriented at 45 degrees to the external tooth
surface (see Fig. 9.47B). After it is etched, rinsed, and dried, the
preparation is complete (see Fig. 9.47C). Adhesive resin liners
containing 4-methyloxy ethyl trimellitic anhydride (4-META),
capable of bonding composite to metal, also may be used but are
quite technique sensitive.44 Manufacturers’ instructions should be
followed strictly to ensure optimal results with these materials. he
composite material is inserted and inished in the usual manner (see
Fig. 9.47D).

Repair of Veneer
Failures of esthetic veneers occur because of breakage, discoloration,
or wear. Consideration should be given to conservative repairs of
veneers if the examination reveals that the remaining tooth and
restoration are sound. It is not always necessary to remove all of
the old restoration. he material most commonly used for making
repairs is light-cured composite.
Small chipped areas on veneers often can be corrected by
recontouring and polishing. When a sizable area is broken, it
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• Fig. 9.48 Repairing a direct composite veneer. A, Fractured veneer on the maxillary canine. B, Preparation with rounded-end diamond instrument. C, Undercuts placed in existing veneer with a No. 1/4 bur.
D, Completed preparation is shown isolated and etched. E, Veneer restored to original color and contour.

usually can be repaired if the remaining portion is sound (Fig.
9.48A). For direct composite veneers, repairs ideally should be
made with the same material that was used originally. After cleaning
the area and selecting the shade, the operator should roughen the
damaged surface of the veneer or tooth (or both) with a coarse,
tapered, rounded-end diamond instrument to form a chamfered
cavosurface margin (see Fig. 9.48B). Roughening with microetching
(i.e., sandblasting) also is efective. For more positive retention,
mechanical locks may be placed in the remaining composite material
with a small, round bur (see Fig. 9.48C). Acid etchant is applied
to clean the prepared area and to etch any exposed enamel, which
is then rinsed and dried (see Fig. 9.48D). Next, an adhesive is
applied to the preparation (i.e., existing composite and enamel)
and polymerized. Composite is added, cured, and inished in the
usual manner (see Fig. 9.48E).
To repair porcelain veneers, a hydroluoric acid gel, suitable for
intraoral use (but only with a rubber dam in place), must be used
to etch the fractured porcelain. Hydroluoric acid gels are available
in approximately 10% bufered concentrations that can be used
for intraoral porcelain repairs if proper isolation with a rubber
dam is used. Although caution still must be taken when using
hydroluoric acid gels intraorally, the lower acid concentration
allows for relatively safe intraoral use. Full-strength hydroluoric
acid should never be used intraorally for etching porcelain. Isolation
of the porcelain veneer to be repaired should always be accomplished
with a rubber dam to protect gingival tissue from the irritating
efects of the hydroluoric acid. he manufacturer’s instructions
must be followed regarding application time for the hydroluoric
acid gel to ensure optimal porcelain etching. A lightly frosted
appearance, similar to that of etched enamel, should be seen if the
porcelain has been properly etched. A silane coupling agent may
be applied to the etched porcelain surface before the adhesive is
applied. Composite material is added, cured, and inished in the
usual manner. Large fractures are best treated by replacing the
entire porcelain veneer.
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ental amalgam (silver amalgam or simply amalgam) is a
metallic, polycrystalline restorative material originally
composed of a mixture of silver–tin alloy and mercury.
Current alloys that are amalgamated with mercury are silver–tin–
copper. he unset silver-colored mixture is pressed (condensed)
into a tooth defect (cavitation) that has been speciically prepared
to retain the amalgam. he material is then contoured to restore
the tooth’s form so that, when the material hardens, the tooth is
returned to normal function (Fig. 10.1). Amalgam has been the
primary direct restorative material in the United States for more
than 150 years. It has been the subject of intense research and has
been found to be safe and beneicial as a direct restorative material
(see Chapter 13).1-3 he cost-efective nature of amalgam restorations
has beneited many people. According to the U.S. Public Health
Service, “hundreds of millions of teeth have been retained that
otherwise would have been sacriiced because restorative alternatives
would have been too expensive for many people.”4
In addition to being cost efective, amalgam has the unique
property of being “self-sealing.” Self-sealing occurs when percolation
of oral luids (i.e., microleakage) between the amalgam restoration
and the prepared cavity walls results in corrosion of the amalgam
and a subsequent accumulation of corrosion products in the
microscopic space. Microleakage between the restoration and
the adjacent tooth structure is reduced as corrosion products ill
the space. he self-sealing process is self-limiting and requires several
months. Amalgam is the only restorative material with an interfacial
seal that improves over time.5-7
Amalgam was introduced to the United States in the 1830s.
Initially, amalgam restorations were made by dentists iling silver
coins and mixing the ilings with mercury, creating a puttylike
mass that was placed into the defective tooth. As knowledge
increased and research intensiied, major advancements in the
formulation and use of amalgam occurred. Concerns about mercury
toxicity in the use of amalgam were, however, expressed in many
countries; concerns reached major proportions in the early 1990s.
Today, the popularity of amalgam as a direct restorative material
has decreased.8,9 he decline is attributed in part to increased
interest in tooth-colored composite resin restorations and the
minimally invasive nature of their preparation steps. Concerns
have been raised that the preparation used when planning for
306

amalgam may result in unnecessary weakening of teeth because
of the demand for additional removal of tooth structure so as to
accommodate amalgam’s strength and retention requirements.
While it is true that preparations for composite resin restorations
may allow smaller, more conservative preparations for very early
caries lesions, treatment of more advanced lesions may result in
essentially the same amount of tooth structure loss regardless of
the type of restorative material being used. he choice of a composite
resin material over amalgam may be based on the assumption that
both materials will perform equally well over time for all patients.
However, a growing body of evidence suggests that the risk of
developing secondary caries adjacent to amalgam restorations is
at least two times less likely than that of composite resin restorations
in high caries risk patients, and therefore the reduction/phase-out
of dental amalgam may have been premature.10,11 he decline of
amalgam use is also due to perceived concerns over individual and
environmental safety relative to the presence of elemental mercury
in amalgam restorations. Safe, professional handling of mercury
in mixing the amalgam mass, removal of old amalgam restorations,
and amalgam scrap disposal is certainly appropriate and absolutely
essential. Following best management practices for amalgam waste,
as presented by the American Dental Association, results in
appropriate amalgam use.12

Type of Amalgam Retorative Material
Low-Copper Amalgam
Low-copper amalgams were primarily used before the early 1960s.
When the setting reaction occurred, the material was subject to
corrosion because of the formation of a tin–mercury phase
(gamma-2). he corrosion led to the rapid breakdown of amalgam
restorations. Subsequent research led to the development of highcopper amalgam materials. Currently low-copper amalgams are
rarely used in the United States.

High-Copper Amalgam
High-copper amalgams are predominantly used today in the United
States. In this book, unless otherwise speciied, the term amalgam
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amalgam restorative materials. Alloys with gallium or indium or
alloys using cold-welding techniques have been presented as
alternatives to mercury-containing amalgams. None of these new
alloys have shown suicient promise to become a universal replacement for current amalgam materials.18-21

Important Amalgam Propertie

• Fig. 10.1

Clinical example of an amalgam restoration. (From Hatrick
CD, Eakle WS, Bird WF: Dental materials: Clinical applications for dental
assistants and dental hygienists, ed 2, St. Louis, Saunders, 2011.)

refers to high-copper dental amalgam. he increase in copper
content to 12% or greater designates an amalgam as a high-copper
type. he advantage of the added copper is that it preferentially
reacts with the tin and reduces the formation of the more corrosive
phase (gamma-2) within the amalgam mass. This change in
composition reduces the deleterious corrosion efects on the restoration. However, enough corrosion occurs at the amalgam–tooth
interface to result in the sealing of the restoration, which reduces
microleakage.13,14 hese materials may provide satisfactory clinical
performance for more than 12 years.15,16 High-copper amalgams
are available with admixed or spherical alloy structure.

Admixed Amalgam
Admixed amalgam contains irregularly shaped and sized alloy
particles, sometimes combined with spherical shapes, which are
mixed to form a mass that is placed into the tooth preparation.
he irregular shape of many of the particles results in a mass that
requires greater condensation pressure (which many dentists prefer)
and permits the dentist to displace matrix bands to generate proximal
contacts more easily.

Spherical Amalgam
A spherical amalgam contains small, round alloy particles that are
mixed with mercury to form the mass that is placed into the tooth
preparation. Because of the shape of the particles, the material is
condensed into the tooth preparation with little condensation
pressure. his advantage is combined with its high early strength
to provide a material that is well suited for very large amalgam
restorations such as complex amalgams or foundations.17

New Amalgam Alloy
Because of the concern about mercury toxicity, new compositions
of amalgam have been promoted as mercury-free or low-mercury

he linear coeicient of the thermal expansion of amalgam is 2.5
times greater than that of tooth structure, but it is closer to that of
tooth structure than the linear coeicient of thermal expansion of
composite.22-24 Although the compressive strength of high-copper
amalgam is similar to tooth structure, the tensile strength is lower,
making amalgam restorations prone to fracture during lexure.9,25,26
Usually, high-copper amalgam fracture is a bulk fracture, not a
marginal fracture. All amalgams are brittle and have low edge strength.
As such, the amalgam restoration must have suicient bulk (usually
1.5–2 mm in any occlusally loaded area, depending on the position
within the tooth) and a 90-degree marginal coniguration.
Creep and low relate to the deformation of a material under
load over time. High-copper amalgams exhibit no clinically relevant
creep or low.27,28 Because amalgam is metallic in structure, it also
is a good thermal conductor. At minimum, a dentin desensitizer
should be used immediately prior to amalgam placement to limit
sensitivity secondary to rapid luid movement in the dentinal tubules
caused by thermal changes. A liner or base should be placed in
areas of deep caries removal prior to amalgam placement to limit
thermal sensitivity.

General Conideration for Amalgam
Retoration
Retoration With Amalgam
Amalgam is efective as a direct restorative material because of its
easy insertion into a tooth preparation and, when hardened, its
ability to restore the tooth to proper form and function. he tooth
preparation not only must remove the fault in the tooth and
remove weakened tooth structure, but its form must also allow
the amalgam material to function properly. he required tooth
preparation form must allow the amalgam to (1) possess a uniform
speciied minimum thickness for strength (so that it will not lex
and fracture under load), (2) produce a 90-degree amalgam angle
(butt-joint form for maximum edge thickness) at the margin, and
(3) be mechanically retained in the tooth (Fig. 10.2A and B).
Amalgam restorations initially leak and therefore require steps to
protect from pulpal sensitivity until self-sealing is able to occur
(Fig. 10.3A).13 After desensitizing the prepared tooth structure,
mixing, inserting, carving, and inishing the amalgam are relatively
fast and easy. he placing and contouring of amalgam restorations
are generally easier than those for composite restorations.29 For
these reasons, it is considered a user-friendly material that is less
technique (i.e., operator) sensitive as compared with composite.
Some practitioners have continued to use bonded amalgam
restorations in their practice (see Fig. 10.3B). As noted in Chapter
4, this book does not promote the use of bonded amalgams.30-33
he bonding of amalgam requires use of a dual-cure adhesive system
to form a hybrid layer with the dentin followed by condensation
of amalgam so that amalgam particles become intermingled with
the curing adhesive resin. A bonded amalgam restoration, done
properly, may seal the prepared tooth structure and may temporarily
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• Fig. 10.2

Amalgam intermingled
with adhesive
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A and B, Diagrams of Class II amalgam tooth preparations
illustrating uniform pulpal and axial wall depths, 90-degree cavosurface
margins, and occlusal convergence of walls.
Hybrid
layer

strengthen adjacent tooth structure. he strengthening and retention
gained by bonding, however, is minimal and short term. Consequently,
bonded amalgam restorations still require the same tooth preparation
retention and resistance form as do nonbonded amalgam
restorations.34-35 Isolation requirements for a bonded amalgam
restoration are the same as for a composite restoration.
Another amalgam technique uses light-cured adhesive to seal
the dentin under the amalgam material (see Fig. 10.3C). his
procedure, as is true of all procedures that use adhesive technology,
requires proper isolation. he prepared tooth structure is etched
(i.e., demineralized), primed, and sealed with adhesive. he adhesive
is polymerized before insertion of the amalgam. his technique
seals the dentinal tubules efectively.36,37

B

Dentin tubule

Amalgam

Ue of Amalgam
Amalgam is used for the restoration of many carious or fractured
posterior teeth and in the replacement of failed restorations.
Understanding the physical properties of amalgam and the principles
of tooth preparation is necessary to produce amalgam restorations
that provide optimal service. When properly placed, an amalgam
restoration is able to provide many years of service.38-43 Although
improved techniques and materials are available, amalgam failures
do occur. Much clinical time is spent replacing restorations that
fail as a result of recurrent caries lesions, marginal deterioration
(i.e., ditching), fractures, or poor contours.44,45 Attention to detail
throughout the procedure may signiicantly decrease the incidence
of failures, however, and extend the life of the restoration.46-48
Careful evaluation of existing amalgam restorations is important
because they have the potential to provide long-term clinical service
and should not be removed and replaced unless accurately identiied
to be defective or undermined by a secondary caries lesion.49

Light-cured
adhesive
Hybrid
layer

C

Peritubular
dentin

• Fig. 10.3 Methods to limit initial pulpal sensitivity after amalgam placement. A, Dentin desensitization. B, Amalgam bonding (amalgam intermingled with adhesive resin). C, Dentin sealing (adhesive resin placed and
cured before amalgam placement).
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C

E

• Fig. 10.4 Amalgam restorations. A–C, Class I. D, Complex. E, Class V. (Most practitioners would
restore all of these teeth with composite, except tooth No. 30.)
Because of its strength and ease of use, amalgam provides an
excellent means for restoring large defects in nonesthetic areas.50
A review of almost 3500 four-surface and ive-surface amalgams
revealed successful outcomes at 5 years for 72% of the four-surface
and 65% of the ive-surface amalgams. When considering complex
amalgam restorations and discussing treatment options with patients,
this result should be compared with the 5-year success rates for
gold and porcelain crowns, which were 84% and 85%,
respectively.51

Indication
Amalgam may be used for Class I, II, V, and VI restorations; for
foundations; and for caries-control restorations (Figs. 10.4 and
10.5; see also Chapter 2). Occasionally amalgam may be utilized
for Class III areas if isolation problems exist. Likewise, Class V
amalgam restorations may be indicated in anterior areas where
esthetics is not an important consideration and the patient has
high caries risk.

Contraindication
Amalgams are contraindicated in patients who are allergic to alloy
components. he use of amalgam in more prominent esthetic areas
of the mouth may represent a relative contraindication. hese areas
include anterior teeth and, in some patients, premolars and molars.
Amalgam should not be used when composite resin would ofer
more conservation of tooth structure and equal clinical performance.

Occlual Factor
Amalgam generally has greater wear resistance than does composite
in patients that have heavy occlusal function.2,52,53 Amalgam also

may be more appropriate than composite resin when there is little
to no natural occlusal tooth structure remaining that requires the
restoration to restore most or all of the occlusal contacts.53

Iolation Factor
Isolation of the operating ield is important for moisture control,
access, and visibility, to protect the patient from aspirating or
ingesting foreign objects, protecting the pulp in the event of pulpal
exposure, and protecting the operator medicolegally. However,
minor moisture contamination of amalgam during the insertion
procedure may not have as adverse an efect on the inal restoration
as the same contamination would for a composite restoration.

Operator Ability and Commitment Factor
he tooth preparation for an amalgam restoration is very exacting.
It requires a speciic design with depths that allow appropriate
amalgam thickness and a precise marginal form. he failure of
amalgam restorations is often related to inappropriate tooth
preparation. However, the insertion and inishing procedures for
amalgam are much easier than for composite.29

Advantage
Some of the advantages of amalgam restorations already have been
stated, but the following list presents the primary reasons for the
successful use of amalgam restorations over many years.
1. Ease of use
2. High compressive strength
3. Excellent wear resistance
4. Favorable long-term clinical research results
5. Lower cost than for composite restorations

310

C HA P T E R 1 0

Clinical Technique for Amalgam Retoration

Caries

Fractured cusp

Pin

Slot

Pin

Slot

A

B1

B2
Preparation
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Amalgam
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Crown
preparation
Preparation
margin

C

Pin

Pin

D

• Fig. 10.5 Amalgam foundation. A, Defective restoration (defective amalgam, mesiolingual fractured
cusp, distofaciocclusal caries). B, Tooth preparation with secondary retention, using slot (B1) and pin (B2).
C, Amalgam foundation placed. D, Tooth with amalgam foundation prepared for crown. Note that dashed
lines on the occlusal surface in B1 and B2 only indicate the position of the retention grooves on the facial
and lingual walls of the proximal preparation. The grooves do not extend onto the occlusal surface.

Diadvantage
he primary disadvantages of amalgam restorations relate to esthetics
and increased tooth structure removal during tooth preparation.
he following is a list of these and other disadvantages of amalgam
restorations.
1. Noninsulating
2. Nonesthetic
3. Less conservative tooth preparation than for composite restorations (more removal of tooth structure during tooth
preparation)
4. More difficult tooth preparation than for composite
restorations
5. Initial marginal leakage

he following sections begin with the introduction of general
clinical techniques and associated concepts to be considered when
restoring caries lesions or defects with dental amalgam. he general
technique is then followed by speciic discussion addressing the
creation of Class I, II, III, V, VI, and Complex Amalgam restorations.

General Clinical Technique for
Amalgam Retoration
Initial Clinical Procedure
Complete examination, diagnosis, and treatment planning must
be completed before a patient is scheduled for operative
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appointments (except in emergencies). A brief review of patient’s
dental record (including medical factors), treatment plan, and
radiographs should precede each restorative procedure. At the
beginning of each appointment, the dentist should also carefully
examine the operating site to conirm the diagnosis of the tooth
or teeth scheduled for treatment.

Local Anetheia
Local anesthesia is recommended for most operative procedures.
Profound anesthesia contributes to comfortable and uninterrupted
operation and usually results in a marked reduction in
salivation.

A

Iolation of the Operating Site
Complete instructions for the control of moisture are given in
Online Chapter 15. Isolation for amalgam restorations may be
accomplished with a rubber dam, cotton rolls, with or without a
retraction cord.

Other Preoperative Conideration
Preoperative assessment of the occlusion should be made. his
step should occur before rubber dam placement. he dentist should
identify not only the occlusal contacts of the tooth to be restored
but also the contacts on the opposing and adjacent teeth. Knowing
the preoperative location of occlusal contacts is important in
planning the restoration outline form and in establishing the proper
occlusal contacts on the restoration. Remembering the location
of the contacts on adjacent teeth provides guidance in determining
when the restoration contacts have been correctly positioned and
adjusted.
A wedge placed preoperatively in the gingival embrasure is
useful when restoring a proximal surface. his step causes slight
separation of the operated tooth from the adjacent tooth and may
help protect the adjacent proximal surface, the rubber dam, and
the interdental papilla.
It is important to preoperatively visualize the anticipated extension of the tooth preparation. Because the tooth preparation requires
speciic depths, extensions, and marginal forms, the connection
of the various parts of the tooth preparation should result in minimal
tooth structure removal (i.e., as little as is necessary), while maintaining the strength of the cuspal and marginal ridge areas of the tooth
as much as possible (Fig. 10.6). he projected facial and lingual
extensions of a proximal box should be visualized before preparing
the occlusal outline form through the marginal ridge of the tooth,
reducing the chance of overextension while maintaining a butt-joint
form of the facial or lingual proximal margins.

General Concept Guiding Preparation for
Amalgam Retoration
A solid comprehension of concepts presented in Chapter 4 is
essential prior to the learning of information presented in the
following sections. For an amalgam restoration to be successful,
numerous steps must be accomplished correctly. After an accurate
diagnosis is made, the dentist must create a tooth preparation that
not only removes the defect (e.g., caries lesion, old restorative
material, malformed structure) but also leaves remaining tooth
structure as strong as possible by leaving as much dentin support

B

C
• Fig. 10.6 Preoperative visualization of tooth preparation extensions
when a cavitated caries lesion is present gingival to the proximal contact
and in the central groove area. A, Rotated tooth (lingual extension owing
to faulty central groove). B, Open proximal contact (preparation extended
wider faciolingually to develop a proximal contact with appropriate physiologic proximal contours). C, Normal relationship.

as possible. Tooth preparation that conserves tooth structure is
strongly recommended because it limits pulpal irritation and
preserves the integrity of both the tooth and the subsequent
restoration.54-60
Discussion in this chapter will include principles, techniques,
and procedures using classic examples of amalgam preparations.
However, clinically, the outline form of the preparation should
always conform to the level of disease in the tooth and not necessarily
to the examples presented here. Making the tooth preparation form
appropriate for the use of amalgam as the restorative material is
equally important. he physical properties of amalgam require that
it be placed into a tooth preparation that provides for an approximately
90-degree or slightly greater occlusal cavosurface margin and 90-degree
axial cavosurface margin (because of the amalgam’s limited edge
strength). he preparation must allow a minimum thickness of 1.5
to 2 mm so that the amalgam will not lex and fracture when under
occlusal load (most amalgams fail by bulk fracture). he amalgam
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1.5 mm

3 mm

A

B

0.8 mm

C

• Fig. 10.7 Pulpal loor depth. A, Pulpal depth measured from central groove. B, No. 245 bur dimensions. C, Guides to proper pulpal loor depth: (1) one half the length of the No. 245 bur, (2) 1.5 mm, or
(3) 0.2 mm inside (internal to) the dentinoenamel junction (DEJ).
must be placed into a prepared undercut form in the tooth so as to
be mechanically retained (amalgam does not bond to tooth structure).
After appropriate tooth preparation, the success of the inal restoration
depends on proper insertion, carving, and inishing of the amalgam
material.

Principle
he basic principles of tooth preparation must be followed for
amalgam tooth preparations to ensure clinical success. As presented
in Chapter 4, the preparation for amalgam is discussed in two
stages, for academic purposes, to facilitate student understanding
of proper extension, form, and caries lesion removal. he initial
stage (1) places the tooth preparation extension into sound tooth
structure at the marginal areas (not pulpally or axially); (2) extends
the depth (pulpally, axially, or both) at the periphery of the preparation to a prescribed, uniform dimension; (3) provides an initial
form consistent with amalgam retention in the tooth; and (4)
establishes the preparation external walls in a form that will result
in a 90-degree amalgam margin upon restoration. he inal stage
of tooth preparation removes any remaining defect (caries lesion
or old restorative material) and incorporates any additional preparation features (grooves, coves, slots, or pins) as needed to achieve
the appropriate retention and resistance forms.
In academic institutions, assessing the tooth preparation after
the initial preparation stage provides an opportunity to evaluate
a student’s knowledge and ability to extend the external walls
properly and establish proper initial depth. If the student were to
remove an extensive caries lesion in its entirety before any evaluation,
the attending faculty would not know whether the prepared depths
were obtained because of appropriate caries lesion removal or
inappropriate overcutting of the tooth.

Retention
groove

DEJ
Axial
wall

Pulpal
floor

A

B

• Fig. 10.8 Axial wall depth. A, If no retention grooves needed, axial
depth 0.2 mm inside (internal to) the dentinoenamel junction (DEJ). B, If
retention grooves needed (i.e., proximal divergence secondary to wide
faciolingual caries lesion extension), axial depth 0.5 mm inside (internal to)
the DEJ. Note that dashed lines on the occlusal surface only indicate the
position of the retention grooves associated with the facial and lingual
walls of the proximal preparation. The grooves do not extend onto the
occlusal surface.

Initial Tooth Preparation
All initial depths of a tooth preparation for amalgam relate to the
dentinoenamel junction (DEJ) except in the following two instances:
(1) when the occlusal enamel has become signiicantly thinner and
(2) when the preparation extends onto the root surface. he initial
depth pulpally is 0.2 mm inside (internal to) the DEJ or 1.5 mm
as measured from the depth of the central groove (Fig. 10.7), whichever
results in the greater thickness of amalgam. he initial depth of the
axial wall is 0.2 mm inside the DEJ when retention grooves are not
used and 0.5 mm inside the DEJ when retention grooves are used
(Fig. 10.8). he deeper extension allows placement of the retention
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groove without undermining marginal enamel. Axial depths on the
root surface should be 0.75 to 1 mm deep so as to provide room
for placement of retention grooves or coves.

Outline Form
he initial extension of the tooth preparation should be visualized
preoperatively by estimating the extent of the defect, the preparation
form requirements of the amalgam, and the need for adequate
access and visibility to place the amalgam into the tooth. Enamel
cavosurface margins must be left at 90 degrees or greater to limit
the potential for enamel fracture. For enamel strength, the marginal
enamel rods should be supported by sound dentin. These

A
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requirements for enamel strength must be combined with marginal
requirements for amalgam (90-degree butt joint) when establishing
the periphery of the tooth preparation (Fig. 10.9).
he preparation extension is dictated primarily by the existing
caries lesion, old restorative material, or defect. Adequate extension
to provide access for tooth preparation, caries lesion removal, matrix
placement, and amalgam insertion also must be considered. When
making the preparation extensions, every efort should be made
to preserve the dentinal support (i.e., the strength) of cusps and
marginal ridges.
When viewed from the occlusal, the facial and lingual proximal
cavosurface margins of a Class II preparation should be 90 degrees
(i.e., perpendicular to a tangent drawn through the point of
extension facially and lingually) (see Fig. 10.9). In most instances,
proximal caries lesions severe enough to require surgical intervention
result in facial and lingual proximal walls that must be extended
into the facial or lingual embrasure. his extension provides adequate
access for performing the preparation (with decreased risk of
damaging the adjacent tooth), easier placement of the matrix band,
and easier condensation and carving of the amalgam. Such extension
provides “clearance” between the cavosurface margin and the
adjacent tooth (Fig. 10.10). Clearance also allows the operator to
conirm that no voids exist at the proximal margins of the inished
restoration. Occasionally the level of disease may not require
extension of the proximal margins beyond the proximal contact.
This is especially helpful in areas that are more esthetically
demanding.
Clearance

90°

B

A

Clearance

90°

Amalgam

C
• Fig. 10.9

Proximal cavosurface margins. A, Facial and lingual proximal
cavosurface margins prepared at 90-degree angles to a tangent drawn
through the point on the external tooth surface. B, A 90-degree proximal
cavosurface margin produces a 90-degree amalgam margin; C, 90-degree
amalgam margins.

B
Clearance

• Fig. 10.10 Proximal box preparation clearance of adjacent tooth. A,
Occlusal view. B, Lingual view of a cross section through the central
groove.
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Factors dictating the outline form are presented in greater detail
in Chapter 4. hey include caries lesion, old restorative material,
inclusion of all of the defect, proximal or occlusal contact relationship, and the need for convenience form.

90-degree enamel walls (representing a strong enamel margin) (see
Fig. 10.9) that meet the inserted amalgam at a butt joint (enamel
and amalgam both having 90-degree margins).

Reitance Form

Cavourface Margin
Enamel must have a marginal coniguration of approximately 90
degrees or greater, and amalgam must have a marginal coniguration
of approximately 90 degrees. Marginal wall conigurations with
angles less than 90 degrees in enamel or amalgam are subject to
fracture, as both of these materials are brittle. Preparation walls on
the occlusal surface usually have obtuse enamel margins (representing
the strongest enamel margin) and result in amalgam margins that
are slightly less than 90 degrees (Figs. 10.11 and 10.12). Rounding
of the central groove area when carving the occlusal amalgam enables
the marginal coniguration to be closer to 90 degrees (see Fig.
10.12). Preparation walls on vertical aspect (in the occlusogingival
axis) of the tooth (facial, lingual, mesial, or distal) should result in

Resistance form preparation features help the tooth and the restoration resist fractures caused by occlusal forces. Resistance features
that assist in preventing the tooth from fracturing include (1)
maintaining as much tooth structure as possible (preserving the
dentin supporting cusps and marginal ridges); (2) having pulpal
and gingival walls prepared perpendicular to occlusal forces, when
possible; (3) having rounded internal preparation angles; (4) removing
unsupported or weakened tooth structure; and (5) placing slots
and pins into the tooth as part of the inal stage of tooth preparation,
when indicated. he placement of slots and pins is considered a
secondary resistance form feature and is discussed in the section
Clinical Technique for Complex Amalgam Restorations. Resistance
form features that assist in preventing the amalgam from fracturing
include (1) adequate thickness of amalgam (at least 1.5–2 mm in
areas of occlusal contact and 0.75 mm in axial areas); (2) amalgam
margin of 90 degrees; (3) boxlike preparation form, which provides
uniform amalgam thickness; and (4) rounded axiopulpal line angles
in Class II tooth preparations. Many of these resistance form features
may be achieved using the No. 330 or No. 245 bur.

Retention Form
Retention form preparation features retain (i.e., “lock”) the
restorative material in the tooth. For composite restorations,
adhesion (bonding) provides most of the needed retention. Amalgam
restorations must be mechanically retained in the tooth. Amalgam
retention form (Fig. 10.13) is provided by (1) preparation of the

A

Enamel

a
b

a

ba

b

Dentin

B
• Fig. 10.11

Occlusal cavosurface margins. A, Tooth preparation.
B, Occlusal margin representing the strongest enamel margin. Full-length
enamel rods (a) and shorter enamel rods (b).

A
a

B

b
Retention
groove

DEJ

A
• Fig. 10.12

B

Amalgam form at occlusal cavosurface margins.
A, Amalgam carved too deep resulting in acute angles a and b and stress
concentrations within the amalgam, increasing the potential for fracture.
B, Amalgam carved with appropriate anatomy, resulting in an amalgam
margin close to 90 degrees, although the enamel cavosurface margin is
obtuse.

C
• Fig. 10.13 Typical amalgam tooth preparation retention form features.
A and B, Occlusal convergence of prepared walls (primary retention form).
C, Retention grooves in proximal box (secondary retention form) if the
proximal preparation is wide faciolingually.
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vertical walls (especially facial and lingual walls) that converge
occlusally (i.e., primary retention); (2) retention features such as
grooves, coves, slots, and pins that are placed during the inal stage
of tooth preparation (i.e., secondary retention), and (3) engagement
of the inserted amalgam into any surface irregularities in the
preparation that may exist. Primary retention form features are
achieved by the orientation and type of the preparation instrument
such as the No. 330 or No. 245 pear-shaped carbide bur or diamond
(see Fig. 10.7B). Secondary retention form features are discussed
in subsequent sections.

Convenience Form
Convenience form includes features that allow adequate access
and visibility of the operating site to facilitate tooth preparation
and restoration. Convenience form includes extension of the outline
form so that (1) the caries lesion may be accessed for removal, (2)
the matrix may be placed, and (3) amalgam may be inserted,
carved, and inished—all while maintaining resistance form.

b

A

Liner/Base application. A, Inserting resin-modiied glass
ionomer (RMGI) with periodontal probe. B, In moderately deep caries
removal, a base (b) thickness of 0.5 to 0.75 mm is indicated.

RMGI base

Removal of Defective Retorative Material and/
or Soft Dentin

Pulp Protection
If the tooth preparation is of ideal or shallow depth, no liner or
base is indicated. In deeper caries removal (where the remaining
dentin thickness is judged to be 1–1.5 mm), a layer (i.e.,
0.5–0.75 mm) of a resin-modiied glass ionomer (RMGI) material
should be placed (Fig. 10.14).62,63 he RMGI insulates the pulp
from thermal changes, bonds to dentin, releases luoride, is strong
enough to resist the forces of condensation, and reduces
microleakage.63-65 he RMGI is applied only over the deepest
portion of the caries removal. It should be placed in small increments
and should low when it is touched to the dentin surface. he
entire dentin surface should not be covered. Dentin peripheral to
the liner should be available for support of the restoration.66
For pulpal protection in very deep caries removal (where the
remaining dentin thickness is judged to be <0.5 mm and suspicion
of potential microscopic pulpal exposure is increased), a thin layer
(i.e., 0.5–0.75 mm) of a calcium hydroxide liner may be placed
(Fig. 10.15). he calcium hydroxide liner may elicit tertiary dentin
formation if the original odontoblasts are no longer vital. If the
calcium hydroxide liner is used, it is placed by using the same

B

• Fig. 10.14

Final Tooth Preparation

Any old restorative material or soft dentin remaining after the initial
preparation will be located in the axial or pulpal walls (the extension
of the peripheral preparation margins should have already been to
sound tooth structure). Chapters 2 and 4 discuss (1) when to leave
or remove old restorative material, (2) how to remove remaining
soft dentin, and (3) what should be done to protect the pulp.
he removal of remaining soft dentin should be accomplished
using the largest instrument that its the carious area because it is
least likely to penetrate the tooth in an uncontrolled manner. A
hand instrument is more reliable than a rotating bur for judging
the adequacy of removal of soft dentin. he removal of carious
dentin should be stopped when the tooth structure feels irm unless
exposure of the pulp becomes likely (see Chapter 2). his situation
often occurs before all lightly stained or discolored dentin is
removed.61
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Calcium hydroxide
liner

• Fig. 10.15

Placement of calcium hydroxide liner and RMGI base.

instrument and the same technique as described for the RMGI
liner. he calcium hydroxide liner should be placed only over the
deepest portion of the caries removal (nearest the pulp). A layer
of RMGI liner should be used to cover the calcium hydroxide.67
he entire dentin surface should not be covered (see Figs. 10.14
and 10.15). he RMGI liner is recommended to cover the calcium
hydroxide to resist the forces of condensation and to prevent
dissolution over time by sealing the deeply excavated area.64 Pulp
exposure will require a direct pulp cap with calcium hydroxide or
mineral trioxide aggregate (MTA), or endodontic treatment.68

Secondary Reitance and Retention Form
Adequate resistance and retention form may no longer be present
in the tooth preparation after caries lesion removal has resulted in
excessive loss of vertical wall height. herefore strategic features
(such as the placement of grooves, coves, slots, pins) that enhance
the resistance and retention form are added. Usually, the larger
the tooth preparation, the greater the need for secondary resistance
and retention forms.

Final Procedure: Debridement and Inpection
After the previous steps are performed, the completed tooth
preparation should be cleaned of all debris (debridement) so that
a careful inspection may be accomplished. he usual procedure
in cleaning is to free the preparation of visible debris using short
bursts of water spray from the air-water syringe followed by short
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bursts with the air syringe. If debris still clings to the preparation,
it may be necessary to dislodge this material with an explorer, a
small damp cotton pellet, or a commercially available applicator
tip (i.e., a “microbrush”) moistened with water. Excess water should
be removed so as to allow a clear ield for inspection. However, it
is important not to desiccate the tooth by overuse of air as this
may damage the odontoblasts associated with the desiccated tubules.
he preparation should be viewed from all angles. Careful assessment
should be made to ensure that the depths are proper, the external
walls provide for enamel support and correct orientation for
amalgam (i.e., that the preparation is retentive and the resultant
restoration margins will not be prone to fracture), and the caries
lesion has been removed as indicated. Preparation walls should be
smooth and transitions should be gently rounded.69 he cavosurface
margin should be precise and clearly visualized.

Preparation Deign
Typical tooth preparation for amalgam has generally been referred
to as conventional tooth preparation. A “box-only” tooth preparation
is indicated if no occlusal caries lesion is present (i.e., only a proximal
caries lesion is present). Fig. 10.16 illustrates various preparation
designs. Appropriate details of speciic tooth preparations are
presented subsequently.

General Concept Guiding Retoration
With Amalgam
After tooth preparation, the tooth must be readied for the insertion
of amalgam. Disinfectants may be used, but are not considered
essential.70,71 However, it is highly recommended that a dentin
desensitizer (current commercial formulations contain 5% glutaraldehyde and 35% 2-hydroxyethyl methacrylate [HEMA] and
water) be placed on the prepared dentin per manufacturer’s
instructions (see Fig. 10.3). This type of dentin desensitizer

cross-links tubular luid proteins and, in the presence of HEMA,
forms lamellar plugs in the dentinal tubules.72 hese plugs are
thought to be responsible for reducing the potential for rapid
tubular luid movement and, thereby, the sensitivity of dentin.
his step may occur before or after the matrix application.

Matrix Placement
A matrix primarily is used when a proximal surface is to be restored.
he objectives of a matrix are to provide proper contact, provide
proper contour, conine the restorative material, and reduce the
amount of excess material. For a matrix to be efective, it should
be easy to apply and remove, extend below the gingival margin
enough that it can be engaged by a wedge, extend above the
adjacent marginal ridge height so as to allow for proper condensation, and resist deformation during material insertion.
In some clinical circumstances, a matrix may be necessary for
Class I or V amalgam restorations. Matrix application, along with
wedging to increase interproximal space, may help protect the
adjacent tooth from being damaged during preparation.

Mixing (Triturating) the Amalgam
Because of its superior clinical performance, high-copper amalgam
is recommended. Preproportioned, disposable capsules are available
in sizes ranging from 400 to 800 mg. Some precapsulated brands
require activation of the capsules before trituration. he speed and
time of trituration are factors that impact the setting reaction of
the material. Alterations in either may cause changes in the properties of the inserted amalgam. Amalgam should be triturated (i.e.,
mixed) according to the manufacturer’s directions. Correctly mixed
amalgam should not be dry and crumbly; rather, it should retain
suicient “wetness” so as to aid in achieving a homogeneous and
well-adapted restoration.73 It is often necessary to make several
mixes to complete the restoration, particularly for large
preparations.

Inertion of the Amalgam

A
• Fig. 10.16
B, Box only.

B
Types of amalgam tooth preparations. A, Conventional.

An amalgam carrier is used to transfer amalgam to the tooth
preparation. Increments extruded from the carrier should be smaller
(often only 50% or less of a full-carrier tip) for a small preparation,
particularly during the initial insertion. A lat-faced, circular or
elliptic condenser may be used to condense amalgam in the deeper
areas of the preparation. he principal objectives during the insertion
of amalgam are to condense the amalgam mass and to adapt it to
the preparation walls and the matrix (when used). horough
condensation is essential to produce a restoration free of voids,
and helps to reduce marginal leakage.74,75 Optimal condensation
is necessary to minimize the mercury content in the restoration,
which decreases corrosion and enhances restoration strength and
marginal integrity.75 Spherical amalgam is more easily condensed
than admixed (lathe-cut) amalgam, but some practitioners prefer
the handling properties of the admixed type. Condensation of
amalgam that contains spherical particles requires larger condensers
than are commonly used for admixed amalgam. Smaller condensers
tend to penetrate a mass of spherical amalgam, resulting in less
efective force to compact or adapt the amalgam within the preparation. In contrast, smaller condensers are indicated for the initial
increments of admixed amalgam because it is more resistant to
condensation pressure. his is because the area of a circular condenser face (nib) increases by the square of the diameter; doubling
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the diameter requires four times more force for the same pressure
per unit area. Each portion must be thoroughly condensed prior
to placement of the next increment. Each condensed increment
should ill only one third to one half the preparation depth. Each
condensing stroke should overlap the previous condensing stroke
to ensure that the entire mass is well condensed.
Lateral condensation (facially, lingually, and proximally directed
condensation) is important in the proximal box portions of preparations to ensure conluence of the amalgam with the margins, the
elimination of voids, and an adequate proximal contact. Generally,
smaller amalgam condensers are used irst, which allows the amalgam
to be properly condensed into the internal line angles and secondary
retention features. Subsequently, larger condensers are used.
Amalgam preparations should be somewhat overilled to ensure
adequate condensation on the occlusal surface. he condensation
of a mix should be completed within the time speciied by the
manufacturer (usually 2.5 to 3.5 minutes). Otherwise crystallization
of the unused portion will be too advanced to react properly with
the condensed portion. he mix should be discarded if it becomes
dry, and another mix quickly made to continue the insertion.
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Amalgam

• Fig. 10.17

Carving the occlusal margins.

Precarve Burnihing
To ensure that the marginal amalgam is well condensed before
carving, the overpacked amalgam should be burnished immediately
with a large burnisher, using heavy strokes mesiodistally and faciolingually, a procedure referred to as precarve burnishing. Precarve
burnishing is useful to inalize the condensation, remove excess
mercury-rich amalgam, and initiate the carving process. To maximize
its efectiveness, the burnisher head should be large enough that
in the inal strokes it contacts the cusp slopes but not the preparation
margins. Precarve burnishing produces denser amalgam at the
margins of the occlusal preparations restored with high-copper
amalgam alloys and initiates contouring of the restoration.76,77

Carving the Amalgam
he following discussion of carving (and shaping) of amalgam
assumes the use of sharp carving instruments. All carving instruments
dull with repeated use and sterilization cycles and, as a result, lose
their eiciency. Carving a freshly condensed amalgam, which is
setting and steadily getting harder, with a dull instrument requires
the use of ever-increasing pressure on the instrument and increases
the likelihood of losing control (slipping) and/or increasing the
amount of time required to complete the carving. Always use sharp
carving instruments!
he amalgam material selected for the restoration has a speciic
setting time. After precarve burnishing has been accomplished,
the remainder of the accessible restoration must be contoured to
achieve proper form and, as a result, function. he insertion
(condensation) and carving of the material must occur before the
material has hardened so much that it becomes uncarvable.

Occlual Area
A discoid–cleoid instrument may be used to carve the occlusal
surface of an amalgam restoration. he rounded end (discoid) is
positioned on the unprepared enamel adjacent to the amalgam
margin and pulled parallel to the margin (Fig. 10.17). his removes
any excess at the margin while not allowing the marginal amalgam
to be carved below the preparation margins (i.e., “submarginated”).
he pointed end (cleoid) of the instrument may be used to deine

• Fig. 10.18 Deining the marginal ridge and the occlusal embrasure
with an explorer.
the primary grooves, fossae, and cuspal inclines. he Hollenback
carver is also useful for carving these areas.
he reproduction of grooves and fossae is necessary to provide
appropriate mastication and sluiceways for the escape of food from
the occlusal table. he mesial and distal fossae are carved to be
inferior to the marginal ridge height, helping limit the potential
for food to be wedged into the occlusal embrasure. Having rounded
and relatively shallow occlusal anatomy also helps achieve a 90-degree
amalgam margin on the occlusal surface and to ensure adequate
occlusogingival dimension of the inal amalgam restoration for
strength (see Fig. 10.12B).
For multiple surface restorations (which require use of a matrix),
the initial carving of the occlusal surface should be rapid, concentrating primarily on the marginal ridge height and occlusal embrasure
areas. Occlusal embrasure areas are developed with a thin explorer
tip or carving instrument by mirroring the contours of the adjacent
tooth. he explorer tip is pulled along the inside of the matrix
band, creating the occlusal embrasure form. When viewed from
the facial or lingual direction, the embrasure form created should
be identical to that of the adjacent tooth, assuming that the adjacent
tooth has appropriate contour. Likewise, the height of the amalgam
marginal ridge should generally be the same as that of the adjacent
tooth (Figs. 10.18 and 10.19). If both these areas are developed
properly, the potential for fracture of the marginal ridge area of
the restoration while checking the occlusion is signiicantly reduced.
Placing the initial carving emphasis on the occlusal areas for a
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• Fig. 10.19

Proximal contour. A, Correct proximal contour. B, Incorrect marginal ridge height and
occlusal embrasure form. C, The occlusogingival proximal contour is too straight, the contact is too high,
and the occlusal embrasure form is incorrect.

Excess

Blade

• Fig. 10.20 Positioning of the carving instrument to prevent overcarving
amalgam and to develop the desired gingival contours.

large restoration permits the operator to remove the matrix more
quickly so as to carve any extensive axial surfaces of the restoration,
especially the proximal areas. Some of these areas may be relatively
inaccessible and must be carved while the amalgam material is
still not fully set. Remaining necessary carving or contouring on
the occlusal surface may be done later, and if the amalgam is too
hard to carve, the use of rotary instruments in the handpiece may
be required.

Facial and Lingual Area
Most facial and lingual areas are accessible and may be carved
directly. he side of an explorer tine may be very efective in creating
correct contours when the amalgam is early in its setting reaction.
A Hollenbeck carver or base of the amalgam knife (scaler 34/35)
is also useful for carving these areas. With regard to the cervical
areas, it is important to remove any excess and develop the proper
contour of the restoration, which is usually convex. he convexity
is developed by using the occlusal and gingival unprepared tooth
structure as guides for initiating the carving (Fig. 10.20). he
marginal areas are blended together, resulting in the desired convexity
and providing a physiologic contour that promotes the health of
adjacent gingival tissue.

Proximal Embraure Area
he initial development of the occlusal embrasure of the proximal
surface while the matrix is still in place has already been described.
After removal of the matrix, the amalgam knife (or scaler 34/35)
is an excellent instrument for removing proximal excess and
developing proximal contours and embrasures (Figs. 10.21 and

• Fig. 10.21

Gingival excess may be removed with amalgam knives.

10.22). he knife is positioned below the gingival margin and
drawn occlusally to carefully shave of excess, to reine the proximal
contour (below the contact) and the gingival embrasure form. he
sharp tip of the knife also is beneicial in developing the facial and
lingual embrasure forms. Care must be exercised in not carving
away any of the contour necessary to create the desired proximal
contact.
Development of proper proximal contour and contact is
important for the physiologic health of interproximal soft tissue.
Likewise, ensuring a smooth junction between the tooth and the
amalgam is important. An amalgam overhang (excess of amalgam)
may result in compromised gingival health. Voids at the cavosurface
margins may result in recurrent caries lesion formation.
he proximal portion of the carved amalgam is evaluated by
visual assessment (relecting light into the contact area from the
lingual and occlusal perspectives to conirm the dimensions and
location of the proximal contact) and placement of very thin dental
loss through the contact area. If dental loss is used, it must be
used judiciously, ensuring that amalgam in the contact area is not
inadvertently removed. A piece of loss may be inserted through
the contact and into the gingival embrasure area by initially wrapping
the loss around the adjacent tooth and exerting pressure on that
tooth rather than the restored tooth while moving the loss through
the contact area. When the loss is into the gingival embrasure
area, it is wrapped around the restored tooth and moved occlusally
and gingivally to determine whether excess exists and to smooth
the proximal amalgam material. If excess material is detected along
the gingival margin, the amalgam knife should again be used until
a smooth margin is created.
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• Fig. 10.22

Removal of gingival excess of amalgam. A, Excess of amalgam (arrowhead) at the gingival
corner of the restoration. B, Use of the amalgam knife for removal of gingival excess. C, Gingival corner
of restoration with excess removed.

Postcarve Burnishing
Some operators prefer to postcarve burnish the amalgam surface
by using a small burnisher. Postcarve burnishing is done by lightly
rubbing the carved surface with a burnisher of suitable size and
shape to improve smoothness and produce a satin (not shiny)
appearance. he surface should not be rubbed hard enough to
produce grooves in the amalgam. Postcarve burnishing may improve
the marginal integrity of low- and high-copper amalgams and may
improve the smoothness of the restoration.78-80 Postcarve burnishing
in conjunction with precarve burnishing may serve as a substitute
for conventional polishing.80

Evaluation of Occlual Contact Area on
the Retoration
After completion of the carving and the removal of the rubber
dam, the occlusal contacts on the restoration must be evaluated.
Even if the carving has been carefully accomplished, the restoration
occasionally is “high,” indicating premature occlusal contact. A
piece of articulating paper is placed over the restoration and adjacent
teeth, and the patient is instructed to close gently into occlusion.
It is essential that the teeth be completely dry for proper marking with
articulating paper. he patient is advised not to bite irmly because
of the danger of fracturing the restoration, which is weak at this
stage. he operator should visually assess the contact potential of
the restored tooth and the extent of closure. If local anesthesia is
still present, it may be diicult for the patient to tell when the
teeth are in contact. After the patient has reopened the mouth
and the articulating paper is removed, the following two features
of the occlusal relationship suggest that the restoration is high: (1)
Cusp tips of adjacent teeth are not in occlusal contact when it is
known from the preoperative occlusal assessment that they should
be touching, and (2) an opposing cusp prematurely occludes with
the new restoration.
Contact areas on the amalgam should be assessed by the color
imparted by the articulating paper. Deeply colored areas (heavy
contacts) and those with light-colored centers (even heavier contacts)
are reduced until all markings are uniformly of a light hue, and
contacts are noted on adjacent teeth (Fig. 10.23). Heavy occlusal
contacts are commonly referred to as “prematurities” or “high
spots.” Observing the bite opening between nearby teeth when
the restoration is in contact indicates how much occlusal adjustment
is indicated. For example, if the adjacent teeth are 0.5 mm apart

(by visual estimation), the high spot(s) should be reduced by
approximately that amount. his observation may expedite the
occlusal adjustment compared with making an insuicient adjustment and having to repeat closure-and-carving numerous times.
he sequence of closure, observation, and carving is repeated until
the appropriate surfaces of opposing teeth are touching.
Occlusal contacts on a cuspal incline or ridge slope are undesirable because they cause a delective lateral force on the tooth.
hese should be adjusted until the resulting contact is stable (i.e.,
the occlusal contact should be perpendicular to the occlusal load
where possible in maximum intercuspation, or, in other words,
the occlusal force should be parallel to the long axis of the tooth).
To this point in the procedure, the patient has been instructed
to close vertically into maximum intercuspation (i.e., “bite together
on your back teeth”). After replacing the articulating paper over
the tooth, the patient is asked to occlude lightly and to slide the
teeth lightly from “side to side” to identify excursive interferences
and “front to back” to identify protrusive interferences (see Chapter
1). Any additional occlusal marks are evaluated, and undesirable
contact areas (interferences) are eliminated. Note that amalgam
restorations carved completely out of occlusion (i.e., that are “overcarved”) may allow supraeruptive tooth movement resulting in
undesirable tooth contacts and this, too, should be avoided. Finally,
the patient should be cautioned to protect the newly condensed
restoration by not using it to chew irm food for 24 hours.

Finihing and Polihing of the Amalgam
Most amalgams do not require further inishing and polishing.
hese procedures are occasionally necessary, however, to (1) reine
the anatomy, contours, and marginal integrity; and (2) reine the
surface texture of the restoration. Additional inishing and polishing
procedures for amalgam restorations are not attempted within 24
hours of insertion because crystallization of the restoration is
incomplete.73 If used, these procedures are often delayed until all
of the patient’s amalgam restorations have been placed, rather than
inishing and polishing periodically during the course of treatment.
An amalgam restoration is less prone to tarnish and corrosion if
a smooth, homogeneous surface is achieved.81-83 Polishing of highcopper amalgams is less important than it is for low-copper
amalgams because high-copper amalgams are less susceptible to
tarnishing and marginal breakdown.56,82-87
he inishing procedure may be initiated by use of a green
carborundum or white alumina stone. (Fig. 10.24A). he green
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• Fig. 10.23 Occluding the restoration. A, Heavy occlusal contacts on new amalgam should be
adjusted. Articulating paper marks heavy contacts as dark areas, and it marks very heavy contacts as
dark areas with light-colored, potentially shiny, centers. B, Amalgam should not be carved out of occlusion. Rather, it should have light occlusal contact or contacts, as indicated by faint markings.
stone is more abrasive than the white stone; the tip of either stone
may be blunted on a diamond wheel before use. his helps prevent
marring the center of the restoration while the margins are being
adjusted. During the surfacing of amalgam, the stone’s long axis is
held at a 90-degree angle to the margins. Reduction of any occlusal
contact should be avoided. After the stone is used, the margins
should be reevaluated with the tine of an explorer and any additional
discrepancies removed. he surface may be smoothed further using
light pressure with an appropriate inishing bur (see Fig. 10.24B).
A large, round inishing bur is generally used for this inishing step.
If the groove and fossa features are not suiciently deined, a small
round inishing bur also may accentuate them without eliminating
the occlusal contact areas. he long axis of the bur or stone should
be at a ~45-degree angle to the margin to allow the unprepared
tooth structure to guide the bur and prevent unnecessary removal
of amalgam (see Fig. 10.24C). A smooth surface should be achieved
before the polishing procedure is initiated. he inishing bur should
remove the minor scratches that resulted from use of the green or
white stone. Often, however, these scratches can be removed only
with the use of rubber abrasive points.
he polishing procedure is initiated by using a coarse, rubber
abrasive point at low speed and air-water spray to produce an
amalgam surface with a smooth, satin appearance (see Fig. 10.24D
and E). If the amalgam surface does not exhibit this appearance
after only a few seconds of polishing, the surface was too rough
at the start. In this instance, resurfacing with a inishing bur is
necessary, followed by the coarse, rubber abrasive point to develop
the satiny appearance. It is important that the rubber points be
used at low speed (≤6000 revolutions per minute [rpm]) or just
above “stall out” speed so as to limit the danger of point

disintegration (which may occur at high rotational speeds) and
the danger of frictional temperature elevation of the restoration
and the tooth. Temperature above 140°F [>60°C] is able to cause
irreparable damage to the pulp, the restoration, or both. When
overheated, the amalgam surface appears cloudy, even though it
may have a high polish. his cloudy appearance indicates that
mercury has been brought to the surface, which results in increased
corrosion of the amalgam and loss of strength.73
Polishing with the coarse abrasive rubber point will result in a
moderately polished surface. No deep scratches should remain on
the amalgam surface. After the area is washed free of abrasive
particles and dried, a high polish may be imparted to the restoration
with a series of medium grit and ine-grit abrasive points (see Fig.
10.24F). As with the more abrasive points, the iner abrasive points
must be used at a low speed. If a high luster does not appear
within a few seconds, the restoration requires additional polishing
with the more abrasive points. he system illustrated in Fig. 10.24
includes coarse-grit, medium-grit, and ine-grit rubber abrasive
points. Using these points in sequence, from coarse to ine, produces
an amalgam surface with a brilliant luster (see Fig. 10.24G). As
an alternative to rubber abrasive points, inal polishing may be
accomplished using a rubber cup with lour of pumice followed
by a high-luster agent such as precipitated chalk. Finishing and
polishing of older, existing restorations may be performed to improve
their contour, margins, surface, or anatomy, when indicated (Fig.
10.25).
hese procedures should not leave the restoration undercontoured
and should not alter the carefully designed occlusal contacts. he
tip of an explorer should pass from the tooth surface to the restoration surface (and vice versa), without jumping or catching, thus
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• Fig. 10.24 Polishing the amalgam. A, When necessary, a carborundum or ine-grit alumina stone is
used to develop continuity of surface from the tooth to the restoration. B, The restoration is surfaced with
a round inishing bur. C, The stone’s long axis or the bur’s long axis is held at a right angle to the margin.
D, Polishing is initiated with a coarse rubber abrasive point at low speed. E, The point should produce a
smooth, satin appearance. F, A high polish is obtained with medium-grit and ine-grit abrasive points.
G, Polished restoration. (Courtesy Aldridge D. Wilder, DDS.)
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• Fig. 10.25 A, Existing amalgam restoration exhibiting marginal deterioration and surface roughness.
B, Same restoration after inishing and polishing.

A

B

C
• Fig. 10.26 Clinical examples of Class I, II, and VI amalgam restorations. A, Class I amalgam in the
occlusal surface of the irst molar. B, Class II amalgams in a premolar and molar. C, Class VI amalgams
in premolars.
verifying continuity of contour across the margin. Every efort to
avoid removal of adjacent tooth structure should be made.

entirely within the existing amalgam restoration. If necessary, another
matrix must be placed. A new mix of amalgam may be condensed
directly into the defect.

Repairing an Amalgam Retoration
If an amalgam restoration fractures during insertion, generally all
of the inserted amalgam must be removed and new amalgam
condensed. If a small portion of amalgam fractures during insertion
and the amalgam is still carvable, it may be possible to apply and
condense newly triturated amalgam to repair the afected area. If
a small void in the amalgam is discovered after the matrix is removed,
for example, and if the amalgam is still carvable and the area is
accessible, any poorly condensed amalgam in the void should be
removed with an explorer or other instrument, and the void repaired
with newly triturated amalgam. In cases where a new mix of
amalgam is added to carvable existing amalgam, the “new” amalgam
will adhere to the “old.”
If a repair needs to be made to set, uncarvable amalgam, the
defective area may be re-prepared as if it were a small restoration.
Appropriate depth and retention form must be generated, sometimes

Clinical Technique for Cla I
Amalgam Retoration
his section describes the use of amalgam for Class I restorations.
Class I restorations restore defects on the occlusal surfaces of
posterior teeth, the occlusal thirds of the facial and lingual surfaces
of molars, and the lingual surfaces of maxillary anterior teeth
(Fig. 10.26).
he procedural description for a small (i.e., “conservative”) Class
I amalgam restoration simply and clearly presents the basic information relating to the entire amalgam restoration technique, including
tooth preparation and placement and contouring of the restoration.
his basic procedural information may be expanded to describe
Class I amalgam restoration of lesions/defects of all sizes. he maxillary
irst premolar is used for illustration in this section.
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• Fig. 10.27 Class I preparation outline. A, Ideal outline includes all carious occlusal pits and issures.
B, Dimensions of head of a No. 245 bur. C, No. 330 and No. 245 burs compared.

Initial Clinical Procedures
A preoperative assessment of the occlusal relationship of the involved
and adjacent teeth is necessary. After administration of local
anesthetic, isolation of the operating ield with the rubber dam is
recommended.73,88 he rubber dam may be applied in the few
minutes necessary for onset of profound anesthesia before initiating
the tooth preparation. Rubber dam isolation is especially indicated
when removing deep caries (judged to be <1 mm from the pulp),
during amalgam condensation, and for mercury hygiene. he rubber
dam should be used for isolation of the operating site when a
caries lesion is extensive. If caries removal exposes the pulp, pulp
capping may be more successful if the site is isolated with a properly
applied rubber dam. In addition, the dam prevents moisture
contamination of the amalgam mix during insertion.60 For a single
maxillary tooth, where caries is not extensive, adequate control of
the operating ield may also be achieved with cotton rolls and
high-volume evacuation.

Tooth Preparation for Cla I Amalgam
Retoration
his section describes the speciic technique for preparing the
tooth for a Class I amalgam restoration. It is divided into initial
and inal stages.

Initial Tooth Preparation
Initial tooth preparation is deined as establishing the outline form
by extension of the external walls to sound tooth structure while
maintaining a speciied, limited depth (usually just inside the DEJ)
and providing resistance and retention forms. he outline form
for the Class I occlusal amalgam tooth preparation should include
only the defective occlusal pits and issures (in a way that sharp,
angular, abrupt transitions in the marginal outline are avoided).
Commonly, but not always, the marginal outline for maxillary
premolars is butterly shaped because of extension to include the
developmental issures facially and lingually. he ideal outline form
for an amalgam restoration incorporates the following resistance

form principles that are basic to all amalgam tooth preparations
of occlusal surfaces (Fig. 10.27A). hese principles allow margins
to be positioned in areas that are sound and subject to minimal
occlusal loading while maintaining the strength and health of the
tooth by conserving uncompromised tooth structure. he resistance
principles are as follows:
1. Extending around the cusps to conserve tooth structure and
prevent the internal line angles from approaching the pulp horns
2. Keeping the facial and lingual margin extensions as minimal
as possible between the central carious issure and the cusp tips
3. Extending the outline to include issures, placing the margins
on relatively smooth, sound tooth structure
4. Minimally extending into the marginal ridges (only enough to
include the defect) without removing dentinal support
5. Eliminating a weak wall of enamel by joining two outlines that
come close together (i.e., <0.5 mm apart)
6. Extending the outline form to include enamel undermined by
the caries lesion
7. Using enameloplasty on the terminal ends of shallow issures
to conserve tooth structure
8. Establishing an optimal, conservative depth of the pulpal wall
A No. 245 bur, with a head length of 3 mm and a tip diameter
of 0.8 mm, or a smaller No. 330 bur is recommended to prepare
the Class I tooth preparation (see Fig. 10.27B and C). he silhouette
of the No. 245 bur reveals sides slightly convergent toward the
shank. his produces an occlusal convergence of the facial and
lingual preparation walls, providing adequate retention form for
the tooth preparation. he slightly rounded corners of the end of
the No. 245 bur produce slightly rounded internal line angles that
render the tooth more resistant to fracture from occlusal force.89
he No. 330 bur is a smaller and pear-shaped version of the
No. 245 bur and is also indicated for amalgam preparations (see
Fig. 10.27C).
Class I occlusal tooth preparation is begun by entering the
deepest or most carious pit with a “punch cut” using the No. 245
carbide bur at high speed with air-water spray. A punch cut is
performed by orienting the bur such that its long axis parallels
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• Fig. 10.28 A, No. 245 bur oriented parallel to long axis of tooth crown for entry as viewed from lingual
aspect. B, The bur positioned for entry as viewed from the distal aspect. C, The bur is positioned over
the most carious pit (distal) for entry. The distal aspect of the bur is positioned over the distal pit.
D, Mesiodistal longitudinal section. Relationship of head of No. 245 bur to excised central issure and
cavosurface margin at ideal pulpal loor depth, which is just inside the DEJ. E, Faciolingual longitudinal
section. Dotted line indicates the long axis of tooth crown and the direction of the bur.
the long axis of the tooth crown (Fig. 10.28A and B). he bur is
inserted directly into the defective pit. When the pits are equally
defective, the distal pit should be entered as illustrated. Entering
the distal pit irst provides increased visibility for the mesial extension. he bur should be positioned such that its distal aspect is
directly over the distal pit, minimizing extension into the marginal
ridge (see Fig. 10.28C). he bur should be rotating when it is
applied to the tooth and should not stop rotating until it is removed
from the tooth. On posterior teeth, the approximate depth of the
DEJ is located at 1.5 to 2 mm from the occlusal surface. As the
bur enters the pit, an initial target depth of 1.5 mm should be
established. his is one half the length of the cutting portion of
the No. 245 bur. he 1.5-mm pulpal depth is measured at the

central issure (see Fig. 10.28D and E). he depth of the preparation
is modiied as needed so that the pulpal wall is established 0.1 to
0.2 mm into dentin. In other words, the depth of the prepared
external walls should be 1.5 to 2 mm (“just inside the DEJ”) (see
Fig. 10.28D and E), depending on the cuspal incline. he length
of the blades of an unfamiliar bur should be measured before it
is used as a depth gauge.
Distal extension into the distal marginal ridge to include a
issure or caries occasionally requires a slight tilting of the bur
distally (≤10 degrees). his creates a slight occlusal divergence to
the distal wall to prevent undermining the marginal ridge of its
dentin support (Fig. 10.29A–C). Because the facial and lingual
prepared walls converge, this slight divergence does not compromise
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• Fig. 10.29

A, Enter the pit with a punch cut to just inside the DEJ (depth of 1.5–2 mm or one half
to two thirds the head length of the No. 245 bur). The 1.5-mm depth is measured at central issure; the
measurement of same entry cut at the prepared external wall is 2 mm. B, Incline the bur distally to
establish proper occlusal divergence to distal wall to prevent removal of the dentin supporting the marginal
ridge enamel when the pulpal loor is in dentin, and distal extension is necessary to include a issure or
caries lesion. For such an extension on premolars, the distance from the margin to the proximal surface
(i.e., imaginary projection) must not be less than 1.6 mm (i.e., two diameters of bur end). C, Occlusal
view of the initial tooth preparation that has mesial and distal walls that diverge occlusally. D, Distofacial
and distolingual issures that radiate from the pit are included before extending along the central issure.
E, Mesiodistal longitudinal section. The pulpal loors are generally lat but may follow the rise and fall of
the occlusal surface.

the overall retention form. For premolars, the distance from the
margin of such an extension to the proximal surface usually should
not be less than ~1.6 mm, or two diameters of the end of the No.
245 bur (see Fig. 10.29B) measured from a tangent to the proximal
surface (i.e., the proximal surface height of contour). For molars,
this minimal distance is ~2 mm.
Minimal distal (or mesial) extension often does not require
changing the orientation of the bur’s axis from being parallel to
the long axis of the tooth crown. In this case, the mesial and distal
walls are parallel to the long axis of the tooth crown (or slightly
convergent occlusally) (see Fig. 10.29D and E).
While maintaining the bur’s orientation and depth, the preparation is extended distofacially or distolingually to include any issures
that radiate from the pit (see Fig. 10.29D). When these issures
require extensions of more than a few tenths of a millimeter,

however, consideration should be given to changing to a bur of
smaller diameter or to using enameloplasty. Both of these approaches
conserve the tooth structure and therefore minimize weakening
of the tooth.
he bur’s orientation and depth are maintained while extending
along the central issure toward the mesial pit, following the DEJ
(see Fig. 10.29D and E). When the central issure has minimal
caries, one pass through the issure at the prescribed depth provides
the desired minimal width to the isthmus. Ideally the width of
the isthmus should be just wider than the diameter of the bur. It
is well established that a tooth preparation with a narrow occlusal
isthmus is less prone to fracture.90,91 As previously described for
the distal margin, the orientation of the bur should not change
as it approaches the mesial pit if the mesial extension is minimal.
If the issure extends farther onto the marginal ridge, the long axis
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• Fig. 10.30 The direction of the mesial and distal walls is inluenced by the remaining thickness of the
marginal ridge as measured from the mesial or distal margin (a) to the proximal surface (i.e., imaginary
projection of proximal surface) (b). A, Mesial and distal walls should converge occlusally when the distance
from a to b is greater than 1.6 mm. B, When the operator judges that the extension will leave only 1.6-mm
thickness (two diameters of No. 245 bur) of marginal ridge (i.e., premolars), the mesial and distal walls
must diverge occlusally to conserve ridge-supporting dentin. C, Extending the mesial or distal walls to a
two-diameter limit without diverging the wall occlusally undermines the marginal ridge enamel.

Enamel

a

b
Dentin
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B

• Fig. 10.31

A and B, The ideal and strongest enamel margin is formed
by full-length enamel rods (a) resting on sound dentin supported on the
preparation side by shorter rods, also resting on sound dentin (b).

of the bur should be changed to establish a slight occlusal divergence
to the mesial wall if the marginal ridge would be otherwise
undermined of its dentinal support. Fig. 10.30 illustrates the correct
and incorrect preparation of the mesial and distal walls. he
remainder of any occlusal enamel defects is included in the outline,
and the facial and lingual walls are extended, if necessary, to remove
enamel undermined by the caries lesion.92 he strongest and ideal
enamel margin should be composed of full-length enamel rods
attached to sound dentin, supported on the preparation side by
shorter rods that are also attached to sound dentin (Fig. 10.31).
he Class I tooth preparation should have an outline form with
gently lowing curves and distinct cavosurface margins. A faciolingual
width of no more than 1 to 1.5 mm and a depth of 1.5 to 2 mm
are considered ideal, but this goal is subject to the extension of
the caries lesion. he pulpal loor, depending on the enamel thickness, is almost always in dentin (see Fig. 10.29C and E). Although
conservation of the tooth structure is important, the convenience
form requires that the extent of the preparation be adjusted to
provide adequate access and visibility.

• Fig. 10.32 Mesiodistal longitudinal section showing example of the
pulpal loor in dentin and the caries lesion that is exposed after the initial
tooth preparation. The caries lesion is surrounded by sound dentin on the
pulpal loor for the resistance form.
his completes the initial amalgam preparation for a Class I
caries lesion. he initial preparation should ensure that all the
caries lesion is removed from the DEJ, resulting in a very narrow
peripheral seat of healthy dentin on the pulpal wall surrounding
any remaining caries located in the center of the pulpal wall. For
the initial tooth preparation, the pulpal wall should remain at the
initial ideal depth, even if any restorative material or soft caries
lesion remains in the pulpal wall (Fig. 10.32). Remaining caries
(and, if present, old restorative material) is removed during the
inal tooth preparation.
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• Fig. 10.33 Enameloplasty. A, Developmental defect at terminal end of issure. B, Fine-grit diamond
inishing instrument in position to remove the defect. C, Smooth surface after enameloplasty. D, The
cavosurface angle should not exceed 100 degrees, and the margin–amalgam angle should not be less
than 80 degrees. Enamel external surface (e) before enameloplasty.

Primary resistance form is provided by the following:
1. Suicient area of relatively lat pulpal loor in sound tooth
structure (i.e., the “peripheral seat”) to resist forces directed in
the long axis of the tooth and to provide a horizontal area for
the restoration
2. Minimal extension of external walls (to conserve tooth strength)
3. Strong, ideal enamel margins
4. Suicient depth (i.e., 1.5 mm) for adequate thickness of the
restoration, providing resistance to fracture
he slight occlusal convergence of two or more opposing, external
walls provides the primary retention form.
Usually, the No. 245 bur is used for extensions into the mesial
and distal issures. During such extensions, the remaining depth
of the issure may be viewed in cross section by looking at the
wall being extended. When the remaining issure is no deeper than
one quarter to one third the thickness of enamel, enameloplasty
is indicated. Enameloplasty refers to eliminating the developmental
fault by removing it with the side of an appropriately shaped rotary
inishing instrument, leaving a smooth surface (Fig. 10.33A–C).
his procedure frequently reduces the need for further extension.
he extent to which enameloplasty should be used cannot be
determined exactly until the process of extending into the issured
area occurs, at which time the depth of the issure into enamel
may be observed. he surface left by enameloplasty should meet
the tooth preparation wall, preferably with a cavosurface angle no
greater than approximately 100 degrees; this would produce a
distinct margin for amalgam of no less than 80 degrees (see Fig.
10.33D). If enameloplasty is unsuccessful in eliminating a mesial
(or distal) issure that extends to the crest of a marginal ridge or
beyond, three alternatives exist:
1. Make no further change in the outline form.
2. Extend through the marginal ridge when margins would be
lingual to the contact (Fig. 10.34).
3. Include the fissure in a conservative Class II tooth
preparation.
he irst alternative usually should be strongly considered except
in patients at high risk for caries. Enameloplasty is not indicated
if an area of occlusal contact is involved. In this case, the choices
are either to consider the preparation completed (an option for
patients at low risk for caries) or to extend the preparation to
include the issure as previously described.

• Fig. 10.34 Mesial issure that cannot be eliminated by enameloplasty
may be included in the preparation if the margins are able to be lingual of
the occlusal contact.
A tooth may be found to have a large or “extensive” Class I caries
lesion. A lesion is considered extensive if the distance between soft
dentin and the pulp is judged to be less than 1 mm or when the
faciolingual extent of the defect has involved much of the cuspal
inclines. In this case, selective removal of soft dentin and insertion
of a liner, if needed, may precede the establishment of outline,
resistance, and retention forms. his approach protects the pulp as
early as possible from any additional insult that may occur during
tooth preparation. Normally, however, the outline, primary resistance,
and primary retention forms are established through proper orientation
of the No. 245 bur and appropriate extension of the preparation.
As is the case for smaller caries lesions, an initial depth to reach the
DEJ (measured approximately 1.5 mm at any pit or issure and
2 mm on the prepared external walls) should still be established and
maintained. he preparation is extended laterally at the DEJ to
remove all enamel undermined by the caries lesion by alternately
cutting and examining the lateral extension of the lesion. For a caries
lesion extending up the cuspal inclines, it may be necessary to alter
the bur’s long axis to prepare a 90- to 100-degree cavosurface angle
while maintaining the initial depth (Fig. 10.35). If not, an obtuse
cavosurface angle may remain (resulting in an acute, or weak, amalgam
margin), or the pulpal loor (over the pulp horns) may be prepared
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too deeply. Primary resistance form is obtained by extending the
outline of the tooth preparation to include only undermined and
defective tooth structure while preparing strong enamel walls and
allowing strong cuspal areas to remain. Primary retention form is
obtained by the occlusal convergence of the enamel walls. Secondary

80°

• Fig. 10.35 Initial tooth preparation with an extensive caries lesion.
When extending laterally to remove enamel undermined by the caries
lesion, the bur’s long axis is altered to prepare a 90- to 100-degree cavosurface angle. A 100-degree cavosurface angle on the cuspal incline
results in an 80-degree marginal amalgam angle.

A

B

retention form may result from undercut areas that are occasionally
left in dentin (and that are not illed in by a liner or base) after
peripheral removal of soft dentin. When extending the outline form,
enameloplasty should be used in any indicated area (as described
previously and in detail in Chapter 4).
When the defect extends to more than one half the distance
between the primary groove and a cusp tip, reducing the cuspal
tooth structure and restoring it with amalgam (also referred to as
“capping the cusp”) may be indicated as discussed in Clinical
Technique for Complex Amalgam Restorations. When the distance
is two thirds, cusp reduction and coverage is usually required because
of the risk of cusp fracture during subsequent functional occlusal
loading. Fig. 10.36 illustrates examples of large (extensive) Class
I amalgam preparation outlines.

Final Tooth Preparation
he inal tooth preparation includes (1) removal of remaining
defective enamel and soft dentin on the pulpal loor as indicated;
(2) pulp protection, where indicated; (3) procedures for inishing
the external walls; and (4) inal procedures of debridement (cleaning)
and inspecting the preparation.
If several enamel pit-and-issure remnants remain in the loor,
or if a central issure remnant extends over most of the loor, the
loor should be deepened with the No. 245 bur to eliminate the
defect or to uncover the caries lesion to a maximum preparation
depth of 2 mm (Fig. 10.37). If these remnants are few and small,
they may be removed with an appropriate carbide bur (Fig. 10.38).
Removal of the remaining lesion (i.e., caries lesion that extends
pulpally from the established pulpal loor) is best accomplished

C

• Fig. 10.36

Examples of more extensive Class I amalgam tooth preparation outline forms. A, Occlusal
outline form in the mandibular second premolar. B, Occlusolingual outline form in the maxillary irst molar.
C, Occlusofacial outline form in the mandibular irst molar.

A

B

C

• Fig. 10.37 Removal of enamel issure extending over most of the pulpal loor. A, Full-length occlusal
issure remnant remaining on the pulpal loor after the initial tooth preparation. B and C, The pulpal loor
is deepened to a maximum depth of 2 mm to eliminate the issure or uncover dentin caries lesion.
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• Fig. 10.38 Removal of enamel pit and issure and dentin caries lesion that is limited to a few small
pit-and-issure remnants. A, Two pit remnants remain on the pulpal loor after the initial tooth preparation.
B, Carious enamel and dentin caries lesion have been removed.
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• Fig. 10.39 A and B, Removal of dentin caries lesion is accomplished with round burs (A) or spoon
excavators (B). C and D, The resistance form may be improved with a lat loor peripheral to the excavated
area(s).

using a discoid-type spoon excavator or a slowly revolving round
carbide bur of appropriate size (Fig. 10.39A and B).
he removal of carious dentin will not afect the resistance form
of the tooth because the periphery would not need further extension.
In addition, it will not afect the resistance form of the restoration
as it will rest on the pulpal wall peripheral to the excavated area
or areas. he peripheral pulpal loor should be at the previously
described initial pulpal loor depth just inside the DEJ (see Fig.
10.39C and D). Usually, no secondary resistance or retention form
features are necessary Class I amalgam preparations.
External walls may already have been inished during initial
preparation steps; however, operator assessment of the external
walls of the preparation is accomplished at this point, and any
additional inish is accomplished as described previously and in
Chapter 4. An occlusal cavosurface bevel is contraindicated in the
tooth preparation for an amalgam restoration.92 It is important to
provide an approximate 90- to 100-degree cavosurface angle, which
should result in 80- to 90-degree amalgam at the margins.92 his
butt-joint marginal area (which approximates 90-degree cavosurface
marginal angles for both enamel and amalgam) allows strength

for both. Amalgam is a brittle material with low edge strength
and tends to chip under occlusal stress if its angle at the margins
is less than 80 degrees. he transition between the external and
internal walls should be gently rounded.93 he preparation should
then be cleaned, carefully inspected as indicated previously in
General Concepts Guiding Preparation for Amalgam Restorations,
and any inal modiications completed.

Other Class I Amalgam Preparations
Class I preparations, especially those in esthetically important areas,
may be restored with composite because of their small size and
the maximal thickness of enamel available for bonding. However,
the following preparations may also be restored with
amalgam:
1. Facial pit of the mandibular molar.
2. Lingual pit of the maxillary lateral incisor.
3. Occlusal pits of the mandibular irst premolar.
4. Occlusal pits and issures of the maxillary irst molar.
5. Occlusal pits and fissures of the mandibular second
premolar.
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• Fig. 10.40 Mandibular molar. A, Facial pit with a caries lesion. B, The bur positioned perpendicular
to the tooth surface for entry. C, Outline of restoration.

the cavosurface margins are completely covered with well-condensed
amalgam. Final condensation over cavosurface margins should be
done perpendicular to the external enamel surface adjacent to the
margins. The overpacked amalgam should then be precarve
burnished.

• Fig. 10.41

Carious lingual pit and issure and restoration on the maxillary lateral incisor.

Examples of some of these types of preparations and restorations
are provided in Figs. 10.40, 10.41, 10.42, 10.43, 10.44, and 10.45.

Retorative Technique for Cla I Amalgam
Preparation
Desensitizer Placement
A dentin desensitizer is placed in the preparation according to
manufacturer recommendations before amalgam condensation
(Fig. 10.46).72

Matrix Placement
Generally matrices are unnecessary for a conservative Class I
amalgam restoration except as speciied in later sections.
Insertion and Carving of the Amalgam
he triturated amalgam (Fig. 10.47A) is placed into an amalgam
well. he outline of the tooth preparation should be reviewed
before inserting amalgam to establish a mental image that will
later aid in carving amalgam to the cavosurface margin. Preoperative
occlusal contact locations should be recalled (see Fig. 10.47B).
Amalgam should be carefully condensed into the pulpal line angles
(see Fig. 10.47C). he preparation should be overpacked 1 mm
or more using heavy pressure (see Fig. 10.47D). his ensures that

Finishing and Polishing of the Amalgam
With care, carving may begin immediately after condensation.
Sharp discoid-cleoid carvers of suitable sizes are useful for this.
he larger end of the discoid-cleoid instrument (No. 3/6) is used
irst, followed by the smaller instrument (No. 4/5) in regions not
accessible to the larger instrument. Alternatively, the Hollenback
carver may be used, with care not to overcarve the groove or fossa
areas. All carving should be done with the edge of the blade
perpendicular to the margins as the instrument is moved parallel
to the margins. Part of the edge of the carving blade should rest
on the unprepared tooth surface adjacent to the preparation margin
(see Fig. 10.47F). Using this surface as a guide helps prevent
overcarving amalgam at the margins and produces a continuity of
surface contour across the preparation margins. During carving,
thin amalgam should be removed from areas of enameloplasty.
hin amalgam left in these areas may fracture because of its low
edge strength. Deep occlusal anatomy should not be carved into
the restoration because these may thin the amalgam at the margins
and weaken the restoration (see Fig. 10.47G). Undercarving leaves
thin portions of amalgam (subject to fracture) on the unprepared
tooth surface. he thin portion of amalgam extending beyond the
margin is referred to as lash. he mesial and distal fossae should
be carved slightly deeper than the proximal marginal ridges (see
Fig. 10.47H).
After carving is completed, the outline of the amalgam margin
should relect the contour and location of the prepared cavosurface
margin, revealing a regular (i.e., not ragged) outline with gentle
curves. An amalgam outline that is larger or irregular is undercarved
and requires further carving or inishing (Fig. 10.48). An amalgam
restoration that is more than minimally overcarved (i.e., a submarginal defect >0.2 mm) should be replaced.94 If the total carving
time is short enough, the smoothness of the carved surface may
be improved by wiping with a small, damp ball of cotton held
with the cotton pliers. Alternatively, postcarve burnishing may be
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• Fig. 10.42 Maxillary lateral incisor. A, Preoperative radiograph of dens in dente. B, Radiograph of
restoration after 13 years. (Courtesy Dr. Ludwig Scott.)
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• Fig. 10.43

A, Preparation design and restoration of carious occlusal pits on the mandibular irst
premolar. B, Bur tilt for entry. The cutting instrument is held such that its long axis (broken line, CI) is
parallel with the bisector (B) of the angle formed by the long axis of the tooth (LA) and the line (P) that
is perpendicular to the plane (DE) drawn through the facial and lingual cusp points. This dotted line
(CI) is the bur position for entry. C, Conventional outline, including occlusal pits and central issure.
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B

C

• Fig. 10.44 Maxillary irst molar. A, Outline necessary to include the carious mesial and central pits
connected by the issure. B, Preparation outline extended from outline in A to include distal pit and connecting deep issure in oblique ridge. C, Preparation outline extended from outline in B to include distal
oblique and lingual issures.
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issure and distal pit on the occlusal surface (Fig. 10.49). Composite
may also be used as the restorative material in smaller lesions.
After local anesthesia and evaluation of the occlusal contacts,
the use of a rubber dam is generally recommended for isolation
of the operating ield. Alternatively, typical Class I preparations
may be adequately isolated with cotton rolls.

A

B

• Fig. 10.45

Mandibular second premolar. A, Typical occlusal outline.
B, Extension through the lingual ridge enamel is necessary when enameloplasty does not eliminate the lingual issure.

• Fig. 10.46

Use of microbrush to apply the dentin desensitizer in the
tooth preparation. (Courtesy Aldridge D. Wilder, DDS.)

utilized to reine the anatomy and leave a smooth, satin inish. All
shavings from the carving procedure should be removed from the
mouth with the aid of the oral evacuator.
he occlusion on the restoration is then evaluated and adjusted
so that all markings on the restoration and adjacent teeth are
uniform (see Fig. 10.23).
Extensive caries lesions require a more extensive restoration
(which is a clear indication for amalgam as compared with composite
resin). Use of amalgam in large Class I restorations provides good
wear resistance and stable occlusal contact relationships. For very
large Class I restorations, a bonding system may be used, although
this book does not promote such use. he perceived beneits of
bonded amalgams have not been substantiated. 85,95-99 Bonded
amalgams have no advantage as compared with the conventional
technique described above. Carving the extensive Class I restoration
is often more complex because more cuspal inclines are included
in the preparation. Appropriate contours, occlusal contacts, and
groove/fossa anatomy must be provided. Finishing and polishing
indications and techniques are as described previously.

Tooth Preparation for Cla I Occluolingual and
Occluofacial Amalgam Retoration
Occlusolingual amalgam restorations may be used on maxillary
molars when a lingual issure connects with the distal oblique

Tooth Preparation
he initial tooth preparation involves the establishment of the
outline, primary resistance, and primary retention forms, as well
as initial preparation depth. he accepted principles of the outline
form (previously presented) should be observed with special attention
to the following:
1. he tooth preparation should be no wider than necessary; ideally,
the mesiodistal width of the lingual extension should not exceed
1 mm except for extension necessary to remove carious or
undermined enamel or to include unusual issuring.
2. When indicated, the tooth preparation should be more at the
expense of the oblique ridge, rather than centering over the
issure (weakening the small distolingual cusp).
3. Especially on smaller teeth, the occlusal portion may have a
slight distal tilt to conserve the dentin support of the distal
marginal ridge (Fig. 10.50).
4. he margins should extend as little as possible onto the oblique
ridge, distolingual cusp, and distal marginal ridge.
hese objectives help conserve the dentinal support (i.e., strength
of the tooth) and aid in establishing an enamel cavosurface angle
as close to 90 degrees as possible (Fig. 10.51). hey also help to
minimize deterioration of the restoration margins by locating the
margins away from enamel eminences where occlusal forces may
be concentrated.
he distal pit is identiied with indirect vision and entered with
the end of the No. 245 bur (Fig. 10.52A). he long axis of the
bur usually should be parallel to the long axis of the tooth crown.
he dentinal support and strength of the distal marginal ridge and
the distolingual cusp should be conserved by positioning the bur
such that it cuts more of the tooth structure mesial to the pit
rather than distal to the pit (e.g., 70 : 30 rather than 50 : 50), if
needed. he initial cut is to the level of the DEJ (a depth of
1.5–2 mm) (see Fig. 10.52B). At this depth, the pulpal loor is
usually in dentin. When the entry cut is made (see Fig. 10.52C),
the bur (maintaining the initial established depth) is moved to
include any remaining issures facial to the point of entry (see Fig.
10.52D). he bur is then moved along the issure toward the
lingual surface (see Fig. 10.52E). As with Class I occlusal preparations, a slight distal inclination of the bur is indicated occasionally
(particularly in smaller teeth) to conserve the dentinal support
and strength of the marginal ridge and the distolingual cusp. To
ensure adequate strength for the marginal ridge, the distopulpal
line angle should not approach the distal surface of the tooth closer
than 2 mm. On large molars, the bur position should remain
parallel to the long axis of the tooth, particularly if the bur is ofset
slightly mesial to the center of the issure. Keeping the bur parallel
to the long axis of the tooth creates a distal wall with slight occlusal
convergence, providing favorable enamel and amalgam angles. he
bur is moved lingually along the issure, maintaining a uniform
depth until the preparation is extended onto the lingual surface
(see Fig. 10.52F). he pulpal loor should follow the contour of
the occlusal surface and the DEJ, which usually rises occlusally as
the bur moves lingually.
he mesial and distal walls of the occlusal portion of the
preparation should converge occlusally because of the shape of the
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• Fig. 10.47

Restoration of occlusal tooth preparation. A, Properly triturated amalgam is a homogeneous mass with slightly relective surface. A properly mixed mass will latten slightly if dropped on a
tabletop. B, The operator should have a mental image of the outline form of the preparation before
condensing amalgam to aid in locating the cavosurface margins during the carving procedure.
C, Amalgam should be inserted incrementally and condensed with overlapping strokes. D and E, The
tooth preparation should be overpacked to ensure well-condensed marginal amalgam that is not mercury
rich. F, The carver should rest partially on the external tooth surface adjacent to the margins to prevent
overcarving. G, Deep occlusal grooves invite chipping of amalgam at the margins. Thin portions of
amalgam left on the external surfaces soon break away, giving the appearance that amalgam has grown
out of the preparation. H, Carve fossae slightly deeper than the proximal marginal ridges. (A, From Darby
ML, Walsh MM: Dental hygiene: theory and practice, ed 3, St. Louis, Saunders, 2010. B, D, and E,
Courtesy Aldridge D. Wilder, DDS.)

bur. If the slight distal bur tilt was required, the mesial and distal
walls still should converge relative to each other (although the
distal wall may be divergent occlusally, relative to the tooth’s long
axis). Convergence of the mesial and distal walls ensures occlusal
retention form is adequate.

he lingual portion is prepared at this point by using one of
two techniques. In one technique, the lingual surface is prepared
with the bur’s long axis parallel with the lingual surface (Fig. 10.53A
and B). he tip of the bur should be located at the gingival extent
of the lingual issure. he bur should be controlled so that it does
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B
• Fig. 10.48 A, Undercarved amalgam with lash beyond the margins. The restoration outline is irregular
and larger than the preparation outline in Fig. 10.36B. B, Correctly carved amalgam restoration. (Courtesy
Aldridge D. Wilder, DDS.)

90°

• Fig. 10.51

• Fig. 10.49

Outline of margins for occlusolingual tooth preparation.

• Fig. 10.50

Small distal inclination of the bur on smaller teeth may be
indicated to conserve the dentinal support and the strength of the marginal
ridge.

not “roll out” onto the lingual surface, which may “round over”
or damage the cavosurface margin. he facial inclination of the
bur must be altered as the cutting progresses to establish the axial
wall of the lingual portion at a uniform depth of 0.5 mm inside
the DEJ (see Fig. 10.53C). he axial wall should follow the contour
of the lingual surface of the tooth with an axial depth of 0.2 mm
inside the DEJ at the preparation periphery. When the caries lesion

100°

Enamel cavosurface angles of 90 to 100 degrees are ideal.

afecting the lingual surface is wide mesiodistally, the resultant
mesial and distal external walls may diverge to the lingual. In this
case the amalgam will require retention grooves to prevent lingual
displacement. An axial depth of 0.5 mm inside the DEJ is indicated
if retentive grooves are required. A second, alternate approach to
preparing the lingual aspect of the preparation may also be considered. In this case, the No. 245 bur is held perpendicular to the
cusp ridge and then the lingual surface, as it extends the preparation
from the occlusal surface gingivally (to include the entire defect).
his technique also results in opposing preparation walls that
converge lingually.
he No. 245 bur may be used with its long axis perpendicular
to the axial wall to accentuate (i.e., reine) the mesioaxial and
distoaxial line angles; this also results in the mesial and distal walls
converging lingually because of the shape of the bur (see Fig.
10.53D and E). During this step, the axial wall depth is not altered
(see Fig. 10.53F). he occlusal and lingual convergences usually
provide a suicient preparation retention form, and retention
grooves are not needed.
he axiopulpal line angle must be rounded to limit the areas
of stress concentration and ensure adequate preparation depth and
amalgam thickness (Fig. 10.54). Initial tooth preparation of the
occlusolingual preparation is now complete. As mentioned previously, enameloplasty may be performed to conserve the tooth
structure and limit extension.
Additional retention in the lingual extension may be required
if the extension is wide mesiodistally or if it was prepared without
a lingual convergence. If additional retention is required, the No.
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• Fig. 10.52 Occlusolingual tooth preparation. A, No. 245 bur positioned for entry. B, Penetration to a
minimal depth of 1.5 to 2 mm. C, Entry cut. D, The remaining issures facial to the point of entry are
removed with the same bur. E and F, A cut lingually along the issure until the bur has extended the
preparation onto the lingual surface.
245
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• Fig. 10.53 Occlusolingual tooth preparation. A, Position of bur to cut the lingual portion. B, Initial entry
of the bur for cutting the lingual portion. C, The inclination of the bur is altered to establish the correct
axial wall depth. D and E, The bur is directed perpendicular to the axial wall to accentuate the mesioaxial
and distoaxial line angles. F, The axial wall depth should be 0.2 to 0.5 mm inside the DEJ.

A
• Fig. 10.54

B
A, Bur position for rounding the axiopulpal line angle. B, Axiopulpal line angle rounded.
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• Fig. 10.55

Secondary retention form. A, Bur position for preparing groove in mesioaxial line angle.
B, Completed groove is internal to the DEJ. C, Bur position for the retention cove in the faciopulpal line
angle. D, Completed cove is internal to the DEJ.

A

B

• Fig. 10.56

A, Any remaining pit and issure in enamel and soft dentin on established pulpal and axial
walls are removed. B, Completed tooth preparation.
4 or No. 169 bur may be used to prepare grooves into the mesioaxial
and distoaxial line angles (Fig. 10.55A). If these angles are in enamel,
the axial wall must be deepened to 0.5 mm axially of the DEJ to
allow the grooves to be prepared in dentin and to not undermine
enamel. he depth of the grooves at the gingival loor is one half
the diameter of the No. 1 4 bur. he cutting direction for each groove
is the bisector of the respective line angle. he grooves are prepared
in the mesioaxial and distoaxial line angles of the ideally positioned
axial wall and 0.2 mm axial to the DEJ. he grooves should diminish
in depth toward the occlusal surface, terminating midway along
the axial wall (see Fig. 10.55B). he adequacy of the groove should
be tested by inserting the tine of an explorer into the groove and
detecting resistance to lingual movement. he depth of the groove
should prevent the explorer from being withdrawn lingually. (See
Secondary Resistance and Retention Forms for a description of
placing retentive grooves in the proximal boxes of Class II amalgam
preparations; the techniques are similar.)
Extension of a facial occlusal issure may have required a slight
divergence occlusally to the facial wall to conserve support of the
facial ridge. If so, and if deemed necessary, the No. 1 4 round bur
may be used to prepare a retention cove in the faciopulpal line
angle (see Fig. 10.55C and D). he tip of the No. 245 bur held
parallel to the long axis of the tooth crown also might be used to
1

prepare this cove. Care should be taken so as not to undermine
the occlusal enamel. his retentive cove is recommended only if
occlusal convergence of the mesial and distal walls of the occlusal
portion is absent or inadequate.
he inal tooth preparation is accomplished by removal of the
remaining caries lesion on the pulpal and axial walls (Fig. 10.56)
with an appropriate round bur, a discoid-type spoon excavator, or
both. A RMGI is placed in areas of deep caries removal for pulpal
protection. he external walls are inished. Any irregularities at
the margins may indicate weak enamel that may be removed by
the side of the No. 245 bur rotating at low speed. he preparation
should then be cleaned, carefully inspected as indicated in General
Concepts Guiding Preparation for Amalgam Restorations, and
any inal modiications completed.

Retorative Technique for Cla I Occluolingual
or Occluofacial Amalgam Preparation
Desensitizer Placement
A dentin desensitizer is placed over the prepared tooth structure
and rinsed per manufacturer instructions. Excess moisture is removed
using air stream without desiccating the dentin.
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Matrix Placement (If Necessary)
Using a matrix to support the lingual portion of the restoration
during condensation is occasionally necessary. A matrix is helpful
to prevent “land sliding” during condensation and to ensure marginal
adaptation and strength of the restoration. he Tolemire matrix
retainer is used to secure a matrix band to the tooth (as described
later). Because this type of matrix band does not intimately adapt
to the lingual groove area of the tooth (Fig. 10.57A), an additional
step may be necessary to provide a matrix that is rigid on the

lingual portion of the tooth preparation. If so, a piece of stainless
steel matrix material (0.05 mm thick and 8 mm wide) is cut to
it between the lingual surface of the tooth and the band already
in place (see Fig. 10.57B). he gingival edge of this segment of
matrix material is placed slightly gingival to the gingival edge of
the band to help secure the band segment. A quick-setting, rigid
polyvinyl siloxane (PVS)–based material may be used between the
sectional matrix and the Tolemire matrix band, to prevent lingual
displacement of the sectional matrix during condensation of the
amalgam. Alternatively, green stick compound may be used. In
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Wedge

F

Matrix for occlusolingual tooth preparation. A, Matrix band secured to the tooth with
Toflemire retainer. B, Positioning a small strip of stainless steel matrix material between the tooth and the
band already in place. C, Inserting the wedge and the rigid supporting material. D, Compressing the rigid
supporting material gingivally (or holding the steel strip in correct position while the material sets), which
adapts the steel strip to the lingual surface. E, Cross section of the tooth preparation and the matrix
construction. F, Using the explorer to remove excess amalgam adjacent to the lingual matrix. G, Carving
completed. H, Polished restoration.
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this case, the end of a toothpick wedge is covered with softened
(heated) compound. he compound-coated wedge is then immediately inserted between the Tolemire band and the cut piece of
matrix material (see Fig. 10.57C). While the compound is still
soft, a suitable burnisher is used to press the compound gingivally,
securing the matrix tightly against the gingival cavosurface margin
and the lingual surface of the tooth to provide a rigid, lingual
matrix (see Fig. 10.57D and E). his matrix for the occlusolingual
amalgam restoration is referred to as the Barton matrix. Occasionally
the piece of strip matrix may be positioned appropriately by using
only the wedge (without the rigid PVS or compound
support).

Clinical Technique for Cla II
Amalgam Retoration
Class II restorations restore defects that afect one or both of the
proximal surfaces of posterior teeth (see Fig. 10.26B). Amalgam
restorations that restore one or both of the proximal surfaces of
the tooth may provide years of service to the patient when (1) the
operating ield is isolated, (2) the tooth preparation is correct, (3)
the matrix is suitable, and (4) the restorative material is manipulated
properly. Application of the principles discussed here will result
in high-quality, durable Class II amalgam restorations.

Insertion of the Amalgam
Insertion of amalgam is accomplished as previously described
in General Concepts Guiding Restoration with Amalgam and
for the Class I occlusal tooth preparation. Condensation is begun
at the gingival wall at the lingual component of the preparation.
If a matrix is not used, care must be taken to ensure that “land
sliding” of the amalgam does not occur because two adjoining
surfaces of the tooth are being restored. For this technique, the
last increments of amalgam may be condensed on the lingual
surface with the side of a large condenser. Its long, broadly
rounded contour approximates the rectangular shape of the
lingual groove preparation. Appropriate care should be taken
(when condensing the occlusal surface) to prevent fracturing the
lingual amalgam. Another technique is to have the assistant secure
the condensed lingual surface with a broad condenser nib, while
the operator completes the condensation of the occlusal surface.
Regardless of the technique used, the amalgam must be well
condensed.

Initial Clinical Procedures
Occlusal contacts should be marked with articulating paper before
tooth preparation. A mental image of these contacts will serve as
a guide in tooth preparation and restoration. Any opposing “plunging cusp” (that is not aligned well with the occlusal plane) or other
sharply pointed cusp may need to be recontoured to reduce the
risk of fracture of the new restoration. Before tooth preparation
for amalgam, the placement of a rubber dam is generally recommended. It is especially beneicial when the caries lesion is extensive.
If an existing defective restoration has rough proximal contacts,
the restoration may be removed before rubber dam application.
Soft dentin should be removed with the rubber dam in place,
especially if pulpal exposure is a possibility. Insertion of an interproximal wedge or wedges is useful to depress and protect the
rubber dam and underlying soft tissue, separate teeth slightly, and
may serve as a guide to prevent gingival overextension of the
proximal boxes.

Contouring and Finishing of the Amalgam Restoration
When the preparation is suiciently overilled, carving of the
occlusal surface may begin immediately with a sharp discoid-cleoid
instrument or a Hollenback carver. All carving should be done
with the edge of the blade perpendicular to the margin and the
blade moving parallel to the margin. To prevent overcarving, the
blade edge should be guided by the unprepared tooth surface
adjacent to the margin. An explorer is used to remove excess
amalgam adjacent to the lingual matrix before matrix removal
(see Fig. 10.57F). After the occlusal carving is complete, the
Tolemire retainer is loosened from the band, and the band is
removed with No. 110 pliers. The free ends of the band are
pushed one at a time, lingually and occlusally, through the proximal
contacts. After the lingual carving is complete (see Fig. 10.57G),
the rubber dam is removed and the restoration is adjusted to
ensure proper occlusion. Most amalgams do not require inishing
and polishing. Fig. 10.57H illustrates a polished occlusolingual
restoration.

Tooth Preparation for Cla II Amalgam
Retoration That Involve Only One Proximal
Surface

Class I Occlusofacial Amalgam Restorations
Occasionally, mandibular molars exhibit issures that extend from
the occlusal surface through the facial cusp ridge and onto the
facial surface. he preparation and restoration of these defects
are very similar to those described for Class I occlusolingual
amalgam restorations. Although these may be restored with
composite, an illustration of preparation and restoration with
amalgam is provided in Fig. 10.58. he amalgam restoration
may be polished after it is completely set. he shape of abrasive
points may need to be modiied to allow optimal polishing (see
Fig. 10.58I and J).

his section introduces the principles and techniques of a Class
II tooth preparation for an amalgam restoration involving a caries
lesion on one proximal surface. A small, conservative mesiocclusal
tooth preparation on the mandibular second premolar is presented
to illustrate basic concepts. Composite may also be an acceptable
restorative material for this preparation. Preoperative placement
of a wedge (“pre-wedging”) in the space adjacent to the proximal
surface with the caries lesion will create space between the teeth.
his lowers the risk of iatrogenic damage to the adjacent tooth
during preparation.

Initial Tooth Preparation
Occlusal Outline Form (Occlusal Step)
he occlusal outline form of a Class II tooth preparation for
amalgam is similar to that for a Class I tooth preparation. Using
high speed with air-water spray, the operator enters the pit nearest
the involved proximal surface with a punch cut using a No. 245
bur oriented as illustrated in Fig. 10.59A and B. he bur should
be rotating when it is applied to the tooth and should not stop
rotating until removed. Viewed from the proximal and lingual
(facial) aspects, the long axis of the bur and the long axis of the
tooth crown should remain parallel during the cutting procedures.
he dentin caries lesion initially spreads at the DEJ; therefore the
goal of the initial cut is to reach the DEJ. he DEJ location in
posterior teeth is approximately 1.5 to 2.0 mm from the occlusal
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J
• Fig. 10.58

Fissure extension. A, Facial occlusal issure continuous with the issure on the facial
surface. B, Extension through the facial ridge onto the facial surface. C, Appearance of the tooth preparation after extension through the ridge. D, The facial surface portion of the extension is cut with the side
of the bur. E, The line angles are sharpened by directing the bur from the facial aspect. F, Sharpening the
line angles from the occlusal direction with a No. 169 L bur. G, Ensuring the retention form by preparing
retention grooves with a No. 14 round bur. H, Completed tooth preparation. I, The rubber polishing point
may be reshaped (blunted as indicated) on a coarse diamond wheel. J, Proper orientation of the rubber
point when polishing the facial surface groove area.

surface. As the bur enters the pit, a target depth of 0.1 to 0.2 mm
into dentin (i.e., just into dentin) should be established. his depth
is one half to two thirds the length of the cutting portion of a No.
245 bur, or approximately 1.5 mm as measured from the central
fissure and 2 mm from the preparation external wall. While
maintaining the same depth and bur orientation, the bur is moved
to extend the outline to include the carious central issure and the

opposite carious pit (see Fig. 10.59C and D). he isthmus width
should be as narrow as possible, preferably no wider than one
quarter the intercuspal distance.54,55,100,101 Ideally the preparation
should be the width of the No. 245 bur. Narrow restorations
provide a greater length of clinical service.57,60 Generally the amount
of remaining tooth structure is more important to restoration
longevity than is the restorative material used.102 Ultimately, the
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• Fig. 10.59 Entry and occlusal step. A, Bur position for entry, as viewed proximally. Note the slight
lingual tilt of the bur. B, Bur position as viewed lingually. C, The tooth is entered with a punch cut, and
extension is done distally along central issure at a uniform depth of 1.5 to 2 mm (1.5 mm at issure;
because of the inclination of the unprepared tooth surface, the corresponding measurement on the prepared wall is greater). D, Occlusal view of C. E, Completed occlusal step.
extension of the caries lesion at the DEJ will determine the amount
of preparation extension and resultant width. he pulpal loor of
the preparation should follow the slight rise and fall of the DEJ
along the central issure in teeth with prominent triangular ridges.
Maintaining the bur parallel to the long axis of the tooth crown
creates facial, lingual, and distal walls with a slight occlusal convergence as well as external wall orientation favorable for amalgam
use. he facial, lingual, and distal walls should be extended until
a sound DEJ is reached. Proper extension will result in the formation
of the peripheral seat, which aids in the primary resistance form.
It may be necessary to tilt the bur to diverge occlusally at the distal
wall if further distal extension would undermine the marginal
ridge of its dentinal support. During development of the distal
pit area of the preparation, extension to include any distofacial
and distolingual developmental issures radiating from the pit may
be indicated. he distal pit area (in this example) provides a dovetail
retention form, which will prevent mesial displacement of the
completed Class II restoration. However, the dovetail feature is
not required in the occlusal step of a single proximal surface
preparation unless a issure emanating from an occlusal pit indicates
it. his type of retention form (i.e., form that provides resistance
to mesial displacement of the restoration) also is provided by any

extension of the central issure preparation that is not in a straight
direction from pit to pit (see Fig. 10.59E). A dovetail outline form
in the distal pit is not required if radiating fissures are not
present.103,104 Enameloplasty should be performed, where indicated,
to conserve the tooth structure.
Before extending into the involved proximal marginal ridge
(the mesial ridge, in this example), the inal locations of the facial
and lingual walls of the proximal box are estimated visually. Visual
assessment prevents overextension of the occlusal outline form
(i.e., occlusal step) where it joins the proximal outline form (i.e.,
proximal box). Fig. 10.60 illustrates visualization of the inal location
of the proximoocclusal margins before preparing the proximal box.
Showing the view from the occlusal aspect, Fig. 10.61 illustrates
a reverse curve in the occlusal outline of a Class II preparation,
which often results when developing the mesiofacial wall perpendicular to the enamel rod direction while, at the same time, conserving as much of the facial cusp structure as possible.101 he extension
into the mesiofacial cusp is limited to that amount required to
permit a 90-degree mesiofacial margin. Lingually, the reverse curve
usually is minimal (if necessary at all) because of the relationship
of the central issure relative to the faciolingual position of the
proximal contact.
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• Fig. 10.60

Visualize inal location of proximoocclusal margins (dotted
lines) before preparing the proximal box.

90°

• Fig. 10.61

The reverse curve in the occlusal outline usually is created
when the mesiofacial enamel wall is parallel to the enamel rod direction.
Lingually, the reverse curve is very slight, often unnecessary.

While maintaining the established pulpal depth and with the
bur parallel to the long axis of the tooth crown, the preparation
is extended mesially, stopping approximately 0.8 mm short of
cutting through the marginal ridge into the contact area. he
occlusal step in this region is made slightly wider faciolingually
than in the Class I preparation because additional width is necessary
for the proximal box. he proper depth of the occlusal portion of
the preparation increases the strength of the restoration however,
more than does faciolingual width (see Fig. 10.59C and E). Although
this extension includes part of the mesial marginal ridge, it also
exposes the marginal ridge DEJ. he location of the DEJ is an
important guide in the development of the proximal
preparation.

Proximal Outline Form (the Proximal “Box”)
Before initiating the proximal outline form (i.e., the proximal
“box”), the operator should visualize the desired inal location of
the facial and lingual walls relative to the contact. he objectives
for the extension of the proximal margins are to (1) include all
caries lesion, defects, or existing restorative material; (2) create
approximately 90-degree cavosurface margins (i.e., butt-joint
margins); and (3) establish (ideally) not more than 0.5-mm clearance
with the adjacent proximal surface facially, lingually, and
gingivally.
he initial procedure in preparing the outline form of the
proximal box is the isolation of the proximal (i.e., in this case,
mesial) enamel by the proximal ditch cut. While maintaining the
same orientation of the bur, it is positioned over the DEJ in the
pulpal loor next to the remaining mesial marginal ridge (Fig.
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10.62A). he end of the bur is allowed to cut a ditch gingivally
along the exposed proximal DEJ, two thirds at the expense of
enamel and one third at the expense of dentin. he 0.8-mm-diameter
bur end cuts approximately 0.5 to 0.6 mm into enamel and 0.2
to 0.3 mm into dentin. Pressure is directed gingivally and lightly
toward the mesial surface to keep the bur against the proximal
enamel, while the bur is moved facially and lingually along the
DEJ. he ditch is extended gingivally just beyond the caries lesion
or the proximal contact, whichever is greater (see Fig. 10.62B).
Axial wall dentinal depths will vary based on the gingival extension
of the preparation (see Fig. 10.62C). he axial wall follows the
faciolingual contour of the proximal surface and the DEJ (see Fig.
10.62D).
It is necessary to visualize the completed mesiofacial and
mesiolingual margins as right-angle projections of the facial and
lingual limits of the ditch to establish the proper faciolingual ditch
extension (see Fig. 10.62E). When preparing a tooth with a small
lesion, these margins may clear the adjacent tooth by only 0.2 to
0.3 mm.101 A guide for the gingival extension is the visualization
that the inished gingival margin will be only slightly gingival to
the gingival limit of the ditch. his gingival margin will likely
clear the adjacent tooth by only 0.5 mm when treating an early
cavitated proximal lesion (see Fig. 10.62F).103 Recall that the caries
lesion develops immediately gingival to the proximal contact and
therefore the preparation will always result in gingival clearance,
and that the amount of clearance will depend on the size of the
caries lesion. Clearance of the proximal margins (i.e., mesiofacial,
mesiolingual, gingival) greater than 0.5 mm is excessive, unless
indicated to include the caries lesion, undermined enamel, or
existing restorative material. he location of the inal proximal
margins (i.e., facial, lingual, gingival) should be established with
hand instruments (i.e., chisels, hatchets, trimmers) and not the
No. 245 bur, so as to prevent unnecessary overextension (see Fig.
10.62E). Extending gingival margins into the gingival sulcus should
be avoided, where possible, because subgingival margins are more
diicult to restore and may be a contributing factor to periodontal
disease.105-107
he depth of the axial dentinal wall should be adjusted to
approximately 0.5 mm if retention grooves are deemed necessary
(i.e., if caries lesion removal requires placement/orientation of
facial and lingual walls that are very divergent). his will allow
the grooves to be prepared into the axiolingual and axiofacial line
angles without undermining the proximal wall enamel. If the
proximal ditch cut is entirely in dentin, the initial axial wall is too
deep. Because the proximal enamel becomes thinner from the
occlusal to the gingival aspect, the end of the bur comes closer to
the external tooth surface as the cutting progresses gingivally (see
Fig. 10.62B, C, and I). Premolars may have proximal boxes that
are shallower pulpally than are molars because premolars typically
have thinner enamel. In the tooth crown, the ideal dentinal depth
of the axial wall of the proximal boxes of premolars and molars
should be the same (two thirds to three fourths the diameter of
the No. 245 bur [or 0.5–0.6 mm]).101 When the extension places
the gingival margin in cementum, the initial pulpal depth of the
axiogingival line angle should be 0.7 to 0.8 mm (the diameter of
the tip end of the No. 245 bur is 0.8 mm). he bur may shave
the side of the wedge that is protecting the rubber dam and the
underlying gingiva (see Fig. 10.62C).
he gingival extension of the proximal ditch may be measured
by irst noting the depth of the nonrotating bur in the ditch. he
dentist removes the bur from the preparation and holds it in the
facial embrasure at the same level to observe the relationship of
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Isolation of proximal enamel. A, Bur position to begin the proximal ditch cut. B, The proximal ditch is extended gingivally to the desired level of the gingival wall (i.e., loor). C, Variance in the pulpal
depth of the axiogingival line angle as the extension of the gingival wall varies: (a) at minimal gingival
extension; (b) at moderate extension; (c) at extension that places gingival margin in cementum, whereupon
the pulpal depth is 0.75 to 0.8 mm and the bur may shave the side of wedge. D, The proximal ditch cut
results in the axial wall that follows the outside contour of the proximal surface. E, The position of the
proximal walls (i.e., facial, lingual, gingival) should not be overextended with the No. 245 bur, considering
additional extension will occur when the remaining spurs of enamel are removed. F, When a small lesion
is prepared, the gingival margin should clear the adjacent tooth by only 0.5 mm. This clearance may be
measured with the side of the explorer. The diameter of the tine of a No. 23 explorer is ~0.5 mm at 6 mm
from its tip. G, The faciolingual dimension of the proximal ditch is greater at the gingival level than at the
occlusal level to provide occlusal convergence of the facial and lingual proximal box walls. H, To isolate
and weaken the proximal enamel further, the bur is moved toward and perpendicular to the proximal
surface. I, The side of the bur may emerge slightly through the proximal surface at the level of the gingival
loor (arrow).
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• Fig. 10.63

Removing isolated enamel. A, Using a spoon excavator to fracture the weakened proximal
enamel. B, Occlusal view with the proximal enamel removed. C, Proximal view with the proximal enamel
removed.

the end of the bur to the proximal contact. A periodontal probe
also may be used.
he proximal ditch cut may diverge gingivally (i.e., converge
occlusally) to ensure that the faciolingual dimension at the gingival
aspect is greater than at the occlusal aspect (see Fig. 10.62G). he
shape of the No. 245 bur will provide this divergence. he gingival
divergence contributes to the retention form and provides for the
desirable extension of the facial and lingual proximal margins to
include defective tooth structure or old restorative material at the
gingival level, while conserving the marginal ridge and providing
for 90-degree amalgam at the margins on this ridge.55
Occasionally it is permissible not to extend the outline of the
proximal box facially or lingually beyond the proximal contact to
conserve the tooth structure.103 An example of this modiication
is a narrow proximal lesion where broad proximal contact is present
in a patient with low risk for caries. If it is necessary to extend
1 mm or more just to arbitrarily create clearance (i.e., to “break
the contact”), the proximal margin is left in contact with the
adjacent proximal surface. It is usually the facial margins that
remain in contact as proximal caries lesions tend to develop slightly
more toward the lingual.
he proximal extensions are completed when two cuts, one
starting at the facial limit of the proximal ditch and the other
starting at the lingual limit, extending toward and perpendicular
to the proximal surface (until the bur is nearly through enamel at
the contact level), are made (see Fig. 10.62H). he side of the bur
may emerge slightly through the surface at the level of the gingival
loor (see Fig. 10.62I); this weakens the remaining enamel by
which the isolated portion is held. If this level is judged to be
insuiciently gingival, additional gingival extension should be
accomplished using the isolated proximal enamel, that is still in
place, as a mental barrier to help the operator guide the bur.
Ensuring the presence of the proximal enamel surface helps to
limit the likelihood of iatrogenically damaging the proximal surface
of the adjacent tooth. At this stage, however, the remaining wall
of enamel often breaks away during cutting, especially when high
speed is used. At such times, if additional use of the bur is indicated,
a matrix band may be used around the adjacent tooth to limit
potential marring of its proximal surface; however, the relative
amount of protection aforded by the metal matrix material is very
limited and serves more as a visual guide than an actual physical
barrier. A No. 245 bur, rotating between 200,000 and 400,000 rpm,
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• Fig. 10.64 Wedging. A, A round toothpick wedge placed in the gingival embrasure protects the gingiva and the rubber dam during preparation of the proximal box. B, A triangular wedge is indicated when a deep
gingival extension of the proximal box is anticipated because the wedge’s
greatest cross-sectional dimension is at its base. Consequently it more
readily engages the remaining clinical tooth surface. Wedging increases
the interproximal space and limits the potential for iatrogenic damage of
adjacent tooth (or restoration) surfaces.

will rapidly cut through any matrix material and damage the adjacent
proximal surface. he isolated enamel, if still in place, may be
fractured with a spoon excavator (Fig. 10.63) or by mesial movement
with the side of the nonrotating bur.
To protect the gingiva and the rubber dam when extending
the gingival wall apically, a wooden wedge should already be in
place in the gingival embrasure to depress soft tissue and the rubber
dam.55 A round toothpick wedge is preferred unless a deep gingival
extension is anticipated (Fig. 10.64A). A triangular (i.e., anatomic)
wedge is more appropriate for deep gingival extensions because
the greatest cross-sectional dimension of the wedge is at its base;
as the gingival wall is cut, the bur’s end corner may shave the
wedge slightly (see Fig. 10.64B). With a sharp enamel hatchet
(10-7-14), bin-angle chisel (12-7-8), or both, the dentist cleaves
away any remaining undermined proximal enamel (Fig. 10.65),
establishing the proper orientation of the mesiolingual and mesiofacial walls. Proximal walls that result in cavosurface angles of 90
degrees are desired.55 Cavosurface angles of 90 degrees ensure that
no undermined enamel rods remain on the proximal margins and

344

C HA P T E R 1 0

Clinical Technique for Amalgam Retoration

A

C

B

• Fig. 10.65 Removing the remaining undermined proximal enamel with an enamel hatchet on the facial
proximal wall (A), the lingual proximal wall (B), and the gingival wall (C).

A
• Fig. 10.66

B

C

Direction of mesiofacial and mesiolingual walls. A, Failure caused by a weak enamel margin.
B, Failure caused by a weak amalgam margin. C, Proper direction to the proximal walls results in fulllength enamel rods and 90-degree amalgam at the preparation margin. Retention grooves have been cut
0.2 mm inside the DEJ, and their direction of depth is parallel to the DEJ.

that the maximal edge strength of amalgam is maintained. he
cutting edge of the instrument should not be aggressively forced
against the gingival wall because this may cause a craze line (i.e.,
fracture) that extends gingivally in enamel, perhaps to the cervical
line. Fig. 10.66 shows the importance of the correct direction of
the mesiofacial and mesiolingual walls, dictated by enamel rod
direction and the physical properties of amalgam. If hand instruments were not used to remove the remaining spurs of enamel,
the proximal margins would have undermined enamel. To create
90-degree facial and lingual proximal margins with the No. 245
bur, the proximal margins would have to be signiicantly overextended for an otherwise conservative preparation. he weakened
enamel along the gingival wall is removed by using the enamel
hatchet in a scraping motion (see Fig. 10.65C).
When the isolation of the proximal enamel has been executed
properly, the proximal box may be completed easily with handcutting instruments. Otherwise more cutting with rotary instruments
is indicated. When a rotary instrument is used in a proximal box
after the proximal enamel is removed, there is increased risk that
the instrument may either mar the adjacent proximal surface or
“crawl out” of the box into the gingiva or across the proximal
margins. he latter mishap produces a rounded cavosurface angle,
which results in a weak amalgam margin of less than 90 degrees
if not corrected. he risk of this occurring is markedly reduced
when high-speed operation is used. When inishing enamel margins

by using a rotary instrument, intermittent application of the bur
along with air coolant alone (i.e., no water spray) is used to improve
visualization and precision.
he primary resistance form is provided by (1) the pulpal and
gingival walls being relatively level (i.e., perpendicular to forces
directed along the long axis of the tooth); (2) restricting the extension of the walls to allow suicient dentin support to remain (and
therefore strong cusps and ridge areas) while at the same time
establishing the peripheral seat; (3) restricting the occlusal outline
form (where possible) to areas receiving minimal occlusal contact;57
(4) use of a reverse curve to optimize the strength of the amalgam
and tooth structure at the junction of the occlusal step and proximal
box; (5) slight rounding of the internal line angles to reduce stress
concentration in the tooth structure (automatically created by bur
design except for the axiopulpal line angle); and (6) providing
enough thickness of the restorative material to prevent its lexure
and resultant fracture from the forces of mastication. he primary
retention form is provided by the occlusal convergence of the facial
and lingual walls and by the dovetail design of the occlusal step,
if present.
After completing the initial tooth preparation, the adjacent
proximal surface should be evaluated. An adjacent proximal restoration may require recontouring to reestablish the normal anatomic
convex shape; this may be done with abrasive inishing strips,
disks, inishing burs, or a combination of these. Any iatrogenic
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damage that compromises the convex adjacent proximal surface
should be corrected by recontouring or restoration.

Final Tooth Preparation
Removing enamel pit-and-issure remnants and soft dentin on the
pulpal wall in Class II preparations is accomplished in the same
manner as in the Class I preparation. Soft dentin is removed with
a slowly revolving round bur of appropriate size, a discoid-type
spoon excavator, or both. In general, the caries lesion removal
should stop when a hard or irm feel, with an explorer or small
spoon excavator, is achieved; this often occurs before all of the
stained or discolored dentin is removed. he exception to this is
when using the selective caries removal protocol (see Chapter 2).
Removing enamel pit-and-issure remnants and carious dentin
should not afect the resistance form. To achieve an enhanced
resistance form, the occlusal step should have pulpal seats at the
initial preparation depth, perpendicular to the long axis of the
tooth in sound tooth structure and peripheral to the excavated
area (Fig. 10.67). Carious dentin in the axial wall is removed with
appropriate round burs, spoon excavators, or both so as to conserve
as much tooth structure as possible (Fig. 10.68).
Any remaining old restorative material (including base and
liner) may be left if no evidence of a recurrent caries lesion exists,
if its periphery is intact, and if the tooth has been asymptomatic
(assuming the pulp is vital). his concept is particularly important
if removal of all remaining restorative material may increase the
risk of pulpal exposure. Appropriate steps to protect the pulp

A

B

should be taken as indicated in General Concepts Guiding Preparation for Amalgam Restorations.
After completion of the minimal gingival extension (i.e., the
gingivoaxial line angle is in sound dentin), a remnant of the enamel
portion of a caries lesion may remain on the gingival loor (wall),
seen in the form of a decalciied (i.e., white, chalky) or faulty area
bordering the margin (Fig. 10.69). his situation dictates further
extension of a part or all of the gingival loor to place it in sound
tooth structure. Extension of the entire gingival wall to include a
large caries lesion may place the gingival margin so deep that
proper matrix application and wedging become extremely diicult.
Fig. 10.70A illustrates an outline form that extends gingivally in
the central portion of the gingival wall to include a caries lesion
that is deep gingivally, although leaving the facial and lingual
gingival corners at a more occlusal position. his partial extension
of the gingival wall permits wedging of the matrix band where
otherwise it may be diicult and damaging to soft tissue. In this
instance, the gingival wedge may not tightly support a small portion
of the band. Special care must be exercised by placing small amounts
of amalgam in this area irst and thoroughly condensing with light
pressure. In addition, care is exercised in carving the restoration
in this area to remove any excess that may have extruded gingivally
during condensation.
Fig. 10.70B illustrates removal of a caries lesion facially and
gingivally beyond the conventional margin position. Such minor
variations from the ideal preparation form permit conservation of
healthy tooth structure. A partial extension of a facial or lingual
wall is permissible if (1) the entire wall is not weakened, (2) the

C

• Fig. 10.67 Management of small- to moderate-sized caries lesion on the pulpal wall. A, Soft dentin
extending beyond the ideal pulpal wall position. B, Incorrect lowering of the pulpal wall to include soft
dentin. C, Correct extension facially and lingually beyond the soft dentin. Note the caries removal below
the ideal pulpal wall level and the facial and lingual seats at the ideal pulpal wall level.
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• Fig. 10.68 Management of a moderate to extensive caries lesion. A and B, Soft dentin on the axial
wall does not call for the preparation of the whole axial wall toward the pulp (dotted lines). C, Soft dentin
extending pulpally from the ideal axial wall position is conservatively removed with a round bur.
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extension remains accessible and visible, (3) suicient gingival seats
remain to support the restoration, and (4) a butt-joint it at the
amalgam–enamel margin (90-degree amalgam angle and 90-degree
cavosurface angle) is possible.
Conserving as much tooth structure as possible by limiting the
extensions of external walls helps to provide secondary resistance
by limiting the risk of future tooth fracture from oblique forces.
Ensuring that all internal line angles are rounded is necessary to
limit areas of stress concentration in the remaining tooth structure
and in the new restoration and improves secondary resistance of
both. Use of the gingival margin trimmer or a bur to round the
axiopulpal line angle (Fig. 10.71) helps to increase the bulk of
restorative material and decrease the stress concentration within
the restorative material.
he secondary retention forms for the occlusal and proximal
portions of the preparation should be independent of each other.
he occlusal convergence of the facial and lingual walls provide a
suicient retention form to the occlusal portion of the tooth
preparation.

Proximal Retention Grooves
To enhance the retention form of the proximal portion, proximal
grooves may be indicated to counter proximal displacement of the
amalgam restoration.55,108-110 he use of retention grooves in proximal
boxes is controversial. It has been reported that proximal retention
grooves in the axiofacial and axiolingual line angles may increase
the fracture resistance and signiicantly strengthen the isthmus of
a Class II amalgam restoration and that these grooves are signiicantly
superior to the axiogingival grooves in increasing the restoration’s
fracture strength.111-114 Other investigators have suggested, however,
that retention grooves located occlusal to the axiopulpal line angle
provide more resistance than do conventional grooves.108 It also
has been reported that proximal retention grooves are unnecessary
in preparations that include dovetails, as part of the occlusal
preparation, when high-copper amalgam is used.109,115 Evidence
suggests that retentive grooves may not be needed in conservative,
narrow proximal boxes.110 he use of retention grooves is recommended in tooth preparations with extensive proximal boxes.
Generally the depth of the grooves should be approximately half
of the diameter of the tip of the No. 169 or No. 1 4 round bur
(i.e., ~0.25–0.5 mm). he depth of retention grooves in extensively
wide proximal boxes may need to be 0.5 mm or greater at the
gingival aspect.

• Fig. 10.69

Remnant of caries lesion bordering the enamel margin after
insuficient gingival extension. Such a lesion indicates extending part or all
of the gingival loor to place it in sound tooth structure. (Courtesy Dr.
C. L. Sockwell.)

A

• Fig. 10.71

Rounding the axiopulpal line angle.

B

• Fig. 10.70 A, Outline form that permits extension of the center portion of the gingival wall to facilitate
proper matrix construction and wedging in situations where the caries lesion extends deep gingivally.
B, Outline form that permits partial wall extension facially and gingivally to conserve the tooth structure.
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Retention grooves are prepared with a No. 169 L or No. 1 4
round bur with air coolant only (to improve visualization) and
reduced speed (to improve tactile “feel” and control). he bur is
placed in the properly positioned axiolingual line angle and directed
(i.e., translated) to bisect the angle (Fig. 10.72) approximately
parallel to the DEJ (Fig. 10.73). his positions the retention groove
0.2 mm inside the DEJ, maintaining the enamel support. he bur
is tilted to allow cutting to the depth of the diameter of the end
of the bur (which is initially positioned at the axiolinguogingival
point angle) and to permit the groove to diminish in depth occlusally. he facial groove in the axiofacial line angle is prepared in a
similar manner. When the axiofacial and axiolingual line angles
are less than 2 mm in length, the tilt of the bur is reduced slightly
so that the proximal grooves are extended occlusally to disappear
midway between the DEJ and the enamel margin (see Fig. 10.72B
and C).
he four characteristics or determinants of proximal grooves
are (1) position, (2) translation, (3) depth, and (4) occlusogingival
orientation (see Fig. 10.73). Position refers to the axiofacial and
axiolingual line angles of initial tooth preparation (0.5 mm axial
to the DEJ). Translation refers to the direction of movement of
the axis of the bur. Depth refers to the extent of translation (i.e.,
depth of the retention groove). Occlusogingival orientation is
considered when using the No. 169 L bur and refers to the tilt of

A

B
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the bur. he tilt dictates the occlusal height of the groove, given
a constant depth. When using the No. 1 4 bur to prepare the
proximal groove, the rotating bur is carried into the axiolinguogingival (or axiofaciogingival) point angle, then moved parallel to
the DEJ to the depth of ~0.25 to 0.5 mm. It is then drawn occlusally
along the axiolingual (or axiofacial) line angle, allowing the groove
to become shallower and to terminate at the axiolinguopulpal (or
axiofaciopulpal) point angle (or more occlusally if the line angles
are <2 mm in length) (see Fig. 10.72D and E).
Regardless of the method used in placing the grooves, extreme
care is necessary to prevent the removal of dentin that immediately
supports the proximal enamel. In addition, it is essential that the
grooves are not prepared entirely in the axial wall (i.e., incorrect
translation [moving the bur only in an axial direction]) because
groove placement in this area will not afect any resistance to
proximal displacement of the amalgam (i.e., will not increase
retention) and will increase the risk of iatrogenic pulpal
involvement.
An improperly positioned axiofacial or axiolingual line angle
must not be used as a positional guide for the proximal groove.
If the axial line angle is too shallow, the groove may remove the
necessary dentinal support of enamel. If the line angle is too deep,
preparation of the groove may result in exposure of the pulp.
Retention grooves, when used, always should be placed 0.2 mm inside

C

• Fig. 10.72 Proximal retention grooves. A, Position of the No. 169 L bur to prepare the retention groove
as the bur is moved lingually and pulpally. B, Lingual groove. Note the dentin support of the proximal
enamel. C, Completed grooves. D, Grooves prepared with a No. 14 round bur. E, Completed grooves.
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• Fig. 10.73

Four characteristics of retentive grooves. A, Occlusal view of the mesioocclusal preparation
before placement of the retention grooves. B, Proximal view of the mesioocclusal preparation. C and D,
Position, translation, and depth. E and F, Occlusogingival orientation.

the DEJ of the facial and lingual proximal walls regardless of the
depth of the axial wall and associated line angles.

Proximal Walls
he preparation walls and margins should not have unsupported
enamel and marginal irregularities.116 No occlusal cavosurface bevel
is indicated in the tooth preparation for amalgam. Ideally, a
90-degree cavosurface angle (maximum of 100 degrees) should be
present at the proximal margin. he occlusal line angle may be
90 to 100 degrees. his angle aids in obtaining a marginal amalgam
angle of 90 degrees (≥80 degrees). Clinical experience has established
that this “butt-joint” relationship of enamel and amalgam creates
the strongest margin.55 Amalgam is a brittle material and may
fracture under occlusal load if its angle at the margin is less than
80 degrees.
A sharp mesial gingival margin trimmer (13-85-10-14, R and
L) is used to remove unsupported gingival enamel by the establishment of a 90-degree gingival cavosurface angle at the gingival
margin (Fig. 10.74). he resulting enamel gingival margin has a
6-centigrade (20-degree) gingival declination. he marginal coniguration is angled no more than necessary to ensure that full-length
enamel rods form the gingival margin and is no wider than the
enamel (see Fig. 10.74). When the gingival margin is positioned
gingival to the cementoenamel junction (CEJ) (i.e., on the tooth

root), the gingival cavosurface coniguration is 90 degrees to the
external surface of the root.55 A sharp distal gingival margin trimmer
(13-95-10-14, R and L) is similarly used for distal proximal
preparations. Alternatively, the side of an explorer tine may be
used to remove any friable enamel at the gingival margin. he tine
is placed in the gingival embrasure apical to the gingival margin.
With some pressure against the prepared tooth, the tine is moved
occlusally across the gingival margin to “trim” the margin of friable,
unsupported enamel.

Variation of Proximal Surface Tooth
Preparation
his section describes variations in tooth preparation for some
small Class II amalgam restorations. In most clinical situations,
the restoration of these preparations would likely be with composite
unless the patient has high caries risk. If amalgam is used, the
features presented should be considered in the tooth preparation
portion of the procedure.

Mandibular First Premolar
he technique of the Class II tooth preparation for amalgam for
the mandibular irst premolar must be modiied because the
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• Fig. 10.74 A, The marginal coniguration of the enamel portion of the gingival wall is established with
a gingival margin trimmer to ensure full-length enamel rods forming the gingival margin. B and C, The
sharp angles at the linguogingival and faciogingival corners are rounded by rotational sweeping with a
gingival margin trimmer.

• Fig. 10.75 The mandibular irst and second premolars are compared.
Note differences in the sizes of the pulp chambers, lingual cusps, and
direction of pulpal walls.
morphologic structure of this tooth is diferent from other posterior
teeth. he relationship of the pulp chamber to the DEJ and the
relatively small size of the lingual cusp are illustrated in Fig. 10.75.
(his igure also illustrates the correct position of the pulpal wall
and how it difers in position and orientation compared with the
second premolar.) Incorrect preparation of the central groove area
may weaken the lingual cusp, and excessive extension in a facial
direction may approach or expose the facial pulp horn. When
preparing the occlusal portion, the bur is tilted slightly lingually
to establish the correct pulpal wall direction (see Fig. 10.43B).
he mandibular irst premolar presents with unique occlusal
morphology, most notably the presence of a large transverse ridge
of enamel. Most often the coalescence of the enamel lobes is
complete and no caries-prone central issure results. herefore a
caries lesion in the mesial pit or distal pit may be included as part
of the Class II preparation, but with an outline form that does
not extend to or across the transverse ridge (Fig. 10.76A). he
level of divergence of the facial and lingual proximal walls (see
Fig. 10.76B) is such that secondary retention grooves are indicated
(see Fig. 10.76C). If the opposite pit or proximal surface is faulty,
it is restored with a separate restoration so as to not compromise
the resistance form of the tooth.
For a preparation that does not cross the transverse ridge, the
proximal box is prepared before the occlusal portion to prevent
removing the tooth structure that will form the isthmus between
the occlusal dovetail and the proximal box. he pit adjacent to

the involved proximal surface is entered with the No. 245 bur.
Immediately after the entry, the bur is directed into the proximal
marginal ridge and then gingivally until the proximal DEJ is visible.
he bur axis for the proximal ditch cut should be parallel to the
tooth crown, which is tilted slightly lingually for mandibular
posterior teeth (see Fig. 10.76C). he proximal enamel is isolated
and the proximal box completed as previously described for the
mandibular second premolar. he bur is then returned to the area
of entry, and the occlusal step is prepared with a dovetail, if needed.
When preparing the occlusal portion, the bur is tilted slightly
lingual to establish the correct pulpal wall direction (which maintains
the dentin support for the small lingual cusp and prevents encroachment on the facial pulp horn). he primary diference in tooth
preparation on this tooth, compared with the preparation on other
posterior teeth, is the facial inclination of the pulpal wall. he
isthmus is broadened as necessary, but maintains the dovetail
retention form. Fig. 10.76B illustrates the correct occlusal outline
form. Removing any remaining caries lesion (if present) and inserting
necessary liners, bases, or both precede the placement of proximal
grooves and the inishing of the enamel margins (see Fig. 10.76C).

Maxillary First Molar
When mesial and distal proximal surface amalgam restorations are
indicated on the maxillary irst molar that has an unafected oblique
ridge, separate two-surface tooth preparations are indicated (rather
than a mesioocclusodistal preparation). he use of two preparations
is preferred because the strength of the tooth crown is signiicantly
greater when the oblique ridge is intact.55 he mesioocclusal tooth
preparation is generally uncomplicated (Fig. 10.77A). Occasionally,
extension through the oblique ridge and into the distal pit is
necessary because of the extent of the caries lesion. he outline of
the occlusolingual pit-and-issure portion is similar to that of the
Class I occlusolingual preparation. Fig. 10.77B and C illustrates
a mesioocclusal preparation extended to include the distal pit and
the outline form that includes the distal oblique and lingual
issures.
When the occlusal issure extends into the facial cusp ridge and
cannot be removed by enameloplasty, the defect should be eliminated
by extension of the tooth preparation. Occasionally this may be
accomplished by tilting the bur to create an occlusal divergence

350

C HA P T E R 1 0

Clinical Technique for Amalgam Retoration

A

B

C

• Fig. 10.76 The mandibular irst premolar with a sound transverse ridge. A, A two-surface tooth
preparation that does not include the opposite pit. B, Occlusal outline form. C, Proximal view of the
completed preparation.
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B
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• Fig. 10.77

Maxillary irst molar. A, Conventional mesioocclusal preparation. B, Mesioocclusal preparation extended to include the distal pit.
C, Mesioocclusolingual preparation, including the distal pit and the distal
oblique and lingual issures. D, Mesioocclusal preparation with facial
issure extension.

of the facial wall while maintaining the dentin support of the
ridge. If it is not possible to eliminate this fault without extending
the margin to the height of the cusp ridge or undermining the
enamel margin, the preparation should be extended facially through
the ridge (see Fig. 10.77D). he pulpal wall of this facial extension
may have remaining enamel, but a depth of 1.5 to 2 mm is necessary
to provide suicient bulk of amalgam material for adequate strength
(adequate resistance to lexure under load). For the best esthetic
results, minimal extension of the proximal mesiofacial margin is
indicated.

he distoocclusal tooth preparation may take one of several
outlines, depending on the occlusal anatomy. he occlusal outline
is determined by the pit-and-issure pattern and by the amount
and extension of the caries lesion. An extension onto the lingual
surface to include a lingual issure should be prepared only after
the distolingual proximal margin is established. his approach may
allow conservation of more tooth structure between the distolingual
wall and the lingual issure extension, resulting in more strength
of the distolingual cusp. It is accomplished by preparing the lingual
issure extension more at the expense of the mesiolingual cusp
than the distolingual cusp. Nevertheless, the distolingual cusp on
many maxillary molars may be weakened during the distoocclusolingual tooth preparation because of the small cuspal portion
remaining between the lingual issure preparation and the distolingual proximal wall. In addition, removal of the caries lesion
may reveal a weakened distolingual cusp. Reduction of the distolingual cusp and coverage with amalgam is often necessary to
provide the proper resistance form (see the mesioocclusodistolingual
[MODL] example in Clinical Technique for Complex Amalgam
Restorations).

Maxillary First Premolar
A Class II amalgam tooth preparation involving the mesial surface
of a maxillary irst premolar requires special attention because the
mesiofacial embrasure is esthetically prominent. he occlusogingival
preparation of the facial wall of the mesial box should be parallel
to the long axis of the tooth instead of converging occlusally to
minimize an unesthetic display of amalgam in the faciogingival
corner of the restoration. In addition, the facial extension of the
mesiofacial proximal wall should be minimal so that the mesiofacial
proximal margin of the preparation only minimally clears the
contact as the margin is inished with an appropriate enamel hatchet
or chisel (Fig. 10.78).
If the mesial proximal involvement (1) is limited to a issure
in the marginal ridge that is at risk for caries, (2) is not treatable
by enameloplasty, and (3) does not involve the proximal contact,
then the proximal portion of the tooth preparation is prepared by
extending through the fault with the No. 245 bur so that the
margins are lingual to the contact. Often this means that the
proximal box is the faciolingual width of the bur, and the gingival
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• Fig. 10.78 To produce an inconspicuous margin on the maxillary irst premolar, the mesiofacial wall
does not diverge gingivally, and facial extension with a No. 245 bur should be minimal so that the mesiofacial proximal margin of the preparation minimally clears the contact as the margin is inished. A, Occlusal
view. B, Facial view.

Tooth Preparation for Cla II Amalgam
Retoration Involving Both Proximal Surface
Perhaps the best indications for the use of amalgam restorations
are moderate and large Class II defects that include both proximal
surfaces and much of the occlusal surface. his section describes
factors to consider when amalgam is used for moderate and large
Class II restorations. he tooth preparation techniques presented
for a two-surface Class II restoration apply to larger Class II restorations as well. When the defect is large, however, certain modiications
in tooth preparation may be necessary.
• Fig. 10.79 A simple box restoration without the occlusal step is permissible when restoring a small proximal lesion in the tooth without either
occlusal issures or previously inserted occlusal restoration and when the
involved marginal ridge does not support occlusal contact. The proximal
grooves extend to the occlusal surface.

loor may be at the same depth as the pulpal loor. he retention
form for this extension is provided by the slight occlusal convergence
of the facial and lingual walls (see Fig. 10.34).
If the proximal caries lesion is limited to the mesiolingual
embrasure, the mesial proximal contact should not be included
in the tooth preparation. If only the lingual aspect of the mesial
proximal contact is carious, the mesiofacial wall may be left in
contact with the adjacent tooth (reducing the display of amalgam).
A Class II tooth preparation involving the distal surface of the
maxillary irst premolar is similar to the preparation of the mandibular second premolar described earlier.

Box-Only Preparation
When restoring a small, cavitated proximal lesion in a tooth with
neither occlusal issures nor a previously inserted occlusal restoration,
a proximal box preparation without an occlusal step has been
recommended.54,55 his preparation should be limited to a proximal
surface with a narrow proximal contact (allowing minimal facial
and lingual extensions) and a marginal ridge with no occlusal
contact. To maximize retention, preparations with facial and lingual
walls that almost oppose each other are recommended. As in the
typical preparation, the facial and lingual proximal walls converge
occlusally. Retention grooves are mandatory in box-only preparations.117 he proximal retention grooves should have a 0.5-mm
depth at the gingival point angle and extend occlusally to be visible
in the occlusal outline form (Fig. 10.79).

Occlusal Extensions
Larger Class II defects may require greater extension of the occlusal
surface outline form. his may require extending into grooves that
are issured, extending the outline form up the cuspal inclines, or
reducing and covering the cusps that have inadequate dentin
support. hese alterations may be accomplished easily by following
the principles presented previously. he depth and extension of
the initial preparation of issures occur at the same initial pulpal
loor depth (i.e., at the level of the DEJ) and follow the DEJ as
the preparation is extended in a facial or lingual direction.
If an occlusal outline form extends up a cuspal incline, the
extension also should maintain the pulpal loor at the level of the
DEJ. his extension usually requires some alteration in the orientation of the No. 245 bur—a slight lingual tilt when extending in
a facial direction and a slight facial tilt when extending in a lingual
direction (see Fig. 10.35). Maintaining the correct pulpal loor
depth preserves tooth structure and reduces the potential for pulpal
encroachment. he prepared facial (or lingual) cavosurface margin
still should result in a 90-degree amalgam margin. If it is necessary
to extend through the cusp ridge onto the facial or lingual surface,
the preparation is accomplished as described for the occlusolingual
Class I restoration.
When the occlusal outline form extends from a primary issure
to within two thirds of the distance to a cusp tip, that cusp is
usually suiciently weakened so as to require reduction and coverage
with the restoration. Leaving the cusp in a weakened state may
be acceptable if the cusp is very large. Routine preparations in
some teeth may predispose some cusps for reduction and coverage
with amalgam. he small distal cusp of the mandibular irst molars,
the distolingual cusp of maxillary molars, and the lingual cusp of
some mandibular premolars (especially irst premolars) may be
weakened when normal preparations of surrounding areas of the
tooth are included. See the section Clinical Technique for Complex
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Amalgam Restorations for information on when and how to reduce
and cover cusps with amalgam.

Proximal Extensions
Larger Class II caries lesions often require larger proximal box
preparations. hese may include not only increased faciolingual
or gingival extensions but also extension around a facial or lingual
line angle. Large proximal box preparations may also need secondary retention features (i.e., retention grooves) for adequate
retention form because the proximal external walls are excessively
divergent. Extensive proximal boxes are usually prepared in the
same fashion as more conservative proximal boxes but may
require modiications. For increased faciolingual extensions, it
may be necessary to tilt the No. 245 bur to include extensive
proximal faults that are gingival to the contact area. Tilting the
bur lingually when extending a facial proximal wall, or facially
when extending a lingual proximal wall, conserves more of the
marginal ridge and cuspal tooth structure. Although this action
enhances preservation of some tooth structure strength, it results
in a more occlusally convergent wall, which increases the dificulty of amalgam condensation in the gingival corners of the
preparation.
When proximal extension around a line angle is necessary, it
usually is associated with a reduction of the involved cusp (see
Clinical Technique for Complex Amalgam Restorations). Such
proximal extension is necessary because of a severely defective (or
fractured) cusp or a cervical lesion that extends from the facial
(or lingual) surface into the proximal area. Often these areas are
included in the preparation by extending the gingival loor of the
proximal box around the line angle, using the same criteria for
preparation as the typical proximal box: (1) Facial (or lingual)
extension results in an occlusogingival wall that has a 90-degree
cavosurface margin, and (2) the axial depth is 0.5 mm inside
the DEJ.
When the proximal defect is extensive gingivally, isolation of
the area, tooth preparation, matrix placement, and condensation
and carving of amalgam are more diicult. If the proximal box is
extended onto the root surface, the axial wall depth is no longer
dictated by the DEJ. Any root-surface preparation for amalgam
should result in an initial axial wall depth of approximately 0.8 mm.
his axial depth provides appropriate strength for amalgam, limits
any potential pulp compromise, and creates enough dimension
for the placement of ~0.25 to 0.5 mm deep retention grooves
while preserving the strength of the adjacent, remaining marginal
dentin and cementum. he extent of the preparation onto the
root surface, the contour of the tooth, or both may require that
the bur be tilted toward the adjacent tooth when preparing the
gingival loor of the proximal box. his tilting may result in an
axial wall that has two planes, the more gingival plane angled
slightly internally. It also may cause more diiculty in retention
groove placement. he more occlusal part of the axial wall may
be overreduced if the bur is not tilted.

Example of Moderate Cla II Amalgam Tooth
Preparation That Involve Both Proximal
Surface
Mandibular Second Premolar
A moderate mesioocclusodistal tooth preparation in a mandibular
second premolar is illustrated in Fig. 10.80. Note the similarity
with the two-surface mesioocclusal preparation.

• Fig. 10.80 Mesioocclusodistal (MOD) preparation on the mandibular
second premolar that had a moderately sized MOD caries lesion.

• Fig. 10.81 Typical three- and four-surface restorations for the maxillary
irst molar. (See Fig. 10.167 for preparation of the distolingual cusp for
coverage with amalgam.)

Mandibular First Premolar
When a mesioocclusodistal amalgam tooth preparation is needed
for the mandibular irst premolar, the support of the small lingual
cusp may be conserved by preparing the occlusal step more at the
expense of tooth structure facial to the central groove than lingual.
In addition, the bur is tilted slightly lingually to establish the
correct pulpal wall direction. Despite these precautions, the lingual
cusp may need to be reduced for coverage with amalgam if the
lingual margin of the occlusal step extends more than two thirds
the distance from the central issure to the cuspal eminence (see
Clinical Technique for Complex Amalgam Restorations).
Maxillary First Molar
he mesioocclusodistal tooth preparation of the maxillary irst
molar may require extending through the oblique ridge to unite
the proximal preparations with the occlusal step. Extending the
preparation through the oblique ridge is indicated only if (1) the
ridge is undermined by a caries lesion, (2) it is crossed by a deep
issure, or (3) occlusal portions of the separate mesioocclusal and
distoocclusal outline forms leave less than 0.5 mm of the tooth
structure between them. he remainder of the outline form is
similar to the two-surface outline forms described previously in
this chapter. Fig. 10.81 illustrates typical three-surface and foursurface restorations for this tooth.
Maxillary Second Molar With a Caries Lesion on the
Distal Portion of the Facial Surface
Close examination of the distal portion of the facial surface of the
maxillary second molar may reveal decalciication, cavitation, or
both. When enamel is only slightly demineralized (i.e., softened
and rough), polishing with sandpaper disks may eliminate the
supericial fault. Careful brushing technique, daily use of luoride
(i.e., rinses, toothpaste), and periodic applications of a luoride
varnish may prevent further mineral loss. When decalciication is
as deep as the DEJ and a distal proximal caries lesion is also present,
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however, the entire distofacial cusp may need to be reduced and
included in a mesioocclusodistofacial tooth preparation. he facial
lesion may be restored separately if it is judged that the distofacial
cusp would not be signiicantly weakened if left unrestored by
amalgam. In that case the mesioocclusodistal preparation would
be restored irst, followed by preparation and restoration of the
facial lesion. When such sequential preparations are contraindicated,
the preparation outline is extended gingivally to include the
distofacial cusp (just beyond the caries lesion) and mesially to
include the facial groove (Fig. 10.82). he No. 245 bur should be
used to create a gingival loor (i.e., shoulder) perpendicular to the
occlusal force when extending the distal gingival loor to include
the afected facial surface. Inclusion of distofacial caries often
indicates a gingival margin that follows the gingival tissue level.
he width of the shoulder should be approximately 1 mm (or
0.5 mm inside the DEJ), whichever is greater. Some resistance
form is provided by the shoulder. A retention groove should be
placed in the axiofacial line angle of this distofacial extension,
similar to the grooves placed in the proximal boxes. For additional
retention a slot may be placed, as discussed in the section on
Clinical Technique for Complex Amalgam Restorations.

Mandibular First Molar
he distal cusp on the mandibular irst molar may be weakened
when positioning the distofacial wall and margin. Facial extension
of the distofacial margin to clear the distal contact often places the
occlusal outline in the center of the cusp; this dictates relocation
of the margin to provide a sound enamel wall and 90-degree amalgam
that is not on a cuspal eminence. When the distal cusp is small or
weakened or both, extension of the distal gingival loor and distofacial
wall to include the distal cusp places the margin just mesial to the

• Fig. 10.82

Mesioocclusodistofacial preparation of the maxillary
second molar showing extension to include moderate to extensive caries
lesion in the distal half of the facial surface. The outline includes the distofacial cusp and the facial groove. The dotted line represents the soft tissue
level.
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distofacial groove. Fig. 10.83 illustrates the ideal distofacial extension
and a preparation design that includes the distal cusp.

Modiications in Tooth Preparation for
Proximal Surfaces
Slot Preparation for Root Caries
Older patients who have gingival recession that exposes cementum
(or dentin) may experience caries lesion development on the
proximal root surface that is appreciably gingival to the proximal
contact (Fig. 10.84A). Assuming that the contact does not need
restoring, the tooth preparation usually is approached from the
facial direction and has the form of a slot (see Fig. 10.84B and
E). A lingual approach is used when the caries is limited to the
linguoproximal surface. Amalgam is particularly indicated for slot
preparations if isolation is diicult.5
he initial outline form is prepared from a facial approach with
a No. 2 or No. 4 bur using high speed and air-water spray. Outline
form extension to sound tooth structure is at a limited depth
axially (i.e., 0.75–1 mm at the gingival aspect [if no enamel is
present], increasing to 1–1.25 mm at the occlusal wall [if the
margin is in enamel]) (see Fig. 10.84B). If the occlusal margin is
in enamel, the axial depth should be 0.5 mm inside the DEJ.
During this extension, the bur should not remove any soft dentin
from the axial wall deeper than the outline form initial depth. he
remaining soft dentin (if any) is removed during inal tooth
preparation (see Fig. 10.84C). he external walls should form a
90-degree cavosurface angle. With a facial approach, the lingual
wall should face facially as much as possible; this aids condensation
of amalgam during insertion. he facial wall must be extended to
provide access and visibility (convenience form) (see Fig. 10.84D).
In the inal tooth preparation, the No. 2 or No. 4 bur should be
used to remove any remaining soft dentin on the axial wall. A
liner or base (or both) is applied, as indicated.
A No. 1 4 bur is used to create retention grooves in the occlusoaxial and gingivoaxial line angles, 0.2 mm inside the DEJ or
0.3 to 0.5 mm inside the cemental cavosurface margin (see Fig.
10.84D and E). he depth of these grooves is ~0.25 to 0.5 mm
and the bur is directed to bisect the angle formed by the junction
of the occlusal (or gingival) and axial walls. Ideally, the direction
of the occlusal groove is slightly more occlusal than axial, and the
direction of the gingival groove would be slightly more gingival
than axial. A dentin desensitizer may be placed before or after
application of the matrix. he matrix for the slot preparation is
illustrated in Fig. 10.84F.
Rotated Teeth
Tooth preparation for rotated teeth follows the same principles as
for normally aligned teeth. he outline form for a mesioocclusal
tooth preparation on the rotated mandibular second premolar

B

• Fig. 10.83 Mandibular irst molar. A, Ideal distofacial extension. B, Entire distal cusp included in
preparation outline form.
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1-1.25 mm
c

d

0.75-0.8 mm

A

B

C

D
Lingual

a

Rubber dam

Cementoenamel
junction

b

x
y

Optional
wrap-around matrix

Insert wedge from facial to
lingual if facial embrasure is
larger; and vice versa

E

F

Facial

c

Rigid supporting material

• Fig. 10.84 Slot preparation. A, Mesiodistal longitudinal section illustrating a caries lesion. The proximal
contact is not involved. B, Initial tooth preparation. C, Tooth preparation with soft carious dentin removed.
D, The retention grooves are shown in longitudinal section, and the transverse section through plane cd
illustrates the contour of the axial wall and the direction of the facial and lingual walls. E, Preparing the
retention form to complete the tooth preparation. F, Matrix for slot preparation: (a) facial view of wedged
matrix; (b) wedged matrix as viewed in transverse cross section (x), gingival to gingival loor; (c) wedged
matrix as viewed in transverse cross section (y), occlusal to gingival loor.
(Fig. 10.85A) difers from normal in that its proximal box is
displaced facially because the proximal caries lesion involves the
mesiofacial line angle of the tooth crown. When the tooth is rotated
90 degrees and the “proximal” lesion is on the facial or lingual
surface, and orthodontic correction is declined or ruled out, the
preparation may require an isthmus that includes the cuspal
eminence (see Fig. 10.85B). If the lesion is small, consideration
should be given to slot preparation. In this instance, the occlusal
margin may be in the contact area or slightly occlusal to it (see
Fig. 10.85C).

Unusual Outline Forms
Outline forms should conform to the restoration requirements of
the tooth and not to the classic example of a Class II tooth preparation. As mentioned earlier, a dovetail feature is not required in
the occlusal step of a single proximal surface preparation unless a
issure emanating from the occlusal step is involved in the preparation. Another example is an occlusal issure that is segmented by
coalesced enamel (as illustrated previously for mandibular premolars
and the maxillary irst molars). his condition should be treated
with individual amalgam restorations if the preparations are

separated by approximately 0.5 mm or more of sound tooth
structure (Fig. 10.86).54,104

Adjoining Restorations
It is permissible to repair or replace a defective portion of an
existing amalgam restoration if the remaining portion of the original
restoration has adequate resistance and retention forms. Adjoining
restorations on the occlusal surface occur more often in molars
because the dovetail of the new restoration usually may be prepared
without eliminating the dovetail of the existing restoration. Where
the two restorations adjoin, care should be taken to ensure that
the outline of the second restoration does not weaken the amalgam
margin of the irst (Fig. 10.87A). he intersecting margins of the
two restorations should be at a 90-degree angle as much as possible.
he decision to join two restorations is based on the assumption
that the irst restoration, or a part of it, does not need to be replaced
and that the procedure for the single proximal restoration (compared
with a mesioocclusodistal restoration) is less complicated and
conserves tooth structure.
Occasionally, preparing an amalgam restoration in two or more
phases is indicated, such as for a Class II lesion that is contiguous
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• Fig. 10.85 Restoration outlines for rotated teeth. A, Mesioocclusal outline for the mandibular premolar
with 45-degree rotation. B, Mesioocclusal outline for the mandibular premolar with 90-degree rotation.
C, Slot preparation outline for the restoration of a small mesial lesion involving the proximal contact of
the mandibular premolar with 90-degree rotation.

in General Concepts Guiding Preparation for Amalgam Restorations,
and any inal modiications completed.

Retorative Technique for Cla II Amalgam
Preparation

• Fig. 10.86

Restoration of the mesioocclusal tooth preparation, with
the central issure segmented by coalesced enamel.

Desensitizer Placement
A dentin desensitizer is placed on the prepared tooth structure per
manufacturer instructions. Excess moisture is removed without
desiccating the dentin.

with a Class V lesion. Preparing both lesions before placing amalgam
introduces condensation problems that may be eliminated by
preparing and restoring the Class II lesion before preparing and
restoring the Class V lesion (see Fig. 10.87B). It is better to condense
amalgam against a carious wall of the irst preparation than to
attempt condensation where no wall exists.

Matrix Placement
he primary function of the matrix is to enable proper restoration
of anatomic contours and contact areas. he qualities of a good
matrix include (1) rigidity, (2) establishment of proper anatomic
contour, (3) restoration of correct proximal contact relationships,
(4) prevention of gingival excess, (5) convenient application, and
(6) ease of removal. The following information presents the
technique of placement for the universal (Tolemire) and precontoured matrix systems.

Abutment Teeth for a Removable Partial Denture
When the tooth is an abutment for a removable partial denture
(RPD), the occlusoproximal outline form adjacent to the edentulous
region may need additional extension if a rest seat is planned.
Additional extension must be suicient facially, lingually, and axially
to allow for the rest seat to be in the proximoocclusal restoration
without jeopardizing its strength. he facial and lingual proximal
walls and the respective occlusal margins must be extended so that
the entire rest seat may be prepared in the amalgam without
encroaching on the restoration margins. If the rest seat is to be
within the amalgam, it is recommended that a minimum of 0.5 mm
of amalgam be present between the rest seat and the margins (Fig.
10.88A). he portion of the pulpal wall apical to the planned rest
seat is deepened 0.5 mm so that the total depth of the axiopulpal
line angle measured on the faciolingual wall is 2.5 mm (see Fig.
10.88B). A rest seat used for a tissue-borne (i.e., distal extension)
partial denture may involve amalgam and enamel (see Fig. 10.88C).
In this case, no modiication of the outline form of the tooth
preparation is indicated (see Fig. 10.88C). Note Fig. 10.88D
illustrates the relationship of the tissue-borne RPD with the abutment tooth (see Fig. 10.88C).
All aspects of the Class II preparation, regardless of various
levels of complexity, should be accomplished with precision. he
preparation should then be cleaned, carefully inspected as indicated

Universal Matrix
he universal matrix system (designed by B.R. Tolemire) is ideally
indicated when three surfaces (i.e., mesial, occlusal, distal) of a
posterior tooth have been prepared (Fig. 10.89). his system is
also commonly used for the two-surface Class II restoration. A
deinite advantage of the Tolemire matrix retainer is that it may
be positioned on the facial or lingual aspect of the tooth. However,
lingual positioning requires the contra-angled design of the retainer
(which may be used on the facial aspect as well) (Fig. 10.90; also
see Fig. 10.89). he retainer and the band are generally stable
when in place. he retainer is separated easily from the band to
expedite removal of the matrix system from the tooth. Matrix
bands of various occlusogingival widths are available (see Fig. 10.89).
A small Tolemire retainer is available for use with the primary
dentition.
he universal matrix band itself does not meet all the requirements of an ideal matrix band. he conventional, lat universal
matrix band must be shaped (i.e., burnished) to reproduce natural
anatomic contour and resultant proximal contact. Uncontoured
bands are available in two thicknesses, 0.05 mm and 0.038 mm.
Burnishing the thinner band to create contour is more diicult,
and the band is less likely to retain its contour when tightened
around the tooth. he uncontoured band must be burnished before
assembling the matrix band and the retainer. Burnishing must
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B

A
• Fig. 10.87

Adjoining restorations. A, Adjoining mesioocclusal tooth preparation with distoocclusal
restoration so that the new preparation does not weaken the amalgam margin of the existing restoration.
B, Preparing and restoring a Class II lesion before preparing and restoring a Class V lesion contiguous
with it eliminates condensation problems that occur when both lesions are prepared before either is
restored.

rs

gp

rs
Pontic
gp

B

A

RPD framework

Tooth-borne RPD

gp

C

mrs

D
RPD framework

RPD distal extension

• Fig. 10.88 Abutment teeth with Class II restorations designed for a removable partial denture (RPD).
A, Occlusal view showing the location of the rest seat (rs) and the guide plane (gp) for a tooth-borne
RPD. B, Cross-sectional view illustrating deepened pulpal wall in the area of the rest seat (rs) to provide
adequate thickness of amalgam. Note the relationship of the guide planes (gp) to the tooth-borne RPD.
C, Occlusal view showing the mesial rest seat (mrs) for the tissue-borne (i.e., distal extension) RPD prepared partly in a previous MOD amalgam restoration and partly in natural tooth structure. D, Lingual view
of a distal extension RPD showing the relationship of the RPD to the Class II restoration and the guide
plan (gp). Note that the igure shows a M-D cross section through the MOD amalgam and the occlusal
portion of the facial aspect of the distal marginal ridge is visible.
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• Fig. 10.89 Straight (A) and contra-angled (B) universal (Toflemire) retainers. Bands with varying
occlusogingival widths are available.

• Fig. 10.90

Lingual positioning requires a contra-angled universal

retainer.

occur in the areas corresponding to the proximal surface to be
restored after the band is positioned around the tooth.
Precontoured bands for the universal retainer are commercially
available and need little or no adjustment before being placed in
the retainer or after being positioned around the tooth (Fig. 10.91).
Although precontoured bands are more expensive, they generally
are preferred over the uncontoured bands. he diference in cost

may be justiied as less chair time is required during the restorative
phase. When cotton roll isolation is used, the Tolemire retainer
helps hold the cotton roll in place (Fig. 10.92).
“Burnishing the matrix band” means that the metal band is
intentionally deformed occlusogingivally with a suitable hand
instrument to produce a rounded or convex surface that (when
in place around the tooth) produces a restoration that is symmetric
in contour with the adjacent proximal surface (Fig. 10.93). he
No. 26-28 burnisher is generally recommended for burnishing the
band. he band should be placed on a resilient paper pad because
distortion of the metal matrix will not occur on a hard, nonresilient
surface. he smaller round burnisher tip should irst be used with
irm pressure in back-and-forth, overlapping strokes along the
length of the band until the band is deformed occlusogingivally
in the appropriate areas. When the band is deformed, the larger
egg-shaped end may be used to smooth the distorted band. If a
convex surface is not obvious in the burnished areas when the
band is removed from the pad, it has not been adequately burnished.
he band may be burnished with the larger egg-shaped burnisher
only, but more work is required to do so. It is not necessary to
burnish the entire length of the band; focus efort only on distorting
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• Fig. 10.92 Toflemire retainer maintaining a cotton roll in the maxillary
vestibule during condensation.

• Fig. 10.91

Precontoured bands for a universal retainer. Pictured:
Waterpik Getz Contour Matrix Bands. (Courtesy Water Pik Inc., Fort
Collins, CO.)

A

B

C
• Fig. 10.93

Burnishing the matrix band. A, With the band on the pad, a small burnisher is used to
deform the band. B, A large burnisher used to smooth the band contour. C, Burnished matrix band for
mesioocclusodistal tooth preparation. (Courtesy Aldridge D. Wilder, DDS.)
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the matrix where the proximal contact areas are planned
to occur.
To prepare the retainer to receive the band, the larger of the
knurled nuts is turned counterclockwise until the locking vise is
positioned adjacent to the guide channel on the end of the retainer
(Fig. 10.94A). Next, while holding the large nut, the dentist turns
the smaller knurled nut counterclockwise until the pointed spindle
is free of the slot in the locking vise (see Fig. 10.94B). he matrix
band is folded end to end, forming a loop (see Fig. 10.94C). When
the band is folded, the gingival edge has a smaller circumference
as compared with the occlusal edge so as to accommodate the
diference in tooth circumferences at the gingival and, the more
occlusal, contact levels. he band is positioned in the retainer so
that the slotted side of the retainer is directed gingivally to permit
easy subsequent separation (in an occlusal direction) of the retainer
from the band after the restoration has been inserted. his is
accomplished by placing the occlusal edge of the band in the
correct guide channel (i.e., right, left, or parallel to the long axis
of the retainer), depending on the location of the tooth. he two
ends of the band are placed in the slot of the locking vise so that
the ends are aligned with the edge of the vice, and the smaller of
the knurled nuts is turned clockwise to tighten the pointed spindle
against the band within the locking vice (see Fig. 10.94D). If
proximal wedges were used during tooth preparation, the wedges
are removed at this point and the matrix band is itted around the
tooth (allowing the gingival edge of the band to be positioned at
least 1 mm apical to the gingival margin). Damaging the gingival
attachment with the sharp edge of the matrix band should be
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avoided. Care should be taken not to trap the rubber dam between
the band and the gingival margin. If the dam material is trapped
between the band and the tooth, the septum of the dam should
be stretched and depressed gingivally to reposition the dam material.
Once the matrix band is in place, the larger knurled nut is rotated
clockwise to tighten the band slightly. he explorer should be used
along the gingival margin to determine that the gingival edge of
the band extends beyond the preparation margins. When the band
is correctly positioned, the band is securely tightened around the
tooth.
When one of the proximal margins is deeper gingivally, the
Tolemire mesioocclusodistal band may be modiied to prevent
damage to the gingival tissue or attachment on the more shallow
side. he band may be trimmed for the shallow gingival margin,
permitting the matrix to extend farther gingivally for the deeper
gingival margin (Fig. 10.95).
he mouth mirror is positioned lingually to observe the proximal
contours of the matrix through the interproximal space (Fig. 10.96).
he occlusogingival contour should be convex, with the height of
contour at proper contact level such that the metal band is touching
the adjacent proximal surface in the precise location where the
contact should occur. he matrix is also observed from an occlusal
aspect allowing evaluation of the position of the contact area in a
faciolingual direction. If proper proximal contour and contact is
not observed, it may be necessary to remove the retainer and
reburnish the band. Minor alterations in contour and contact may
be accomplished without removal from the tooth. he backside
of the blade of the 15-8-14 spoon excavator (i.e., Black spoon) is

Guide channel

A

B

C

D
• Fig. 10.94 Positioning the band in a universal retainer. A, Explorer pointing to the locking vise located
immediately adjacent to the guide channel. B, The pointed spindle is released from the locking vise when
the small knurled nut is turned counterclockwise. C, The band is folded to form a loop and to be positioned in the retainer (occlusal edge of band irst). The gingival aspect of the vise is shown in this view.
D, The spindle is tightened against the band in the locking vise. (From Daniel SJ, Harfst SA, Wilder RS:
Mosby’s dental hygiene: Concepts, cases, and competencies, ed 2, St. Louis, Mosby, 2008.)
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excellent for improving contour in the area where the proximal
contact is to occur. If a smaller burnishing instrument is used, the
dentist should use care not to create a grooved or bumpy surface
that would result in a restoration with an irregular proximal surface.
Ideally the band should be positioned 1 mm apical to the gingival
margin or deep enough to be engaged by the wedge (whichever
is less) and 1 to 2 mm above the adjacent marginal ridge(s) to
allow for adequate condensation of the amalgam in the marginal
ridge areas. A minor modiication of the matrix may be indicated
for restoring the proximal surface that is planned for a guide plane
for a RPD.

• Fig. 10.95 The band may be trimmed for the shallower gingival
margin, permitting the matrix to extend farther gingivally for the deeper
gingival margin on the other proximal surface.

• Fig. 10.96

Using a mirror from the facial or lingual position to evaluate
the proximal contour of the matrix band.

A
• Fig. 10.97

B

After the matrix contour and extension are evaluated, a wedge
is placed in the gingival embrasure(s) using the following technique:
(1) Break of approximately 1.2 cm of a round toothpick; (2) grasp
the broken end of the wedge with the No. 110 pliers; (3) insert
the pointed tip from the lingual or facial embrasure (whichever is
larger), slightly gingival to the gingival margin; and (4) wedge the
band tightly against the tooth and margin (Fig. 10.97A). he
wedge may be lightly moistened with water or a water-soluble
lubricant to facilitate its placement. If the wedge is placed occlusal
to the gingival margin, the band is pressed into the preparation,
which will result in an abnormal concavity in the proximal surface
of the restoration (see Fig. 10.97B). he wedge should not be so
far apical to the gingival margin that the band will not be held
tightly against the gingival margin. his improper wedge placement
results in gingival excess of amalgam (i.e., amalgam “overhang”)
caused by the band moving slightly away from the margin during
condensation of the amalgam. Such an overhang often goes
undetected and may result in irritation of the gingiva or an area
of plaque accumulation, which may increase the risk of secondary
caries. If the wedge is signiicantly apical of the gingival margin,
a second (usually smaller) wedge may be placed on top of the irst
to wedge adequately the matrix against the margin (Fig. 10.98).
his type of wedging is particularly useful for patients whose
interproximal tissue level has receded.
he gingival wedge should be tight enough to prevent any
possibility of an overhang of amalgam in at least the middle two
thirds of the gingival margin (see Fig. 10.98A and B). Occasionally,
double wedging is permitted (if access allows), securing the matrix
when the proximal box is wide faciolingually. Double wedging refers
to using two wedges: one from the lingual embrasure and one
from the facial embrasure (see Fig. 10.98E and F). Two wedges
help ensure that the gingival corners of a wide proximal box may
be properly condensed; they also help minimize gingival excess.
Double wedging should be used only if the middle two thirds of
the proximal margins are not able to be adequately wedged. Any
amalgam excess that forms in the facial and lingual corners is
accessible to carving, and therefore proper wedging to prevent
gingival excess of amalgam in the middle two thirds of the proximal
box (see Fig. 10.98B) is the primary objective.
Occasionally a concavity may be present on the proximal surface
that is adjacent to the gingival margin. his may occur on a surface
with a luted root, such as the mesial surface of the maxillary irst
premolar (see Fig. 10.98G1). A gingival margin located in this
area may be concave (see Fig. 10.98G2). To wedge a matrix band
tightly against such a margin, a second pointed wedge may be
inserted between the irst wedge and the band (see Fig. 10.98G3
and G4).

Incorrect

A, Correct wedge position. B, Incorrect wedge positions.
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Triangular or round wedge
for moderately extended
gingival margin
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C

Double-wedging

D
E
G1

Fluting

Fluting results in
opening between
matrix and gingival
margin

F

G2

Rigid supporting material:
most wedges should
be anchored by rigid
supporting material
to forestall any loosening
of wedges during amalgam
condensation

G4
G3

G

Wedge-wedging
a matrix, ready for rigid supporting material;
wedges inserted from lingual or
facial embrasure, whichever is larger

• Fig. 10.98

Testing with explorer
in a press-scape motion for
soundness of enamel margin
and tightness of matrix to margin

Various double-wedging techniques. A and B, Proper wedging for the matrix for a typical
mesioocclusodistal preparation. C and D, Technique to allow wedging near the gingival margin of the
preparation when the proximal box is shallow gingivally, the interproximal tissue level has receded, or
both. E and F, Double wedging may be used with faciolingually wide proximal boxes to provide maximal
closure of the band along the gingival margin. G, Another technique may be used on the mesial aspect
of the maxillary irst premolars to adapt the matrix to the luted (i.e., concave) area of the gingival margin
(G1, G2); a second wedge inserted from the lingual embrasure (G3); testing the adaptation of the band
after insertion of the wedges from the facial aspect (G4).
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he wedging action between teeth should provide enough separation of adjacent teeth to compensate for the thickness of the matrix
band. his ensures a positive contact relationship after the matrix
is removed (after the condensation and initial carving of amalgam).
If a Tolemire retainer is used to restore a two-surface Class II
preparation, the single wedge must provide enough separation to
compensate for two thicknesses of band material. he tightness of
the wedge is tested by pressing the tip of an explorer irmly at several
points along the middle two thirds of the gingival margin (against
the matrix band) to verify that it cannot be moved away from the
gingival margin (Fig. 10.99). As an additional test, the dentist

• Fig. 10.99

Use of the explorer tip (with pressure) to ensure proper
adaptation of the band to the gingival margin.

Tall triangular wedge
incorrect for minimally
extended gingival margin

A

attempts to remove the wedge (using the explorer with moderate
pressure) after irst having set the explorer tip into the wood near
the broken end. Moderate pulling should not cause dislodgment.
Often the rubber dam has a tendency to loosen the wedge through
rebounding of the dam stretched during wedge placement. Lubrication
of the wedge and stretching the interproximal dam septa, in the
direction opposite to the direction of wedge placement, before and
during wedge placement may prevent rebound dislodgment. he
stretched dam is released after the wedge is inserted.
Some situations may require a triangular wedge that is modiied
(by knife or scalpel blade) to conform to the approximating tooth
contours (Fig. 10.100). he round toothpick wedge is usually the
wedge of choice with conservative proximal boxes, however, because
its wedging action is more occlusal (i.e., nearer the gingival margin)
than with the triangular wedge (Fig. 10.101A and B).
he triangular (i.e., anatomic) wedge is recommended for a
preparation with a deep gingival margin. he triangular wedge is
positioned similarly to the round wedge, and the goal is the same.
When the gingival margin is deep (cervically), the base of the
triangular wedge more readily engages the tooth gingival to
the margin without causing excessive soft tissue displacement. he
anatomic wedge is preferred for deeply extended gingival margins
because its greatest cross-sectional dimension is at its base (see Fig.
10.101C and D).
To maintain gingival isolation attained by an anatomic wedge
placed before the preparation of a deeply extended gingival margin,

B

Corrective
trimming
of wedge

C

D

• Fig. 10.100 Modiied triangular (i.e., anatomic) wedge. A, Depending on the proximal convexity, a
triangular wedge may distort the matrix contour. B, A sharp-bladed instrument may be used to modify
the triangular steepness of the wedge. C, Modiied and unmodiied wedges are compared. D, Properly
modiied triangular wedge prevents distortion of the matrix contour.
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Correct

Correct

• Fig. 10.101 Indications for the use of a round toothpick wedge versus a triangular (i.e., anatomic)
wedge. A, As a rule, the triangular wedge does not irmly support the matrix band against the gingival
margin in conservative Class II preparations (arrowhead). B, The round toothpick wedge is preferred for
these preparations because its wedging action is nearer the gingival margin. C, In Class II preparations
with deep gingival margins, the round toothpick wedge crimps the matrix band contour if it is placed
occlusal to the gingival margin. D, The triangular wedge is preferred with these preparations because its
greatest width is at its base.

it may be appropriate to withdraw the wedge a small distance to
allow passage of the band between the loosened wedge and the
gingival margin. Tilting (i.e., canting) the matrix into place helps
the gingival edge of the band slide between the loosened wedge
and the gingival margin. he band is tightened, and the same
wedge is irmly reinserted.
Supporting the matrix material with the blade of a Hollenback
carver during the insertion of the wedge for the diicult deep
gingival restoration may be helpful.55 he tip of the blade is placed
between the matrix and the gingival margin, and then the “heel”
of the blade is leaned against the matrix and adjacent tooth (Fig.
10.102). In this position, the blade supports the matrix to help
in positioning the wedge suiciently gingivally and preventing the
wedge from pushing the matrix into the preparation. After the
wedge is properly inserted, the blade is gently removed.
All aspects of the band and wedge are assessed, and any desired
inal corrections are made. he matrix band and wedge must provide
appropriate proximal contact and contour (see Fig. 10.96). After
wedging, relaxing the tension of the band by turning the larger
knurled nut of the Tolemire retainer a quarter turn counterclockwise will help to ensure proximal contact. If loosening the Tolemire
band still does not allow for contact with an adjacent tooth, a
custom-made band with a smaller angle may be used. Reducing
the angle of the band increases the diference in length (i.e., circumferences) of the gingival and occlusal edges. To reduce the
angle of the band, the operator folds it as shown in Fig. 10.103,

Hollenback carver blade

• Fig. 10.102

Supporting the matrix with the blade of a Hollenback
carver during wedge insertion.

burnishes for appropriate occlusogingival contour (in the contact
areas), and inserts the band into the Tolemire retainer.
Occasionally the interdental spacing is so large that a suitably
trimmed tongue blade is required to wedge the matrix (Fig. 10.104).
Occasionally it is impossible to use a wedge to secure the matrix
band. In this case the band must be suiciently tight to minimize
the gingival amalgam excess. Because the band is not wedged,
special care must be exercised to place small amounts of amalgam
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Occlusal edge

Gingival edge
a

• Fig. 10.103

The custom-made matrix strip is folded, as indicated by
arrows. The smaller angle (a) compared with the angle of the commercial
strip increases the difference between the lengths of the gingival and
occlusal edges.

• Fig. 10.104

A custom-made tongue blade wedge may be used when
excessive space exists between adjacent teeth.

C
B
A

D

E

F
• Fig. 10.105 Rigid material–supported sectional matrix. A, The shape of the stainless steel strip after
trimming. B, The strip contoured to the circumferential contour of the tooth (ingers can be used).
C, Burnishing the strip to produce occlusogingival contact contour (left and right arrows indicate the short,
back-and-forth motion of the burnisher). D, Contoured strip in position. E, Matrix strip properly wedged.
F, Completed rigid material–supported sectional matrix.

in the gingival loor and condense the irst 1 mm of amalgam
lightly but thoroughly in a gingival and lateral direction. he
condensation of additional increments is then carefully continued
in a gingival direction using a larger condenser with irm pressure.
Condensation against an unwedged matrix may cause a gross
extrusion of amalgam beyond the gingival margin. he excess
amalgam must be removed with a suitable carver immediately
after matrix removal.

Rigid-Material Supported Sectional Matrix
An alternative to the universal matrix band is the use of a properly
contoured sectional matrix that is wedged and supported by a
material that is rigid enough to resist condensation pressure. he
supporting material selected must be easy to place and to remove.
Examples include light-cured, thermoplastic, and quick-setting
rigid polyvinyl siloxane (PVS) materials (Fig. 10.105). he gingival
wedge is positioned interproximally to secure the band tightly at
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the gingival margin to prevent any excess of amalgam (i.e., overhang). he wedge also separates teeth slightly to compensate for
the thickness of the section of matrix material. he wedge is placed
before the application of rigid supporting material.
he proximal surface contour of the matrix should allow the
normal slight convexity between the occlusal and middle thirds
of the proximal surface when viewed from the lingual (and facial)
aspect. Proximal surface restorations often display an occlusogingival
proximal contour that is too straight, thereby causing the contact
relationship to be located too far occlusally (with little or no occlusal
embrasure). his condition allows food impaction between teeth,
with resultant injury to the interproximal gingiva and supporting
tissues, and invites conditions leading to demineralization of the
adjacent proximal surfaces. he proximal surface contour of the
matrix should also provide the correct form to the proximal line
angles, both facially and lingually. If these contours are not present,
the facial and lingual embrasures of the restoration are too open,
inviting food impaction and injury to underlying supporting tissues.
Correct and incorrect contours and matrix correction steps are
illustrated in Figs. 10.106 and 10.107.

Wrong

• Fig. 10.106

Alteration of the sectional matrix contour to provide the
correct form to the proximofacial line angle region.
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he matrix should be tight against the facial and lingual margins
on the proximal surface so that the amalgam may be well condensed
at the preparation margins. In addition, when the matrix is tight
against the tooth, minimal carving is necessary on the proximal
margins after the matrix is removed.

Precontoured Sectional Matrix Strips
Commercially available sectional metal strips (e.g., Palodent System;
DENTSPLY Caulk, Milford, DE) are precontoured and ready for
application to the tooth (Fig. 10.108). hese strips have limited
application when used for amalgam because of their rounded
contour. hey usually are most suitable for mandibular irst premolars and the distal surface of maxillary canines. he contact
area of the adjacent tooth occasionally is too close to allow placement
of the contoured Palodent strip without causing a dent in the
strip’s contact area, making it unusable.
Condensation and Carving of the Amalgam
Proper condensation of amalgam results in close material adaptation
to the preparation walls (limiting marginal voids) and minimal
inclusion of internal voids. In addition, careful overstepping
condensation technique eliminates excess mercury and results in
a stronger restoration that is less prone to corrosion. Care should
be taken to choose condensers that are best suited for use in each
part of the tooth preparation and that may be used without binding
in the preparation or between the preparation and the matrix
band.
Condensation should occur in the proximal box(es) irst by
transfer of enough amalgam with the amalgam carrier to ill the
gingival portion by about 1 mm. his irst increment is condensed
in a gingival and lateral direction with suicient force to adapt
the amalgam to the gingival loor. Additional amalgam is carefully
condensed against the proximal margins of the preparation and
into the proximal retention grooves (if present). Firm, facially and
lingually directed condensation (i.e., lateral condensation) with
the side of the condenser should be accomplished along with the
application of gingivally directed force (Fig. 10.109).118 Condensation strokes in a gingival and lateral direction help to ensure that
no voids occur internally or at the faciogingival or linguogingival
line angles. Mesial (or distal) condensation of the amalgam in the
proximal box is accomplished to ensure proper contour and proximal
contact with the adjacent tooth.

Correct

Embrasure
Too closed

Too open

Precontoured
metal strips

Incorrect

• Fig. 10.107

Correct or incorrect facial and lingual embrasure form is
determined by the shape of the sectional matrix strip.

• Fig. 10.108 Precontoured metal strips. (The Palodent System; courtesy of DENTSPLY Caulk, Milford, DE.)
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• Fig. 10.109

Lateral and occlusogingival force is necessary to condense amalgam properly into the proximal grooves and into the angles at
the junction of the matrix band and the margins of the preparation.

The procedure of adding and condensing continues until
amalgam reaches the level of the pulpal wall. he size of the
condenser is changed (usually to a larger one), if indicated, and
amalgam is condensed in the remaining proximal portion of the
preparation concurrently with the occlusal portion. It may be
necessary to return to a smaller condenser when condensing in a
narrow extension of the preparation or near the proximal margins.
A smaller condenser face is more efective at condensing, provided
it does not signiicantly penetrate the amalgam already in place.
he occlusal margins are covered and overpacked by at least 1 mm
using a large condenser, ensuring that the margins are well condensed, especially in the area of the marginal ridge. 119 Proper
condensation of the amalgam in the marginal ridge area(s) reduces
the risk of marginal ridge fracture during matrix removal. he
plasticity and wetness of the amalgam mass should be monitored
during condensation. Proper condensation requires that the mix
should be neither wet (i.e., mercury rich) nor dry and crumbly
(i.e., mercury poor). Amalgam that is beginning to set should be
discarded and a new mix obtained to complete the condensation.
Before carving procedures are initiated, precarve burnishing of the
occlusal portion with a large egg-shaped or ball burnisher should
be accomplished (Fig. 10.110).79 As mentioned previously, precarve
burnishing is a form of condensation.

Carving the Occlusal Portion
Carving of the occlusal portion (including the occlusal embrasure
or embrasures) may be accomplished with the matrix assembly in
place while the amalgam is reaching its initial set. Early removal
of the band increases the risk of marginal ridge fracture. Careful
carving of the occlusal portion should begin immediately after
condensation and burnishing. Sharp discoid instruments of suitable
size as well as the Hollenback carver may be efective at reestablishing
the occlusal anatomy. he marginal ridge is carved conluent with
the tooth’s anatomy such that it duplicates the height and shape
of the adjacent marginal ridge (see Fig. 10.18). An explorer or
small Hollenback carver may be used to carefully deine the occlusal
embrasure. Remembering the pattern of occlusal contacts (that
were evaluated before tooth preparation), observing the height of
the adjacent marginal ridge, and knowing where the preparation
cavosurface margins are located all aid in completing the carving
of the occlusal surface, including the marginal ridge and occlusal

• Fig. 10.110 Precarve burnishing with a large burnisher. (Courtesy
Aldridge D. Wilder, DDS.)

• Fig. 10.111 Using No. 110 pliers, the matrix band should be removed
in a linguoocclusal (arrow) or facioocclusal direction (not just in an occlusal
direction).
embrasure. If the restoration has extensive proximal involvement
of the tooth, the occlusal carving should be accomplished quickly.

Removal of the Matrix Band and Completion of Carving
At the appropriate time, the matrix retainer irst is removed from
the band by turning the small knurled nut counterclockwise to
retract the pointed spindle from the vice. he end of an index
inger may be placed on the occlusal surface of the tooth and
matrix band to provide stabilization while the retainer is removed.
Next, any rigid supporting material, if used, is removed. he matrix
band is removed next. he No. 110 pliers are used to tease the
band free, from one contact area at a time, by pushing or pulling
the band in a linguoocclusal (or facioocclusal) direction and, if
possible, in the direction of wedge insertion (Fig. 10.111). he
wedge may be left in place to provide separation of teeth while
the matrix band is removed, and then subsequently removed. By
maintaining slight interdental separation, the wedge reduces the
risk of fracturing the newly condensed marginal ridge(s). Band
removal in a straight occlusal direction should be avoided so as to
limit the risk of marginal ridge fracture.
Matrix band removal allows access to carve the proximal portions
of the restoration. Eicient use of time is required so as to gain
access to the proximal areas while the amalgam remains carvable.
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Proper matrix form should result in a proximal surface that is
nearly completed, with proper contact evident and minimal carving
required except to remove a possible small amount of excess amalgam
at the proximal facial and lingual margins, at the faciogingival and
linguogingival corners, and along the gingival margin. Amalgam
knives (scalers, No. 34 and No. 35) are ideal for removing gingival
amalgam excess (see Figs. 10.21 and 10.22). hey also are ideal
for reining the embrasure form around the proximal contacts (see
Fig. 10.19). he secondary (or “back”) edges on the blades of
amalgam knives are occasionally helpful, using a push stroke. he
Hollenback carver No. 3 and (occasionally) the side of the explorer
may also be suitable instruments for carving these areas. However,
the explorer may not reine the margins and contour as efectively
as the amalgam knife if the set of the amalgam is close to completion.
When the proximal carving is completed, the occlusal surface
contouring is completed. Occasionally, occlusal contouring may
require the use of an abrasive stone or inishing bur if the setting
of the amalgam is nearing completion.
When carving the margins of the restoration, the cutting surface
of the carving instrument is held in a perpendicular orientation.
Carving should be parallel to the margins, however, with the adjacent
tooth surface being used to guide the carver. he existence of the
proximal contact is veriied visually by using the mouth mirror.
When carving is completed, the rubber dam is removed and the
occlusion is assessed and adjusted, as needed.
Abutment teeth for a tooth-supported RPD must provide
amalgam contour to allow deining (by carving or [later] disking)
a guide plane extending from the marginal ridge 2.5 mm gingivally.
Normal proximal contour, rather than leaving an overcontour, is
usually suicient, however, and best for the development of a guide
plane. Guide plane development results in a gingival embrasure
between the natural tooth and RPD framework that is less open
and less likely to trap food (see Fig. 10.88B and D).
An amalgam restoration of a proximal abutment tooth for a
tissue-supported (i.e., distal extension) RPD is carved to provide a
guide plan and adequate gingival embrasure space (see Fig. 10.88D).
his allows for protection of the distogingival tissue, associated with
the distal abutment, when occlusal loading of the RPD distal extension
causes compression of the alveolar ridge soft tissue.
Before the patient is dismissed, thin unwaxed dental loss may
be passed through the proximal contact(s) once to remove any
amalgam shavings on the proximal surface of the restoration and
to assess the gingival margin. Passing the loss multiple times through
the contact area of an amalgam that is still early in its set may
result in removal of some surface amalgam and loss of contact
with the adjacent tooth. When positioned in the gingival embrasure,
the loss is wrapped around the restored tooth and positioned
apical to the gingival margin of the restoration. he loss is moved
in an occlusogingival direction. he loss not only removes amalgam
shavings but also smooths the proximal amalgam and detects any
gingival overhang of amalgam. If an overhang is detected, further
use of an amalgam knife is necessary.120 Alternatively, a inishing
strip may be used to remove the amalgam excess and inish the
proximal surface gingival to the contact area. Floss also may be
used to verify that the intensity of the contact is similar to that
of neighboring teeth. Final rinsing and evacuation of the oral
cavity is then accomplished. he patient is advised to avoid chewing
with the restored tooth for 24 hours.

Finishing and Polishing of the Amalgam
Finishing and polishing of the occlusal surface of the Class II
amalgam should follow the approach presented in General Concepts
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Guiding Restoration with Amalgam. Finishing and polishing of
the proximal surface may be indicated where the proximal amalgam
is accessible. his area usually includes the facial and lingual margins
and areas occlusal to the contact. he remainder of the proximal
surface is often inaccessible; however, the matrix band should have
imparted suicient smoothness to it.
If amalgam along the facial and lingual proximal margins was
slightly overcarved, the enamel margin may be felt as the explorer
tip passes from amalgam across the margin onto the external enamel
surface. Finishing burs or sandpaper disks, rotating at slow speed,
may be used to smooth the enamel–amalgam margin. Sandpaper
disks also may be used to smooth and contour the marginal ridge.
Inappropriate use of sandpaper disks may “ledge” the restoration
around the contact, however, resulting in inappropriate proximal
contours.
In small preparations, the facial and lingual proximal margins
are generally inaccessible for inishing and polishing. Fine abrasive
disks or the tip of a sharpened rubber polishing point or edge of
a sharped abrasive rubber polishing cup may be used to polish the
proximal portion that is accessible. When proximal margins are
inaccessible to inishing and polishing with disks or rubber polishing
points, and some excess amalgam remains (e.g., at the gingival
corners and margins), amalgam knives occasionally may be used
to trim amalgam back to the margin and to improve the contour,
though a lame-shaped inishing bur may ultimately be required.
Fig. 10.112 provides an example of a inished and polished Class
II amalgam restoration.

Quadrant Dentistry
When several teeth in a quadrant have caries lesions, the experienced
dentist usually treats them all at the same appointment rather than
individually. Quadrant dentistry increases eiciency and reduces
chair time for the patient. he use of the rubber dam is particularly
important in quadrant dentistry. For maximal eiciency, when a
quadrant of amalgam tooth preparations is planned, each rotary
or hand instrument should be used on every tooth where it is
needed before being exchanged.
When restoring a quadrant of Class II amalgam tooth preparations, it is permissible to apply matrix bands on alternate preparations in the quadrant and restore teeth two at a time. Banding
adjacent preparations requires excessive wedging to compensate
for a double thickness of band material and makes the control of
proximal contours and interproximal contacts diicult. Extensive
tooth preparations may need to be restored one at a time. If proximal
boxes difer in size, teeth with smaller boxes should be restored
irst because often the proximal margins are inaccessible to carving
if the larger adjacent box is restored irst. In addition, smaller
boxes may be restored more quickly and accurately because more
tooth structure remains to guide the carver. If the larger proximal
box is restored irst, the gingival contour of the restoration may
be damaged when the wedge is inserted to secure the matrix band
for the second, smaller restoration. If the adjacent proximal boxes
are similar in size, the banding of alternate preparations should
be started with the most posterior preparation because this allows
the patient to close slightly as subsequent restorations are inserted
(Fig. 10.113).
Before restoring the second of two adjacent teeth, the proximal
contour of the irst restoration should be carefully established. Its
anatomy serves as the guide to establish proper proximal contours
leading to correct embrasure forms and contact position/size. If
necessary, a inishing strip may be used to reine the contour of
the irst proximal amalgam (Fig. 10.114). he inishing strip is
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• Fig. 10.112 Polished mesioocclusal amalgam restoration. Note the conservative extension. A, Occlusal view. B, Mesiofacial and occlusal views of the mesiofacial margin. C, Facial and occlusal views of the
proximal surface contour and the location of the proximal contact.

A
• Fig. 10.113 Quadrant dentistry. Unless otherwise indicated, a quadrant of Class II preparations with similarly sized proximal boxes may be
restored using two bands simultaneously if they are placed on every other
prepared tooth. It is recommended that the most distal tooth be restored
irst.

B
indicated, however, only where the proximal clearance is present.
Using a inishing strip between contacting amalgam restorations
may compromise or eliminate the proximal contact. Properly placed
amalgam restorations have the potential to last for decades (Fig.
10.115).

Clinical Technique for Cla III
Amalgam Retoration
Class III restorations are indicated for defects located on the
proximal surface of anterior teeth that do not afect the incisal
edge. Part of the facial or lingual surfaces also may be involved.
he Class III amalgam restoration is rarely used and has been
supplanted by tooth-colored restorations (primarily composite),
which have become increasingly wear resistant and color stable.
For esthetic reasons, use of amalgam is best suited for caries lesions
that may be accessed from the lingual rather than from the facial.
he Class III amalgam restoration is generally reserved for the
distal surface of maxillary and mandibular canines if (1) the
preparation is extensive with only minimal facial involvement, (2)

C
• Fig. 10.114 When the irst of two adjacent Class II preparations is
restored, proper contour may be established by using a inishing strip
before the second is restored. A, Before using the strip. B, Removing the
over-contour. C, Veriication of proper contour may be accomplished by
viewing the restoration with a mirror from the occlusal, facial, and lingual
positions. The proximal contour also may be evaluated after matrix placement by noting the symmetry between the restored surface and the
burnished matrix band.
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• Fig. 10.115

Clinical examples of long-term amalgam restorations: A, 44-year-old amalgams;
B, 58-year-old amalgams in the irst molar; C, 65-year-old amalgams in molars. (A and B, Courtesy Drs.
John Osborne and James Summitt.)

• Fig. 10.116

Restoration for Class III tooth preparation using facial
approach on mandibular canine. The restoration is 5 years old. (Courtesy
Dr. C.L. Sockwell.)

the gingival margin primarily involves cementum, and/or (3)
moisture control is diicult.

Initial Procedures
Appropriate review of the patient record (including medical history),
treatment plan, and radiographs should be accomplished. Anesthesia
is usually necessary when a vital tooth is to be restored. he gingival
extension of the preparation should be anticipated. Prewedging
in the gingival embrasure of the proximal site to be restored provides
(1) better protection of soft tissue and the rubber dam, (2) better
access because of the slight separation of teeth, and (3) better
reestablishment of the proximal contact. he use of a rubber dam
is generally recommended; however, cotton roll isolation is also
acceptable.

Tooth Preparation for Cla III
Amalgam Retoration
A lingual access preparation on the distal surface of the maxillary
canine is described here because the use of amalgam in that location
is more likely. A facial approach for a mandibular canine may be
indicated, however, if the lesion is more facial than lingual. he
mandibular restoration is often not visible at conversational distance
(Fig. 10.116). he outline form of the Class III amalgam preparation
may include only the proximal surface. A lingual dovetail may be
indicated if one existed previously or if additional retention is
needed for a larger restoration.

Initial Tooth Preparation
Bur size selection depends on the size of the lesion. Bur options
may include a No. 2 (or smaller) round bur or a No. 330 bur.
he bur is positioned so that the entry cut penetrates into the
caries lesion, which is usually slightly gingival to the contact area.
Ideally the bur is positioned so that its long axis is perpendicular
to the lingual surface of the tooth, but directed at a mesial angle
as close to the adjacent tooth as possible. (he bur position may
be described as perpendicular to the distolingual line angle of the
tooth.) his position conserves the marginal ridge enamel (Fig.
10.117A–C). Penetration through enamel positions the bur so
that additional cutting isolates the proximal enamel afected by
the caries lesion and removes some or all of the soft dentin. In
addition, penetration should be at a limited initial axial depth
(i.e., 0.5–0.6 mm) inside the DEJ (see Fig. 10.117C and D) or
at a 0.75- to 0.8-mm axial depth when the gingival margin is on
the root surface (in cementum/dentin) (Fig. 10.118). his 0.75-mm
axial depth on the root surface allows a 0.25-mm distance (the
diameter of the No. 1 4 bur is 0.5 mm) between the retention
groove (which is placed later) and the gingival cavosurface margin.
Soft dentin that is deeper than this limited initial axial depth is
removed later during inal tooth preparation.
For a small lesion, the facial margin is extended 0.2 to 0.3 mm
into the facial embrasure (if necessary), with a curved outline
from the incisal to the gingival margin (resulting in a less visible
margin). he lingual outline blends with the incisal and gingival
margins in a smooth curve, creating a preparation with little or
no lingual wall. he cavosurface angle should be 90 degrees at all
margins. he facial, incisal, and gingival walls should meet the
axial wall at approximately right angles (although the lingual wall
meets the axial wall at an obtuse angle or may be continuous with
the axial wall) (Figs. 10.119 and 10.120). If a large round bur is
used, the internal angles are more rounded. he axial wall should
be uniformly deep into dentin and follow the faciolingual contour
of the external tooth surface (see Fig. 10.120). he initial axial wall
depth may be in irm dentin (i.e., shallow lesion), in soft dentin
(i.e., moderate to deep lesion), or in existing restorative material,
if a restoration is being replaced.
Incisal extension to remove carious tooth structure may eliminate
the proximal contact (Fig. 10.121). It is important to conserve as
much of the distoincisal tooth structure (i.e., sometimes referred
to as the “incisal canopy”) as possible to reduce the risk for subsequent fracture. When possible (i.e., when the incisal enamel has
dentin support), it is best to leave the incisal margin in contact
with the adjacent tooth.
When preparing a gingival wall that is near the level of the
rubber dam or apical to it, it is beneicial to initially place a wedge
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• Fig. 10.117 Entry for Class III tooth preparation on maxillary canine. A, Bur position is perpendicular
to the enamel surface at the point of entry. B, Initial penetration through enamel is directed toward
cavitated, caries lesion. C, Initial entry should isolate the proximal enamel, while preserving as much of
the marginal ridge as possible. D, Initial cutting reveals the DEJ (arrow).

Facial

Axial wall
dentinal depths
before preparing
cove and groove:
crown, 0.5-0.6 mm
root, 0.75-0.8 mm

i

g1

Arrows depict
depth direction

g2

0.25 mm
deep

• Fig. 10.118

Mesiodistal vertical section showing location, depth direction (arrows), and direction depth of the retention form in Class III tooth
preparations of different gingival depths. Incisal cove (i); gingival groove
(g1), enamel margin; gingival groove (g2), root-surface margin. Distance
from outer aspect of g2 groove to margin is approximately 0.3 mm; bur
head diameter is 0.5 mm; direction depth of groove is half this diameter
(or approximately 0.3 mm [0.25 mm]).

Lingual

• Fig. 10.120

Transverse section of mandibular lateral incisor illustrating
that the lingual wall of a Class III tooth preparation may meet the axial wall
at an obtuse angle and that the axial wall is a uniform depth into dentin
and follows the faciolingual contour of the external tooth surface.

A
• Fig. 10.119

B

Class III tooth preparation on maxillary canine. A, Round
bur shaping the incisal area. The incisal angle remains. B, Initial shape of
the preparation accomplished with a round bur.

in the gingival embrasure to depress and protect soft tissue and
the rubber dam. As the bur is preparing the gingival wall, it may
lightly shave the wedge. A triangular (i.e., anatomic) wedge, rather
than a round wedge, is used for a deep gingival margin.
he initial tooth preparation is completed by using a No. 1 2
round bur to accentuate the axial line angles (Fig. 10.122A and
B), particularly the axiogingival angle. his facilitates the subsequent
placement of retention grooves and leaves the internal line angles
slightly rounded. Rounded internal preparation angles permit more
complete condensation of the amalgam. he No. 1 2 round bur
also may be used to smooth any roughened, undermined enamel
produced at the gingival and facial cavosurface margins (see Fig.
10.122C). he incisal margin of the minimally extended preparation
is often not accessible to the larger round bur without damaging
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• Fig. 10.121

Distofacial (A) and incisal (B) views of the canine to show the curved proximal outline
necessary to preserve the distoincisal corner of the tooth. The incisal margin of this preparation example
is located slightly incisally of the proximal contact (but whenever possible, the margin may be in the
contact area).

A

B

C

D

• Fig. 10.122 Reining proximal portion. A–C, A small, round bur is used to shape the preparation walls,
deine line angles, and initiate removal of any undermined enamel along the gingival and facial margins.
D, Tooth preparation completed, except for the inal inishing of the enamel margins and placement of
secondary retention.
(“marring”) the adjacent tooth (see Fig. 10.122D). Further inishing
of the incisal margin is presented later. At this point the initial
tooth preparation is completed.

Final Tooth Preparation
Final tooth preparation involves removing any remaining soft
dentin, protecting the pulp, developing secondary resistance and
retention forms, inishing external walls, and debridement (cleaning)/inspecting. Any remaining soft dentin on the axial wall is
removed by using a slowly revolving round bur (No. 2 or No. 4),
appropriate spoon excavators, or both. (See Chapter 2 for the
management of soft dentin.)
For the Class III amalgam restoration, resistance form against
postrestorative fracture is provided by (1) cavosurface and amalgam
margins of 90 degrees, (2) enamel walls supported by sound dentin,
(3) suicient bulk of amalgam, and (4) rounded preparation internal
angles. he boxlike preparation form provides primary retention
form. Secondary retention form is provided by a gingival groove,
an incisal cove, and sometimes a lingual dovetail.
he gingival retention groove is prepared by placing a No. 1 4
round bur (rotating at low speed) in the axiofaciogingival point
angle. It is positioned in the dentin to maintain 0.2 mm of dentin

between the groove and the DEJ. he rotating bur is moved lingually
along the axiogingival line angle, with the angle of cutting generally
bisecting the angle between the gingival and axial walls. Ideally
the direction of the gingival groove is slightly more gingival than
axial (and the direction of an incisal [i.e., occlusal] groove would
be slightly more incisal [i.e., occlusal] than axial) (Fig. 10.123; see
also Fig. 10.118).
Alternatively if less retention form is needed, two gingival coves
may be used as opposed to a continuous groove. One each may
be placed in the axiofaciogingival and axiogingivolingual point
angles. he diameter of the 1 4 round bur is 0.5 mm, and the
depth of the groove should be ~0.25 to 0.5 mm. Note the location
and depthwise direction of the groove, where the gingival wall
remains in enamel (Fig. 10.124). When preparing a retention
groove on the root surface (gingival wall in cementum or dentin),
the angle of cutting is more gingival, resulting in the distance from
the gingival cavosurface margin to the groove being approximately
0.3 mm (see Fig. 10.118). Careful technique is necessary in preparing the gingival retention groove. If the dentin that supports gingival
enamel is removed, enamel is subject to fracture. In addition, if
the groove is placed only in the axial wall, no efective retention
form is developed and the risk of pulpal involvement is increased.
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• Fig. 10.123

Preparing the gingival retention form. A, Position of No. 14 round bur in axiofaciogingival
point angle. B, Advancing the bur lingually to prepare the groove along the axiogingival line angle. (See
Fig. 10.118 regarding location, depth direction, and direction depth of groove.) C, Completed gingival
retention groove.

A
• Fig. 10.124

Completed Class III tooth preparation for amalgam

restoration.

B
• Fig. 10.126 Use of the palm-and-thumb grasp to place the incisal
retention cove. A, Hand position showing thumb rest. B, Handpiece position for preparing the incisal retention.
A

B

• Fig. 10.125
1
4

Preparing the incisal retention cove. A, Position of No.
round bur in the axioincisal point angle. B, Completed incisal cove.

An incisal retention cove is prepared at the axiofacioincisal
point angle with a No. 1 4 round bur in dentin, being careful not
to undermine enamel. It is directed similarly into the incisal point
angle and prepared to half the diameter of the bur (Fig. 10.125).
Undermining the incisal enamel should be avoided. For the maxillary
canine, the palm-and-thumb grasp may be used to direct the bur

incisally (Fig. 10.126). his completes the typical Class III amalgam
tooth preparation (see Fig. 10.124).
A lingual dovetail is not required in small or moderately sized
Class III amalgam restorations. It may be used in large preparations,
especially preparations with excessive incisal extension in which
additional retention form is needed. he dovetail may not be
necessary (even in large preparations), however, if an incisal secondary retention form is possible (Fig. 10.127).
If a lingual dovetail is needed, it is prepared only after initial
preparation of the proximal portion has been completed. Otherwise
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• Fig. 10.127 Extensive Class III tooth preparation. A, Initial tooth preparation with No. 2 round bur.
B, Deining line angles and removing undermined enamel with No. 12 round bur. C, Placing the retention
groove using No. 14 round bur. Note the completed incisal cove.
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• Fig. 10.128

Lingual dovetail providing additional retention for extensive amalgam restoration. A, Bur
position at correct depth and angulation to begin cutting. B, Initial cut in beginning dovetail. C, Bur moved
to most mesial extent of dovetail. D, If possible, cutting should not extend beyond the midlingual position.
E, Bur cutting gingival extension of the dovetail. F, Incisal and gingival extensions of the dovetail.
G, Completing the isthmus. The proximal and lingual portions are connected by the incisal and gingival
walls in smooth curves. H, Completed lingual dovetail.

the tooth structure needed for the isthmus between the proximal
portion and the dovetail may be removed when the proximal
outline form is prepared. he lingual dovetail should be conservative,
generally not extending beyond the mesiodistal midpoint of the
lingual surface; this varies according to the extent of the proximal
caries lesion. he depth of the axial wall of the dovetail should be
just inside the DEJ and should be parallel to the lingual surface

of the tooth. he No. 245 bur is positioned in the proximal portion
at the correct depth and angulation and moved in a mesial direction
(Fig. 10.128A and B). he correct angulation places the long axis
of the bur perpendicular to the lingual surface. he bur is moved
to the point that corresponds to the most mesial extent of the
dovetail (see Fig. 10.128C and D). he bur is then moved incisally
and gingivally to create suicient incisogingival dimension to the
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dovetail (approximately 2.5 mm) (see Fig. 10.128E and F). he
incisal and gingival walls of the isthmus are prepared in smooth
curves connecting the dovetail to the proximal outline form (see
Fig. 10.128G and H).
The gingival margin trimmer may be used to round the
axiopulpal line angle (i.e., the junction of the proximal and dovetail
preparation). his increases the strength of the restoration at the
junction of the proximal and lingual portions by providing bulk
and limiting stress concentration. he slight lingual convergence
of the dovetail’s external walls (prepared with the No. 245 bur)
usually provides a suicient retention form. Retention coves, one
in the incisal corner and one in the gingival corner (Fig. 10.129),
may be placed in the dovetail to enhance retention. he coves are
prepared with the No. 1 4 round bur or the No. 33 1 2 bur without
compromising the dentinal support of the lingual enamel. his
preparation may require deepening of the axial wall. Unsupported
enamel is removed, the walls or margins are smoothed, and the
cavosurface angles are reined, where indicated. he 8-3-22 hoe
is recommended for inishing minimally extended margins (Fig.
10.130). If the gingival margin is in enamel, correct marginal
coniguration (approximately 20 degrees gingival declination) is

B

• Fig. 10.129

Ensuring retention in lingual dovetail (often optional). A,
Position of No. 33 12 bur for cutting the retention cove. B, Preparation of
the cove should not remove the dentinal support of the lingual enamel
(arrow).

No. 2 round

1/ round
4

A

8-3-22

C

B

D
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G

• Fig. 10.130 Class III tooth preparation for amalgam restoration on the mandibular incisor. A, Entering
the tooth from the lingual approach. B, Finishing the facial, incisal, and lingual enamel margins with an
8-3-22 triple angle hoe. Note how the secondary cutting edge of the blade is used on the lingual enamel.
C, Placing incisal and gingival retention forms with No. 14 round bur. D, Dotted line indicates the outline
of the additional extension that is sometimes necessary for access in placing the incisal retention cove.
E, Position of a bi-beveled hatchet to place the incisal retention cove. F, The axial wall forms a convex
surface over the pulp. G, Completed tooth preparation. Note the gingival retention groove.
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II preparations. When properly placed, conservative restorations
in incisors and canines are relatively inconspicuous (Fig. 10.134).
Fig. 10.135 illustrates a Class III amalgam restoration in a mandibular incisor.

Finishing and Polishing
Finishing and polishing of the Class III amalgam should follow
the approach presented in General Concepts Guiding Restoration
with Amalgam.

Clinical Technique for Cla V
Amalgam Retoration
• Fig. 10.131

Completed distolingual Class III tooth preparation for

amalgam.

necessary to ensure full-length enamel rods forming the cavosurface
margin. All the walls of the preparation should meet the external
tooth surface to form a right angle (i.e., butt joint) (Fig. 10.131;
see also Fig. 10.124). he various steps involved in the preparation
of the dovetail are shown in Fig. 10.132.
he completed tooth preparation should be cleaned of any
residual debris and inspected. Careful assessment should be made
to see that all of the caries lesion has been removed (as indicated),
that the depth and retention are appropriate, and that cavosurface
margins provide for suicient amalgam bulk.

Retorative Technique for Cla III Amalgam
Preparation
Desensitizer Placement
A dentin desensitizer is placed on the prepared tooth structure per
manufacturer instructions. Excess moisture is removed without
desiccating the dentin.
Matrix Placement
he wedged, rigid material–supported sectional matrix may be
used for the Class III amalgam restoration. It is essential to trim
the lingual portion of the sectional matrix material correctly to
avoid covering the preparation and blocking access for insertion
of the amalgam. Stainless steel matrix material is obtained, 8 mm
wide and 0.05 mm thick, which covers one third of the facial
surface and extends through the proximal to the lingual surface.
he lingual portion is trimmed at an angle that corresponds
approximately to the slope of the lingual surface of the tooth (Fig.
10.133). he section of matrix is burnished on a resilient paper
pad to create the desired proximal surface form. he sectional
matrix is placed in position and wedged from the facial or lingual
embrasure, whichever is greater. he facial and lingual portions of
the matrix are stabilized with a rigid material (see Fig. 10.132G).
Precontoured metallic matrices may be used (instead of custom-made
matrices) if the contour of the precontoured matrix coincides with
that of the proximal surface being restored. If the preparation is
small and the matrix is suiciently rigid, additional rigid material
to support the matrix may not be required.
Condensation and Carving
Insertion of the amalgam, initial carving, matrix removal, wedge
removal, and inal carving are similar to the techniques for Class

Class V restorations are indicated to restore defects on the facial
or lingual cervical one third of any tooth. Class V amalgam restorations may be especially technique sensitive because of location,
extent of the caries lesion, and limited access and visibility. Cervical
caries lesions usually develop because of the chronic presence of
an acidogenic bioilm located in the non–self-cleansing area just
gingival to the height of contour. Patients with gingival recession
are predisposed to Class V root caries lesions because dentin is more
susceptible to demineralization than enamel. Patients with a reduced
salivary low caused by certain medical conditions (e.g., Sjögren’s
syndrome), medications, or head and neck radiation therapy are
also predisposed to cervical and root caries lesions. hese patients
usually have less saliva to bufer the acids produced by oral bacteria.
Class V restorations may be used to treat both cervical and root
caries lesions. Incipient, smooth-surface enamel demineralization
appears as a chalky white line just occlusal or incisal to the crest
of the marginal gingiva (usually on the facial surface) (Fig. 10.136).
hese areas often are overlooked in the oral examination unless
teeth are isolated with cotton rolls, free of debris, and dried gently
with the air syringe. When the incipient cervical caries has not
decalciied the enamel suiciently to result in cavitation (i.e., a
break in the continuity of the surface), the lesion may be remineralized by appropriate techniques, including patient motivation toward
proper diet and hygiene. Occasionally an enamel surface that is
only slightly cavitated may be treated successfully by smoothing
with sandpaper disks, polishing, and treating with a luoride varnish
or iniltrated with a low viscosity resin in an attempt to prevent
further demineralization, cavitation, and surgical management.
Prophylactic, preventive treatment alone will be inadequate if the
caries lesion has progressed to decalcify and soften enamel to an
appreciable depth. In this instance, a Class V tooth preparation
and restoration is indicated, particularly if the caries lesion has
penetrated to the DEJ (Fig. 10.137A). When numerous cervical
lesions are present (see Fig. 10.137B), high caries activity is obvious.
In addition to the restorative treatment, the patient should be
instructed and encouraged to implement an aggressive prevention
program to avoid subsequent development of additional caries
lesions. Class V amalgam restorations may be used anywhere in
the mouth. As with Class III amalgam restorations, they generally
are reserved for nonesthetic areas, for areas where access and visibility
are limited and where moisture control is diicult, such as areas
that are signiicantly deep gingivally. Because of limited access and
visibility, many Class V restorations are diicult and present special
problems during the preparation and restorative procedures.
Occasionally amalgam is preferred when the caries lesion extends
gingivally enough that a mucoperiosteal lap must be relected for
adequate access and visibility (Fig. 10.138). Proper surgical technique
must be followed, with special attention to complete debridement
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• Fig. 10.132

Distolingual tooth preparation and restoration. A, Bur position for entry. B, Penetration
made through the lingual enamel to the caries lesion. C, Proximal portion completed, except for the
retention form. D, Preparing the dovetail. E, Completed preparation, except for the retention groove and
the coves. F, Bur position for the incisal cove in the dovetail. G, Rigid material–supported sectional matrix
ready for the insertion of amalgam. H, Carving completed and rubber dam removed. I, Polished
restoration.

A

B

C

• Fig. 10.133 Matrix strip design. A, Design required for rigid material–supported matrix for Class II
tooth preparations. B, Alteration necessary for Class III preparation on the maxillary canine. C, Alteration
necessary for the mandibular incisor. The strip material is cut to approximate the slope of the lingual
surface.
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• Fig. 10.134

Inconspicuous facial margin (arrow) of Class III amalgam
restoration on the maxillary canine.

• Fig. 10.135

Class III amalgam restoration on the mandibular incisor

(arrowhead).

• Fig. 10.136 Incipient caries lesions of enamel appear as white spots.
The affected surface may be smooth (i.e., noncavitated). White spots are
more visible when dried. (From Cobourne MT, DiBiase AT: Handbook of
orthodontics, Edinburgh, 2010, Mosby.)

of amalgam particles before closure of the surgical site. Class V
amalgam restorations usually are contraindicated in esthetically
important areas because many patients object to metal restorations
that are visible (Fig. 10.139). Generally Class V amalgams placed
on the facial surface of mandibular canines, premolars, and molars
are not readily visible. Amalgams placed on maxillary premolars
and irst molars may be visible.
Amalgam may be used in the cervical areas of partial denture
abutment teeth because amalgam resists wear as clasps move over
the restoration. Contours prepared in the restoration for clasp
retentive areas may be achieved relatively easily and maintained
when an amalgam restoration is used.

Initial Procedures
Proper isolation prevents moisture contamination of the operating
site, enhances asepsis, and facilitates access and visibility. Moisture
in the form of saliva, gingival sulcular luid, or gingival hemorrhage
must be excluded during caries lesion removal, liner application,
and insertion and carving of amalgam. Moisture impairs visual
assessment, may contaminate the pulp during caries lesion removal
(especially with a pulpal exposure), and may negatively afect the
physical properties of the amalgam. he gingival margin of Class
V tooth preparations is often apical to the gingival crest. Such a
gingival margin necessitates use of appropriate rubber dam and
retainer, or displacement of the free gingiva with a retraction cord,
to protect it and to provide access. Isolation helps eliminate seepage
of sulcular fluid into the tooth preparation or restorative
materials.
Isolation objectives are met through local anesthesia and use
of (1) a cotton roll and a retraction cord or (2) a rubber dam and
a suitable cervical retainer (Fig. 10.140). Isolation with a cotton
roll and a retraction cord is satisfactory when properly performed
(Fig. 10.141). his type of isolation is practical and probably the
approach most often used. he retraction cord should be placed
in the sulcus before initial tooth preparation to reduce the possibility
of cutting instruments damaging the free gingiva. he cord should
produce a temporary, adequate, atraumatic lateral displacement
of the free gingiva. he cord may be treated with hemostatic
preparations containing aluminum chloride or ferrous sulfate.
Alternatively the cord may be treated with epinephrine; however,
caution must be used as epinephrine on abraded gingiva is absorbed
rapidly into the circulatory system and may cause an increase in
blood pressure, elevated heart rate, and possible dysrhythmia. he
retraction cord may be braided, twisted, or woven. he diameter
of the cord should be easily accommodated in the gingival sulcus.

B

A
• Fig. 10.137
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Cervical caries lesions. A, Cavitation involving enamel and dentin in several teeth.
B, Relatively high caries index is obvious when numerous cervical lesions are present. (From Perry DA,
Beemsterboer PL: Periodontology for the dental hygienist, ed 3, St. Louis, 2007, Saunders.)
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• Fig. 10.138 Surgical access. A, Class V preparation requiring mucoperiosteal lap relection with a
releasing incision (arrowhead). B, Completed restoration with suture in place. C, Suture removed 1 week
after the procedure.

• Fig. 10.139 Patients may object to metal restorations that are visible
during conversation.

steps along the cord helps prevent dislodgment of previously inserted
cord (see Fig. 10.141). In addition, using a second instrument
stepping along behind the irst instrument may help prevent dislodgment of cord. Additionally using the air syringe or cotton pellets
to reduce or absorb the sulcular luid in the cord already placed
is helpful during cord placement. he cord results in adequate
retraction (displacement) in a short time. he cord may be moistened
with the hemostatic solution before, during, or after placement if
slight hemorrhage is anticipated or observed. Alternatively the
cord may be used dry.
he cord usually remains in place during tooth preparation as
well as insertion and initial carving of amalgam. While carving
amalgam at the gingival margin, the presence of the cord may
cause diiculty in detection of the unprepared tooth surface apical
to the margin. his may limit proper carving, result in an overcontour and marginal excess. In this instance, after carving gross
excess, the cord may be teased from the sulcus before the carving
is completed.

Tooth Preparation for Cla V
Amalgam Retoration

• Fig. 10.140 A rubber dam and a No. 212 retainer may be required to
isolate the caries lesion properly.

If signiicant blanching of the free gingiva is observed (or if too
much pressure has to be applied to place the cord), an oversized
cord may have been selected. If so, it should be exchanged for a
cord of smaller diameter. An appropriate amount is cut to a length
6 mm longer than the gingival margin. Some operators prefer to
place the cord in a dappen dish, wet it with a drop of hemostatic
solution, and blot it with gauze (5 × 5 cm) to remove excess liquid.
A braided or woven cord is usually easier to use because it does
not unravel during placement. A larger cord may be inserted over
the irst cord if the sulcus is large enough to accommodate two
cords. A thin, blunt-edged instrument blade or the side of an
explorer tine may be used to gently insert the cord progressively
into place. A slight backward direction of the instrument as it

Proper outline form for Class V amalgam tooth preparations results
in extending the cavosurface margins to sound tooth structure
while maintaining a limited axial depth of 0.5 mm inside the DEJ
and 0.75 mm inside cementum (when on the root surface). he
outline form for the Class V amalgam tooth preparation is determined primarily by the location and size of the caries lesion or
old restorative material. Clinical judgment determines inal preparation outline, especially when the cavosurface margins approach or
extend into areas of enamel decalciication. he operator must
observe the prepared enamel wall to evaluate the depth of the
decalciied enamel and to determine if cavitation exists peripheral
to the wall. When no cavitation has occurred and when the
decalciication does not extend appreciably into the enamel, extension of the outline form often should cease. In some cases, if all
decalciication were included in the outline form, the preparation
would extend into the proximal cervical areas (if not circumferentially around the tooth). Such a preparation would be diicult
and perhaps unrestorable. A full-coverage indirect restoration should
be considered for teeth with extensive circumferential cervical
decalciication (but only after caries risk has been reduced).
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• Fig. 10.141 Use of the retraction cord for isolation of a Class V lesion. A, Preoperative view. B, Cord
placement initiated. C, Cord placement using a thin, lat-bladed instrument. D, Cord placement
completed.

A

B

• Fig. 10.142

Starting the Class V tooth preparation. A, Bur positioned for entry into caries lesion.
B, The entry cut is the beginning of the outline form having a limited axial depth.

Initial Tooth Preparation
A Class V amalgam restoration is not used often in a mandibular
canine, but it is presented here for illustration. he same general
principles for tooth preparation apply for all other tooth locations.
A tapered issure bur of suitable size (e.g., No. 271) is used to enter
the caries lesion (or existing restoration) to a limited initial axial
depth of 0.5 mm inside the DEJ (Fig. 10.142). his depth is usually
1 to 1.25 mm total axial depth, depending on the incisogingival
(i.e., occlusogingival) location. he enamel of the incisal (occlusal)
external wall of the preparation is considerably thicker than the
cervical. If the preparation is on the root surface, however, the initial
axial depth is approximately 0.75 mm. he end of the bur at the
initial depth may be in sound dentin, in soft dentin, or in old
restorative material. he edge of the bur end may be used to penetrate
the area; this is more eicient than using the lat end of the bur,
reducing the possibility of the bur’s tendency to “crawl” (i.e., move
laterally instead of cut axially) on the external surface. When the
entry is made, the bur orientation is adjusted to ensure that all
external walls are perpendicular to the external tooth surface (i.e.,
parallel to the enamel rods) (Fig. 10.143). his requires frequent

changing of the bur orientation so as to accommodate the cervical
mesiodistal and incisogingival (or occlusogingival) convexity of the
tooth. he preparation is extended incisally, gingivally, mesially,
and distally until the cavosurface margins are positioned in sound
tooth structure such that an initial axial depth of 0.5 mm inside
the DEJ (or 0.75 mm if on the root surface) is established. When
extending mesially and distally, it may be necessary to protect the
rubber dam from the bur by placing a lat-bladed instrument over
the dam (Fig. 10.144). Because the axial wall follows the mesiodistal
and incisogingival (or occlusogingival) contours of the facial surface
of the tooth, it usually is convex in both directions (Fig. 10.145).
In addition, the axial wall usually is slightly deeper at the incisal
wall, where more enamel (i.e., approximately 1–1.25 mm in depth)
is present than at the gingival wall, where little or no enamel (i.e.,
approximately 0.75–1 mm in depth) may be present. A depth of
0.5 mm inside the DEJ permits placement of necessary retention
grooves without undermining enamel. his subtle diference in
depth serves also to increase the thickness of the remaining dentin
(between the axial wall and the pulp) in the gingival aspect of the
preparation to aid in protecting the pulp.
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• Fig. 10.143 When extending incisally (A), gingivally (B), mesially (C), and distally (D), the bur is positioned to prepare these walls perpendicular to the external tooth surface.

• Fig. 10.144

The lat-bladed instrument protects the rubber dam from

the bur.

Alternatively, an appropriate carbide bur (usually No. 2 or No.
4) may be used for the initial tooth preparation. Round burs are
indicated in areas inaccessible to a issure bur, which must be
oriented perpendicular to the tooth surface. If needed, smaller
round burs may also be used to deine the internal angles in these
preparations, enhancing proper placement of the retention grooves.

Final Tooth Preparation
Final tooth preparation involves the removal of any remaining soft
dentin, pulp protection, retention form, the inishing of external
walls, and cleaning/inspecting. Speciically any remaining soft axial
wall dentin is removed (as indicated) with a No. 2 or No. 4 round
bur. Any old restorative material remaining (including base and
liner) may be left if (1) no evidence of recurrent caries exists, (2)
the periphery of the base and liner is intact, and (3) the tooth is
asymptomatic. With proper outline form, the axial line angles are
already in sound dentin. If needed, an appropriate liner or base
is applied.
Because the mesial, distal, gingival, and incisal walls of the
tooth preparation are perpendicular to the external tooth surface,
they usually diverge. Consequently this form provides no inherent
retention, and retention form must be provided to retain the
amalgam. A No. 1 4 round bur is used to prepare two retention
grooves, one along the incisoaxial line angle and the other along

the gingivoaxial line angle (see Fig. 10.145). he handpiece is
positioned so that the No. 1 4 round bur is directed generally to
bisect the angle formed at the junction of the axial wall and the
incisal (i.e., occlusal) wall. Ideally the direction of the incisal (i.e.,
occlusal) groove is slightly more incisal (i.e., occlusal) than axial,
and the direction of the gingival groove is slightly more gingival
than axial. Alternatively, four retention coves may be prepared,
one in each of the four axial point angles of the preparation (Fig.
10.146).
Using four coves instead of two full-length grooves conserves
the dentin near the pulp, reducing the possibility of a mechanical
pulp exposure. he depth of the grooves (or coves) should be
approximately 0.25 to 0.5 mm. It is important that the retention
grooves be adequate because they provide the only retention form
to the preparation. Regardless, the grooves should not remove
dentin immediately supporting enamel. In a large Class V amalgam
preparation, extending the retention groove circumferentially around
all the internal line angles of the tooth preparation may enhance
the retention form.
If access is inadequate for use of the No. 1 4 round bur, an
angle-former chisel may be used to prepare the retention form.
Additionally, a No. 33 1 2 bur may be used. Both methods result
in retention grooves that are angular, but positioned in the same
location and approximately to the same depth as when the No.
1 round bur is used. he rounded retention form created with
4
the No. 1 4 round bur is generally preferred, however, because
amalgam is able to be condensed into rounded areas more readily
than into sharp areas, resulting in better adaptation of amalgam
into the retention grooves. If necessary, suitable hand instruments
(e.g., chisels, margin trimmers) are used to plane the enamel margins,
verifying soundness and 90-degree cavosurface angles. Finally the
preparation is cleaned of debris and inspected for completeness.

Large Preparations That Include Line Angles
A caries lesion on the facial (or lingual) surface may extend beyond
the line angles of the tooth. Maxillary molars, particularly the
second molars, are most commonly afected by these extensive
defects (Fig. 10.147A). In this example, if the remainder of the
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• Fig. 10.145 Retention form. A, A No. 14 round bur positioned to prepare the gingival retention groove.
B, Gingival retention groove (arrow) prepared along the gingivoaxial line angle generally to bisect the angle
formed by the gingival and axial walls. Ideally the direction of preparation is slightly more gingival than
pulpal. An incisal retention groove is prepared along the incisoaxial line angle and directed similarly. C and
D, A groove is placed with a No. 14 round bur along the gingivoaxial and incisoaxial line angles 0.2 mm
inside the DEJ and ~0.25 – 0.5 mm deep. Note the slight pulpal inclination of the shank of the No. 14
round bur. E, Facial view. F, Incisogingival section. Grooves depthwise are directed mostly incisally (gingivally) and slightly pulpally. G, Mesiodistal section.
distal surface is sound and the distal caries lesion is accessible
facially, the facial restoration should extend around the line angle.
his prevents the need for a Class II proximal restoration to restore
the distal surface. However, the operator should strive not to
overextend the occlusal wall of the distal surface preserving as
much sound tooth structure as possible to support the distal marginal
ridge. As much of the preparation as possible should be completed
with a issure bur. A round bur approximately the same diameter
as the issure bur is then used to initiate the distal portion of the
preparation (see Fig. 10.147B and C). Smaller round burs should
be used to accentuate the internal line angles of the distal portion.

Preparing the facial portion irst provides better access and visibility
to the distal portion. Occasionally hand instruments may be useful
for completing the distal half of the preparation when space for
the handpiece is limited (see Fig. 10.147D–F).
Grooves placed along the entire length of the occlusoaxial and
gingivoaxial line angles help ensure retention of the restoration.
he No. 1 4 round bur is used as previously described to prepare
the retention grooves. A gingival margin trimmer or a 7-85- 2 1 2
-6 angle-former chisel may be used in the distal half of the preparation to provide retention form when access for the handpiece is
limited (see Fig. 10.147G and H).
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• Fig. 10.146

A–C, Extended Class V tooth preparation (A) with the axial wall contoured parallel to the
DEJ mesiodistally (B) and incisogingivally (C). The axial wall pulpal depth is 1 mm in the crown and
0.75 mm in the root. In addition, note location and direction depth (~0.25 – 0.5 mm) of the retention
grooves and the dimension of the gingival wall (0.25 mm) from the root surface to the retention groove.
D, Large Class V preparation with retention coves prepared in the four axial point angles.
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• Fig. 10.147

Tooth preparation on a maxillary molar. A, Caries lesion extending around distofacial
corner of the tooth. B and C, Distal extension is accomplished with round bur. D–F, A gingival margin
trimmer may be useful in completing the distal half of the preparation when handpiece access is limited.
G, A gingival margin trimmer may be used to provide the retention grooves. H, An angle-former chisel
may be used to prepare the retention grooves in the distal portion of the preparation. I, Completed tooth
preparation.

Because of the proximity of the coronoid process, access to the
facial surfaces of maxillary molars, particularly the second molars,
is often limited. Having the patient partially close and shift the
mandible toward the tooth being restored improves access and
visibility (Fig. 10.148).
If the Class V outline form approaches an existing proximal
restoration, it is better to extend slightly into the bulk of the
proximal restoration rather than to leave a thin section of the tooth

structure between the two restorations (Fig. 10.149). In this
illustration the previously placed amalgam serves as the distal wall
of the preparation. When proper treatment requires Class II and
V amalgam restorations on the same tooth, the Class II preparation
and restoration is completed before initiating the Class V restoration.
If the Class V restoration was accomplished irst, it might be
damaged by the matrix band and wedge needed for the Class II
restoration.
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Matrix

• Fig. 10.148

The mandible shifted laterally for improved access and

visibility.

Wedges

• Fig. 10.150

Application of the matrix to conine amalgam in the mesial
and distal extensions of the preparation.

• Fig. 10.149 When a Class V outline form closely approaches an existing restoration, the preparation should be extended to remove the remaining thin enamel wall to achieve adjoining restorations.

he preparation should then be cleaned, carefully inspected as
indicated in General Concepts Guiding Preparation for Amalgam
Restorations, and any inal modiications completed.

Retorative Technique for Cla V
Amalgam Preparation
Desensitizer Placement
A dentin desensitizer is placed over the prepared tooth structure
per manufacturer instructions. Excess moisture is removed without
desiccating the dentin.
Matrix Placement
Most Class V amalgam restorations are accomplished without the
use of any type of matrix. he most diicult condensation occurs
in a tooth preparation with an axial wall that is convex mesiodistally.
Two alternative methods for insertion may be used. he preferred
method is the application of a matrix that conines amalgam in
the mesial and distal portions of the preparation (Fig. 10.150).
Short lengths of stainless steel matrix material, one each for the
mesial and distal surfaces, are passed through the proximal contacts,
carefully guided into the gingival sulcus, and wedged. he strips
must be wide enough to extend occlusally through the respective
proximal contacts and long enough to extend slightly past the
facial line angles. he strip usually requires rigid material support
for stability. he strips ofer resistance against condensing the mesial
and distal portions, which provides support for condensing the
center of the restoration. he gingival edge of the steel strip often

must be trimmed to conform to the circumferential contour (level)
of the base of the gingival sulcus to prevent soft tissue damage.
Rather than using two short pieces, the operator may use a longer
length that is passed through one proximal contact, extended around
the lingual surface, and passed through the other contact, forming
a U-shaped matrix. Trimming the gingival edge to conform to the
interproximal soft tissue anatomy usually is more diicult with
one matrix strip than when two strips are used.
A conventional Tolemire band and retainer may be used with
a window cut into the band, with a high-speed handpiece bur, to
allow access to the preparation for condensation (Fig. 10.151).
Alternatively, the tooth may be prepared and restored in sections
without using a matrix. Each successive section of the preparation
should be extended slightly into the previously condensed portion
to ensure caries lesion removal.

Insertion and Carving of the Amalgam
he amalgam carrier is used to insert the mixed amalgam into the
preparation in small increments (Fig. 10.152A). Amalgam is
condensed into the retention areas irst by using an appropriate
condenser (see Fig. 10.152B). Amalgam is then condensed against
the mesial and distal walls of the preparation (see Fig. 10.152C).
Finally a suicient bulk of amalgam is placed in the central portion
to allow for carving the correct contour (see Fig. 10.152D). As
the surface of the restoration becomes more convex, condensation
becomes increasingly diicult. It is important to guard against the
“land sliding” of amalgam during overpacking. A large condenser
or lat-bladed instrument held against amalgam may help resist
pressure applied elsewhere on the restoration (Fig. 10.153).
Carving may begin immediately after the insertion of amalgam
(Fig. 10.154). All carving should be done using the side of the
explorer tine or a Hollenback No. 3 carver held parallel to the
margins. he side of the carving instrument always should rest on
the unprepared tooth surface adjacent to the prepared cavosurface
margin; this prevents overcarving or submargination of the restoration. he carving procedure is begun by removing excess amalgam
to expose the incisal (or occlusal) margin. Removal of excess material
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A

B

• Fig. 10.151 Customized matrix band used to restore an area of proximal root caries. A, Conventional
Toflemire matrix with window cut into the band using a high-speed bur to allow access for condensation.
B, Matrix in place around the tooth, allowing lingual access to preparation.

A

B

C

D

• Fig. 10.152 Inserting amalgam. A, Place amalgam into the preparation in small increments. B, Condense irst into the retention grooves with a small condenser. C, Condense against the mesial and distal
walls. D, Overill and provide suficient bulk to allow for carving.

• Fig. 10.153

Use a large condenser or a lat-bladed instrument to offer
resistance to condensation pressure applied elsewhere on the
restoration.

continues until the mesial and distal margins are exposed. Finally,
material excess at the gingival margin is carved away. Carving the
marginal areas should result in developing the desired convex
contours in the completed restoration. Improper use of the carving
instruments results in a poorly contoured restoration. Note in Fig.
10.20 how carving instruments are positioned to provide the desired
contours. No amalgam excess should remain at the margins because
amalgam may break away, creating a defect at the margin, or cause

gingival inlammation and increased risk of secondary caries from
bioilm accumulation.
In some instances it is appropriate to change facial contours
because of altered soft tissue levels (e.g., cervical lesions in periodontally treated patients). Facial contours may be increased (or
relocated) only enough to prevent food impaction into the gingival
sulcus and to provide access for the patient to clean the area.
Overcontouring must be avoided as it results in reduced stimulation
and cleansing of the gingiva during mastication.
When a rubber dam and the No. 212 cervical retainer have
been used for isolation, the retainer is removed using care to open
the jaws of the retainer wide enough to prevent damage to the
surface of the restoration. he rubber dam is removed and the
area is examined carefully to ensure that no amalgam particles
remain in the sulcus.
When a retraction cord is used for isolation, it may interfere
with carving any excess amalgam at the gingival margin. If so,
removal of the gross excess of amalgam is followed by careful removal
of the cord, followed by completion of the carving along the margin.

Finishing and Polishing of the Amalgam
If carving procedures were performed correctly, no inishing of
the restoration should be required. A slightly moistened cotton
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• Fig. 10.154 Carving and contouring the restoration. A, Begin the carving procedure by removing any
excess and locating the incisal margin. B and C, An explorer may be used to remove the excess and
locate the mesial and distal margins. D, Remove the excess and locate the gingival margin.

Clinical Technique for Cla VI
Amalgam Retoration

• Fig. 10.155

Incorrect use of a pointed stone at the gingival margin
results in the removal of cementum, notching of the tooth structure gingival
to the margin, or both.

pellet held in cotton pliers may be used to further smooth the
carved restoration. Additional inishing and polishing of amalgam
restorations may be necessary, however, to correct a marginal
discrepancy or to improve contour. Care is required when using
stones or any rotating cutting instruments on margins positioned
below the CEJ because of the possibility of removing cementum,
notching the tooth structure gingival to the margin, or both (Fig.
10.155). Fig. 10.156 illustrates reshaping a rubber abrasive point
to allow optimal access to the gingival portion of a Class V amalgam
restoration. A rubber abrasive cup may be preferred for inishing
convex surfaces, like Class V restorations, if used carefully.
One measure of clinical success of cervical amalgam restorations
is the length of time the restoration serves without failing (Fig.
10.157). Properly placed Class V amalgams have the potential to
be clinically acceptable for many years. Some cervical amalgam
restorations show evidence of failure, however, even after a short
period. Inattention to tooth preparation principles, improper
manipulation of the restorative material, and moisture contamination contribute to early failure. Extended service life of the restoration depends on the operator’s care in following accepted treatment
techniques and proper care by the patient. Any additional inishing
and polishing of the Class V amalgam should follow the approach
presented in General Concepts Guiding Restoration with Amalgam.

he Class VI tooth preparation is used to restore the incisal edge
of anterior teeth or the cusp tip regions of posterior teeth (see Fig.
10.26C). Such tooth preparations are frequently indicated where
attrition (loss of tooth substance from the occluding of food,
abrasives, and opposing teeth) has removed enamel to expose the
underlying dentin on those areas (Fig. 10.158). When the softer
dentin is exposed, it wears faster than the surrounding enamel,
resulting in “cupped-out” areas of the cusp tips. Intrinsic or extrinsic
erosion also may be contributing to the excessive loss of tooth
structure. Diagnostic steps, to identify the etiology of the tooth
structure loss, are indicated and may involve referral for evaluation
of potential gastroesophageal relux disease. As the dentin support
is lost, enamel begins to fracture away and more dentin is exposed,
which often causes sensitivity. Sensitivity to hot and cold is a
frequent complaint with Class VI lesions, and some patients are
bothered by food impaction in deeper depressions. Enamel edges
may become jagged and sharp to the tongue, lips, or cheek. Lip,
tongue, or cheek biting is occasionally a complaint. Rounding and
smoothing such incisoaxial (or occlusoaxial) edges is an excellent
service to the patient. Early recognition and restoration of these
lesions is recommended to limit the loss of dentin and the subsequent loss of enamel supported by this dentin.
he Class VI tooth preparation may be indicated to restore the
hypoplastic pit occasionally found on cusp tips (Fig. 10.159). Such
developmental faults are vulnerable to caries lesion formation,
especially in high-risk patients, and should be restored as soon as
they are detected.
Amalgam may be selected for posterior Class VI preparations
because of its wear resistance and longevity. Moisture control for
Class VI restorations is usually achieved with cotton roll isolation.
Class VI amalgam preparations may be accomplished with a small
tapered issure bur (e.g., No. 169 L or 271) and involves extension
to place the cavosurface margin on enamel that has sound dentin
support (see Fig. 10.158B). he preparation walls may need to
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C

B

A
• Fig. 10.156

Reshaping a rubber abrasive point against a mounted carborundum disk.

B

A

C

• Fig. 10.157 A, Six-year-old cervical amalgam restorations. B, After 16 years, some abrasion and
erosion are evident at the gingival margin of the lateral incisor and canine restorations. C, Twenty-year-old
cervical amalgam restorations.

b

a

A

B

• Fig. 10.158

Class VI preparation. A, Exposed dentin on the mesiofacial cusp. B, Tooth preparation necessary to restore the involved area.

diverge occlusally to ensure a 90-degree cavosurface margin. A
depth of 1.5 mm is suicient to provide bulk of material for
strength. Retention of the restoration is ensured by the creation
of small undercuts along the internal line angles similar to other
areas where secondary retention is indicated. Conservative tooth
preparation is particularly important with Class VI preparations
because it is easy to undermine the enamel on incisal edges and
cusp tips. he preparation should be cleaned, carefully inspected
as indicated in General Concepts Guiding Preparation for Amalgam
Restorations, and any inal modiications completed. Insertion,
carving, inishing, and polishing are similar to procedures described
in General Concepts Guiding Restoration with Amalgam.
Some older patients have excessive occlusal wear of most of
their teeth in the form of large concave areas with much exposed

• Fig. 10.159 Class VI lesions. Carious cusp tip fault on the irst premolar (a). Noncarious fault on the second premolar (b).
dentin. Teeth with excessive wear may require indirect restorations
or, at least, eforts to limit further loss of tooth structure.

Clinical Technique for Complex
Amalgam Retoration
Indication
Complex posterior restorations are indicated when tooth structure
is missing due to cusp fracture, severe caries lesion development,
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or when replacement of existing restorative material is necessary.
Complex amalgam preparations should be considered when large
amounts of tooth structure are missing, when one or more cusps
need to be covered, and when increased resistance and retention
forms are needed (Fig. 10.160).121 Complex amalgams may be
used as (1) deinitive (inal) restorations, (2) foundations, (3) control
restorations in teeth that have a questionable pulpal or periodontal
prognosis, or (4) control restorations in teeth with acute or severe
caries lesions. When determining the appropriateness of a complex
amalgam restoration, the factors discussed in the following sections
must be considered.

Resistance and Retention Forms
In a tooth with a severe caries lesion or existing restorative material,
any undermined enamel or weak tooth structure subject to fracture
must be removed and replaced. Usually a weakened tooth is best
restored with a properly designed indirect (usually cast) restoration
that prevents tooth fracture caused by mastication forces (see Online
Chapter 18). In selected cases, amalgam preparations that improve
the resistance form of a tooth may be designed (Fig. 10.161).
When conventional retention features are not adequate because
of insuicient remaining tooth structure, the retention form may
be enhanced by using auxiliary features such as slots and pins. he
type of retention features needed depend on the amount of tooth
structure remaining and the tooth being restored. As more tooth
structure is lost, more auxiliary retention is required. Slots and

• Fig. 10.160

Mesioocclusodistolingual (MODL) complex amalgam

tooth No. 3.

A
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pins provide additional resistance and retention form to the tooth
when remaining vertical walls are inadequate.

Status and Prognosis of the Tooth
A tooth with a severe caries lesion that may require endodontic
therapy or crown lengthening or that has an uncertain periodontal
prognosis often is treated initially with a control restoration. A
control restoration helps (1) protect the pulp from the oral cavity
(i.e., luids, thermal stresses, pH changes, bacteria), (2) provide
an anatomic contour that is consistent with gingival health, (3)
facilitate control of acidogenic bioilm and resultant caries risk,
and (4) provide some resistance against tooth fracture (or propagation of an existing fracture). (See Chapter 2 for caries-control
rationale and techniques.)
he status and prognosis of the tooth determine the size, number,
and placement of retention features. Larger restorations generally
require more retention. he size, number, and location of retention
features demand greater care in smaller teeth. Carelessness may
increase the risk of pulpal irritation or exposure.
Role of the Tooth in Overall Treatment Plan
he restorative treatment choice for a tooth is inluenced by its
role in the overall treatment plan. Although complex amalgam
restorations are used occasionally as an alternative to indirect restorations, particularly due to cost savings, they often are used as
foundations for full-coverage restorations. Abutment teeth for ixed
prostheses may use a complex restoration as a foundation (Fig.
10.162). Extensive caries or previous restorations on abutment

• Fig. 10.162 Mesioocclusodistofacial (MODF) amalgam foundation for
abutment tooth No. 15 in preparation for a 3 unit ixed partial denture.

B

• Fig. 10.161 Maxillary second premolar weakened by an extensive caries lesion and by the small
fracture line extending mesiodistally on the center of the excavated dentinal wall. A, Minikin pins placed
in the gingival loor improve resistance form after amalgam has been placed. B, Restorations polished.
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Reduced Cost
he complex amalgam restoration may be utilized to reinforce and
stabilize compromised posterior teeth at a much reduced cost to
the patient. It may serve as a deinitive inal restoration or an
intermediate-term restoration with a long-term goal of indirect,
more costly restoration and protection of the tooth.

Diadvantage
• Fig. 10.163

Mesioocclusodistolingual (MODL) complex amalgam

tooth #19.

teeth for removable prostheses generally indicate an indirect restoration for the resistance and retention forms and for development
of external surface contours for retention of the prosthesis. A tooth
may be treated with a complex direct restoration if adequate
resistance and retention forms are provided. For patients with
periodontal and orthodontic problems, the complex restoration
may be the restoration of choice until the inal phase of treatment,
when indirect restorations may be preferred.

Occlusion and Economics
Complex amalgam restorations are sometimes indicated as interim
restorations for teeth that require elaborate occlusal alterations,
ranging from vertical dimension changes to correcting occlusal
plane discrepancies. When cost of indirect restorations is a major
factor for the patient, the complex direct amalgam restoration may
be an appropriate treatment option, provided that adequate
resistance and retention forms are included (Fig. 10.163).122,123
Age and Health of Patient
For some older patients and/or those who are debilitated, complex
amalgam restoration may be the treatment preferred over the more
expensive and time-consuming indirect restoration.

Contraindication
he complex amalgam restoration may be contraindicated if the
tooth cannot be restored properly with direct restoration because
of anatomic or functional considerations (or both). he complex
amalgam restoration also may be contraindicated if the area to be
restored has esthetic importance for the patient.

Advantage
Conservation of Tooth Structure
he preparation for a complex amalgam restoration is usually more
conservative than the preparation for an indirect restoration.
Appointment Time
he complex restoration may be completed in one appointment.
An indirect restoration generally requires at least two appointments
unless it is done using a chairside computer-assisted design/
computer-assisted machining (CAD/CAM) system.
Resistance and Retention Forms
Amalgam restorations with cusp coverage signiicantly increase the
fracture resistance of weakened teeth compared with amalgam
restorations without cusp coverage.124 Resistance and retention
forms may be signiicantly increased by the use of slots and pins
(discussed in subsequent sections).

Tooth Anatomy
Proper contours and occlusal contacts and anatomy are sometimes
diicult to achieve with large, complex restorations.
Resistance Form
Resistance form is more diicult to develop with a complex amalgam
as compared to the preparation of a tooth for a cusp-covering
onlay (skirting axial line angles of the tooth [see Online Chapter
18]) or a full crown. he complex amalgam restoration does not
protect the tooth from fracture as efectively as a full-coverage
indirect restoration.

Tooth Preparation for Complex
Amalgam Retoration
In this section various types of Complex Amalgam preparation
procedures are discussed before the restoration technique is presented. Also the word “vertical” is used to describe tooth preparation
walls and other preparation aspects that are approximately parallel
to the long axis of the tooth. he word “horizontal” is used to
describe the walls and other aspects that are approximately perpendicular to the long axis of the tooth. Every efort should be
made to protect the pulp as early as possible when accomplishing
the procedures associated with complex amalgam restorations.

Preparation for Cusp Coverage Complex Amalgams
General concepts of initial tooth preparation presented in earlier
sections apply to the complex amalgam preparations described
here. When a caries lesion is extensive with resultant loss of dentin
necessary to support occlusally loaded areas of the tooth, reduction
of one or more of the cusps followed by coverage with amalgam
may be indicated. When the facial or lingual extension exceeds
two thirds the distance from a primary issure toward the cusp tip
(or when the faciolingual extension of the occlusal preparation
exceeds two thirds the distance between the facial and lingual cusp
tips), reduction of the cusp for coverage with amalgam usually is
required for the development of adequate resistance form (Fig.
10.164A; see also Fig. 4.13). For cusps prone to fracture, coverage
reduces the risk of fracture and extends the life of the restoration.125,126 Complex amalgam restorations that cover one or more
cusps have documented longevity of 72% after 15 years.123,127
he operator uses the bur to reduce the cusp, following the
mesiodistal inclines of the cusp; this results in a uniform reduction
(see Fig. 10.164B–E). If only one of two facial (or lingual) cusps
is to be covered, the cusp reduction should extend slightly beyond
the facial (or lingual) groove area, provide the correct amount of
tooth structure removal, and meet the adjacent, unreduced cusp
to create a 90-degree cavosurface margin. his approach results in
adequate thickness and edge strength of the amalgam (see Fig.
10.164F and G). Cusp reduction and coverage reduce the amount
of vertical preparation wall height and increase the need for the
use of secondary retention features (Fig. 10.165). An increased
retention form may be provided by proximal box retention grooves

CHAPTER 10 Clinical Technique for Amalgam Retoration

389

B

A

E

D

C

F

G

• Fig. 10.164

Covering the cusp with amalgam. A, Comparison of the mesial aspects of normally
extended (left) and extensive (right) mesioocclusodistal tooth preparation. The resistance form of the
mesiolingual cusp with extensive preparation is compromised and cusp coverage with amalgam is indicated. B, Preparing depth cuts. C, Depth cuts prepared. D, Reducing the cusp. E, Cusp reduced. F and
G, Final restoration.

• Fig. 10.165

A retention groove is associated with the remaining vertical wall of a cusp requiring reduction.

but may require the use of slots and/or pins (as described in
subsequent sections). If indicated, cusp reduction and coverage
increase the resistance form of the tooth.123,128
Reduction of the unsupported cusp should be accomplished
during the initial tooth preparation because it improves access and

visibility for subsequent steps. If the cusp to be reduced is located
at the correct occlusal height before preparation, depth cuts should
be made on the remaining occlusal surface of each cusp to be
covered, using the side of a carbide issure bur or a suitable diamond
instrument (see Fig. 10.164B). he depth cuts should be a minimum
of 2 mm for functional cusps and 1.5 mm for nonfunctional cusps.126
hese dimensions provide adequate strength for amalgam by preventing lexure of the restoration during loading. To reduce the cusp,
the dentist orients the bur parallel to the cuspal incline (lingual
incline for facial cusp reductions and facial inclines for lingual cusp
reduction) and makes several depth cuts in the cusp (to a depth of
1.5 or 2 mm as indicated). he depth cuts provide guides for the
correct amount of cusp reduction. Without depth cuts, after the
beginning reduction of the cusp, the operator may no longer know
how much more reduction is necessary. When using the restoration
to correct an occlusal relationship, if the unreduced cusp height is
located at less than the correct occlusal height, the depth cuts may
be less. Likewise, if the unreduced cusp height is located higher
than the correct occlusal height, the depth cuts may be deeper. he
goal is to ensure that the inal restoration has restored cusps with
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a minimal thickness of 2 mm of amalgam for functional cusps and
1.5 mm of amalgam for nonfunctional cusps (see Fig. 10.164C),
while developing an appropriate occlusal relationship. Using the
depth cuts as a guide, the reduction is completed to provide for a
uniform reduction of tooth structure (see Fig. 10.164D). he occlusal
contour of the reduced cusp should be similar to the normal contour
of the unreduced cusp. Any sharp internal corners of the tooth
preparation formed at the junction of prepared surfaces should be
rounded to reduce stress concentration in the amalgam and improve
its resistance to fracture from occlusal forces (see Fig. 10.164E).
When reducing only one of two facial or lingual cusps, the cusp
reduction should be extended just past the facial or lingual groove,
creating a vertical wall against the adjacent unreduced cusp. Fig.
10.164F and G illustrate a inal restoration.

Mandibular First Premolar
he lingual cusp of the mandibular irst premolar may need to be
reduced for coverage with amalgam if the lingual margin of the
occlusal step extends more than two thirds the distance from the
central issure to the cuspal eminence (Fig. 10.166). Special attention
is given to such cusp reduction because retention is severely
diminished when the cusp is overreduced resulting in elimination
of the lingual wall of the occlusal portion. Depth cuts of 1.5 mm
aid the operator in establishing the correct amount of cusp reduction
and in conserving a small portion of the lingual wall in the occlusal
step. It is acceptable when restoring diminutive nonfunctional
cusps, such as the lingual cusp of a mandibular irst premolar, to
reduce the cusp only 0.5 to 1 mm and restore the cusp to achieve
an amalgam thickness of 1.5 mm. his procedure conserves more
of the lingual wall of the isthmus for added retention form.
Maxillary First Molar
he procedure for reducing the distolingual cusp of a maxillary
irst molar for coverage is illustrated in Fig. 10.167. Extending
the facial or lingual wall of a proximal box to include the entire

A

B

cusp is accomplished (if necessary) to include weak or carious
tooth structure or existing restorative material. he lingual groove
may be extended arbitrarily to increase the retention form (see
Fig. 10.167B and C). When possible, opposing vertical walls should
be formed to converge occlusally, to enhance the primary retention
form (see Fig. 10.167C and D). he pulpal and gingival walls
should be relatively lat and perpendicular to the long axis of the
tooth. Secondary retention features may be indicated when the
divergence of proximal walls results in limited primary retention
form (see Fig. 10.167D). Mesial extension of the preparation into
the mesiolingual cusp should be enough to allow placement of
the distooblique and lingual groove within the amalgam restoration
(see Fig. 10.167E).

Mandibular First Molar
Reducing the distal cusp is an alternative to extending the entire
distofacial wall when the occlusal margin crosses the cuspal eminence
(Fig. 10.168A; compare with Fig. 10.83). A minimal reduction

• Fig. 10.166

Mandibular irst premolar with the lingual cusp reduced
for coverage with amalgam.

D

C

E

• Fig. 10.167 Reduction of the distolingual cusp of the maxillary molar. A, Cutting a depth gauge groove
with the side of the bur. B, Completed depth gauge groove. C and D, Completed cusp reduction.
E, Distoocclusolingual complex amalgam.

A

B

• Fig. 10.168 Mandibular irst molar. A, Reduction of the distal cusp is indicated when the occlusal
margin crosses the cuspal eminence. B, Distofacial view of the distal cusp shown in A before reduction
for coverage (left); the distal cusp after reduction (right). A reduction of 2 mm is necessary to provide for
minimal 2-mm thickness of amalgam.
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0.8 mm
1.0 mm
1.0 mm

Dentin slot
Coves

Coves

A

B
• Fig. 10.169 Slots. A and B, With a No. 330 bur, dentinal slots are prepared approximately 1 mm
deep and 0.5 to 1 mm inside the DEJ.

of 2 mm will allow a 2-mm thickness of amalgam over the reduced
cusp (see Fig. 10.168B). he cusp reduction should result in a
butt joint between the tooth structure and amalgam. When possible,
reducing and covering the distal cusp is more desirable than
extending the distofacial proximal margin because this conserves
tooth structure of the functional cusp, and the remaining portion
of the cusp helps in applying the matrix for the development of
proper distofacial embrasure form. he plane of the reduced cusp
should parallel the facial (or lingual) outline of the unreduced
cusp mesiodistally and the cuspal incline emanating from the central
groove faciolingually.

Tooth Preparation for Slot-Retained
Amalgam Retoration
When loss of vertical coronal height is approximately 2 to 4 mm,
then use of slots, in horizontal areas where no vertical walls remain,
may be indicated to gain secondary retention form for the complex
amalgam restoration (Figs. 10.169, 10.170, and 10.171). A slot
is a horizontal retention groove in dentin (see Fig. 10.169). Slots
are placed in the gingival loor of a preparation with a No. 330
bur (see Fig. 10.169B, inset). In general, slots should be about
1 mm wide and 1 mm deep, should be placed in the line-angle
areas of the tooth, should be 2 to 4 mm in length (depending on
the distance between remaining vertical walls), and be positioned
0.5 to 1 mm inside the DEJ. In general, one slot per missing axial
line angle should be used. Increasing the width and depth of the
slot does not increase the retentive strength of the amalgam restoration.129 Slot length depends on the extent of the tooth preparation.
A slot may be continuous or segmented, depending on the amount
of missing tooth structure and whether pin retention is being
planned (see subsequent sections). Shorter slots provide as much
resistance to horizontal force as do longer slots.130 Preparations
with shorter slots fail less frequently than do preparations with
longer slots.130 Slot design should be such that it is independently
retentive as a singular feature (the internal walls of the slot should
be convergent) (see Fig. 10.169B, inset). In addition, the walls of
the slot should work together with other vertical walls to create

Cove

• Fig. 10.170

Coves prepared in dentin with No.

1
4

bur, where

appropriate.

• Fig. 10.171

Vertical grooves prepared in dentin with a No.
or No. 169L bur, where appropriate.

1
4

round
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an overall convergence of the preparation so as to enhance retention
of the restoration.
In addition to any slot placement, retention grooves and coves
may be utilized in association with remaining vertical walls (Figs.
10.172 and 10.173). Coves and retention grooves should be prepared
when possible. Coves are prepared in a horizontal plane, and grooves
are prepared in a vertical plane.
Coves also may be used in preparations using slots (see Fig.
10.169). Proximal retention grooves, as described for wide Class
II preparations, also are placed in the proximal box and in other
locations where suicient vertical tooth preparation permits (see
Figs. 10.165 and 10.171).

is an important adjunct in the restoration of teeth with extensive
caries lesions or fractures.132 Amalgam restorations including pins
have signiicantly greater retention compared with restorations
using boxes only or restorations relying solely on bonding systems.133
However, caution is indicated when using pins. Preparing pinholes
and placing pins may create craze lines or fractures and internal
stresses in dentin.134-136 Such craze lines and internal stress areas
may have little or no clinical signiicance, but they may be important
when minimal dentin is present. Preparation steps for pin retention
have increased risk of penetrating into the pulp or perforating the
external tooth surface. he use of pins decreases the tensile and
horizontal strength of associated amalgam restorations.137,138

Tooth Preparation for Pin-Retained
Amalgam Retoration

Types of Parapulpal Retention Pins
he most frequently used type of parapulpal pin is the self-threading
pin. he pin-retained amalgam restoration using self-threading
pins originally was described by Going in 1966.139 Friction-locked
and cemented pins, although still available, are rarely used (Fig.
10.174). The diameter of the prepared pinhole is 0.0381 to
0.1016 mm smaller than the diameter of the pin (Table 10.1).
he threads engage dentin as the pin is inserted, thus retaining
the pin. he elasticity (resiliency) of dentin permits insertion of
a threaded pin into a hole of smaller diameter.140 Although the
threads of self-threading pins do not engage dentin for their entire
width, self-threading pins are the most retentive of the three types
of pins (Fig. 10.175), being three to six times more retentive than
cemented pins.141-143

When severe carious destruction or cusp fracture has resulted in
the loss of 4 mm or more of vertical coronal height, consideration
should be given to the use of a parapulpal retention pin to regain
some of the lost vertical height. A pin-retained amalgam (also
referred to as a “pin-amalgam”) is deined as any restoration requiring
the placement of one or more pins in dentin to provide adequate
resistance and retention forms. Pins are used whenever adequate
resistance and retention forms are not able to be established with
slots, grooves, or undercuts only.131 Pins placed into prepared
pinholes (also referred to as pin channels) are used to provide
auxiliary resistance and retention forms. he pin-retained amalgam

3.0 mm

C

A

B

B

• Fig. 10.172

2.0 mm

2.0 mm

C

2.0 mm

3.0 mm

A

3.0 mm

B

• Fig. 10.174
Groove (A), slots (B), and coves (C).

A
• Fig. 10.173

C

Three types of pins. A, Cemented. B, Friction locked.
C, Self-threading.

B

Placement of retention grooves. A, Position of No. 169L bur to prepare the retention
groove. B, Groove prepared with No. 14 bur.
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Vertical and horizontal stresses, potentially resulting in craze
lines (cracks), are generated in dentin when a self-threading pin
is inserted. Craze lines in dentin are related to the size of the pin.
he insertion of 0.787-mm self-threading pins produces more
dentinal craze lines than does the insertion of 0.533-mm selfthreading pins.144 Some evidence suggests, however, that selfthreading pins may not cause dentinal crazing.140 Pulpal stress is
maximal when the self-threading pin is inserted perpendicular to
the pulp.145 he depth of the pinhole varies from 1.3 to 2 mm,
depending on the diameter of the pin used.146 Recommended
pinhole depth is generally accepted to be 2 mm.
Several styles of self-threading pins are available. he hread
Mate System (TMS) (Coltène/Whaledent Inc., Cuyahoga, Ohio)
is the most widely used self-threading pin system because of its
(1) versatility, (2) wide range of pin sizes, (3) color-coding system,
and (4) greater retentiveness.147,148 TMS pins are available in goldplated stainless steel or in titanium. Titanium alloy pins (Max
Restorative Pins, Coltène/Whaledent Inc.) are also available.

Factors Afecting Retention of the Pin in Dentin
and Amalgam
Type

With regard to the retentiveness of the pin in dentin, the selfthreading pin is the most retentive, the friction-locked pin is
intermediate, and the cemented pin is the least retentive.141
Surface Characteritic

he number and depth of the elevations (serrations or threads)
on the pin inluence the retention of the pin in the amalgam
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restoration. he shape of the self-threading pin results in the greatest
retention of amalgam.
Orientation, Number, and Diameter

Placing pins in a nonparallel manner increases their ability to
retain the restoration; however, bending pins to improve their
retention in amalgam is not advised as the bends may interfere
with adequate condensation of amalgam around the pin and decrease
amalgam retention. In addition, bending also may weaken the pin
and risk fracture of the adjacent dentin. Pins should be bent only
to provide for an adequate amount of amalgam (approximately
1 mm) between the pin and the external surface of the inished
restoration (on its lateral surface). Only the manufacturer’s speciic
bending tool should be used to bend a pin, not other hand instruments (see subsequent section, Pin Insertion).
In general, increasing the number of pins increases their retention
in dentin and amalgam. However, the potential beneit of increasing
the number of pins must be compared with the potential problems.
As the number of pins increases, (1) the crazing of dentin and the
potential for fracture increase, (2) the amount of available dentin
between the pins decreases, and (3) the strength of the amalgam
restoration decreases.149,150 Also, as the diameter of the pin increases,
retention in dentin and amalgam generally increases. As the number,
depth, and diameter of pins increase, the danger of perforating
into the pulp or the external tooth surface increases. Numerous
long pins also may severely compromise the condensation of
amalgam and its adaptation to the pins. A pin technique (i.e., a
balance between pin orientation, size, and number) that permits
optimal retention with minimal danger to the remaining tooth
structure should be used.151
Extenion Into Dentin and Amalgam

Self-threading pin extension into dentin and amalgam should be
approximately 1.5 to 2 mm to preserve the strength of dentin and
amalgam.141 Extension greater than this is unnecessary for pin
retention and is contraindicated.

Restorative
material

Pin Placement Factors and Techniques

Dentin

Pin Size

• Fig. 10.175

The complete width of the threads of self-threading pins
does not engage dentin.

TABLE 10.1

Four sizes of TMS pins are available (Fig. 10.176), each with a
corresponding color-coded drill (see Table 10.1). Familiarity with
drill sizes and their corresponding colors is necessary to ensure
that a proper-sized pinhole is prepared for the desired pin. It is

The Thread Mate System (TMS) Pins

Name

Illustration (Not to
Scale)

Color Code

Pin Diameter
(inches/mm)*

Drill Diameter
(inches/mm)*

Total Pin Length
(mm)

Pin Length Extending
From Dentin (mm)

Regular (standard)

Gold

0.031/0.78

0.027/0.68

7.1

5.1

Regular (self-shearing)

Gold

0.031/0.78

0.027/0.68

8.2

3.2

Regular (two-in-one)

Gold

0.031/0.78

0.027/0.68

9.5

2.8

Minim (standard)

Silver

0.024/0.61

0.021/0.53

6.7

4.7

Minim (two-in-one)

Silver

0.024/0.61

0.021/0.53

9.5

2.8

Minikin (self-shearing)

Red

0.019/0.48

0.017/0.43

7.1

1.5

Minuta (self-shearing)

Pink

0.015/0.38

0.0135/0.34

6.2

1

*1 mm = 0.03937 inch.
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diicult to specify a particular size of pin that is always appropriate
for a particular tooth. Two determining factors for selecting the
appropriate-sized pin are 1) the amount of dentin available to
safely receive the pin and 2) the amount of retention desired. In
the TMS system, the pins of choice for severely involved posterior
teeth are the Minikin (0.48 mm) and, occasionally, the Minim
(0.61 mm). he Minikin pins usually are selected to reduce the
risk of dentin crazing, pulpal penetration, and root-surface perforation. he Minim pins usually are used as a backup in case the
pinhole for the Minikin is overprepared or the pin threads strip
dentin during placement resulting in a lack of Minikin pin retention
in the dentin.
Larger diameter pins have the greatest retention.152 For example,
the Minuta (0.38 mm) pin is approximately half as retentive as
the Minikin and one third as retentive as the Minim pin.147,148
he Minuta is usually too small to provide adequate retention in
posterior teeth. he Regular (0.78 mm) or largest diameter pin is
rarely used because a signiicant amount of crazing in the tooth
(dentin and enamel) may be created during its insertion.144,153 Of
the four types of pins, the Regular pin is associated with the highest
incidence of dentinal crack communication with the pulp
chamber.136
Number of Pin

Factors to be considered when deciding how many pins are required
include (1) the amount of missing tooth structure, (2) the amount
of dentin available to safely receive the pins, (3) the amount of
retention required, and (4) the size of the pins. As a general rule,
one pin per missing axial line angle should be used. he fewest
pins possible should be used to achieve the desired retention for
a given restoration. Although the retention of the restoration
increases as the number of pins increases, an excessive number of
pins may fracture the tooth and signiicantly weaken the amalgam
restoration.

Pinhole Location

Factors that aid in determining the pinhole locations include (1)
knowledge of normal pulp anatomy and external tooth contours,
(2) a current radiograph of the tooth, (3) a periodontal probe,
and (4) the patient’s age. Although the radiograph is only a twodimensional image of the tooth, it may give an indication of the
position of the pulp chamber and the contour of the mesial and
distal surfaces of the tooth. Consideration also must be given to
the placement of pins in areas where the greatest bulk of amalgam
will occur so as to compensate (through the reinforcing tendency
of the amalgam restoration) for the weakening efect of the pins
on the tooth structure.154 Areas of occlusal contacts on the restoration
must be anticipated because a pin oriented vertically and positioned
directly below an occlusal contact point weakens amalgam signiicantly.155 Occlusal clearance should be suicient to provide 2 mm
of amalgam over the pin.156,157
Several attempts have been made to identify the ideal location
of the pinhole.135,144,158,159 he following principles of pin placement
are recommended. In the cervical third of molars and premolars
(where most pins are located), pinholes should be located near the
line angles of the tooth except as described later.151,160 he pinhole
should be positioned no closer than 0.5 to 1 mm to the DEJ or
no closer than 1 to 1.5 mm to the external surface of the tooth,
whichever distance is greater (Fig. 10.177). Before the inal decision
is made about the location of the pinhole, the operator should
probe the gingival crevice carefully to determine if any abnormal
contours exist that would predispose the tooth to an external
perforation. he pinhole should be parallel to the adjacent external
surface of the tooth.
he position of a pinhole must not result in the pin being so
close to a vertical wall of tooth structure that condensation of
amalgam against the pin or wall is jeopardized (Fig. 10.178A). It
may be necessary to irst prepare a recess in the vertical wall with
the No. 245 bur to permit proper pinhole preparation and to

Color code
for drill
Gold

A

B

Silver

Red

C

D

Pink

• Fig. 10.176 Four sizes of the Thread Mate System (TMS) pins. A, Regular (0.78 mm). B, Minim
(0.61 mm). C, Minikin (0.48 mm). D, Minuta (0.38 mm).
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provide a minimum 0.5-mm clearance around the circumference
of the pin for adequate condensation of amalgam (see Fig. 10.178B
and C).161 If necessary, after a pin is inappropriately placed, the
operator should provide clearance around the pin to provide
suicient space for the smallest condenser nib to ensure that
amalgam is condensed adequately around the pin. A No. 169L
bur may be used, taking care not to damage or weaken the pin.
Pinholes should be prepared on a lat surface that is perpendicular
to the proposed direction of the pinhole. his will help prevent
the drill tip from slipping or “crawling” and will allow a depthlimiting drill (discussed later) to prepare the pinhole as deeply as
intended (Fig. 10.179).
Whenever three or more pinholes are placed, they should be
located at diferent vertical levels on the tooth, if possible; this
reduces stresses resulting from pin placement in the same horizontal
plane of the tooth. Spacing between pins, or the interpin distance,
must be considered when two or more pinholes are prepared. he
optimal interpin distance depends on the size of pin to be used.
he minimal interpin distance is 3 mm for the Minikin pin and
5 mm for the Minim pin.160 Maximal interpin distance results
in lower levels of stress in dentin.162
Several posterior teeth have anatomic features that may preclude
safe pinhole placement. Fluted and furcal areas should be avoided.160
External perforation may result from pinhole placement (1) over
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the prominent mesial concavity of the maxillary irst premolar;
(2) at the midlingual and midfacial bifurcations of the mandibular
irst and second molars; and (3) at the midfacial, midmesial, and
middistal furcations of the maxillary irst and second molars. Pulpal
penetration may result from pin placement at the mesiofacial corner
of the maxillary first molar and the mandibular first molar.
Mandibular posterior teeth (with their lingual crown tilt), teeth
that are rotated in the arch, and teeth that are abnormally tilted
in the arch warrant careful attention before and during pinhole
placement. When possible, the location of pinholes on the distal
surface of mandibular molars and lingual surface of maxillary molars
should be avoided. Obtaining the proper direction for preparing
a pinhole in these locations is diicult because of the abrupt laring
of the roots just apical to the CEJ (Fig. 10.180). If the pinhole is
placed parallel to the external surface of the tooth crown in these

2.0 mm
2.0 mm

B
1.5 mm

A
1 mm

• Fig. 10.177

Pinhole position. A, Position relative to the DEJ. B, Position relative to external tooth surface.

A

B
• Fig. 10.178

• Fig. 10.179 Use of a depth-limiting drill to prepare a pinhole in the
surface that is not perpendicular to the direction of the pinhole results in
a pinhole of inadequate depth.

C

A, Pin placed too close to the vertical wall such that adequate condensation of amalgam
is jeopardized. B and C, Recessed area prepared in the vertical wall of the mandibular molar with a
No. 245 bur to provide adequate space for amalgam condensation around the pin.
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areas, penetration into the pulp is likely.160 For mandibular second
molars that are severely tilted mesially, care must be exercised to
orient the drill properly to prevent external perforation on the
mesial surface and pulpal penetration on the distal surface (Fig.
10.181). Because of limited interarch space, it is sometimes diicult
to orient the twist drill (see subsequent section, Pinhole Preparation)
correctly when placing pinholes at the distofacial or distolingual
line angles of the mandibular second and third molars (Fig. 10.182).
When the pinhole locations have been determined, a No. 1 4
round bur is irst used to prepare a pilot hole (dimple) approximately
one half the diameter of the bur at each location (Fig. 10.183).
he purpose of this pilot hole is to permit more accurate placement
of the twist drill and to prevent the twist drill from moving laterally
(i.e., “crawling”) when it has begun to rotate.

Pinhole Preparation

he KODEX drill (a twist drill provided in the TMS system)
should be used for preparing pinholes (Fig. 10.184). he aluminum
shank of this drill, which acts as a heat absorber, is color coded
to allow ready matching with the appropriate pin size (Table 10.2;
see also Table 10.1). he drill shanks for the Minuta and Minikin
pins are tapered to provide a built-in “wobble” when placed in a
latch-type contra-angle handpiece. his wobble allows the drill to
be “free loating” and to align itself as the pinhole is prepared.
his feature minimizes the potential for dentinal crazing or the
breakage of small drills.
Because the optimal depth of the pinhole into the dentin is
2 mm (only 1.5 mm for the Minikin pin), a depth-limiting drill
should be used to prepare the hole (see Fig. 10.184). his type of
drill is able to prepare the pinhole to the correct depth only when
used on a lat surface that is perpendicular to the drill (see Fig.
10.178C; contrast with Fig. 10.179). When the location for starting
a pinhole is not perpendicular to the desired pinhole direction,
the location area should be lattened or the standard twist drill
should be used (see Fig. 10.184). he standard twist drill has
blades that are 4 to 5 mm in length, which would allow preparation
of a pinhole with an efective depth. Creation of a lat area and
use of the depth-limiting drill provide for a more predictable
outcome and are recommended.
he technique of creating a properly aligned pinhole is as follows:
(1) A pilot hole (dimple) is placed in the horizontal dentin surface
to receive the pin; (2) the correct size twist drill (based on the pin
size) is placed in a latch-type contra-angle handpiece; (3) the twist
drill is placed in the gingival crevice beside the location for the
pinhole and positioned such that it lies lat against the external
surface of the tooth; (4) without changing the angulation obtained
from the gingival crevice position, the handpiece is moved occlusally
and the drill placed in the previously prepared pilot hole (Fig.
10.185A); (5) the drill is then viewed from a 90-degree angle to
the previous viewing position to ascertain that the drill also is
angled correctly in this plane (see Fig. 10.185B); (6) with the drill
tip in its proper position and with the handpiece rotating at very
low speed (300–500 rpm), pressure is applied to the drill until
the depth-limiting portion of the drill is reached (see Fig. 10.185C
and D); (7) the pinhole is prepared in one or two movements
without allowing the drill to stop rotating. While still rotating, the
drill is immediately removed from the pinhole.

A

B
• Fig. 10.180

Distal laring of the mandibular molar (A) and palatal root
laring of the maxillary molar (B). Root angulation should be considered
before pinhole placement.

A

B
• Fig. 10.181 Care must be exercised when preparing pinholes in mesially tilted molars to prevent
external perforation on mesial surface (A) and pulpal penetration on the distal surface (B).
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TABLE 10.2

Name
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The Thread Mate System (TMS) Link Series and Link Plus Pins
Illustration (Not to
Scale)

Color Code

Pin Diameter
(Inches/mm)*

Drill Diameter
(Inches/mm)*

Pin Length Extending
from Sleeve (mm)

Pin Length Extending
From Dentin (mm)

Link Series
Regular

Gold

0.031/0.78

0.027/0.68

5.5

3.2 (single shear)

Regular

Gold

0.031/0.78

0.027/0.68

7.8

2.6 (double shear)

Minim

Silver

0.024/0.61

0.021/0.53

5.4

3.2 (single shear)

Minim

Silver

0.024/0.61

0.021/0.53

7.6

2.6 (double shear)

Minikin

Red

0.019/0.48

0.017/0.43

6.9

1.5 (single shear)

Minuta

Pink

0.015/0.38

0.0135/0.34

6.3

1 (single shear)

Silver

0.024/0.61

0.021/0.53

10.8

Link Plus
Minim

2.7 (double shear)

*1 mm = 0.03937 inch.

• Fig. 10.182 When placing pinholes in molars and interarch space is limited, care must be exercised
to prevent external perforation on distal surface.

• Fig. 10.183

Pilot hole (dimple) prepared with a No.

1
4

bur.

Incorrect angulation of the drill may result in pulpal exposure
or external perforation. If the proximity of an adjacent tooth
interferes with placement of the drill into the gingival crevice, a
lat, thin-bladed hand instrument is placed into the crevice and
against the external surface of the tooth to indicate the proper
angulation for the drill.163 Using more than one or two movements,
tilting the handpiece during the drilling procedure, or allowing
the drill to rotate more than briely at the bottom of the pinhole
will result in a pinhole that is too large. he twist drill should
never stop rotating (from insertion to removal from the pinhole)
so as to limit the potential for binding and/or breakage while
creating the pinhole.
Dull twist drills used to prepare pinholes may cause increased
frictional heat and cracks in the dentin. Standlee et al. showed
that a twist drill becomes too dull for use after cutting 20 pinholes
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A

B
• Fig. 10.184 A, Two types of KODEX twist drills: standard (a) and depth limiting (b). B, Drills enlarged:
standard (a) and depth limiting (b).

A

B

C

D

• Fig. 10.185 Determining the angulation for the twist drill. A, Drill placed in the gingival crevice, positioned lat against the tooth, and moved occlusally into position without changing the angulation obtained.
B, A repeated while viewing the drill from position 90 degrees left or right of that viewed in A. C and D,
With twist drill at correct angulation, the pinhole is prepared in one or two thrusts until the depth-limiting
portion of drill is reached and then removed while still rotating.
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or less, and the signal for discarding the drill is the need for
increased pressure on the handpiece.164 Using a drill when its
self-limiting shank shoulder has become rounded is contraindicated
(Fig. 10.186). A worn and rounded shoulder may not properly
limit pinhole depth and may permit pins to be placed too deeply.
Pin Deign

Several designs are available for each of the four sizes of TMS
self-threading pins: standard, self-shearing, two-in-one, Link Series,
and Link Plus (Fig. 10.187). he Link Series pin is free loating
in a plastic sleeve, which allows self-alignment as it is threaded
into the pinhole (Fig. 10.188). When the pin reaches the bottom
of the hole, the pin shears of at a machined narrow area, leaving
a length of pin extending from dentin. he plastic sleeve is then
discarded. he Minuta, Minikin, Minim, and Regular pins are
available in the Link Series. Link Series pins are recommended
because of their versatility, self-aligning ability, and
retentiveness.147
Link Plus self-threading pins are also self-shearing and are
available as single and two-in-one pins contained in color-coded
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plastic sleeves (Fig. 10.189). his design has a sharper thread, a
shoulder stop at 2 mm, and a tapered tip to it the bottom of the
pinhole more readily as prepared by the twist drill. It also provides
a 2.7-mm length of pin to extend out of dentin, which usually
needs to be shortened with the use of a handpiece bur. heoretically,
and as suggested by Standlee et al., these innovations should reduce
the stress created in the surrounding dentin as the pin is inserted
and reduce the apical stress at the bottom of the pinhole.164 Kelsey
et al. reported that the two-in-one Link Plus irst and second pins
seat completely into the pinhole before shearing.165
he self-shearing pin has a total length that varies according
to the diameter of the pin (see Table 10.1). It also consists of a
lattened head to engage the hand wrench or the appropriate
handpiece chuck for threading into the pinhole. When the pin
approaches the bottom of the pinhole and begins to bind, the
head of the pin shears of leaving a length of pin extending from
dentin.

• Fig. 10.188

Cross-sectional view of Link Series pin.

2.7 mm 2 mm

• Fig. 10.186

Minikin self-limiting drill with worn shank shoulder (left)
compared with a new drill with an unworn shoulder (right).

Plastic sleeve

• Fig. 10.189

Pin No. 2
Link Plus pin.

A

B
C

D

E

• Fig. 10.187 Five designs of the Thread Mate System (TMS) pins. A, Standard. B, Self-shearing.
C, Two-in-one. D, Link Series. E, Link Plus.

Pin No. 1
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he two-in-one pin is actually two pins in one, with each one
being shorter than the standard pin. The two-in-one pin is
approximately 9.5 mm in length and has a lattened head to aid
in its insertion. When the pin reaches the bottom of the pinhole,
it shears approximately in half, leaving a length of pin extending
from dentin with the other half remaining in the hand wrench or
the handpiece chuck. his second pin may be positioned in another
pinhole and threaded to place in the same manner as the standard
pin. he designs available with each size of pin are shown in Tables
10.1 and 10.2.
Selection of a particular pin design is inluenced by the size of
the pin being used, the amount of interarch space available, and
operator preference. With minimal interarch space, the two-in-one
design may be undesirable because of its length. It has been reported
that 93% of Link Series and Link Plus two-in-one pins extended
to the optimal depth of 2 mm.166-169 Even so, both the two-in-one
pin and the self-shearing pin may occasionally fail to reach the
bottom of the pinhole.

rotated one quarter to one half turn counterclockwise to reduce
the dentinal stress created by the end of the pin that is pressing
on dentin at the bottom of the pinhole.170 he hand wrench should
be removed from the pin carefully. If the hand wrench is used
without rubber dam isolation, a gauze throat shield must be in
place, and a strand of dental loss, approximately 30 to 38 cm in
length, should be tied securely to the end of the wrench (Fig.
10.193) to prevent accidental swallowing or aspiration by the
patient.
he lengths of the pins are evaluated after placement (see Fig.
10.191C). Any length of pin greater than 2 mm should be removed.
A sharp No. 1 4 , No. 1 2 , or No. 169L or 245 bur, at high speed
and oriented perpendicular to the pin, may be used to remove the
excess length (Fig. 10.194A). If oriented otherwise, the rotation

Pin Inertion

he TMS utilizes hand wrenches to place the self-threading pins
(Figs. 10.190A–C and 10.191A). Link Series and Link Plus pins
are contained in color-coded plastic sleeves that it a latch-type
contra-angle handpiece or a specially designed plastic hand wrench
(see Fig. 10.190D). In addition, handpiece chucks are available
(Fig. 10.192). he results of studies are conlicting as to which
method of pin insertion produces the best results. he latch-type
handpiece is recommended for the insertion of the Link Series
and the Link Plus pins. he hand wrench is recommended for the
insertion of standard pins.
When using the latch-type handpiece, a Link Series or a Link
Plus pin is inserted into the handpiece and positioned over the
pinhole. he handpiece is activated at low speed until the plastic
sleeve shears from the pin. he pin sleeve is then discarded. For
low-speed handpieces with a low gear, the low gear should be used.
Using the low gear increases the torque and increases the tactile
sense of the operator. It also reduces the risk of stripping the
threads in dentin during pin insertion.
A standard pin is placed in the appropriate hand wrench (see
Fig. 10.191A) and slowly threaded clockwise into the pinhole until
a deinite resistance (indicating the pin has reached the bottom of
the pin hole) is felt (see Fig. 10.191B). he pin should then be

A

B
• Fig. 10.191

A

B

C

D
• Fig. 10.190 Hand wrenches for the Thread Mate System (TMS) pins.
A, Regular and Minikin. B, Minim. C, Minuta. D, Link Series and Link Plus.

C

A, Use of a hand wrench to place a pin. B, Threading the pin to the bottom of the pinhole
and reversing the wrench one quarter to one half turn. C, Evaluating the length of the pin extending from
dentin.
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of the bur may loosen the pin by rotating it counterclockwise and
unthreading it out of the pinhole. During removal of excess pin
length, the assistant may apply a steady stream of air to the pin
and have the high-volume evacuator tip positioned to remove the
pin segment. Also, during removal of excess pin length, the pin
may be stabilized with a small hemostat or cotton pliers. After
placement, the pin should be tight, immobile, and not easily
withdrawn. Every pin must be assessed with cotton pliers for stability
immediately after placement.
he preparation is viewed from all directions with a mirror
(particularly from the occlusal direction) to determine if any pins
need to be bent so as to be positioned within the anticipated

A
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contour of the inal restoration such that there will be adequate
bulk of amalgam between the pin and the external surface of the
inal restoration (see Fig. 10.194B and C). When pins require
bending, the TMS bending tool (Fig. 10.195A) must be used. he
bending tool should be placed on the pin where the pin is to be
bent, and with irm controlled pressure, the bending tool should
be rotated until the desired amount of bend is achieved (see Fig.
10.195B–D). Use of the bending tool allows placement of the
fulcrum at some point along the length of the exposed pin. Other
instruments should not be used to bend a pin because the location
of the fulcrum would be at the oriice of the pinhole (i.e., the
surface of the dentin). Force placed at this area may cause crazing
or fracture of dentin, and the abrupt or sharp bend that usually
results increases the chances of breaking the pin (Fig. 10.196).
Also the operator has less control when pressure is applied with a
hand instrument, and the risk of slipping is increased. Pins should
only be bent if absolutely necessary, never simply to make them
parallel or based on a notion that bending them will increase their
relative retentiveness.

Possible Problems With Pins
Failure of Pin-Retained Retoration

B
• Fig. 10.192

Handpiece chucks for the Thread Mate System (TMS)
regular self-shearing and Minikin pins (A) and TMS Minuta pins (B).

A

he failure of pin-retained restorations might occur at any of ive
diferent locations (Fig. 10.197). Failure may occur (1) within the
restoration (restoration fracture), (2) at the interface between the
pin and the restorative material (pin–restoration separation), (3)
within the pin (pin fracture), (4) at the interface between the pin

B

• Fig. 10.193 Precautions to be taken if a rubber dam is not used. A, Gauze throat shield. B, Hand
wrench with 30 to 38 cm of dental tape attached.

A

B

C

• Fig. 10.194 A, Use of sharp No.
bur held perpendicular to the pin to shorten the pin. B and
C, Evaluating the preparation to determine the need for bending the pins.
1
4
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A

B

D

C
• Fig. 10.195

A, The Thread Mate System (TMS) bending tool. B, Use of the bending tool to bend the
pin. C and D, The pin is bent to a position that provides adequate bulk of amalgam between the pin and
the external surface of the inal restoration.

Chipped
dentin

Sharp bend

Incorrect

A

B

Incorrect

C

• Fig. 10.196 A, A Black spoon excavator or other hand instrument should not be used to bend the
pin. B and C, Use of hand instruments may create a sharp bend in the pin and fracture dentin.
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Restorative material

Restorative material
a
b

c

d

e

Dentin

Dentin

• Fig. 10.197 Five possible locations of failure of pin-retained restorations: fracture of restorative material (a), separation of pin from restorative
material (b), fracture of pin (c), separation of pin from dentin (d), fracture
of dentin (e).

and dentin, and (5) within dentin (dentin fracture). Failure is
more likely to occur at the pin–dentin interface than at the
pin–restoration interface. he operator must keep these areas of
potential failure in mind at all times and apply necessary principles
to reduce failure risk.
Broken Drill and Broken Pin

Occasionally, a twist drill breaks if it is stressed laterally or allowed
to stop rotating before it is removed from the pinhole. Use of a
sharp twist drill helps to limit the possibility of drill breakage.
Pins also may break during bending if care is not exercised. he
treatment for broken drills and broken pins is to choose an alternative location, at least 1.5 mm remote from the broken item, and
prepare another pinhole and place another pin. Removal of a
broken pin or drill is diicult, if not impossible, and usually should
not be attempted.
Looe Pin

Self-threading pins sometimes do not engage dentin properly because
the pinhole was inadvertently prepared too large or a self-shearing
pin failed to shear, resulting in stripped-out dentin. he pin should
be removed from the tooth and the pinhole re-prepared with the
next largest size drill, and the appropriate pin should be inserted.
Preparing another pinhole of the same size as the original, 1.5 mm
from the original pinhole, also is acceptable.
As described earlier, a properly placed pin may be loosened
while being shortened with a bur, if the bur is not held perpendicularly to the pin and the pin stabilized. A loose pin may be
removed from the pinhole by holding a rotating bur parallel to
the pin and lightly contacting the surface of the pin; this causes
the pin to rotate counterclockwise out of the pinhole. A second
attempt should be made with the same-size pin. If the second
pin fails to irmly engage the dentin, a larger hole is prepared,
and the appropriate pin is inserted. Preparing another pinhole of
the same size 1.5 mm from the original pinhole also is
acceptable.
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Penetration Into the Pulp and Perforation of the External
Tooth Surface

Penetration into the pulp or perforation of the external surface of
the tooth is obvious if hemorrhage occurs in the pinhole after
removal of the drill. Usually the operator is able to perceive when
pulp penetration or root perforation has occurred by an abrupt
loss of resistance of the drill to hand pressure. Also if a standard
or Link Series pin continues to thread into the tooth beyond the
2-mm depth of the pinhole, this is an indication of a penetration
or perforation. A pulpal penetration might be suspected if the
patient is anesthetized and has sudden sensitivity when the pinhole
is being completed or the pin is being placed. However, if the
patient still has profound pulpal anesthesia, pulpal penetration of
the pinhole or pin may not be perceived.
Pulpal penetration is treated as any other small mechanical
exposure if the tooth has been asymptomatic. When preparation
of the pinhole causes a pulp exposure, any hemorrhage is controlled.
A calcium hydroxide liner is placed over the opening of the pinhole,
and another hole is prepared 1.5 mm away. If the exposure is
discovered as the pin is being placed, the pin is removed and the
area of pulp penetration treated as described. Although certain
studies have shown that the pulp tolerates pin penetration when
the pin is placed in a relatively sterile environment, it is not recommended that pins be left in place when a pulpal penetration has
occurred.157,171 If the pin were left in the pulp, (1) the depth of
the pin into pulpal tissue would be diicult to determine, (2)
considerable postoperative sensitivity might ensue, and (3) the pin
location might complicate subsequent endodontic therapy. Regardless of the method of treatment rendered, the patient must be
informed of the pulpal penetration or root perforation at the
completion of the appointment. he afected tooth should be
evaluated periodically using appropriate diagnostic tests including
radiographs. he patient should be instructed to inform the dentist
if any discomfort develops.
Because most teeth receiving pins have had extensive caries,
restorations, or both, the health of the pulp is likely compromised.
he ideal treatment of a pulpal penetration for such a compromised
tooth generally is endodontic therapy. Furthermore, endodontic
treatment should be strongly considered when such a tooth is to
receive an indirect restoration.
An external perforation might be suspected if an unanesthetized
patient senses pain when a pinhole is being prepared or a pin is
being placed in a tooth that has had endodontic therapy. Observation
of the angulation of the twist drill or the pin may help in the
determination of whether a pulpal penetration or external perforation has occurred. Perforation of the external surface of the tooth
may occur occlusal or apical to the gingival attachment. Careful
probing and radiographic examination must be used to accurately
diagnose the location of a perforation. he method of treatment
for a perforation often depends on the experience of the operator
and the particular circumstances of the tooth being treated.
hree options are available for perforations that occur occlusal
to the gingival attachment: (1) he pin may be cut of lush with
the tooth surface and no further treatment rendered; (2) the pin
may be cut of lush with the tooth surface and the preparation
for an indirect restoration extended gingivally beyond the perforation; or (3) the pin may be removed, if still present, and the
external aspect of the pinhole enlarged slightly and restored with
amalgam. Surgical relection of gingival tissue may be necessary
to render adequate treatment. he location of perforations occlusal
to the attachment often determines the option to
be pursued.
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• Fig. 10.198 External perforation of a pin. A, Radiograph showing the external perforation of a pin.
B, Surgical access to extruding pin (arrow). C, Pin cut lush with the tooth structure and crown-lengthening
procedure performed. D, Length of pin removed.

Two options are available for perforations that occur apical to
the gingival attachment: (1) Relect the tissue surgically, perform
any necessary ostectomy, enlarge the pinhole slightly, and restore
with amalgam; or (2) perform a crown-lengthening procedure and
place the margin of a cast restoration gingival to the perforation
(Fig. 10.198). As with perforations located occlusal to the gingival
attachment, the location of the perforation and the design of the
present or planned restoration help determine which option to
pursue. As with pulpal penetration, the patient must be informed
of the perforation and the proposed treatment. he prognosis of
external perforations is favorable when they are recognized early
and treated properly.

Considerations for the Use of Slots or Pins
Slot retention may be used in conjunction with pin retention or
as an alternative to it.172 Some operators use slot retention and
pin retention interchangeably. Others more frequently use slot
retention in preparations with vertical walls that allow retention
grooves to oppose one another. Pin retention is used more frequently
in preparations with few or no vertical walls. Slots are particularly
indicated in short clinical crowns and when cusp reduction has
been limited to 2 or 3 mm.172 More tooth structure is removed
in slot preparation as compared with pin placement; however, slots
are less likely to (1) create microfractures in dentin, (2) perforate
the tooth surface, or (3) penetrate into the pulp. Slot placement
does not elicit an inlammatory response, whereas medium-sized
self-threading pins may elicit an inlammatory response if placed
within 0.5 mm of the pulp.158 he retention potential of slots and
pins is similar.173-176

Tooth Preparation for Amalgam Foundation
An amalgam foundation may be used as part of the initial restoration
of a severely involved tooth. he tooth is restored so that the
restorative material (amalgam, composite, or other) serves to replace
lost tooth structure necessary to provide retention and resistance

forms for the inal indirect restoration (e.g., crown or bridge
retainer). he retention of the foundation material should not be
compromised by tooth reduction during the inal preparation for
the indirect restoration. he foundation also should provide the
resistance form against forces that otherwise might fracture the
remaining tooth structure.
In contrast to a conventional complex amalgam restoration, an
amalgam foundation may not depend primarily on the remaining
coronal tooth structure for support. Instead it may rely mainly on
secondary preparation retention features (proximal retention grooves,
coves, slots, pins). A temporary or caries-control restoration may
serve as a foundation, but only if the retention and resistance
forms of the restoration are appropriate.
A temporary or caries-control restoration is used to restore a
tooth when deinitive treatment is uncertain or when several teeth
require immediate attention for control of caries lesions. It also
may be used when a tooth’s prognosis is questionable. A temporary
or control restoration might depend only on the remaining coronal
tooth structure for support, however, using few auxiliary retention
features. When preparing a tooth for either a foundation or a
temporary restoration, remaining unsupported enamel may be left
(except at the gingival aspect) to aid in forming a matrix for amalgam
condensation. In this case the remaining unsupported enamel will
subsequently be removed when the preparation for the indirect
restoration is accomplished. Occasionally, when providing a
temporary or control restoration, suicient retention and resistance
forms are included in the preparation to meet the requirements
of a foundation.
As a rule, foundations are placed in anticipation of full-coverage
indirect restorations. Not all teeth with foundations, however,
need to be immediately restored with full-coverage crowns. For
example, amalgam may be used as a deinitive partial-coverage
restoration of endodontically treated teeth if only minimal coronal
damage has occurred.177 he greatest inluence on fracture resistance
is the amount of remaining tooth structure; therefore restorations
that conserve natural tooth structure are preferred.178
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• Fig. 10.199

Pulp chamber retention with 2- to 4-mm extension of the
foundation into the canal spaces.

Amalgam and composite resin are the direct restorative materials
used for foundations. RMGIs may be used to block out minor
undercut areas of the preparation for an indirect restoration that
do not draw. Amalgam may be preferred by some clinicians because
it is easy to use and it is strong. While slots and threaded pins
may be used for secondary retention in vital teeth, prefabricated
posts and cast post/cores are used to provide additional retention
for the foundation material in endodontically treated teeth receiving
foundations. Prefabricated posts and cast post/cores are generally
used on anterior teeth or single-canal premolars that have little or
no remaining coronal tooth structure. Note, however, that there
must be adequate remaining natural tooth structure to allow creation
of a ferrule so as to achieve long-term clinical success. he pulp
chamber and entrance to the root canals of endodontically treated
molar teeth typically provide retention for foundations, and it is
not necessary to use any form of intraradicular retention (i.e., post
material extended further into the root canal space)
(Fig. 10.199).

Slot and/or Pin Retention of Foundations
he technique of tooth preparation for a foundation depends on
the type of retention that is selected—slot retention, pin retention,
or both. he techniques have in common the axial location of the
retention. Slots and pins for the retention of amalgam foundations
are placed slightly more axial (farther inside the DEJ) than indicated
for deinitive complex amalgam restorations. he actual pulpal
positioning depends on the type of indirect restoration that has
been planned. he preparation for an indirect restoration should
not eliminate or cut into the foundation’s retentive features.
Severely broken teeth with few or no vertical walls, in which
an indirect restoration is indicated, may require a pin-retained
foundation. he main diference between the use of pins for
foundations and the use of pins in deinitive complex restorations
is the distance of the pinholes from the external surface of the
tooth.179 For foundations, the pinholes must be located farther
from the external surface of the tooth (farther internally from the
DEJ), and more bending of the pins may be necessary to allow
for adequate axial reduction of the foundation without exposing
the pins during the cast-metal tooth preparation. Any removal of
the restorative material from the circumference of the pin would
compromise its retentive efect. If the material is removed from
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more than half the diameter of the pin, any retentive efect of the
pin probably has been eliminated.
he location of the pinhole from the external surface of the
tooth for foundations depends on (1) the occlusogingival location
of the pin (external morphology of the tooth), (2) the type of
restoration to be placed (e.g., a porcelain-fused-to-metal [PFM]
requires more reduction than a full gold crown), and (3) the type
of margin to be prepared. Preparations with heavily chamfered
margins at a normal occlusogingival location require slot and pin
placement at a greater axial depth. he length of the pins also
must be adjusted to permit adequate occlusal reduction without
exposing the pins. Proximal retention grooves still should be used,
wherever possible.
Completion of all inal preparation steps is accomplished as
described previously. An RMGI liner/base may be applied as
indicated. A liner or base should not extend closer than 1 mm to
a slot or a pin.

Pulp Chamber Retention of Foundations
he pulp chamber may be efectively used to retain an amalgam
foundation in multirooted, endodontically treated teeth. his
alternative to the use of slots/pins is recommended when (1) dimension
of the pulp chamber is adequate to provide retention and bulk of
amalgam, and (2) dentin thickness in the region of the pulp chamber
is adequate to provide rigidity and strength to the tooth.180 Additional
extension of 2 to 4 mm into the root canal space is recommended
when the pulp chamber height is 2 mm or less (see Fig. 10.199).181
When the pulp chamber height is 4 to 6 mm in depth, no advantage
is gained from additional extension into the root canal space. After
matrix application, amalgam is thoroughly condensed into the pulp
chamber (and radicular space if indicated) and the coronal portion
of the tooth. Natural undercuts in the pulp chamber and the divergent
root canals provide the necessary retention form. he resistance
form against forces that otherwise may cause tooth fracture is improved
by gingival extension of the crown preparation approximately 2 mm
beyond the foundation onto sound tooth structure to establish the
necessary ferrule once the indirect restoration is in place. his
extension should have a total taper of opposing walls of less than
10 degrees.182 If the pulp chamber height is less than 2 mm, the
use of a prefabricated post, cast post and core, pins, or slots should
be considered for additional retention of the foundation
material.
he preparation should then be cleaned, carefully inspected as
indicated in General Concepts Guiding Preparation for Amalgam
Restorations, and any inal modiications completed.

Retorative Technique for Complex
Amalgam Preparation
Desensitizer Placement
A dentin desensitizer is placed over the prepared tooth structure
per manufacturer instructions. Excess moisture is removed without
desiccating the dentin.
Matrix Placement
One of the most diicult steps in restoring a severely compromised
posterior tooth is development of a satisfactory matrix to assist in
formation of the anatomic shape of the restoration. Fulilling the
objectives of a matrix is complicated by possible gingival extensions,
missing line angles, and restoration of reduced cusps typical of
complex tooth preparations.
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Univeral Matrix

he Tolemire retainer and band may be used successfully for
most amalgam restorations (Fig. 10.200). Use of the Tolemire
retainer requires suicient tooth structure to retain the band
after it is applied. Even when the Tolemire retainer is placed
appropriately an opening may remain next to an area of the
preparation tooth structure. In this case a closed system may be
developed as illustrated in Fig. 10.201. A strip of matrix material that is long enough to extend from the mesial to the distal
corners of the tooth is prepared. he strip must extend into these
corners suiciently that the band, when tight, holds the strip in
position. Also it must not extend into the proximal areas, or a
ledge would result in the restoration contour (see Fig. 10.201F).

he Tolemire retainer is loosened one half turn, and the strip
of matrix material is inserted next to the opening between the
matrix band and the tooth. he retainer is then tightened and
the matrix is completed. Sometimes it is helpful to place a small
amount of rigid material (hard-setting polyvinyl siloxane [PVS] or
compound or light-cured lowable resin) between the strip and the
open aspect of the band retainer to stabilize and support the strip (see
Fig. 10.201G and H).
When little tooth structure remains and deep gingival
margins are present, the Tofflemire matrix may not function successfully, and the AutoMatrix system (DENTSPLY
Caulk, Milford, DE) may be an alternative method
(Fig. 10.202).

A

B

C

D

E

F

G

H

I

J

K

L

• Fig. 10.200 A, Mandibular irst molar with fractured distolingual cusp. B, Insertion of wedges. C, Initial
tooth preparation. D and E, Removal of any soft dentin and/or any remaining old restorative material as
indicated. F, Application of a liner and a base (if necessary). G, Preparation of pilot holes. H, Alignment
of the twist drill with the external surface of the tooth. I, Preparation of pinholes. J, Insertion of Link pins
with a slow-speed handpiece. K, Depth-limiting shoulder (arrowhead) of inserted Link Plus pin. L, Use of
a No. 14 bur to shorten pins.
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• Fig. 10.200, cont’d M, Bending pins (if necessary) with a bending tool. N, Final tooth preparation.
O, Toflemire retainer and matrix band applied to the prepared tooth. P, Relecting light to evaluate the
proximal area of the matrix band. Q, Preparation overilled. R, Restoration carved. S, Relecting light to
evaluate the adequacy of the proximal contact and contour. T, Restoration polished.

AutoMatrix

he AutoMatrix is a retainerless matrix system designed for any
tooth regardless of its circumference and height. AutoMatrix
bands are supplied in three widths: (1) 4.76 mm, (2) 6.35 mm,
and (3) 7.94 mm. he medium band is available in two thicknesses
(0.038 mm and 0.05 mm). he 4.76, 6.35, and 7.94 mm band
widths are available in the 0.05 mm thickness only. Advantages
of this system include (1) convenience, (2) improved visibility
because of absence of a retainer, and (3) ability to place the autolock
loop on the facial or lingual surface of the tooth. Disadvantages
of this system are that (1) the band is lat and diicult to burnish
and is sometimes unstable even when wedges are in place, and
(2) development of proper proximal contours and contacts may
be diicult. Use of the AutoMatrix system is illustrated in Fig.
10.203.
Regardless of the type of matrix system used, the matrix must
be stable during condensation of the amalgam. he matrix should
extend beyond the gingival margins of the preparation enough to
provide support for the matrix and to permit appropriate wedge
stabilization. he matrix should extend occlusally beyond the
marginal ridge of the adjacent tooth by 1 to 2 mm. If the matrix
for a complex amalgam restoration is not stable during condensation,
a homogeneous restoration will not be developed. An improperly
condensed amalgam may disintegrate when the matrix is removed,

or eventually fail because of lack of suicient strength secondary
to internal voids or fractures. Matrix stability during condensation
is especially important for slot-retained amalgam restorations. If
the matrix is not secure during condensation, it may slip out of
position causing separation of the main bulk of the amalgam from
its retentive slots or pins.

Insertion, Contouring, and Finishing of Amalgam
A high-copper alloy is strongly recommended for the complex
amalgam restoration because of excellent clinical performance and
high early compressive strengths.183-185 Spherical alloys have a higher
early strength than admixed alloys, and spherical alloys may be
condensed more quickly and with less pressure so as to ensure
good adaptation in slots and around the pins. However, proximal
contacts may be easier to achieve with admixed alloys because of
their condensability. Alloys that provide extended working time
are necessary to allow adequate time for condensation, removal of
the matrix band, and inal carving. Because complex amalgam
restorations usually are quite large, a slow-set or medium-set
amalgam may be selected to provide more time for the carving
and adjustment of the restoration.
Regardless of the type of alloy chosen, care must be taken to condense the amalgam thoroughly in and around the retentive features of
the preparation. If a mix of amalgam becomes dry or crumbly, a new
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• Fig. 10.201 Technique for closing the open space of the Toflemire matrix system. A, Tooth preparation with wedges in place. B, Open aspect of the matrix band next to the prepared tooth structure. C
and D, Cutting an appropriate length of the matrix material. E, Insertion of a strip of the matrix material.
F, Closed matrix system. G and H, Placement of the rigid supporting material between the strip and the
matrix band, and contouring, if necessary. I, Restoration carved.

mix is triturated immediately. Placement of a whole freshly mixed
mass of amalgam (instead of using the amalgam carrier to place increments of amalgam) increases the rate of completely illing the defect.
Special care must be taken when this technique is used to ensure
the amalgam is well adapted in and around all retentive areas and at
all margins.
With a complex (or any large) amalgam, carving time must be
properly allocated. he time spent on carving occlusal anatomy
(while the matrix is still in place) must be shortened to allow
adequate time for carving the more inaccessible gingival margins
and the proximal and axial contours (after the matrix is removed).
he bulk of excess amalgam on the occlusal surface is removed
and the initial anatomic contours are rapidly developed, especially
the marginal ridge heights and cuspal inclines, with a discoid
carver and/or Hollenback carver. he occlusal embrasures are deined
by running the tine of an explorer against the internal aspect of
the matrix band. Appropriate marginal ridge heights and embrasures
reduce the potential of fracturing the marginal ridge when the
matrix is removed.
Matrix removal is crucial when completing complex amalgam
restorations, especially slot-retained restorations.172 If the matrix
is removed prematurely, the newly placed restoration may fracture
immediately adjacent to the areas where amalgam has been condensed into the slot(s). Any rigid material supporting the matrix

is removed with an explorer or a Black spoon. Tolemire matrices
are removed irst by loosening and removing the retainer while
the wedges are still in place. Leaving the wedges in place may help
prevent fracturing the freshly condensed amalgam. It may be
beneicial to place a ingertip on the occlusal surface of the restored
tooth to stabilize the matrix while loosening and removing the
retainer from the band. his is to reduce the risk of fracturing the
freshly inserted amalgam while applying the force necessary to
loosen the retainer. he matrix is removed by sliding each end of
the band in an oblique direction (i.e., moving the band facially
or lingually while simultaneously moving it in an occlusal direction).
Moving the band obliquely toward the occlusal surface minimizes
the possibility of fracturing the marginal ridge. Preferably the matrix
band should be removed in the same direction as the wedge placement to prevent dislodging the wedges. AutoMatrix bands are
removed by using the system’s instruments and, after the band is
open, by the same technique described for Tolemire-retained
matrices. Carving of the restoration is then continued (see Figs.
10.200R and 10.203N).
Wedges are then removed, and the gingival excess on the proximal
surface is removed with an amalgam knife or explorer. Facial and
lingual contours are developed with a Hollenback carver, amalgam
knife, or explorer to complete the carving (see Figs. 10.200R and
S and 10.201I). Appropriately shaped rotary instruments are used
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• Fig. 10.202

A, AutoMatrix retainerless matrix system. B, AutoMatrix band. C, Automate II tightening
device. D, Shielded snippers. (A, Courtesy Dentsply Caulk, Milford, DE.)

to complete the occlusal contouring if amalgam has become so
hard that the force needed to carve with hand instruments might
fracture portions of the restoration.
Each proximal contact is evaluated by using a mirror occlusally
and lingually to ensure that no light can be relected between the
restoration and the adjacent tooth at the level of the proximal
contact (see Fig. 10.200S). When the proper proximal contour or
contact is not achieved in a large, complex restoration, it may be
possible to prepare a conservative “ideal” two-surface tooth preparation within the initial amalgam to restore the proper proximal
surface contours. Amalgam forming the walls of this “ideal”
preparation must have suicient bulk to prevent future fracture.

he rubber dam is removed and the occlusal surface of the
amalgam is adjusted to obtain appropriate occlusal contacts. hin,
unwaxed dental loss may be carefully passed through the proximal
contacts one time to remove amalgam shavings and to smooth the
proximal surface of amalgam. Amalgam excess and loose particles
are removed from the gingival sulcus by moving the loss occlusogingivally and faciolingually. he patient should be cautioned
not to chew with the restoration for 24 hours. Fast-setting highcopper amalgam may be prepared for an indirect restoration within
30 to 45 minutes after insertion of the foundation. Further inishing
and polishing of the complex amalgam may be accomplished, if
desired, as early as 24 hours after placement (see Fig. 10.200T).
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• Fig. 10.203 Application of AutoMatrix for developing a pin-retained amalgam crown on the mandibular
irst molar. A, Tooth preparation with wedges in place. B, Enlargement of the circumference of the band,
if necessary. C, Burnishing the band with an egg-shaped burnisher. D–F, Placement of the band around
the tooth, tightening with an Automate II tightening device, and setting wedges irmly in place. G, Application of the green compound. H, Contouring of the band with the back of a warm Black spoon excavator
so the softened compound will allow matrix deformation. I, Overilling the preparation and carving the
occlusal aspect. J and K, Use of shielded snippers to cut an autolock loop. L, Separating the band with
an explorer. M, Removing the band in an oblique direction (facially with some occlusal vector). N, Restoration carved. O, Restoration polished.
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Summary
Dental amalgam remains a predictable, cost-efective, and safe
means for the restoration of posterior (and some anterior) teeth
that are missing various amounts of tooth structure. he design
of a successful tooth preparation must be based on the material
properties of dental amalgam and the successful use of primary
and secondary means of restoration retention. Complex preparations
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Periodontology Applied to
Operative Dentistry
PATRICIA A. MIGUEZ, THIAGO MORELLI

T

his chapter presents an overview of the periodontal structures
and their importance in restorative dentistry. Following a
review of the anatomy and physiology of the periodontal
tissues, periodontal contributory factors afecting restorative dentistry
are discussed. he impact of periodontal therapy as part of the
restorative treatment and the efect of the restorative treatment on
the periodontium will also be presented.
he proximity of many dental restorations to the periodontium
makes their relationship inseparable. To maintain a healthy periodontium and avoid chronic periodontal inlammation, restorations
should be designed and performed properly. Dental restorations
that reestablish function and esthetics, when required, and are
supported by a healthy periodontium should be the goal of any
restorative procedure.
When necessary, periodontal therapy to eliminate or control
the etiologic factors that contribute to periodontal disease should
be performed prior to restorative procedures. Timely periodontal
therapy can avoid unesthetic results such as undesired position of
the gingival margins. Healthy gingival tissues that frame the dentition are crucial to maintain the oral health and to enhance
esthetics.

Baic Concept of the Periodontium
Relevant for Retorative Dentitry
The Gingiva
From an anatomic point of view, the gingiva represents the masticatory mucosa that is bound to the teeth and covers the alveolar
processes. he gingiva involves the alveolar crest, the interdental
bony septa, and part of the alveolar process to the mucogingival
junction in continuity to the lining alveolar mucosa.1
he gingiva is described as free, attached, and interdental gingiva,
with the free gingival groove and mucogingival junction as main
anatomical landmarks (Fig. 11.1). he free gingiva is unattached
and often characterized by the sulcus depth. It can be distinguished
from the attached gingiva by the free gingival groove. he free
gingival groove is present in only about one third of the normal
gingiva with similar occurrence between diferent genders and
deciduous/permanent dentitions.2

he attached gingiva is irmly attached to the periosteum of the
alveolar process. he attached gingiva is clinically characterized by
a irm and pink gingiva surrounding the dentition and separated
from the mucosa by the mucogingival junction. In a series of
radiographic studies, Ainamo and colleagues demonstrated the
relative stable position of the mucogingival junction over time and
suggested that the zone of attached gingiva increases with age due
to teeth and alveolar process eruption.3-5 he widest band of attached
gingiva is present on the buccal aspect of central and lateral incisors;
the narrowest band is present at the buccal area of canines and
irst premolars.
he interdental gingiva consists of the gingival tissues that ill
the embrasures below the interproximal contact points in anterior
teeth. In posterior teeth where the interproximal contact points
are broad, the interdental gingiva is formed from the buccal and
lingual papillae bridged by the col.

The Cementum
he cementum is an avascular, multiunit, mineralized connective
tissue with variable phenotypes (i.e., cellular, acellular, ibrillar,
aibrillar) and functions. he principal function of the cementum
is tooth anchorage (Fig. 11.2). Due to its dynamic restorative
nature and adaptability, the cementum is important for the
maintenance of the occlusal relationships and for the integrity of
the root surface.6

The Alveolar Bone
he alveolar processes house the teeth and are composed of the
outer cortical plates of compact bone, the trabecular bone, and
the alveolar bone proper (the bundle bone around teeth)7 (see Fig.
11.2). he cortical plates are built from bony lamellae and are
thinner in the maxilla and thicker in the posterior mandible. he
alveolar bone proper is located adjacent to the periodontal
ligament.

The Periodontal Ligament
he periodontal ligament (PDL) occupies the space between the
cementum and the alveolar bone (see Fig. 11.2). he PDL is a
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• Fig. 11.1 Free gingiva (FG) and attached gingiva (AG) are parts of the gingiva and limited by the
anatomical landmarks mucogingival junction (MGJ) and free gingival groove (FGG).
multifunctional unit of connective tissue that contains numerous
cells, ibers, rich vasculature, and cellular components—osteoblasts,
osteoclasts, ibroblasts, epithelial rests of Malassez, odontoblasts,
cementoblasts, macrophages, and undiferentiated mesenchymal
cells. he extracellular matrix consists of collagen ibrils and other
noncollagenous proteins8 and pluripotent dynamic stem cells.9
From a functional point of view, the PDL participates in tooth
anchorage, bone tissue development and homeostasis, nutritionmetabolic circulation, and innervation.7 Its width varies from 0.15
to 0.4 mm and is adapted to functional demands within this narrow
range.8

The Biologic Width
he term biologic width, a genetically driven structure, refers to
the combined vertical dimension of the junctional epithelium and
the supraalveolar connective tissue (Fig. 11.3). his dentogingival
complex acts as a seal around the cervical portion of the tooth
and has a self-restoration capacity. For instance, epithelial attachment
mechanically separated from the tooth surface during periodontal
probing or lossing reattaches to the original level in approximately
5 days.10 In health, the epithelial attachment terminates at the
apical end of the junctional epithelium. In diseased tissues, it
terminates at the coronal aspect of the connective tissue, or apical
to the junctional epithelium.11,12
Gargiulo and colleagues studied the dentogingival dimensions
in healthy human specimens using autopsy material from 30
subjects, completing measurements in a total of 287 teeth. One
of their observations was that the epithelial–connective tissue
complex as a whole migrates apically during passive eruption.
Moreover, they noted that during the diferent phases of development and passive eruption, the connective tissue zone had the

most consistent dimension. he junctional epithelium was the
most variable area.13 Years later, Vacek and colleagues focused on
the implication of biologic width dimensions for restorative dentistry.
hey conducted another cadaveric study in pursuit of the minimum
biologic dimensions that can be tolerated by the tissues. he authors
conirmed the indings of the previous study in terms of the variability of the individual components. In addition, they recognized
that the biologic width was greater in posterior teeth and the
junctional epithelium was signiicantly longer in teeth with restorations.14 he mean biologic width was found to be 1.91 mm, which
consisted of junctional epithelium (1.14 mm) and connective tissue
attachment (0.77 mm). he mean sulcus depth was found to be
1.32 mm (Table 11.1; see Fig. 11.3).
Violating the biologic width by placing restorative margins
within or apical to the junctional epithelium will lead to disturbance
of the biologic seal and penetration of bacteria and their by-products
leading to gingival inlammation, attachment loss, and recession
or pocket formation. In that event, the biologic width can only
be restored by apical reestablishment of the supracrestal connective
tissue.15

The Gingival Diplay
In a healthy smile, the lip rises to the level of or slightly apical to
the gingival margins of the maxillary anterior teeth, revealing 1
to 2 mm of gingiva. When more than 2 mm of gingival tissue is
shown upon smiling this is described as a “gummy smile” and
considered unesthetic. Diferent etiologic factors have been described
in the literature for this excessive gingival display (Fig. 11.4).16
Excessive gingival display has been associated with excessive
maxillary bone growth. In this case individuals may have longer
lower third facial height, shorter upper lips, and consequently
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• Fig. 11.3 The biologic width combines the vertical dimension of the
junctional epithelium and the supraalveolar connective tissue. The oral
sulcular epithelium lines the clinical gingival sulcus, which is occlusal to
the biological width. E, enamel.

$3

• Fig. 11.2 The periodontium surrounds and supports the teeth and is
composed of gingiva (G), periodontal ligament (PL), bundle bone (BB),
cementum (C), and alveolar process (AP).
TABLE 11.1

Biologic Width Components and
Dimensions (mm and Range)
Gargiulo et al. 1961

Vacek & Gher 1994

Sulcus

0.69 (0.61–1.76)

1.32 (0.26–6.03)

Junctional epithelium

0.97 (0.71–1.35)

1.14 (0.32–3.27)

Connective tissue

1.07 (1.06–1.08)

0.77 (0.29–1.84)

Biologic width

2.04

1.91

more eruption of the maxillary teeth. A multidisciplinary approach
including potentially combined orthodontic therapy and orthognathic surgery is indicated to move the maxillary complex apically
and address this esthetic concern. Recently, surgical techniques
for lip repositioning have been described as alternatives to orthognathic surgery.17,18 A comprehensive evaluation is always indicated
to avoid frustration with unexpected results.
Another etiologic factor for excessive gingival display is the
delayed migration of the gingival margin commonly known as
altered passive eruption. As teeth erupt, the gingival margin migrates
apically to a level at or about 1 mm coronal to the cementoenamel
junction (CEJ). he failure of gingival tissues to move apically

• Fig. 11.4 “Gummy smile” showing more than 2 mm of gingival tissue
during smile. (Courtesy Dr. Tony Crivello.)

results in excessive gingival display (Fig. 11.5). Surgical intervention
is usually beneicial in individuals with thick, ibrotic, and noninlamed gingival tissue with a probing depth of 3 to 4 mm coronal
to the CEJ. To ascertain the type of surgical intervention needed,
the clinician is referred to the classiication and treatment recommendations described by Coslet and colleagues.19 Considerations
in the decision between crown lengthening and gingivectomy are
described later in this chapter.

Challenge in Periodontal Health Afecting
Retorative Dentitry
Periodontal Dieae
Periodontitis is an immune-inlammatory infection of the toothsupporting structures and a major cause of tooth loss among adults.
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• Fig. 11.5 Example of altered passive eruption where the gingival
margin failed to move apically and closer to the cementoenamel junction,
resulting in excessive gingival display. (Courtesy Dr. André Ritter.)

• Fig. 11.6 Thin and scalloped biotype often shows transparency within
the clinical gingival sulcus when a periodontal probe is inserted. It is often
associated with tapered or triangular anatomic crown shapes with small
interproximal contact areas.

It has been recognized as one of the current most prevalent infectious
diseases, afecting nearly 50% of the American population.20
Associations with overall systemic conditions and numerous risk
factors or indicators such as diabetes, smoking, age, genetics,
immunosuppression, and obesity have been identiied as these may
increase the severity and distribution of periodontal disease.21
A healthy periodontium is important to achieve long-term
success with optimum comfort, function, and esthetics for any
restorative procedure. In the presence of active periodontal diseases,
such as gingivitis or periodontitis, periodontal therapy should be
performed prior to most restorative procedures in order to eliminate
and/or control the etiologic factors contributing to tissue damage.
Active periodontitis is diagnosed by clinical and radiographic
evaluations. It is characterized clinically by deep probing depths,
inflammation (bleeding on probing or visual bleeding), and
subgingival calculus. Radiographically, active periodontitis is
characterized by alveolar bone loss. Signs of successful periodontal
therapy are the resolution of gingival inlammation, which can be
achieved with eicient oral hygiene habits and nonsurgical and/
or surgical periodontal therapy. Administration of antibiotics is
indicated in some situations.22
Similar to periodontitis, gingivitis is also diagnosed by gingival
inlammation characterized by edematous, spongy, and red gingiva.
Bleeding on probing is usually present as well. However, there
is no loss of the periodontal attachment often characterized by
radiographic bone loss. Diferent than periodontitis, gingivitis may
be controlled with adequate oral hygiene and adult prophylaxis
only. Periodontitis requires scaling and root planing to remove
subgingival plaque and calculus deposits. Severe cases may
require concomitant antibiotic therapy and periodontal surgery
to reestablish a healthy periodontium. A healthy periodontium is
important to establish a controlled and clean ield for restorative
procedures and to maintain the integrity and esthetics of restorative
treatments.

Furthermore, the decision to extract a tooth is subjective and may
depend on the preference and philosophy of the practitioner.
Nevertheless, studies have shown that patients in periodic maintenance therapy preserve more teeth than those who fail to
comply.23,24 Changes in attachment level and probing depth are
surrogate end points and are objective; however, the cutof point
determines the sensitivity of the parameters used. Longitudinal
studies indicate that patients in a periodic maintenance therapy
schedule may have less mean annual attachment loss than noncompliant patients.25,26
Although maintenance therapy can be very efective in stabilizing
the progression of periodontal disease in most patients, a subset
of patients (2%–4%) and sites may sufer from progressive attachment loss regardless of regular maintenance schedule.27,28 As
mentioned earlier, several risk factors such as smoking, stress, and
genetic background can inluence disease progression.29

The Importance of Maintenance Therapy
he end of active periodontal treatment, nonsurgical or surgical,
is not the end of periodontal therapy. Only maintenance therapy
can secure the long-term success of periodontal treatment. he
efect of maintenance therapy is evident when comparing tooth
loss, amount of bone loss, changes in attachment level and probing
depth, tooth mobility, and the progression of furcation involvement
between patients with and without regular maintenance visits. It
should be noted that tooth loss, while being the ultimate end
point, may occur for reasons other than periodontal disease.

Gingival Biotype
he gingival architecture depends on the type of gingival biotype.
Generally the periodontium has been described as having two
basic forms: a thick and lat biotype or a thin and scalloped
biotype.30,31 Each biotype has its own distinct characteristics and
the clinician must be mindful of these to achieve a stable dentogingival complex.
he thin and scalloped biotype frequently responds to gingival
inlammation with gingival recession and is usually associated with
tapered or triangular anatomic crown shapes with small interproximal contact areas (Fig. 11.6). hin bone support with underlying
dehiscences and/or fenestrations is a common inding in individuals
with thin biotype. On the other hand, thick and lat biotype often
responds to gingival insults with deep pocket depth formation,
and it is usually associated with square anatomic crowns with
broad interproximal contact areas (Fig. 11.7). he stability of the
bone crest and position of the free gingival margin are positively
correlated to the thickness of the alveolar bone and gingival tissue.
his was conirmed by Stetler and Bissada who showed that there
was less inlammation and shrinkage when subgingival restorations
were placed in individuals with thick gingival biotype.32

Furcation Involvement
he furcation forms with the presence of two or more roots in a
tooth and is therefore most common in molars. It is assumed that
furcations increase the surface area of teeth for periodontium
attachment and thus provide additional periodontal support.
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However, this unique structure also renders neighboring periodontium more susceptible to destruction.
Exposure of the furcation with its involvement may occur as a
result of bone loss during progression of periodontal disease or of
surgical treatment as part of the restorative therapy. he diagnosis
of furcation involvement is crucial because it is related to tooth
prognosis. he degree of furcation involvement dictates the treatment
for the tooth, as there is an association between the severity of
furcation involvement and tooth longevity.33 For proper diagnosis,
thorough clinical and radiographic examinations must occur. Usually
the furcation is examined with a speciic probe such as the Nabers
probe (Fig. 11.8), a 12-mm curved probe with 3-mm markings.
Placing the tip of the Nabers probe against the tooth and moving
it in an apical direction aids in detection of furcation involvement.
he depression of the furca may also be examined in a similar
manner.
Unfortunately, even though special care is taken during clinical
examinations, furcation involvement, especially in maxillary molars,
is diicult to detect. he assessment of furcation areas tends to be
inaccurate because of great variations in root anatomy. It is further
complicated by limited access due to adjacent teeth or soft tissue
coverage. Radiographs provide an essential aid to clinical examinations; however, there are also limitations associated with the diagnosis
of furcation involvement using radiographic images. he inherent
two-dimensional presentation of conventional radiographic images
limits the recognition of furcations.
Treatment options for furcation-involved teeth are generally
based on the nature and extent of the furcation involvement. In
general, treatment modalities are selected based on the classiication
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of the furcation involvement. Several classiication systems have
been designed to determine the severity of furcation-involved teeth.
he most commonly used is the Hamp classiication. It classiies
furcation involvement into three diferent grades:
• Grade I: horizontal penetration of the Nabers probe less than
3 mm
• Grade II: horizontal penetration of the Nabers probe more than
3 mm, but not through the furcation
• Grade III: through penetration of the Nabers probe from buccal
to lingual34 (Fig. 11.9).
Other factors, such as size and divergence of roots, root trunk
length, crown-root ratio, and volume of remaining bone, are also
important. Grade I furcation is generally treated with scaling and
root planing. A clinical study evaluated the eicacy of scaling and
root planing in Grade I furcation involvement and showed a 100%
survival rate during a 5-year evaluation series.34 Open lap debridement and furcation plasty may be indicated in some situations
where prosthetic treatment is needed. Grades II and III furcations
are also treated initially with scaling and root planing. However,
the need for surgical treatment, such as open lap debridement or
guided tissue regeneration, may be indicated to improve tooth
prognosis. An investigation on the efects of nonsurgical treatment
on periodontally involved teeth with furcation involvement showed
a 90.7% survival rate during a 5- to 12-year period. Out of the
failures, 60% were on teeth with Grade III furcation and 30% on
teeth with Grade II furcation. hat demonstrates the limitations
of nonsurgical therapy to treat severe furcation involvement.35 A
retrospective study looking at the long-term survival of maxillary
furcation-involved teeth in patients who had received treatment
and were on maintenance showed decent prognosis with only 12%
of involved molars being lost in 24 years.33

Open Proximal Contact

• Fig. 11.7

Thick and lat biotype often shows more pronounced
“orange peel” surface characteristics of the attached gingiva. It is often
associated with square anatomic crowns with broad interproximal contact
areas.
&ODVV,

Interestingly, open proximal contacts do not have a direct efect
on periodontal disease progression despite its reported indirect
impact on the periodontium. In 1980, Hancock and colleagues
analyzed 40 males with open proximal contacts between their
teeth and could not demonstrate a signiicant correlation between
open contacts, gingival inlammation, and deep probing depths.
On the other hand, open contacts were signiicantly related to
food impaction, which demonstrated a signiicant correlation with
higher gingival inlammation and deeper probing depths.36 Jernberg
and collaborators reported similar indings in regard to gingival
inlammation and pocket depths. In their study, however, open
proximal contacts demonstrated direct efect on the development
&ODVV,,

&ODVV,,,

• Fig. 11.8 Furcation involvement classiied into three different grades or Classes by Hamp. Usually the
furcation is examined with a speciic probe such as the Nabers probe. The probe is placed against the
tooth and moved in an apical direction as to try to ind the entrance of the furcations.
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• Fig. 11.9 A, F0 indicates no furcation penetration with the Nabers probe. B, F1 grade or Class I
indicates horizontal penetration of the Nabers probe up to 3 mm. C, F2 grade or Class II indicates horizontal penetration of the Nabers probe more than 3 mm, but not through the furcation. D, F3 grade or
Class III indicates through penetration of the Nabers probe from buccal to lingual.

of periodontal disease. A total of 104 adults were evaluated and
open proximal contacts were found to be signiicantly correlated
with deeper probing depths and higher clinical attachment loss.37
To reduce the inluence of open proximal contacts, it is appropriate to restore (close) them as long as overhangs are not created.
Adequate oral hygiene instructions should always be part of the
therapy.

Enamel Pearl
Enamel pearls are ectopic globules of enamel adherent to the tooth
found most often in furcation regions of maxillary second and
third molars.38 hey consist primarily of enamel, but dentin and
even pulpal tissues can be found in some cases. he mean occurrence
of enamel pearls in humans is 2.9% with a high occurrence of
9.7% among the Eskimo population.38 Ectopic enamel such as
enamel pearl is highly associated with attachment loss39 and its
removal is therefore indicated. Histologic observations demonstrate
that enamel pearls have most of the structural features of enamel
but with less orderly organization.40 Its development is not well
understood.

Cervical Enamel Projection
Cervical enamel projections (CEPs) are ectopic deposits of
enamel apical to the CEJ with a tapering form and extending
toward or entering the furcation. Since connective tissue does
not attach to enamel, CEPs have been demonstrated to be an
etiologic factor in furcation defects (Fig. 11.10). Bissada and
Abdelmalek analyzed 1138 molars in Egyptian skulls and showed
that CEPs were present in 8.6% of the cases. CEPs were present in
approximately 50% of the cases where the furcation was involved.41
he authors reported that CEPs were more frequently present in
mandibular second molars followed by maxillary second molars.
In another study CEPs were present in 67.9% of the studied
population (45.2% molars). Molars with furcation involvement
had CEPs in 82.5% of the cases, whereas molars without furcation
involvement had CEPs in 17.5% of the cases. he most afected
tooth was the mandibular irst molar followed by the maxillary
irst molar.42
he impact of CEPs on periodontal health depends on the
extent of the projection. In 1964 Masters and Hoskins introduced
a classiication system for CEPs, which is still in use43:

• Fig. 11.10 Cervical enamel projection present on the furcation of a
mandibular molar. Note the furcation defect caused by lack of connective
tissue attachment to the apically located enamel leading to increased
bacterial colonization and apical migration in the furcation. (Courtesy Dr.
Tony Crivello.)

• Grade 1: Short but distinct change in the contour of CEJ
extending toward the furcation
• Grade 2: CEP approaches the furcation, without making contact
with it
• Grade 3: CEP extends into the furcation
Considering CEPs are a contributory factor to periodontal
disease, especially in furcation areas, its removal or at least reduction
is indicated. However, this should be done carefully to avoid
irreversible damage to the tooth.

Cemental Tear
he cemental tear is a fragment of cementum that detaches from
the tooth, usually after trauma, causing isolated bone loss (vertical
bone defects) (Fig. 11.11). It should be taken into consideration
as a diferential diagnosis for root fracture. Due to its low incidence,
most studies available are case reports. Treatment involves surgical
debridement, removal of the cementum fragment, and periodontal
regeneration, if indicated. Several case reports demonstrate that
the area can be successfully maintained after surgical
treatment.44,45

CHAPTER 11

Periodontology Applied to Operative Dentitry

421

A
B

C

D

E
• Fig. 11.11

Clinical case showing cemental tear (A) preoperatively, (B) upon surgical exposure, and
(C) fractured cement. The mesiofacial root area on tooth No. 9 after removal of cemental tear is shown
in D. Radiographic diagnosis may not always be possible (E). (Courtesy Dr. David Semeniuk.)

Palatoradicular Groove

Tooth Poition

he radicular or palatal groove is a developmental anomaly in
which an infolding of the inner enamel epithelium and Hertwig
epithelial root sheath create a groove that passes from the cingulum
of maxillary incisors apically onto the root.46 Palatal grooves may
act as funnels, which facilitate the accumulation of bioilm in the
depth of the groove. he area is inaccessible to both patients and
clinicians, and the prognosis for involved teeth, with diagnosed
bone loss around the area, is poor. Hou and Tsai evaluated 404
maxillary incisors and reported that the palatal groove was present
in 30.2% of lateral incisors, 5.9% of central incisors, and 4% of
both maxillary incisors.47 When indicated, treatment consists of
odontoplasty to remove or reduce the groove. When odontoplasty
is not possible, the groove may be restored with a biologically
acceptable restorative material (see Materials, later in this chapter).

Various parameters of tooth malposition have been correlated with
periodontal disease.48 he main inluence of tooth malposition is
the efect on plaque accumulation due to more diicult hygiene
around malpositioned teeth. However, when oral hygiene is properly
done, tooth malposition is not a signiicant factor causing plaque
accumulation and consequent gingival inlammation.49

Occluion
he role of traumatic occlusion in periodontal disease is extremely
controversial. Consensus exists, however, that traumatic occlusion
is not an initiating factor but can act as a contributory factor for
periodontal disease. Nunn and Harrel evaluated the efects of
traumatic occlusion on periodontal disease and concluded that
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occlusal discrepancy is an independent risk factor for periodontal
disease.50 Records from 24 years showed that teeth with initial
occlusal discrepancies demonstrate signiicantly worse prognosis,
and deeper probing depths and mobility. Trauma from occlusion
has also been linked to higher risk for furcation involvement.51
Based on the evidence suggesting that traumatic occlusion may
inluence the course of periodontal disease, minor occlusal adjustments with the purpose of achieving better periodontal treatment
outcomes are recommended.52

Periodontal Procedure Relevant to
Retorative Dentitry
Crown Lengthening
A healthy periodontium is important to achieve long-term success
and optimum comfort, function, and esthetics for any restorative
procedure. As mentioned earlier, the relationship between restorations and periodontium must be respected for a successful treatment
outcome. Even if gingivitis or periodontitis are not present, one
should not proceed with restorative treatment without further
consideration of the future relationship between restoration and
supporting tissues. In this regard, biologic width preservation is
critical.
When violation of the biologic width—namely placement of
the restorative margin beyond the gingival sulcus and invading
the junctional epithelium and connective tissue boundaries—is
anticipated, crown lengthening of the tooth in question needs to
be performed so the margin of the restoration is coronal to these
biologic structures. As previously described, the mean depth of
the sulcus is 1.32 mm; thus placing a restoration beyond 1 mm
into the sulcus is potentially disruptive of the biologic width.
Crown lengthening is deined as the removal of bone tissue
with concomitant removal or repositioning of the soft tissue around
the tooth. he goal of this therapy is to increase the clinical crown
and consequently preserve the biologic width. Typically, crown
lengthening is needed to avoid impingement of the biologic width
often occurring due to presence of subgingival caries or deep
restorative margins. he procedure may also be recommended to
correct esthetic unpleasant situations such as a “gummy smile.”
Failing to recognize the need for crown lengthening prior to
restorative procedures often leads to invasion of biologic width
leading to inlammation (gingivitis) and bone loss (periodontitis),
pain associated with inlammatory remodeling of the periodontium,
local soft and hard tissue defects, compromised esthetics, and
problematic retention of restoration in some instances.
Padbury and colleagues suggested that the biologic width is
preserved when the restoration is placed allowing for approximately
2 mm for the connective tissue and junctional epithelium and
1 mm for the sulcus. Further, ideally an additional 0.5 to 1 mm
should be added coronally to create a safe distance from the alveolar
bone crest to the restorative margin. A 3- to 4-mm distance from
gingival margin to the alveolar crest ensures periodontium healing
after tooth preparation with quick reestablishment of the junctional
epithelium and connective tissue integrity, which avoids continuous
inlammation around the tooth.53,54
Current research and clinical observations show that there is
variation in biologic width measurements among individuals and
teeth, and that the 3-mm distance is the minimum necessary to
avoid periodontal breakdown around subgingival restorative
margins.55 Wagenberg and colleagues, in fact, have suggested to

aim for a 5-mm distance from bone to the restorative margin when
possible.56 he challenge is that periodontists have a tendency to
remove less bone than needed due to the nature of their specialty
(i.e., preservation of the periodontium).57 hus aiming for 5 mm
will direct the surgeon to achieve the necessary removal of the
minimum 3 mm. Other authors have also discussed that individual
variations in biologic width dimensions will be accounted for if
more than 3-mm distance is ensured after surgery.58 Several studies
have reported that subgingival margins of restorations, even without
overhangs, have more plaque accumulation, gingival inlammation,
and development of periodontal pockets than supragingival ones.59,60
In a 26-year prospective cohort, Schatzle and colleagues showed
a 0.5-mm increased mean loss of attachment in patients with
restorations with subgingival margins after 10 years of
function.61
It is important to remember that the periodontium biotype
plays a key role in the periodontal response. Normally if the
periodontium is thin and scalloped, recession will follow the
inflammatory process caused by the restoration margin. If
the periodontium is thick and lat and thus soft tissue stability is
more likely, there is a higher likelihood of a moatlike lesion around
the tooth to appear on the alveolar bone, leading to increased
bleeding, sensitivity on probing, and pocket formation.53,62 Timely
recommendation of crown lengthening to avoid such issues is a
crucial step toward tissue health, predictable esthetics, and patient
satisfaction.
here are situations, however, where clinical crown lengthening
may not be indicated and alternative treatment options should be
explored. hese include limitations caused by position of the furcation, reduced attachment levels, and esthetic issues. For instance,
a tooth with a short trunk may limit the amount of crown
lengthening that can be performed as the procedure could expose
the furcation and compromise tooth prognosis (Fig. 11.12). In
that event, avoiding violation of biologic width may not be possible
and the surgical procedure may not be performed or may be only
partially performed, leading to a compromised restorative treatment.
In general, all subgingival margins compromise and impact the
periodontium. Herrero and colleagues found that in areas of diicult
access such as the lingual and distolingual surfaces of molars,
surgeons removed an average of 0.4 mm of bone short of the
3-mm goal. A higher degree of inlammation leading to bone loss
is expected in these areas since proper crown lengthening was not
performed.57
Another common scenario where biologic width is violated and
diicult to manage is crown fractures extending below the gingival
margin. Crown lengthening is often necessary for proper restoration
of fractured teeth (Fig. 11.13). In the case of fracture of anterior
teeth, crown lengthening surgery will signiicantly impact the tooth
clinical and consequently esthetic display (as well as of the adjacent
teeth) due to the removal of bone and subsequent apical repositioning of the gingival margin (Fig. 11.14). here are situations where
orthodontic extrusion is indicated to minimally afect the gingival
margin levels in the anterior sextant or esthetic area. Crown
lengthening may follow the orthodontic extrusion. Camargo in
2007 stated that forced tooth eruption via orthodontic extrusion
is the technique of choice when clinical crown lengthening is
necessary on isolated teeth in the esthetic zone.63
For optimal outcome, proper healing of the periodontal tissues
after crown lengthening is necessary. he type of periodontium
(thick and lat versus thin and scalloped) and the location (anterior
versus posterior) generally dictate the extent of healing time. Direct
restorations can be made as soon as there is initial tissue shrinkage
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• Fig. 11.13 A, Endodontically treated bicuspid presents with a large
coronal subgingival fracture. B, Poor crown–root ratio can be appreciated
indicating that crown lengthening would not be recommended on this
tooth to expose the fractured surface for restoration. Extraction was
recommended.

C
• Fig. 11.12

A, Tooth No. 30 with secondary caries on the mesial
surface leading to invasion of biologic width (beyond the clinical gingival
sulcus). Note that tooth No. 29 has a restoration with deep and open
margin violating the biologic width on the distal surface. B, After compromised crown lengthening surgery and crown replacement. To avoid furcation exposure (note the short trunk of tooth No. 30), the amount of crown
lengthening was limited. C, Another clinical case showing an example of
a long trunk on teeth No. 30 and No. 31, which would allow for a noncompromised crown lengthening surgery since furcation would likely not
be at a risk of exposure.

if the margin is supragingival and hemostasis/trauma to the tissue
is not anticipated. For indirect full-coverage restorations, clinical
studies indicate that the clinician should wait approximately 6 to
8 weeks before proceeding with inal preparation and impression
in posterior teeth.64 In anterior esthetic cases, the periodontal
biotype needs to be taken into consideration before proceeding
with restorative treatment. In a thick and lat periodontium, the

• Fig. 11.14 Fractured anterior tooth No. 7. Esthetics must be carefully
considered when treatment planning the restoration of anterior fractured
teeth. Crown lengthening may compromise the esthetic outcome and be
contraindicated. (Courtesy Dr. Eduard Epure.)
gingiva tends to bulk postoperatively prior to moving coronally
and latten as maturation occurs in the irst 6 to 8 weeks. Further
lattening may continue to occur beyond the initial maturation
phase. In a thin and scalloped periodontium, there is usually
recession immediately after surgery and in some cases “creeping
attachment” occurs in the months after initial maturation. One
study demonstrated that probing depths stabilized at 6 weeks but
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recession ranging from 2 to 4 mm continued to develop between
6 and 24 weeks.65 hus, in areas of esthetic concern, postponing
inal margin placement and restoration for 6 to 8 months may be
desirable to ensure gingival margin stability. To better predict results,
an accurate diagnosis of thick versus thin biotype should be done.66
Finally it is important to be knowledgeable of situations where
crown lengthening is not indicated. Besides the previously mentioned risk of exposing furcation and causing esthetic issues in the
anterior dentition, other limitations/contraindications are teeth
with signiicantly reduced periodontal support; endodontically
infected teeth that should not be treated prior to resolution of the
periapical lesion; extensive need for osseous removal, which would
compromise the stability of adjacent teeth; and inadequate crownto-root ratio after surgery.

A

Gingivectomy
Unlike crown lengthening, gingivectomy does not involve hard
tissue but rather just gingival excess removal to expose the clinical
crown. For a successful gingivectomy procedure, careful treatment
planning after detailed examination is crucial. Diagnosis and
management of the etiology are critical for a positive outcome. In
the case of gingival overgrowth, the soft tissue should not rebound
provided the etiology for overgrowth is addressed (e.g., triggering
medications, local trauma) and good oral hygiene is exercised.
Plaque control is critical for overgrowth control in cases involving
drugs that may stimulate tissue reaction and where medication
replacement is not possible.67 In the case of altered passive eruption,
where there is excess of soft tissue due to altered apical migration
of the gingiva, the tissue removed does not regrow provided absence
of coronal positioning of the bone. When gingival tissue is removed
to expose the clinical crown but the removal alters the dimension
of the sulcus and junctional epithelium, the tissue regrows to
establish at least approximately 1 mm of junctional epithelium
and 1 mm of sulcus. However, this can be afected by genetically
predetermined dimensions. Crown lengthening would be indicated
to remove the bone and reposition the gingival margin apically.
Some of the clinical scenarios to consider gingivectomy versus
crown lengthening are (1) subgingival caries/access for proper
restoration, (2) tooth fracture, (3) inadequate retention, (4) altered
passive eruption, and (5) other esthetic concerns such as gingival
overgrowth or defects.

Subgingival Caries/Access for Proper Restoration
When subgingival caries present, at least 3 mm of sound tooth
structure are needed from the margin of the inal cavity preparation
(not the caries lesion) to the alveolar bone crest (Fig. 11.15);
otherwise crown lengthening is recommended. It is important to
emphasize that open lap and bone contour correction is warranted
if periodontal breakdown with evidence of osseous defect due to
caries impinging the biologic width is present.
Tooth Fracture
Crown lengthening is almost always necessary for subgingival
crown-root fractures, to avoid continuous periodontal breakdown
in the site. Subgingival fractures are normally already afecting
biologic width considering their presentation. In the unusual situations where the biologic width is adequate after a subgingival
fracture, it is very likely that crown lengthening will be necessary
after tooth preparation for a crown, for instance, because the crown
preparation is often placed more apically to where the fracture
happened. When the fracture is not treated for several weeks or

B
• Fig. 11.15

A, Subgingival caries on teeth No. 6, No. 28, and No. 29.
Ideally the cavitated areas need to be exposed surgically to allow for
proper restoration. Further, a 3-mm distance for biologic width establishment is needed from the margin of the tooth preparation to the alveolar
bone crest to promote best tissue health. B, Tooth No. 6 with caries
excavated, immediately after crown lengthening procedure. (Courtesy Dr.
Bruno Herrera.)

months, the periodontium and bone remodel on the site, moving
away from the fracture margin, creating a bony ledge and a crater
(moatlike defect) around the tooth. he area is likely to stay inlamed
and become uncomfortable for the patient if not corrected.

Inadequate Retention
Extensively compromised teeth due to extensive fractures and/or
caries lesions often need to be altered prior to inal restoration.
When there is a need to create a ferrule in a tooth that will receive
a post-and-core restoration, crown lengthening may be needed to
facilitate its placement without violation of the biologic width and
adequate retention form. here is an overall consensus that 1.5 to
2 mm of ferrule is necessary for adequate retention of crowns and
protection of the integrity of the remaining tooth structures. Crown
lengthening may not be necessary if adequate ferrule can be achieved
without violation of the biologic width. However, additional
retention may be necessary; otherwise gingivectomy may be performed to temporarily remove gingival tissue.68
Gegauf highlighted that an attempt to gain adequate ferrule
via crown lengthening procedure can negatively afect the tooth
mechanical properties.69 he apical relocation of the crown margin
after crown lengthening procedures leads to a thinner cross section
in the ferrule area. Further, there is a reduction in the crown-to-root
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A

• Fig. 11.17

Tooth No. 2 with ill-itting amalgam restoration at the subgingival distal margin. Distal wedge should have been performed prior to
restoration to facilitate access for proper restorative treatment.

B

CEJ to the alveolar crest, there is enough keratinized tissue, and
there is no evidence of bone defect (see Fig. 11.16B and C). he
location of the bone in relationship to the CEJ and the mucogingival
junction are important parameters in treatment of altered passive
eruption. hey can be determined with bone sounding and clinical
and radiograph examination. Gingivectomy is not advised when
the band of keratinized tissue is insuicient (<3 mm).

Dital Wedge

C
• Fig. 11.16

Altered passive eruption often results in a lat gingival
contour and squared-shaped anterior teeth (A) or uneven gingival contours such as the case in B, where discrepancies can be noted between
teeth No. 7 and No. 10, and teeth No. 8 and No. 9. Case (B) with gingival
discrepancy corrected by gingivectomy (C). (A, Courtesy Dr. André Ritter;
B, C, Photo credit: Dr. Akshay Kumarswamy, Mumbai, India.)

ratio that also may negatively afect the outcome of the treatment.
Orthodontic extrusion may be another option to expose tooth
structure in some clinical situations of inadequate retention. Yet
crown-to-root ratio and apical location of the ferrule also will
occur in orthodontic extrusion.

Altered Passive Eruption
Crown lengthening or gingivectomy can also be indicated for
esthetic reasons only or before restoring a tooth that has altered
passive eruption. Altered passive eruption is the diagnosis when a
signiicant amount of anatomic crown is covered by gingiva due
to failure of proper apical migration of the soft tissue that covers
the crown of the tooth. Often the patient displays a gummy smile
with squared-looking teeth (Fig. 11.16A).70 his condition afects
esthetics and also increases plaque accumulation as the sulcus depth
promotes easy apical plaque migration.71 Gingivectomy may be
performed when there is a distance of more than 3 mm from the

Distal wedge is commonly performed on the distal surface of
molars (tuberosity or the retromolar pad) to facilitate hygiene,
access and help eliminate periodontal pockets, or facilitate access
for proper restorative treatment (Fig. 11.17). he procedure is
either complete removal of the tissue (if there is abundant amount
of keratinized tissue even after removal) or partial ablation of tissue
(to spare keratinized tissue). In any case, after tissue removal, soft
tissue coverage of the bone and more coronal tooth exposure is
achieved. A direct restoration can be performed immediately after
the surgical procedure provided adequate operating ield isolation
is achieved.

Noncariou Cervical Leion and
Mucogingival Surgery
Noncarious cervical lesions (NCCLs) are characterized by the loss
of tooth structure at the cervical area of a tooth due to abfraction,
abrasion, and/or erosion (Fig. 11.18). hese lesions are noncarious
but may need to be managed provided one or more of these factors
are present: (1) he patient is concerned with esthetics, (2) there
is substantial tooth sensitivity that does not resolve with other
treatment options (i.e., desensitizing agents), (3) the lesion is
progressing and there is risk of pulpal exposure, or (4) the lesion
is progressing and the tooth integrity is at risk.
To deliver the best possible treatment preserving the natural
contour and integrity of the gingival tissues around the afected
tooth or teeth, options other than restoration only are available
and should be considered. In the event of gingival recession and/
or lack of keratinized/attached gingiva with concomitant presence
of a NCCL, careful evaluation of the site should be performed to
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• Fig. 11.18

Noncarious cervical lesions are characterized by the loss
of tooth structure at the cervical area of a tooth and multifactorial etiology.
Treatment may involve soft tissue grafting of the area depending on extent
of lesion and periodontal condition with or without concomitant tooth
restoration.

&ODVV,

determine the appropriate treatment: restoration, soft tissue coverage
(graft), or a combined approach.
Predictable soft tissue root coverage of recessions with subcutaneous connective tissue graft can be accomplished with recessions
that fall under the Miller classiication of Class I and Class II.72
he Miller classiication has been widely used to classify recessions
based on the amount of tissue loss in relationship to the mucogingival junction, width of the tissue loss around the facial or
lingual aspect of the tooth, and loss of soft and hard interproximal
tissue73 (Fig. 11.19):
• Class I: Marginal tissue recession that does not extend to the
mucogingival junction. here is no periodontal loss (bone or
soft tissue) in the interdental area, and 100% root coverage can
be anticipated.
• Class II: Marginal tissue recession that extends to or beyond
the mucogingival junction. here is no loss of interdental bone
or soft tissue, and 100% of root coverage can be expected.

&ODVV,,
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• Fig. 11.19
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Miller classiication of gingival recessions. Class I: recession does not extend to the mucogingival junction (MGJ). Class II: recession extends to or beyond the MGJ; 100% of root coverage can
be expected for Class I and II. Class III: recession extends to or beyond the MGJ with loss of interdental
tissue or there is malpositioning leading to inability to cover 100% of the root surface. Class IV: recession
extends to or beyond the MGJ where there is advanced loss of interdental tissues and root coverage is
not anticipated.

CHAPTER 11

• Class III: Recession that extends to or beyond the mucogingival
junction. here is loss of interdental bone and/or soft tissue or
there is malpositioning of the teeth leading to inability to cover
100% of the root surface.
• Class IV: Marginal tissue recession that extends to or beyond
the mucogingival junction where there is advanced loss of
interdental tissues and root coverage is not anticipated.
After gingival grafting, full root coverage can usually be expected
up to the level of the interdental bone. However, soft tissue coverage
of a cervical lesion that is located mostly in enamel is not recommended.74 Indeed, no true tissue–tooth attachment is expected to
happen between the grafted soft tissue and the tooth enamel to
help stabilize the graft. Further, such location is typically at a far
distance from the bone, which restricts vascular supply to support
the grafted tissue in that area. Clinical researchers have reported
that NCCLs, just like interdental tissue loss, are a signiicant negative
factor in the prognosis of gingival root coverage.75 he authors
did not elaborate on the possible reason. It is possible that occlusion
and hygiene factors are involved in the lower success of grafting
of NCCLs.
he following rationale is followed when treating a NCCL.
Lesions that exceed approximately 2 mm in axial depth typically
need restoration. his will depend on progression rate, symptomatology, and desire to restore. Aside from diagnosing and treating the
etiology, fast-developing lesions should be restored. Restoration
also may be indicated for NCCLs that continue symptomatic after
attempts to reduce sensitivity with desensitizing products. Soft
tissue grafting in addition to restoration may be recommended
when there is lack of attached gingiva or a thin tissue biotype.74
Grafting only is indicated in cases of limited tooth loss (lesion
depth <2 mm). hat is based on the need for grafting due to
recession or lack of keratinized/attached gingiva. While Miller
Class I and Class II cases have good prognosis, the long-term stability
has been questioned.75 hat said, the patient may opt for periodic
application of desensitizing products in lieu of the surgical procedure. A randomized clinical trial evaluating the outcome of connective tissue graft and resin-modiied glass ionomer restorations
for the treatment of gingival recession and NCCLs concluded that
graft alone or graft with restoration showed increased attachment
level and soft tissue coverage for up to 2 years in patients with
Miller Class I recessions.76
When considering mucogingival surgery, the keratinized tissue
and attached gingiva levels must be evaluated. here is a diference
between attached and keratinized gingiva. Keratinized gingiva
involves the attached and the free gingival tissue. Since the attached
gingiva is bound to the underlying periosteum, the clear presence
of keratinized gingiva is seen as protective of the periodontium
against inlammation and bone loss. Recommendations have been
made to increase the band of keratinized/attached gingiva prior
to subgingival restorations that will be in close proximity with the
gingival margin (or subgingivally after grafting). he presence of
a narrow keratinized tissue band (i.e., less than 2 mm) has been
linked to an increased chance of gingivitis.32 However, others have
found that gingival health can be maintained with little or no
keratinized tissue in the absence of plaque accumulation and
inlammation.77,78 Soft tissue grafting to increase the band of
keratinized/attached gingiva may be recommended in patients
with poor hygiene and restorations in close proximity to the gingival
tissues.
Another indication for mucogingival surgery includes teeth
that lack adequate band of keratinized/attached gingiva and that
will undergo orthodontic therapy. Increasing of the keratinized/
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attached gingiva band may be necessary to avoid gingival recession.79
his is particularly signiicant for patients with thin periodontium.
Despite this, teeth should always be moved inside of their alveolar
housing to minimize chances of recession. Recessions cannot be
predictably covered when the position of the tooth in the arch is
far outside the alveolar plate. Soft tissue grafting may be of diferent
types and have diferent indications such as free gingival graft,
connective tissue graft, pedicle lap, among others.

Efect of Retorative Treatment on the
Periodontium
In the previous section we reviewed the impact and indications
of surgical procedures in restorative dentistry such as crown
lengthening, gingivectomy, distal wedge, and mucogingival surgery.
Often these procedures are crucial prior to proper restorative
treatment. Conversely, it is also important to understand the impact
of restorative procedures on periodontal health to prevent periodontal breakdown. It is critically important to understand the
possible efects of restorative therapy (e.g., biologic width violation,
materials, margins of restorations, provisional restorations, retraction
cord trauma) on the periodontium.

Biologic Width Violation
Much has already been discussed in this chapter about the importance of biologic width preservation. Violation of the biologic
width is often a result of caries removal and consequent preparation
of the tooth for direct or indirect restorations leading to damage
of the junctional epithelium and the connective tissue above the
alveolar crest. he contact of the restoration margin with the
junctional epithelium or the connective tissue below the gingival
sulcus allows for bacterial colonization of the area. Recruitment
of inlammatory cells and chronic inlammation of the site follow.55
While polishing of the restoration may alleviate plaque accumulation
and inlammation, there is extensive evidence of inlammation
leading to bone resorption in sites with biologic width violation.
he inlammatory process is usually aggravated with indirect restorations as the marginal gap of a well-itted crown is normally larger
than that of a direct restoration. Sorensen and colleagues reported
on marginal it in relation to percentage bone loss and gingival
low and found positive correlation between marginal discrepancy
of restorations and periodontal defects.80 In summary, proper
placement of the margin of the restoration (direct or indirect) in
respect of the biologic width is critical.

Material
Besides careful placement of restorations to avoid marginal overhangs, voids, and rough restorations in close proximity to the
periodontium, biocompatible materials should be favored.
Mineral trioxide aggregate (MTA) appears to have a signiicant
improved tissue response and bone formation compared to composite resins, amalgams, and glass ionomers.81 he common response
from other materials is the formation of ibrous connective tissue
that will connect them to the alveolar bone. Despite this, MTA
is not the material of choice for situations where the material is
close to the gingiva, as it does not have the mechanical properties
required to sustain occlusal stresses.82 Further, a coronal restoration
in contact with soft tissues would not need to promote bone
growth but rather a healthy soft tissue response.
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Gomes and colleagues reported that the periodontal response
to resin-modiied glass ionomers was more favorable than the
response to amalgam and composite resins in an animal study
after 124 days.83 In another more recent study, Sakallioglu and
colleagues studied the release of inlammatory markers in gingival
crevicular luid in humans after restorations with metaloceramic,
composite resin, and amalgam restorations. Results showed a
signiicant increase in certain inlammatory peptides compared to
controls (enamel surface) for all groups with amalgam showing
the highest levels after 4 weeks.84
Known for its biocompatibility, Geristore (DenMat, Lompoc,
CA) is a dual-cure, hydrophilic resin-modiied glass ionomer often
recommended when the periodontium is extensively involved. Its
manufacturer recommends it as liner, in direct pulp capping, in
Class V and conservative Class I and Class II restorations, in root
caries lesions, in subgingival restorations for fractured roots and
resorption lesions, in root perforations, and as retrograde illing
material. Research has shown that Geristore has better or similar
adhesion to tooth structures than some of the other glass ionomers
and presents low microleakage.85-88 Its biocompatibility has been
extensively studied with mostly positive results being reported.89-91
Geristore has shown to allow for better growth and cell morphology,
and has improved toxicity proile of human gingival ibroblasts

B

• Fig. 11.20 A, Cervical caries lesion on teeth No. 26
and No. 27. B, The lesions exposed and restored with
Geristore. C, Two-month follow-up with excellent tissue
health. (Courtesy Dr. Luis Perez.)

compared to Ketac Fil (3M Oral Care, St. Paul, MN) and IRM
(Dentsply Sirona, York, PA).90
Gupta and colleagues showed that Geristore had superior
biocompatibility compared to MTA and glass ionomer when tested
on human periodontal ligament cells.89 A clinical study by Dragoo
showed that Geristore was not diferent in terms of probing depth
and gingival inlammation than other resin-based materials such
as Dyract (Dentsply Sirona) and Photac Fil (3M Oral Care).92 It
was concluded that a material with biocompatibility, dual-cure
capability, insolubility in oral luids, low coeicient of thermal
expansion, low polymerization shrinkage, and low microleakage
is ideal for subgingival restorations. Such properties are found in
Geristore, which appears to be the preferred material among clinicians for cases where teeth are in need of subgingival restorations93
(Fig. 11.20).

Proviional Retoration and
Retorative Margin
he margins of indirect restorations are often placed subgingivally
for esthetic purposes, to provide preparation margin in tooth
structure rather than in restorative material (restorative foundation),
or for additional retention. However, even when placed at gingival
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• Fig. 11.21

A, Full-coverage restorations on teeth No. 8 and No. 9 with
inadequate marginal preparation, crown adaptation, and invasion of biologic width causing gingival inlammation. B, Improved tissue health after
crown lengthening to reestablish the biologic width and well-adapted
temporary restoration.

level or slightly into the sulcus, some inlammatory tissue reaction
will occur94 (Fig. 11.21A). he presence of localized periodontal
pathology has been found with indirect metaloceramic restorations
independently of the supragingival or subgingival location of the
margin. However, marginal adaptation is correlated with severity
of inlammation.94 To minimize the probability of tissue recession
or chronic local inlammatory response, a well-adapted provisional
restoration should always be placed and tissue reaction ideally
observed for several weeks prior to inal impression and placement
of the inal restoration. A tissue that is healthy after the provisional
restoration is in place for several days or weeks is a good indication
of no violation of the biologic width and that the periodontium
will respond well to the inal restoration margins (Fig. 11.21B).
A well-adapted provisional restoration also will facilitate gingival
retraction and inal impression and ensure that the tissue will
rebound atraumatically (after impression).
When a poorly contoured provisional restoration is placed, the
inlammatory process starts and can be perpetuated after the inal
restoration is cemented as the area remains injured.95 It is important
to correct margins and roughness of any provisional as soon as
detected to prevent and/or reverse damage leading to loss of
periodontal attachment.
Further, placement of provisional restorations prior to proper
initial healing after crown lengthening or gingivectomy can be
problematic as it is not easy to determine the exact location where
the alveolar crest and the biologic width will be reestablished.
Despite the periodontal procedure performed, the result may still
be violation of the biologic width with development of an inlammatory lesion after surgery. When there is need for immediate or
early provisionalization after surgery, the restoration should rest
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on supragingival margins. his early provisionalization can help
with the soft tissue contouring and maintenance or papilla regrowth
during the healing phase.96 Further, some have advocated immediate
provisionalization after crown lengthening surgery.97 Such practice
is only advised to extremely experienced periodontal-restorative
teams and mostly indicated for patients with well-known positive
tissue response to restorative procedures. Finally, to obtain a wellitting provisional, it is important to understand that the tooth
preparation/restoration margins need to be easily visualized and
have enough intracoronal depth to allow for thickness of material
without overhanging margins.
Besides provisional restorations, any inal indirect or direct
restoration (even well itting) harbors more plaque and bacteria
than enamel and challenges the supportive periodontium.98 hus
in the case of a poorly contoured restoration, periodontal breakdown
and recurrent caries at the restoration–tooth interface is probable
in the long term.

Retraction Cord and Impreion
When the tooth is receiving an indirect restoration, gingival displacement is usually needed to adequately capture the preparation margins
with either physical or digital impression methods.99 his gingival
displacement, or retraction, can be done mechanically, chemically,
or surgically (electrosurgery or laser). Retraction cords have been
shown to cause a reversible gingival displacement that is greater
than other types of materials (i.e., paste or foam).100 Others have
found that all retraction techniques cause temporary gingival
displacement with inlammation with Ultrapak (Ultradent Products,
Inc., South Jordan, UT) cord without impregnation of hemostatic
agent causing most bleeding but fastest recovery compared to Magic
FoamCord (Coltène, Altstätten, Switzerland) and Expasyl (Kerr
Corporation, Orange, CA).101 In this study, all retraction techniques
caused an acute injury after 1 day of retraction, which took 1 week
to heal in the Ultrapak and the Magic FoamCord groups. he
Expasyl group had the highest gingival index of inlammation and
showed the slowest healing. Its use may also cause tooth sensitivity.
In another study, the Magic FoamCord system was a less traumatic
method of gingival retraction compared to cords in slightly subgingival preparations. However, the material was less efective than
the single cord retraction technique in preparations with margins
deeper than 2 mm.102
When evaluating gingival retraction cords versus electrosurgery,
Wostmann and colleagues did not ind any signiicant diference in
the quality of the marginal it of the crowns as long as the impression
technique utilized two (light and heavy) impression materials.103 To
date there is no comparison between laser, electrosurgery, cord, and
cordless materials in regard to gingival health and quality of impression. It is currently accepted that retraction systems cause some
temporary damage to the integrity of the gingival tissues; however,
the soft gingival tissue heals in a few days provided there is adequate
marginal adaptation of the temporary restoration.

Summary
When planning restorations, thorough evaluation of periodontal
health, impact of restorative treatment on periodontium, and patient
perceptions of esthetics and understanding of oral health is warranted. Respecting the periodontium boundaries while restoring
tooth structures is vital for the success of the restorative treatment
and the overall oral homeostasis. Ill-fitting restorations and

undiagnosed periodontal defects in teeth that will be restored can
complicate treatment and lead to further disturbance of periodontal
health. Although periodontal disease is primarily caused by dental
plaque, there are modifying and signiicant alterations caused by
restorative treatment that contribute to the establishment and
progression of periodontal breakdown.
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Digital Dentistry in Operative Dentistry
DENNIS J. FASBINDER, GISELE F. NEIVA

D

igital technology, computerized dentistry, and digital
dentistry are general terms used to describe the clinical
application of computer-assisted design, computer-assisted
machining (CAD/CAM). he restorative dentistry application of
CAD/CAM technology is the fabrication and delivery of permanent
restorations for teeth and implants. For the past 30 years the
incorporation of dental CAD/CAM into direct patient care has
provided a way for dentists to deliver esthetic ceramic restorations
in a single dental appointment.
here are three sequences involved in the CAD/CAM process.1
An intraoral scanner or camera is used to accurately record the
hard and soft tissue geometry of the patient’s intraoral condition
to a computer program in the irst sequence. his is commonly
referred to as a digital impression. A proprietary software design
program is used to create a virtual restoration (the volume proposal)
in the second sequence. he software programs have the capability
of controlling and editing the various parameters of the restoration
such as emergence proile, proximal contact, and occlusal relationships. Once the proposal of the restoration has been completed,
a computer-controlled device is used to produce the restoration
in the third sequence. he most common device uses a subtractive
process to machine (i.e., grind or mill, depending on whether
carbide burs or diamonds are used) the inal restoration from a
preformed block of a variety of restorative materials. Understanding
these three sequences provides a basis for deciding how best to
implement the technology in the dental oice and also creates a
simple way to categorize various systems in the marketplace.
Digital impression systems are designed to accurately record
the intraoral geometry and then transmit the iles to a dental laboratory for design and fabrication of the desired restoration. here is
minimal if any opportunity for the dentist to design any aspect
of the restoration on digital impression systems. hey were developed
to leverage the digital recording process to take advantage of the
comfort and eiciency of not using conventional impression
materials as well as the convenience and accuracy of digital transmission of the case to the dental laboratory.
Chairside CAD/CAM systems employ all three sequences of
the CAD/CAM process in the dental oice. hey also record
intraoral scans but provide, in addition, a software program for
designing restorations as well as milling units to fabricate the restoration during a single dental appointment. hey are designed to
leverage the eiciency of a single appointment procedure for the
delivery of ceramic restorations. Chairside CAD/CAM systems
are the primary focus of the chapter because they allow the dentist
complete control of the design, fabrication, and delivery of the
restoration in the oice during a single appointment.

Clinical Application
Treatment planning considerations for CAD/CAM restorations
are not signiicantly diferent from ceramic restorations done with
conventional impression materials and techniques. he CAD/CAM
system represents an alternative means of restoration fabrication,
not the restoration per se. he type of restoration (inlay, onlay,
crown), the choice of material to be used, the desired occlusal
relationships, and ability to isolate the tooth preparation for delivery
of the restoration are several primary factors to consider rather
than the restoration fabrication process itself. A case in point is
that the predictable ability to isolate a subgingival margin for
adhesive cementation is a much more important factor to consider
than whether the ceramic restoration is fabricated with a conventional or digital impression technique. Nonetheless, there are a
few speciic considerations relative to the use of digital impressions.
he relative size of the camera may be a concern for patients with
a restricted ability to open wide. Generally, if there is suicient
vertical space to complete the tooth preparation with a dental
handpiece, there is suicient space for use of a digital camera.
However, patients with a severe gag relex may appreciate the use
of a digital impression more than conventional impression since
there is no physical contact with the intraoral tissues by a tray or
impression material when recording a digital impression.

Chairide CAD/CAM Sytem
Dr. Francois Duret conceptualized the irst chairside CAD/CAM
system in 1973. he irst functioning chairside CAD/CAM prototype was introduced in the 1980s through the collaboration
between a Swiss prosthodontist, Dr. Werner Mörmann, and an
Italian electrical engineer, Marco Brandestini. Dr. Mörmann’s vision
was to use CAD/CAM technology to deliver esthetic ceramic
restorations with improved longevity in a single appointment that
avoided the deleterious consequences polymerization shrinkage
caused in composite restorations.2,3 he CEREC 1 unit marked
the introduction of the CEREC system in 1985 with the irst
clinical trials reported in 1987.4 he system has evolved through
a series of hardware and software innovations and upgrades that
culminated with the introduction of the irst color-streaming
powder-free intraoral camera in 2012, the CEREC Omnicam (Fig.
12.1).5,6 he Omnicam is the imaging camera of the CEREC AC
acquisition unit. he Omnicam is connected to a chairside computer
with the three-dimensional design software and a liquid crystal
display (LCD) monitor. he CEREC system is electronically
connected to a milling unit. he newest version is a dry grinding
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• Fig. 12.1

CEREC OmniCam and MCX milling chamber. (Courtesy Dentsply Sirona.)

• Fig. 12.2

PlanFit chairside CAD/CAM system. (Courtesy D4D Technologies.)

and wet milling unit that is the irst in-oice means by which to
dry mill zirconia. Single-visit, full-contour, milled zirconia restorations are then further processed by sintering and glazing the restoration in the CEREC SpeedFire sintering furnace. his is the irst
in-oice zirconia sintering furnace that can sinter preshaded CEREC
zirconia material (CEREC Zirconia) in 10 to 15 minutes, as
compared to the multiple hours that are generally necessary for
sintering laboratory processed zirconia restorations.
An increasing number of chairside systems have been introduced
since the late 2000s. he E4D Dentist System (D4D Technologies)
was introduced in 2008 with its DentaLogic software ofering a
true three-dimensional virtual model.7 he E4D Dentist System

has an intraoral laser scanner, mobile Design Center with DentaLogic software, and a separate milling unit with a dedicated CAM
server computer. he milling unit has two opposing electric motors
that automatically change between three different diamonds
depending on the speciics of the restoration dimensions. he
milling unit has a dedicated computer server, which allows independent operation separate from the Design Center (after completion and transmission of the case design) (Fig. 12.2).
The CS 3500 is a powder-free intraoral scanner that was
introduced in 2013. he Carestream system allows for in-oice
design using CS Solutions Restore software and in-oice fabrication
using the CS 3000 milling unit. he digital iles may also be
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uploaded to a dental laboratory via CS Connect as they are compatible with a number of commercial laboratory design programs
such as 3Shape (3Shape) and Exocad (Exocad Gmbh). Some of
the unique features of the intraoral scanner include a disposable
tip and a guiding light, which indicates a successful scan. he
Carestream system has chairside capability for only a limited number
of applications, including inlays, onlays, and crowns.
Chairside CAD/CAM systems are able to produce inlays, onlays,
veneers, and crowns. Some systems also have the ability to fabricate
short-span ixed partial dentures as well as temporary restorations
in the dental oice. Additional applications, such as implant
abutments, ixed partial dentures, and orthodontic appliances, are
unique to speciic systems (Table 12.1).

435

A concept unique to CAD/CAM restorations has been termed
“undermilling” or “overmilling.” hese terms have been applied
to both grinding and milling processes. Any preparation geometry
smaller than the dimension of the milling instruments presents a
potential problem. Either the instrument must cut away more
restorative material to ensure the restoration seats completely
(overmilling) or it does not remove the smaller geometry (undermilling), leaving restorative material that will prevent complete seating
of the restoration. Utilization of a preparation geometry with smooth
contours, gently lowing curves, and rounded transition angles
helps to limit the potential for overmilling and ensure an accurate
internal adaptation of the restoration.

Crown
Tooth Preparation Principle for
CAD/CAM Retoration
Guidelines for tooth preparation for all-ceramic restorations are
generally based on the speciic geometries and thickness dimensions
required to provide optimum strength for the selected ceramic
material. For example, the occlusal reduction for a full-contour
zirconia crown is less than that required for a leucite-reinforced
or feldspathic porcelain crown, even if both materials are fabricated
with a chairside CAD/CAM system. However, there are several
preparation guidelines that enhance the accuracy of the CAD/
CAM restoration due to their inluence on the imaging and fabrication process, such as smooth contours, rounded transitions, and
uniform pulpal loor.

TABLE 12.1

Tooth preparation for CAD/CAM-fabricated crowns is essentially
the same as for laboratory-fabricated ceramic crowns. he margin
design for an all-ceramic crown requires a bulk of ceramic at the
margin to avoid the risk of ceramic chipping or fracture. his is
best accomplished with a shoulder, sloped shoulder, or heavy chamfer
margin (Fig. 12.3). All of these margin geometries are equally
useful for chairside CAD/CAM crowns as long as the internal
angles are rounded (i.e., not sharp or angular) to facilitate internal
adaptation of the crown. he occlusal and axial reduction requirements are determined based on the speciic material properties of
the ceramic material selected for the crown. Axial reduction for
CAD/CAM ceramic crowns should be 1 to 1.2 mm for the
monolithic ceramic materials as there is no opaque inner coping
that needs to be covered (veneered). A greater variation in occlusal

Clinical Applications for Chairside CAD/CAM Systems

System

Inlays/Onlays

Crowns

Veneers

FPDs

Implant Abutment

Orthodontic Application

CBCT Compatible

CEREC (Dentsply Sirona)
BlueCam
OmniCam

X
X

X
X

X
X

X
X

X
X

X
X

X
X

PlanFit (Planmeca)

X

X

X

X

–

–

X

CS Solutions (Carestream)

X

X

X

–

–

–

X

A

B
• Fig. 12.3

A and B, Examples of chairside CAD/CAM crown preparations.
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A

• Fig. 12.5 Onlay preparations for teeth #3 and #4 relying primarily on
the adhesive bond of the resin cement for retention of the restoration.

B
• Fig. 12.4

A and B, Examples of the occlusal clearance for chairside
CAD/CAM crown preparations.

reduction may be expected as a function of the material selected.
Most glass ceramic materials require a minimum of 1.5 mm occlusal
reduction in the central issure area and over nonfunctional cusps
and 2 mm over functional cusps (Fig. 12.4). Laboratory-based (in
vitro) research studies suggest that full-contour zirconia crowns
may be fabricated with an occlusal thickness of 1 mm without
compromising the strength of the crown. Additionally, the manufacturer of lithium disilicate blocks has recently announced that
e.maxCAD crowns now only require a 1-mm occlusal reduction;
however, this claim still requires independent validation. All angles
of the preparation should be rounded to facilitate accurate internal
adaptation and needless overcutting of the internal surface of the
crowns during milling.
It is not uncommon to identify signiicant undercuts in a crown
preparation as a result of prior large restorations or caries excavation.
Undercuts will be accurately recorded by the digital camera and
be present in the calculated virtual model in the CAD software
program. However, the milling process will not duplicate any
internal undercuts in the preparation that might prevent seating
of the restoration. hese undercuts would subsequently be illed
in with the resin cement. Alternatively, undercuts could be blocked
out using the software program during design of the restoration.
his process is not recommended, however, as it could ultimately
result in an internal inaccuracy as the digital model is altered.
herefore, if blockout is necessary, it is best accomplished with an
appropriate dentin substitute material, as indicated, prior to digital
scanning.

• Fig. 12.6 Full cuspal onlay preparation for tooth #3 and MODL onlay
for #4 with smooth and rounded internal angles.

Inlay and Onlay
CAD/CAM inlay and onlay preparations are primarily adhesive-style
preparations that rely on the adhesion of the resin cement to dentin
and enamel for retention of the restoration (Fig. 12.5). hese
preparations are divergent and relatively nonmechanically retentive
in design as this provides a more conservative preparation than
the requirement for mechanical resistance through grooves, slots,
or boxes. he internal aspect of the preparation should avoid sharp
divots or concavities, and all internal angles should be rounded
(Fig. 12.6). Occlusal reduction should be uniform and of suicient
thickness to provide optimum strength of the selected ceramic
material similar to crown preparations. Preparation should allow
for a minimum of 1.5 mm of ceramic thickness in the central
fossa and over nonfunctional cusps, and 2 mm over functional
cusps. All cavosurface margins should be strategically placed away
from the contact position of the opposing cusp(s) and be well
deined (smooth) for easy identiication in the design software.
Beveled margins must be avoided, as thin areas of ceramic are
prone to fracture.8,9 Similarly, the preparation isthmus should be
at least 2 mm in faciolingual width so as to avoid inlay/onlay
fracture (Fig. 12.7).
CAD/CAM onlay preparations do not require the creation of
a ferrule with the ceramic restoration as used with metal castings
(Fig. 12.8). On the contrary, a ferrule may actually interfere with
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• Fig. 12.10

Modiied butt-joint margin with a football-shaped diamond
for improved esthetic blending of the onlay margin.

• Fig. 12.7

Inlay preparation for tooth #13 and onlay preparation for
tooth #14 with smooth lowing outline form and crisp cavosurface margins.

of esthetic concern, a modiication of the facial butt-joint margin
is necessary. he cavosurface margin may be modiied with a
football-shaped diamond at a 45-degree angle, creating opportunity
for a transition of ceramic thickness over the underlying enamel
while maintaining a bulk of ceramic at the margin for physical
strength of the ceramic (Fig. 12.10). An in vitro study on ceramic
preparations for conservative restoration of endodontically treated
teeth reported a signiicant improvement in the marginal and
internal it of the ceramic restoration with this modiied-margin
design relative to both a ferrule and 90-degree butt-joint margin.10

Chairide CAD/CAM Clinical Worklow
• Fig. 12.8

Ferrule margin design with opposing walls for mechanical
retention more appropriate for cast-metal restorations.

• Fig. 12.9

Preferred butt-joint margin design for ceramic onlay

preparation.

proper seating of the restoration due to undermilling of the relatively
parallel walls and/or sharp transitions. Alternatively the system
may signiicantly overmill the intaglio surface of the restoration,
thinning the restoration further. Both undermilling and overmilling
are detrimental to the inal onlay restoration. Consequently, a
butt-joint margin is preferred as it allows for proper thickness of
the ceramic material at the margin, reducing the incidence of
marginal fracture (Fig. 12.9). Unfortunately, this marginal design
often causes a visible demarcation between the tooth and the restoration. Hence, when the blend of the restoration and the tooth is

he clinical worklow to design and fabricate a chairside CAD/
CAM restoration is relatively similar for all currently available
systems, with noticeable diferences in the unique cameras, software
programs, and milling chambers of marketed systems (Fig. 12.11A–L
worklow sequence). he tooth preparation, including the margins,
must be visible by retraction of soft tissues and isolated from
moisture contamination so that the camera may accurately capture
a digital image of the preparation. he opposing arch is also
recorded, as well as a scan of the dentition in maximum intercuspation from the facial aspect. The computer software virtually
articulates the opposing models using the scan of the facial surfaces
so the appropriate occlusal relationships for the restoration may
be designed. he restoration design is initiated by identifying the
margins of the planned restoration to identify the limits of the
restoration design. he software utilizes data from adjacent and
opposing teeth to generate a proposed (virtual) restoration, which
may then be edited by a series of tools unique to each software
program. he design software enables control of the emergence
proile of the restoration, occlusal anatomy, planned occlusal
contacts, and size and intensity of proximal contacts. Once the
design of the restoration is complete, it is transmitted to the milling
unit so the fabrication process may create the volumetric shape of
the restoration out of an industrially produced block of ceramic
material. Although a variety of chairside fabrication processes may
be imagined, subtractive grinding or milling processes of ceramic
blocks are accomplished based on the volumetric design created
with the software design program. Most restorations may be designed
and milled within 10 to 15 minutes to allow for delivery of the
restoration at the same appointment. Extended machining times
may be required for more complex geometries of ixed partial
dentures or implant restorations. Slower machining may be preferred
for thin margins, such as for porcelain veneers, in order to prevent
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chipping during fabrication. Certain systems allow for ine machining modes, which slow the advancement of the block at each pass
of the diamonds/burs (or allow for a smoother second machining
pass), so as to reine the surface contour. Final glaze iring and/or
external surface polishing follows clinical conirmation of the
anatomy and marginal adaptation of the resultant restoration. he
inal restoration is adhesively cemented with resin cement.
Chairside CAD/CAM software programs also ofer various
design techniques that provide the opportunity to copy a pretreatment or prototype tooth form onto the recorded tooth preparation.
he copy function minimizes the need for restoration editing
following the proposal of the restoration, which is especially useful
in clinical situations requiring the restoration of fractured abutment
teeth for removable partial dentures (RPD). Existing rest seat and
proximal contours are copied from the pretreatment tooth and
subsequently applied to the recorded tooth preparation. he new

A

ceramic restoration will then have very good adaptation to the
existing RPD. he copy-design process is also very useful for anterior
restorations through use of a diagnostic wax-up containing strategically planned contours of the restorations. hese contours may be
virtually copied onto the recorded preparation, digitally perfected,
and then transmitted for milling.

Chairide Retorative Material
Dental material manufacturers produce monolithic materials for
chairside CAD/CAM restorations generally referred to as “blocks.”
he blocks are dense, homogeneous materials that have been
industrially produced under ideal conditions so as to limit the
presence of internal laws (porosity or voids). Limited inclusion
of laws enables maximization of the physical properties of the

B

C
• Fig. 12.11 Chairside CAD/CAM worklow using the CEREC system. A, Preoperative view of tooth
#19. B, All-ceramic crown preparation for tooth #19. C, Case identiication in the Administrative Phase.

Text continued on p. 443

CHAPTER 12 Digital Dentitry in Operative Dentitry

D

E
• Fig. 12.11, cont’d

D, Intraoral digital scan of the mandibular left quadrant. E, Virtual mounting of the
Continued
opposing digital models.
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F

G
• Fig. 12.11, cont’d

F, The Model Axis is set for the model. G, The crown margin is identiied.
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H

I
• Fig. 12.11, cont’d
reinement.

H, Biogeneric proposal of the crown. I, Visualization of the occlusal contacts for
Continued
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J

K
• Fig. 12.11, cont’d

J, Visualization of the proximal contact for reinement. K, Crown proposal in the
proposed mill block (Celtra Duo).
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L
• Fig. 12.11, cont’d

L, Delivered Celtra Duo ceramic crown for tooth #19. (C–K, Courtesy Dentsply

Sirona.)

TABLE 12.2

Restorative Material Options for Chairside CAD/CAM Systems

Material

Brand

CEREC

PlanFit

CS Solution

IPS EmpressCAD (Ivoclar)
Vita Mark II (Vita)
Sirona Blocs (Dentsply Sirona)

X
X
X

X
X
–

–
X
–

IPS emaxCAD (Ivoclar)
Celtra Duo (Dentsply Sirona)
Obsidian (Glidewell)

X
X
–

X
–
X

–
–
–

Resilient ceramic (resin nano ceramic)

Lava Ultimate (3M)
Enamic (Vita)
Cerasmart (GC America)

X
X
X

X
X
–

X
X
–

Composite resin

Paradigm MZ100 (3M)
Brilliant Crios (Coltene)

X
X

–
–

–
–

Zirconia (full contour)

CEREC Zirconia (Dentsply Sirona)

X

–

–

Provisional acrylic materials

TelioCAD (Ivoclar)
Vita CAD-Temp (Vita)

X
X

X
–

–
–

Adhesive ceramic
Leucite-reinforced
Feldspathic
High-strength ceramic
Lithium disilicate
Zirconia-reinforced lithium-silicate
Lithium-silicate

material. he blocks are attached to mandrels that are speciic to
the various brands of chairside CAD/CAM milling units.
he irst CAD/CAM block was created as a result of the collaboration between Dr. Werner Mörmann and the Vita Corporation.
he Vita Mark I blocks were originally created out of feldspathic
porcelain and eventually evolved into the current generation of
feldspathic blocks, Vita Mark II. Since then the CAD/CAM market
has expanded to include multiple formulations of ceramic
materials.
Chairside CAD/CAM materials may be divided among a number
of categories based on material composition for ease in understanding their properties and clinical applications.11,12 hese categories
include (Table 12.2):
1. Adhesive ceramics (feldspathic, leucite-reinforced) that must
be etched and adhesively bonded to the tooth structure
2. High-strength ceramics (lithium disilicate, zirconia reinforced
lithium silicate) with improved strength properties compared
to the adhesive ceramic materials
3. Resilient ceramics that do not require a porcelain furnace and
must be adhesively bonded to the tooth

4. Composite materials that have a resin matrix
5. Full-contour zirconia that may be cemented to the tooth
6. Provisional materials used for temporary restorations
The adhesive ceramic category includes both fine-grained
feldspathic porcelain and leucite-reinforced porcelain. hese materials contain a signiicant glass component resulting in increased
translucency allowing them to have an improved “chameleon”
efect. he chameleon efect may be described as the ability to
relect the color of the surrounding tooth structure and thus blend
into the existing tooth shade (Fig. 12.12). hese materials have a
moderate lexural strength on the order of 100 to 175 megapascals
(MPa). he glass component of these materials allows them to be
etched with hydroluoric acid for micromechanical adhesive bonding.
Adhesive bonding is critical to their long-term success because the
glass matrix makes them brittle. hese materials do not have enough
inherent physical strength to be cemented with resin-modiied
glass ionomer or traditional glass ionomer cements. he adhesive
resin cement not only provides retention for the restoration but,
by virtue of its adhesive properties, contributes to the physical
strength of the ceramic to resist fracture by limiting lexure under
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D
• Fig. 12.12 Vita Mark II (Vita) onlay for tooth #30. A, Preoperative view of tooth #30. B, Vita Mark II
onlay delivered. C, Vita mark II onlay at the 3-year recall. D, Vita mark II onlay at the 5-year recall.

occlusal load. Vita Mark II (Vita) and Sirona Blocks (Dentsply
Sirona) are both feldspathic porcelain blocks with a ine-grained
particle size that averages 4 microns and a lexural strength of
100 MPa.13,14
he leucite-reinforced glass ceramic was initially introduced
as ProCAD (Ivoclar) and later evolved into IPS EmpressCAD
(Ivoclar) with a similar crystal structure as IPS Empress 1 (Ivoclar).
EmpressCAD has a iner particle size of 1 to 5 microns that is
evenly dispersed 35% to 45% by volume using a proprietary
manufacturing process. It comes in two levels of translucency as
well as multishaded blocks.13 he manufacturer-reported lexural
strength is 160 MPa, which is within the range of what is reported
independently in the literature. EmpressCAD also has a light
scattering behavior that allows for a natural chameleon efect
(Fig. 12.13).
here are several higher strength glass ceramic materials available
for chairside CAD/CAM restorations. IPS e.maxCAD (Ivoclar)
is composed of lithium disilicate and has a signiicantly greater
lexural strength and fracture toughness than other adhesive glass
ceramics.15,16 he manufacturer provides the IPS e.maxCAD block in
a partially crystallized state (160 MPa, 40% crystalized by volume) to
allow for easier and more eicient grinding of the material. After the
restoration has been fabricated, it must be subjected to a two-stage
iring cycle in a ceramic furnace under vacuum to complete the
crystallization process and achieve the maximum lexural strength
potential of the material (500 MPa). he resulting glass ceramic
restoration has a grain size of approximately 1.5 microns with a 70%
crystal volume incorporated in a glass matrix. he crystallization

iring also creates optimum translucency for the material (Fig.
12.14). Celtra Duo (Dentsply Sirona) is a zirconia-reinforced lithium
silicate (ZLS) material that is another example of ceramic with high
strength. he ZLS microstructure has high content of ultraine
glass ceramic crystals (<1 µm) and 10% zirconia content. It is
provided by the manufacturer in a fully crystallized state that may
be either hand polished or glaze ired in a ceramic furnace prior to
delivery. Hand polishing the restoration results in a material that
has a lexural strength of 210 MPa, while glazing it in a porcelain
oven results in a restoration with a lexural strength of 370 MPa.
Celtra Duo is available in shades A1, A2, A3, A3.5, and B2 in
both high and low translucencies (Fig. 12.15). NICE! (Straumann)
is another fully crystallized zirconia-reinforced lithium silicate
block that has recently been introduced for chairside CAD/CAM
restorations.
he Resilient Ceramic category of chairside CAD/CAM blocks
[Lava Ultimate (3M), Enamic (Vita), and Cerasmart (GC America)]
includes materials that have a resin matrix (instead of a glass matrix)
that, according to manufacturers, allows greater force absorption
capability without fracture. he added feature of these materials
is that no additional iring is required allowing for a very eicient
delivery process following fabrication of the restoration. All three
materials (Lava Ultimate, Cerasmart, and Enamic) exhibit lexural
strength properties similar to human dentin, and are indicated for
single-unit restorations. In contrast, the low stifness properties of
these materials may be considered disadvantageous from a bonding
perspective, as marginal seal debonding due to material lexure
might occur.17 Therefore treating the intaglio surface of the
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A

B

• Fig. 12.13
C

IPS EmpressCAD (Ivoclar) restoration. A, Onlay
preparation for tooth #19. B, IPS EmpressCAD onlay delivered. C,
IPS EmpressCAD onlay at the 2-year recall.

A

B

C

D
• Fig. 12.14 IPS emaxCAD (Ivoclar) crown for tooth #30. A, Preoperative view of tooth #30. B, IPS
emaxCAD crown delivered. C, IPS emaxCAD crown at 2-year recall. D, IPS emaxCAD crown at 4-year
recall.
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• Fig. 12.15 Glazed Celtra Duo (Dentsply Sirona) crown for teeth #4 and #5. A, All-ceramic crown
preparations for teeth #4 and #5. B, Facial view of all-ceramic crown preparations from the facial. C,
Delivered glazed Celtra Duo crowns for teeth #4 and #5. D, Facial view of delivered Celtra Duo glazed
crowns.

restoration with sandblasting technique as well as selecting a totaletch approach combined with adhesive cementation is considered
to be imperative. Because resilient ceramics are less dense they
mill faster, with a smaller incidence of margin chipping during
milling compared to glass-containing materials.17
Lava Ultimate (3M) is a nanoceramic material that contains
20 nanometers (nm) size silica particles, 4 to 11 nm size zirconia
particles, and agglomerated nanosize particles of silica and zirconia,
all embedded in a highly cross-linked polymer matrix with an
approximately 80% ceramic load. Lava Ultimate has a reported
lexural strength of 170 MPa and it is indicated for inlays and
onlays but not for crowns (Fig. 12.16).17,18
Cerasmart (GC America) is described by the manufacturer as
a lexible nanoceramic with a resin matrix containing homogeneously distributed nanoceramic iller particles. he material is
a high-density composite resin with 71% silica and barium glass
nanoparticles iller by weight.17 he reported lexural strength
of Cerasmart is 230 MPa and it is indicated for inlays, onlays,
and crowns.17
Enamic (Vita) is described by the manufacturer as a resin-based
(14 wt%) hybrid ceramic comprised of a dual interpenetrating
structure of a leucite-based and zirconia-reinforced ceramic network
(86 wt%). he mechanical properties of the material are in between
glass ceramics and highly illed composites.19 he ceramic network
provides wear resistance; however, it makes the material more brittle
and susceptible to fracture. he polymer network is capable of

improving the fracture resistance of the material due to its capability
of undergoing plastic deformation.20 he manufacturer recommends
the material for inlays, onlays, and crowns and reports that lexural
strength of Enamic is 150 MPa, which is signiicantly lower than
Lava Ultimate or Cerasmart. his is in line with the results of an
independent study (approximately 135 ± 25 MPa).17
Composite resin block materials are gaining in interest as the
eiciency of chairside designing and milling a CAD/CAM restoration has improved. he chairside CAD/CAM worklow allows for
easier control of proximal contours, contacts, and occlusal relationships for larger, more complex multisurface composite restorations
compared to incremental hand placement of direct composite
materials. Paradigm MZ100 (3M) is a composite block based on
Z100 composite chemistry and relies on a proprietary processing
technique to maximize the degree of cross-linking in the bis-GMA
polymer-based composite material. It has zirconia-silica iller, which
is radiopaque, and is 85% illed by weight with an average particle
size of 0.6 micron.21 he manufacturer reported lexural strength
of Paradigm MZ100 is 150 MPa. An independent study reported
slightly higher value 157 ± 30 MPa, which was not signiicantly
diferent than the lexural strength reported for EmpressCAD.17
Brilliant Crios (Coltene) is a recently introduced reinforced
composite block containing amorphous silica and glass ceramic
particles in a cross-linked methacrylate matrix.
he most recent material innovation for chairside CAD/CAM
restorations was the introduction, in 2016, of CEREC Zirconia
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900 MPa; therefore it is suitable for crowns as well as short-span
ixed partial dentures (FPDs) that may be cemented with traditional
cements.
A unique property of zirconia is that it shrinks volumetrically
approximately 22% to 24% when sintered. he CEREC software
program automatically compensates for the degree of shrinkage
in the milled restoration. When the restoration design is ready for
milling, the bar code on the zirconia block is input into the software
program. he bar code contains the precise amount of expected
shrinkage of the particular zirconia block as determined by the
manufacturer. he software virtually expands the designed restoration
by this degree and an enlarged restoration is milled. he CEREC
software automatically programs the SpeedFire furnace to sinter
the milled zirconia restoration and iring shrinkage results in a
inal restoration that accurately its the preparation. he sintering
process takes 10 to 15 minutes for crowns and more than 25
minutes for FPDs. Subsequent glaze iring and surface color
characterization is optional. Glazing of the zirconia restoration
may be accomplished in the SpeedFire furnace or in a conventional
porcelain furnace.
CAD/CAM blocks for provisional restorations are also available for chairside fabrication of long-term provisional crowns and
FPDs. he chairside CAD/CAM process avoids the air-inhibited
layer present on conventional self-cure or VLC acrylics as well as
polymerization shrinkage. Vita CAD-Temp blocks (Vita) are made
from a highly cross-linked, microilled polymer and are available
in extended block sizes, including 40 mm and 55 mm lengths, to
accommodate multiple unit FPDs. Telio CAD (Ivoclar) is a millable
cross-linked polymethyl methacrylate block that is part of the Telio
System (a self-curing composite, desensitizer, and cement). he
Telio CAD material is also available in 40 mm and 55 mm size
blocks.

Accuracy of Digital Impreion

C
• Fig. 12.16

Lava Ultimate (3M) onlay for tooth #14. A, Onlay preparation for tooth #14. B, Lava ultimate onlay delivered for tooth #14. C, Lava
Ultimate onlay at the 3-year recall.

(Dentsply Sirona). his material is a precolored, full-contour
zirconia that may be processed eiciently for a single-appointment
delivery. he fast production time is a result of the simultaneous
introduction of the SpeedFire (Dentsply Sirona) furnace that is able
to sinter the zirconia restorations in under 20 minutes. Zirconia
has a lexural strength and fracture toughness that is generally
at least three times as great as glass ceramic materials.22 CEREC
zirconia has a manufacturer reported lexural strength of over

It is axiomatic that the accuracy of the inal restoration depends
on the accuracy of the recorded dimensions of the tooth preparation.
his is true for both conventional and digital impressions. he
accuracy of the margin it and internal adaptation of any restoration
is limited by the geometry of the tooth preparation and the limitations of the recording medium. he tooth preparation must be
well isolated from moisture contamination and adjacent soft tissues
if an accurate digital impression is to be made.
Current technology will not allow the digital capture of
the tooth preparation through saliva, blood, or soft tissue.
A simple way to think about digital impressions is that the
camera can only accurately record what is clearly visible to the
eye of the operator. Careful control of the scanning environment ensures an accurate surface reproduction with the digital
impression.
Conventional impression materials require lateral and cervical
retraction of the soft tissues for an accurate impression. Lateral
space must be adequate to ensure suicient impression material
to resist tearing at the margin. Cervical space, generally 1 mm
cervical to the margin, is required for accurate assessment of the
recorded margin in the impression. Digital impressions have the
advantage that soft tissues only need be retracted laterally in order
to visualize the margin.
Digital impressions provide excellent immediate feedback relative
to the recorded tooth preparation. Digital magniication of the
image, in many cases up to 20 times lifesize, facilitates critical
evaluation of the tooth preparation while the patient is still in the

448

C HA P T E R 1 2

Digital Dentitry in Operative Dentitry

chair. Preparation corrections may be accomplished immediately.
Additionally, inadequately captured areas may be immediately
reimaged without the need to redo the entire impression, as is the
case with conventional impression materials.

Reearch Relative to CAD/CAM Sytem
Dentists have ongoing concern that restoration adaptation to tooth
preparations allows for optimal clinical performance. he CEREC
system was the initial chairside CAD/CAM system introduced to
the dental marketplace and has over 30 years of both laboratory
and clinical research documenting the relative accuracy of the it
of CEREC chairside CAD/CAM restorations. Digital camera
technology has evolved from a single image capture process
(RedCam) to the LED-based BlueCam to the present video version
(OmniCam). he it of CEREC restorations have consistently
been considered accurate irrespective to the version of the image
capturing device used. Cook and Fasbinder compared marginal
it and internal adaptation of crowns fabricated on virtual models
made from the CEREC 3 infrared laser camera (RedCam) and
CEREC BlueCam.10 No signiicant diference was found in the
margin it and internal adaptation of CEREC crowns fabricated
with either RedCam or BlueCam. he average marginal gap was
67 ± 18 µm for all groups evaluated.
Marginal adaptation (or margin it) plays a critical role in
long-term clinical performance of CAD/CAM restorations; when
the adaptation of the restoration to the preparation is poor it leads
to greater discrepancies at the margin. Restoration adaptation has
been thoroughly investigated in the literature. Whereas some internal
space is necessary to accommodate the resin cement, most authors
are in agreement that margin openings under 100 µm would be
desirable. A systematic review evaluated the it and margin adaptation of CAD/CAM restorations.23 Two electronic databases were
searched for articles published between 2000 and 2012 and
cross-matched against predetermined inclusion and exclusion criteria.
A total of 230 studies were reviewed and 90 were selected for the
meta-analysis, including data on 26 diferent CAD/CAM systems.
he authors concluded that restorations fabricated using CAD/
CAM systems have better internal it than restorations fabricated
using traditional methods. he marginal gap of crowns, made
from a variety of primarily ceramic materials, ranged from 10 to
110 µm, often with gaps less than 80 µm. It was reported that
the limitation of CAD/CAM systems is not achieving a precise
margin it, but the reliability of doing so over a large set of
restorations.
Margin it is also an indicator of accuracy of restorations. An
in vitro study by Seelbach et al. compared the accuracy of ceramic
crowns fabricated from scans using Lava COS, CEREC AC, and
iTero digital impressions with two diferent conventional impression
techniques.24 A stainless steel master model was scanned 10 times
each with the Lava COS and iTero (Cadent) systems, and zirconia
crowns were made from each digital impression. he master model
was scanned 10 times with the CEREC AC (BlueCam) system
and 10 EmpressCAD crowns were fabricated. Ten putty-wash
impressions using a single step and a two-step technique were
made and zirconia crowns were made from each impression. here
was no statistically signiicant diference in the marginal it of the
crowns fabricated using Lava COS (48 ± 25 µm), CEREC AC
(30 ± 17 µm), iTero (41 ± 16 µm), and the single-step putty-wash
technique (33 ± 19 µm), whereas the mean margin it for the
two-step putty-wash technique (60 ± 30 µm) was signiicantly

higher than that of the other methods (P < 0.05). he mean
internal it was 29 ± 7 µm for Lava COS, 88 ± 20 µm for CEREC
AC, 50 ± 2 µm for iTero, 36 ± 5 µm for single-step putty-wash
technique, and 35 ± 7 µm for two-step putty-wash technique.
here was no signiicant diference in the mean internal it for all
groups (P > 0.05) except the CEREC AC (P < 0.05).
Another study compared the it of Lava DVS zirconia crowns
fabricated using Lava COS digital impressions to Vita Rapid
Layering Technique crowns using digital impressions with the
CEREC AC system.25 Two posterior crowns were fabricated for
each of 14 patients using each digital impression technique on the
same tooth preparation. he replica technique was used with all
crowns to measure the clinical adaptation and margin it. he
study reported that crowns made with the Lava COS system had
a statistically signiicant better mean marginal it (51 ± 38 µm)
when compared to crowns fabricated using the CEREC system
(83 ± 51 µm); however, this diference in it was below the accepted
clinical threshold of 100 µm and therefore it may not be clinically
relevant.
Lee et al. investigated the margin it of ceramic crowns from
two diferent digital impression systems and the CEREC chairside
CAD/CAM system.26 Crowns were fabricated from digital impressions using the Lava COS and Cercon systems and from digital
impressions using the CEREC BlueCam and compared to PFM
crowns made with a conventional impression technique. he mean
marginal gaps were 70.5 ± 34.4 µm for the PFM crowns, 87.2 ±
22.8 µm for Lava, 58.5 ± 17.6 µm for Cercon, and 72.3 ± 30.8 µm
for CEREC BlueCam. here were no signiicant diferences in the
marginal it among most of the groups except that Cercon crowns
presented signiicantly smaller marginal gaps than Lava crowns (P
< 0.001). However, once again this diference in it was below the
accepted clinical threshold of 100 µm and therefore may not be
clinically relevant.
Another study investigated diferent chairside CAD/CAM
systems relative to margin it of ceramic crowns.27 hree lithium
disilicate crown fabrication techniques were included: CEREC 3D
BlueCam, E4D laser scanner, and a lost-wax, heat-pressed technique
(IPS Empress 1). Microcomputed tomography was used to measure
margin discrepancies on the crowns. Heat-pressed crowns had a
mean vertical misit of 36.8 ± 13.9 µm and CEREC crowns had
mean vertical misit of 39.2 ± 8.7 µm, both of which were statistically signiicantly smaller than the mean vertical misit recorded
for the E4D crowns, 66.9 ± 31.9 µm (P < 0.05). In addition, the
authors suggested that clinically acceptable it should be equal or
less than 75 µm. he percentage of crowns with a vertical misit
under the 75 µm reported was 83.8% for CEREC and heat-pressed
technique, whereas only 65% of the E4D crowns had vertical
misit under that value, potentially indicating better it accuracy
for CEREC and heat-pressed technique.
Ender and Mehl evaluated the in vivo precision of impressions
using conventional and digital methods.28 he conventional methods
used were metal full-arch tray or triple tray with PVS material. In
addition, eight digital impression systems were also evaluated: Lava
True Deinition Scanner and Lava COS (3M ESPE), iTero (Cadent),
Trios (3Shape), Trios Color (3Shape), as well as CEREC BlueCam
(Software 4.0), CEREC BlueCam (Software 4.2), and CEREC
Omnicam (Dentsply Sirona). Five subjects each received three
quadrant impressions with each of the impression methods. he
impressions were superimposed within each test impression group,
for each patient, using CAD software (Geomagic Qualify 12, 3D
Systems). A perfect match (misit of zero) would indicate ideal
precision, with increasing values from zero gradually indicating
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poorer precision. he precision for all methods ranged from 18.8
± 7.1 µm for the metal full-arch tray to 58.5 ± 22.8 µm with the
triple tray. he conventional metal full-arch tray had statistically
best precision of all groups, followed by True Def (21.7 ± 7.4 µm),
Trios (25.7 ± 4.9 µm), Trios Color (26.1 ± 3.8 µm), and group
BlueCam 4.0 (34.2 ± 10.5 µm). No statistically signiicant diference
was found between BlueCam 4.2 (43.3 ± 19.6 µm), OmniCam
(37.4 ± 8.1 µm), Lava COS (47.7 ± 16.1 µm), iTero (49 ±
12.4 µm), and conventional triple tray impressions (58.5 ±
22.8 µm). he authors concluded that despite signiicant diferences
found, all of the digital impression systems were capable of producing quadrant impression with precision that was clinically
acceptable.
Hack and Patzalt measured the ability of six intraoral scanners
to accurately capture a single molar abutment tooth in vitro.29 he
scanners tested included iTero, True Def, PlanScan, CS 3500,
Trios, and CEREC Omnicam. A master typodont model of a
single crown preparation was scanned with a highly accurate
industrial benchtop scanner, and the digital ile from the benchtop
scanner was compared to the digital scans of the intraoral scanners
using a CAD software program (Geomagic Qualify). Precision
was measured by superimposing the benchtop scanner digital ile
onto the digital iles recorded by each scanner and evaluated for
three-dimensional deviations. Similar to a previously mentioned
study, a perfect match (misit of zero) would indicate ideal precision,
with increasing values from zero gradually indicating poorer precision. he authors reported most accurate precision values for the
Trios (4.5 ± 0.9 µm), followed by True Def (6.1 ± 1 µm), iTero
(7 ± 1.4 µm), CS3500 (7.2 ± 1.7 µm), CEREC OmniCam (16.2
± 4 µm), and PlanScan (26.4 ± 5 µm). Statistically signiicant
differences were reported between all scanners and CEREC
Omnicam (P < 0.05) as well as between all scanners and PlanScan
(P < 0.05). he authors concluded that, even though there were
diferences in levels of accuracy, all scanners investigated produced
clinically acceptable accuracy.
A more recent systematic review also evaluated the marginal
it of single-unit all-ceramic crowns fabricated after conventional
and digital impressions. he search included studies published
from January 1989 through December 2014. From the original
63 articles that were identiied, 12 were selected (both in vitro and
in vivo) after applying the inclusion and exclusion criteria. For in
vitro studies mean marginal it of crowns fabricated after conventional impressions was 58.9 µm (95% CI: 41.1–76.7 µm), whereas
for digital impressions it was 63.3 µm (95% CI: 50.5–76 µm).
However, for in vivo studies the results were reversed with mean
marginal it of crowns fabricated after digital impressions 56.1 µm
(95% CI: 46.3–65.8 µm), whereas for digital impressions it was
79.2 µm (95% CI: 59.6–98.9 µm). he authors reported low
overall risk of bias of the included studies as well as moderate
heterogeneity, mostly due to the variety of intraoral scanners and
ceramic materials in the studies included. he result of the metaanalysis indicated no statistically signiicant diference in marginal
gap of single-unit ceramic restorations fabricated after conventional
or digital impressions. he authors suggested that the digital
worklow exceeds clinically acceptable standards and performs equal
to conventional impressions.30
he PlanFit and CS Solutions systems have been more recently
introduced for chairside CAD/CAM restorations and have very
limited published research on margin it and internal adaptation.
One study measured the marginal it of E4D fabricated crowns
on typodont preparations completed by 62 diferent clinicians.31
Each of the crown preparations was judged as good, fair, or poor
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by using both a replica technique and visual examination looking
at common criteria for ceramic restorations. he quality of the
preparation inluenced the accuracy of the margin it in ways that
were statistically signiicant. Ideal preparations had a mean margin
it of 38.5 ± 9 µm, fair preparations had 58.3 ± 12 µm, and poor
preparations had 90.1 ± 23 µm. A second in vitro study measured
the margin it and internal adaptation of E4D fabricated emaxCAD
crowns.32 Mean margin its varied from 79.32 ± 63.18 µm for
buccal margins to 50.39 ± 35.98 µm for lingual margins. Additional
independent studies are warranted for a more precise assessment
of margin it and internal adaptation of PlanFit and CS Solutions
restorations.

Clinical Longevity of CAD/CAM Retoration
he clinical performance of chairside CAD/CAM restorations has
been studied so as to assess relative longevity in the oral environment.
Long-term randomized clinical trials are considered the most robust
study design for the purpose of proper assessment of clinical longevity. However, there is considerable amount of variation in the
dental literature when searching for independent randomized studies
on clinical longevity of chairside CAD/CAM restorations. he
vast majority of the publications report on the long-term clinical
performance of CEREC restorations primarily because the CEREC
System has been available since the early 1990s whereas other
systems have been more recently introduced. Systematic reviews
represent invaluable tools to synthesize the results of these multiple
and varied clinical studies; however, the conclusions of systematic
reviews are only as valuable as the quality of the studies they seek
to combine.
Wittneben and coworkers evaluated the clinical performance
of CAD/CAM restorations in a systematic review.33 he authors
performed an electronic search of all publications on clinical
performance of CAD/CAM restoration between 1985 and 2007.
Studies were selected following speciic inclusion criteria. he
included publications comprised 14 prospective and 2 retrospective
studies on the chairside CEREC System (CEREC 1 and 2) as well
as the laboratory system Celay, providing follow-up data from 2
to 10 years. he search yielded data on a total of 1957 restorations
with a mean exposure time of 7.9 years. he restorations included
mostly posterior crowns, but some studies evaluated inlays, onlays,
endocrowns, and anterior crowns. A total of 170 failures were
reported, at a rate of 1.75% failure per year. he most common
modes of failure described were fractures of the restoration or
tooth. he estimated survival rate for CEREC single-tooth restorations was 91.6% (95% CI: 1.22%–2.52%). Restorations fabricated
with feldspathic porcelain had the highest 5-year survival rate,
which contrasted with the lowest 5-year survival rate for glass
ceramic. At 5 years, ceramic onlays performed equally as successful
as crowns; however, the authors identiied a signiicant lack of
randomized studies as well as a shortage of scientiic evidence
longer than 3 years.
Among the CEREC literature, several of the studies published
data on CAD/CAM generated feldspathic porcelain restorations.
Posselt and Kerschbaum conducted a retrospective study on the
clinical performance of 2328 inlays and onlays for 794 patients
in a private practice setting. A total of 35 failures were reported
over 9 years. he Kaplan-Meier survival probability reported was
97.4% at 5 years and 95.5% at 9 years for CEREC inlays and
onlays. According to the authors, failure rate was not signiicantly
inluenced by restoration size, tooth vitality, previous presence of
deep caries, type of tooth treated, or whether the restoration was
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located in the maxilla or mandible. he most common type of
failure reported was tooth extraction.34 A 10-year prospective clinical
trial on feldspathic CEREC 1 inlays and onlays reported a KaplanMeier survival probability of 90.4% after 10 years for 200 restorations placed in private practice. he restorations were placed in
108 patients (62 female, 46 male). he mean age of the patients
was 37 years (range 17 to 75 years). All patients presented with
good dental care and a low risk for caries. he restorations were
fabricated chairside using Vita MK I feldspathic ceramic and were
delivered with adhesive technique with luting composite resin
instead of resin cement. A total of 15 restorations (8%) failed in
10 years, primarily due to either restoration or tooth fracture.35
In a follow-up report of that study, the authors reported less than
3% drop in survival rate for the same restorations at 17 years,
with reported Kaplan-Meier survival probability of 88.7%. Six
restorations failed during the 7-year period between evaluations,
once again primarily due to either restoration or tooth fracture.36
Compared to clinical studies using early versions of the CEREC
system, these more recent studies reported better survival
probabilities.
he clinical survival of CAD/CAM restorations is inluenced
by the adhesive cementation, which in turn is maximized with the
presence of enamel margins. his was well demonstrated by a
longitudinal study on clinical performance of nonretentive feldspathic CAD/CAM overlays (occlusal veneers). A single operator
placed 310 CEREC overlays paying particular attention to keeping
preparation margins within enamel whenever possible. After 8
years of follow-up, 286 paired onlays were available for evaluation
and the calculated survival rate was 99.3%. he only two fractures
observed in this study were on maxillary premolars of one patient
with occlusal parafunction.37 he clinical success of these restorations
was likely due to the predictable bonding that is often achieved
whenever the all-ceramic preparation is within enamel. In addition,
an experienced operator may have inluenced such remarkable
performance, as more inexperienced operators did not achieve
similar results. For example, a short-term prospective randomized
controlled clinical trial looked at the clinical performance of 68
paired feldspathic CEREC onlays (Vitablock Mark II) that were
cemented with a self-adhesive cement (RelyX Unicem, 3M ESPE).
he inluence of selective enamel etching was evaluated so each
patient had one onlay cemented with the self-etch technique and
the other one after selective etching. Statistically signiicant changes
were observed for marginal adaptation and marginal discoloration
between baseline and 2 years but no statistically signiicant diference
in clinical performance was recorded between the two diferent
cementation groups. Two onlays debonded, one from each group;
two onlays fractured from the self-etch group. he 2-year failure
rate for CEREC feldspathic onlays was 5.1% for the self-etch
technique and 1.7% for the selective etching group. he authors
concluded that selective enamel etching did not statistically signiicantly inluence the results.38 However, the failure to ind
signiicance could be attributed to the short follow-up time.
Long-term clinical trials indicate that failures tend to continue to
increase over time.
A long-term randomized clinical trial was designed to access
the longitudinal performance of 80 inlays machined from either
a composite resin material (Paradigm MZ100) or feldspathic
ceramic (Vitablocks Mark II), cemented with a dual-cured resin
cement (RelyX ARC) using a total-etch bonding technique. At
the 10-year recall 89% of the inlays were available for evaluation.
No statistically signiicant diference in margin adaptation was
evident between the two materials; however, a signiicant decrease

in margin adaptation was noted when inlays of both materials were
compared to baseline values due to margin wear of the adhesive
luting cement over time. Composite inlays had fewer fractures
in 10 years, with a calculated survival rate of 95% for Paradigm
MZ100 inlays versus 87.5% for Vitablocks Mark II. he calculated
annual failure rates were 0.5% for composite inlays and 1.25% for
ceramic inlays.39
he vast majority of publications report on feldspathic CAD/
CAM materials because they were the irst blocks available for
chairside milling. More recent studies have evaluated newer CAD/
CAM materials. A randomized clinical study compared leucitereinforced (Paradigm C, 3M ESPE) and feldspathic (Vita Mark
II, Vita) CEREC onlays cemented with a self-etching, self-adhesive
resin cement (RelyX Unicem, 3M ESPE). No statistically signiicant
diferences in the clinical performance were noted between the
two materials at 3 years.40 his trend continued to be observed at
the 5-year follow-up as no statistically signiicant diference was
noted in margin adaptation between the two materials either at 5
years or when results were compared to baseline values. However,
an increased trend for localized crevice formation was noted over
time and a statistically signiicant diference was found between
baseline and 5-year data for both materials when more discriminative
criteria were applied.41
Chairside CAD/CAM systems were initially limited to the
fabrication of inlays and onlays since crowns were not possible
with the milling instruments irst introduced; therefore most of
the initial studies focus on chairside all-ceramic inlays and onlays.
With the advent of newer materials and evolution of the milling
systems, an increased number of publications focus on chairside
CAD/CAM crowns. Reich and coworkers reported a short-term
clinical study on the performance of chairside CAD/CAM IPS
e.maxCAD crowns fabricated with the CEREC system. Forty-one
full-contour e.maxCAD crowns were placed in 34 patients and
39 were available for the 24-month recall. Kaplan-Meier analysis
revealed a 2-year survival rate of 97.4%. However, the failures
observed were not due to crown fracture; one crown exhibited
secondary caries and two crowns received root canal treatment.42
In contrast, a large longitudinal clinical study evaluated the clinical
performance of 100 IPS e.maxCAD CEREC crowns at 2, 4, and
5 years.43-45 All crowns were fabricated and delivered at a single
appointment. he irst 62 crowns were placed with either a selfetching bonding agent and resin cement or a self-adhesive resin
cement. he last group consisted of 38 crowns that were delivered
using an experimental self-etching, self-curing cement. No crown
failures were reported during the irst 24 months, therefore the
2-year survival rate was 100%. A total of ive failures were recorded
at 5 years, four crowns debonded (three of which had been delivered
with the experimental cement that never made it to market), and
one crown fractured, for a 95% survival rate at 5 years. his study
is currently ongoing and the optimistic trends continue to be
observed.
here is considerable published clinical research on chairside
CAD/CAM technology that has revealed it to be a valuable tool
for the delivery of high-quality restorations delivered during a
single appointment. he ability to adhesively bond ceramic restorations at the time of restoration fabrication minimizes the occurrence
of postoperative sensitivity while allowing for more conservative
tooth preparation as no preparation retention is required to retain
a temporary restoration. Research studies have assessed an extensive
variety of resin-based, porcelain, glass ceramic, and high-strength
ceramic materials that may be used to provide restorative solutions
for inlays, onlays, veneers, and full crowns.

CHAPTER 12 Digital Dentitry in Operative Dentitry

Concluion
he clinical application of CAD/CAM technology has developed
through a continuous evolution of the hardware and software.
A variety of restorative materials are available to ofer alternative
solutions for a variety of clinical problems. Laboratory and clinical
research has documented the accuracy, longevity, and efectiveness
of CAD/CAM fabricated restorations. he eicient treatment
worklow provides an opportunity for patient-centered treatment
in one appointment. he evidence-based reliability, as well as
the perceived value of same-day dentistry, has helped secure a
permanent spot for CAD/CAM dentistry in operative dentistry
practice.
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his chapter discusses dental biomaterials with the practicing
dentist and dental student in mind. As such, it is not meant
to be an in-depth review of materials that would be of
interest to material scientists. he chapter discusses dental biomaterials from the perspective of the clinician trying to make a decision
about, for example, what composite resin material, dental adhesive
system, or impression material is best for his or her practice in
order to provide optimum care for patients.
hese decisions are often important because, in addition to
clinical time, materials themselves are very expensive and the cost
of premature failure of a restoration and subsequent replacement
is considerable. Most materials are brought to the marketplace
with little or no clinical testing. Practicing dentists are basically
doing the clinical testing for manufacturers. Understanding the
basic nature and composition of dental materials can allow clinicians
to make educated decisions related to new materials and avoid
catastrophic outcomes (Fig. 13.1).
Contemporary dental practitioners are expected to practice
“evidence-based” dentistry.1-4 he evidence-based diagram (Fig.
13.2) shows the top of the hierarchy is iltered information from
meta-analyses and systematic reviews of published randomized
controlled trials (RCTs). However, the reality is that it takes at
least 10 years from the introduction of a new material before
5-year RCTs are published. Most currently published (2017)
systematic reviews are of limited value to the clinician, because
the clinical trials included in the reviews are usually very weak and
poorly designed.5 hus in the absence of good “evidence,” it is
essential that dentists understand the composition of commonly
used dental materials and the functions of each component of
those materials.
Dental materials have a number of important physical and
mechanical properties that will be described in the next section.
One of the most important properties is “technique sensitivity.”
A material is described as technique sensitive when diferent
operators get diferent outcomes when using that material. Materials
that are low in technique sensitivity are desirable, and manufacturers
strive to develop materials that are not technique sensitive. A good
example of this is seen with dental adhesives. Dental adhesives
have evolved over many years and as many as seven generations
have been described. For many years, the fourth generation of
dental adhesives was identiied as the best system, but dentists
have had variable results with it, as it required three separate steps
(etch, prime, bond) and involved the vague concept of “moist”
a
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dentin. hese materials were indeed “technique sensitive.” Subsequent generations attempted to simplify the bonding procedure
and make it less technique sensitive, but in fact made it less efective.
Dentists who understood the fourth generation of bonding agents
and who were meticulous in their technique achieved excellent
clinical results. hose who did not understand these materials and/
or were less meticulous in their technique got less successful
outcomes.
One material that is very low in technique sensitivity is silver
amalgam (Fig. 13.3). A short time after placement of a silver
amalgam restoration, oral luids penetrate the microscopic space
between the amalgam and tooth structure.6 his process, called
percolation, results in the deposition of corrosion products and
efectively seals the interface between the amalgam and the tooth.
his process of “self-sealing” occurs irrespective of the skill and
knowledge of the operator, which makes silver amalgam one of
the least technique sensitive materials.
he discussion on technique sensitivity leads to the concept
that there are two parts to the successful use of dental materials:
material selection and material manipulation. Dentists must select
the most appropriate restorative material based on knowledge of
the disease process, knowledge of materials appropriate for dealing
with the dental defect, and knowledge of expected outcomes of
the proposed intervention. Appropriate material manipulation
of the selected material requires knowledge about the material
and meticulous attention to details such as isolation, bonding
technique, incremental buildup, curing time, matrix selection,
and many other variables. hus, both material selection and
proper manipulation of the selected material are critical to clinical
success.
Dentists have variable approaches to their adoption of new
materials and procedures. Some are very conservative and patiently
wait for high quality of evidence prior to using a new material or
technique. Others, described as “early adopters,” eagerly utilize
every new material or technique the instant it comes on market,
and others are between the two extremes. here is room in the
profession for all three groups, but it is clear that early adopters
must have an excellent knowledge and understanding of both the
selection and the manipulation of dental materials.
THE BOTTOM LINE
1. Understanding the composition and nature of dental materials
is important to obtain optimum clinical outcomes.
2. Materials are brought to the market with almost no clinical
testing.
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• Fig. 13.1

• Fig. 13.2

Fractured porcelain veneer.

Evidence-based medicine pyramid.

• Fig. 13.3

Amalgam restorations.

3. Premature clinical failures of dental restorations are extremely
costly to dental practices.
4. he evidence base for restorative materials is not robust.
5. he relative technique sensitivity of a material is an important
attribute.
6. Both material selection and material manipulation are
important.

A number of important physical and mechanical properties of
dental materials can be identiied. his section will discuss some
of these properties and illustrate how they might be important to
the long-term clinical success of a restoration. he discussion will
also attempt to answer the question, “Does a comparison of physical
properties of dental materials help predict clinical success or failure?”2
his section is not meant to be an exhaustive description of all of
the physical and mechanical properties that can be evaluated in
dental materials. he reader is referred to any of the excellent
contemporary textbooks on dental materials for that discussion.
Rather, it is intended to be a brief description of several properties
of dental materials that might be critical for clinical success.
One important point to be considered when evaluating studies
on physical and mechanical properties is that materials should be
tested in the mode in which they are used. Many in vitro studies
fail to do this. One example is dental cements. Clinically cements
are used in thin ilms between 15 and 100 microns. It is physically
impossible to test a sample of this dimension, so tests on dental
cements are done on samples that are not clinically relevant. hus
any in vitro data generated that is related to physical and mechanical
properties of dental cements should not be used to infer signiicant
clinical implications.
he following is an incomplete list and description of physical
and mechanical properties of dental materials and some examples
of why they are important.
Dimensional Change. Dimensional change is the percent
shrinkage or expansion of a material, which usually occurs as a
result of the setting reaction. One example is with composite resin.
Basically composite resin materials consist of inert iller particles
in a matrix of resin, usually mostly bisphenol A glycidyl methacrylate
(Bis-GMA). he resin material undergoes a polymerization reaction
as it sets, with individual monomers joining to become long-chain
polymers that then cross-link to form the polymer matrix. During
the process, the material undergoes polymerization shrinkage. With
contemporary hybrid composite resin materials, the shrinkage is
between 2.4% and 2.8%. If not accounted for in the placement
technique, this amount of shrinkage can lead to clinically signiicant
contraction gaps between the margin of the preparation and the
composite resin restoration. This can result in microleakage,
postoperative sensitivity, and recurrent caries.
Another example is with elastomeric impression materials. hese
also set with a polymerization reaction that results in shrinkage.
his shrinkage can be controlled with use of custom impression
trays that provide a 1- to 2-mm cross-sectional thickness of the
material and proper use of tray adhesives, which ensures the direction
of shrinkage is toward the tray.7 Use of stock trays results in excessive
thicknesses of impression material that may result in undesirable
distortion of the impression.
hermal Coeicient of Expansion (COE). he COE is deined
as the amount a material expands per unit length if heated 1 degree
higher. Waxes have the highest COE of all dental materials. When
the lost wax process is used, wax patterns should be invested as
soon as possible after margination to ensure that there is no distortion of the wax pattern due to normal fluctuations in room
temperature (Table 13.1).
This property can be very important when dealing with
materials that have cores with veneering materials. An example
is metal-ceramic crowns. he feldspathic porcelain veneer, which
provides excellent esthetic result with such restorations, is very
brittle and must be supported with a rigid material (metal alloy).
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TABLE 13.1

Linear Thermal Coeicient of Expansion
of Dental Materials in the Temperature
Range 20°C to 50°C

Material
Human teeth
Ceramics

Coeficient (× 106/°C)

TABLE 13.2

Thermal Conductivity of Diferent
Materials Used in Dentistry
Thermal Conductivity
(cal/sec/cm2[°C/cm])

Material

8–15

Unilled acrylics

0.0005

8–14

Zinc oxide–eugenol cement

0.0011

Glass ionomer base

10–11

Human dentin

0.0015

Gold alloys

12–15

Human enamel

0.0022

Dental amalgam

22–28

Composites

0.0025

Composites

25–68

Ceramic

0.0025

Unilled acrylics and sealants

70–100

Zinc phosphate cement

0.0028

Dental amalgam

0.055

Gold alloys

0.710

Inlay wax

300–1000

When fabricating metal-ceramic restorations the crowns must be
heated to a high temperature several times to sinter the veneering
ceramic. hen the units must be cooled to bench temperature.
If the COEs of the metal alloy and veneering porcelains are not
closely matched, stresses can build up in the veneering porcelain
that result in cracking or fracture of the ceramic. his can occur
at the time of fabrication or later in clinical service. Generally the
COE of the metal alloy is reduced with the addition of platinum,
and the COE of the porcelain is increased with the addition of
sodium. Whatever the mechanism used, it is clear the COEs of
both the core and veneering material must be closely matched
(Fig. 13.4).
It is often thought that the COEs of restorative materials must
be matched with the COE of tooth structure. If they are not
matched, the ingestion of hot beverages (e.g., cofee) and cold
foods and beverages (e.g., ice cream and beer) could result in
uneven expansion and contraction of the restoration and tooth,
resulting in microleakage. he reality is foods and beverages do
not surround the tooth/restoration complex for a long enough
time frame to efect any signiicant change in the temperature of
the tooth restoration.
hermocycling of tooth restoration samples is frequently done
during in vitro studies, and many incorrectly believe this is intended
to mimic intraoral conditions. Samples are alternately placed in
water at 5°C and 55°C for a speciied dwell time. his is generally
done to artiicially age the samples and to stress the bond being
tested. his thermocycling takes advantage of the difering COEs
of the restorative material and tooth structure to stress the bond
and accelerate the failure rate to shorten the necessary testing time.
Percolation. he process of luids entering the microscopic
space between a restorative material and the wall of the cavity
preparation is called percolation. This is not a beneficial
process with materials such as composite resins, but works wonderfully with materials such as silver amalgam. When percolation
occurs with amalgam, corrosion products build up at the toothrestoration interface and efectively seal it, usually 6 weeks after
placement of the amalgam. With modern high copper amalgams
with reduced gamma-2 phase, this phenomenon occurs but takes
slightly longer to create an efective seal (Fig. 13.5; Table 13.2).
hermal Conductivity. hermal conductivity is the rate at which
thermal changes are conducted through a material. Materials with
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• Fig. 13.4

Metal-ceramic restorations.

• Fig. 13.5

Teeth numbers 12, 13, 14, 15 restored with amalgam restorations. Percolation = corrosion product = seal.

high thermal conductivity are good conductors of hot and cold,
and could be a factor in postoperative sensitivity. his is the rationale
for placing bases and/or liners with cavity preparations that are
close to the pulp. Bases and liners have low thermal conductivity
and thus are eicient insulators (see Table 13.2).
here is speculation by some that these bases and liners are not
needed because dentin itself is a good insulator. However, often
the thickness of dentin over the pulp may be minimal, so it is
usually recommended that the thickness of remaining dentin plus
the thickness of the base or liner should be at least 2 mm.
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It is interesting to note that amalgam is an excellent thermal
conductor whereas composite resin is an efective insulator; however,
the incidence of postoperative sensitivity is signiicantly higher
with composite resin restorations than with amalgam restorations.
his demonstrates that the phenomenon of postoperative sensitivity
is multifactorial and complex, and not due to thermal conductivity
alone.
Layered zirconia restorations experience a rate of veneer chipping
about eight times that of metal-ceramic restorations. he etiology
of this chipping is multifactorial, but one of the potential causes
is the thermal conductivity of the zirconia core. he thermal
conductivity is extremely low, and zirconia can be considered an
insulator. he consequence of this is that when a layered zirconia
restoration is removed from the sintering oven, the core cools very
slowly and the veneering ceramic cools past its glass transition
temperature while the core continues to cool and shrink. he net
result of this interaction is that stress is built up in the veneering
ceramic, which is later released via clinical chipping of the veneering
material. New iring cycles involving slower cooling rates seem to
have reduced the incidence of chipping in recent years.8
Creep. Creep is deined as time dependent plastic deformation
of a material under static load or constant stress. his property is
important with silver amalgam. Conventional low copper amalgam
materials have high creep values and exhibit poor marginal integrity
over time as the amalgam creeps into a thin layer and then breaks
of creating marginal ditching. Contemporary high copper amalgams
have low creep values and maintain good marginal integrity as a
function of time.
Creep is one of the few properties that has a demonstrated
ability to predict clinical performance. Amalgam materials with
low creep values perform well clinically when compared with
amalgams with high creep values.
Electrical Properties. he three major electrical properties in
dentistry are galvanism, tarnish, and corrosion. Galvanism occurs
whenever diferent metals are in contact with one another in the
presence of an electrolyte (saliva). Clinically, this can occur when
a gold crown is placed adjacent to an existing amalgam restoration
or vice versa. Gold crowns adjacent to metal-ceramic crowns can
have a similar result as there are over 277 diferent commercially
available porcelain bonding alloys. he clinical symptoms resemble
an “electrical shock” or the presence of a metallic taste. hese
symptoms typically are self-limiting and are not considered serious
problems (Fig. 13.6).
Tarnish is a surface phenomenon resulting in unesthetic discoloration of dental alloys, similar to tarnish of commonly used

• Fig. 13.6 The generation of electrical currents due to contact of dissimilar metals in an electrolyte is known as galvanism.

silverware (Fig. 13.7). It does not result in physical breakdown of
the alloy. It is important to note that the term “noble metal”
connotes that the metal is resistant to tarnish in the oral cavity.
he major noble metals used in dentistry are gold, platinum, and
palladium. Others are rhodium, ruthenium, iridium, and osmium.
Alloys should contain a minimum 45% noble metal to prevent
intraoral tarnishing. Chromium is a metal that prevents tarnish
in base metal alloys. One metal that is precious but not noble is
silver.
Corrosion is chemical or electrochemical dissolution of metals
in oral luids. he varying pHs in the oral environment create the
possibility of corrosion, although in fact it is a rare occurrence.
Corrosion of prefabricated metal endodontic dowels with fractured
endodontically treated teeth has been seen occasionally. In these
cases it is believed that fracture of the endodontically treated tooth
occurred irst, allowing contact of oral luids with the post resulting
in corrosion. he other possibility is that the corrosion occurred
irst followed by fracture due to the production of corrosion products
(Fig. 13.8).
Solubility. Solubility is the relative tendency to dissolve in oral
luids. his was a major problem with the irst direct esthetic
restorative material, silicate cement. his cement was a powder

• Fig. 13.7 Tarnish of silverware. Dental alloys may undergo the same
discoloration in the oral environment.

• Fig. 13.8
water.

Example of corrosion due to electrochemical dissolution in
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liquid system, the powder being ground alumino-silicate glass and
the liquid phosphoric acid. When mixed, it formed a paste that
was inserted into the prepared cavity and when set and inished
provided a restoration suitable for class III restorations that was
expected to provide only 3 to 5 years of service. he reason for
this short time of service was that silicate cements were soluble in
oral luids. An unexpected beneit of this problem was that as the
alumino-silicate glass dissolved, it released high concentrations of
luoride. When the partially dissolved restoration was removed for
replacement, recurrent caries was never found due to this high
level of luoride release (Fig. 13.9).
Conventional nonresin-based dental cements had variable levels
of solubility; for example, zinc-oxide eugenol (ZOE) cements that
are often used for provisional restorations are quite soluble in oral
luids. From a practical standpoint, this means that provisional
restorations should not be cemented for more than 6 weeks if
ZOE is used. At that time, the provisional restorations should be
removed, cleaned, and recemented.
he relative solubility of conventional nonresin cements made
it necessary to provide precisely itting deinitive restorations. Cast
gold restorations provide an extremely long time of service cemented
with zinc-phosphate cement, providing they have precision of it.
Poorly itting cast gold restorations provide a short term of service
as they are simply chunks of metal in a sea of cement.
Solubility of dental cements is typically measured with a 24-hour
in vitro solubility test where a sample of cement is immersed in
a solute for 24 hours and the amount of dissolved cement is
calculated.9 Long-term (6 months) in vivo solubility tests are
preferred. hese types of studies indicate that there are small
diferences between cements in long-term solubility, but importantly
ind there are signiicant diferences among patients in regard to
solubility. Some patients dissolve considerable amounts of cement,
while other patients demonstrate minimal solubility. he causes
of this phenomenon are not known.
Glass ionomer cements perform poorly in 24-hour in vitro
solubility testing because they are quite soluble in the irst 24
hours after mixing. However, they perform very well in 6-month
in vivo testing, and in fact are the best of the conventional nonresin
cements in that parameter. his means they must be protected
from saliva immediately after cementation using excellent isolation
and coating with petroleum jelly or varnish.
Optical Properties. Optical properties of bulk materials include
interactions with visible light that involve relection, refraction,
absorption (and luorescence), or transmission. he radiation
typically involves diferent intensities for diferent wavelengths (or
energies) over the range of interest (spectrum). Any of these
interactive events can be measured using a relative scale or an
absolute scale. When the electromagnetic radiation is visible light,
the amount of relection can be measured in relative terms as gloss
or in absolute terms as percent relection. Visible light absorption
can be measured in absolute terms as percent absorption (or
transmission) for every wavelength (in the visible spectrum). Color
is a perception by an observer of the distribution of wavelengths.
he same color sensation may be produced by diferent absorption
spectra (metamerism). An individual’s eye is capable of sensing
dominant wavelength, luminous relectance (intensity), and excitation purity. Variations among individuals’ abilities to sense these
characteristics give rise to varying perceptions of color.
he quality of color is measured by the Commission Internationale de l’Eclairage system as tristimulus values and reported as
color diferences (ΔL*, Δa*, and Δb*) compared with standard
conditions.
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• Fig. 13.9 Class III cavity restored with silicate cement after 3 years.
Notice the poor resistance to solubility and color change. No evidence of
recurrent carries.

Radiation of another wavelength may be preferentially absorbed
(e.g., x-rays). Composites that contain lithium, barium, strontium,
or other good x-ray absorbers may appear radiopaque (radiodense)
in dental radiographs. Materials that are good absorbers (for whatever
form of radiation) are described as opaque.
he appearance of a dental restoration is a combination of
events of surface relection, absorption, and internal scattering.
he scattering simply may delect the path of the radiation during
transmission (refraction), or it may relect the radiation internally
from varying depths back out of a solid to the observer (translucency). Enamel naturally displays a high degree of translucency;
translucency is a desirable characteristic for restorative materials
attempting to mimic enamel. A tooth that is isolated and kept
from any contact with oral moisture (saliva) soon develops a transient
whiter appearance. Refractive index is the angle of changed path
for a standard wavelength of light energy under standard conditions
(Fig. 13.10).
Compressive Strength, Tensile Strength, Diametral Tensile
Strength, Flexural Strength, and Fracture Toughness. All of these

are mechanical properties of materials that are tested utilizing
nonclinical samples and thus are only useful when comparing the
tested material to a known standard. Compressive strength tests
use cylindrical samples. Tensile tests can be done with certain
materials such as wires but cannot be used with materials such as
dental cements. Diametral tensile strength tests use discs and apply
the force to an edge. Because these tests do not test the material
in the mode in which it is used, data obtained from the tests are
of little value in predicting clinical performance but may be useful
in comparing a new product to a standard (Fig. 13.11).
Flexural strength testing has become popular for evaluating
new ceramic materials. Many of the newer ceramics such as lithium
disilicate and monolithic zirconia have vastly improved lexural
strength compared to feldspathic porcelain or leucite reinforced
ceramic. However, that data in itself does not automatically ensure
improved clinical performance, because ceramic crowns do not
fracture because of a lack of strength. hey fracture because of
inherent defects called Griith laws, which are incorporated into
the restorations during fabrication. hese defects propagate under
occlusal stress and due to static fatigue, and eventually result in
catastrophic failure. These newer materials may well provide
improved clinical performance because the techniques used in
fabrication (pressing and machining) result in fewer inherent defects,
and the phase transformation capability of zirconia prevents defects
from propagating after initiation.
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INTENSITY

Source

INTENSITY

Fracture toughness determination may be one of the most
valuable in vitro tests because it evaluates failure initiating from
a predetermined defect. It is possible that materials with improved
fracture toughness may show improved clinical performance.
Elastic Modulus. Elastic modulus is a measure of the relative
stifness or rigidity of a material (Fig. 13.12). he elastic modulus
is the ratio of stress over strain and is the slope of the straight-line
portion of a stress-strain diagram. It is a measure of how the
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change in path at
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surfaces.

• Fig. 13.10

Transmission 
1/Opacity

Schematic summary of interactions of electromagnetic
radiation with materials. The color perceived by the observer is the result of
several interactions between substrate and incoming radiation producing
relection, internal scattering, absorption, luorescence, and transmission.

material will deform when placed under stress. A material with a
high elastic modulus will be stif; a material with a low elastic
modulus will be lexible.
Ceramic materials have a very high elastic modulus and are
very brittle. hese materials are frequently bonded to a core material
to support the ceramic veneer and prevent fracture. It is critical
that the core material have an elastic modulus equal to or higher
than that of the ceramic material, because if the core material
lexes, the ceramic will fracture.
Another area where the modulus of elasticity of a material is
important is in the restoration of noncarious cervical lesions
(NCCLs). One potential etiology of NCCLs is tooth lexure leading
to cervical breakdown. Traditionally, materials with a low elastic
modulus such as microilled composite resins and resin modiied
glass ionomers have been more successful in restoring NCCLs
than stif materials such as hybrid composite resins.10 Contemporary
adhesive systems are now highly illed and, because they have a
low elastic modulus, can act as stress breakers during tooth lexure,
permitting successful restoration with stifer composite resins.
Load-to Failure Testing Versus Fatigue Testing. he traditional
approach to testing the strength of dental restorations is load-tofailure testing. With load-to-failure testing, a restoration is fabricated
and cemented/bonded to the prepared tooth or die and then loaded
with a testing machine and the forces increased until the restoration
fractures. If the load at which the restorations fail exceeds the
maximum bite force in the area of the restoration, it is then deemed
that materials will provide excellent clinical performance. Data
generated from load-to-failure testing can be very misleading and
do not provide predictive information on clinical performance.
Several problems with load-to-failure testing can be identiied.
Clinically, teeth and restorations generally fail by defect propagation.
Load-to-failure testing does not take this into account. he loads
at which failure occurs with load-to-failure testing are much higher
than the loads at which clinical failure occurs.11 he failures with
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• Fig. 13.11

B

Examples of directions of loading. A, Uniaxial loading of cylinder. B, Uniaxial loading of a
mesioocclusal amalgam restoration.
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• Fig. 13.13
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Schematic summary of mechanical properties with respect
to amalgam restoration in function. A, Occlusal loading of Class I amalgam
restoration. B, Load/deformation curve describing behavior of amalgam.
C, Normalization of load/deformation curve to stress-strain curve with
important characteristics of curve indicated. (Mechanical responses
depend on temperature and strain rate involved.)

load-to-failure testing initiate at the occlusal surface of the restoration
being tested while clinically restorations fail by defect propagation
from defects at the tooth cement surface. Finally, the fracture
pattern of failed restorations with load-to-failure testing results in
the restoration fracturing in multiple fragments. Clinically, failure
usually occurs with the restoration breaking into two pieces.
One major argument against load-to-failure testing is that restorations do not fail because the patient bites down with incredible force

Eight-chamber chewing simulator.

on a restoration, but rather they fail by defect propagation due to
low occlusal forces over a long period of time. In order to make
in vitro testing more clinically related, fatigue testing using cyclic
loading machines has become increasingly popular (Fig. 13.13).
Fatigue testing using cyclic loading is considerably more relevant
than load-to-failure testing because it much more closely mimics
the clinical situation. Fortunately, many major research organizations
have made the considerable investment in cyclic loading machines
and more and more fatigue studies are appearing in the peer reviewed
literature. It is important to note that dental fatigue testing is in
its infancy and many factors need to be considered when attempting
to bring the study environment closer to the clinical situation.
Some of the variables that need to be considered include loading
force, number of cycles, loading frequency, and antagonist material.
Whether or not to include a simulated periodontal ligament is an
important consideration. Whether to fatigue under water or dry
is also a consideration. With ceramic materials, it is critical to
fatigue under water as it has been proven that ceramic materials
fail at half the load under water as in air. his is because of the
presence of static fatigue with ceramic materials under water or
saliva. he use of thermocycling, the type of abutment or die
material, the use of vertical plus lateral movements, and the use
of anatomic versus lat samples are all important considerations
when designing a fatigue study.
he bottom line is that load-to-failure studies have no clinical
relevance whatsoever and should not be published. While recognizing that designing appropriate fatigue studies is challenging, it is
clear that these types of studies are going to play an increasingly
important role in dental materials research.
Wettability. Wettability is a measure of the ainity of a liquid for
a solid as indicated by the spreading of a sessile drop (Fig. 13.14).
his might be best explained by the state of a raindrop on a
freshly waxed car. It will bead up, indicating a high contact angle
and low wettability. Similarly, placing a drop on air abraded versus
polished metal will result in a spreading drop (low contact angle;
good wettability) on the former and a beaded drop (high contact
angle; poor wettability) on the latter.
Early versions of addition reaction silicone impression material
were extremely hydrophobic and difficult to pour. Modern
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elastomeric impression materials contain nonionic surfactants,
which render them more hydrophilic and considerably easier to
pour because the surface is more wettable and forms a lower contact
angle with liquids.
Hardness Testing. he surface hardness of a material is often
of interest and is determined by use of some form of indenter.
Basically the indenting tool is dropped onto the surface of the
material with a speciied load, and the size of the defect created
on the material is measured using a microscope. here are diferent
hardness tests that are optimally used with speciic materials. hese
include Knoop, Vickers, Barcol, Brinell, and Rockwell hardness
testing (Fig. 13.15). he diference between these testers is the
shape and material of the indenter and the force used.
One area where hardness testing is frequently used is in determining the degree of polymerization of composite resin materials. he
harder the surface, the greater the degree of conversion. Studies
generally compare the hardness of the top surface (closest to the
light) and the hardness of the bottom surface. Some of the variables
that have been tested include intensity of the light, thickness of

Θ > 90°

nonwetting

Θ < 90°

wetting

• Fig. 13.14 Schematic drawing of the contact angle determining wettability. Contact angles less than 90 degrees are considered to be wetting
and hydrophilic. Contact angles larger than 90 degrees are considered
nonwetting and hydrophobic.

• Fig. 13.15

the composite resin increment, curing through ceramics, and
distance of the light from the resin.
Bond Strength Testing. In the adhesive era there is a need to
test the bond of one material to another, and the bond of materials
to enamel and dentin. here have been hundreds of studies
published on bond strength in recent years. hese studies are
useful for comparing the relative bond strength of product X to
product Y but have relatively low ability to predict clinical
performance.12
he most common bond strength test is the shear bond strength
test. his test is used frequently because it is easy to perform, but
the clinical relevance is minimal. Another approach is the microtensile bond strength test. his test became popular because it was
initially thought that 8 to 10 samples could be obtained from a
single tooth; however, subsequent evaluation determined that data
from these samples needed to be combined and in reality only 1
sample was obtained from each tooth. his bond strength test is
extremely technique sensitive and produces data with wide standard
deviations. It is not clear that the predictive data from microtensile
bond strength testing is more predictive of clinical performance
than shear bond testing.
It is clear that many bonds are quite strong initially but deteriorate over time. hus it is imperative that bond strength testing
must include initial testing plus testing after storage in water,
thermocycling, or fatigue.
Biologic Properties. Biologic properties of biomaterials are
concerned with toxicity and sensitivity reactions that occur locally,
within the associated tissue, and systemically. It is possible to evaluate
local toxic efects on cells by clinical pulp studies or by tissue
culture tests. Unset materials may release cytotoxic components;
however, in clinical situations this problem is rarely evident. Two

Shapes of hardness indenter points (upper row) and the indentation depressions left in
material surfaces (lower row). The measured dimension M that is shown for each test is used to calculate
hardness. The following tests are shown: Brinell test—a steel ball is used, and the diameter of the indentation is measured after removal of the indenter. Rockwell test—a conical indenter is impressed into the
surface under a minor load (dashed line) and a major load (solid line), and M is the difference between
the two penetration depths. In the Vickers or 136-degree diamond pyramid test, a pyramidal point is
used and the diagonal length of the indentation is measured. In the Knoop test, a rhombohedral pyramid
diamond tip is used and the long axis of the indentation is measured. (From Anusavice KJ, Shen C, Rawls
RH: Phillips’ science of dental materials, ed 12, Elsevier, St. Louis, 2013.)
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important clinical factors determining toxicity are the exposure
time and the concentration of the potentially toxic substance.
Generally, restorative materials harden quickly or are not readily
soluble in tissue luids (or both). Potentially toxic products do not
have time to difuse into tissues. Even more importantly, the
concentration makes the poison. Some authorities believe that if
the amount of material involved is small, the pulp or other tissues
can transport and excrete it without signiicant biochemical damage.
Others believe there is no threshold. A threshold level for toxicity
is one below which no efect can be detected.
his section is not meant to be an exhaustive description of all
physical and mechanical properties of dental materials. It is intended
to highlight some of the more important properties and to describe
some clinical examples where these properties might be important.
Even though these properties are important, it is imperative to
understand that in vitro studies of physical and mechanical properties are poor indicators of clinical performance. As fatigue studies
become more sophisticated and clinically relevant, in vitro studies
may become more predictive.
THE BOTTOM LINE
1. A large number of physical and mechanical properties of dental
materials can be evaluated with in vitro testing.
2. When testing materials, whenever possible they should be tested
in the mode in which they are used.
3. Bond strength studies have little relevance to clinical performance.
4. Static in vitro studies of physical and mechanical properties
yield minimal data that are predictive of clinical performance.
5. Ceramic materials should be fatigue tested under water.
6. Fatigue testing with cyclic loading is promising but complex.

Direct Retorative Material
Silver Amalgam
Silver amalgam has been used for the restoration of teeth for well
over a century.6 It has been the most popular restorative material
over that period of time, having been used in over 75% of single
tooth restorations placed in the past 100 years (see Fig. 13.3).
he use of silver amalgam in North America has diminished
somewhat in recent years due to a dramatic reduction in caries
rate coupled with a high interest in esthetics and concern for the
potential toxicity of mercury.
Nonetheless, silver amalgam will continue to be an important
restorative material for many years to come. It will likely be especially
valuable in many of the developing countries where dental caries
continues to be a major problem and where resources required to
deliver alternative (more sophisticated) restorative dentistry options
are not available. Additionally, silver amalgam continues to be one
of the best materials available for core buildups of extensively
damaged teeth to support crowns and ixed partial dentures.
Silver amalgam has had a fascinating and controversial history
ever since its introduction to North America by the Crawcour
brothers in the 1830s. he actions of these charlatans resulted in
the irst amalgam war and the infamous “amalgam pledge” that
was inally rescinded in 1850. A period of scientiic investigation
followed, championed by individuals such as Flagg and Hickock,
and culminated in G.V. Black’s publication of his formula for
silver amalgam in 1896 (Fig. 13.16).
In the 1930s the writings of a German physician, Stock, stimulated research into the biocompatibility of silver amalgam, and
speciically the efects of mercury. In what could be called the

• Fig. 13.16 G.V. Black. Father of operative dentistry. (From Kock CRD:
History of dental surgery, vol 1, Chicago, 1909, National Art Publishing.)
second amalgam war, claims and counterclaims were made, and
eventually organized dentistry accepted the belief that amalgam
was safe. he irst American Dental Association (ADA) Speciication
(#1) for a dental material was established for silver amalgam, and
Stock later went on to repudiate his own writings.
he composition of silver amalgam did not change substantially
from the publication of Black’s formula until the 1960s when high
copper amalgam was introduced to the profession by two Canadian
researchers (Fig. 13.17).
As subsequent clinical research would clearly demonstrate, the
high copper formulations that are almost exclusively used today
are clinically superior to the conventional amalgam materials that
had been used up to that time. As Greener has explained, the
discovery of high copper amalgam was a case of “serendipity of
the highest order,” yet it remains as one of the most important
advances in dental materials in the past 50 years.6

Advantages of Silver Amalgam
Silver amalgam has been and will continue to be such a popular
restorative material because it possesses a number of well-deined
advantages. It is one of the easiest of all restorative materials to
manipulate, it can be placed into the prepared cavity in a plastic
state, and then it can be carved and shaped to physiologic form
before it hardens. Once hardened, it has excellent physical properties
that allow it to perform well in the long term as a restorative
material in posterior teeth. It is strong enough to provide very
predictable long-term service in conservative restorations, and is
also valuable as an interim restorative material in very large
restorations.
he basic strength of silver amalgam, coupled with the fact
that it can be placed relatively rapidly in a single appointment,
make it a very cost-efective material. It is less expensive by a wide
margin than any of the alternative restorative materials.
Silver amalgam has one additional important advantage: its
ability to automatically seal the cavity preparation. his ability,
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TABLE 13.3

Amalgam Alloy Composition

Element

Alloy %

Principal Function

Ag

70%

Strength

Sn

16%

Expansion

Cu

13%

Strength

Zn

1%

Deoxidizer

It is useful to understand the chemical reactions that occur
with both types of amalgam, as such an understanding will explain
the diferences in their clinical performance.
A set amalgam is a true eutectic, and micrographic evaluation
reveals three distinct phases: gamma, gamma-1, and gamma-2.
he reaction for conventional amalgam may be written as follows:
• Fig. 13.17 Dispersalloy (dispersed phase alloy) high copper amalgam.
(Courtesy Dentsply.)

which is a result of the buildup of corrosion products at the interface
between the amalgam and the cavity margins, makes silver amalgam
unique among restorative materials. A seal can be produced with
excellent technique with some of the alternative materials, but
none are as user friendly as amalgam, which creates a seal independent of the operator. Several months are required before the
seal becomes complete, especially with high copper amalgam
formulations; but once attained, it is a very efective barrier against
recurrent caries.
Because it requires some time for the seal resulting from deposition
of corrosion products to materialize, a method of obtaining a
temporary seal at the time of placement is recommended. his used
to be accomplished by placing two or three coats of copal varnish
on the enamel and dentin surfaces of the prepared cavity. his copal
varnish created an initial seal that would eventually be replaced by
the percolation process as corrosion products gradually formed at
the interface. In contemporary practice copal varnish is obsolete,
and sealing the cavity with a desensitizing agent such as Gluma
Desensitizer or G5 prior to amalgam placement is indicated.

Composition
Silver amalgam is supplied to the dentist as a powder or metallic
pellets that are then mixed together with liquid mercury in a
high-speed triturator to form a plastic mass that can be placed
into a prepared cavity. he plastic material allows suicient working
time for successful placement and then sets to form a strong and
durable restoration that can provide long-term clinical service.
Amalgam formulations difer from one another both chemically
in terms of chemical composition and physically in terms of the
size and shape of the alloy particles that are mixed with mercury.
hese physical and chemical variations result in diferences in
handling characteristics of the material and in the clinical results
that are ultimately attained.
From a chemical standpoint, amalgam can be divided into two
groups, conventional amalgam, which is similar to Black’s formulation, and high copper amalgam, which represents the state of the
art. Table 13.3 lists the components of both types of amalgam
alloy prior to mixing with mercury and also indicates the function
of each component.

gamma + mercury → gamma + gamma-1 + gamma-2
( AgSn )

( Hg )

( AgSn )

( AgHg )

( SnHg )

he gamma phase, which consists of unreacted silver and
tin, is the major component of the unreacted alloy and is also
present in the set amalgam. It is suspended in a matrix of gamma-1,
which is the reaction product of silver and mercury. he gamma
phase is very strong and corrosion resistant, whereas the gamma-1
phase is less strong and is more corrosion susceptible. he gamma-2
phase, the reaction product of tin-mercury, is also suspended in
the gamma-1 matrix. It is the weakest and most corrosion susceptible
of the three phases. he major diference between conventional
and high copper amalgams is the near elimination of the gamma-2
phase in the high copper amalgams. Elimination of this phase
produces a much stronger and clinically superior restoration.
Laboratory studies show that high copper amalgams display
less creep than conventional amalgams. he main clinical manifestation of this superiority is improved edge strength, which results
in a lack of marginal ditching over the long term (Fig. 13.18).
he chemical reaction for high copper amalgams may be written
as follows:
gamma + copper + mercury → gamma + gamma-1 + CuSn
( AgSn )

( AgCu )

( Hg )

( AgSn )

( AgHg )

( CuSn )

With such amalgam formulations, where the alloy contains 9%
to 30% copper, the copper will preferentially react with the tin
and thus prevent formation of the gamma-2 phase. Again, the
elimination of this gamma-2 phase strengthens the resultant
amalgam and is clinically manifest in improved marginal integrity
and minimal marginal ditching over time.
he discovery of high copper amalgams was basically an accident.
he metallurgists who developed the irst commercial product
added small metal spheres to the irregularly shaped alloy particles
in an attempt to “dispersion strengthen” the set amalgam. he
concept was that the spheres would it into the interstices between
the larger irregular particles and this would make the amalgam
stronger. hey happened to use copper spheres for this initial
product, and it was the elimination of the gamma-2 phase as a
result of the added copper that resulted in the improved clinical
performance of the alloy, rather than the imagined dispersion
strengthening. In fact, it has never been demonstrated that dispersion
strengthening is a viable modality.
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Open Contact

A

• Fig. 13.19

Open proximal contact in a Class II amalgam restoration.

TABLE 13.4

Alloy

B
• Fig. 13.18

A, Conventional amalgam restoration. B, High copper
amalgam restoration.

Commercial amalgams can also difer from one another in the
shape of the alloy particles. he two major types are admixed alloys
and spherical alloys. Both types of alloys produce clinically successful
restorations, but the handling characteristics of each are very
diferent.
With traditional amalgam materials, the alloy particles are formed
by cutting a block of alloy with a lathe. his method forms relatively
large, irregular particles. With admixed alloys, small spheres formed
by atomizing the liquid alloy are added to the mix in the hope
that a denser inal amalgam will result. Such an alloy is termed
an admixed alloy, and is the most common material in use today.
Such alloys require considerable force during condensation of
the amalgam to ensure optimum packing of the material and
intimate adaptation of the amalgam to the cavity walls. Strength
of these alloys is time dependent, and 24-hour compressive strength
is considerably greater than 1-hour strength (Table 13.4). hese
alloys should be carved and burnished, and inal polishing should
be delayed for at least 24 hours.
Spherical alloys handle much diferently than admixed alloys.
Generally speaking they require slightly less mercury in the initial
mix due to the small size of the spherical particles. he consistency
of the mix is often described as “buttery,” and the amalgam is
easily placed into the cavity and adapted to the cavity walls with
a minimum of pressure. However, because the fresh amalgam mix
will not resist a moderate amount of condensation pressure, it is
somewhat diicult to attain an adequate proximal contact in Class
II restorations (Fig. 13.19). With experience, this deiciency can
be overcome with excellent clinical technique.
Spherical amalgams attain much higher early (1 hour) strengths
than do admixed amalgams, and the inal (24 hours) compressive
strengths are also generally higher. he gain in early strength may
possibly reduce the incidence of isthmus fractures due to occlusal
force exerted shortly after placement of the amalgam; however,

Compressive Strength (MPa) of Diferent
Brands of Amalgam Alloys After 1 Hour
and 24 Hours
1 hr

24 hrs

Velvalloy

18,000

55,000

Dispersalloy

33,000

64,500

Phasealloy

12,900

65,700

Tytin

34,900

75,000

Valiant

47,800

76,500

there is no clinical data that would support that. It may also allow
preparation of the freshly placed amalgam 15 minutes after insertion
in those situations where it is being used as a build-up prior to
crown fabrication. he gains in inal compressive strength are likely
of minor importance.

Evaluation of Silver Amalgam Materials
Dental materials are generally initially evaluated in the laboratory
and subsequently in patients in controlled clinical trials. Laboratory
tests are of minimal value in diferentiating clinical performance
between diferent alloys. he only laboratory test that has proven
to be of predictive value in the clinical setting is that of “creep.”
Alloys with low creep values typically demonstrate excellent marginal
integrity over time in clinical trials.13 Generally high copper
amalgams display low creep values and are clinically successful
alloys.
hus an amalgam alloy should be selected on the basis of proven
clinical performance. Other variables, such as quality control, and
handling characteristics also may play a role in the decision to
select a given alloy. hus today it would be a reasonable choice to
select a high copper formulation that has a consistency and rate
of set that is desired by the individual practitioner. In fact, the
intelligent practitioner may well choose to keep a couple of diferent
formulations on inventory and choose the appropriate formulation
to match the speciic clinical situation.
For example, many prefer an admixed zinc containing alloy for
the majority of conventional restorations where a dry ield can be
maintained and where achieving good interproximal contact is
desirable. hey would choose a spherical zinc containing alloy in
those situations where a dry ield can be maintained but using
strong condensation force is diicult, for example when restoring
a Class V lesion on the distobuccal of a maxillary second molar.
Such a formulation is also desirable when building up an extensively
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broken down tooth prior to preparing that tooth for a cast crown.
Here the high early strength is useful, as is the ease of condensation
especially when small slots, potholes, and small undercut areas are
utilized as the primary retentive features. Finally, a nonzinc spherical
alloy is useful in those situations where adequate moisture control
is not possible, such as certain Class V situations and surgical
endodontics where amalgam is used to seal the small prepared
cavity in the root apex.

after 24 hours. here are no solid clinical data that support the
routine polishing of amalgam restorations, but certainly highly
polished restorations are more comfortable for the patient and will
be less likely to retain bacterial plaque. Polishing amalgams also
indicates a certain amount of pride in workmanship and is a source
of great personal satisfaction.

Manipulation of Silver Amalgam
he quality of a given mix of silver amalgam is controlled by the
quality of the product as supplied to the dentist, and can be modiied
by the manipulation of that product by the dentist. he manipulative
variables include the mercury/alloy ratio, trituration, condensation,
and carving and inishing of the restoration.
In general terms, the less mercury that remains in the inal
restoration, the better it will be both in terms of strength and
corrosion resistance. hus the initial mix should be made with
only as much mercury as is required to make an adequate mix.
With most admixed alloys this will be about 50% mercury, whereas
with spherical alloys it will be slightly less. Proper condensation
and carving technique will remove a signiicant amount of mercury
from the material, thus enhancing inal strength. In the past care
had to be taken with mercury dispensers to maintain control of
the mercury/alloy ratio, but today the majority of practitioners
utilize precapsulated products. his is beneicial in that it allows
precise control of the mercury/alloy ratio, minimizes handling of
the mercury, and minimizes the mercury vapor aerosol created
during trituration.
Mixing the amalgam is called trituration. Adequate trituration
of the amalgam is essential to produce a workable mass and to
ensure optimum physical properties. Each brand of amalgam has
speciic instructions regarding optimum time and speed of trituration. he instructions are speciic for each brand of amalgamator.
he longer and the faster an amalgam is mixed, the more rapidly
it will set. he manufacturers’ guidelines for mixing should be
followed and can be modiied slightly to obtain a faster or slower
setting material.
Condensation of the amalgam is probably the most critical
manipulative variable. Adequate condensation results in intimate
adaptation of the amalgam to the cavity walls, as well as a denser
material to maximize strength. he prepared cavity is always
overilled and carved back to proper anatomic contour. his is
because condensation results in a mercury-rich supericial layer,
which is removed during the carving procedure. he resultant
amalgam surface has considerably less mercury and subsequently
superior physical properties.
he most common error made by dentists is under condensation.
his results in poor adaptation to the cavity walls, increased
microleakage, and recurrent caries. he inal amalgam is weaker
and more fracture prone, and cannot be polished nearly as well
as a properly condensed amalgam.
With the high copper formulations currently in use, both
precarve and postcarve burnishing is recommended. his is generally
accomplished with a large, egg-shaped burnisher. he amalgam is
carved after achieving a irm set, with careful attention being paid
to eliminating all marginal lash and carving the amalgam lush
with the margins of the cavity preparation. Any marginal lash
will eventually fracture, and it is rare that it fractures right at the
margin. Inevitably, marginal ditching will occur.
After carving back to anatomic form, the restoration is lightly
burnished to a smooth sheen. he restoration may be polished

With adhesive dentistry becoming so popular in recent years, many
innovative techniques in all areas of restorative dentistry have been
proposed. One of the most intriguing is the concept of “bonded”
amalgams. his technique has the advantages of forming an instant
seal of the prepared cavity, a more conservative preparation design,
and the potential to strengthen the prepared tooth and reduce the
long-term incidence of cuspal fracture.14 he word potential is
stressed because the concept of tooth strengthening has not been
proven clinically at the time of writing.
Bonded amalgams utilize any one of the current generation of
enamel/dentin bonding agents to seal the dentin and “bond” the
amalgam to the prepared tooth. he amalgam is condensed into
polymerizing dual cure resin that is placed on conditioned dentin
and etched enamel. he amalgam or the oxide of amalgam will
chemically bond to the resin, and the resin is bonded to the tooth
structure primarily by micromechanical retention. hus the resin
will partially retain the amalgam in place, reducing the need to
create retentive undercuts in the tooth. Elimination of these
undercuts, which have been shown to weaken cusps, coupled with
the potential strengthening efect may improve the long-term
prognosis of these restorations. Clinical research thus far has shown
that bonded and nonbonded amalgams perform equally well. here
seems to be little advantage to bonding amalgams, and the technique
is more complex and time consuming.

Bonded Amalgam

THE BOTTOM LINE
1. Silver amalgam has been an important restorative material for
many years and will continue to be an important material for
years to come.
2. Advantages of silver amalgam are excellent physical properties,
cost, long-term service, and the ability to self-seal the cavity.
3. Amalgam is the most user-friendly material in restorative
dentistry.
4. High copper amalgams are superior to conventional amalgams
demonstrating excellent marginal integrity over time. his is
due to elimination of the gamma-2 phase (tin-mercury).
5. It is easier to create a good proximal contact with admixed
versus spherical alloys.
6. Spherical alloys can be prepared 15 minutes after insertion and
are indicated for amalgam core buildups.
7. Proper condensation of the amalgam is the most important
manipulative variable.
8. Bonding amalgam to tooth structure is possible, but there is
minimal clinical beneit.

Mercury and Silver Amalgam
Silver amalgam contains between 43% and 52% mercury when it is
freshly mixed, prior to condensation into the prepared cavity. he
procedures of condensation, precarve burnishing, and carving remove
a portion of this mercury. he remainder of the mercury remains
in the inished restoration. Because high doses of mercury vapor
can cause serious systemic illness, this mercury remaining in silver
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amalgam restorations has been a source of continued controversy
for over a century.6,15 his controversy continues unabated today
in spite of a total lack of scientiic evidence demonstrating a link
between silver amalgam and systemic disease. In fact, quite to the
contrary, ample scientiic data support the continued use of silver
amalgam and document its enviable record of safety.

Historical Review
Amalgam has been the source of controversy ever since it was irst
introduced to North America by the Crawcour brothers in 1836.
hese charlatans from France placed their version of amalgam,
called “Royal Mineral Succedaneum,” into the teeth of patients at
carnivals and medicine shows. he material, which was derived
from ilings from silver coins mixed with large amounts of mercury,
tended to expand signiicantly on setting. his resulted in an
incredibly high incidence of postoperative pain, tooth fracture,
and elevated occlusal contacts. hese postoperative sequelae, coupled
with the use of a potentially toxic material such as mercury, precipitated the irst amalgam war.
he debate raged furiously for many years, dividing organized
dentistry into two main camps. One group—naturally intrigued
with the possibilities of a truly plastic material that could be placed
into the mouth in a softened state, conformed to the cavity preparation in the tooth, and then hardened—sought to continue to use
the material and to experiment with modiied formulations. he
other group—which comprised the main body of organized dentistry
at the time—chose to outlaw amalgam and in fact drafted the
now infamous “Amalgam Pledge.” he essence of the pledge was
that the signer agreed to never consider using silver amalgam.
Anyone wishing to belong to the organization was required to sign
this pledge.
In 1850 the Amalgam Pledge was rescinded and a period of
scientiic experiment began, led by individuals such as Hickock,
Flagg, and others. his period culminated in 1897 when Black
published his formula for amalgam alloy. his alloy, and minor
variations thereof, was the type essentially used by all North
American dentists until the serendipitous discovery of modern
high copper alloy by Innes and Youdelis in 1963.16 Because silver
amalgam is relatively strong, inexpensive, and essentially user
friendly, it became the most popular restorative material for posterior
teeth in the latter half of the 20th century and continues to be
used extensively today. In spite of this popularity and tremendous
utility, silver amalgam has had to survive periodic attacks relative
to its safety.
A second amalgam war resulted from the writings of a German
medical doctor named Stock. His writings appeared in the European
medical literature and consisted of anecdotal reports related to
mercury toxicity in patients with silver amalgam restorations. No
controlled scientiic data was reported, and in fact Stock later
repudiated that information in his own articles in the 1940s.
However, at the time, his statements were suiciently provocative
that scientists initiated a number of studies that would eventually
help to establish the safety of this ine material.
In the 1990s, renewed controversy surrounding amalgam resulted
in what might be called the third amalgam war. his particular
episode in the turbulent history of amalgam has been precipitated
by a combination of renewed scientiic investigation coupled with
an unprecedented amount of charlatanism and media hype.17 To
the uninformed, the safety of silver amalgam is once again in
question. his doubt concerning its safety, coupled with an everincreasing demand by the public for tooth-colored posterior restorations and a concomitant decrease in the incidence of caries in
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developed countries, has resulted in a drastic reduction in the use
of silver amalgam. he reduction in the caries rate is a remarkable
achievement, and the desire for more esthetic restorative materials
is understandable. However, the widespread practice of removing
functional amalgam restorations in the name of patient safety is
to be deplored. his results in unwarranted loss of tooth structure,
unnecessary expense, and, especially if the replacement restoration
is tooth colored, limited longevity.
Perhaps a brief review of the classical and contemporary literature
on the topic of mercury in silver amalgam will clarify the issue.
For those who would prefer to simply receive the bottom line on
this issue, it is this: here is absolutely no scientiic evidence to
indicate that silver amalgam restorations pose a health risk of any
kind to patients. here is a large body of well-conducted and
controlled scientiic literature to support this statement. Unwarranted removal of amalgam restorations in order to prevent or
cure systemic health conditions is wrong and in fact is considered
unethical in many jurisdictions.

Classical Research
here are a number of classic studies that had established the safety
of silver amalgam to the satisfaction of the scientiic community
up until the indings of the 1980s. he broad body of this research
has been the subject of an excellent review by Bauer and First in
1982, and only a few classic papers will be reported here.18 he
irst of these was conducted primarily to repudiate the writings of
Stock, published in 1931.19 A selenium sulide mercury detector
was used to determine if mercury vapor was released from the
surface of silver amalgam. he solubility of amalgam in a number
of acidic solutions was also tested. No mercury vapor was detected,
nor was there any tendency of the amalgam to dissolve in any of
the solutes tested. he results of this study corroborated the commonly held belief that the mercury in silver amalgam is chemically
reacted and tied up within the body of the amalgam restoration.
A second study that was part of a multifaceted evaluation of
industrial mercury measured urinary mercury in patients with
multiple amalgam restorations versus patients with no amalgam
restorations.20 No diferences in urinary mercury were found, lending
credence to the belief that mercury from silver amalgam did not
contribute to the overall body burden of mercury.
As part of an in-depth study of mercury in amalgam, Frykholm
radioactively labeled mercury and then placed multiple amalgam
restorations in a number of patients.21 He then monitored the
amount of radioactivity in the urine over time. The level of
radioactivity rose after the restorations were placed, and then
dropped back to zero after 8 days. his indicated that there is a
small but measurable exposure to mercury vapor when amalgams
are placed, but the mercury is then excreted a few days after
placement.
hus, based on these studies, years of use of the material with
few reported side efects, and numerous other studies, most authorities were conident of the safety of silver amalgam. However, new
studies reported in the 1980s and 1990s have questioned that
conclusion.
Research Questioning the Safety of Silver Amalgam
In 1981 researchers at the University of Iowa reported that small
amounts of mercury vapor were released from the surface of amalgam
restorations when patients chewed gum.22 his inding has since
been conirmed by other researchers.23 Presumably, suicient heat
is generated during mastication that a miniscule amount of mercury
vapor is released intraorally. A portion of this mercury vapor will
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undoubtedly be absorbed into the bloodstream. his fact has been
accepted by the scientiic community, but considerable debate has
occurred concerning the actual amount of mercury that is released
and whether or not it represents a risk for the patient. his will
be discussed in some depth in the subsequent section.
Additional research has established that patients with multiple
amalgam restorations have slightly higher blood mercury levels
than do patients with no amalgam restorations.24 Autopsy studies
have also shown that patients with multiple amalgam restorations
have slightly elevated levels of mercury in the kidneys and in
certain areas of the brain.25,26 Again, the debate hinges on the
question of whether these relatively minor elevations of mercury
have any demonstrable clinical consequence. At this time, the
evidence supporting the safety of amalgam is overwhelming, and
there is not a shred of scientiic data to support the negative
viewpoint.
Much of the emotional outcry against silver amalgam has resulted
not from scientiic data reported in peer reviewed journals, but
from anecdotal stories and sensationalized media coverage of such
anecdotal information. Such anecdotal data are simply not admissible
in scientiic circles. In these case histories, patients have experienced
a vague series of symptoms, and an approximate diagnosis is made
but not necessarily conirmed. Solid baseline data are never recorded,
and some treatment, in this case usually removal of some or all of
the existing amalgam restorations, is performed. Rarely is this done
in a controlled manner; and often the treatment is carried out
concomitantly with a number of additional therapies, including
a regime of various medications, alteration in diet, etc. he patient
may report some short-term amelioration in symptomatology, again
in a very subjective manner. his improvement may or may not
be real; if real, it could be a result of any one of the therapies that
have been utilized or it could be the result of a placebo efect. No
attempt seems to have been made to gather long-term data or to
present that data in the scientiic literature.

Critique of Anti–Amalgam Research
Most of the hysteria regarding mercury and amalgam has resulted
from the anecdotal accounts mentioned previously. hese reports
have virtually no scientiic validity. Medicine and dentistry have

• Fig. 13.20

made tremendous strides in the past century, by insisting that all
proscribed therapies be based on data from controlled scientiic
studies. Adhering to the scientiic method has been essential in
developing sound techniques of diagnosis and predictable therapeutic
modalities. To be guided by anecdotal reports would be tantamount
to returning to the days of witchcraft and medicine shows.
It is important to understand that what is of consequence in
this discussion is mercury vapor. Liquid mercury and particulate
amalgam are of no importance except to the extent that mercury
vapor may be emitted from their surface. High levels of mercury
vapor can produce deinite neurologic symptoms and be toxic to
certain target organs such as the kidney. hese efects are essentially
toxic in nature. True allergy or hypersensitivity to mercury is
extremely rare. It is often claimed that certain individuals are
“hypersensitive” to mercury; however, this is an inappropriate use
of the term. he implication is that these individuals and perhaps
their neurologic and/or immune systems are negatively afected
by extremely low doses of mercury. here is virtually no scientiic
evidence to support this claim.
he critical factor in evaluating the scientiic literature related
to mercury in amalgam is to determine the actual amount of
mercury exposure a patient might receive from his or her amalgam
restorations. Mercury, like most elements or therapeutic agents,
has a classic dose-response curve (Fig. 13.20). With these therapeutic
agents at very low doses, no clinical manifestations are observed;
at slightly higher doses a therapeutic efect may be seen, with
untoward side efects increasing as the dose is increased. At even
higher doses, toxic efects become apparent. In the worst-case
scenario the mercury exposure to a patient with amalgams in all
of their posterior teeth would represent a dose in the irst category,
and virtually no clinical manifestations would be evident.
his statement may be made with absolute assurance when
comparing the exposure of mercury that would occur from silver
amalgam to that allowed a worker who has occupational exposure
to mercury vapor. As with other potentially toxic materials, a safe
level of mercury vapor that can be tolerated without untoward
efects has been established by industrial safety boards. hat level
is known as the threshold limit value (TLV). his level has been
adjusted downward over the years as more and more is known

Dose-response curves.
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about mercury vapor and its efects. hat level is currently either
50 µg/m3 (U.S. Occupational Safety and Health Administration
[OSHA]) or 25 µg/m3 (World Health Organization [WHO]) and
represents the amount of mercury vapor that can be safely allowed
in the air for workers who spend 8 hours/day, 40 hours/week in
that environment. he worst dose a patient could receive from 10
or 12 amalgam restorations would be about 1/100 of the current
TLV.27
he actual dose that a patient might receive from amalgams
has been the focus of a spirited debate in the literature. Vimy and
colleagues calculated that the dose could be as high as 10 µg/day,
but their results have been assaulted by other researchers; and it
is generally accepted that this number is at least 10 times higher
than reality.28-30 It must be understood that the machines utilized
to measure intraoral mercury are not designed to do that, but are
used to measure mercury vapor in the air of a well-ventilated room.
hus certain calculations are required to convert the number
retrieved from the mercury detector to the actual dose to the
patient. Flow rates, respiration rates, and other factors must also
be accounted for. When these factors are considered, Mackert
concluded that the maximum potential dose to a patient would
be in the area of 1.2 µg/day.29 his number is in close agreement
with the adjusted calculations of Berglund, an independent
researcher who estimated the dose at 1.7 µg/day.30
hus, the dose of mercury vapor to a patient from 10 or 12
amalgam restorations is extremely low and has virtually no clinical
consequences. To put it into perspective, the amount of mercury
vapor a patient could absorb per day from his or her amalgams
would be 1/10 to 1/20 of that which they receive from a normal
healthy diet.31 Recently, calculations related to dose have estimated
that for the most sensitive of patients to demonstrate even minor
symptoms of mercury poisoning, patients would have to have 450
to 500 amalgam restorations in place.32 Of course, this is patently
impossible and illustrates that the doses of mercury vapor received
by patients from their amalgam restorations are indeed miniscule.
A great deal has been made in the media of studies in sheep
and in primates, which purport to demonstrate extremely high
concentrations of mercury in the kidneys and other organs as a
result of amalgam placement. Reduced organ function in these
animals has also been reported. Rather than criticizing these
extremely lawed studies, it is more pertinent to review existing
human data on mercury concentration in these end organs and
the function of these organs. From the autopsy studies mentioned
previously, the concentration of mercury in the kidneys of humans
with 10 to 12 amalgam restorations has been shown to be 0.38 µg/
mg, which is 12 to 20 times less than that reported in the animal
studies.25 More importantly, an evaluation of enzyme function, a
critical index of overall organ function, has demonstrated that
patients with multiple amalgams have no diminution of normal
kidney function.33 In fact, this study demonstrated that there was
no diference between patients with multiple amalgams and patients
with no amalgam restorations in terms of kidney function.

Research Supporting the Continued Use of
Silver Amalgam
It is clear that there is no scientiic data to indicate that silver
amalgam poses any signiicant health risk for patients. It is equally
clear that there is an impressive body of research that demonstrates
that amalgam is completely safe. he articles by Langan and Fan,
as well as the more recent paper by Mackert, review the contemporary literature published subsequent to Bauer’s initial review
article.27,34

467

Brodsky published a classic epidemiologic article regarding the
pregnancy outcome of dental personnel.35 Using a large patient
sample of women either employed in a dental oice or married
to a dentist, the outcome of pregnancy was compared to that of
a nondental group. he underlying assumption of the study was
that dental personnel are exposed to much higher concentrations
of mercury vapor than are the general population. hus, if mercury
vapor exposure in the concentrations experienced in dental oices
was a problem, a diference in pregnancy outcome between the
two groups would be expected to emerge. he results of the study
indicated that there was absolutely no diference between the two
groups in any of the indices evaluated (spontaneous abortion,
stillbirth, birth defects, etc.). It must be emphasized that the levels
of mercury vapor to which dental personnel are routinely exposed,
while usually within the established TLV, are far greater than those
that any patient would ever be exposed to as a consequence of his
or her amalgam restorations.
Directly related to this inding is the general health of American
dentists. he American Dental Association has conducted surveys
on the health of its member dentists for a number of years. he
data are gathered at the annual meetings of the ADA. hese surveys
have unequivocally demonstrated that, in spite of their chronic
exposure to higher than normal levels of mercury vapor, American
dentists are slightly healthier than the general population. If indeed
low levels of mercury vapor exposure were etiologic of various
autoimmune and other disorders, one would expect an epidemic
of such maladies to occur in the dental population. Such is clearly
not the case.
Concern has been expressed regarding the potential for mercury
in amalgam to suppress the level of circulating lymphocytes in the
bloodstream. Most of this concern is based on a report that
purported to demonstrate that patients with amalgams had suppressed numbers of T lymphocytes.36 he scientiic validity of this
report has been questioned particularly in terms of sample size
(three patients) and lack of controls. A recent study with ample
numbers of patients has reported absolutely no diference in white
blood cell populations (including T lymphocytes) in patients with
and without amalgam restorations.37 As mentioned, additional
research has noted that the function of several organ systems is
completely normal in patients with multiple amalgams and identical
to that of patients with no amalgams.
Mercury is a neurotoxin that has been speculated to play a role
in the pathogenesis of Alzheimer disease. An evaluation of 129
Roman Catholic nuns from 75 to 102 years of age indicated that
existing amalgams are not associated with lower performance scores
on eight diferent cognitive function tests.38 Data-related amalgam
status and dental history were correlated with mercury levels in
the brain at autopsy of 68 patients with Alzheimer disease and a
control group of 33 subjects without the disease.39 here was no
signiicant association with the number, surface area, or history
of having amalgam restorations with diferences in brain levels of
mercury or Alzheimer disease.
It has also been speculated that long-term exposure to low levels
of mercury vapor from amalgams can cause or exacerbate neurodegenerative diseases such as amyotrophic lateral sclerosis, multiple
sclerosis, and Parkinson disease. An extensive review evaluated
existing epidemiologic investigations and concluded that these
studies had failed to provide evidence of a role of amalgam in
these degenerative diseases and there is no clear evidence supporting
the removal of amalgams.40
Several countries have suggested that women should not receive
dental amalgams during pregnancy because it could possibly result
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in children with low birth weight. A population-based case control
study of over 1000 women with low-birth-weight infants and over
4400 women who had normal-birth-weight infants found no
evidence that silver amalgam illings placed during pregnancy
increased low-birth-weight risk.41 A recent Norwegian study of
over 108,000 pregnancies that occurred between 1999 and 2008
evaluated the number of amalgams in the mother’s teeth and
pregnancy outcome.42 Investigators found no relation between the
number of amalgam restorations and the incidence of preterm
birth, low birth weight, malformation, or stillbirth.
A number of independent health agencies have extensively
reviewed the issues of safety and eicacy of silver amalgam in
recent years and have all concluded that available data do not
justify either the discontinuance of use of amalgam or the removal
of existing amalgam restorations. hese agencies include the Food
and Drug Administration (FDA) in 1991 and 2002, WHO along
with the FDI World Dental Federation in 1997, the National
Institutes of Health (NIH) and the National Institute of Dental
Research in 1991, and the U.S. Public Health Service in 1993.43,44
he National Council Against Health Fraud warns consumers
about dentists recommending unnecessary removal of serviceable
amalgam restorations and states, “Promoting a dental practice as
mercury-free is unethical because it falsely implies that amalgam
illings are dangerous and that mercury-free methods are superior.”45
he Life Sciences Research Oice, a nonproit scientiic organization in Bethesda, Maryland, released results of its independent
review of all articles published on this topic between 1996 and
2004. Among 950 published articles, 300 were accepted based on
the scientiic methodology. he report concluded that “there is
little evidence to support a causal relationship between silver illings
and human health problems.”46
Two very important randomized controlled clinical trials were
published in the Journal of the American Medical Association in
2006.47,48 One was called the New England Children’s Amalgam
Trial and the other, the Casa Pia Children’s Trial. Both studies
included over 500 children who received multiple restorations of
either composite resin or amalgam. One of the trials was 5 years
in duration, the other 7 years. hey measured subtle neurobehavioral
efects to determine if there were any negative efects due to
amalgam. Both studies basically found that there were no neurobehavioral efects that could be attributed to amalgam. In fact
the very scant data suggested that composite resin may have more
efects than amalgam, but the data were of very low scientiic
validity.49-51 he studies also showed that composite resin restorations
needed to be repaired or replaced 7 times more than amalgam
restorations and that composite resin restorations were 2.5 times
more likely to have recurrent caries.

Environmental Impact
Concerns have been raised regarding the impact mercury in amalgam
has on the environment. Major environmental sources of mercury
include volcanoes (50%), coal combustion (33%), and gold production (6%). Amalgam’s only contribution in this area is in waste
disposal, largely through mercury resulting from crematories, and
is less than 1% of the total. Many jurisdictions require dental
oices to utilize sophisticated amalgam separators, and a 2016
FDA regulation requires all oices in the United States to install
such separators within 3 years.
In January 2013, a number of nations signed the Minamata
Convention in Geneva. his meeting was convened to discuss the
inluence of mercury on health and the environment. Discussions
on amalgam were a small part of that meeting, and there were no

curbs imposed on the use of silver amalgam. he group declared
that the use of amalgam should be reduced in coming years through
improved preventive measures and that research should be encouraged to develop materials that will work as good or better than
amalgam.
An analysis of the data presented in this section leads to
the conclusion that mercury in silver amalgam restorations
poses absolutely no problem for dental patients. his conclusion has been reached by experts in the field, by consumer
interest groups, and by thorough reviews by governmental
agencies.

Impact of Unwarranted Amalgam Removal
A small minority of the profession currently recommends to their
patients that their existing serviceable amalgam restorations should
be removed as a health precaution. his is not only incorrect, but
also unscrupulous, dishonest, and unethical. Removal of an amalgam
restoration requires loss of additional tooth structure—sometimes
considerable amounts of tooth structure if an indirect restoration that requires a certain amount of “draw” is to replace the
amalgam. his additional loss of tooth structure, coupled with the
inevitable inherent operative trauma, can result in compromise of
the pulpal tissues and eventually in the necessity for endodontic
therapy.
he restorative alternatives to silver amalgam all carry with
them certain disadvantages. Cast gold, while undoubtedly the inest
possible posterior restorative service, is rather expensive (currently
10 times the cost of amalgam) and time consuming.52 he cost of
well-done cast gold restorations is simply prohibitive for many
patients. he tooth colored alternatives are also more expensive,
with direct composite resin restorations costing about 3 times the
cost of an amalgam, while indirect resin or porcelain inlays are
closer to 10 times as expensive. None of these tooth colored
alternatives has a clinical track record of success equal to that of
amalgam, and some of the procedures must be considered to be
essentially experimental at this time. Suice it to record here that
some of the problems with them are fracture, excessive wear,
microleakage at the cervical margin, and extreme technique
sensitivity.
One other tragic situation that has occurred frequently in recent
times is the false hope given to patients sufering from incurable
diseases such as multiple sclerosis and other autoimmune conditions
that by removing their amalgam restorations they would be cured.
Amalgam is not the cause of such ailments; nor is amalgam removal
the cure. he authors have personally met many individuals inlicted
with such dreaded diseases who have undergone great sufering
and expense in having their amalgams removed only to have the
symptoms continue.
THE BOTTOM LINE
1. Small amounts of mercury vapor are released from the surface
of silver amalgam restorations during mastication.
2. he amount of mercury vapor released is very small and poses
no risk to the integrity of the restoration or to the systemic
health of the patient.
3. here are virtually no published scientiic papers validating the
belief that mercury in silver amalgam is potentially dangerous
to patients.
4. here is an ample and growing body of research that demonstrates
the safety of silver amalgam.
5. his research plus the over 100-year history of use of the material
supports its continued use.
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6. While mercury in silver amalgam poses no health risk to dental
patients, even in dental oices where excellent mercury hygiene
is practiced, dental personnel are occupationally exposed to
higher levels of mercury vapor than the general population.
his is due to vapor that is released when amalgams are placed
and, even more importantly, when they are removed, or when
teeth with amalgam core buildups are prepared for crowns.
While the levels of mercury vapor to which dental personnel
are routinely exposed are well above those of the general population, they are generally below the current TLV. his occupational
exposure to mercury vapor poses no risk as long as proper
procedures for mercury hygiene are utilized. All dental personnel
should be familiar with the procedures essential for the proper
practice of mercury hygiene.

Compoite Rein

• Fig. 13.21
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Class III cavity restored with poly(methyl methacrylate)

(PMMA).

Filler particles

Hitory
Prior to the introduction of composite resin materials, dentists
had two types of tooth colored restorative materials that could be
utilized to restore carious defects in anterior teeth: silicate cement
and poly(methyl methacrylate) (PMMA).
Silicate cements were supplied as a powder and liquid, with
the main constituent of the powder being ground alumino-silicate
glass and the liquid phosphoric acid. hese materials demonstrated
decent initial esthetics but had poor physical properties and color
stability and most importantly dissolved readily in oral luids.
Silicate restorations were expected to serve 3 to 5 years, at which
time they would have to be replaced. he main advantage of this
material was that as it dissolved, it released substantial amounts
of luoride, with the result that recurrent caries almost never occurred
with silicate restorations (see Fig. 13.9).
he second available tooth colored direct material was PMMA
(Fig. 13.21). hese materials were also supplied as a powder and
liquid. he powder was essentially ground prepolymerized methyl
methacrylate and initiator, and the liquid was monomeric methyl
methacrylate. PMMA materials provided good initial esthetics but
also had poor physical properties and lacked color stability; however,
their main disadvantage was considerable polymerization shrinkage
(three times the shrinkage of modern composites) resulting in
large contraction gaps between the restoration and the cavity
margins. hese gaps permitted signiicant microleakage that resulted
in a very high incidence of recurrent caries.
hus, while PMMA materials were chronologically developed
later than silicate materials, they were actually inferior in terms of
clinical performance.
Glass ionomer restorative materials were developed in the 1970s
and later evolved into resin-modiied glass ionomer materials.53
hese materials are currently indicated for the restoration of root
caries lesions.

Compoite Rein Material
hese materials were introduced to the profession in 1955 by Dr.
Raphael Bowen.54 It is interesting to note that the discovery of
the concept of acid-etching enamel by Dr. Michael Buonocore
occurred almost at the same time.55
he initial composite resin materials were superior to their
predecessors (silicate and PMMA) in terms of physical properties,
color stability, solubility, and clinical performance. However, these
initial materials were not suitable for use in posterior teeth and

Silane coupling agent

Resin

• Fig. 13.22

Main components of composite resins.

had problems resulting from polymerization shrinkage even though
the amount of that shrinkage was substantially less than the shrinkage of PMMA materials. Composite resin materials have evolved
constantly over the past 50 years and contemporary composite
resin materials are vastly superior to the original material in both
clinical performance and esthetic potential.

Composition of Composite Resin Materials
here are three main components of all composite resin materials
(Fig. 13.22). hese are the resin matrix; iller particles, which vary
in composition, size, and shape; and silane coupling agents, which
chemically bind the iller particles to the matrix.
he resin matrix of most North American composite resin
materials is Bis-GMA. Some composite resins utilize urethane
dimethacrylate (UDM) as the matrix and both resins are substantially equivalent in terms of clinical performance. Bis-GMA was
synthesized from a type of epoxy by Bowen. It sets by means of
a polymerization reaction and its major advantage over methyl
methacrylate is that the monomeric molecule is substantially larger
than monomeric methyl methacrylate. his results clinically in
signiicantly less polymerization shrinkage.
he iller particles in composite resin are composed of quartz
or silica, and vary considerably in terms of size and shape (Fig.
13.23). he incorporation of illers into the resin matrix increases
the strength of the material and further reduces the amount of
polymerization shrinkage.
here are two rules regarding iller particles in composite resins.
he irst is the more iller, the better. Increasing the relative amount
of iller in a material increases the strength and reduces the amount
of polymerization shrinkage. Most modern composites experience
a 2.4% to 2.8% polymerization shrinkage. A contemporary
composite resin material for restorations should contain at least
75% iller by weight. Most modern materials meet or exceed this
speciication.
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A

• Fig. 13.24

Chemical cure composite resin. (Courtesy BISCO.)

According to Polymerization Reaction Initiation

B
• Fig. 13.23 A and B, SEM of composite resin displaying different sizes
and shapes of iller particles. (Images courtesy Dr. Jorge Perdigao.)
he second rule regarding iller particles is the smaller the average
iller particle size, the better. Materials with small iller particles
are inherently more polishable, retain their polish for longer periods,
and have improved wear resistance. One diiculty that manufacturers
have faced is that it is diicult to maintain a high iller content
with very small iller particles. his is because small iller particles
possess a high ratio of surface area to weight, and this resulted in
materials that were not usable with high iller content. Modern
technology has resulted in a constant evolution of materials, the
crux of which has been the ability to create useful materials with
a high iller content using smaller and smaller particles.
he iller particles are chemically bound to the resin matrix by
silane coupling agents. Silanes are complex, bifunctional molecules
that have two diferent end groups, one of which bonds to the
iller particle and the other bonds to the matrix. he use of silane
allows for stronger bonding of the iller to the matrix, which
improves wear resistance, and also permits the incorporation of
more iller into a given amount of resin matrix. he silanization
process is complex and involves coating the particles with silane
and then utilizing acetone washes to thin the thickness of the
silane to a monomolecular layer.
Composite resin materials also contain numerous other components including pigments, viscosity diluents, cross-linking agents,
and initiators.

Classiication of Composite Resin Materials
Several diferent classiications for composite resin restorative
materials have been proposed over the years—for example, according
to polymerization reaction initiation or according to size of iller
particles.

he polymerization reaction for composite resin materials can be
initiated chemically or with visible light.
Chemical Cure. Initial composite resin materials were chemically
initiated and were called chemical-cure, auto-cure, or self-cure
composite resins. hese materials had a limited working time and
sufered from poor long-term color stability as they contained
tertiary amines that turned yellow or orange after several years of
service. Chemical cure materials are used today primarily as core
materials for the buildup of extensively damaged teeth (Fig. 13.24).
Light Cure. he original light-cure materials were cured using
ultraviolet light, but contemporary composite materials all utilize
visible light, which will activate the initiator (camphorquinone).
Light-cure materials have the substantial advantage of being able
to cure on command and thus provide essentially ininite working
time so that the restoration can be sculpted and shaped into inal
form prior to polymerization. hey are also color stable due to
the elimination of the tertiary amines (Fig. 13.25).
Dual Cure. Dual-cure composite resin materials, which utilize
both chemical cure and light cure technologies, are primarily used
as cements or core materials. With these materials, the setting
reaction is initiated by exposure to visible light but the reaction
will slowly continue over time in the absence of light (Fig. 13.26).
According to Filler Particle Size

Early composite resin materials utilized rather large iller particles
and are called “macroilled” composite resins. As esthetic composite
bonding became popular, manufacturers developed composite resin
materials with very small fillers that are called “microfilled”
composite resins. Modern composite resin materials contain a
variety of sizes of iller and are called “hybrid” composite resins.
he evolutionary trend has been to develop hybrid composite resin
materials with smaller and smaller illers. hus, contemporary
hybrid composite resin materials may be subdivided into subgroups
of “microhybrid” and “nanohybrid” composite resin materials.
Other categories of contemporary composite resin materials include
“lowable” composite resins and “packable” composite resins.
Macroilled Composite Resin Materials. he original composite
resin materials were macroilled composite resins. hese materials
had a relatively high level of loading (approximately 75% by weight),
with particles that ranged in size between 4 and 40 microns.
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Commercial examples of macroilled composite resins include
Adaptic (Johnson & Johnson, New Brunswick, NJ) and Concise
(3M Oral Care, St. Paul, MN). Because of the relatively high
loading these materials were quite strong, but the rather large size
of the iller particles resulted in two signiicant disadvantages.
First, these materials were not polishable. he iller particles
were harder than the abrasives used to polish them. As these materials
were polished, the relatively soft matrix was worn away, thus

• Fig. 13.25

• Fig. 13.26

Light cure composite resin. (Courtesy 3M.)

Dual cure composite resin. (Courtesy BISCO.)

• Fig. 13.27
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exposing the large, hard illers; and the more these materials were
polished, the rougher they got. his is obviously a problem for an
“esthetic” restorative material (Fig. 13.27).
Second, these large particles could be “plucked” from the surface
of a posterior restoration by opposing cusp tips and result instantly
in a quantum loss of restorative material (40 microns). hus the
materials had very poor wear resistance, a major deiciency clearly
demonstrated in early clinical trials (Fig. 13.28).
Microilled Composite Resin Materials. he poor polishability
of macroilled composite resins directly led to the introduction of
microilled composite resin materials. hese materials had a relatively
low level of iller loading (45%–55% by weight), with a uniform
iller particle size of 0.04 microns. his resulted in restorations
that were very polishable and thus provided an excellent esthetic
result. he low level of iller loading resulted in a material with a
low modulus of elasticity (MOE), which made it unsuitable for
stress bearing restorations. hese materials were contraindicated
for Class IV restorations and for the restoration of posterior teeth.
his low modulus of elasticity made these materials the material
of choice for the restoration of NCCLs, which many consider to
have a lexural etiology.
he low MOE allows the material to lex along with the tooth.
Commercial examples of microilled composite resin materials
include Silux Plus (3M Oral Care, St. Paul, MN), Renamel
(Cosmedent, Chicago, IL), Durail VS (Kulzer, South Bend, IN),
and A110 (3M Oral Care, St. Paul, MN). Current evidence indicates
that microilled composite resins may not be needed because the
illed bonding agents act as stress breakers.
Hybrid Composite Resin Materials. Hybrid composite resin
materials have a combination of small and large iller particles, to
combine high iller loading with a suicient quantity of small
particles to ensure improved wear resistance and also permit adequate
polishability. hese materials have been in use since the early 1980s
and have proven to be excellent materials for both anterior and
posterior restorations. Most contemporary hybrids have a iller
content of 75% to 80% by weight, and the trend has been to
produce materials with smaller and smaller average iller particle
size. With most contemporary materials the largest iller particle
would be in the range between 1 and 2 microns. hese materials
are quite strong, polishable, and have wear resistance equivalent
to amalgam (6–15 microns/year). he esthetic potential of these
materials is excellent and many products ofer a wide range of
shades and translucencies. Typical commercial products in the
hybrid category include Herculite XRV (Kerr Corporation, Orange,
CA), Z100 (3M Oral Care, St. Paul, MN), and TPH (DENTSPLY
Sirona, York, PA).
he most contemporary hybrid composite resin materials have
been described as microhybrids and nanohybrids. hese materials
contain a mixture of small and smaller particles and have excellent
handling characteristics and esthetic potential. High iller loading is
made possible with advanced technology that permits the formation
of clusters of very small particles that reduce surface area yet function
as individual nanoparticles to ensure adequate wear resistance.

Schematic illustration of macroilled composite resin before and after polishing.
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Commercial products in this category include Esthet-X (DENTSPLY
Sirona, York, PA), Point 4 (Kerr Corporation, Orange, CA), and
Filtek Supreme (3M Oral Care, St. Paul, MN) (Fig. 13.29). he
major advantage of nanocomposites is that they polish to a very
high luster and they maintain that luster over time.
Packable (Condensable) Composite Resin Materials. Several
products have been introduced to the market in recent years that

• Fig. 13.28

Teeth numbers 12, 13, 14 restored with macroilled com-

posite resin.

A

have been described as “packable” or “condensable” composite
resins. hese materials have been designed by manufacturers to
possess handling characteristics similar to amalgam.
hese materials are basically hybrid composite resins to which
large illers have been added that can be condensed or packed in
a manner similar to amalgam.
he addition of these large illers has resulted in documented
poor wear resistance of some of these materials. While some dentists
prefer the handling characteristics of these materials, it is doubtful
that the beneits of improved handling ofset the reduction in
clinical performance that has been demonstrated by some of these
products.
Flowable Composite Resin Materials. In recent years manufacturers have introduced a group of materials designated as
“lowable” composite resin materials. hese materials represent a
wide range of products, with iller content ranging between 35%
and 65% by weight. hese materials are very convenient to use
because their viscosity allows them to be injected into the cavity
preparation with a syringe. However, as would be expected, the
reduction in iller content is accompanied by reduced physical
properties and increased polymerization shrinkage. he use of these
materials should be restricted to “niche” functions such as a
0.5-mm-thick liner under large posterior composite restorations.

Low Shrinkage Composite Resin Materials
Most modern hybrid composite resin materials exhibit linear
polymerization shrinkage of between 2.2% and 2.4%. his amount
of shrinkage, if not compensated for by clinical technique, can

B

C

D
• Fig. 13.29
Timmins.)

A–D, Tooth number 15 restored with a hybrid composite resin. (Photos courtesy Dr. Phillip
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result in contraction gap formation, microleakage, postoperative
sensitivity, and a potential to develop recurrent caries.
Some manufacturers have introduced products to the market
that are described as “low shrinkage” composite resin materials.
he linear shrinkage of these materials ranges between 1.4% and
1.7%. he reduction in shrinkage has been accomplished by
technology that permits higher iller loading. hese materials have
not undergone extensive clinical testing at the time of writing.
More clinical evidence of their eicacy is essential before they can
be recommended for routine use.
Recently, composite resin materials based on silorane technology
have been introduced on an experimental basis. hese materials
use a resin polymer that exhibits very low shrinkage and thus does
not depend on increased iller loading.
As with other low shrinkage materials, more clinical evidence is
required before these materials can be considered for routine use.

Bulk-Fill Composite Resin Materials
Bulk-ill resin materials were recently introduced to allow clinicians
to divert from using an incremental layering technique when placing
composite restorations, thus simplifying the procedure and reducing
chair time. his technique was developed to minimize negative
efects of polymerization-induced shrinkage stress and curing light
penetration. he undesired side efects—a time-consuming and
complex clinical procedure—contribute signiicantly to make
composite restorations technique sensitive.56
Diferent from traditional composites, which are typically
restricted to increments of 2 mm or less, these materials are designed
to be used in increments of 4 to 5 mm.57,58 Common manufacturers’
claims involve greater depth of cure and lower polymerizationinduced shrinkage stress. Although these composites are usually
referred to as if they were clearly identiiable as a class of materials—
bulk-ill composites—scientiic evidence contradicts the assumptions
that they would behave similarly.59,60 he variety in handling
characteristics, as well as physical and mechanical properties, is a
direct consequence of the wide range of diferent compositions
used by manufacturers, largely related to their iller content.61
he diferent types of bulk-ill composites currently available
can be categorized as lowable base bulk-ill composites and full-body
bulk-ill composites. Flowable base bulk-ill composites require a
conventional composite as the occlusal increment and therefore
are used for dentin replacement only; full-body bulk-ill composites
can replace dentin and enamel in a single increment.60 Overall,
bulk-ill composites are more translucent than other composite resin
materials. To a certain extent, this is attained by decreasing the
iller content and increasing the iller size. Increased translucency
facilitates light penetration, which is closely associated with depth of
cure and increased polymerization rates toward the deepest areas
of the restoration.62 Evidence appears to support light-curing times
of at least 20 seconds.60 Despite the large array of materials being
marketed, bulk-ill composites appear to deliver an increased depth
of cure and reduced polymerization-induced shrinkage stress.63,64
Manipulative Variables With Composite Resin
Restorative Materials
he contemporary clinician has a wide variety of quality composite
resin restorative materials from which to choose. How these chosen
materials are manipulated in the clinical setting is more important
to long-term results than which material is chosen. he following
narrative will briely discuss some of the important variables when
using composite resin restorative materials.
I. Most contemporary composite resin materials are cured or
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set by means of exposure to visible light using a curing light.
In general, most composite resin materials should not be cured
in thick sections, and the recommended thickness of an
increment of composite resin is about 2 mm. Curing sections
greater than 2 mm may result in insuicient curing of the
undersurface of the composite resin material. he depth of
cure is determined by a number of variables:
• he shade of the composite resin
• he thickness of the material
• he irradiance of the curing light, and the time of cure
II. Curing lights should be checked periodically with a radiometer
(most curing lights have one built in) to ensure that the light
emitted is of suicient output irradiance to eiciently cure
the material. he light should be held in close proximity to
the material (the closer the light, the greater the irradiance)
and the composite resin should be exposed to the light for a
suicient time frame. In this regard, the manufacturers’ recommended curing times should be closely followed.
III. he major deiciency of composite resins is their inherent
polymerization shrinkage (2.2%–2.4%). his can result in
the formation of substantial contraction gaps between the
restorative material and the cavity margin, which can result
in postoperative sensitivity and recurrent caries. he shrinkage
of composite resin materials cannot be avoided, but the stress
created by the shrinkage can be reduced by the placement
technique. Reducing polymerization shrinkage stress can result
in intact restoration margins and the prevention of
microleakage.
There are five primary strategies that can be used to reduce
polymerization shrinkage stress:
• he irst is to create a relatively thick primed layer with the
chosen dentin bonding agent. OptiBond FL (Kerr Corporation, Orange, CA) has a relatively high amount of iller
content and, when properly used, will result in a thick primed
layer. his primed layer has a relatively low modulus of
elasticity and can thus deform slightly when the composite
resin is curing and shrinking and thus absorb some of the
stress and maintain the integrity of the tooth/restoration
bond.
• he second strategy is to use a thin liner (0.5 mm) of resinmodiied glass ionomer (Vitrebond Plus, 3M Oral Care, St.
Paul, MN) under the composite resin restoration. hese
materials bond predictably to tooth structure and also have
a low modulus of elasticity to absorb the shrinkage stress.
• he third option is to place a thin layer (0.5 mm) of lowable
composite resin as a liner. his again will theoretically
efectively absorb the shrinkage stress.
• A fourth concept that may be used to reduce shrinkage stress
is the use of “soft-start” polymerization.65 his approach
utilizes a number of procedures to prolong the gel phase of
the setting reaction of the composite resin material. he
theory is that the longer the setting composite can maintain
a gel or lowable condition, the better it can distribute the
stresses resulting from shrinking. Procedures to do this include
the use of ramped lights, pulse curing, or simply holding
the curing light some distance from the material for the
initial exposure. Several clinical and laboratory studies have
demonstrated the efectiveness of soft-start polymerization,
while other studies have demonstrated limited beneit.
• he inal approach to reduce stress is to place the composite
resin in increments, always keeping in mind the concept of
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• Fig. 13.30

Glass ionomer restorative material. (Courtesy GC.)

“C-factor.”66 he C-factor relates to the coniguration of the
cavity walls, and is the relative ratio between the bonded
surface area of the composite resin to the unbonded surface
area.
A class IV composite restoration has a wealth of unbonded
surface area and a relatively small bonded area and thus has a low
C-factor. he unbonded composite resin material will shrink toward
the bond, thus reducing the shrinkage stress.
On the other hand, small Class I cavities have a high C-factor
because they have a huge bonded area and relatively small
unbonded area. When these restorations are cured, there is a high
amount of competition for the bond, and the result is that the
weakest bond (pulpal loor) gives away under the shrinkage stress
creating a luid-illed gap below the restoration and a high likelihood of postoperative sensitivity. hese restorations should be
placed in anatomical increments so that the material can shrink
freely in one direction and thus eliminate or reduce the shrinkage
stress.

Summary and Conclusions About Composite
Resin Materials
Contemporary composite resin materials have improved signiicantly
over the years. Today’s materials have good wear resistance and a
wide variety of shades and translucencies. hey are quite polishable
and provide excellent esthetics.
However, the major disadvantage of composite resin materials
is the inherent polymerization shrinkage. his results in a signiicant
level of technique sensitivity. Composite resin restorations must
be placed with excellent isolation (rubber dam), in conjunction
with meticulous bonding procedures. he placement technique
itself is critical, as is meticulous inishing and polishing. Properly
placed, composite resin materials can provide a very esthetic and
durable restoration, and the results are gratifying to both patients
and clinicians.
THE BOTTOM LINE
1. here is a signiicant interest by the public in tooth colored
restorative materials.
2. Composite resin restorative materials have improved signiicantly
over the years.

3. High iller content (75% weight) of small iller particles (0.04–1
micron) is the key to that improvement.
4. Polymerization shrinkage (2.4%–2.8%) is the main disadvantage
of composite resin materials. his can be accounted for with
proper technique.
5. Composite resins must be used in conjunction with contemporary
bonding systems.
6. Excellent isolation is critical to success with composite resin
materials.

Gla Ionomer Retorative Material
Glass ionomers (GI) were introduced to the profession by Wilson
and Kent in the early 1970s, and since then have evolved into a
number of unique dental materials.53 hese materials tend to be
misunderstood by many in the profession, and as a result many
clinicians underutilize glass ionomer materials, whereas other clinicians tend to overutilize glass ionomers and use them in situations
where they are clearly not indicated. his section describes available
glass ionomer products and also provides speciic indications and
contraindications for the clinical use of glass ionomer materials
(Fig. 13.30).
Glass ionomer materials are used as dental cements/luting agents,
cavity liners, pit-and-issure sealants, restorative materials (primarily
Class V), bases, and core buildup materials. Based on clinical trials
and physical properties testing, the eicacy of GI for pit-and-issure
sealants and for large core buildups is questionable.
All GI materials have a number of features in common. While
some materials have multiple setting mechanisms, the basic GI
setting reaction is an acid-base reaction with polyacrylic acid acting
on and partially dissolving alumino-silicate glass. his results in a
“burst” of luoride release at a very high level, but this burst of
luoride release is completed in 24 hours. After that, there is a
continual low-level release of luoride that is likely well below the
threshold necessary to protect against secondary caries. Most
publications on GI materials state that GI is a luoride releasing
material, which implies protection from secondary caries. However,
GI materials must be “recharged” with luoride, which can then
be re-released in order to provide protection. his ability for GI
materials to act as “reservoirs” for luoride will be discussed later.
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• Fig. 13.31

Schematic illustration of ionic interaction between glass ionomer ions and tooth structure.
(From Albers HF: Tooth-colored restoratives: principles and techniques. 2002, PMPH-USA.)

• Fig. 13.32

Three different dispensing methods for RMGI cements: powder liquid, clicker, and automix.

(Courtesy 3M.)

Glass ionomer materials form very predictable bonds to both
enamel and dentin. he bonds are weak chemical (chelation) bonds,
but are predictable, efective, and durable (Fig. 13.31). In general,
GI materials have inferior physical properties compared to amalgam
and resin composite.

Type of Gla Ionomer Material
Dental Cements/Luting Agents
Conventional Gla Ionomer Cement

Conventional glass ionomer cements are supplied as powder-liquid
materials, with the primary component of the powder being ground
aluminosilicate glass, and the liquid consisting of polyacrylic acid
with small amounts of itaconic and tartaric acid. Examples include
Fuji Type I and Ketac-Cem. he setting reaction is a chemical
acid-base reaction.
hese cements bond to tooth structure and have good physical
properties compared to the “gold standard” cement, zinc phosphate.
hey release luoride although it is doubtful that this is of any
clinical signiicance.
he main disadvantage of these cements is that they have been
associated anecdotally with an increased incidence of postoperative
sensitivity. Clinical trials have demonstrated that this sensitivity
is likely related to technique (e.g., overdrying the prepared tooth)
or contamination of the setting cement by saliva. With proper
technique, the level of postcementation sensitivity should be very
low.
Conventional GI cements have decreased in popularity in recent
years because of the development of resin-modiied GI cements.
Rein-Modiied Glass Ionomer Cements

Resin-modiied glass ionomer (RMGI) cements are the most popular
cements available today. Examples include Rely-X Luting and
Rely-X Luting Plus cements, Fuji Plus and Fuji-Cem cements.
Resin monomers have been incorporated into these materials, and

thus these cements have two setting reactions: the classic acid-base
reaction and a chemical-cure resin reaction.
Resin-modiied GI cements bond to tooth structure and possess
the same luoride release characteristics as conventional GI cements.
As a result of the addition of resin, they also possess superior
physical properties, have improved handling characteristics, and
are less technique sensitive.
Resin-modiied GI cements have almost totally replaced zinc
phosphate cement and are indicated for cementation of gold inlays,
onlays, partial veneer and full veneer crowns and ixed partial
dentures, metal-ceramic crowns and ixed partial dentures, and
monolithic and layered zirconia crowns and ixed partial dentures.
he manipulation of RMGI cements is relatively simple, making
them relatively free of technique sensitivity. hey are supplied with
three diferent dispensing techniques (Fig. 13.32).
he original cement was supplied as a powder and liquid. It is
important with powder/liquid cements to closely follow the
manufacturer’s directions regarding the ratio of powder to liquid.
A later version of RMGI was the development of a “clicker” dispenser. With this product, it was simply a matter of dispensing
the correct amount of cement and mixing. his simpliied approach
was partially responsible for RMGI cements gaining the lion’s
share of the cement market. he latest innovation has been the
development of “automix” dispensers. With these devices the
operator simply dispenses the mixed cement into the restoration
and proceeds with cementation.
A short note on dispensing devices: It is clear from research
conducted at the University of Washington and at the University
of North Carolina that the same brand of cement manipulated
by diferent dispensing systems has signiicantly diferent physical
properties.67 Whether or not this has clinical signiicance remains
to be determined.
he prepared tooth should be cleaned with pumice or an intraoral
air particle abrasion device if available. he use of a desensitizer
such as Gluma Desensitizer or G5 is optional, but has been shown
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to not only not interfere with bonding, but actually slightly enhances
it with RMGI cements. A small amount of cement should be
placed in the restoration and the restoration should be seated with
irm inger pressure and then completely seated with the “dynamic
seating” technique. he cement should be protected from saliva
contamination while setting and should be allowed to set completely
before removing the excess cement.
Many manufacturers of RMGI cements and some brands of
resin cements are suggesting the operator should “preset” the excess
setting cement with 5 seconds exposure to a curing light to plasticize
the excess cement. he excess cement can then be removed readily
with one or two deft moves with an explorer. his is not recommended as it is likely that cement just under the margin will also
be removed along with the excess cement.

Glass Ionomer Restorative Materials
Rein-Modiied Glass Ionomers

Glass ionomer materials have been formulated for use as restorative
materials, with their primary function being restoration of noncarious cervical lesions and root caries lesions. he original materials
were chemically similar to GI cements with higher glass content
and increased particle size. Examples of these materials would be
Fuji II and Ketac Cem. hese materials have essentially been replaced
with RMGI restorative materials, which are less technique sensitive,
have better physical properties, show improved esthetics, and display
vastly improved handling characteristics. Examples of RMGI
restorative materials are Fuji II LC, Fuji Filling LC, Vitremer
Restorative Material, and Ketac Nano.
he setting reactions of these materials are complex. All undergo
the classic GI acid-base reaction as well as a light-activated resin
polymerization reaction. Some also have an additional chemical-cure
reaction and can set in the absence of light.
Resin-modiied glass ionomer restorative materials are indicated
for root caries lesions due to their excellent adhesion to tooth
structure and luoride release. hey are also recommended for
repair of recurrent caries around existing indirect restorations.
(Removal of the existing restoration is generally preferred in these
situations, but is not always practical.) RMGI restorative materials
are the materials of choice for the restoration of NCCLs where
esthetics is NOT of primary importance. RMGI materials have
an excellent clinical history of retention with NCCLs, due to
excellent adhesion and low elastic modulus, but the long-term
esthetic result is compromised. Resin-modiied glass ionomer
restorative materials are contraindicated in stress bearing
situations.
When placing RMGI restorations, the following technique is
suggested. First, obtain the appropriate shade match. hen obtain
the appropriate isolation with a retraction cord/cotton roll or
preferably rubber dam. Complete the cavity preparation and then
clean the preparation with the dedicated conditioner. Conditioners
are formulations of 10% to 20% polyacrylic acid, which clean the
smeared layer of dentin without opening the dentinal tubules and
removing the smear plug. Follow the manufacturer’s directions
carefully. Some conditioners are designed to be washed of prior
to placing the restorative material, while others are not. Mix the
material. Some materials are mixed in a triturator (automixed),
some are powder/liquid, and some are dispensed with a clicker.
With Ketc-Nano, do not attempt to place the material until 30
to 40 seconds after mixing as it is initially very sticky and diicult
to handle. Place and shape the material and light-cure for the
recommended time, typically 20 to 40 seconds. Finish and polish.
Placement of a surface glaze material is optional.

Reinforced Gla Ionomer

A number of reinforced glass ionomer materials have been introduced over the years in an attempt to expand the indications for
GI materials. he following is a partial listing of such materials:
• Miracle Mix (Fuji II plus amalgam alloy particles)
• Ketac Silver (a glass cermet where the silver particles are chemically attached to the glass)
• Ketac Molar and Fuji IX (self-cure GI with increased aluminosilicate glass concentrations, polyacrylic acid, and polycarboxylic
acid)
• Fuji IX
• Equia and Equia Forte
• Chem-il Rock
Manufacturers claim that these materials are indicated as core
buildup materials for extensively damaged or endodontically treated
teeth. he physical properties of these materials are inferior to
silver amalgam and resin composite, and thus they should not be
used for core buildups. hey can be used as bases and blockout
materials.
Fuji IX is one of the most popular of these materials. It is
indicated as a base under large composite resin restorations, as the
intermediary material in an indirect pulp cap procedure, and as a
temporary restorative material to replace missing restorations,
broken cusps, etc. Fuji IX is mixed in an automix device. A
conditioner of 10% polyacrylic acid is placed on the tooth for 20
seconds and washed of prior to placing Fuji IX.
Cavity Liner

here are several GI materials that have been speciically formulated
to serve as liners. Among the most popular are Vitrebond and
Vitrebond Plus. Both of these materials are light cured, and the
diference between them is that Vitrebond is a powder/liquid
material and Vitrebond Plus is dispensed with a “clicker.” Liners
are materials that are used at a thickness of no more than 0.5 mm
under either amalgam or composite restorative materials. heir
function is to seal deep dentin exposed during caries removal
with the goal of having about 2 mm of thickness of cavity liner
and remaining dentin between the restorative material and the
pulp.
Glass ionomer liners are recommended when excavation of
caries results in a remaining thickness of dentin that is likely less
than 2 mm. hey are optional any time the depth of a cavity
preparation exceeds the depth of a “minimal” preparation.
Manipulation of glass ionomer cavity liners is straightforward.
Complete the cavity preparation and clean and dry the cavity. Do
not desiccate. Mix the lining material and place into the preparation
in a thin layer (no more than 0.5 mm) using a Dycal applicator
or similar instrument. Light-cure for 20 seconds. Now regular
bonding procedures are completed when placing composite resin
restorations, or Gluma Desensitizer or G5 is applied if placing an
amalgam restoration.
A Note on Fluoride Release and Secondary Caries Prevention. Dentists understand that luoride is an efective caries reducing

agent and manufacturers understand that dentists will buy any
material that contains luoride. Dentists would likely purchase
luoride releasing tires if someone would manufacture them.
However, it is critical to understand that the efectiveness of luoride
as a caries preventive agent is dose related. Fluoride releasing
amalgam or composite resin has no chance of reducing caries
because the dose of released luoride is so low.
Glass ionomer–based materials are unique in that the set material
consists of an aqueous polygel that permits ion exchange in the
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oral cavity. his allows glass ionomer–based restorative materials
to absorb topically applied luoride from toothpastes, gels, etc.,
and slowly re-release that luoride over 24 hours.
An almost universal misconception is that all GI materials release
luoride and that this released luoride is efective in preventing
secondary caries. As noted in the introduction, all GI materials
do release luoride. here are two phases to this luoride release.
he irst occurs primarily in the irst 24 hours after mixing and
is described as a “burst” of luoride release resulting from dissolution
of the glass particles in the material by polyacrylic acid. After this
24-hour period, there is a sustained luoride release over time, but
this level of luoride release is likely far below the therapeutic level
essential to prevent secondary caries.
To reach a potentially therapeutic level, it is essential that GI
materials are regularly (3×/day) exposed to sources of luoride (e.g.,
toothpastes, gels, mouth rinses) that will allow the GI material to
uptake luoride and slowly re-release it into the surrounding
environment.68 Research has demonstrated that this does occur
on a predictable long-term basis.
Repeated exposure is essential if the GI material is to act as a
reservoir for luoride. It is unlikely that a GI-based luting cement,
in a 25-µm ilm thickness under a properly fabricated indirect
restoration, would be able to absorb and re-release luoride at a
therapeutic level. A GI base or liner under a sealed restoration
would not be exposed to luoride to be absorbed and re-released.
Similarly, under a leaking restoration, these materials would not
be exposed to suicient luoride to be efective against recurrent
caries. he reason these materials are preferred as bases and
cavity liners is because of their predictable bond and seal of
the underlying dentin, not because of their ability to prevent
secondary caries.
hus, the only GI materials that have legitimate potential for
prevention of secondary caries are GI restorative materials such as
Fuji II LC, Ketac Nano, and Fuji IX. It is important to understand
that these materials will only be efective if they receive regular
exposures to luoride (multiple exposures/day).
Polyacid Modiied Composites (Compomers)

Polyacid modiied composites or compomers were released in the
1990s. hey are modestly illed composite resin materials to which
has been added some prereacted glass ionomer material. he
important distinction between a glass ionomer product and a
compomer is that there is no acid-base glass ionomer reaction with
compomers. Examples of compomer products are Dyract, Compoglass, and F2000. Compomers are intended to be used in
non–stress-bearing situations; and they have adequate esthetics,
ease of handling, adhesion to tooth structure, but poor physical
properties. hey do release luoride, but at a very low level, less
than 10% of the release of glass ionomers. hus it is unlikely that
compomers have any meaningful efect on the incidence of secondary caries. here are likely no indications for use of compomers
in contemporary dentistry.
THE BOTTOM LINE
1. Glass ionomer materials are useful for several clinical applications
in restorative dentistry.
2. Glass ionomer materials provide predictable long-term bonds
to enamel and dentin.
3. Resin-modiied glass ionomer cement is the most popular cement
in restorative dentistry and is indicated for cementation of
metal castings and zirconia and porcelain-fused-to-metal based
restorations.
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4. Resin-modiied glass ionomer liners have an excellent track
record as lining materials used in ilms no thicker than 0.5 mm.
5. Resin-modiied glass ionomer lining cements should be used
to provide a liner/dentin thickness of 2 mm from the pulp.
6. Resin-modiied glass ionomer restorative materials provide
satisfactory service for the restoration of root caries and noncarious cervical lesions.
7. Reinforced glass ionomer materials should not be used for core
buildups.
8. Glass ionomer materials do not provide protection from secondary caries with their inherent luoride release.
9. Glass ionomer and RMGI materials may provide protection
from secondary caries as a result of their ability to act as luoride reservoirs. In order to accomplish this, they must be
regularly exposed to topical luoride from toothpastes, gels,
mouthwashes, etc.

Adheive Dentitry
Bonding to Enamel
Of the many important scientiic advances in restorative dentistry
in the past century, perhaps none is as important as the discovery
by Buonocore in 1955 of acid etching enamel.51 Buonocore was
investigating the use of phosphoric acid to clean issures in molar
teeth and recognized the retention potential of the etched enamel
surface when he examined it microscopically (Fig. 13.33).
he irst practical application of his discovery was pit-and-issure
sealants, although routine use of sealants was not to become popular
for many years. he concomitant introduction of the irst composite
resin material by Raphael Bowen in 1957 made possible current
concepts of adhesive dentistry.50 It is worth noting that the concept
of bonding composite resin materials to tooth structure did not
become popular until the mid-1970s. It is also worth noting that
at the present time (2017) the resin bond to acid-etched enamel
is the most important bond in adhesive dentistry.
he original acid etchant was the liquid from zinc-phosphate
cement, which was basically phosphoric acid. his has been replaced
by brightly colored gels (Fig. 13.34A), which aid in ensuring the
phosphoric acid is completely washed of the tooth. Phosphoric
acid concentrations vary from 30% to 40% with the most common
one being 37%. While extended application times may be okay

• Fig. 13.33
acid.

SEM image of enamel surface etched with phosphoric
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A
• Fig. 13.35 Enamel surface appearance after applying the acid etchant.
Notice the chalkiness of the enamel surface.

A
B
• Fig. 13.34

A, Phosphoric acid gel. B, Etching of the enamel surface
with phosphoric acid gel.

on enamel, there is no beneit in applying the gel for more than
15 seconds (Fig. 13.34B). he operator should always verify that
an etch pattern has been achieved before proceeding with bonding
(Fig. 13.35).
he acid-etched enamel/resin bond has been studied extensively
and is a very predictable long-term bond. his bond is a purely
mechanical bond, with shear bond strength usually exceeding 20
megapascals (MPa). Properly done, it is a clinically successful bond
and should result in sealed margins with composite resin restorations.
his is important to reduce microleakage and prevent secondary
caries, which is a common cause of failure with composite resin
restorations. It’s worth repeating that the acid-etched enamel/resin
bond is the most important bond in restorative dentistry.
he acid-etched enamel/resin bond is useful for providing
retention for Class IV restorations, and for sealing the margins of
Class I, II, III, and V restorations. It is also useful for bonding
fragments of teeth fractured due to trauma (Fig. 13.36).
he process of etching enamel with phosphoric acid is an example
of a “diferential acid attack,” a process that has been used in
industry for many years. A speciic acid will preferentially attack
one phase of a multiphasic substrate and leave behind a microscopically rough, retentive surface. Phosphoric acid is used to etch
enamel, nitric acid is used to etch base metal, and hydroluoric
acid is used to etch feldspathic porcelain. he surfaces created on
each of these substrates are similar in appearance and provide

B

C
• Fig. 13.36

A, Fractured tooth #9. B and C, Fragment piece was saved
and bonded back in place.

mechanical bonds to resin that are equal to or greater than the
bonds to etched enamel.
hese concepts have resulted in the use of a number of very
conservative resin-retained modalities for restoring teeth. One of
these procedures is the Maryland bridge (Fig. 13.37), which is a
conservative method of replacing missing teeth. Clinical trials have
demonstrated that these resin-retained restorations have clinical
longevity comparable to conventional ixed partial dentures. A
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A

• Fig. 13.37

Maryland bridge.

similar concept is the use of bonded metal rests to provide support
for removable partial dentures.
Perhaps the most popular of these modalities has been bonded
porcelain laminate veneers. Simonsen and Calamia are credited
with the irst study on etching porcelain with hydroluoric acid
and Harold Horn wrote the irst article describing porcelain
veneers.69,70 With conservative intraenamel preparations, these
restorations can provide many years of successful service and have
a survival rate of 95% at 15 years.71
he survival rate of all-ceramic crowns is improved if they are
etched and bonded in place. Posterior bonded ceramic restorations
in the form of inlays, onlays, and crowns are popular today and
must be bonded in place. Etched porcelain pontics can be bonded
to etched enamel of the abutment teeth to fabricate a “Carolina”
bridge. hese are primarily meant to be long-term provisionals for
patients with congenitally missing lateral incisors during their
teenage years prior to placing an implant (Fig. 13.38).
In summary, the acid-etched enamel/resin bond is a strong,
reliable, mechanical bond that has proven to be useful with many
diferent clinical procedures. It is the most important bond in
adhesive restorative dentistry.
THE BOTTOM LINE
1. he acid-etched enamel/resin bond is the most important bond
in adhesive restorative dentistry.
2. Enamel etchants are 30% to 40% phosphoric acid.
3. Normal etch time is 15 seconds.
4. If the etched surface is not achieved after 15 seconds, etch again
until it is obvious.
5. Isolation is imperative. Any contamination of the etched surface
prior to bonding will negatively afect the bond.
6. he etched-enamel/resin bond is a durable mechanical bond.
It can provide adequate retention for restorations such as
porcelain laminate veneers and can also result in sealed margins
with direct composite resin restorations.

Bonding to Dentin
Bonding to acid-etched enamel is a rather straightforward procedure
that has been used efectively for many years. Bonding to dentin,
however, has proven to be a much more diicult process. Research
into dentin bonding began in the late 1970s and it continues to
be an active area of both clinical and laboratory research. Dentin

B
• Fig. 13.38

A and B, Missing teeth 7 and 10 restored with a Carolina

bridge.

bonding has grown through many generations, and the process
has been one of evolution and simpliication. he following narration
will describe the evolution of dentin bonding agents in some detail
and will identify preferred adhesives at the time of writing (2017).
he irst three generations of dentin bonding agents (DBAs)
were generally inefective, and the fourth generation DBAs introduced in the 1990s were one of the most efective bonding agents
ever available until recently. However, the number of steps in the
fourth generation DBAs makes their use technique sensitive, and
many dentists reported poor results when using them. Most of
the later generations of DBAs were designed by the manufacturers
to be simpler to use, but that simpliication has generally resulted
in diminished clinical performance.
here are three main groups of DBAs: initial bonding agents
that were generally inefective, etch-and-rinse bonding agents that
include the fourth and ifth generations, and self-etching primers.
Basically the contemporary dentist must decide on whether to use
an etch-and-rinse product or a self-etch product. Recent products
have been marketed that can be used either as a self-etch, selective
etch, or etch-and-rinse materials.
here are a number of factors that have made bonding to dentin
more diicult than bonding to enamel.
I. he compositions of enamel and dentin are diferent (Table
13.5). he major diferences are that dentin is much less
mineralized and has much more water content than enamel.
II. Dentin is a heterogeneous substrate. One of the major factors
in this regard is the dentinal tubules. Supericial dentin, close
to the dentinoenamel junction (DEJ), has a relatively small
number of tubules and the oriices of the tubules are small.
hus there is a large amount of intertubular dentin to bond
to and successful dentin bonding is relatively predictable and
easy. With deep dentin, there are more tubules and the oriices
of the tubules are wider, so there is little intertubular dentin
to bond to (Fig. 13.39). Bonding to deep dentin is diicult
and unpredictable.
III. Dentin is a dynamic substrate. It changes after bonding occurs.
It also contains enzymes called matrix-metalloproteinases
(MMPs), which can be activated by the bonding procedure.
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hese activated MMPs gradually break down the collagen
matrix and hybrid layer. he result of this is that dentin bonds
tend to decrease signiicantly with time.

Initial Bonding Agents
For practical purposes, the irst three generations of DBAs can be
clumped together and called “initial” bonding agents. hese materials
were inefective because at the time they were formulated dental
scientists believed resin-based materials were deleterious to the
pulp. hus these materials were designed to bond to minerals in
the smeared layer of dentin, which scientists believed would protect
the pulp from the resinous bonding agents.
he smeared layer of dentin is 3 to 5 microns thick and consists
of ground dentin, fragments from the rotary instruments, denatured
protein, and both live and dead bacteria (Fig. 13.40). It does have
a signiicant protective function, but most importantly for dentin
bonding, it is not irmly attached to the underlying dentin. hus
when shrinking polymers such as DBAs are bonded to it, the
smeared layer becomes detached from the underlying dentin.
hese initial DBAs formed excellent bonds to etched enamel,
and weak bonds to dentin. Most importantly, however, they had
signiicant microleakage that lead to both postoperative sensitivity
and recurrent caries.

for creating the irst efective total-etch product developed in North
America. Kanca has suggested that total-etch DBAs be called
“etch-and-rinse” DBAs to clearly diferentiate them from the self-etch
products developed later on.
hese DBAs constitute the fourth and ifth generations of DBAs.
he fourth-generation DBAs were multiple bottle systems that
required three distinct procedures for bonding. hese steps are as
follows: (1) he tooth (enamel and dentin) is etched and then
rinsed. (2) A primer is placed. (3) A bonding agent is placed and
cured. he primer bonded to enamel and dentin, and sealed the
dentin. he bonding agent bonded to the primer and to the
restorative material. Inherent to this process was the necessity of
bonding to “moist” dentin, and the diiculty of precisely deining
exactly what “moist” meant led to many dentists having diiculty
using these products successfully. Commercial products of fourth
generation DBAs include All-Bond 2 (Bisco, Inc.), Scotchbond
Multi-Purpose (3M Oral Care, St. Paul, MN), OptiBond FL (Kerr
Corporation, Orange, CA), and Tenure Multi-Purpose (Den-Mat).
he technique sensitivity of the fourth-generation DBAs led
directly to the development of the ifth-generation DBAs, which
were basically single bottle systems and were easier to use. With
these systems only two steps are required: (1) he tooth is etched
and rinsed, and (2) priming and bonding are carried out as a single

Etch-and-Rinse Bonding Agents (Previously Called
“Total-Etch”)
he inefectiveness of the initial DBAs led to the development of
total-etch systems in the late 1980s. Credit must be given to
Fusayama and Nakabyashi from Japan for developing this concept
and to Bertolotti for recognizing the value of their work and
introducing it to North America. John Kanca also deserves credit

TABLE 13.5

Composition of Enamel and Dentin
Enamel

Dentin

Mineral

80%

45%

Organic

2%

30%

12%

25%

Water

• Fig. 13.40

A

SEM image of smear layer of dentin.

B
• Fig. 13.39
Swift.)

A, Supericial intertubular dentin. B, Deep intertubular dentin. (Photos courtesy Dr. Ed
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step, because both the primer and the bonding agent are in the
same bottle. While this procedure is a signiicant simpliication,
it still requires bonding to “moist” dentin, which remains a dilemma
for many dentists. Commercial examples of ifth-generation DBAs
include One-Step Plus (Bisco, Inc.), Adper Single Bond Plus (3M
Oral Care, St. Paul, MN), OptiBond SOLO Plus (Kerr Corporation,
Orange, CA), and Tenure Quick (Den-Mat).
Many of the initial fourth-generation products were not
particularly successful because the manufacturers were still not
convinced it was safe to use phosphoric acid on dentin. hus
they used two diferent etching agents, one for enamel and one
for dentin. For example, an early version of Scotchbond Multi
Purpose used only one acid to etch both enamel and dentin;
however, it was a weak (10% maleic) acid. Maleic acid works
well on dentin, but again does not adequately etch enamel. As
stated several times in the section on acid-etching enamel, the
most important bond in adhesive restorative dentistry is the resin
bond to acid-etched enamel.
Today’s fourth-generation DBAs all use 30% to 40% phosphoric
acid to etch both enamel and dentin, as research has shown
conclusively that it is both safe and efective. he components of
the primers include a hydrophilic monomer such as HEMA,
PENTA, BPDM, and now MDP in a volatile carrier such as acetone
or ethyl alcohol and water. One of the keys to successfully using
fourth-generation DBAs is to completely volatilize this carrier.
his can be done by air thinning or by use of high volume vacuum.
he components of bonding agents are Bis-GMA and a hydrophilic
monomer such as HEMA.
he ifth-generation DBAs are similar in composition, but
components of both the primer and bonding agent are in the same
bottle.
Almost all contemporary fourth-generation and ifth-generation
DBAs contain quartz iller particles to improve strength, reduce
shrinkage, and provide a thicker primed layer. Research has shown
that DBAs with a thicker primed layer are generally more eicacious
than those with a thin primed layer.
Etch-and-rinse DBAs basically remove the smeared layer of
dentin, and etch both enamel and dentin. Etching dentin is often
called “conditioning.” Etching dentin involves removing a small
amount of mineral from the supericial layer of dentin. his exposes
bundles of collagen, which the primer can iniltrate and form the
“hybrid” layer, composed of iniltrated collagen, mineralized dentin,
and the primer. he bond is primarily to etched intertubular dentin.
Bonding to the peritubular dentin around the dentinal tubules is
diicult and inefective. Resin tags look spectacular in SEMs but
provide no real beneit in dentin bonding (Fig. 13.41).
Supericial dentin has an abundance of intertubular dentin and
allows predictable successful bonding. With deep dentin there is
relatively little intertubular dentin available due to the presence
of multiple large oriice tubules. Predictable bonding is diicult
with deep dentin, and a resin-modiied glass ionomer may be
placed over deep dentin prior to etching and bonding.
Comparing the fourth and ifth generations of etch-and-rinse
DBAs, it is clear the fourth generation has the best clinical performance. he fourth-generation DBAs have three separate steps:
(1) he enamel and dentin are etched and rinsed, (2) the primer
is applied, and (3) the bonding agent is applied and cured. With
the ifth-generation DBAs, the enamel and dentin are etched and
rinsed, and the priming and bonding steps are done simultaneously.
Clinical research has shown clearly that the fourth-generation
(three-step) DBAs provide superior clinical performance when
compared to the ifth-generation (two-step) DBAs.
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• Fig. 13.41

SEM image of the hybrid layer and resin tags.

he sequencing of the bonding procedures and their rational
will be given in “he Bottom Line” at the end of this chapter.

Self-Etching Primers
Self-etching primers are basically acidic monomers that etch through
the smeared layer of dentin. he primers are simply applied and
light cured. hey are not rinsed of. Since the smeared layer is
usually not completely removed, the dentinal tubules remain sealed
and postoperative sensitivity is almost completely eliminated.
here are two types of self-etching primers. One type has two
bottles. he irst bottle is the self-etching primer that is placed on
the prepared tooth and dried. he second bottle is the bonding
agent that is placed over the primer and cured prior to placing
the restorative material. Commercial products in this category
are Clearil SE Bond (Kuraray America, Inc., New York, NY),
Simplicity (Apex Dental Materials, Inc., Lake Zurich, IL), OptiBond XTR (Kerr Corporation, Orange, CA), and All-Bond SE
(Bisco, Inc.).
he second type of self-etching primer is the single bottle systems
that have the primer and bonding agent in the same bottle. Current
research has shown that the single bottle materials are not reliable
and should be avoided at this time. Commercial products in this
category include Xeno IV (DENTSPLY Sirona, York, PA) and
Adper Prompt-L-Pop (3M Oral Care, St. Paul, MN).
Self-etching primers create very predictable bonds to dentin
and eliminate postoperative sensitivity, but they have one major
problem: hey form weak bonds with uncut enamel. If the proposition that the acid-etch/resin bond to enamel is the most important
bond in adhesive restorative dentistry is accepted, this is a signiicant
deiciency. Clinical trials using self-etching primers frequently report
marginal staining after 3 or 4 years indicating microleakage at the
enamel/restoration margin. Clinicians using self-etching primers
should consider using the selective etch procedure to obtain a
better bond to enamel. hat technique will be described in the
“Bottom Line” section of this chapter.
In summary, the etch-and-rinse DBAs have two groups. One
group has three distinct steps including etching, priming, and
bonding. he other group has two steps, etching then priming
and bonding simultaneously. he self-etch materials also have two
groups. he best self-etch materials have two steps, etching and
priming simultaneously and then bonding. he other group etches,
primes, and bonds all at once.
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New Developments
While today’s DBAs are clearly superior to early generations of
DBAs, research has demonstrated that the bonds to dentin deteriorate over time. his is partially due to hydrolysis of the DBAs
and also to breakdown of the collagen matrix in the hybrid layer
due to the action of MMPs activated during the bonding procedure.
Part of the problem seems to be that many DBAs are too hydrophilic
and act as semipermeable membranes allowing water-tree formation
and osmotic blistering. Newer products are considerably less
hydrophilic than their predecessors.
he use of 2% chlorhexidine (Consepsis, Ultradent Products;
Cavity Cleanser, Bisco, Inc.) after etching seems to be somewhat
efective in inhibiting the ability of MMPs to break down the
hybrid layer, although this has not yet become a common practice.
Kerr Corporation has introduced a product called OptiBond XTR,
which is the irst self-etch material to demonstrate enamel bonding
equivalent to that of the fourth-generation DBAs. he long-term
clinical eicacy of such bonds has yet to be determined, but laboratory testing has been promising.
A major development in dentin bonding has been the expiration
of the patent held by Kuraray on the monomer MDP. his is the
chief ingredient in Clearil SE Bond, which has been shown in
long-term clinical trials to be as efective as the fourth-generation
etch-and-rinse materials. his is a mild two-step self-etching primer,
which has proven to be a very efective DBA and also does not
activate MMPs. Many of the major manufacturers have now
incorporated MDP into their DBAs, and it is anticipated that they
will be efective. For example, 3M Oral Care has introduced a new
product called Scotchbond Universal that purportedly can be used
in the self-etch, selective-etch, or etch-and-rinse modes. his adhesive
utilizes the monomer MDP. Laboratory tests indicate that superior
bond to enamel is achieved using the etch-and-rinse procedure. For
the diferent bonding protocols, please refer to Chapter 5.
THE BOTTOM LINE
1. Dentin bonding agents have evolved rapidly over the past few
decades.
2. Contemporary DBAs are considerably more efective than
early generations.
3. Modern DBAs contain illers, which result in a thicker primer
layer and seemingly improved eicacy.
4. Contemporary DBAs are either etch-and-rinse materials or
self-etching primers.
5. Etch-and-rinse DBAs are either three-step (fourth-generation)
or two-step (ifth-generation) materials. Both groups are
efective, but clinical trials have clearly demonstrated the
superiority of the three-step systems.
6. Both etch-and-rinse materials involve bonding to “moist”
dentin. An efective technique for bonding to “moist” dentin
will be described later in this section.
7. Self-etching primers are supplied as either two-step or one-step
products. he one-step products are not recommended at this
time.
8. Most self-etching primers do not completely remove the smeared
layer of dentin, and postoperative sensitivity is rarely reported
with these products.
9. Enamel bonds are compromised with most self-etching primers.
his deiciency may be overcome using the “selective etch”
technique that will be described later on in this section.
10. Bonding to supericial dentin is more predictable than bonding
to deep dentin. With deep cavities a thin resin-modiied glass
ionomer liner should be used.

11. Successful dentin bonding requires the formation of a hybrid
layer resulting from resin penetration into a collagen matrix
that is partially demineralized by etching with either phosphoric
acid or acidic monomers.
12. Dentin bonds tend to deteriorate over time.

Bae and Cavity Liner in the Adheive Era
Bases and cavity liners have been used for many years in restorative
dentistry. With the development of more efective adhesives, the
use of materials as bases and liners has diminished. he topic of
bases and cavity liners is quite controversial today and there is a
general lack of consensus among authorities, practitioners, and
educational institutions as to indications for such materials.72 he
following is a brief description of materials used as bases, liners,
varnishes, and sealing agents available today.

Base Materials
To begin, a base is any substance placed under a restoration that
blocks out undercuts in the preparation, acts as a thermal or chemical
barrier to the pulp, and/or controls the thickness of the overlying
restoration (Fig. 13.42).
Any dental cement mixed to a very thick consistency can be
used as a base. Zinc-phosphate, polycarboxylate, zinc oxide-eugenol
(IRM), and glass ionomer cements have all been historically used
as bases for direct and indirect restorations.
he primary contemporary function of a base is to block out
undercuts for indirect restorations, to seal the dentin against leakage
in deep cavities, and to act as replacement dentin with large
composite resin restorations to reduce the volume of composite
resin. he contemporary material most often utilized for these
functions is Fuji IX (GC America, Alsip, IL), which is a reinforced,
self-cure glass ionomer.
Liner Materials
A cavity liner is a luid paste applied in a thin layer as a protective
barrier between dentin and the restorative material. Liners should
not be used in layers thicker than 0.5 mm.
A number of materials have been used historically, including
calcium hydroxide, zinc oxide-eugenol, glass ionomer, and resinmodiied glass ionomer. Calcium hydroxide (e.g., Dycal, DENTSPLY

• Fig. 13.42 Base material used to block out undercuts in the preparation of teeth 9 and 10.
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Sirona, York, PA) and resin-modiied glass ionomer (e.g., Vitrebond,
3M Oral Care, St. Paul, MN; Fuji Lining Cement, GC America,
Alsip, IL) lining materials are the most commonly used. Resinmodiied glass ionomers are used most frequently, as few clinical
situations today call for the use of calcium hydroxide.
Resin-modiied glass ionomer liners (Vitrebond and Vitrebond
Plus) are supplied as powder/liquid or paste/paste systems, respectively. They are light activated and have improved handling
characteristics and physical properties compared to regular glass
ionomer lining materials. hey bond very predictably to dentin,
provide an excellent seal, and are very compatible with the pulp.
Typically they are used as a thin liner (0.5 mm) over dentin in
deep cavity preparations (Fig. 13.43).
Calcium-hydroxide materials have a very high pH (9–14), are
antibacterial, and promote sclerosis, hence reducing permeability.
hey must not be used as a base because they have very poor
physical properties and should only be placed as a very thin
(0.5 mm) liner over the deepest portion of the cavity preparation.
Calcium hydroxide materials have traditionally been used when
performing a direct pulp cap, as the high pH irritates the pulp
tissues and stimulates the production of secondary dentin. Calcium
hydroxide has largely been replaced by bioactive cements such as
mineral trioxide aggregate (MTA) and biosilicate cement (Biodentine, Lancaster, PA) for this function. Direct pulp capping should
only be considered with teeth with no record of spontaneous pain
and no radiographic evidence of periapical pathology.
Cavity varnish is a solution of a natural gum or synthetic resin
in an organic solvent. Copal varnish (Copalite, Temrex, Freeport,
NY) has been traditionally used under amalgam restorations to
reduce initial levels of marginal leakage. Cavity varnishes are no
longer popular and have been replaced by cavity sealers.
A cavity sealer is a liquid primerlike material that seals the
dentin surface prior to placing deinitive restorative materials.
Current products used as cavity sealers under silver amalgam restorations are Gluma Desensitizer (Kulzer, South Bend, IN) and G5
desensitizer (Clinician’s Choice, New Milford, CT). hese sealers
contain both HEMA and glutaraldehyde and are very efective
sealing agents for dentin.

or a combination of tooth structure base and liner between the
restorative material and the pulp.73

Amalgam
It is no longer considered necessary to use bases to build up deep
cavity preparations to “ideal” form. With deep preparations close
to the pulp, a very small liner of calcium hydroxide may be placed,
followed by a thin liner of resin-modiied glass ionomer (Vitrebond
Plus). As an alternative, the calcium hydroxide liner may be omitted.
Deep preparations that are not close to the pulp should receive
a thin RMGI liner. Gluma Desensitizer or G5 should be applied
to all preparations, including those in which liners have been
placed.
Composite Resin
For any preparation deeper than a minimal preparation, a thin
resin-modiied glass ionomer liner should be placed in the deepest
portion of the preparation. In this situation (deep dentin), dentin
adhesives tend to be less efective because there is less intertubular
dentin to interact with and form an efective hybrid layer. With
posterior composite resin preparations where the proximal box
ends close to or beyond the CEJ, a resin-modiied glass ionomer
liner should be placed to reduce postoperative sensitivity. Adhesive
bonding systems must be used with all composite resin restorations
regardless of whether a lining material has been placed.
Cast-Metal Indirect Restorations
Deep restorations should receive a RMGI liner prior to impression
making. With very deep lesions, vitality testing must be done
before administration of local anesthetic to determine the need
for endodontic therapy. Resin-modiied glass ionomer, Fuji IX, or
other base materials can be used to block out undercuts. Gluma
Desensitizer or G5 should be applied immediately after tooth
preparation prior to making the provisional restoration.
THE BOTTOM LINE
1. here is still a need for bases and liners in the adhesive era.
2. Bases are primarily used to block out undercuts.
3. Liners should be used in a thin ilm, no greater than 0.5 mm
thick.
4. Resin-modiied glass ionomers are used with deep caries prior
to bonding because bonding to deep dentin with available dentin

Clinical Recommendations
When using bases and liners, it should be remembered that the
ultimate goal is to have a minimum of 2 mm of tooth structure

A
• Fig. 13.43
of cavity liner.
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B
A, Cavity preparation of tooth 30 before placing cavity liner. B, Preparation after placement
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bonding agents is not predictable due to the lack of intertubular
dentin.
5. Cavity sealers should be used routinely under amalgam
restorations.

Indirect Retorative Material
Impreion Material
When fabricating indirect tooth-supported or implant-supported
restorations, accuracy of the impression is critical. It is clear that
impression materials have improved steadily over the past 50 years,
and the contemporary clinician has a great number of excellent
impression materials to choose from. While it is clear that contemporary impression materials are vastly superior to their predecessors in the 1960s and 1970s, the quality of impressions sent to
commercial dental laboratories has failed to show a concomitant
improvement (Fig. 13.44).74
he major deiciency seen with these impressions is failure to
record the entire prepared cervical margin in the impression. A
second deiciency is failure to follow the fundamental principles
in the manipulation of impression materials. Use of lexible plastic
stock trays ignores the need to control bulk and risk the possibility
of hydraulic distortion, especially with use of heavy body and/or
putty materials.75 Putty-wash materials are also used extensively,
often in an inappropriate manner resulting in impressions with
less than optimal accuracy.
he primary cause of these problems is a lack of appreciation
of the principles of manipulation of impression materials and poor
decisions related to margin placement and gingival displacement
techniques. Many dentists are excited about the ability to make
optical impressions, and the technology related to optical impressions
is impressive; however, it is clear that dentists who cannot predictably
make a traditional impression will not be able to predictably make
an optical impression.

Classiication of Impression Materials
here are two main types of impression materials: nonelastic
impression materials, which are used primarily in removable
prosthodontics, and elastic impression materials (Fig. 13.45). here
are two types of elastic impression materials: water-based and
elastomeric (rubberlike) impression materials. he two types of
water-based impression materials are reversible and irreversible
hydrocolloid (alginate). here are four types of elastomeric impression materials: polysulide rubber (also known as rubber base,
thiokol rubber, and mercaptan rubber); polyether; condensation
silicone; and addition reaction silicone (also known as polyvinyl
siloxane (PVS) impression material).
his section will outline the ideal properties of impression
materials. Critical manipulative variables will be highlighted
in the subsequent section. Properties to be discussed include
accuracy, elastic recovery, dimensional stability, low, lexibility,
workability, hydrophilicity, shelf life, patient comfort, and
economics.
Accuracy

here are three main factors related to accuracy of impression
materials: ine detail reproduction, dimensional accuracy, and elastic
recovery, which will be discussed separately. According to ADA
#19, elastomeric impression materials used to fabricate precision
castings must be able to reproduce ine detail 25 microns or less.
All currently available impression materials meet this speciication.

A

B

C
• Fig. 13.44

A–C, Examples of poor intraoral impressions.

Classification of Impression Materials
1. Nonelastic Impression Materials
2. Elastic Impression Materials
A. Water-Based Impression Materials
1. Irreversible Hydrocolloid
2. Reversible Hydrocolloid
B. Elastomeric Impression Materials
1. Polysulfide Rubber
2. Polyether
3. Condensation Silicone
4. Addition Reaction Silicone (PVS)

• Fig. 13.45

Classiication of impression materials.
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Polyvinyl siloxane is the best in this regard and reversible hydrocolloid is the worst. It is not likely that improved ability to record
ine detail results in improved accuracy of the inal restoration,
because the limiting factor in this area is the ability of the gypsum
die materials to record ine detail. he corresponding speciication
for gypsum die materials related to ine detail is 50 microns. Some
die materials can provide better ine detail reproduction than the
50-micron speciication but fall well short of the impression materials
in this regard.
here are diferences in the ability of diferent viscosities of
elastomeric impression materials to record ine detail. Typically
the lower the viscosity, the better the ability to record ine detail.
Putty viscosities in general are very poor in this regard and are
only required to record ine detail of 75 microns.76 Some putty-wash
techniques result in putty recording some or the entire gingival
margin, which has a deleterious efect on the accuracy of the
gypsum die.
A second aspect is dimensional accuracy, which is evaluated by
measuring tooth-to-tooth distances in the same quadrant and also
cross-arch distances. here is some evidence that reversible hydrocolloid is slightly superior to the elastomers in this respect, but it is
likely of limited clinical signiicance.77
All of the available contemporary impression materials provide
superb accuracy if they are manipulated correctly. Although PVS
materials are likely to be slightly more accurate than other impression
materials, diferences in accuracy are not likely to be clinically
signiicant.
Elatic Recovery

Elastic recovery is the ability to low into an undercut, set in that
position, and then spring around the undercut on removal of the
impression and rebound to its original shape. No impression
material has 100% elastic recovery; and for all impression materials,
the greater the depth of the undercut, the greater the permanent
distortion of the impression material is. 78,79 Polyvinyl siloxane
impression materials have the best elastic recovery at over 99%
with a speciic test undercut. his elastic recovery coupled with
excellent dimensional stability make it the material of choice for
clinicians who prefer to double pour impressions to obtain a
backup die.
At one time, dentists were cautioned to wait 30 minutes prior
to pouring impressions to allow maximum elastic recovery to occur.
With contemporary impression materials, this delay is no longer
necessary as elastic recovery occurs almost instantly. Keeping in
mind the greater the depth of the undercut, the greater the distortion, an important procedure is to always block out undercuts in
tooth preparations prior to impression making. his often occurs
when preparing teeth with existing restorations. Many dentists fail
to do this, assuming the laboratory can block out the undercuts
on the die. While this is possible, blocking out the undercuts with
resin-modiied glass ionomer materials will reduce the overall
distortion due to improved elastic recovery.

the laboratory varies considerably, and if the impressions are mailed
to the lab, it will be well over 24 hours.
Dimensional stability of an impression material is determined
by the composition of the material, its susceptibility to imbibition
and syneresis, and the volatility of the by-product of the setting
reaction.80 Impressions made from water-based impression materials,
such as reversible and irreversible hydrocolloid (alginate), are
approximately 80% water, which evaporates at room temperature.
his evaporation can result in clinically signiicant distortion of
the impression. Because of this evaporation (syneresis), water-based
impression materials should be poured within 10 minutes after
removal from the mouth. Water-based impression materials are
also subject to imbibition or the absorption of water. he common
practice of wrapping alginate impressions with wet paper towels
should be avoided, as the impression material will absorb water
from the towel (imbibition), which results in distortion of the
impression. hese impressions are properly stored in sealed plastic
bags prior to pouring.
he by-product of the setting reaction of condensation silicone
impression materials is ethyl-alcohol, which evaporates rapidly
at room temperature. Impressions made with condensation
silicone should be poured within 30 minutes of removal from
the mouth.
he by-product of the setting reaction of polysulide rubber
(rubber base) impression materials is water (Fig. 13.46). his
evaporates more slowly than it does from water-based impression
materials, but is still signiicant. hus impressions made with
polysulide rubber should be poured within 30 minutes.
Polyether impression materials have no volatile by-product of
the setting reaction but are suiciently hydrophilic to absorb water
from the atmosphere. his absorption is dependent on relative
humidity (RH); and if the RH is over 50%, absorption of water
is suicient to cause clinically signiicant distortion.81 Polyether
impressions should be poured within 1 hour and should never be
mailed to a dental laboratory.
here is no by-product of the setting reaction for PVS impression
materials, so PVS impressions possess almost unlimited dimensional
stability. If impressions are to be mailed to the dental laboratory,
the only reasonable material to use is PVS. Indeed, the case can

Dimenional Stability

One of the most important properties when selecting an impression
material is dimensional stability. An ideal impression material would
be dimensionally stable over time, allowing the impression to be
poured at the convenience of the operator. his is extremely
important in contemporary dentistry, as most dentists have opted
to not pour up their own impressions and instead send them to
dental laboratories to be poured. he time between removal of an
impression from the mouth and the time when it is poured by
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• Fig. 13.46

Rubber base impression material.
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be made that if the impression is going to be poured by a local
laboratory, it is safer to use PVS because there is no way to be
certain it will be poured at the appropriate time. his exceptional
dimensional stability, coupled with the excellent elastic recovery
of PVS impression materials, make it the best choice for clinicians
who prefer to double pour impressions to obtain a backup die.
Table 13.6 displays discussed impression materials and recommended
pouring times.
Flow and Flexibility

Impression materials need to low readily into the minute details
of cavity preparations and accurately capture grooves, pinholes,
and cervical margin detail. Most brands of impression material
provide light body or syringe materials with low viscosity to
accomplish this. hese are used with heavy body materials in a
tray to provide more rigidity to the impression and assist in forcing
the low viscosity material into the gingival sulcus and accurately
and completely capture the prepared cervical margin.
Many early versions of low viscosity PVS impression materials
had excellent low characteristics but tended to low away from
the prepared tooth after injection of the impression material. his
created problems when attempting to make an impression of several
prepared teeth at one time. he composition of most contemporary
PVS and polyether materials has been modiied to render them
more thixotropic, and stay in place when they are syringed around
the prepared teeth, but then low readily when the heavy body
tray materials are placed over top of them.
Set impression materials vary considerably from one another
with regard to lexibility. Polyether impression materials tend to
be more rigid than other materials. his can present a problem
with long, thin preparations of mandibular incisors or periodontally
involved teeth. Fracture of the delicate gypsum dies is a common
occurrence due to the rigidity of polyether materials. Another
problem related to this rigidity is tearing of the impression material
in the gingival sulcus. While the tear strength of polyether impression materials is excellent, the amount of force required to remove
the rigid impression may exceed the tear strength of the material.
More recent formulations of polyether materials are less rigid than
early versions but are still more rigid than PVS materials.
Set PVS materials are relatively rigid but seem to fall below the
threshold where problems with fracture of dies are common.
Although rarely used today, reversible hydrocolloid impression
material is the least rigid of all impression materials and may be
the material of choice when making impressions of multiple prepared
periodontally involved teeth.
With dual-arch impressions, it is advantageous to use a relatively
rigid material. Many of the commonly used trays for dual-arch

TABLE 13.6

impressions are somewhat lexible, and a rigid impression material
can compensate for this lexibility. Polyether impression materials
work well in this regard. Many PVS products have heavy body
versions that also provide the essential rigidity.
Workability

Impression materials were originally supplied as two tubes for each
viscosity. One tube was labeled as the base, the other the catalyst
(Fig. 13.47). he base and the catalyst were diferent colors, and
equal lengths of each were dispensed on a mixing pad. he materials
were mixed until the material became a uniform color with no
streaks. When making a clinical impression, one pad with heavy
body material was used and one with light body material. he
materials were mixed simultaneously, the light body material loaded
into an impression syringe and the heavy body material loaded
into a tray. his process required excellent coordination between
the dentist and assistant(s); thus impression making was a stressful
procedure.
Contemporary materials are supplied with “automix” handheld
devices. his is a substantial improvement and results in a standardized mix with fewer inherent porosities, increased working time,
and economic savings due to less waste of material. Even better
are sophisticated electronic mixing devices such as the Pentamix
(3M Oral Care, St. Paul, MN).
Working times of impression materials vary by the manufacturer,
and most automix devices provide materials with standard-set and
quick-set capabilities. When making a single crown impression
with a quadrant or dual-arch tray, the operator may opt for a
quick-set material with a shorter working time. When making a
full-arch impression with multiple prepared teeth, it might be
prudent to choose a material with a longer working time. When
making an impression with several prepared teeth, another option
to extend working time is to refrigerate the low viscosity material,
which increases working time without sacriicing accuracy.82
Hydrophilicity

Reversible hydrocolloid impression materials are truly hydrophilic
and can efectively make accurate impressions in the presence of
moisture. All elastomeric impression materials require a completely
dry ield to make a successful impression.
Polyether impression materials are hydrophilic as witnessed by
their tendency to absorb water from the atmosphere. However,
polyether impression materials absolutely require a dry preparation
surface to make an accurate impression.

Multiple Impression Materials and
Recommended Pouring Time

Impression Material

Pour Time

Water based

10 minutes

Polysulide rubber

30 minutes

Condensation silicone

30 minutes

Polyether rubber

60 minutes

Polyvinyl siloxane

At operator convenience

• Fig. 13.47

Two-tube impression material: base and catalyst.
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he manufacturers of many contemporary PVS impression
materials claim their products are “hydrophilic,” and incorrectly
imply that their materials can efectively make impression in the
presence of blood and/or saliva. he hydrophilicity of a material
is measured by the contact angle a sessile drop makes with the
material. If the contact angle is below a speciic value, the material
can be called hydrophilic. Many contemporary PVS impression
materials meet that criterion, and therefore the manufacturers are
technically correct. However, the implication that these materials
can make impressions in a wet environment is totally incorrect.83,84
hese materials require a dry environment to make successful
impression.
he advantage these “hydrophilic” PVS materials have is they
are signiicantly easier to pour. Early versions of PVS were hydrophobic and very diicult to pour. hey also released hydrogen for
approximately 3 hours after setting, so delaying pouring for that
period was recommended. Contemporary PVS materials have
nonionic surfactants grafted onto the polymer chains, which makes
them hydrophilic and thus easier to pour. hey also contain small
quantities of spongy palladium, which absorbs hydrogen and allows
pouring of the impression immediately upon removal from the
mouth.
Shelf Life

he exact shelf life of impression materials is not known, but it
is inadvisable to use impression materials that have passed the
expiration date established by the manufacturer. Dentists must
become familiar with manufacturers’ codes for the materials they
are using and ensure that current materials are consistently utilized.
It is arbitrarily suggested that no more than a 6-month supply of
impression material should be kept on hand at any time.
Patient Comfort

Contemporary impression materials are far more patient friendly
than the old polysulide materials, which were messy, had a bad
taste and odor, and permanently stained clothing. Reversible
hydrocolloid materials were uncomfortable for patients because
they required the use of bulky, water-cooled trays. Contemporary
impression materials are essentially odorless and tasteless.
he rigidity of polyether impression materials can be a disadvantage, especially if the patient has existing ixed prostheses or
multiple open gingival embrasures due to periodontal disease. In
these situations, it is advisable to use a more lexible material, and
to block out the undercuts with utility wax prior to impression
making. he use of the dual-arch impression technique, where
indicated, is also pleasant for patients in that it requires a minimum
amount of material and avoids the necessity for opposing arch
impressions.
When full-arch impressions are indicated, the use of a custom
tray is advocated. Many studies indicate that custom trays are
more accurate than stock trays and the level of patient comfort is
substantially improved. In addition, signiicantly less material is
used, which ofsets the costs of fabricating the custom trays.
he ultimate in patient comfort with impression making is the
use of optical impressions. Digital impressions are becoming more
and more popular and are very patient friendly. Imaging systems
are becoming more economical and it is anticipated that the majority
of impressions made in the next decade will be made optically. It
is important to point out that while optical impressions for single
tooth preparation are as accurate as conventional impressions, the
same factors that result in failed contemporary impressions will
result in failed optical impressions.
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Economic Factor

here can be signiicant diferences between the costs of diferent
impression materials. Reversible hydrocolloid impression material
is considerably less expensive than elastomeric impression materials.
However, there is a signiicant cost involved with using reversible
hydrocolloid, considering conditioning and tempering baths need
to be purchased along with an appropriate selection of water-cooled
stock trays. Polyether and PVS materials are comparable in costs
at about $12 per impression. Competing elastomeric materials are
less expensive and are popular in underdeveloped countries.
It is likely true, however, that the cost of impression materials
is of minimal consequence in most contemporary practices. Practitioners can reduce costs by using automix devices, by using the
dual-arch technique where indicated, by using custom trays when
full-arch impressions are indicated, and by reducing the need for
remakes by making successful impressions on the irst attempt.
THE BOTTOM LINE
1. Many excellent impression materials are available to the contemporary clinician.
2. he quality of impressions sent to commercial dental laboratories
needs improvement.
3. All contemporary impression materials are suiciently accurate
if manipulated properly.
4. he only impression material that should be mailed to commercial laboratories is PVS.
5. Polyvinyl siloxane materials have the best ine detail reproduction,
elastic recovery, and dimensional stability of all impression
materials.

Principles of Impression Material Manipulation
Proper manipulation of impression materials is probably more
important in determining the accuracy of an impression than which
type of material is selected. his section will discuss the important
manipulative variables that must be considered when making
impressions for indirect restorations.
Control of Bulk

Impression materials shrink when setting. Irreversible hydrocolloid
and elastomers shrink due to polymerization reactions, and reversible
hydrocolloid undergoes thermoplastic shrinkage as it cools from
the warm to cool state. he efect of this shrinkage can be controlled
by paying close attention to the bulk of impression material used.
Water-based impression materials are most accurate when used
with a uniform cross-sectional thickness of 4 to 6 mm. his means
that successful impressions can be made using stock trays that will
provide approximately 4- to 6-mm thickness of material.
Elastomeric impression materials are most accurate when used
with a cross-sectional thickness of 1 to 2 mm.7 Use of a stock tray
with elastomers results in excess thicknesses of impression material,
which possibly could result in an inaccurate impression. Elastomeric
full-arch impressions are best made using a custom tray that will
provide the desired cross-sectional thickness of impression material
(Fig. 13.48).
Numerous studies have evaluated the accuracy of elastomeric
impressions made in stock trays versus impressions made in custom
trays. Almost all conclude that impressions made in custom trays
are more accurate, yet very few North American dentists routinely
use custom trays.85
he diference in cross-sectional thickness of impression material
in a stock tray versus a custom tray is only about 2 mm, but that
diference does reduce the accuracy of the impression.86 his
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mandates that custom trays be fabricated with precision. Custom
trays should be fabricated on the diagnostic cast using one layer
of base plate wax as a spacer. Trays can be fabricated with PMMA,
photo-cure bisacryl (Triad, DENTSPLY Sirona, York, PA), or PVS.
PMMA trays should be fabricated at least 24 hours in advance to
ensure stability.
Occlusal stops are critical for proper orientation of the tray in
the patient’s mouth. hree occlusal stops are ideal, with at least
one stop posterior to the prepared teeth. Stops should be placed
on nonfunctioning cusp tips to minimize distortion in the area
of the stops. he stops are prepared by removing the base plate
wax from the nonfunctioning cusp tips with a hand instrument
(Fig. 13.49). he wax spacer should be covered with tin foil before
making the tray to facilitate removal of the wax from the tray and
to prevent incorporation of a wax residue on the internal surface
of the tray. his can happen due to the inherent exotherm reaction
that occurs during the setting of the PMMA tray material. his
residue can interfere with the proper functioning of tray adhesives.

• Fig. 13.48

Full-arch impression taken with a custom tray.

Adheion of the Impreion Material to the Tray

It is imperative that the impression material adheres to the tray.
With proper adherence, the impression material shrinks toward
the tray as it polymerizes, creating a slightly larger die. Adhesion
is achieved using speciic chemical tray adhesives. Adhesives must
be speciically matched with the impression material. hey should
be painted in a thin layer on the internal portion of the tray and
the tray borders (Fig. 13.50). he tray should be painted 7 to
15 minutes prior to impression making to permit formation of
an adequate bond strength of the impression material to the
tray.87
Pouring of Impreion Material

One of the most important manipulative variables with impression
materials is the time limit after removal from the mouth to when
the impression is poured with the appropriate gypsum product.88
he factors that determine when an impression should be poured
are discussed in depth in the previous section (see Table 13.6).
Vicoity Control

Impression materials are supplied in a number of viscosities ranging
from very low viscosity to very high viscosity putty materials. he
main diference between these materials with diferent viscosities
is in the amount of inert iller material in the impression material.
With low viscosity materials, there is relatively little inert iller and
thus more chemical reagent. Low viscosity materials are excellent
at recording ine detail, but also undergo more polymerization
shrinkage during the setting reaction. hus the optimum method
of impression making is to use only as much low viscosity material
as is necessary to capture the ine detail of the prepared margin,
grooves, and boxforms of the preparation; and the bulk of the
impression should be made with high viscosity material. his high
viscosity material has correspondingly more inert iller and less
reagent and displays less polymerization shrinkage on setting. he
heavy body material also assists in pushing the low viscosity, light
body material into the gingival sulcus.
Monophase PVS and polyether materials are supplied by many
manufacturers. In theory, such materials do not provide the same
level of accuracy as provided by the proper use of a combination
of low viscosity/high viscosity materials, but the actual diferences
in accuracy are likely not clinically signiicant. he convenience
of having to use only one viscosity of material makes monophasic
materials very practical.

• Fig. 13.49

• Fig. 13.50

Custom tray showing three occlusal stops.

Custom tray coated with tray adhesive.
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Adequate Mixing

As discussed in the previous section, almost all impression materials
today come with an automix system. his provides optimum mixing
with fewer inherent voids, extends the essential working time of
the materials, and reduces waste because the materials are loaded
from the dispenser directly into the syringe or tray.
Diinfection

Microorganisms in the oral cavity can be transmitted from impressions to the dental laboratory. Dentists must disinfect impressions
prior to pouring the cast or sending the impression to the laboratory.
he irst step of any disinfection technique is to rinse the
impression thoroughly in cold tap water. his step removes a
signiicant portion of the microorganisms from the impression.
Disinfection techniques involve spraying the impression with
disinfection agents or immersion of the impression materials in
chemical agents such as sodium hypochlorite. Polyvinyl siloxane
materials are stable in this regard, but special care must be taken
with water-based materials and polyethers to ensure that adequate
immersion times are used to eliminate microorganisms but that
extended immersion times are avoided to prevent excess imbibition
of the disinfecting solution and distortion of the impression.
Polyvinyl Siloxane Impreion Material and Latex

Polyvinyl siloxane impression materials have been available since
the mid-1970s and have continued to evolve and improve.89
Polyvinyl siloxane impression materials are easily the best selling
impression materials on the North American market, and they
have the best ine detail reproduction and the best elastic recovery
of all available impression materials. Polyvinyl siloxane materials
have remarkable dimensional stability and are odorless and tasteless
and pleasant for patients. hey are provided in a wide variety of
viscosities, rigidities, and working and setting times so they can
be used in a variety of clinical situations.
Polyvinyl siloxane impression materials have one major disadvantage: hey have a signiicant interaction with latex (rubber dam
and latex gloves). Any contact of unpolymerized PVS material
with latex results in inhibition of polymerization of the impression
material. his can occur if the dentist or assistant mixes putty
materials while wearing latex gloves or even if latex gloves were
worn prior to mixing. Direct inhibition of polymerization also
can occur if the impression material is in contact with a rubber
dam.
Indirect inhibition of polymerization also can occur intraorally
when latex gloves contact tooth preparations and the surrounding
periodontal tissues during tooth preparation or gingival displacement
procedures.90-93 Such inhibition of polymerization is often subtle
and limited to small isolated areas of the surface of the impression.
It is often not detected with the initial inspection of the impression
and may be noticed only after pouring and separation of the
gypsum cast. he presenting signs of inhibited polymerization are
a ilm of unset material in isolated areas or the presence of a sticky,
slippery substance on the surface of the impression (Fig. 13.51). It
is similar to the feel and appearance of the oxygen-inhibited layer
that is seen with photo-cure composite resin restorative materials.
Although these isolated areas of inhibited polymerization are
subtle and not easy to detect (Fig. 13.52), depending upon their
location they can render an impression unusable. Clinicians must
inspect impressions and recovered casts carefully to ensure contamination of critical areas has not occurred.
he mechanism of inhibition of polymerization is thought to
be a result of contamination of the chloroplatinic acid catalyst of

489

the PVS material with unreacted sulfur, which is present in natural
latex gloves. Synthetic latex gloves, vinyl gloves, and the powder
commonly found on gloves do not cause this inhibition of polymerization. Sulfur-containing gingival displacement chemicals do
not cause inhibition of polymerization.94
Clinicians should avoid touching tooth preparations and adjacent
gingival areas with latex gloves. When this is not avoidable, wearing
vinyl gloves over the latex gloves is recommended. Once contamination of the preparations has occurred, cleaning with water and
other agents is not efective in removing the contamination. Routine
cleansing of tooth preparations with lour of pumice may be
indicated prior to impression making.
Contemporary PVS impression materials may not be as sensitive
to latex as the products that were used in the 1990s. It does appear
that direct contact of contemporary PVS with latex or nitrile gloves
will result in inhibited polymerization; however, these materials
are not susceptible to indirect contamination.95 It appears this
reduced sensitivity is a result of changes to the impression materials
rather than changes in gloves and rubber dam materials. Contemporary PVS materials have increased concentrations of platinum
in the chloroplatinic acid catalyst, which makes it less sensitive to
sulfur. Also nonionic surfactants have been grafted onto the polymer
chains and these surfactants may act as a separating medium and
prevent the sulfur from contacting the catalyst.

• Fig. 13.51 Unpolymerized polyvinyl siloxane material due to handling
of the material with latex gloves.

• Fig. 13.52 Impression displaying areas of inhibited polymerization of
the prepared teeth.
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Putty-Wah Impreion Technique

While the recommended technique for full-arch impressions is
use of heavy body/light body viscosities of impression material in
a custom tray, many dentists prefer to make “putty-wash” impressions.80 here are three approaches to putty-wash impressions.
One approach is appropriate and acceptable, another can provide
acceptable impressions but has some potential drawbacks, and a
third approach is unacceptable.
An excellent technique for putty-wash impressions is to use the
putty material to fabricate a custom tray. It is fabricated in the
same manner as with PMMA materials or light cure materials.
One layer of base plate wax is placed over the diagnostic cast as a
spacer, and wax is removed from nonfunctioning cusp tips to
provide occlusal stops. A putty impression is made in a stock tray,
producing a PVS putty custom tray (Fig. 13.53).
A second approach is to use a relieved putty impression. In
this technique, a preoperative putty impression is made intraorally
prior to tooth preparation. Plastic sheets may be placed over the
teeth to prevent putty material from entering gingival embrasures.
In the area where the teeth are to be prepared, putty impression
material is removed with a bur or scalpel to provide relief, and the
impression is “washed” or relined with low viscosity PVS material.
his approach can be successful, but there are two potential
problems. It is diicult to conine the wash materials to the area
of the relieved impression, and some wash material enters the
unrelieved impression. his results in an inaccurate occlusal pattern
for the resultant cast. hus the entire impression rather than just
the relieved area should be “washed.” his creates the problem of
hydraulic distortion of the putty material as the impression is
seated in the mouth. his is impossible to detect on a clinical level
but may have a deleterious efect on the accuracy of the impression
and resulting restoration.
he third approach to putty-wash impressions is the “simultaneous” technique. With this technique a stock tray is loaded
with putty material, and the syringe material is injected around
the prepared tooth or teeth. he tray containing the putty material
is squashed over the syringe material, and the impression is
made with the putty and syringe material setting simultaneously.
his approach is unacceptable because it is impossible to control
the thickness of the impression material, and excess bulk is used.
It is impossible to control what material records the margin
detail of the preparation(s). Usually portions of the prepared

margin are captured in the putty, and putty materials are
essentially deicient in their ability to record marginal detail
(Fig. 13.54).
THE BOTTOM LINE
1. Water-based impression materials are most accurate with a
uniform cross-sectional thickness of 4 to 6 mm. his allows
impressions made with these materials to be made in a stock
tray.
2. Elastomeric impression materials are most accurate when made
with a uniform thickness of 1 to 2 mm. his implies the
routine use of custom trays.
3. he rational for custom trays is to make impressions with a
uniform cross-sectional thickness of 1 to 2 mm.
4. Custom trays can be made with PMMA, putty, and photo-cure
bisacryl.
5. Occlusal stops should be placed on nonfunctioning cusp tips.
6. Low viscosity materials should be used only around the prepared
teeth.
7. Speciic impression adhesives should be used and applied to
custom trays 7 to 15 minutes prior to making the
impression.
8. Impressions should be poured at appropriate times for each
type of material.
9. Impressions should be disinfected prior to pouring or sending
to the laboratory.
10. Some putty-wash techniques are superior to others.

Gypum Product
Gypsum products are widely used in a variety of applications in restorative dentistry. In many situations, obtaining
maximum accuracy and strength with the selected gypsum
product is critical to the long-term success of the restoration or
prosthesis to be fabricated. To predictably attain such success,
the clinician must first select the optimum product for the
use intended and then must manipulate the gypsum product
properly.96,97
Fortunately there are a relatively small number of gypsum
products available, and the critical manipulative variables are rather
simple. However, many dentists consistently select inappropriate
materials for the task at hand. Additionally, even though proper

• Fig. 13.54
• Fig. 13.53

Polyvinyl siloxane putty custom tray.

Impression taken utilizing the “simultaneous technique.”
Notice portions of the margin captured with putty material, which may
result in lack of details.
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manipulation of gypsum is not complicated, it is frequently ignored,
thus compromising both strength and accuracy.

The Nature of Gypsum Products
Mineral gypsum exists naturally as calcium-sulfate dihydrate and is
treated by the manufacturer to remove water. It is then supplied
to the dentist as a powder, which chemically is calcium-sulfate
hemihydrate. he dentist then adds water, and a chemical reaction occurs converting the gypsum back to the dihydrate form.
The chemical reaction for these processes may be written as
follows:
Ca 2SO4 • 2 H2O + HEAT → Ca 2SO4 • 0.5 H2O + 1.5 H2O
Ca 2SO4 • 0.5 H2O + 1.5 H2O → Ca 2SO4 • 2 H2O + HEAT
Diferences in the various types of gypsum exist due to the
conditions under which the water is removed during the manufacturing process, the size and shape of the particles of the hemihydrate,
and the efects of various chemical additives. From a practical
standpoint, the properties of a given gypsum product can be
predicted from the water/powder ratio suggested by the manufacturer, and an understanding of the concept of gaging water.
A inite quantity of water is required to chemically react with
a given amount of gypsum powder supplied as calcium-sulfate
hemihydrate. his amount of water is the same, whether the material
to be mixed is Type I, Type II, Type III, Type IV, or Type V
gypsum. However, depending upon the size and shape of the
gypsum crystals, an additional amount of water is required to
produce a workable mix of material. his extra water is known as
gaging water. his gaging water does not react chemically and
remains trapped within the matrix of the setting gypsum. With
time (24 hours), most of this water evaporates, leaving air-illed
voids in the set gypsum. As a general rule, the greater the porosity
of a set gypsum material, the weaker it will be. It will also display
diminished abrasion resistance and greater expansion, although
this latter factor is somewhat variable depending upon whatever
additives are present in the formulation.
For example, the recommended water/powder ratio for a Type
II gypsum product is 45 cc/100 gm. For a Type III product it is
30 cc/100 gm, and for a Type IV stone it is 22 cc/100 gm. With
100 gm of each of these gypsum products, approximately 19 cc
of water will be used up in the ensuing chemical reaction. he
rest of the water will be unreacted and will eventually result in
porosity in the set gypsum. he gaging water in the products
would be 26 cc, 11 cc, and 3 cc for Types II, III, and IV, respectively.
hus, a cast from a Type II stone would be porous, weak, and
have poor abrasion resistance. Casts from the Type IV materials
would have the least porosity and the greatest strength and abrasion
resistance. Casts from the Type III materials would be intermediate
between the Type II and IV products.
Understanding the nature of the setting reaction for gypsum
is essential to understanding the clinical behavior of the materials.
When the calcium-sulfate hemihydrate is mixed with water, insoluble
crystals of calcium-sulfate dihydrate form and begin to precipitate
from the mass. hese crystals, which can be visualized three
dimensionally as resembling sea urchins, serve as precipitation
centers or nuclei of crystallization (Fig. 13.55).
As the reaction proceeds, more and more nuclei precipitate out
and all continue to grow in an outward direction. he branches
of these growing crystals intermesh and intercept one another,
creating a tendency for the crystals to be pushed apart. his results
practically in a net volumetric expansion (Fig. 13.56). Continued
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mixing while the reaction is underway can result in increased
expansion because of the breakup of the gypsum crystals creating
many more nuclei of crystallization.

Classiication of Gypsum Products
Gypsum products are classiied as Types I through V, and described
by ADA Speciication #25 (Table 13.7). Types I and II are plaster
products. Type III is commonly known as dental stone or hydrocal.
Types IV and V are high strength dental stones, also called improved
dental stone or densite. he old terms alpha and beta calcium-sulfate
dihydrate have been deemed obsolete because there is no actual
chemical diference between the two types, and all diferences are
a result of the physical characteristics of the gypsum particles.
Type I dental stones are referred to as “impression plaster,” and
are typically weak, quick setting, and possess relatively low expansion
values, as additives cause the materials to “set” before the normal
setting expansion (due to crystalline growth) can occur. he primary
use for Type I stones today is in mounting casts in an articulator.
he minimum expansion displayed by these materials coupled
with their quick setting capabilities make them ideal for this task.
Because virtually zero expansion is desirable in a mounting stone
and because expansion is bulk related, the two-stage mounting
technique is recommended. With this technique, the cast is attached
to the mounting ring with as small an increment of plaster as is
deemed practical. After this material has set, a subsequent mix
may be made and added to the initial mix for strength and cosmetic
purposes. Impression plaster is also useful in certain indexing
procedures, such as the soldering of ixed restorations, occlusal
registrations, and in implant dentistry.

• Fig. 13.55

TABLE 13.7

Crystal of calcium-sulfate dihydrate.

Classiication of Gypsum Products

Type I

Impression plaster

Type II

Model plaster

Type III

Dental stone (hydrocal)

Type IV

Improved dental stone

Type V

Die stone high expansion
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• Fig. 13.56 Diagrammatic representation of the setting expansion of gypsum products. In the top row,
the crystal growth is inhibited by the surface tension of water surrounding the growing crystals. In the
middle row, the gypsum mixture (the area surrounded by the dashed circle) is immersed in water during
setting (represented by the larger solid circle); the immersion water provides more room for longer crystal
growth. The bottom row shows the expansion (e) over time (t) for hygroscopic setting expansion (H) and
normal setting expansion (N). (From Anusavice KJ, Shen C, Rawls RH: Phillips’ science of dental materials, ed 12, Elsevier, St. Louis, 2013; adapted from Mahler DB, Ady AB: An explanation for the hygroscopic
setting expansion of dental gypsum products. J Dent Res 39:378-379, 1960.)

Type II dental stones are referred to as “model plaster” and
have little use in restorative dentistry, although they are often
utilized for the fabrication of diagnostic casts. hese materials are
weak and sufer from excessive expansion, which is desirable only
in certain situations.
Type III gypsum is commonly referred to as “dental stone.”
Dental stone is considerably stronger and more resistant to abrasion
than plaster. It also exhibits much less expansion. his product is
used extensively in restorative dentistry for the fabrication of
diagnostic casts, opposing arch casts, and in removable prosthodontics where a high strength stone may actually be a disadvantage
when attempting to recover a processed prosthesis from a denture
lask.
Type IV gypsum, often referred to as densite or improved dental
stone, is commonly called “die stone.” his stone is quite strong
and abrasion resistant, and demonstrates low expansion values. It
is used primarily for the fabrication of precision casts and dies in
the lost wax process.
Type V gypsum is a high strength and high expansion stone,
and is utilized today in the fabrication of casts and dies for metalceramic restorations, particularly when the casting shrinkage of
the metal utilized is high and warrants extra expansion in the dies
(Fig. 13.57).

Selection and Manipulation of Gypsum Products
he selection of gypsum products is relatively simple, with the
main variables being the strength and expansion desired for any
speciic procedure. Once the appropriate product is selected, proper

• Fig. 13.57

Cast model showing four types of gypsum products.

manipulation is essential to ensure that the maximum physical
properties of the material are attained.
he most important manipulative variable is paying attention
to the proper water to powder ratios. Gypsum is best purchased
in prepackaged envelopes. his ensures purity and prevents contamination that may occur when using bulk gypsum, and also
provides a consistent volume of powder. Distilled water should be
used and measured carefully with a pipette or glass cylinder. Often
tap water contains minerals and other contaminants that can afect
the setting reaction.
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Controlling porosity in the set cast is critical to achieving
maximum strength. his is accomplished in several ways. Adhering
to the correct water/powder ratio helps this initially by minimizing
the amount of gaging water. Next, the powder is always added to
the water rather than the other way around. his minimizes air
inclusions that occur when the water is added to the powder.
Vacuum mixing should be utilized whenever dental stones or
improved dental stones are mixed. he mixing times recommended
by the manufacturer should be closely adhered to. Impressions
should also be poured utilizing vibration devices to prevent air
entrapment.
Separating the set cast from the impression must be done
at the appropriate time. First the gypsum must have attained
suicient strength to avoid fracture during removal. Generally
speaking, waiting 45 minutes to 1 hour will accomplish this.
Additionally, especially when using water-based impression
materials such as reversible or irreversible hydrocolloid, separation should occur within this time frame to avoid interaction
between the impression material and the surface of the set gypsum.
Such interaction would deleteriously afect the surface of the
stone cast.
In most cases, handling of the casts should be avoided for 24
hours. here is a dramatic diference between the wet strength (1
hour) and dry strength (24 hours) of gypsum products. If casts
are trimmed or margins on dies delineated before maximum strength
is attained, it is likely that such casts and dies could be excessively
abraded. Also gypsum casts are very susceptible to erosion by water
during trimming. his can be minimized by soaking the aged (24
hours) cast in a solution of slurry water for 1 to 2 minutes prior
to trimming. It will also prevent sludge from the trimming process
from adhering to the surface of the cast. An alternative approach
is to soften a sheet of base plate wax and adapt it to the surface
of the cast prior to trimming. his will efectively prevent water
contamination and sludge adherence.
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Cating Invetment
he lost wax process was introduced to the profession in 1907 by
Taggart.98 In order to fabricate a precise gold casting, it is necessary
to balance a number of expansions and contractions related to
dental materials (Fig. 13.58).
One of the major shrinkage factors in the process is the casting
shrinkage of the metal alloys as they cool from the liquidus
temperature to bench temperature. his shrinkage is roughly
proportional to melting temperature: he higher the melting
temperature the greater the shrinkage of the alloy. Type III gold
alloys shrink approximately 1.2% while base metal alloys have
double the casting shrinkage at 2.4%. his shrinkage must be
compensated in the entire process. he major mechanism for
accomplishing this is the use of casting investments.
here are three major types of casting investments. Gypsum
bonded investments are primarily used with gold casting alloys.
Phosphate bonded investments, also known as high-heat investments, are primarily used with porcelain bonding alloys because
they can withstand the higher temperatures required to melt
porcelain bonding alloys. Ethyl-silicate investments are primarily
used with removable partial denture castings.
With gypsum bonded investments there are three major
components. he refractory is composed of materials such as
cristobalite, tridymite, and quartz. he refractory supplies most
of the thermal expansion of the investment through the process
of inversion. As the investment is heated in a burnout oven, the

C
• Fig. 13.58 A, Wax-up of maxillary and mandibular arches. B, Metal
casting of maxillary and mandibular arches. C, Final restoration of maxillary
and mandibular arches.

investment expands in proportion to the increase in temperature.
hen a signiicant amount of expansion suddenly occurs when a
speciic temperature, called the inversion temperature, is reached.
his expansion occurs as a result of a change in crystalline form
of the refractory; it changes from the alpha crystalline form to the
beta crystalline form. his form change is associated with speciic
expansion, called inversion (Fig. 13.59).
he second component of gypsum bonded investments is the
binder. he binder is basically gypsum, starting out as calcium
sulphate hemihydrate powder converting to calcium-sulphate
dihydrate after being mixed with water. he setting reaction of
gypsum is associated with expansion, which contributes along with
the thermal expansion to compensate the casting shrinkage of the
alloy.
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• Fig. 13.59

Inversion diagram.

he third component of gypsum bonded investments is the
modiier, which may take the form of oxidizing agent or reducing
agent, depending on the commercial product.
here are three types of expansion associated with gypsum
bonded investments. he irst and most important is thermal
expansion as a result of refractory expansion, as described previously. he second is setting expansion provided by the setting
reaction of the gypsum binder. he third type is hygroscopic
expansion provided by soaking the ceramic liner of the casting
ring. At one time, asbestos was used for this function. he liner
allows the investment and casting to be easily removed from the
casting ring after casting is completed. By soaking it in water
before placing it into the ring, the liner supplies a small amount
of gaging water to the setting gypsum, which in turn allows a
small amount of extra expansion. NOTE: here is a separate type
of investment called a hygroscopic investment. hese are very
accurate investments that rely primarily on hygroscopic expansion
and will not be described here because they are rarely used at
this time.
Phosphate bonded investments were developed to provide the
extra expansion required with metal alloys that melt at high
temperatures and also had to be formulated to withstand those
higher melting temperatures. Phosphate bonded investments come
with a “special liquid” that is basically liquid silica. he liquid
replaces some of the water used to mix the investment, and the
basic rule is the more liquid silica, the greater the expansion of
the investment.
Ethyl-silicate investments are used with removable partial denture
framework castings. Basically the master cast is blocked out and
duplicated with an ethyl-silicate investment. he wax-up is completed on the ethyl-silicate cast and the cast and framework are
invested in ethyl-silicate investment; the wax pattern is burnt out
and cast with chrome-cobalt alloy.
Manipulation of casting investments is relatively simple. First
the appropriate investment materials must be selected. hen the
most important variable is use of precise water to powder ratios.
In the case of phosphate bonded investments, liquid to powder
ratios are used, with the liquid being part water and part special
liquid, depending on the amount of expansion required. Investments
are vacuum mixed and poured into diferent sized molds, depending
on the size of the casting.
After waiting a minimum of 1 hour, the casting ring is placed
into a cold oven, subjected to a controlled burnout, and the restoration is cast.

THE BOTTOM LINE
1. Casting investments are an integral part of the lost wax process.
2. he three types of casting investments are gypsum bonded,
phosphate bonded, and ethyl silicate investments.
3. Gypsum bonded investments are used with cast gold; phosphate
bonded investments are used with porcelain bonding alloys,
and ethyl-silicate investments with removable partial denture
frameworks.
4. Casting investments compensate for casting shrinkage of the
alloy.
5. hree types of expansion occur with casting investments: thermal,
setting, and hygroscopic. he most important expansion is
thermal.
6. Special liquid (liquid silica) is used with phosphate bonded
investments to allow for the precise amount of expansion
depending on the alloy used.

Gold Alloy
Cast gold restorations have been used in dentistry ever since Taggart
introduced the lost wax process in 1907.98 Properly done cast gold
restorations provide the longest term survival of all types of restorations. A recent study of 1314 cast gold restorations in place from
1 to 55 years demonstrated that at 30 years, the failure rate was
4.5% (Fig. 13.60).52 Pure (100%) gold is too soft for use in the
oral cavity so it must be alloyed with other metals to produce the
essential physical properties.
Gold foil is 98% pure gold and direct gold foil restorations
have been placed for many years and provide long-term service
with non–stress-bearing restorations (Fig. 13.61). Metals that are

• Fig. 13.60

• Fig. 13.61
cervical lesion.

Cast gold restorations after 37 years.

Gold foil restoration (98% gold) restoring a noncarious
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alloyed with gold in dental casting alloys include platinum and/
or palladium for both strength and passivity, silver and copper for
strength, and zinc and indium as deoxidizers. Gold is used because
it is a noble metal and does not tarnish in the oral cavity. All noble
metals share that property. he major noble metals used in dentistry
are gold, platinum, and palladium. Nobility is determined by an
element’s position in the periodic table. Silver is a precious metal,
but is not noble as it easily tarnishes in the oral cavity.
here are four types of gold alloy, Types I, II, III, and IV (Table
13.8). Type I gold alloy has the highest concentration of gold at
98%; it is considered a “soft” gold and is indicated in non–stressbearing situations such as Class V inlays. Type II gold contains
approximately 77% gold and is typically used with gold inlays
and restorations with inishable margins, as these alloys can be
burnished to attain maximum marginal integrity. Type III gold,
with a concentration of 72% gold, is the most commonly used
gold alloy in dentistry; it is used to fabricate crowns and ixed
partial dentures. Type IV gold has the lowest concentration of
gold (69%), and was used for the fabrication of removable partial
denture frameworks at one time but rarely for that purpose now.
It is still used for the fabrication of custom cast dowel and cores,
as it is the strongest of the gold alloys and is less expensive due to
the lower concentration of gold.
Type I gold is the softest, with the highest concentration of
gold; Type IV is the hardest, with the lowest concentration of
gold. Types I and IV gold are rarely used at this time, thus the
most used alloys in contemporary dentistry are Types II and III.
One technique that can be used to improve marginal integrity
of cast gold restorations is heat treatment. To heat treat a gold
alloy, the alloy must have a copper content of 12%. Metal alloys
can exist in one of three states. With a eutectic mixture, distinct
phases can be identiied in the microstructure. A good example
of a eutectic would be amalgam where gamma, gamma-1, and
gamma-2 phases can easily be identiied in a micrograph. Eutectic
mixtures are hard and brittle.
he second state seen with metal alloys is as an intermetallic
compound. With intermetallic compounds there are no distinct
phases, but there is molecular ordering, and these alloys are hard
and strong. After heat hardening treatment, gold alloys exist as
intermetallic compounds. When gold alloys are heat softened, they
exist as a solid solution. With solid solutions there is a total lack
of molecular order with randomization, and solid solutions are
soft and burnishable.
he heat treatment procedure begins by heat softening. he
alloy is melted and cast and immediately quenched in cold water.
his transforms the alloy into a solid solution, which again is soft
and burnishable. he restoration is then taken to the mouth and
the inishable margins are burnished to achieve maximum marginal
integrity. hen the alloy is heat hardened to render it hard and
strong. To accomplish this, the restoration is heated in an oven
and then slowly cooled to bench temperature. his transforms the
alloy into an intermetallic compound, which will be hard and
strong and provide optimum clinical service.
Cast gold restorations unquestionably provide the longest service
of any restoration available in dentistry. he use of cast gold has
declined signiicantly in recent years primarily due to the profession’s
obsession with esthetics and also due to the cost of gold. Most recent
graduates of dental schools have not been taught how to fabricate
gold restorations with a high level of precision. his is an unfortunate
situation. Dentists are encouraged to contact any one of many study
clubs that teach the concepts of cast gold restorations and add this
wonderful modality to their armamentarium.

TABLE 13.8
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Types of Gold Alloys Used in Dentistry

Type

Au

Hardness

Indication

I

98%

Soft

Class V

II

77%

Inlays

III

72%

Crowns

IV

69%

Hard

RPDs

Porcelain Bonding Alloy
Prior to the introduction of porcelain-fused-to-metal technology,
the clinician had only two options for the esthetic restoration of
extensively broken down anterior teeth. One was the classic
feldspathic porcelain jacket crown, which generally displayed inferior
marginal idelity and had a high incidence of fracture. he second
option was heat-processed acrylic resin bonded to metal. he acrylic
resin was mechanically bonded to the metal using beads and other
mechanical retentive features. Type III or IV gold alloys were
generally used for these restorations. he major disadvantage of
these crowns and ixed partial dentures was the poor wear resistance
of the resin veneering materials. At time intervals ranging from 3
to 5 years, the resin veneer would typically begin to age, demonstrating clinically evident wear and staining.
In late 1962 metal-ceramic restorations were patented and
introduced to the profession by Weinstein, Katz, and Weinstein.99
Original research in this area began with typical gold casting alloys,
simply because they had been used in dentistry ever since Taggert
had introduced the lost wax process to the profession in 1907.
Four major alterations needed to be made to these alloys before
clinical success could be expected.
1. he melting temperature needed to be raised because the gold
alloys melted at temperatures well below the fusing temperatures
of porcelain. his was achieved by the addition of an appropriate
amount of platinum to the gold alloy.
2. Strength of the alloy needed to be increased. Any lexure in the
metal substructure would result in catastrophic fracture of the
porcelain veneer. Conventional gold alloys are far too lexible.
Again, the addition of platinum was a major factor in improving
the strength of the alloy.
3. he thermal coeicients of expansion and contraction of the
metal alloy and the veneering porcelain needed to be more
closely matched. he COE of the alloy was reduced to a great
extent again by the inclusion of platinum, and the COE of the
veneering ceramic was raised with the addition of sodium.
4. Predictable bonding of the porcelain to the metal needed to
be achieved. Mechanisms of porcelain to metal bonding will
be dealt with in more depth later on in this chapter. With these
early alloys, chemical bonding was achieved with the inclusion
of trace elements such as indium, zinc, and tin. hese elements
produced a consistent oxide on the surface of the alloy that
would provide a chemical bond with the tetravalent oxides in
the opaque porcelains.
hese early porcelain bonding alloys contained a high percentage
of gold (85%) and were used extensively through the 1960s and
early 1970s. Although the physical properties of these high gold
alloys were less than ideal, the main impetus for research into
alternative alloys was the sudden increase in the price of gold in
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the late 1970s that approached $1000/ounce. Since that time a
number of alternative alloy systems have been introduced and have
been extensively researched. he following analysis is given to assist
the clinician in alloy selection for this important clinical modality.
It is important to understand that the dentist should determine
which alloy should be used for each restoration. his important
choice should not be delegated to the laboratory technician.

Claiication
Because the physical properties of an alloy can be predicted from
their component elements, it is useful to classify porcelain bonding
alloys according to their composition. Often alloys are casually
referred to as “precious,” “semiprecious,” or “nonprecious” metals,
usually based on the approximate gold content of the alloy. hese
terms lack precision, and several alloy groups with signiicantly
diferent physical properties could be legitimately termed “semiprecious” (Fig. 13.62).
A more meaningful classiication is to use the nobility of an
alloy to designate the appropriate group to which a metal alloy
should be assigned. he nobility of an element is determined by
its position in the periodic table, and is a measure of its passivity
in the oral environment. he noble metals most commonly used
in restorative dentistry are gold, platinum, and palladium. Iridium,
rhodium, ruthenium, and osmium are also designated as noble
metals. Silver, which has a tendency to tarnish in oral luids, is
generally not considered as a noble metal. Silver is a precious
metal, which signiies only that the metal has some intrinsic
value. The word “precious” has nothing to do with tarnish
potential.
Thus porcelain bonding alloys can be classified into two
major groups: noble alloys and base metal alloys. here are three
subgroups of noble alloys and three subgroups of base metal alloys
(Table 13.9).
hey can be diferentiated from one another in terms of composition and in terms of certain attributes and physical properties such
as strength, it of castings, and bond potential with porcelain,
biocompatibility, and economic considerations. Table 13.10
compares the alloy systems in terms of these variables.

• Fig. 13.62

TABLE 13.9

Porcelain-fused-to-metal ixed dental prosthesis.

Classiication of Metal-Porcelain Alloys

Noble Metal Alloys

Base Metal Alloys

High gold

Nickel-chrome-beryllium

Low gold

Chrome-cobalt

Palladium-silver

Titanium

TABLE 13.10 Comparison of Multiple Alloys According

to Diferent Variables
High Au

Low Au

Ag-Pd

Base

Composition

85% Au,
7% Pt

58% Au,
38% Pd

60% Pd,
38% Ag

65% Ni,
20% Cr

Strength

0.5 mm

0.3 mm

0.3 mm

0.1 mm

Fit

-

++

+

–

Bond

++

++

+

–

Biocompatibility

++

++

+

–

Cost

$100

$52

$34

$6

Composition
High gold alloys typically contain a high percentage of gold, usually
in the range of 80% to 85%. he alloy is strengthened with the
addition of 7% to 10% platinum, and trace elements such as
indium, zinc, and tin are added to provide an oxide layer for predictable porcelain bonding. hese alloys predominated until the price
of gold skyrocketed in the mid-1970s. Examples of commercial
alloys in this category are Jelenko-O (J.F. Jelenko Co., Armonk,
NY), Silhouette 850SL (Leach and Dillon, N. Attleboro, MA),
and SMG-3 (J.M. Ney Co., Bloomield, CT).
High noble alloys have a gold content typically in the range of
50% to 55% gold. Palladium is present in the range of 35% to
40%, along with the trace elements essential for bonding. hese
alloys may or may not contain silver. If more than 12% silver is
present, it may cause a tendency for the porcelain to take on a
greenish hue. Small amounts of silver may improve the wettability
of the metal coping with the opaque porcelain, although this has
not been scientiically established. Examples of this type of alloy
include Olympia (J.F. Jelenko, Armonk, NY), USC Ceramic Alloy
(Leach and Dillon, N. Attleboro, MA), and W2 and W3 (Williams
Gold Co., Bufalo, NY).

Palladium-silver alloys are composed primarily of high concentrations of palladium (60%) and silver (30%). With such high
concentrations of silver, discoloration of the porcelain is obviously
a consideration unless special precautions are taken during iring.
Use of the alloy W1 (Williams Gold Co., Bufalo, NY) along with
the low sodium content porcelain speciied by the same manufacturer
can eliminate this problem. Another example of a palladium-silver
alloy is Silhouette 150 (Leach and Dillon, N. Attleboro, MA).
here are three groups of base metal alloys. he irst, nickelchromium alloy, is the most common of the three and typically
contains about 65% nickel for strength, 20% chromium for passivity,
and 2% beryllium for castability and control of oxide formation.
Commercial products representing this type of alloy include Rexillium III (Jeneric Pentron) and Lite-Cast B (Williams Gold Co.,
Bufalo, NY). Nonberyllium alloys are commercially available but
should not be considered for clinical use. Note: Beryllium is critical
to help control oxide formation with base metal alloys; however,
it has been associated with the development of berylliosis, a serious
occupational pulmonary condition, and laboratory technicians are
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at risk. he American Dental Association will no longer certify
beryllium-containing alloys.
Chromium-cobalt alloys are commercially available and primarily
marketed as “biocompatible” base metal alloys because they are
nickel and beryllium free. Other than the exclusion of these elements, these alloys have little to recommend them and thus should
not be used. Because they contain approximately twice as much
cobalt as they do chromium, it has been suggested that these metals
should be designated cobalt-chromium alloys. It is now possible
to very accurately mill chrome-cobalt frameworks, which removes
one of the major disadvantages (poor it) of these alloys. here is
little evidence at this time that the problems associated with excess
oxide formation with these alloys have been solved.
Titanium alloys have become available recently, and copings are
currently formed both by casting and by a combination of copymilling and spark-gap erosion. Both of these systems must be
considered experimental at this time and should be used only
under strict protocol in an institutional setting. he other issue
with titanium fused-to-metal is that veneering ceramics with very
low COEs are required, and the esthetic results achieved with
these ceramics are poor. hus only the nickel-chrome-beryllium
alloys should be considered for use by the practitioner.

Strength
Strength of a porcelain bonding alloy is of paramount importance
to the long-term longevity of the restoration. Any lexure whatsoever
in the metal substructure will result in catastrophic failure (fracture)
of the porcelain veneer. he greater the number of units in any
ixed partial denture framework, the greater is the potential for
lexure. An alloy will ideally possess strength in relatively thin
sections to allow for minimal tooth reduction and permit the
fabrication of delicate frameworks. hese substructures will then
permit the creation of embrasure forms and connector designs
that will allow for optimum cleansibility and the development of
physiologic crown contours.
One of the major disadvantages of the high gold alloys is the
relative lack of strength possessed by these metals. his lack of
strength can be compensated by bulking up the framework and
the occlusogingival dimension of the connector areas. his can
compromise embrasure form and produce overcontoured restorations. A minimum cross-sectional thickness of 0.5 mm is suggested
for use with these alloys. High gold alloys should only be used
with single crown restorations on anterior teeth. In this situation,
high gold alloys have an advantage because they do not produce
a dark oxide, and intense opaque porcelains do not need to be
used to block out the color of the oxide. Because of the reduced
bite force with anterior teeth compared to posterior teeth, the
strength of the gold framework is adequate.
he high noble and palladium-based alloys are considerably
stronger than the high gold alloys, and a minimum cross-sectional
thickness of only 0.3 mm is required. his reduction of thickness
required is only 0.2 mm, but it is extremely signiicant clinically.
he nickel-chrome-beryllium alloys are very strong and can survive
with a minimal thickness of only 0.1 mm, although it is very
diicult to work within such a tight tolerance without running
the risk of perforation of the metal coping.

Fit of Castings
A most important factor in long-term success with cast restorations
is achieving excellent marginal integrity. A number of factors totally
independent of the alloy utilized are important in this regard.
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However, there are also diferences in the ability of the various
alloy systems to predictably produce excellent margins.
Several studies have evaluated the castability of these alloy
systems.100 Variations were found due to the diferent speciic
gravities of the alloys and due to variations in melting temperatures.
However, current research has established that there is a “metal-mold
equilibrium” for each alloy and investment combination that will
produce an optimum casting in terms of completeness and the
quality of the surface of the casting. his equilibrium is deined
as the diference between the melting temperature of the alloy and
the temperature of the mold into which the alloy is cast. Once
this optimum temperature diferential is established, excellent
castings can be achieved with all of the systems under discussion.
his inding, plus the development of induction casting machines,
has determined castability is no longer a concern with any of the
alloy systems.
When metal alloys are cast they solidify from the liquid to the
solid state and then subsequently cool to room temperature. Casting
shrinkage occurs during this time. his shrinkage occurs in three
stages: (1) when the liquid metal cools from the melting temperature
to the solidification temperature; (2) when it undergoes the
transformation from the liquid to the solid state; and (3) when
the solidiied metal cools to room temperature. It is likely that
this latter stage is where the most signiicant shrinkage occurs.
here are major diferences in the amount of casting shrinkage
that occurs with the various alloy systems. Casting shrinkage is a
function of the melting temperature: he higher the melting
temperature of the alloy, the greater will be the casting shrinkage.
his shrinkage of course must be compensated by equivalent
expansion of the investment. here is some question that this can
be accomplished with adequate precision with the alloys possessing
the highest melting temperatures. his is especially a problem with
large multiunit castings.
Type III gold alloys shrink approximately 1.2%. Gypsum bonded
investments can compensate very accurately for this amount of
shrinkage. High gold porcelain bonding alloys shrink slightly more
at about 1.3%. he casting shrinkage of the high noble and palladium based alloy systems is slightly higher than that of the high
gold alloys. Compensation for this shrinkage is accomplished with
high heat phosphate bonded investments, using speciic amounts
of liquid silica to control the expansion. he more silica used, the
greater is the expansion.
he nickel-chrome-beryllium alloys shrink 2.4%, which is double
the shrinkage of a Type III gold alloy. Early studies with these
alloy systems indicated that the castings were too tight and failed
to seat adequately. his was simply a result of lack of adequate
expansion provided by the investment materials utilized in the
investigation. Today it is possible to provide adequate expansion
with modern investments. However, the diiculty of producing
an accurate casting increases as the expansions and contractions
of the materials involved increase. his is particularly true when
dealing with castings with nonuniform amounts of bulk, and large
multiunit castings. It is diicult to solder base metal alloy units,
and as a result, ixed partial dentures fabricated with this alloy are
often cast in one piece. A diminution in the quality in the it of
the castings is likely to occur when this is done.
A third factor related to it of castings is distortion of the metal
coping during iring of the porcelain veneer. Clinicians have long
noted subjectively that metal copings that it very well prior to
iring the porcelain do not it nearly as well after iring. he distortion that occurs is a function of both the composition of the alloy
and the margin geometry utilized. Additionally, research has shown
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that not only do individual copings distort, but so do entire
frameworks for larger ixed partial dentures. Because the majority
of the distortion seems to occur during the degassing process, the
major factor in this latter type of distortion seems to be release of
stresses induced in the casting process.
As noted previously, distortion varies with the composition of
the alloy. he higher the melting temperature of an alloy, the less
distortion will likely occur. hus the high gold alloys, which have
melting temperatures closest to the sintering temperatures of the
porcelain, tend to distort the most. High noble and the palladiumbased alloys distort somewhat less, while base metal alloys tend to
distort very little. However, this latter fact should not be taken to
construe that there is no change in it of base metal castings during
porcelain application. In fact the quality of the it is diminished
considerably with base metal castings as a result of inevitable oxide
formation on the internal of the castings. his oxide layer, which
is substantial with base metal alloys, can interfere with seating of
the casting and result in marginal opening.
Of course distortion can be minimized with the intelligent use
of cervical marginal geometry. Shoulder and shoulder-bevel margins
distort relatively little, even with high gold alloys, and should be
utilized routinely in nonesthetic situations. Framework distortion
can be minimized by proper alloy selection, use of custom sager
trays, and use of the postsoldering procedure where indicated.
When all factors are taken into account, it would appear that
the high noble/palladium-silver/high palladium alloys would have
an advantage over the other systems in terms of the ability to
achieve consistently excellent marginal integrity.

Bonding to Porcelain
Clearly the formation of a predictable bond to porcelain is an
essential property of an alloy intended for crown and bridge
prosthodontics. here are three main mechanisms of porcelain
bonding: mechanical, chemical, and compression bonding. he
most important of these by far is chemical bonding. However, it
is prudent to take advantage of all three methods.
Mechanical bonding occurs due to the inherent microscopically
rough metal surface that exists after the degassing procedure. Van
der Waal forces play a role here, as does the improved wetting that
occurs when the surface of the alloy is air-abraded with 50-micron
aluminum-oxide particles prior to applying the opaque porcelain.
It has been estimated that such mechanical bonding should
constitute only about 10% of the total bond of the porcelain to
the metal.
Compression bonding occurs as a result of the slight thermal
coeicient of expansion mismatch that exists between the porcelain
and a compatible alloy. When a metal-ceramic restoration is taken
from the mule of a porcelain oven and allowed to cool, the metal
coping will cool irst and begin to shrink slightly. his will pull
the overlying porcelain under compression. his compression stress
contributes to the overall bond strength. We take advantage of
this by attempting to get a “wrap around” efect with our cutback
design, both buccolingually and interproximally.
Chemical bonding is the most important means of bonding
porcelain to metal. he opaque porcelains are specially formulated
with tetravalent oxides that will bond to oxides formed on the
surface of the metal. he metallic oxides either form naturally
or are induced from trace elements during the degas cycle, and
ideally will form a monomolecular layer on the surface of the alloy
(Fig. 13.63).
Chemical bonding with the noble metal alloys has been extensively studied and is very predictable. Trace elements such as indium,

zinc, and tin are added to the alloy to provide the oxide required
as well as reine the grain structure. he metal coping is run through
a degas or oxidation cycle to induce the oxide onto the surface.
At least 50% new metal is used each time a coping is cast to
prevent depletion of the trace elements from the mix. Light air
abrading with aluminum-oxide is recommended with many alloys
to prevent excess oxide formation.
Chemical bonding is much less predictable with the base metal
alloys. he problem with these alloys is with the oxide layer. here
is simply too much of an oxide layer, and while the bond failure
may occur at either the interface between the metal and the oxide
or between the oxide and the opaque, it most frequently occurs
within the thick oxide layer itself.
Most porcelain bond tests are lawed in that they all allow
for a considerable amount of compression bonding. hus base
metal alloys can appear to possess good ability to bond to
porcelain as measured by these tests. However, a majority of
the reported bond will be compression bonding, which can
fail catastrophically at any time. As stated previously, the major
problem is the thickness of the oxide layer, which propagates each
time the porcelain is ired. he main function of beryllium in a
base metal alloy is to help control the oxide layer in addition to
improving the castability of the alloy. In the former function, the
beryllium is only partially successful. Nonberyllium base metal
alloys have no control of the oxide layer and hence should be
avoided.
he tendency of base metal alloys to form thick oxide layers is
also problematic when attempting to solder ixed partial dentures.
he problem here is that the alloys form the oxide layer before
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C
• Fig. 13.63 A, Noble metal alloy copings. B, Opaque porcelain applied
to noble metal alloy copings. C, Finalized porcelain-fused-to-metal crowns.
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the solder can melt and join with the parent metal. his interposed
oxide layer can result in weak or nonexistent solder joints. As a
result, many ixed partial denture frameworks using base metal
are cast in one piece. While the literature on one-piece castings is
somewhat equivocal, many feel that the it of the castings is deinitely
compromised. Also, it is often essential to section, index, and
solder units because they simply do not it. his can be diicult
with base metal alloys.

Biocompatibility
While patients can be theoretically allergic to almost any element
in a casting alloy, even gold, the major elements that are of interest
in terms of biocompatibility are nickel and beryllium. It is estimated
that approximately 22% of women are allergic to nickel. he
incidence of nickel allergy in men is less than 10%. he major
reason for the diference in incidence between the sexes is thought
to be that many women have pierced ears and wear costume jewelry.
Much of this jewelry is nickel based, and it is believed that this
will induce the allergy.
he signs and symptoms of nickel allergy can be local or systemic.
Often the presenting symptom is a rash or eczema on the arm
or legs. Patients often do not associate such peripheral symptoms
with an intraoral restoration and hence may sufer for prolonged
periods before a diagnosis of nickel allergy is made. When use of
a base metal alloy is contemplated, the patient should be speciically asked if he or she has any allergy to nickel or reaction to
any metal.
Beryllium is primarily a potential problem for the laboratory
technician where grindings containing beryllium can be the etiologic
agent for a number of respiratory ailments. Proper ventilation and
the routine wearing of a face mask can prevent such untoward
events. Beryllium has also been shown to migrate toward the surface
of restorations, and in that location can also dissolve in oral luids.
he clinical signiicance of these indings is unknown at this time
but is a concern to some.
A similar situation may occur with the high palladium alloys. In
a number of proprietary studies palladium has been shown to dissolve
in oral luids and be cytotoxic. his most frequently occurs when
the combined concentration of gold and silver is less than 25% of
the total alloy. Again the clinical signiicance of this is unknown.

Economic Conideration
Obviously the cost of a metal alloy needs to be considered. his
can be even more important when the price of gold luctuates
extensively. Indeed the genesis of most of the research into alternative
alloys, and many of the all-ceramic alternatives to metal-ceramics,
was a gold price approaching $1000/ounce.
A pilot study conducted at the University of Southern California
School of Dentistry in 1981 compared the price of a metal coping
fabricated with diferent alloys. he price of gold at the time was
close to $400/ounce. Fifty metal copings were collected at random,
weighed, and an average weight calculated. he average price/
coping/alloy could then be calculated. he results do not take into
account the lower speciic gravity of base metal alloys, which afords
additional minor savings. Nor does it take into account the fact
that copings made with one alloy could be thinner than those
fabricated from another alloy. he data do indicate a signiicant
diferential in cost (Table 13.11).
Since 1981, the cost of noble metals has luctuated considerably,
but the price of gold has ranged around $1000 to $1600 an ounce.

hat means the metal cost of laboratory work has at least doubled
over that time, which has a huge efect on laboratory costs and
subsequently raises the cost of restorative services to patients. Indeed,
a major impetus for the development of all-ceramic alternatives
to PFM is the laboratory costs.
Depending upon the philosophic orientation and sociologic
makeup of a practice, the diferences in cost of alloys may or may
not be signiicant. Far more important would seem to be the
predictability of an alloy in terms of castability, consistent it, and
lack of bond failure.
In summary, a host of metal alloys intended to be used with
porcelain are currently available commercially. hese have been
classiied according to both composition and the characteristics
and physical properties of the major groups compared.
An analysis of the material presented reveals that one group of
alloys, the high noble alloys, seems to have no deiciencies and
scores high in all of the categories discussed. High noble alloys
also happen to be cheaper than high gold alloys, although that is
a secondary consideration. hese alloys would seem to be the
metals of choice. hey are stronger and can be used in thinner
section than the high gold alloys. hey cast easily and accurately,
and show fewer tendencies to distort on iring the porcelain.
Porcelain bonding is very predictable with no discoloring of the
porcelain. Biocompatibility is not a problem.
If cost was a major consideration, use of a palladium silver alloy
with a porcelain low in sodium content would likely be a suitable
choice. As is usually the case, proper manipulation of the alloy
chosen is probably even more important than which alloy is chosen.
THE BOTTOM LINE
1. Porcelain-fused-to-metal crowns and ixed partial dentures
continue to be important restorations and provide the best
combination of reasonable esthetics with maximum longevity
of available esthetic crown options.
2. Many diferent alloy systems with diferent properties and costs
are available.
3. he dentist should choose which alloy is most appropriate for
each restoration.
4. Some of the factors that must be considered when choosing
an alloy include strength, ability to achieve excellent marginal
integrity, ability to attain a predictable bond with porcelain,
biocompatibility, and cost.
5. Base metal alloys are inexpensive but have signiicant problems
with it, porcelain bonding, and biocompatibility.
6. High gold alloys do not form dark oxides, and have the potential
to provide improved esthetics for single crowns on anterior
teeth.
7. High noble alloys are less expensive than high gold alloys and
seem to be the alloy of choice for metal-ceramic restorations.

TABLE 13.11 Comparison of Costs for Diferent Alloys

in 1981 and 2016
Alloy

Cost 1981

Cost 2016

1. High gold

$50

$100

2. High noble

$26

$52

3. Palladium-silver

$17

$34

$3

$6

4. Base metal

500

C HA P T E R 1 3

Dental Biomaterial

Implant Material
Dentists have tried for centuries to ind a way to implant devices
into the jaw bone to replace missing teeth. Many different
approaches were tried but no material or technique proved successful
until the 1970s. Up until that time, various forms of metal implants
primarily fabricated from chrome-cobalt alloy had been used with
some short-term success, but all failed in the long term. Blade
implants, ramus-frame implants, and other conigurations all failed
eventually because of epithelial growth between the implant and
surrounding bone and subsequent infection. he major problem
with these implants was that the surgical site that was prepared
was not suiciently precise to provide initial intimate bone-implant
proximity.
Vitreous carbon implants were introduced in the mid-1970s
and showed great promise, but sufered the same fate as the implants
described previously, as the shape of the implant was rectangular,
which made it impossible to surgically prepare the site with suicient
precision.
he irst successful implant system was the mandibular subperiosteal implant designed by Dr. Roy Bodine (Fig. 13.64). his
chrome-cobalt implant was used with resorbed mandibles and
demonstrated survival rates close to 20 years. With this system,
an impression was made of the exposed mandible after raising a
flap, and the implant framework was placed directly on the
periosteum over the alveolar bone rather than in the mandible.
hese implant frameworks were restored with mandibular dentures
that were secured to the metal framework with clips. While
subperiosteal implants had acceptable survival rates, the frameworks
eventually became infected and had to be removed. his removal
often resulted in considerable morbidity, because bone had grown
over the framework and had to be surgically removed before the
framework could be removed. Maxillary superiosteal implants did
not perform nearly as well as mandibular implants because of
resorption of the maxillary alveolar process.
he major breakthrough with implants came as a result of
Brånemark’s research in Sweden. Brånemark was doing capillary
research in animals using titanium cylinders to contain the specimens. When trying to remove the cylinders from the bony
extremities of the animals in order to reuse them, the researchers
discovered the cylinders were very diicult to remove and had in

• Fig. 13.64

Mandibular subperiosteal implant framework.

fact integrated into the bone. After several years of animal and
human research, Brånemark introduced his system of root form
titanium osseointegrated implants in the early 1980s. It is not
hyperbole to state that this was one of the most important advances
in the history of dentistry.
Brånemark’s original clinical research was with “hybrid” prostheses, which consisted of ive titanium implants placed in the
anterior mandible between the mental foramina (Fig. 13.65). hese
implants were placed under a strict surgical protocol, then allowed
to heal and integrate some time before restoration. he implants
were splinted together and restored with a bar and arch-shortened
mandibular denture. hese restorations were opposed by a maxillary
denture. Clinical results were outstanding with 95% implant survival
and 100% prostheses survival at 5 years.
hese original implants were composed of 99% commercially
pure titanium and had machined surfaces. Many manufacturers
developed and marketed a number of diferent implants with
diferent designs, and data from current research cannot identify
a “best” implant design. Several implant systems were introduced
with “coatings” of hydroxyapatite and other formulations, but
they performed poorly compared to titanium implants, primarily due to breakdown between the “coating” and the implant.
Titanium-vanadium alloy implants have been used successfully
and are stronger than commercially pure titanium implants, but
appear to have no clinical advantage because fracture of implants
is a very rare occurrence.
Manufacturers have experimented with diferent implant surfaces
trying to create more rapid osseointegration. Most contemporary
implants have microscopically “rough” surfaces, which seem to
results in more rapid integration into the bone as indicated by
“push-out tests.” It is not known whether this is clinically signiicant.
Implants today are used to replace single teeth in all areas of
the mouth, to restore multiple lost teeth with ixed partial dentures,
and to support full-mouth reconstructions (Fig. 13.66). It is
important to understand that Brånemark’s original research with
95% survival at 5 years was done with ive splinted implants in
the anterior mandible. his is the best possible bone for implantation, so these results cannot be extrapolated to implants placed in
other areas of the mouth. he least desirable bone for implantation
is in the posterior maxilla.

• Fig. 13.65

Illustration showing design of hybrid dental prosthesis.
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• Fig. 13.66
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Radiograph of single mandibular implant.

• Fig. 13.67

While data from Brånemark’s original research cannot be used
to predict survival of implants placed elsewhere in the mouth, it
is clear that root form titanium implants have adequate survival
rates to recommend routine use for the replacement of missing
teeth. Restorations can be screw-retained to the implants or cementretained. Many authorities prefer screw-retained restorations as
this allows 100% retrieval, but this approach requires precise implant
placement.
One issue that has come to light in recent years is the condition
called periimplantitis, deined as periimplant bone loss accompanied
by suppuration. he incidence of periimplantitis seems to be
signiicantly higher than originally reported and seems to primarily
occur in patients who originally lost their teeth to periodontitis
and who smoke. In these patients, the decision to extract teeth
and replace them with implants should be undertaken with an
abundance of caution.
THE BOTTOM LINE
1. he advent of predictable osseointegration with titanium rootform implants is one of the most important advances in
restorative dentistry.
2. Contemporary implants have acceptable survival rates and should
be considered as the primary approach for the replacement of
missing teeth.
3. No “best” implant design has been determined by clinical
research.
4. Coated implants have not survived as well as noncoated implants.
5. Periimplantitis is a serious complication of implant therapy.
6. Smokers who lost their teeth due to periodontal disease are
especially at risk for periimplantitis.

Evolution of All-Ceramic Crown
New ceramic systems continue to be introduced to the profession
at exponential rates. It is critical that clinicians understand how
these systems have evolved since the mid-1980s and that they
understand the deiciencies of many of these systems so they can
more efectively evaluate the potential of new systems as they are
introduced to the market. he three major concerns with new
systems are as follows:
1. What is the real esthetic potential of the system compared to
available tried and true systems?
2. What is a reasonable potential life span for the new system?
his can be diicult to determine because improvements in

Porcelain-fused-to-metal ixed prosthesis.

physical properties do not necessarily translate into improved
longevity. Keep in mind that ceramics do not fail because they
are not strong enough; they fail because it is not known how to
manufacture law-free restorations. hose laws, called Griith
laws, tend to propagate over time and result in fatigue failure.
3. What clinical situations are recommended for the new system?
Can ixed partial dentures made with this system reasonably
be expected to survive? Should its use be limited to anterior
teeth or can it be used in molars?
his section has been written to describe the main features of
the diferent ceramic systems as they were introduced to the profession. It is not our intent to examine each system in great detail,
but to highlight the important features that led to success or failure.
It is also not intended to be all-inclusive but will focus on the
major players.
he irst esthetic crown was the porcelain jacket crown (PJC)
introduced to the profession circa 1910 by Land. To fabricate this
crown, a platinum foil was adapted to the die using a tinner’s
joint. his foil was used as a scafold to carry the porcelain into
the porcelain oven where it was ired and the foil later removed.
he PJC had good esthetics, but poor marginal integrity and a
short life span. hey were cemented in place using diferent shades
of silicophosphate cement. he major deiciency of the PJC was
the fact they frequently fractured 1 or 2 years after placement.
In 1962, Weinstein-Katz and Weinstein iled the patent for the
irst metal-ceramic crown system.99 At the time, a porcelain-fusedto-metal (PFM) was known as a “Ceramco.” It became popular
in the late 1960s, but dentists knew little about the important
preparation details required to produce a truly esthetic restoration
(Fig. 13.67). Dentists did not understand the space requirements
needed for layers of metal, opaque porcelain, body, and incisal
porcelains and thus most preparations were underprepared. hey
knew nothing about cervical margin design. Laboratory technicians
were also unaware of many of the important details of fabrication.
he dental profession and laboratory industry learned about PFMs
by trial and error. his resulted in many restorations that lacked
the expected esthetic potential and frequent fracturing of the
feldspathic porcelain veneer from the metal coping.
In the mid-1970s, individuals such as John McLean, Jack Preston,
Lloyd Miller, and Jack Nicholls began to do research that guided
the profession in producing PFMs that had improved esthetics
and great clinical longevity.
One excellent systematic review published in 1989 indicated
the failure rate with PFMs is 5% at 11 years.101 Several other
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studies have shown similar results.102 Such data must be considered
when assessing the utility of new ceramic systems. Numerous
ceramic systems have been introduced to the profession (Fig. 13.68).
Almost all of these systems have been brought to market with
almost no clinical testing. It is also important to repeat the fact
that laboratory testing of physical and mechanical properties and
load-to-failure testing yields little useful information about expected
clinical performance. hus it is clear that clinical dentists are carrying
out the essential clinical trials for the manufacturers.
In 1978 McLean introduced the aluminous core PJC.103 his
restoration used twin platinum foils for fabrication. One foil was
used as a die spacer and the other was tin plated and used to form
the core with aluminous core porcelain. his was veneered with
compatible low-alkali porcelain. he laboratory technique was very
demanding, which limited its commercial adaptation. In 1984
Donovan introduced a simpliied single foil technique for fabricating
aluminous core PJCs, but this simpliied technique also failed to
catch on.104
he twin-foil crown by McLean was the irst in a series of
foil-supported restorations that attempted to improve clinical
longevity by reducing the number of microscopic defects on the
internal portion of the crown. Shorer introduced the Renaissance
foil system, which used a pleated noble metal foil and a gold
colored bonding agent. Asami Tanaka had a similar system with
his Sunrise crown. hese foil-supported restorations had poor
survival data, primarily because the foil took the form of the tooth
preparation and frequently there were excesses of unsupported
porcelain. he industry standard is that there should never be
more than 2 mm of unsupported porcelain, regardless of the core
material. With foil-supported crowns this is diicult to achieve in
the majority of cases.
In 1993, Shorer and Whiteman introduced the Captek system.
Captek is an interesting technology that forms a noble metal coping
without casting or machining. A wax sheet containing a powdered
metal alloy of 88% gold is adapted to a refractory die and heated
in an oven until the wax melts and the metal coalesces into a
porous coping. A second wax sheet containing platinum is adapted
over the coping and heated. he wax melts and the platinum enters
the gold coping by capillary action (hence “Captek”). he gold
color of the coping results in excellent esthetics and the platinum
provides strength to resist metal lexure. he major deiciency of
Captek is the inability to provide adequate support for the veneering
ceramic, again because the coping takes on the form of the tooth
preparation and few preparations are ideal.
In 1983, Sozio and Riley introduced the Cerestore crown, also
called the “shrink-free” ceramic crown.105 his product used an
extremely accurate epoxy-resin die system, on which was injected
a high strength alumina-ceramic core. his core did not shrink on
sintering and was quite opaque, which resulted in unesthetic cervical
opacity. he core could be colored intrinsically and was overlayed
with a relatively translucent veneering ceramic. he Cerestore crown

• Fig. 13.68

Major ceramic systems used in restorative dentistry.

system had a relatively short time on the market, partially due to
the inherent cervical opacity, which resulted in limiting the esthetic
outcome to that attained with metal-ceramic restorations with
porcelain labial margins, and partially, due to early clinical failures
with fracture.
Experiences with Cerestore taught us one important principle: If an all-ceramic crown system uses an opaque core
to improve fracture strength, the esthetic result achieved by
that system will be no better than the esthetics achieved with
metal-ceramics!
About the same time as Cerestore entered the marketplace,
Adair and Grossman from the Dow Corning Company introduced
Dicor, which was marketed as the “castable” ceramic crown.106
Dicor crowns were waxed, invested, and cast using a glasslike
material that was very translucent. he restoration was then given
a speciic heat treatment called “ceraming,” which induced a change
in crystalline structure and made it slightly less translucent. hen
a thin ilm of extrinsic stain was painted on the crown to attain
the desired shade.
Dicor was the irst example of a “monolithic” crown system
where the inal esthetic result was attained by applying a thin layer
of extrinsic coloration (Fig. 13.69). In general, such monolithic
restorations lack depth and have a high level of surface or specular
relection. Such restorations often experience a high incidence of
metamerism where the restoration appears one color with certain
light sources and a very diferent color in diferent light sources.
hus the major deiciency of Dicor was the inability to achieve
intrinsic coloration. Fracture rates for Dicor crowns were also
relatively high.
Originally Dicor crowns were intended to be cemented with
diferent shades of zinc-phosphate cement. However, Malament
discovered that fracture rates could be improved if Dicor crowns
were etched internally and bonded in place with resin cements.
he combination of high fracture rates and poor esthetics led to
the early demise of Dicor, however.
Experiences with Dicor taught us two important principles:
First, monolithic crowns do not allow intrinsic coloration and provide
depth of color in the same manner as layered crowns; second, the
clinical performance of ceramic crowns can be improved by etching
and bonding.
To overcome the esthetic disadvantages of Dicor, Willi Geller
introduced the Willi Glass crown in 1987.107 Willi Glass used an
internal translucent core of Dicor, about 0.75 mm thick. his was
veneered with Vitadur N ceramic. Willi Glass was undoubtedly
the most esthetic restoration ever made available to the profession.
However, it had a relatively short clinical life span and sufered

• Fig. 13.69

Ceramic restoration by Dicor.
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from catastrophic fracture. his was partially because the Dicor
core was not strong enough at that thickness, and partially due to
thermal incompatibilities of the Dicor core and the veneering
porcelain.
In the late 1980s, Wholwend and Scharer introduced the original
IPS Empress leucite reinforced ceramic system (Fig. 13.70).108 his
system introduced the concept of hot pressing the ceramic, which
has the potential to reduce the number of microscopic defects in
the ceramic crown.
IPS Empress crowns can be fabricated in two diferent ways.
Monolithic IPS Empress crowns can be waxed, pressed, and stained.
hese monolithic restorations sufer from issues discussed previously
and do not provide optimum esthetics on anterior teeth. Layered
IPS Empress, with a leucite reinforced core and matched veneering
porcelain, provides the most esthetic and durable ceramic option
currently available for restoring anterior teeth. Clinical trials have
indicated 95% survival of bonded, layered IPS Empress crowns
on anterior teeth. Survival rates drop considerably with crowns
on posterior teeth.
It is critical to understand that this high survival for IPS Empress
crowns on anterior teeth is only achieved if they are internally
etched and bonded in place. here are three approaches to accomplishing this. he irst is the traditional approach of bonding the
restoration in place using a fourth-generation or ifth-generation
etch-and-rinse dentin bonding agent (DBA) and a dual cure resin
cement. One problem with this approach is if the DBA is cured
prior to cementation, the thickness of the cured DBA may prevent
complete seating of the crown. Alternatively, if the DBA is cured
after seating the crown at the same time as the dual cure cement,
the hydraulic pressure generated during seating will likely collapse
the collagen bundles and signiicantly compromise the hybrid layer
and dentin bonding.
A second approach is to use Paul and Magne’s immediate dentin
sealing technique.109 With this technique the dentin is sealed with
a fourth-generation DBA immediately after tooth preparation,
prior to making the impression. hus the ilm thickness of the
DBA is of no importance, and the tooth is sealed during the
provisional phase. he sealed preparation must be isolated with
Vaseline when making the provisional restoration to prevent bonding
of the provisional to the dentin. he oxygen-inhibited layer of the
DBA can also distort impressions, and the surface of the DBA
must be carefully cleaned prior to cementation. his immediate
dentin sealing technique results in much higher dentin bonds than
are created when bonding at the cementation stage.
he third approach to bonding etched IPS Empress restorations
in place is to use a self-adhesive resin cement. hese cements do
not produce a hybrid layer and strong bonds to dentin, but do
provide an excellent seal. he long-term efect on crown survival
with use of self-etching cements is not known.
Leucite-reinforced ceramic systems similar to IPS Empress (Optec
HSP, Authentic) have appeared on the market. Optec HSP was a
spectacularly unsuccessful product, which illustrates another
important principle: Every ceramic system, even if similar to another
successful system, must generate its own clinical data to support use of
the system.
In the early 1990s, Vita introduced the In-Ceram system, utilizing slip-casting with iniltrated glass. hree diferent forms exist:
In-Ceram Spinell, In-Ceram Alumina, and In-Ceram Zirconia.
Spinell is the most translucent but has not performed well in
clinical trials. Zirconia is the least translucent and has the same
translucency as metal; it therefore has limited esthetic potential.
In-Ceram Alumina has decent esthetic potential and has been used

• Fig. 13.70
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Leucite-reinforced glass ceramic crowns (IPS Empress).

successfully for single crowns. hese systems have not captured a
major share of the market to date.
Nobel Biocare introduced Procera Allceram to the market in
the 1990s. his system used a milled alumina or zirconia core
veneered with low fusing ceramic. Crowns made with this system
had inferior marginal integrity and a high incidence of chipping
of the veneering ceramic because of lack of support of the ceramic
by the core.
he next major system to appear on the market was IPS Empress
II. It was introduced as a lithium disilicate reinforced material that
was so strong it could be predictably used to fabricate three-unit
ixed partial dentures. In this regard, IPS Empress II was a complete
disaster. One local dental laboratory (Drake Dental Lab, Charlotte,
NC) fabricated 360 IPS Empress II ixed partial dentures using
Ivoclar’s speciication for connector height, and at 3 years, the
failure rate due to fracture was 75% (personal communication;
David Avery, Drake Dental Laboratory).
It should be noted that IPS Empress II was a lithium disilicate
material and was not really related to the original IPS Empress,
which was leucite reinforced. Part of the problem with IPS Empress
II was that the veneering ceramic was not properly matched to
the lithium disilicate core. his was corrected in a later version
called IPS Eris. IPS Eris has shown promise for single crowns but
should not be used for fabricating all-ceramic ixed partial dentures.
IPS Eris has largely been made irrelevant with the introduction
of IPS e.max, which is an optimized lithium disilicate material.
IPS e.max is a lithium disilicate material that was introduced
in 2009 (Fig. 13.71). It can be pressed or machined and can be
used as a monolithic material or layered. Monolithic IPS e.max
has relatively high lexural strength of 360 to 400 MPa compared
to IPS Empress, which has a lexural strength of approximately
160 MPa. Layered IPS e.max has approximately half the lexural
strength as the monolithic form. No long-term clinical trials have
been published at this point, but information gleaned from remake
data from three commercial laboratories and over 21,000 IPS
e.max monolithic and layered single crowns indicates the fracture
rate at about 4 years is only 1%. As would be expected, layered
IPS e.max crowns have better esthetic potential than monolithic
crowns, but the monolithic crowns are stronger.
It should again be noted that higher strength does not automatically result in improved clinical performance, primarily because
all-ceramic crowns do not fail because they are not strong enough.
They fail because it is difficult to fabricate them without
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Lithium disilicate (IPS e.max) ceramic ixed dental

prosthesis.

incorporating microscopic defects called Griith laws, and it is
the propagation of these defects that results in catastrophic failure.
In the late 1990s, zirconia-based materials were introduced to
the profession. he original restorations were cored with yttriastabilized zirconia oxide and veneered with a compatible ceramic.
Zirconia is a very strong material with lexural strengths as high
as 1400 MPa. In clinical trials with these materials, core fracture
was extremely rare even with posterior ixed partial dentures.
However, the “Achilles heel” with these layered restorations was
chip fracture of the veneer. he fractures did not occur at the
interface between the core and the veneer, but rather were cohesive
fractures in the body of the ceramic veneer. One clinical trial of
over 900 crowns estimated that layered zirconia crowns fractured
at a rate ive times higher than that of metal-ceramic crowns.
here are two potential causes for this high incidence of veneer
fracture. Because the core is computer designed and manufactured
from a scan of the tooth preparation, it is highly likely that adequate
support of the veneering porcelain is not provided by the core. his
problem may have been solved by creating software that produces
a virtual full-contour wax-up and then cuts that back to provide a
core with optimal support. he second cause is the extremely poor
thermal conductivity of the core material. Basically the core cools
very slowly on removal from the porcelain oven and the veneering
ceramic cools past its glass transition temperature while the core
slowly continues to cool. his creates stress in the veneering ceramic,
which causes it to fracture under occlusal loads. his problem may
have been solved by using prolonged cooling times.
he reason core fracture is so rare with zirconia is that zirconia
possesses a property called transformation toughening. When a
defect begins to propagate, the material surrounding the defect
undergoes a transformation from the tetragonal to the monoclinic
phase, and this transformation is accompanied by a slight expansion,
which efectively pinches of the defect and prevents it from
propagating.
A relatively new zirconia restoration has been introduced in
recent years. It is called monolithic zirconia or full contour zirconia
(Fig. 13.72). his is basically a core of zirconia milled into a full
crown and then either glazed or polished. Based on studies of
layered zirconia, where core fracture is extremely rare, these restorations may reasonably be expected to have high survival rates. One
major advantage of monolithic zirconia is that very conservative
tooth preparations can be used because of the strength of the
material. On molars, preparations similar to those used for cast
gold crowns will suice.

• Fig. 13.72

Monolithic full contour zirconia restoration.

Full contour zirconia restorations are also relatively inexpensive.
his is partially because they are designed and manufactured digitally.
In an era where the price of gold is over or close to $1600/ounce,
this low cost beneit is a real advantage.
here is no question that the esthetic results achieved with
these restorations is compromised, but they are acceptable for
molars and perhaps mandibular incisors. Research has shown
that the best surface for full contour zirconia crowns is a polished
surface. his polished surface is relatively kind to opposing
enamel.
Recall that the preceding information is not meant to be either
all-inclusive or a detailed description of available ceramic systems.
Rather it is an overview of how these systems evolved with a brief
description of the important features of the major players. More
detailed descriptions will be given in subsequent chapters.
THE BOTTOM LINE
1. Many diferent ceramic systems have been introduced to the
dental profession over the past 30 years.
2. All have been brought to market with little or no clinical
testing.
3. Ceramic materials do not fracture because of a lack of strength.
hey fracture due to defect propagation and fatigue.
4. Because of #3, physical properties testing and load-to-failure
studies yield little useful information on potential clinical
survival rates.
5. Clinical trials or fatigue testing under water are the only
appropriate means of predicting clinical survival of ceramic
crowns.
6. Most of the ceramic systems introduced since 1980 have been
clinical failures.
7. he current cost of gold is a major factor in the cost of restoring
teeth with metal-ceramics.
8. Many all-ceramic systems, especially full contour zirconia, are
cost-efective compared to PFM.
9. Monolithic crowns have good strength but relatively poor
esthetics.
10. Layered restorations have good esthetic potential but reduced
strength.
11. Current available systems that clinicians should consider are:
a. Metal-ceramics: Reasonable esthetics, longest life span
b. IPS Empress: Esthetics, anterior teeth only
c. IPS e.max: Esthetic potential, potential longevity
d. Layered and full contour zirconia: Potential longevity, cost
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Contemporary Ceramic Material
Since the early 1980s, many diferent ceramic systems have been
brought to market. None of the systems had advanced clinical
testing before coming to market and most systems failed primarily
due to premature catastrophic fracture (Fig. 13.73). he driving
force behind these new systems was twofold: Many clinicians were
disappointed with the esthetic results they obtained with metalceramic restorations and hoped to obtain better esthetic results by
using metal-free restorations. With some systems, improved esthetic
results were obtained, but the price that was paid signiicantly
reduced longevity. he second driving factor was the cost of noble
metals. In 2016, the cost of gold ranged from $1200 to $1600
an ounce. his resulted in skyrocketing laboratory costs in a market
that was not favorable to raising compensatory fees. Some of the
newer systems ofer signiicant savings in laboratory costs, partially
due to nonuse of metal but also because many of these restorations
can be fabricated digitally thus reducing labor costs.
here are a number of reasons why dentists fail to obtain
predictable esthetics with metal-ceramic restorations and most of
them are operator related. Most dentists tend to underprepare
teeth that are to be restored with metal-ceramic crowns, and do
not provide the laboratory technician suicient room for the
metal substructure, opaque layer and body, and incisal porcelain.
Many use outdated cervical margin designs, and soft tissue
management is generally poor, resulting in a high incidence of
inadequate impressions.110,111 Many dentists opt to send their
laboratory work overseas and accept low-quality restorations in
the name of cost reduction.
It is clear that with proper tooth preparation and soft tissue
management, coupled with working with a decent ceramist, very
esthetic restorations can be fabricated using metal-ceramics. Metalceramic restorations remain the gold standard for esthetic indirect
crown systems because they provide a combination of reasonable
esthetics with maximum longevity. Data from a number of clinical
trials indicate that 95% of metal-ceramic restorations are in service
10 to 15 years after placement.101
As mentioned, early ceramic systems sufered from premature
catastrophic fracture. his led Schärer and McLean to postulate
that before a clinician uses a new ceramic system, he or she
should be provided data from independent clinical trials that
demonstrate a survival rate of no less than 95% at 5 years.112 his
demonstrates that they are not holding ceramic restorations to the
same survival rate as metal-ceramic restorations, but they expect a

A

reasonable survival rate for the economic survival of the restorative
dentist.
It is reasonable for a clinician to adhere to Schärer’s criteria,
but the truth is that in order to publish a properly conducted
5-year clinical trial, it requires almost 10 years (Fig. 13.74)!
hus even though manufacturers are diligently conducting such
trials, information on investigated materials does not get into the
hands of practicing dentists until many years after the materials
are brought to market. An interesting approach to bring clinically
relevant data to the market in a timelier manner will be described
later in this section.
here are three major materials that have captured a signiicant
portion of the ceramic market in 2017 that have not had properly
conducted clinical trials published before they were widely used
clinically. hese three materials include leucite-reinforced IPS
Empress (Ivoclar), lithium disilicate–reinforced IPS e.max (Ivoclar),
and zirconia-based systems (many manufacturers). All of these
materials can be used in the monolithic state or layered. Zirconia
materials can be used layered in the partially stabilized state and
monolithic in both the partially stabilized and fully stabilized state.
Monolithic ceramic restorations have relatively poor esthetic
results but seem to provide longer clinical survival rates. With
monolithic ceramic restorations, all of the color is on the surface,
resulting in high surface relectivity and specular relection, a high
incidence of metamerism, and no depth efect. Monolithic crowns
are not suitable for maxillary anterior teeth. Layered restorations
provide signiicantly improved esthetic results but lower survival
rates.
he leucite-reinforced IPS Empress system was really the irst
successful ceramic system on the market appearing after an imposing
list of failed systems. Layered IPS Empress should only be used
on anterior teeth as clinical trials have demonstrated high failure
rates on posterior teeth.113 Monolithic Empress should not be
used. IPS Empress can be pressed or milled, and the usual procedure
is to press a leucite core and veneer it with the matched ceramic.
Layered IPS Empress crowns must be etched with hydroluoric
acid and bonded in place with either dual-cure resin cements/
bonding or self-adhesive resin cements. Fewer and fewer dental
laboratories are fabricating these restorations today, and even though
the esthetic results are excellent and survival on maxillary anterior
teeth is satisfactory, their use in contemporary clinical dentistry is
limited.
he material named IPS e.max is a lithium disilicate reinforced
ceramic that can be used both in the monolithic state and layered.

B
• Fig. 13.73

505

A and B, Metal-ceramic restorations after 21 years.
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Timeline: 5-Year Clinical Trial
Product
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IRB

Investigator
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Subject
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3-Yr. Recall

1-Yr. Recall

Article Preparation
& Submission

5-Yr. Recall

Article
Publication

Article Review
& Revision

10 Years!!!
• Fig. 13.74

Timeline outlining time required for publishing properly conducted 5-year clinical trial.

TABLE 13.12 Mechanical Properties of Leucite

Material

Flexural
Strength
(MPa)

Leucite
reinforced
glass
ceramic
(Empress)

160

Lithium
disilicate
(IPS e.max)

400

Zirconia
(Y-TZP)

800–1500

Elastic
Modulus
(GPa)

Hardness
(VHN)

96

550

TABLE 13.13 Thermal Conductivity of Zirconia

Compared to Other Material

Reinforced, Lithium Disilicate,
and Zirconia

Material

Thermal Conductivity W/(mK)

Silver

429

Reference

Gold

318

(Aboushelib
et al.,
2007a)

Gold alloy

200

Base metal

40

Alumina

30

Zirconia

2

95

5800

(Ivoclar,
Vivadent)

210

1200

(Piconi and
Maccauro,
1999)

Most of what is known about the clinical performance with IPS
e.max is with monolithic restorations. Monolithic e.max has a
signiicantly higher lexural strength than IPS Empress at 400 MPa
versus 160 MPa (Table 13.12). he lexural strength of layered
e.max is about half of the monolithic form, which has been validated
with both fatigue studies and clinical data.114,115 It is important to
remember that ceramic crowns fail by defect propagation, and it
is likely that the clinical success of e.max restorations is a result
of incorporating fewer inherent defects through pressing and milling
the restorations. As impressive as the gain in lexural strength of
monolithic e.max versus IPS Empress is, it pales in comparison
to the lexural strength of monolithic zirconia, which has a lexural
strength of 1500 MPa versus 400 MPa for e.max.
Zirconia restorations were irst introduced to the profession
as partially stabilized (yttria) zirconia oxide cores layered with a
veneering ceramic. Initial clinical data established that the cores
rarely fractured, but there was a high incidence of chip fractures
of the veneering ceramic.116 It was estimated that the incidence
of veneer fracture with layered zirconia was ive times that of
metal-ceramic restorations. he low incidence of core fracture
could be attributed to the property of transformation toughening
(Fig. 13.75).
When a defect begins to propagate in a zirconia core, the materials
immediately surrounding the defect change from the tetragonal to

the monoclinic form of zirconia. his results in a slight expansion,
which efectively “pinches of” the propagating defect.
Veneer chipping is likely caused by two issues. First, the high
strength cores were originally fabricated by scanning the die of
the tooth preparation and then a core of uniform thickness was
milled. his core would follow the shape of the die and does not
in any way account for the thickness of the veneering ceramic.
he industry standard for support of the veneering ceramic is that
the veneering ceramic should never exceed a thickness of 2 mm.
New software that irst produces a virtual full-contour image of
the anticipated inal restoration and then cuts back that restoration,
to provide a core with optimum support of the veneering ceramic,
should solve the support problem.
he second issue with veneer chipping is the thermal conductivity
of zirconia. It is very low, perhaps 100 to 200 times lower than
the conductivity of metals used to bond to porcelain (Table 13.13).
he net result of this is, as the layered ceramic unit exits the
porcelain oven, the veneering ceramic cools irst, below its glass
transition temperature while the core very slowly continues to cool
and shrink. his creates stress in the veneering ceramic, which is
expressed clinically some time later by chip fracture. Slower cooling
protocols have been introduced for iring layered zirconia restorations, and it is anticipated this will signiicantly reduce the incidence
of chipping.8
One other solution to veneer chipping is being used by many
dental laboratories. here is a substantial volume of anecdotal
evidence that veneer chipping with Noritake veneering ceramic
(Kuraray America, Inc.) is almost nonexistent. Clinicians would
be wise to specify use of Noritake veneering ceramic when prescribing layered zirconia restorations.
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Schematic illustration of the transformation toughening phenomenon.

A relatively new form of zirconia has become extremely popular
in recent years despite a complete lack of clinical data on survival.
Monolithic partially stabilized zirconia (also called full contour
zirconia) has grabbed a huge share of the world market for indirect
esthetic crowns. he rationale for this restoration is that in clinical
trials of layered zirconia restorations core fracture is a relatively
rare occurrence. A monolithic zirconia crown is essentially a core
with a glazed or polished surface, and thus is expected to display
good survival rates.
One major advantage of partially stabilized monolithic zirconia
is that crowns can be fabricated with signiicantly more conservative
tooth preparations compared to those needed for metal-ceramic
and lithium disilicate crowns. he exact tooth reduction required
is unknown at this time, but a 1-mm occlusal reduction with axial
reduction of 0.75 mm and a well-deined chamfer margin seem
appropriate. A second advantage is that numerous fatigue wear
studies indicate that polished zirconia is extremely kind to opposing
tooth structure. A third and apparently compelling advantage of
these restorations is that they are very inexpensive.
One signiicant disadvantage related to partially stabilized
monolithic zirconia is that it is relatively opaque. he color can
be improved using glazes and external colorants, but the overall
esthetic result is mediocre at best (Fig. 13.76).
he esthetic results are likely acceptable in the molar regions
for all but the most demanding of patients, but they are likely
contraindicated for routine use in the maxillary anterior area.
he relative opacity has resulted in the introduction of a new
zirconia-based system: fully stabilized monolithic zirconia (Bruxzir
Anterior, Glidewell Laboratory). hese materials consist of zirconia
oxide fully stabilized with yttria (8–12 wt%). hey also contain
cubic zirconia of up to 53% and are slightly less opaque than
partially stabilized zirconia. his improvement in opacity is likely
not within the realm of human perception and is accompanied
by a 50% reduction in lexural strength. Clinicians are advised to
adopt this new technology with extreme caution. here is no clinical
track record, improvements in translucency are minimal, and the
reduction in lexural strength is signiicant.
In the absence of properly conducted clinical trials on the
previously discussed ceramic systems, another approach has been
used to generate timely clinical data on the survival of these restorations. Dental laboratories often warranty their crowns for 5 years

• Fig. 13.76 Monolithic zirconia ixed dental prosthesis. (Case courtesy
Dr. Vilhelm G. Ólafsson.)

and have meticulous data on remakes with these new ceramic
systems. Assuming that most patients would return to their original
dentists when experiencing premature failure with a ceramic crown
to take advantage of the warranty, and assuming the dentists will
return that restoration for remake to the same laboratory, examination of remake data provides insights of short-term to medium-term
performance of large numbers of ceramic crowns.
his “laboratory survey” approach has provided 4-year data on
over 21,000 lithium disilicate (e.max) restorations and 5-year data
for over 71,000 monolithic and layered zirconia (partially stabilized)
restorations.117,118 he surveys found all three types of restoration
had survival rates that would easily meet and exceed the Schärer
criteria. Monolithic e.max single crowns fractured at a rate of
0.91% at 4 years, with layered e.max single crowns exhibiting
double the fracture rate at 1.81%, which is still well below Schärer’s
criteria. Monolithic zirconia single crowns had an even lower rate
of fracture (0.71%) at 5 years. Layered zirconia single crowns had
a four to ive times higher fracture rate at 3.24% at 5 years. hese
restorations were fabricated prior to initiation of the new protocols
expected to reduce the chip fracture rate of layered zirconia restorations. One other result of note was the fracture rate of e.max
inlays/onlays, which was 1.01% at 4 years.
A note on bonding zirconia. Zirconia cores cannot be
efectively etched with any known acid. Zirconia restorations are
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best used with tooth preparations with adequate resistance and
retention form, and should be cemented with resin-modiied glass
ionomer or self-adhesive resin cement. A number of diferent
protocols have been developed for “bonding” zirconia restorations.
All of these protocols involve air particle abrasion, use of a primer
with MDP monomer and silane, and use of dual-cure resin cement.
he bonds achieved with these protocols are initially weak and
get weaker with artiicial aging. here is a deinite risk in use of
air particle abrasion with zirconia restorations as some studies
have demonstrated signiicant conversion of the core to the
monoclinic form and substantial weakening after air particle
abrasion.
Zirconia seems to have a strong ainity for proteins found in
saliva and blood. It is likely the internal portion of most zirconia
crowns will be contaminated during try-in. hese proteins cannot
be removed with phosphoric acid. A routine procedure for cementing
zirconia crowns is the use of a sodium hydroxide solution (Ivoclean,
Ivoclar) for 20 seconds after try-in before cementation to efectively
remove these proteins.

Indication
Clearly metal-ceramic restorations can continue to be recommended
for indirect esthetic crown restorations. However, the promising
short-term results demonstrated with lithium disilicate and zirconia
based systems permit their rational use in specific clinical
situations.
It would seem reasonable to consider use of monolithic partially
stabilized zirconia crowns for a molar tooth, in part due to their
substantially reduced costs, and also because a more conservative
tooth preparation can be used. hese restorations can be recommended for mandibular anterior teeth because they are usually
not highly visible and a more conservative tooth preparation can
be used.
Monolithic lithium disilicate crowns can be recommended for
routine use on premolar teeth due to their excellent survival rates,
adequate esthetic results, and reduced costs. Layered lithium
disilicate crowns can be recommended for maxillary anterior teeth.
Fully stabilized zirconia crowns should not be used at this time
until clinical information is available on clinical survival.
THE BOTTOM LINE
1. Metal-ceramic restorations continue to provide an impressive
combination of reasonable esthetic results coupled with excellent
clinical longevity.
2. Most ceramic systems introduced to the market prior to 1988
were clinical failures.
3. Ceramic systems should be documented with independent
clinical trials that demonstrate 95% survival at 5 years.
4. It takes about 10 years from product inception to publication
of a 5-year clinical trial.
5. he “laboratory survey” approach is a good one for obtaining
clinical short-term survival rates.
6. Monolithic zirconia and lithium disilicate materials have adequate
short-term survival rates.
7. Early results with layered zirconia showed unacceptable levels
of chip fractures of the veneering ceramic. hese problems may
be solved with new approaches for support of the veneer and
new iring cycles.
8. Fully stabilized zirconia crowns marketed for anterior applications
have minor improvements in translucency and signiicantly
reduced lexural strength.

9. It is not practical with current protocols to “bond” zirconia
restorations. Zirconia restorations require traditional resistance
and retention for and should be cemented with RMGI or
self-adhesive resin cement.
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emoval and shaping of tooth structures are essential aspects
of restorative dentistry. Initially, this was a diicult process
accomplished entirely by the use of hand instruments. he
introduction of rotary-powered cutting equipment was a major
advance in dentistry. From the time of the irst hand-powered
dental drill to the present-day air-driven and electric handpiece,
tremendous strides have been made in the mechanical alteration
of tooth structure and in the ease with which teeth may be restored.
Modern high-speed equipment has eliminated the need for many
hand instruments for tooth preparation. Nevertheless, hand instruments remain an essential part of the armamentarium for restorative
dentistry.

Hand Intrument for Cutting
he early hand-operated instruments—with their large, heavy
handles (Fig. 14.1) and inferior (by present standards) metal alloys
in the blades—were cumbersome, awkward to use, and inefective
in many situations. As the commercial manufacture of hand
instruments increased and dentists began to express ideas about
tooth preparation, it became apparent that some scheme for
identifying these instruments was necessary. Among his many
contributions to modern dentistry, Black is credited with the irst
acceptable nomenclature for and classiication of hand instruments.1
His classiication system enabled dentists and manufacturers to
communicate more clearly and efectively about instrument design
and function.
Modern hand instruments, when properly used, produce
beneicial results for the operator and the patient. Some results
may only be satisfactorily achieved with hand instruments (i.e.,
not with rotary instruments). Preparation form dictates some
circumstances in which hand instruments are to be used, whereas
accessibility dictates others.

Terminology and Classiication
Categories
Hand instruments used in the dental operatory may be categorized
as (1) cutting (excavators, chisels, and others) or (2) noncutting
(amalgam condensers, mirrors, explorers, probes).1 Excavators may
be subdivided further into ordinary hatchets, hoes, angle formers,
a
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and spoons. Chisels are primarily used for cutting enamel and
may be subdivided further into straight chisels, curved chisels,
bin-angle chisels, enamel hatchets, and gingival margin trimmers.
Other cutting instruments may be subdivided as knives, iles, scalers,
and carvers.

Design
Most hand instruments, regardless of use, are composed of three
parts: handle, shank, and blade. For many noncutting instruments,
the part corresponding to the blade is termed nib. he end of the
nib, or working surface, is known as face. he blade or nib is the
working end of the instrument and is connected to the handle by
the shank. Some instruments have a blade on both ends of the
handle and are known as double-ended instruments (Fig. 14.2).
he blades are of many designs and sizes, depending on their
functions.
Handles are available in various sizes and shapes. Early
hand instruments had handles of quite large diameter and were
grasped in the palm of the hand. A large, heavy handle is not
always conducive to delicate manipulation. In North America,
most instrument handles are small in diameter (5.5 mm) and
light. hey are commonly eight-sided and knurled to facilitate
control. In Europe, the handles are often larger in diameter and
tapered.
Shanks, which serve to connect the handles to the working
ends of the instruments, are normally smooth, round, and tapered.
hey often have one or more bends to overcome the tendency of
the instrument to twist while in use when force is applied.
Enamel and dentin are diicult substances to cut and require
the generation of substantial forces at the tip of the instrument.
herefore, cutting hand instruments must be balanced and sharp.
Balance allows for the concentration of force onto the blade
without causing rotation of the instrument in the operator’s grasp.
Sharpness concentrates the force onto a small area of the edge,
producing high stress and resultant ability to remove/modify tooth
structure.
Balance is accomplished by designing the angles of the shank
so that the cutting edge of the blade lies within the projected
diameter of the handle and nearly coincides with the projected
long axis of the handle (Fig. 14.3; see also Fig. 14.2). For optimal
antirotational design, the blade edge must not be positioned away
from the axis by more than 1 to 2 mm. All dental instruments
and equipment need to satisfy this principle of balance.
e1
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• Fig. 14.1 Designs of some early hand instruments. These instruments
were individually handmade, variable in design, and cumbersome to use.
Because of the nature of the handles, effective sterilization was a problem.

10-85-8-14

Long axis
of instrument

• Fig. 14.3 Instrument shank and blade design (with primary cutting
edge positioned close to handle axis to aid in limiting unwanted instrument
rotation). The complete instrument formula (four numbers) is expressed
as the blade width (1) in 0.1-mm increments, cutting edge angle (2) in
centigrades, blade length (3) in millimeters, and blade angle (4) in
centigrades.
a

b

c

b

a

• Fig. 14.2

Double-ended instrument illustrating three component parts
of hand instruments: blade (A), shank (B), and handle (C). (Modiied from
Boyd LRB: Dental instruments: a pocket guide, ed 4, St. Louis, 2012,
Saunders.)

Shank Angles
he functional orientation and length of the blade determine
the number of angles in the shank necessary to balance the
instrument. Black classified instruments on the basis of the
number of shank angles as mon-angle (one), bin-angle (two),
or triple-angle (three).2 Instruments with small, short blades
may be easily designed in mon-angle form while conining the
cutting edge within the limits required for balance and control.
Instruments with longer blades or more complex orientations may
require two or three angles in the shank to bring the cutting
edge close to the long axis of the handle. Such shanks are termed
contra-angled.
Names
Black classiied all of the instruments by name.2 In addition, for
hand-cutting instruments, he developed a numeric formula to
characterize the dimensions and angles of the working end (see
the next section for details of the formula). Black’s classiication
system by instrument name categorized instruments by (1)
function (e.g., scaler, excavator), (2) manner of use (e.g., hand
condenser), (3) design of the working end (e.g., spoon excavator, sickle scaler), or (4) shape of the shank (e.g., mon-angle,
bin-angle, contra-angle).2 hese names were combined to form
the complete description of the instrument (e.g., bin-angle spoon
excavator).

Formulas
Cutting instruments have formulas describing the dimensions and
angles of the working end. hese are placed on the handle using
a code of three or four numbers separated by dashes or spaces
(e.g., 10–85–8–14) (Fig. 14.4; see also Fig. 14.3). he irst number
indicates the width of the blade or primary cutting edge in tenths
of a millimeter (0.1 mm) (e.g., 10 = 1 mm). he second number
of a four-number code indicates the primary cutting edge angle,
measured from a line parallel to the long axis of the instrument
handle in clockwise centigrade. he centigrade angle is expressed
as a percent of 360 degrees (e.g., 85 = 85% × 360 degrees = 306
degrees). he instrument is positioned so that this number always
exceeds 50. If the edge is locally perpendicular to the blade, this
number is normally omitted, resulting in a three-number code
(see Fig. 14.4). he third number (second number of a three-number
code) indicates the blade length in millimeters (e.g., 8 = 8 mm).
he fourth number (third number of a three-number code) indicates
the blade angle, relative to the long axis of the handle in clockwise
centigrade (e.g., 14 = 50.4 degrees). he instrument is positioned
such that this number is always 50 or less. he most commonly
used hand instruments, including those speciied in this text, are
shown in Figs. 14.5, 14.6, 14.7, 14.8, and 14.9.
In some instances, an additional number on the handle is the
manufacturer’s identiication number (see Fig. 14.4). Identiication
numbers are included to assist speciic manufacturers in cataloging
and should not be confused with formula numbers.
Bevels
Most hand-cutting instruments have a single bevel on the end of
the blade that forms the primary cutting edge. Two additional bevels
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A

B

C
• Fig. 14.7

Examples of hand instruments called spoon excavators. A,
Bin-angle spoon. B, Triple-angle spoon. C, Spoon.

• Fig. 14.4 Examples of instruments with three-number and four-number instrument formulas.

Secondary cutting edge
Primary
cutting
edge
Secondary cutting edge

• Fig. 14.5

A

B

Chisel blade design showing primary and secondary cutting

edges.

C
• Fig. 14.8 Examples of hand instruments called chisels. A, Enamel
hatchet. B, Gingival margin trimmer. C, Gingival margin trimmer.
A

A

Inside surface

Outside surface
Mesial

B

B
C
• Fig. 14.6

Outside surface

Inside surface

Examples of hand instruments called excavators. A, Bibeveled ordinary hatchet. B, Hoe with distal bevel. C, Angle former with
distal bevel.

C
• Fig. 14.9

Examples of hand instruments called chisels. A, Straight.
B, Wedelstaedt with mesial bevel. C, Bin-angle with mesial bevel.
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form secondary cutting edges and extend from the primary edge for
the length of the blade (see Fig. 14.5). Bi-beveled instruments
such as ordinary hatchets have two bevels that form the cutting
edge (see Fig. 14.6A).
Certain single-beveled instruments, such as spoon excavators
(see Fig. 14.7) and gingival margin trimmers (see Fig. 14.8B and
C), are used with a scraping or lateral cutting motion. Enamel
hatchets (see Fig. 14.8A) may be used with a planing, direct cutting
motion and lateral cutting motion. Hatches have the primary
cutting edge aligned parallel with the long axis of the handle.
Single-beveled designs require that the instruments be made
in pairs, with the bevels on opposite sides of the blade. hese
instruments are designated as right beveled or left beveled and
are indicated by appending the letter R or L to the instrument
formula. To determine whether the instrument has a right or
left bevel, the primary cutting edge is held down and pointing
away, and if the bevel appears on the right side of the blade, it
is the right instrument of the pair. his instrument, when used
in a scraping motion, is moved from right to left. he opposite
holds true for the left instrument of the pair. One instrument
is suited for work on one side of the preparation and the other
is suited for the opposite side of the preparation. he primary
cutting edge of the hatchet may be useful for planing the facial
and lingual walls of proximal preparations by using a pushing
motion and the gingival wall by using a lateral motion. In addition,
the secondary cutting edge of the enamel hatchet may be useful
for planing the occlusal and gingival walls of posterior Class V
preparations.
Most instruments are available with blades and shanks on both
ends of the handle. Such instruments are termed double ended. In
many cases, the right instrument of the pair is on one end of the
handle and the left instrument is on the other end. Occasionally
similar blades of diferent widths are placed on a single double-ended
instrument. If one observes the inside of the blade curvature (or
the inside of the angle at the junction of the blade and shank)
and the primary bevel is not visible, the instrument has a distal
bevel (see Fig. 14.6). Conversely, if the primary bevel is seen (from
the same viewpoint), the instrument has a mesial (or “reverse”)
bevel (see Fig. 14.9).
Instruments having the primary cutting edge perpendicular to
the axis of the handle are generally termed chisels (see Fig. 14.9).
Examples include bin-angle chisels (see Fig. 14.9C), instruments
with a slight blade curvature (Wedelstaedt chisels) (see Fig. 14.9B),
and hoes (see Fig. 14.6B), which are single beveled and not designated as right or left but as having a mesial bevel or a distal
bevel. he primary cutting edge of chisels may be useful in planing
the occlusal and gingival walls of posterior Class V preparations
by using a pushing and/or pulling motion. he primary cutting
edge of the hoe is particularly useful for planing the occlusal and
gingival walls of Class III preparations. he secondary cutting edge
of the hoe is useful for planing the occlusal and gingival walls of
Class V preparations as well as walls oriented in an axial direction.
Note that hoes may also serve as excavators (see discussion later
in text).

Application
Cutting instruments are used to cut enamel/dentin and restorative
materials. Excavators are used for removal of carious tissue, reinement of the internal aspects of the preparation, and establishment
of correct anatomical restoration form. Chisels are used primarily
for cutting enamel.

Excavators
he four subdivisions of excavators are (1) ordinary hatchets, (2)
hoes, (3) angle formers, and (4) spoons. An ordinary hatchet
excavator has the cutting edge of the blade directed in the same
plane as that of the long axis of the handle and is bi-beveled (see
Fig. 14.6A). hese instruments are used primarily on anterior teeth
for preparing retentive areas and sharpening internal line angles,
particularly in preparation for direct gold restorations.
he hoe excavator has the primary cutting edge of the blade
perpendicular to the axis of the handle (see Fig. 14.6B). his type
of instrument is used for planing tooth preparation walls and for
forming line angles. It is commonly used in Class III and V
preparations so as to ensure removal of any unsupported enamel
prior to restoration with amalgam and composite and is especially
useful in preparations to be restored with direct gold. Some sets
of cutting instruments contain hoes with contra-angled shanks
and long, heavy blades. hese are intended for use on the prepared
enamel walls of posterior teeth.
A special type of excavator is the angle former (see Fig. 14.6C).
It is used primarily for sharpening line angles and creating retentive
features in dentin in preparation for gold restorations. It also may
be used when placing a bevel on enamel margins. he angle former
is mon-angled and has the primary cutting edge at an angle (other
than 90 degrees) to the blade. It may be described as a combination
of a chisel and a gingival margin trimmer and is available in pairs
(right and left).
Spoon excavators (see Fig. 14.7) are used for removing soft
carious tissue and carving amalgam or direct wax patterns. he
shanks may be bin-angled or triple-angled to facilitate access to
various anatomical areas.
Chisels
Chisels are intended primarily for cutting enamel and may be
grouped as (1) straight, slightly curved, or bin-angle; (2) enamel
hatchets; and (3) gingival margin trimmers. he straight chisel has
a straight shank and blade, with the bevel on only one side. Its
primary cutting edge is perpendicular to the axis of the handle. It
is similar in design to a carpenter’s wood chisel (see Fig. 14.9A).
he shank and blade of the chisel also may be slightly curved
(Wedelstaedt design) (see Fig. 14.9B) or may be bin-angled (see
Fig. 14.9C). he force used with chisels is essentially a straight
thrust or a pushing motion. A right or left type is not needed
in a straight chisel because a 180-degree turn of the instrument
allows for its use on either side of the preparation. he bin-angle
and Wedelstaedt chisels have the primary cutting edges in a plane
perpendicular to the axis of the handle and may have either a distal
bevel or a mesial (reverse) bevel. he blade with a distal bevel is
designed to plane a wall that faces the blade’s inside surface (see Fig.
14.6B and C). he blade with a mesial bevel is designed to plane
a wall that faces the blade’s outside surface (see Fig. 14.9B and C).
he enamel hatchet is a chisel similar in design to the ordinary
hatchet except that the blade is larger, heavier, and beveled on
only one side (see Fig. 14.8A). It has its cutting edges in a plane
that is parallel with the axis of the handle. It is used for cutting
enamel and comes as right or left types for use on opposite sides
of the preparation.
he gingival margin trimmer is designed to eliminate unsupported enamel on gingival walls of proximal preparations. It is
similar in design to the enamel hatchet except the blade is curved
and the primary cutting edge is at an angle (other than perpendicular) to the axis of the blade (see Fig. 14.8B and C). It is made
as right and left types. he gingival margin trimmer may be designed
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to aford access to mesial or distal gingival walls. When the second
number in the instrument formula (found on the handle) is 90
to 100, the pair is used on the distal gingival preparation wall.
When the number is 75 to 85, the pair is used to remove unsupported enamel on the mesial gingival wall of the preparation. he
90 and 85 pairs are for preparations for direct restorations and are
used to align the gingival wall so that it is perpendicular with the
external surface of the tooth structure (to ensure supported enamel).
Indirect gold restorations require the placement of a distinct bevel
associated with the gingival walls, and gingival margin trimmers
with 100-degree and 75-degree angle pairs are designed speciically
for this purpose. Among other uses for these instruments is the
beveling (“blunting” or “rounding”) of the axiopulpal line angle
of two-surface preparations so as to limit areas of stress concentration
in subsequently placed restorations.
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Other Cutting Intrument
Other hand-cutting instruments such as the knife, ile, and discoidcleoid instrument are used for trimming restorative material rather
than for cutting tooth structure. Knives, known as inishing knives,
amalgam knives, or gold knives, are designed with a thin, knifelike
blade that is made in various sizes and shapes (Fig. 14.10A and
B). Knives are used for trimming excess restorative material on
the gingival, facial, or lingual margins of a proximal restoration
or trimming and contouring the surface of a Class V restoration.
Sharp secondary edges on the heel aspect of the blade are useful
in a scrape–pull mode.
Files (see Fig. 14.10C) also may be used to trim excess restorative
material and are particularly useful at gingival margins. he blades
of the ile are extremely thin, and the teeth of the instrument on
the cutting surfaces are short and designed to make the ile a push/
pull instrument. Files are manufactured in various shapes and
angles to enhance access to various restoration surfaces.
he discoid-cleoid (see Fig. 14.10D and E) instrument is used
principally for carving occlusal anatomy in unset amalgam restorations. he blades are slightly curved and the cutting edges are
either circular or clawlike. he circular edge is known as a discoid,
whereas the clawlike blade is termed cleoid. It also may be used
to trim or burnish inlay–onlay margins. he working ends of this
instrument are usually larger than the discoid end of an excavator.

Hand Intrument Technique
Four grasps are used with hand instruments: (1) modiied pen,
(2) inverted pen, (3) palm-and-thumb, and (4) modiied palmand-thumb. he conventional pen grasp is not an acceptable
instrument grasp (Fig. 14.11A).

Modiied Pen Grasp
he grasp that permits the greatest control of the instrument,
while simultaneously maintaining ergonomic positioning of the
wrist and elbow, is the modiied pen grasp (see Fig. 14.11B). As
the name implies, it is similar but not identical to that used in
holding a pen. he pads of the thumb and of the index and middle
ingers contact the instrument, while the tip of the ring inger (or
tips of the ring and little ingers) is placed on a nearby tooth
surface of the same arch as a rest. he palm of the hand generally
is facing away from the operator. he pad of the middle inger is
placed near the topside of the instrument; by this inger working
with the wrist and the forearm, cutting or cleaving pressure is

D

E
• Fig. 14.10 Examples of other hand instruments for cutting. A, Finishing knife. B, Alternative inishing knife design emphasizing secondary
cutting edges. C, Dental ile. D, Cleoid blade. E, Discoid blade carving
amalgam.

applied through the blade to the area requiring modiication. he
instrument should cross over the proximal phalange of the index
inger and should not cross over at the junction area of the thumb
and index inger as in the conventional pen grasp (contrast Fig.
14.11A with B). A balanced instrument design allows the application
of suitable force without the instrument tending to rotate in the
ingers (see Fig. 14.3).

Inverted Pen Grap
he inger positions of the inverted pen grasp are the same as for
the modiied pen grasp. he hand is rotated, however, so that the
palm faces more toward the operator (Fig. 14.12). his grasp is
used mostly for tooth preparations employing the lingual approach
on anterior teeth.
he modiied pen and inverted pen grasps are the primary
grasps used in the preparation and direct restoration of teeth.

Palm-and-Thumb Grap
he palm-and-thumb grasp is similar to that used for holding a
knife while paring an apple. he handle is placed in the palm of
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A
• Fig. 14.13 Palm-and-thumb grasp. This grasp has limited use, such
as preparing incisal retention in a Class III preparation on a maxillary
incisor. The rest is tip of thumb on tooth in same arch. (Courtesy Dr.
Mohammad Atieh.)

B
• Fig. 14.11

Pen grasps. A, Conventional pen grasp. Side of middle
inger is on writing instrument. B, Modiied pen grasp. Correct position of
middle inger is near the “topside” of the instrument for good control and
cutting pressure. The rest is tip (or tips) of ring inger (or ring and little
ingers) on tooth (or teeth) of same arch. (Courtesy Dr. Mohammad Atieh.)

• Fig. 14.14 Modiied palm-and-thumb grasp. This modiication allows
greater ease of instrument movement and greater instrument control
during pull stroke compared with palm-and-thumb grasp. The rest is tip
of thumb on tooth being prepared or adjacent tooth. Note how the instrument is braced against pad and end joint of thumb. (Courtesy Dr. Mohammad Atieh.)

Modiied Palm-and-Thumb Grasp

• Fig. 14.12

Inverted pen grasp. Palm faces more toward operator. The
rest is similar to that shown for modiied pen grasp (see Fig. 14.11B).
(Courtesy Dr. Mohammad Atieh.)

the hand and grasped by all the ingers, while the thumb is free
of the instrument, and the rest is provided by supporting the tip
of the thumb on a nearby tooth of the same arch or on a irm,
stable structure. For suitable control, this grasp requires careful
use during cutting. An example of an appropriate use is holding
a handpiece for cutting incisal retention for a Class III preparation
on a maxillary incisor (Fig. 14.13).

he modiied palm-and-thumb grasp may be used when it is feasible
to rest the thumb on the tooth being prepared or the adjacent
tooth (Fig. 14.14). he handle of the instrument is held by all
four ingers, whose pads press the handle against the distal area
of the palm and the pad and irst joint of the thumb. Grasping
the handle under the irst joints of the ring inger and little inger
provides stabilization and enables optimal control of the instrument.
he modiied palm-and-thumb grasp usually is employed in the
area of the maxillary arch and is best adopted when the dentist is
operating from a rear-chair position.

Rests
A proper instrument grasp must include a irm rest to steady the
hand during operating procedures. When the modiied pen and
inverted pen grasps are used, rests are established by placing the
ring inger (or both ring and little ingers) on a tooth (or teeth)
of the same arch and as close to the operating site as possible (see
Fig. 14.12). he closer the rest areas are to the operating area, the
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more reliable they are. When the palm-and-thumb grasps are used,
rests are created by placing the tip of the thumb on the tooth
being operated on, on an adjacent tooth, or on a convenient area
of the same arch (see Figs. 14.13 and 14.14). In some instances,
it is impossible to establish a rest on tooth structure, and soft tissue
must be used. Neither soft tissue rests nor distant hard tissue rests
aford reliable control, and they reduce the force or power that
may be used safely. Occasionally, it is impossible to establish normal
inger rests with the hand holding the instrument. Under these
circumstances, instrument control may be gained using the foreinger
of the opposite hand on the shank of the instrument or using an
indirect rest (i.e., the operating hand rests on the opposite hand,
which rests on a stable oral structure).

Guard
Guards are hand instruments or other items (e.g., cotton rolls,
dry angles, interproximal wedges) used to protect soft tissue from
contact with sharp cutting or abrasive instruments (see Fig. 14.10E,
and Online Chapter 15).

Contemporary Powered Cutting Equipment
Rotary-Powered Cutting Equipment
Powered rotary cutting instruments, known as dental handpieces,
are the most commonly used instruments in contemporary dentistry.
Dentistry, as practiced today, would not be possible without the
use of powered cutting instruments. Current dental handpieces
are now highly eicient and sophisticated instruments that have
evolved from their beginnings in the early 1950s. Changes in
ergonomic design, weight, and balance have made handpieces more
comfortable to use for longer periods. Improved design helps to
minimize operator arm and shoulder fatigue. Incorporation of
durable iberoptics has greatly improved operator visibility. Development of light emitting diode (LED) technology has improved the
quality, intensity, and longevity of handpiece light sources. Modern
handpieces are able to withstand the sterilization requirements of
dental practice. New bearing materials and cartridges have been
developed to enhance their service longevity and to contribute to
noise level reduction. Handpiece chuck mechanisms have evolved
such that pushbuttons, instead of chuck latches or chuck tools,
are used to release and change rotary instruments.
Two technologies are used today for dental handpieces, and
each has unique characteristics and beneits. he air-driven handpiece
was, for many years, the mainstay for cutting teeth in dentistry.
he electric motor–driven handpiece is now becoming increasingly
popular for use in all cutting applications in dentistry. he technologies for both air-driven and electric systems continue to evolve,
and both systems remain very popular for everyday use in operative
dentistry procedures.
Air-driven and electric systems have both advantages and disadvantages. Air-driven systems are less costly on initial startup and
are less expensive with regard to replacing turbines compared with
electric handpieces. Air-driven handpieces weigh less than electric
handpieces, and this quality may be the most signiicant adjustment
for clinicians who make the change from air-driven handpieces to
electric handpieces. he size of the head of the air-driven handpiece
is usually smaller. he advantages of electric handpieces are that
they (1) are quieter than air-driven handpieces, (2) cut with high
torque (i.e., with very little stalling), and (3) ofer absolute control
over rotary instrument revolutions per minute (rpm). Another
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advantage of electric handpieces is that they ofer a single motor
with multiple attachments that may be used for diferent cutting
applications. Attachments include straight type for 0.0925-inchdiameter instruments and contra-angle type for 0.0925- and
0.0626-inch-diameter instruments (see subsequent section under
Shank design). he torque and concentricity of the air-driven
turbines degrade in a relatively short period, requiring replacement.
More vibration and bur chatter are associated with air-driven
handpieces. Some disadvantages of electric handpieces are the initial
setup expense and weight and balance issues for some clinicians.

Rotary Speed Ranges for Diferent Cutting Applications
he rotational speed of an instrument is reported in rotations per
minute (rpm). hree speed ranges are generally recognized: low
or slow speeds (<12,000 rpm), medium or intermediate speeds
(12,000–200,000 rpm), and high or ultrahigh speeds
(>200,000 rpm). he terms low speed, medium speed, and high
speed are used preferentially in this textbook. Most useful instruments
are rotated at either low speed or high speed. Electric handpiece
motors operate up to 40,000 rpm. his speed is signiicantly less
than the 400,000 rpm generated by air-driven handpieces. However,
the electric handpiece motor has attachments with multipliers that
increase rotation in ratios of 5 to 1 or 4 to 1, which enable rotational
speeds efectively in the same range as air-driven handpieces. he
diference in the amount of cutting power is substantial in electric
handpieces. Air-driven handpieces produce up to 20 watts of cutting
power, whereas electric handpieces are able to produce up to 60
watts of cutting power. he extra cutting power in electric handpieces
allows the constant torque necessary to cut various restorative
materials and tooth structure regardless of the load. Unlike in the
air-driven handpiece, the rotary instrument in the electric handpiece
does not slow or stop (i.e., stall) as the load is increased.
A crucial factor is the surface speed of the instrument—that
is, the velocity at which the edges of the cutting instrument pass
across the surface being cut. his speed is proportional to the
rotational speed and the diameter of the instrument, with large
instruments having higher surface speeds at any given rate of
rotation. Although intact tooth structure may be removed by an
instrument rotating at low speeds, it is a traumatic experience for
the patient and the dentist. Low-speed cutting is inefective, is
time consuming, and requires a relatively heavy force application;
this results in heat production at the operating site and produces
vibrations of low frequency and high amplitude. Heat and vibration
are the main sources of patient discomfort.3 At low speeds, burs
have a tendency to roll out of the tooth preparation and may
damage the cavosurface margin or tooth surface. In addition, slow
speed operation of carbide burs reduces bur life as their brittle
blades are easily broken at low rpm.
Many of these disadvantages of low-speed operation do not
apply when the objective is some procedure other than cutting
tooth structure. he low-speed range is used for cleaning teeth,
caries excavation, and inishing and polishing procedures. At low
speeds, tactile sensation is better, and generally overheating of cut
surfaces is less likely. he availability of a low-speed option provides
a valuable adjunct for many dental procedures.
At high rpm, the surface speed needed for eicient cutting may
be attained with smaller and more versatile cutting instruments.
his speed is used for tooth preparation and removing old restorations. Other high rpm advantages include (1) diamond and carbide
cutting instruments remove tooth structure faster and with less
pressure, vibration, and heat generation; (2) the types of rotary
cutting instruments needed is reduced because smaller sizes are
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more universal in application; (3) the operator has better control
and greater ease of operation; (4) instruments last longer; (5) patients
are generally less apprehensive because annoying vibrations and
operating time are decreased; and (6) increased operation eiciency
results in the opportunity to treat several teeth in the same arch
at the same appointment.
Variable control of rpm makes the handpiece more versatile.
his feature allows the operator to easily obtain the optimal speed
for the size and type of rotating instrument at any stage of a speciic
operation. Air-driven handpiece rpm may be controlled, but precise
control is more diicult since the operator’s pressure on the footoperated rheostat controls the speed of the handpiece. All electric
handpieces have an electronic control module that, in concert with
an adjustable rheostat, allow precise control of maximum rpm for
speciic procedural situations.
For infection control, all dental handpieces are now sterilized.
Continual sterilization will produce degradation in clinical performance (longevity, power, turbine speed, iberoptic transmission,
eccentricity, noise, chuck performance, water spray pattern).4 Most
handpieces require lubrication after sterilization, and excess oil
may be present during the startup operation and increase risk of
contamination of the preparation. Several companies ofer automated
equipment to precisely clean and lubricate the handpiece after
each use. It is recommended to run the handpiece for a few seconds
before initiating dental procedures in which the deposition of oil
spray onto tooth structure might interfere with processes such as
dental adhesion.

Laer Equipment
Lasers are devices that produce beams of coherent and veryhigh-intensity light. Numerous current and potential uses of
lasers in dentistry have been identiied that involve the treatment
of soft tissues and the modiication of hard tooth structures.5,6
he word laser is an acronym for “light ampliication by stimulated emission of radiation.” A crystal or gas is excited to emit
photons of a characteristic wavelength that are ampliied and
iltered to make a coherent light beam. he efects of the laser
depend on the power of the beam and the extent to which the
beam is absorbed.
Current laser units are relatively expensive compared with
air-driven and electric motor cutting instruments. hese units are
used primarily for either soft tissue applications and have few
applications for hard tissue surface modiication. hey may be
used for tooth preparations; however, generation of a deined margin
or tooth preparation surface is not possible. Lasers are an ineicient
means by which to remove large amounts of enamel or dentin
and have the potential to generate unwanted amounts of heat.
hey are not able to remove existing amalgam or ceramic dental
restorations. No single laser type is suitable for all potential laser
applications. Lasers may never replace the high-speed dental
handpiece. Currently, available laser instruments have proven to
be relatively ineicient and impractical for tooth preparation and
have not achieved widespread popularity.

Other Equipment
Alternative methods of cutting enamel and dentin have been assessed
periodically. In the mid-1950s, air-abrasive cutting was tested, but
several clinical problems precluded general acceptance. Most
importantly, no tactile sense was associated with air-abrasive cutting
of tooth structure. his made it diicult for the operator to

• Fig. 14.15 Example of contemporary air abrasion unit for removal of
supericial enamel defects or stains, debriding pits and issures for sealant
application, or roughening surfaces to be bonded or luted. (Courtesy
Danville Materials, Inc., San Ramon, CA.)
determine the cutting progress within the tooth preparation.
Additionally the abrasive dust interfered with visibility of the cutting
site and tended to mechanically etch the surface of the dental
mirror. Preventing the patient or oice personnel from inhaling
abrasive dust posed an additional diiculty.
Contemporary air abrasion equipment is helpful for stain
removal, debriding pits and issures before sealing, and micromechanical roughening of surfaces to be bonded (enamel, cast-metal
alloys, or porcelain) (Fig. 14.15).7 This approach works well
when organic material is being removed and when only a limited
amount of enamel or dentin is involved. Although promoted for
caries excavation, air abrasion is not able to produce well-deined
preparation wall and margin details that are possible with conventional rotary cutting techniques. Generally, the inest stream
of abrading particles still generates an efective cutting width
that is far greater than the width of luted cement margins or
the errors tolerable in most caries excavations. Air abrasion does
allow the roughening of surfaces to be bonded, luted, or repaired
and this may be accomplished intraorally or extraorally. Roughening by air abrasion by itself is not a substitute for acid-etching
techniques. Roughening improves bonding. Acid etching alone or
after roughening, however, always produces a better bond than air
abrasion alone.8
Air abrasion techniques rely on the transfer of kinetic energy
from a stream of powder particles on the surface of tooth structure
or a restoration to produce a fractured surface layer, resulting
in roughness for bonding or disruption for cutting. he energy
transfer event is afected by many things, including powder low
rate, particle size, pressure, angulation, surface composition, and
clearance angle variables (Fig. 14.16). he most common error
made by operators of air abrasion units is holding the tip at the
wrong distance from the surface for the desired action. Greater
distances signiicantly reduce the energy of the stream.9 Short
distances may produce unwanted cutting actions, such as when
only surface stain removal is being attempted. he potential for
unwanted cutting is a signiicant problem when employing an
air-polishing device (e.g., Prophy Jet) to clean the surfaces of dentin
and enamel.10-13 When used properly however, units designed for
air polishing tooth surfaces may be quite efective and eicient
(Fig. 14.17).
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Connection
to device

• DISTANCE  3-5 mm
• SUBSTRATE  Enamel,
dentin, cementum, amalgam,
composite, casting alloy,
or ceramic

• AIR PRESSURE (20-55 psi)
• WATER FLOW RATE
• POWDER FLOW RATE
• PARTICLE SIZE (25-250 m)
• PARTICLE TYPE and HARDNESS
• TIP DIAMETER
• TIP GEOMETRY (e.g., round)
• ANGLE OF ATTACK (60-90 to surface)
• MOTION (e.g., 12 mm/s
scanning pattern)
• DURATION (e.g., 2-20 seconds)

• Fig. 14.16

Schematic representation of range of variables associated
with any type of air abrasion equipment. The cleaning or cutting action is
a function of kinetic energy imparted to the actual surface, which is
affected by variables concerning the particle size, air pressure, angulation
with surface, type of substrate, and method of clearance. (Courtesy B.
Kunselman [Master’s thesis, 1999], School of Dentistry, University of North
Carolina, Chapel Hill, NC.)

Shank

• Fig. 14.18

Neck

Head

Normal designation of three parts of rotary cutting

instruments.

A

0.0925

B

0.0925

0.520

C

0.0628

0.500

1.250

• Fig. 14.19 Characteristics and typical dimensions (in inches) of three
common instrument shank designs for straight handpiece (A), right angle
latch-type handpiece (B), and friction-grip contra-angle type handpiece
(C).
parts: (1) shank, (2) neck, and (3) head (Fig. 14.18). Each has its
own function, inluencing its design and the materials used for its
construction. he term shank has diferent meanings as applied
to rotary instruments and to hand instruments.

• Fig. 14.17

Example of air abrasion equipment used for tooth cleaning
showing the Prophy tip and handle attached by a lexible cord to the
control unit with the reservoir of powder and source of water (left). (Courtesy DENTSPLY International, York, PA.)

Rotary Cutting Intrument
he individual instruments intended for use with dental handpieces
are manufactured in hundreds of sizes, shapes, and types. his
variation is in part a result of the need for specialized designs for
particular clinical applications or to it particular handpieces, but
much of the variation also results from individual preferences on
the part of dentists. Since the introduction of high-speed techniques
in clinical practice, a rapid evolution of technique and an accompanying proliferation of new instrument designs have occurred.
Nevertheless, the number of instruments essential for use with
any one type of handpiece is comparatively small, especially in the
case of high-speed handpieces.

Common Deign Characteritic
Despite the great variation among rotary cutting instruments, they
share certain design features. Each instrument consists of three

Shank Design
he shank is the part that its into the handpiece, accepts the
rotary motion from the handpiece, and provides a bearing surface
to control the alignment and concentricity of the instrument.
he shank design and dimensions vary with the handpiece for
which it is intended. he American Dental Association (ADA)
Speciication No. 23 for dental excavating burs includes ive classes
of instrument shanks.14 hree of these (Fig. 14.19)—the straight
handpiece shank, the right angle latch handpiece shank, and the
friction-grip handpiece shank—are commonly encountered. he
shank portion of the straight handpiece instrument is a simple
cylinder that is held in the handpiece by a metal chuck. Straight
handpiece instruments are now rarely used for preparing teeth
but are used for oral surgery extraction procedures. hey are commonly used however for external inishing and polishing indirect
restorations.
he more complicated shape of the right angle latch-type shank
relects the diferent mechanisms by which these instruments are
held in the handpiece. heir shorter overall length substantially
improves access to posterior regions of the mouth compared with
straight handpiece instruments. Handpieces that use right angle
latch-type burs normally have a metal bur tube within which the
instruments it as closely as possible, while still permitting easy
interchange. he posterior portion of the shank is lattened on
one side so that the end of the instrument its into a D-shaped
socket at the bottom of the bur tube. Engagement in this area is
required for bur rotation to occur. Latch-type instruments are not
retained in the handpiece by a chuck, but by a retaining latch that
slides into the groove found at the shank end of the instrument.
his type of instrument is used predominantly at low-speed and
medium-speed ranges for caries excavation and inishing procedures.
At these speeds, the small amount of potential wobble inherent
in the clearance between the rotary instrument and the handpiece
bur tube is controlled by the lateral pressure exerted during cutting
procedures. At higher speeds, the latch-type shank/bur tube design
is inadequate to provide required alignment and concentricity for

e10

C HA P T E R 1 4

Intrument and Equipment for Tooth Preparation

the rotary instrument head; as a result, an improved shank/clutch
design is required for these speeds.
he friction grip shank design was developed for use with
high-speed handpieces. his design is smaller in overall length
than the latch-type instruments, providing a further improvement
in access to the posterior regions of the mouth. he shank is a
simple cylinder manufactured to close dimensional tolerances. As
the name implies, friction-grip instruments originally were designed
to be held in the handpiece by friction between the shank and a
plastic or metal chuck. Newer handpiece designs have metal chucks
that close to make a positive contact with the bur shank. Careful
dimensional control of the shanks of high-speed instruments is
important because even minor variations in shank diameter can
cause substantial variation in instrument performance and problems
with insertion, retention, and removal.

Neck Design
As shown in Fig. 14.18, the neck is the intermediate portion of an
instrument that connects the head to the shank. Except in the case
of the larger, more massive instruments, the neck normally tapers
from the shank diameter to a smaller size immediately adjacent to
the head. he main function of the neck is to transmit rotational
and translational forces to the head. At the same time, it is desirable for the operator to have the greatest possible visibility of the
cutting blades (or diamond particles) on the head and the greatest
manipulative freedom. For this reason, the neck dimensions represent
a compromise between the need for a large cross section to provide
strength and a small cross section to improve access and visibility.
Head Design
he head is the working part of the instrument, the cutting edges
or points that perform the desired shaping of tooth structure. he
shape of the head and the material used to construct it are closely
related to its intended application and technique of use. he heads
of instruments show greater variation in design and construction
than either of the other main components of the rotary cutting
instrument. For this reason, the characteristics of the head form
the basis on which rotary instruments are usually classiied.
Many characteristics of the heads of rotary instruments could
be used for classiication. Most important among these is the
division into bladed instruments and abrasive instruments. Material
of construction, head size, and head shape are additional characteristics that are useful for further subdivision. Bladed and abrasive
instruments exhibit substantially diferent clinical performance,
even when operated under nearly identical conditions. his appears
to result from diferences in the mechanism of cutting that are
inherent to their design. he two main divisions that will be utilized
for this discussion are dental burs and diamond abrasive
instruments.

Dental Bur
he term bur is applied to all rotary cutting instruments that have
bladed cutting heads. his includes instruments intended for inishing metal restorations, surgical removal of bone, and tooth
preparation.

Historical Development of Dental Burs
he earliest burs were handmade. hey were not only expensive
but also variable in dimension and performance. he shapes,
dimensions, and nomenclature of modern burs are directly related
to those of the irst machine-made burs introduced in 1891.15

Early burs were made of steel. Steel burs perform well, cutting
human dentin at low speeds, but dull rapidly at higher speeds or
when cutting enamel. When burs are dulled, the reduced efectiveness in cutting creates increased heat and vibration.
Carbide burs, which were introduced in 1947, have largely
replaced steel burs for tooth preparation. Steel burs now are used
mainly for inishing procedures. Carbide burs perform better than
steel burs at all speeds, and their superiority is greatest at high
speeds. All carbide burs have heads of cemented carbide in which
microscopic carbide particles, usually tungsten carbide, are held
together in a matrix of cobalt or nickel. Carbide is much harder
than steel and less prone to dull during cutting.
In most burs, the carbide head is attached to a steel neck (and
shank) by welding or brazing. he substitution of steel for carbide
in the portions of the bur where greater wear resistance is not
required has certain advantages: It permits the manufacturer more
freedom of design in attaining the characteristics desired in the
instrument and allows economy in the cost of materials of
construction.
Although most carbide burs have the joint located in the posterior
part of the head, others are sold that have the joint located within
the shank and have carbide necks and heads. Carbide is stifer and
stronger than steel, but it is also more brittle. A carbide neck
subjected to a sudden blow or shock will fracture, whereas a steel
neck will bend. A bur that is even slightly bent produces increased
vibration and overcutting as a result of increased runout (see
upcoming description of runout). Although steel necks reduce the
risk of fracture during use, they may cause severe problems if bent.
Either type may be satisfactory, and other design factors are varied
to take maximal advantage of the properties of the material used.

Bur Classiication Systems
To facilitate the description, selection, and manufacture of burs,
it is highly desirable to have some agreed-on shorthand designation,
which represents all variables of a particular head design by some
simple code. In the United States, dental burs traditionally have
been described in terms of an arbitrary numerical code for head
size and shape (e.g., 2 = 1-mm-diameter round bur; 57 = 1-mmdiameter straight issure bur; 34 = 0.8-mm-diameter inverted cone
bur).16 Despite the complexity of the system, it is still in common
use. Other countries similarly developed and used arbitrary systems.
Newer classification systems such as those developed by the
International Dental Federation (Federation Dentaire Internationale)
and International Standards Organization (ISO) tend to use separate
designations for shape (usually a shape name) and size (usually a
number giving the head diameter in tenths of a millimeter) (e.g.,
round 010; straight issure plain 010; inverted cone 008).17,18
Shapes
he term bur shape refers to the contour or silhouette of the head.
he basic head shapes are round, inverted cone, pear, straight
issure, and tapered issure (Fig. 14.20). A round bur is spherical.
his shape customarily has been used for initial entry into the
tooth, extension of the preparation, preparation of retention features,
and caries removal.
An inverted cone bur has a rapidly tapered cone with the apex
of the cone directed toward the bur shank. Head length is approximately the same as the head diameter. his shape is particularly
suitable for providing undercuts in tooth preparations.
A pear-shaped bur has a slightly tapered cone with the small
end of the cone directed toward the bur shank. he end of the
head either is continuously curved (see Fig. 14.20) or is lat with
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rounded corners where the sides and lat end intersect (Fig. 14.21A;
245). he No. 245 is an elongated pear bur (length three times
the width) and is advocated for tooth preparations for amalgam.
A straight issure bur is an elongated cylinder. Some dentists
advocate this shape for amalgam tooth preparation. Modiied burs

Round

Inverted
cone

Pearshaped

Straight
fissure

Tapered
fissure

• Fig. 14.20 Basic bur head shapes. (From Finkbeiner BL, Johnson CS:
Mosby’s comprehensive dental assisting, St. Louis, 1995, Mosby.)
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• Fig. 14.21
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of this design with slightly curved tip angles are available. A tapered
issure bur has a slightly tapered cone with the small end of the
cone directed away from the bur shank. his shape is used for
tooth preparations for indirect restorations, for which freedom
from undercuts is essential for successful withdrawal of patterns
and inal seating of the restorations. Tapered issure burs may also
be designed with a lat end with the tip corners slightly rounded.
Among these basic shapes, variations are possible. Fissure and
inverted cone burs may have half-round or domed ends. Taper
and cone angles may vary. he ratio of head length to diameter
may be varied. In addition to shape, other features may be varied,
such as the number of blades, spiral versus axial patterns for blades,
and continuous versus crosscut blade edges (see Figs. 14.21 and
14.22).

Sizes
In the United States, the number designating bur size also traditionally has served as a code for head design. his numbering system
for burs was originated by the S.S. White Dental Manufacturing
Company in 1891 for their irst machine-made burs. It was extensive

331/2

z
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169L

0.425 mm

245

0.525 mm

271

0.525 mm

Burs used in recommended procedures. Bur sizes
,
, 2, 4, 33 12 , and 169L are
standard carbide burs available from various sources. The 245 and 271 burs are nonstandard carbide
burs that do not conform to the current American Dental Association (ADA) standard numbering system.
They are designed to combine rounded corners with lat ends and are available from several manufacturers. The diamond instruments shown are wheel (x), lame (y), and tapered cylinder (z). Various twist drills
are illustrated. Particular drills often are provided as speciied by manufacturers of pin-retention systems.
1
4

1
2
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and logical, so other domestic manufacturers found it convenient
to adopt it for their burs as well. As a result, for more than 60
years, a general uniformity existed for bur numbers in the United
States. Table 14.1 shows the correlation of bur head sizes with
dimensions and shapes. he table includes not only many bur
sizes that are still in common use but also others that have become
obsolete.
he original numbering system grouped burs by 9 shapes and
11 sizes. he 1 2 and 1 4 designations (both very small round burs)

x

w

y

v
z

A

B

• Fig. 14.22

Design features of bur heads (illustrated using No. 701 bur
crosscut). A, Lateral view—neck diameter (v), head length (w), taper angle
(x), and spiral angle (y). B, End view—head diameter (z).

TABLE 14.1

were added later when smaller instruments were included in the
system. All original bur designs had continuous blade edges. Later,
when crosscut burs were found to be more efective for cutting
dentin at low speeds, crosscut versions of many bur sizes were
introduced. his modiication was indicated by adding 500 to the
number of the equivalent noncrosscut size (e.g., a No. 57 with
crosscut was designated No. 557). Similarly, a 900 preix was used
to indicate a head design intended for end cutting only (e.g.,
except for diferences in blade design, a No. 957, No. 557, and
No. 57 bur all had the same head dimensions). hese changes
occurred gradually over time without disrupting the system. he
sizes in common use in 1955 are shown in Table 14.2. he system
changed rapidly thereafter, but where the numbers are still used,
the designs and dimensions remain the same.

Modiications in Bur Design
As available handpiece speeds increased after 1950, particularly
after the high-speed turbine handpieces were introduced, a new
wave of modiication of bur sizes and shapes occurred. Numerous
other categories arose as new variations in blade number or design
were created. Some of the numbers assigned to the burs were
selected arbitrarily. With the introduction of new bur sizes and
elimination of older sizes, much of the logic in the system has no
longer been maintained, and many dentists and manufacturers no
longer recognize the original signiicance of the numbers used for
burs. he number of standard sizes that have continued in use has
been reduced. his has been most obvious in the decreased popularity of large-diameter burs. he cutting efectiveness of carbide burs
is greatly increased at high speeds.19 his is particularly true of the
small-diameter sizes, which did not have suicient peripheral speed
for eicient cutting when used at lower rates of rotation. As the
efectiveness of small burs has increased, they have replaced larger
burs in many procedures. hree other major trends in bur design
are discernible: (1) reduced use of crosscuts, (2) extended heads
on issure burs, and (3) rounding of sharp tip angles.
Crosscuts are needed on issure burs to obtain adequate cutting
efectiveness at low speeds, but they are not needed at high speeds.

Original Bur Head Sizes (1891–1954)
HEAD DIAMETERS IN INCHES (mma)

Head Shapes

0.020

0.025

0.032

0.039

0.047

0.055

0.063

0.072

0.081

0.090

0.099

0.109

0.119

(0.5)

(0.6)

(0.8)

(1.0)

(1.2)

(1.4)

(1.6)

(1.8)

(2.1)

(2.3)

(2.5)

(2.8)

(3.0)

1
2

1

2

3

4

5

6

7

8

9

10

11

Round

1

Wheel

—

11

1
2

12

13

14

15

16

17

18

19

20

21

22

Cone

—

22

1
2

23

24

25

26

27

28

29

30

31

32

33

Inverted cone

—

33

1
2

34

35

36

37

38

39

40

41

42

43

44

Bud

—

44

1
2

45

46

47

48

49

50

51

—

—

—

—

55

1
2

56

57

58

59

60

61

62

—

—

—

—

Straight issure (pointed end)

66

1
2

67

68

69

70

71

72

73

—

—

—

—

Pear

77

1
2

78

79

80

81

82

83

84

85

86

87

88

Oval

88

1
2

89

90

91

92

93

94

95

—

—

—

—

Straight issure (lat end)

a

55

4

1

4

Millimeter values rounded to the nearest 0.1 mm.
Courtesy H.M. Moylan, S.S. White Dental Manufacturing Company, Lakewood, NJ.

TABLE 14.2
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Standard Bur Head Sizes—Carbide and Steel (1955–Present)
HEAD DIAMETERS IN INCHES (mma)

Head Shapes

0.020

0.025

0.032

0.040

0.048

0.056

0.064

0.073

0.082

0.091

0.100

0.110

0.120

0.130

(0.5)

(0.6)

(0.8)

(1.0)

(1.2)

(1.4)

(1.6)

(1.9)

(2.1)

(2.3)

(2.5)

(2.8)

(3.0)

(3.3)

1
2

1

2

3

4

5

6

7

8

9

10

11

—

12

—

14

—

16

—

—

—

—

—

—

—

34

35

36

37

38

39

40

—

—

—

—

—

Round

1

Wheel

—

11

1
2

Inverted cone

—

33

1
2

Plain issure

—

55

1
2

56

57

58

59

60

61

62

—

—

—

—

—

Round crosscut

—

—

—

502

503

504

505

506

—

—

—

—

—

—

Straight issure crosscut

—

—

556

557

558

559

560

561

562

563

—

—

—

—

Tapered issure crosscut

—

—

—

700

701

—

702

—

703

—

—

—

—

—

End cutting issure

—

—

—

957

958

959

—

—

—

—

—

—

—

—

4

Note: Nonstandard burs are not shown in this table.
a
Millimeter values rounded to the nearest 0.1 mm.

Because crosscut burs used at high speeds tend to produce unduly
rough surfaces, many of the crosscut sizes originally developed for
low-speed use have been replaced by noncrosscut instruments of
the same dimension for high-speed use.20 In many instances, the
noncrosscut equivalents were available; a No. 57 bur might be
used at high speed, whereas a No. 557 bur was preferred for
low-speed use. Noncrosscut versions of the 700 series burs have
become popular, but their introduction precipitated a crisis in the
bur numbering system because no number traditionally had been
assigned to burs of this type.
Carbide issure burs have been introduced with head lengths
extended two to three times those of the normal tapered issure
burs of similar diameter. Such a design would never have been
practical using a brittle material such as carbide if the bur were
to be used at low speed. he applied force required to make a bur
cut at speeds of 5000 to 6000 rpm would normally be suicient
to fracture such an attenuated head. he extremely light applied
pressures needed for cutting at high speed permit many modiications of burs, however, that would have been impractical at low
speed.
he third major trend in bur design has been toward rounding
of the sharp tip corners. Early contributions to this trend were
made by Markley and Sockwell.8 Sharp angles produced in tooth
preparations by conventional burs result in areas of high stress
concentration with increased potential for tooth fracture. Bur heads
with rounded corners allow better distribution of occlusal stress
in restored teeth, help retain the strength of the tooth by preserving
vital dentin, and facilitate the adaptation of restorative materials.
Carbide burs and diamond instruments with this design last longer
because no sharp corners prone to chipping and wear are present.
Burs with rounded transitions facilitate tooth preparation with
desired features of lat preparation loors and rounded internal
line angles.
Many of these new and modiied bur designs simplify the
techniques and reduce the effort needed for optimal results.
Although the development of new bur sizes and shapes has greatly
increased the number of diferent types in current use, the number
actually required for clinical efectiveness has been reduced. Most
instruments recommended in this text for the preparation of teeth

are illustrated in Fig. 14.21. he selection includes standard head
designs and modiied designs of the types just discussed. Included
in Table 14.3 are the signiicant head dimensions of these standard
and modiied burs.
A problem related to the dimensions and designations of rotary
dental instruments worldwide arose because each country developed
its own system of classiication. Dentists in the United States often
were not aware of the problem because they predominantly used
domestic products, and all U.S. manufacturers used the same
system. he rapid rate at which new bur designs were introduced
during the transition to high-speed techniques threatened to cause
a complete breakdown in the numbering system. As various
manufacturers simultaneously developed and marketed new burs
of similar design, the risk of similar burs being given diferent
numbers or diferent burs being given the same number increased.
Combined with the growing use of foreign products in the United
States, this situation has led to more interest in the establishment
of international standards for dimensions, nomenclature, and other
characteristics.
Progress toward the development of an international numbering
system for basic bur shapes and sizes under the auspices of the
ISO has been slow. For other design features, the trend instead
seems to be toward the use of individual manufacturer’s code
numbers. hroughout the remaining text, the traditional U.S.
numbers are used, where possible. he few exceptions are shown
in Fig. 14.21 and Table 14.3.

Additional Features in Head Design
Numerous factors other than head size and shape are involved in
determining the clinical efectiveness of a bur design.21,22 Fig. 14.22
shows a lateral view and a cross-sectional view of a No. 701 crosscut
tapered issure bur in which several of these factors are illustrated.
he lateral view (see Fig. 14.22A) shows neck diameter, head
diameter, head length, taper angle, blade spiral angle, and crosscut
size and spacing as they apply to this bur size. Of these features,
head length and taper angle are primarily descriptive and may be
varied within limits consistent with the intended use of the bur.
his bur originally was designed for use at low speeds in preparing
teeth for cast restorations. he taper angle is intended to approximate
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Names and Key Dimensions of Recommended Burs

Manufacturer’s
Size Number

ADA Size
Number

ISO Size
Number

Head Diameter
(mm)

Head Length
(mm)

Taper Angle
(degrees)

Shape

4

005

0.50

0.40

—

Round

1
2

006

0.60

0.48

—

Round

2

2

010

1.00

0.80

—

Round

4

4

014

1.40

1.10

—

Round

33 12

33 12

006

0.60

0.45

12

Inverted cone

169

169

009

0.90

4.30

6

Tapered issure

169La

169L

009

0.90

5.60

4

Elongated tapered issure

329

329

007

0.70

0.85

8

Pear, normal length

330

330

008

0.80

1.00

8

Pear, normal length

245b,c

330L

008

0.80

3.00

4

Pear, elongated

271b

171

012

1.20

4.00

6

Tapered issure

272b

172

016

1.60

5.00

6

Tapered issure

1

4

1
2

1

ADA, American Dental Association; ISO, International Standard Organization.
a
Similar to the No. 169 bur except for greater head length.
b
These burs differ from the equivalent ADA size by being lat ended with rounded corners. The manufacturer’s number has been changed to indicate this difference.
c
Similar to the No. 330 bur except for greater head length.

the desired occlusal divergence of the lateral walls of the preparations,
and the head length must be long enough to reach the full depth
of the normal preparation. hese factors do not otherwise afect
the performance of the bur.
Neck diameter is important functionally because a neck that
is too small results in a weak instrument unable to resist lateral
forces. Too large a neck diameter may interfere with visibility and
use of the part of the bur head next to the neck and may restrict
access for coolants. As the head of a bur increases in length or
diameter, the moment arm exerted by lateral forces increases, and
the neck needs to be larger.
Compared with these factors, two other design variables, the
spiral angle and crosscutting, have considerably greater inluence
on bur performance. here is a tendency toward reduced spiral
angles on burs intended exclusively for high-speed operation in
which a large spiral angle (which would produce a smoother
preparation) is not needed. he smaller spiral angle produces more
eicient cutting.
As noted previously, crosscut bur designs have notches in the
blade edges to increase cutting efectiveness at low and medium
speeds. A minimum amount of perpendicular force is required to
make a blade grasp the surface and initiate cutting as it passes
across the surface. he harder the surface, the duller the blade;
and the greater its length, the more is the force required to initiate
cutting. By reducing the total length of bur blade that is actively
cutting at any one time, the crosscuts efectively increase the cutting
pressure resulting from rotation of the bur and the perpendicular
pressure holding the blade edge against the tooth.
As each crosscut blade cuts, it leaves small ridges of tooth
structure standing behind the notches. Because the notches in two
succeeding blades do not line up with each other, the ridges left
by one blade are removed by the following one at low or medium
speed. At the high speed attained with air-driven handpieces
however, the contact of the bur with the tooth is not continuous,

and usually only one blade cuts efectively.23 Under these circumstances, although the high cutting rate of crosscut burs is maintained,
the ridges are not removed and a much rougher cut surface results.20
A cross-sectional view of the No. 701 bur is shown in Fig.
14.22B. his cross section is made at the point of largest head
diameter and is drawn as seen from the shank end. he bur has
six blades uniformly spaced with depressed areas between them.
hese depressed areas are properly known as lutes. he number
of blades on a bur is always even because even numbers are easier
to produce in the manufacturing process, and instruments with
odd numbers of blades cut no better than those with even numbers.
he number of blades on an excavating (cutting) bur may vary
from 6 to 8 to 10. Burs intended mainly for inishing procedures
usually have 12 to 40 blades. he greater the number of blades,
the smoother is the cutting action at low speeds. Most burs are
made with at least six blades because they may need to be used
in this speed range. In the high-speed range, no more than one
blade seems to cut efectively at any one time, and the remaining
blades are, in efect, spares. he tendency for the bur to cut on a
single blade is often a result of factors other than the bur itself.
Nevertheless, it is important that the bur head be as symmetrical
as possible. Two terms are in common use to measure this characteristic of bur heads: concentricity and runout.
Concentricity is a direct measurement of the symmetry of the
bur head itself. It measures how closely a single circle can be
passed through the edges of all of the blades. Concentricity is
an indication of whether one blade is longer or shorter than the
others. It is a static measurement not directly related to function.
Runout is a dynamic test measuring the accuracy with which all
blade edges pass through a single point when the instrument is
rotated. It measures not only the concentricity of the head but
also the accuracy with which the center of rotation passes through
the center of the head. Even a perfectly concentric head exhibits
substantial runout if the head is not centered precisely on the
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long axis of the bur, the bur neck is bent, the bur is not held
straight in the handpiece chuck, or the chuck is eccentric relative
to the handpiece bearings. he runout can never be less than the
concentricity, and it is usually substantially greater. Runout is
the more signiicant term clinically because it is the primary
cause of vibration during cutting and is the factor that determines
the minimum diameter of the hole that may be prepared by a
given bur. Burs normally cut holes measurably larger than the
head diameter because of runout defects.

Bur Blade Design
he actual cutting action of a bur (or a diamond abrasive) occurs
in a very small region at the edge of the blade (or at the point of
a diamond chip). In the high-speed range, this efective portion
of the individual blade is limited to no more than a few thousandths
of a centimeter adjacent to the blade edge. Fig. 14.23 is an enlarged
schematic view of this portion of a bur blade. Several terms used
in the discussion of blade design are illustrated.
Each blade has two sides—the rake face (toward the direction
of cutting) and the clearance face—and three important angles—the
rake angle, the edge angle, and the clearance angle. he optimal
angles depend on such factors as the mechanical properties of the
blade material, the mechanical properties of the material being
cut, the rotational speed and diameter of the bur, and the lateral
force applied by the operator through the handpiece to the bur.
he rake angle is the most important design characteristic of
a bur blade. For cutting hard, brittle materials, a negative rake
angle minimizes fractures of the cutting edge, increasing the bur
life. A rake angle is said to be negative when the rake face is ahead
of the radius (from cutting edge to axis of bur), as illustrated in
Fig. 14.23. Increasing the edge angle reinforces the cutting edge
and reduces the likelihood for the edge of the blade to fracture.
Carbide bur blades have higher hardness and are more wear resistant,
but they are more brittle than steel blades and require greater edge
angles to minimize fractures. he three angles cannot be varied
independently of each other. An increase in the clearance angle
causes a decrease in the edge angle. he clearance angle eliminates
rubbing friction of the clearance face, provides a stop to prevent
the bur edge from digging into the tooth structure excessively, and
reduces the radius of the blade back of the cutting edge to provide
adequate lute space or clearance space for the cutting debris that
accumulates ahead of the following blade.

Rake
angle

To axis of bur

Edge angle

Rake
face

Clearance
angle
Clearance face
Direction of rotation

• Fig. 14.23

Bur blade design. Schematic cross section viewed from
shank end of head to show rake angle, edge angle, and clearance angle.
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Carbide burs normally have blades with slight negative rake
angles and edge angles of approximately 90 degrees. heir clearance
faces either are curved or have two surfaces to provide a low clearance
angle near the edge and a greater clearance space ahead of the
following blade.

Diamond Abraive Intrument
he second major category of rotary dental cutting instruments
involves abrasive cutting rather than blade cutting. Abrasive instruments are based on small, angular particles of a hard substance
held in a matrix of softer material. Cutting occurs at numerous
points where individual hard particles protrude from the matrix
rather than along a continuous blade edge. his design causes
deinite diferences in the mechanisms by which the two types of
instruments cut and in the applications for which they are best
suited.
Abrasive instruments are generally grouped as diamond or other
instruments. Diamond instruments have had great clinical impact
because of their long life and great efectiveness in cutting enamel
and dentin. Diamond instruments for dental use were introduced
in the United States in 1942 at a time before carbide burs were
available and when interest in increased rotational speeds was
beginning to expose the limitations of steel burs. he earliest
diamond instruments were substitutes for previously used abrasive
points of other types used for grinding and inishing.24 he vastly
superior performance in these applications led to their immediate
acceptance. he shortage of burs, as a result of wartime demands
of the 1940s, forced the use of diamond instruments. Increased
usage revealed their durability in cutting enamel and promoted
the development of operative techniques employing them.

Terminology
Diamond instruments consist of three parts: (1) a metal blank,
(2) the powdered diamond abrasive, and (3) a metallic bonding
material that holds the diamond powder onto the blank (Fig.
14.24). he blank in many ways resembles a bur without blades.
It has the same essential parts: head, neck, and shank.
he shank dimensions, similar to those for bur shanks, depend
on the intended handpiece. he neck is normally a tapered section
of reduced diameter that connects the shank to the head, but for
large disk-shaped or wheel-shaped instruments, it may be the same
diameter as the shank. he head of the blank is undersized compared
with the desired inal dimensions of the instrument, but its size
and shape determine the size and shape of the inished instrument.
Dimensions of the head make allowance for a fairly uniform
thickness of diamonds and bonding material on all sides. Some
abrasive instruments are designed as a mandrel with a detachable
head, which is much more practical for abrasive disks that have
very short lifetimes.
he diamonds employed are industrial diamonds, either natural
or synthetic, that have been crushed to powder, then carefully
graded for size and quality. he shape of the individual particle
is important because of its efect on the cutting eiciency and
durability of the instrument, but the careful control of particle
size is probably of greater importance. he diamonds generally
are attached to the blank by electroplating a layer of metal on the
blank while holding the diamonds in place against it. Although the
electroplating holds the diamonds in place, it also tends to cover
much of the diamond surfaces. Various proprietary techniques
allow greater diamond exposure and resultant increased cutting
efectiveness.
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TABLE 14.4 Standard Categories of Shapes and Sizes

for Diamond Cutting Instruments

B

Head Shapes

Proile Variations

Round

—

Football

Pointed

Barrel

—

Cylinder

Flat-, bevel-, round-, or safe-end

Inverted cone

—

Taper

Flat-, round-, or safe-end

Flame

—

Curettage

—

Pear

—

Needle

“Christmas tree”

Interproximal

Occlusal anatomy

Donut

—

Wheel

—

C

A
• Fig. 14.24

Diamond instrument construction. A, Overall view. B, Detail
of abrasive layer. C, Detail of particle bonding.

Round

Football

Barrel

Flat-end
cylinder

Beveled-end
cylinder

Inverted
cone

Flat-end
taper

Round-end
taper

Flame

Needle

Interproximal

Pear

Donut

Wheel

• Fig. 14.25

Characteristic shapes and designs for a range of diamond cutting instruments.

Classiication
Diamond instruments currently are marketed in a myriad of head
shapes and sizes (Table 14.4) and in all of the standard shank
designs. Most of the diamond shapes parallel those for burs (Fig.
14.25). his great diversity arose in part as a result of the relative
simplicity of the manufacturing process. Because it is possible to
make diamond instruments in almost any shape for which a blank
can be manufactured, they are produced in many highly specialized
shapes on which it would be impractical to place cutting blades.
his has been a major factor in establishing clinical uses for these
unique shapes, which are not in direct competition with burs.

Head Shapes and Sizes
Diamond instruments are available in a wide variety of shapes and
in sizes that correspond to all except the smallest-diameter burs.
he greatest diference lies in the diversity of other shapes and
sizes in which diamond instruments are produced. Even with many
subdivisions, the size range within each group is large compared
with that found among the burs. More than 200 shapes and sizes
of diamonds are currently marketed.
Because of their design with an abrasive layer over an underlying
blank, the smallest diamond instruments cannot be as small in
diameter as the smallest burs, but a wide range of sizes is available
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for each shape. No one manufacturer produces all sizes, but each
usually ofers an assortment of instruments that includes popular
shapes and sizes. Because of the lack of uniform nomenclature for
diamond instruments, it is often necessary to select them by
inspection to obtain the desired shape and size. It is essential to
indicate the manufacturer when attempting to describe diamond
instruments by catalog number.

Diamond Particle Factors
he clinical performance of diamond abrasive instruments depends
on the size, spacing, uniformity, exposure, and bonding of the
diamond particles. Increased pressure causes the particles to dig
into the surface more deeply, leaving deeper scratches and removing
more tooth structure.
Diamond particle size is commonly categorized as coarse
(125–150 µm), medium (88–125 µm), ine (60–74 µm), and
very ine (38–44 µm) for diamond preparation instruments.24 hese
ranges correspond to standard sieve sizes for separating particles.
When using large particle sizes, the number of abrasive particles
that can be placed on a given area of the head is decreased. For
any given force that the operator applies, the pressure on each
particle tip is greater. he resulting pressure also is increased if
diamond particles are more widely spaced so that fewer are in
contact with the surface at any one time. he inal clinical performance of diamond instruments is strongly afected by the
technique used to take advantage of the design factors for each
instrument.
Diamond finishing instruments use even finer diamonds
(10–38 µm) to produce relatively smooth surfaces for inal inishing
with diamond polishing pastes. Surface inishes of less than 1 µm
are considered clinically smooth (see section Composite Resins in
Chapter 13) and may be routinely attained by using a series of
progressively iner polishing steps.
Proper diamond instrument speed and pressure are the major
factors in determining service life.25 Properly used diamond instruments last almost indeinitely. A primary cause of failure of diamond
instruments is loss of the diamonds from critical areas. his loss
results from the use of excess pressure in an attempt to increase
the cutting rate at inadequate speeds.26

Other Abraive Intrument
In addition to diamond instruments, many other types of abrasive
instruments are used in dentistry. At one time they were extensively
used for tooth preparation, but their use is now primarily restricted
to shaping, inishing, and polishing restorations in the clinic and
in the laboratory.

Classiication
In these instruments, as in the diamond instruments, the cutting
surfaces of the head are composed of abrasive particles held in a
continuous matrix of softer material. hey may be divided into
two distinct groups—molded instruments and coated instruments.
Each uses various abrasives and matrix materials.
Molded abrasive instruments have heads that are manufactured
by molding or pressing a uniform mixture of abrasive and matrix
around the roughened end of the shank or cementing a premolded
head to the shank. In contrast to diamond instruments, molded
instruments have a much softer matrix and therefore wear during
use. he abrasive is distributed throughout the matrix so that new
particles are exposed by the wear. hese instruments are made in
a full range of shapes and sizes. he mounted heads are often
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termed points and stones. Hard and rigid molded instrument heads
use rigid polymer or ceramic materials for their matrix and commonly are used for grinding and shaping procedures. Other molded
instrument heads use lexible matrix materials, such as rubber, to
hold the abrasive particles. hese are used predominantly for inishing and polishing procedures. Molded unmounted disks or
wheelstones are attached by a screw to a mandrel of suitable size
for a given handpiece that has a threaded hole in the end. his
design permits the instruments to be changed easily and enable
extended use of the mandrel.
he coated abrasive instruments are mostly disks that have a
thin layer of abrasive cemented to a lexible backing. his construction allows the instrument to conform to the surface contour
of a tooth or restoration. Most lexible disks are designed for
reversible attachment to a mandrel. Coated abrasive instruments
may be used in the inishing and smoothing procedures of certain
enamel walls (and margins) of tooth preparations for indirect
restorations but are most often used in inishing procedures for
restorations.
he abrasives are softer and are less wear resistant than diamond
powder; as a result, they tend to lose their sharp edges and cutting
eiciency with use and are then discarded. In contrast, molded
instruments are intended to partially regenerate through the gradual
loss of their worn outer layers but may require that the operator
reshape them to improve their concentricity or usefulness in inishing
various anatomic areas. Reshaping is accomplished by applying a
truing or shaping stone against the rotating instrument.

Materials
he matrix materials usually are phenolic resins or rubber. Some
molded points may be sintered, but most are resin bonded. A
rubber matrix is used primarily to obtain a lexible head on instruments to be used for polishing. A harder, nonlexible rubber matrix
is often used for molded silicon carbide (SiC) disks. he matrix
of coated instruments is usually one of the phenolic resins.
Synthetic or natural abrasives may be used, including silicon
carbide, aluminum oxide, garnet, quartz, pumice, and cuttlebone.
he hardness of the abrasive has a major efect on the cutting
eiciency. he Mohs hardness values for important dental abrasives
are shown in Table 14.5. SiC usually is used in molded rounds,
tree or bud shapes, wheels, and cylinders of various sizes. hese
points are normally gray-green, available in various textures, usually
fast cutting (except on enamel), and produce a moderately smooth
surface. Molded unmounted disks are black or a dark color, have
a soft matrix, wear more rapidly than stones, and produce a
moderately rough surface texture. hese disks are termed carborundum disks or separating disks. Aluminum oxide is used for the
same instrument designs as those for silicon carbide disks. Points
are usually white, rigid, ine textured, and less porous and produce
a smoother surface than SiC.
Garnet (reddish) and quartz (white) are used for coated disks
that are available in a series of particle sizes and range from coarse
to medium-ine for use in initial inishing. hese abrasives are hard
enough to cut tooth structure and all restorative materials, with
the exception of some ceramics. Pumice is a powdered abrasive
produced by crushing foamed volcanic glass into thin glass lakes.
he lakes cut efectively, but they break down rapidly. Pumice is
used with rubber disks and wheels, usually for initial polishing
procedures. Cuttlebone is derived from the cuttleish, a relative of
squid and octopus. It is becoming scarce and gradually is being
replaced by synthetic substitutes. It is a soft white abrasive, used
only in coated disks for inal inishing and polishing. It is soft
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Hardness Values of Restorative Materials,
Tooth Structure, and Abrasives
Knoop
Hardness

Brinell
Hardness

Mohs
Hardness

Dentin

68

48

3–4

Enamel

343

300

5

Dental composite

41–80

60–80

5–7

Dental amalgam

110

—

4–5

Gold alloy (type III)

—

110

—

Feldspathic porcelain

460

—

6–7

Pumice

—

—

6

Cuttlebone

—

—

7

Bladed Cutting

Garnet

—

—

6.5–7

Quartz

800

600

7

Aluminum oxide

1500

1200

9

Silicon carbide

2500

—

9.5

Diamond

>7000

>5000

10

he following discussion focuses on rotary bladed instruments but
also is applicable to bladed hand instruments. Tooth structure,
similar to other materials, undergoes brittle and ductile fracture.
Brittle fracture is associated with crack production usually by tensile
forces. Ductile fracture involves plastic deformation of material
usually proceeding by shear forces. Extensive plastic deformation
also may produce local work hardening and encourage brittle
fracture. Low-speed cutting tends to proceed by plastic deformation
before tooth structure fracture. High-speed cutting, especially of
enamel, proceeds by brittle fracture.
he rate of stress application (or strain rate) afects the resultant
properties of materials. In general, the faster the rate of loading,
the greater are the strength, hardness, modulus of elasticity, and
brittleness of a material. A cutting instrument with a large diameter
and high rotational speed produces a high surface speed and a
high stress (or strain) rate.
Many factors interact to determine which cutting mechanism
is active in a particular situation. he mechanical properties of
tooth structure, the design of the cutting edge or point, the linear
speed of the instrument’s surface, the contact force applied, and
the power output characteristics of the handpiece inluence the
cutting process in various ways.19,29
For the blade to initiate the cutting action, it must be sharp,
must have a higher hardness and modulus of elasticity than
the material being cut, and must be pressed against the surface
with suicient force. he high hardness and modulus of elasticity are essential to concentrate the applied force on a small
enough area to exceed the shear strength of the material being
cut. As shown in Fig. 14.26, sheared segments accumulate in
a distorted layer that slides up along the rake face of the blade
until it breaks or until the blade disengages from the surface
as it rotates. These chips accumulate in the clearance space
between blades until washed out or thrown out by centrifugal
force.
Mechanical distortion of tooth structure ahead of the blade
produces heat. Frictional heat is produced by the rubbing action
of the cut debris against the rake face of the blade and the blade
tip against the cut surface of the tooth immediately behind the
edge. his can produce extreme temperature increases in the tooth
and the bur in the absence of adequate cooling. he transfer of
heat is not instantaneous, and the reduced temperature increase
observed in teeth cut at very high speeds may be caused, in part,
by the removal of the heated surface layer of the tooth structure
by a following blade before the heat can be conducted into
the tooth.

enough that it reduces the risk of unintentional damage to tooth
structure during the inal stages of inishing.

Cutting Mechanim
For cutting, it is necessary to apply suicient pressure to make the
cutting edge of a blade or abrasive particle dig into the surface.
Local fracture occurs more easily if the strain rate is high (high
rotary instrument surface speed) because the surface that is being
cut responds in a brittle fashion. he process by which rotary
instruments cut tooth structure is complex and not fully understood.
he following discussion addresses cutting evaluations, cutting
instrument design, proposed cutting mechanisms, and clinical
recommendations for cutting.

Evaluation of Cutting
Cutting may be measured in terms of efectiveness and eiciency.
Certain factors inluence one but not the other.27 Cutting efectiveness is the rate of tooth structure removal (millimeters per min
[mm/min] or milligrams per second [mg/s]). Efectiveness does
not consider potential side efects such as heat or noise. Cutting
eiciency is the percentage of energy actually producing the cutting.
Cutting eiciency is reduced when energy is wasted as heat or noise.
It is possible to increase efectiveness while decreasing eiciency. A
dull bur may be made to cut faster than a sharp bur by applying
a greater pressure, but experience indicates that this results in a
great increase in heat production and reduced eiciency.28
It is generally agreed that increased rotational speed results in
increased efectiveness and eiciency. Adverse efects associated
with increased speeds are heat, vibration, and noise. Heat has been
identiied as a primary cause of pulpal injury. Air-water sprays do
not prevent the production of heat, but do serve to remove it
before it causes a damaging increase in temperature within the
tooth.

Blade
motion

• Fig. 14.26

Schematic representation of bur blade (end view) cutting
a ductile material by shearing mechanism. Energy is required to deform
the material removed and produce new surface.
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Abraive Cutting
he following discussion is pertinent to all abrasive cutting situations, but diamond instruments are used as the primary example.12
he cutting action of diamond abrasive instruments is similar in
many ways to that of bladed instruments, but key diferences result
from the properties, size, and distribution of the abrasive. he
very high hardness of diamonds provides superior resistance to
wear. A diamond instrument that is not abused has little or no
tendency to dull with use. Individual diamond particles have very
sharp edges, are randomly oriented on the surface, and tend to
have large negative rake angles.
When diamond instruments are used to cut ductile materials,
some material is removed as debris, but much material lows laterally
around the cutting point and is left as a ridge of deformed material
on the surface (Fig. 14.27). Repeated deformation work hardens
the distorted material until irregular portions become brittle, break
of, and are removed. his type of cutting is less eicient than that
by a blade; burs are generally preferred for cutting ductile materials
such as dentin.
Diamonds cut brittle materials by a diferent mechanism. Most
cutting results from tensile fractures that produce a series of
subsurface cracks (Fig. 14.28). Diamonds are most eicient when
used to cut brittle materials and are superior to burs for the removal
of dental enamel. Diamond abrasives are commonly used for milling
in computer-assisted design/computer-assisted machining (CAD/
CAM) or copy-milling applications (see Chapter 12).

Cutting Recommendation
Overall, the requirements for efective and eicient cutting include
using a contra-angle handpiece, air-water spray for cooling, high
operating speed (>200,000 rpm), light pressure, and a carbide bur

A

B

• Fig. 14.27

Schematic representation of an abrasive particle cutting
ductile material. A, Lateral view. B, Cross-sectional view. Material is displaced laterally by passage of an abrasive particle, work hardened, and
subsequently removed by other particles.

A
• Fig. 14.28

B

Schematic representation of abrasive particle cutting brittle
material. A, Lateral view. B, Cross-sectional view. Subsurface cracks
caused by the passage of abrasive particles intersect, undermining small
pieces of material, which are removed easily by following abrasive
particles.
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or diamond instrument. Carbide burs are better for end cutting,
produce lower heat, and have more blade edges per diameter for
cutting. hey are used efectively for punch cuts to enter tooth
structure, intracoronal tooth preparation, amalgam removal, small
preparations, and secondary retention features. Diamond instruments have higher hardness, and coarse diamonds have high cutting
efectiveness. Diamonds are more efective than burs for intracoronal
and extracoronal tooth preparations, beveling enamel margins on
tooth preparations, and enameloplasty.

Hazard With Cutting Intrument
Almost everything done in a dental oice involves some risk to
the patient, the dentist, or the dental assistant. For the patient,
pulpal dangers arise from tooth preparation and restoration procedures. Soft tissue dangers are also present. Everyone is potentially
susceptible to eye, ear, and inhalation dangers. Careful adherence
to normal precautions can, however, eliminate or minimize most
risks associated with the use of cutting instruments.

Pulpal Precaution
he use of cutting instruments may harm the pulp by exposure
to mechanical vibration, heat generation, desiccation and loss of
dentinal tubule luid, or transection of odontoblastic processes. As
the thickness of remaining dentin decreases, the pulpal insult (and
response) from heat or desiccation increases. Slight to moderate
injury produces a localized, protective pulpal response in the region
of the cut tubules. In severe injury, destruction extends beyond
the cut tubules, often resulting in pulpal abscess and death of the
pulp. hese pulpal sequelae (recovery or necrosis) take 2 weeks to
6 months or longer to become apparent, depending on the extent
and degree of the trauma. Although a young pulp is more prone
to injury, it also recovers more efectively compared with an older
pulp, in which the recuperative powers are slower and less efective.
Enamel and dentin are good thermal insulators and protect the
pulp if the quantity of heat is not too great and the remaining
thickness of tissue is adequate. he longer the time of cutting and
the higher the local temperature produced, the greater is the threat
of thermal trauma. he remaining tissue is efective in protecting
the pulp in proportion to the square of its thickness. Steel burs
produce more heat than carbide burs because of ineicient cutting.
Burs and diamond instruments that are dull or plugged with debris
do not cut eiciently, resulting in heat production. When used
without coolants, diamond instruments generate more damaging
heat compared with carbide burs.
he most common instrument coolants are air and air-water
sprays. Air alone as a coolant is not efective in preventing pulpal
damage because it needlessly desiccates dentin and damages
odontoblasts. Air has a much lower heat capacity than water and
is much less eicient in absorbing unwanted heat. An air coolant
alone should be used only when visibility is a problem, such as
during the inishing procedures of tooth preparations. At such
times, air coolant combined with lower rotational speed, light,
and intermittent instrument application should be used to enhance
vision and minimize trauma. Air-water spray is universally used
to cool, moisten, and clear the operating site during normal cutting
procedures. In addition, the spray lubricates, cleans, and cools the
cutting instrument, increasing its eiciency and service life. A
well-designed and properly directed air-water spray also helps keep
the gingival crevice open for better visualization when gingival
extension is necessary. he use of a water spray and its removal
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by efective high-volume evacuation (HVE) are especially important
when old amalgam restorations are removed. HVE helps in rapid,
eicient removal of released mercury vapor and aids in increased
operator visibility.
During normal cutting procedures, a layer of debris, described
as a smear layer, is created that covers the cut surfaces of the enamel
and dentin. he smear layer on dentin is moderately protective
because it occludes the dentinal tubules and inhibits the outward
low of tubular luid and the inward penetration of microleakage
contaminants. he smear layer is still porous, however. When air
alone is applied to dentin, local desiccation may produce luid
low and afect the physiologic status of the odontoblastic processes
in the underlying dentin. Air is applied only to the extent of
removing excess moisture, leaving a glistening surface.

Soft Tiue Precaution
he lips, tongue, and cheeks of the patient are the most frequent
areas of soft tissue injury. he handpiece should never be operated
unless good access to and visualization of the cutting site are
available. A rubber dam is helpful in isolating the operating site.
When the dam is not used, the dental assistant may retract the
soft tissue on one side with a mouth mirror, cotton roll, or evacuator
tip. he dentist usually is able to manage the other side with a
mirror or cotton roll, or both. If the dentist must work alone, the
patient may help by holding a retraction-type saliva ejector evacuator
tip after it is positioned in the mouth.
he rotating instrument in a handpiece does not stop immediately when the foot control is released. he operator must wait
for the instrument to stop or be extremely careful when removing
the handpiece from the mouth so as not to contact and lacerate
soft tissues. he large disk is one of the most dangerous instruments
used in the mouth. Such disks are seldom indicated intraorally.
hey should be used with light, intermittent application and with
extreme caution.
With high-speed and low-speed air-driven handpieces, sluggish
handpiece performance will alert the dental practitioner to maintenance issues such as a dull bur or worn or clogged gears or
bearings. A poorly maintained electric handpiece does not provide
a similar warning that maintenance is needed. Instead, if an electric
handpiece is worn out, damaged, or clogged, the electric motor
sends increased power to the handpiece head or attachment in
order to maintain handpiece performance. his increased power
can rapidly generate heat at the head of the handpiece attachment.
Because the heat buildup is so rapid and is eiciently conducted
through the metal handpiece, a burn occurring in the patient may
be the irst indication of handpiece problems. Patients have been
severely burned when electric handpieces have overheated during
dental procedures (Fig. 14.29). Some patients have sufered thirddegree burns that required reconstructive surgery. Burns may not
be apparent to the operator or the patient until after the tissue
damage has occurred because the anesthetized patient is not able
to feel the tissue burning and the handpiece housing insulates the
operator from the heated attachment. Adhering to strict maintenance
guidelines recommended by the manufacturers is critical to prevent
overheating in electric handpieces. he clinician must be aware
that improperly maintained, damaged, or worn-out devices have
the potential to overheat without warning.
he dentist and assistant must always be aware of the patient’s
response during the cutting procedures. A sudden relex movement
caused by patient gagging, swallowing, or coughing has the potential
to result in serious injury from a rotating cutting instrument. If

• Fig. 14.29 This patient suffered a burn from the overheated bearing
of an electric handpiece. Because the patient was anesthetized, he was
unaware of the burn as it occurred from the overheated handpiece.
an accident does occur and soft tissue is damaged, the operator
should remain calm and control any hemorrhage with a pressure
pack. he patient should be told what has happened, and medical
assistance should be obtained, if needed.

Eye Precaution
he operator, the assistant, and the patient should wear glasses
with side shields to prevent eye damage from airborne particles
during operative procedures using rotary instrumentation. When
high speeds are used, particles of old restorations, tooth structure,
bacteria, and other debris are discharged at high speeds from the
patient’s mouth. Suiciently strong HVE applied by the dental
assistant near the operating site helps limit this problem. Protective
glasses are always indicated when rotary instrumentation is being
used. he dentist, being in the direct path of such particles, is
more likely to receive injury than the assistant or the patient. If
an eye is injured, it should be covered by a clean gauze pad until
medical attention is obtained.
In addition to routine airborne debris, airborne particles may
be produced occasionally by matrix failure of molded abrasive
cutting instruments. Hard matrix wheels may crack or shatter into
relatively large pieces. Soft abrasive wheels or points may increase
in temperature during use, causing the rubber matrix to debond
explosively from the abrasive into ine particles.
Precautions must be taken to prevent eye injury from unusual
light sources such as visible light–curing units and laser equipment.
Dental personnel and patients should be protected from highintensity visible light with the use of colored plastic shields (attached
to the iberoptic tip). Laser light can be inadvertently relected
from many surfaces in the dental operatory; the operatory should
be closed, and everyone should wear protective goggles (see earlier
section Laser Equipment).

Ear Precaution
Various sounds are known to afect people in diferent ways. Soft
music or random sounds such as rainfall usually have a relaxing
or sedative efect. Loud noises are generally annoying and may
contribute to mental and physical distress. A noisy environment
decreases the ability to concentrate, increases risk of accidents, and
reduces overall eiciency. Extremely loud noises such as explosions
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or continuous exposure to high noise levels can cause permanent
damage to the hearing mechanism.
An objectionable high-pitched whine is produced by some airdriven handpieces at high speeds. Aside from the annoying aspect
of this noise, hearing loss could result from continued exposure.
Potential damage to hearing from noise depends on (1) the intensity
or loudness (decibels [db]), (2) frequency (cycles per second [cps])
of the noise, (3) duration (time) of the noise, and (4) susceptibility
of the individual. Older age, existing ear damage, disease, and
medications are other factors that can accelerate hearing loss.
Normal ears require that the intensity of sound reach a certain
minimal level before the ear can detect it. his is known as auditory
threshold and may vary with the frequency and exposure to other
sounds. When subjected to a loud noise of short duration, a protective mechanism of the ear causes it to lose some sensitivity temporarily. his is described as temporary threshold shift. If suicient time
is allowed between exposures, complete recovery occurs. Extended
or continuous exposure is much more likely to result in a permanent
threshold shift with persistent hearing loss. he loss may be caused
by all frequencies, but often high-frequency sounds afect hearing
more severely. A certain amount of unnoticed noise (ambient noise
level) is present even in a quiet room (20–40 db). An ordinary
conversation averages 50 to 70 db in a frequency range of 500 to
2500 cps.
Air-driven handpieces with ball bearings, free running at 30-lb
air pressure, may have noise levels of 70 to 94 db at high frequencies.
Noise levels greater than 75 db in frequency ranges of 1000 to
8000 cps may cause hearing damage. Noise levels vary among
handpieces produced by the same manufacturer. Handpiece wear
and eccentric rotating instruments may cause increased noise.
Protective measures are recommended when the noise level reaches
85 db with frequency ranges of 300 to 4800 cps. Protection is
mandatory in areas where the level transiently reaches 95 db. he
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efect of excessive noise levels depends on exposure times. Normal
use of a dental handpiece is one of intermittent application that
generally is less than 30 minutes per day and represents little risk
of developing hearing loss over time. Earplugs may be used to
reduce the level of exposure, but these have several obvious
drawbacks. Room soundprooing helps limit sound relection and
may be accomplished with absorbing materials used on ceilings,
walls, and loors. Antinoise devices also may be used to cancel
unwanted sounds.

Inhalation Precaution
Aerosols and vapors are created by cutting tooth structure and
restorative materials and are a health hazard to all present. Aerosols
are ine dispersions in air of water, tooth debris, microorganisms,
and/or restorative materials. Cutting amalgam or composite resin
produces submicron particles and vapor. he particles that may
be inadvertently inhaled have the potential to produce alveolar
irritation and tissue reactions. Vapor from cutting amalgam is
predominantly mercury and should be captured and removed, as
much as possible, by HVE near the tooth being operated on. he
vapors generated during cutting or polishing by thermal decomposition of polymeric restorative materials (sealants, acrylic resin,
composites) are predominantly resin monomers. he resin monomers
may be captured and eiciently removed by careful HVE during
the cutting or polishing procedures.
A rubber dam protects the patient against oral inhalation of
aerosols or vapors, but nasal inhalation of vapor and iner aerosol
may still occur. Disposable masks worn by dental oice personnel
ilter out bacteria and all but the inest particulate matter. Masks
do not, however, ilter out mercury or resin monomer vapors. he
biologic efects of mercury hazards and appropriate oice hygiene
measures are discussed in Chapter 13.

Summary
Modern dental equipment allows eicient removal and shaping
of tooth structures and restorative materials. Hand instruments
and rotary-powered cutting burs and abrasive instruments remain
essential components of the dental armamentarium. A wide variety

of strategic shapes and sizes of instruments are available for use in
patient care. Proper understanding and use of hand instruments,
handpieces, burs, and abrasives enable optimal accomplishment of
dental procedures with minimal risk to the patient and dental team.
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Preliminary Considerations for
Operative Dentistry
LEE W. BOUSHELL, RICARDO WALTER, ALDRIDGE D. WILDER, JR.

his chapter addresses routine chairside preoperative procedures (before actual tooth preparation). hese procedures
primarily include patient and operator positions as well as
isolation of the operating ield.

T

and the area of the mouth involved in the operation. In the almost
supine position, the patient’s head, knees, and feet are approximately
the same level. he patient’s head should not be lower than the
feet; the head should be positioned lower than the feet only in an
emergency, as when the patient is in syncope.

Preoperative Patient and Dental Team
Conideration

Operating Positions
Operating positions may be described by the location of the
operator or by the location of the operator’s arms in relation to
patient position. A right-handed operator uses essentially three
positions—right front, right, and right rear. hese are sometimes
referred to as the 7-o’clock, 9-o’clock, and 11-o’clock positions (Fig.
15.2A). For a left-handed operator, the three positions are the
left front, left, and left rear positions, or the 5-o’clock, 3-o’clock,
and 1-o’clock positions. A fourth position, direct rear position, or
12-o’clock position, has application for certain areas of the mouth.
As a rule, the teeth being treated should be at the same level as
the operator’s elbow. he operating positions described here are
for the right-handed operator; the left-handed operator should
substitute left for right.

In preparation for a clinical procedure, it is important to ensure
that patient and operator positions are properly selected, instrument
exchange between the dentist and the assistant is eicient, proper
illumination is present, and magniication is used, as needed.

Patient and Operator Poition
Eicient patient and operator positions are beneicial for the welfare
of both individuals. A patient who is in a comfortable position is
more relaxed, has less muscle tension, and is more capable of
cooperating with the dentist.
he practice of dentistry is physically demanding and psychologically stressful. Physical problems may arise if appropriate operating
positions are neglected.1 Most restorative dental procedures may
be accomplished with the dentist seated. Positions that create
unnecessary curvature of the spine or slumping of the shoulders
should be avoided. Proper balance and weight distribution on
both feet is essential when operating from a standing position.
Generally any uncomfortable or unnatural position that places
undue strain on the body should only rarely be used.

Chair and Patient Positions
Chair and patient positions are important considerations. Dental
chairs are designed to provide total body support in any chair
position. An available chair accessory is an adjustable headrest
cushion or an articulating headrest attached to the chair back. A
contoured or lounge-type chair provides adequate patient support
and comfort. Most chairs also are equipped with programmable
operating positions.
he most common patient positions for operative dentistry are
almost supine or reclined 45 degrees (Fig. 15.1). he choice of
patient position varies with the operator, the type of procedure,

Right Front Poition

he right front position facilitates examination and treatment of
mandibular anterior teeth (see Fig. 15.2B), mandibular posterior
teeth (especially on the right side), and maxillary anterior teeth.
It is often advantageous to have the patient’s head rotated slightly
toward the operator.
Right Poition

In the right position, the operator is directly to the right of the
patient (see Fig. 15.2C). his position is convenient for operating
on the facial surfaces of maxillary and mandibular right posterior
teeth and the occlusal surfaces of mandibular right posterior teeth.
Right Rear Poition

he right rear position is the position of choice for most operations.
The operator is behind and slightly to the right of the
patient. he left arm is positioned around the patient’s head (see
Fig. 15.2D). When operating from this position, the lingual and
incisal (occlusal) surfaces of maxillary teeth are viewed in the mouth
mirror. Direct vision may be used on mandibular teeth, particularly
e23
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A

B
• Fig. 15.1 Common patient positions. Both positions are recommended for sit-down dentistry. Use
depends on the arch being treated. A, Supine. B, Reclined 45 degrees.

on the left side, but the use of a mouth mirror is advocated for
visibility, light relection, and retraction.
Direct Rear Position

he direct rear position is used primarily for operating on the
lingual surfaces of mandibular anterior teeth. he operator is located
directly behind the patient and looks down over the patient’s head
(see Fig. 15.2E).

General Considerations
Several general considerations regarding chair and patient positions
are important. he operator should not hesitate to rotate the patient’s
head backward or forward or from side to side to accommodate
the demands of access and visibility of the operating ield. Minor
rotation of the patient’s head is not uncomfortable to the patient
and allows the operator to maintain his or her basic body position.
As a rule, when operating in the maxillary arch, the maxillary
occlusal surfaces (i.e., the maxillary occlusal plane) should be
oriented approximately perpendicular to the loor. When operating
in the mandibular arch, the mandibular occlusal surfaces (i.e., the
mandibular occlusal plane) should be oriented approximately 45
degrees to the loor.
he operator’s face should not come too close to the patient’s
face. he ideal distance is similar to that for reading a book while
sitting in an upright position. he vertical position of the patient
should be adjusted to allow the operator to maintain optimal
ergonomic back and neck posture. Another important aspect of
proper operating position is to minimize body contact with the
patient. It is not appropriate for an operator to rest forearms on
the patient’s shoulders or hands on the patient’s face or forehead.
he patient’s chest should not be used as an instrument tray. From
most positions, the left hand should be free to hold the mouth
mirror to relect light onto the operating ield, to view the tooth
preparation indirectly, or to retract the cheek or tongue. In certain
instances, it is more appropriate to retract the cheek with one or
two ingers of the left hand than to use a mouth mirror. It is often
possible, however, to retract the cheek and relect light with the
mouth mirror at the same time.
When operating for an extended period, the operator may obtain
a certain amount of rest and muscle relaxation by changing operating
positions. Operating from a single position through the day,
especially if standing, produces unnecessary fatigue. Changing
positions, if only for a short time, reduces muscle strain and lessens
fatigue.1

Operating Stools
A variety of operating stools are available for the dentist and the
dental assistant. he seat should be well padded with smooth
cushion edges and should be adjustable for optimal leg position
and back support. Advantages of the seated work position are
compromised if the operator uses the stool improperly. he operator
should sit back on the cushion, using the entire seat and not just
the front edge. he upper body should be positioned so that the
spinal column is straight or bent slightly forward and supported
by the backrest of the stool. he thighs should be parallel to the
loor, and the lower legs should be perpendicular to the loor. If
the seat is too high, its front edge compromises circulation to the
user’s legs. Feet should be lat on the loor.
he seated work position for the assistant is essentially the same
as for the operator except that the stool is 4 to 6 inches higher for
maximal visual access. It is important that the assistant’s stool have
an adequate footrest so that a parallel thigh position is maintained
with good foot support. When properly seated, the operator and
the assistant are capable of providing dental service throughout
the day without an unnecessary decline in eiciency and productivity
because of muscle tension and fatigue (Fig. 15.3).

Intrument Exchange
All instrument exchanges between the operator and the assistant
should occur in the exchange zone below the patient’s chin and a
few inches above the patient’s chest. Instruments should not be
exchanged over the patient’s face. During the procedure the operator
should anticipate the next instrument required and inform the
assistant accordingly; this allows the instrument to be brought
into the exchange zone for a timely exchange.
During proper instrument exchange, the operator should not
need to look away from the operating ield. he operator should
rotate the instrument handle forward to cue the assistant to exchange
instruments. he assistant should take the instrument from the
operator, rather than the operator dropping it into the assistant’s
hand, and vice versa. Each person should be sure that the other
has a irm grasp on the instrument before it is released.

Magniication and Headlamp Illumination
Another key to the success of clinical operative dentistry is visual
acuity. he operator must be able to see clearly to attend to the
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• Fig. 15.2 Operating positions indicated by arm approach to the patient. A, Diagrammatic operator
positions. B, Right front. C, Right. D, Right rear. E, Direct rear. (B, C, D, E, Courtesy Dr. Mohammad
Atieh.)

details of each procedure. he use of magniication facilitates attention
to detail and does not adversely afect vision. Magnifying lenses
have a ixed focal length that often requires the operator to maintain
a proper working distance, which helps to ensure good posture.
Several types of magniication devices are available, including bifocal
eyeglasses, loupes, and surgical telescopes (Fig. 15.4). To further
improve visual acuity, headlamps are recommended in operative
dentistry. heir greatest advantage is the light source being parallel

to the clinician’s vision, eliminating shadows at the operating ield.
Current headlamps use light-emitting diode (LED) technology and
produce whiter light than conventional tungsten halogen light sources.

Iolation of the Operating Field
he goals of operating ield isolation are moisture control, retraction,
and patient safety.
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gingival tissue, tongue, lips, and cheek. he rubber dam, highvolume evacuator, absorbents, retraction cord, mouth prop, and
other isolation devices such as the Isolite (Isolite Systems, Santa
Barbara, CA) are used for retraction and access.

Patient Safety
An important consideration of isolating the operating ield is the
use of means to provide safety (i.e., prevent harm) to the patient
during the operation.4,5 Excessive saliva and handpiece spray may
alarm the patient. Small instruments and restorative debris may
be aspirated or swallowed. Soft tissue may be iatrogenically damaged.
Various isolation techniques and devices limit the potential for
adverse outcomes. Harm prevention is achieved as much by the
manner in which the devices are used as by the devices
themselves.
• Fig. 15.3 Recommended seating positions for operator and chairside
assistant, with the height of the operating ield approximately at elbow
level of the operator. (From Robinson DS, Bird DL: Essentials of dental
assisting, ed 4, St. Louis, 2007, Saunders.)

Local Anesthesia
Local anesthetics play a role in eliminating the discomfort of dental
treatment and controlling moisture by reducing salivary low. Local
anesthetics incorporating a vasoconstrictor also reduce blood low,
which helps control hemorrhage at the operating site.

Rubber Dam Iolation
In 1864 S.C. Barnum, a New York City dentist, introduced the
rubber dam into dentistry. Use of the rubber dam ensures appropriate dryness of the teeth and improves the quality of clinical
restorative dentistry.6,7 he rubber dam is used to deine the
operating ield by isolating one or more teeth from the oral environment. he dam eliminates saliva from the operating site and retracts
the soft tissue.

Advantages
he advantages of rubber dam isolation of the operating ield include
(1) a dry, clean operating ield; (2) improved access and visibility;
(3) optimization of dental material properties; (4) protection of the
patient and the operator; and (5) operating eiciency.
Dry, Clean Operating Field

• Fig. 15.4

Use of magniication with surgical telescopes.

Goal of Iolation
Moisture Control
It is not possible to properly accomplish operative dentistry without
control of mouth moisture. Moisture control refers to the exclusion
of saliva, gingival sulcular luid, and gingival bleeding from the
operating ield. It also involves preventing or limiting the spray
from the handpiece and restorative debris from being swallowed
or aspirated by the patient. he rubber dam, suction devices, and
absorbents are variously efective in controlling moisture.2,3 Generally
this textbook recommends use of the rubber dam as an optimum
means of gaining moisture control.
Retraction and Access
he details of a restorative procedure cannot be managed without
proper retraction and access. Retraction and access provide maximal
exposure of the operating site and usually involve having the patient
maintain an open mouth and displacement or retraction of the

For most procedures, rubber dam isolation is the preferred method
of obtaining a dry, clean ield. he operator is best able to perform
procedures such as proper tooth preparation, caries removal, and
insertion of restorative materials in a dry ield. he time saved by
operating in a clean ield with good visibility may more than
compensate for the time spent applying the rubber dam.8 When
excavating a deep caries lesion and risking pulpal exposure, use of
the rubber dam is strongly recommended to prevent pulpal
contamination from bacteria in oral luids.
Acce and Viibility

he rubber dam provides maximal access and visibility. It controls
moisture and retracts soft tissue. Gingival tissue is mildly retracted
so as to enhance access to and visibility of the gingival aspects of
the tooth preparation. he dam also retracts the lips, cheeks, and
tongue. A dark-colored rubber dam provides a nonreflective
background, which is in contrast to the operating site. he dam
allows uninterrupted access and visibility throughout the operative
procedure.
Optimization of Dental Material Propertie

he rubber dam prevents moisture contamination and compromise
of restorative materials used during the procedure. Amalgam
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restorative material does not achieve its optimum physical properties
if used in a wet ield.6 Bonding to enamel and dentin is severely
compromised or nonexistent if the tooth substrate is contaminated
with saliva, blood, or other oral luids.9,10 Some studies have concluded that no diference exists between the use of the rubber dam
and cotton roll isolation as long as control of sources of contamination is maintained during the restorative procedures.2,11-13 However,
the efectiveness of rubber dam isolation allows freedom to focus
on the details of the restorative procedure, which is especially
advantageous for those procedures that are technique sensitive.
Protection of the Patient and the Operator

he rubber dam protects the patient and the operator. It protects
the patient from aspirating or swallowing small instruments or
debris associated with operative procedures.14 A properly applied
rubber dam protects soft tissue and the tongue from irritating or
distasteful medicaments (e.g., etching and astringent agents). he
dam also ofers some soft tissue protection from rotating burs and
stones. Authors disagree on whether the rubber dam protects the
patient from mercury exposure during amalgam removal.15,16
However, it is generally agreed that the rubber dam is an efective
infection control barrier for the dental oice.17-19

• Fig. 15.5 Rubber dam material as supplied in sheets. (From Boyd
LRB: Dental instruments: a pocket guide, ed 4, St. Louis, 2012,
Saunders.)

Operating Eiciency

Use of the rubber dam allows for operating eiciency and increased
productivity. Conversation with the patient is limited. he rubber
dam retainer (discussed later) helps provide a moderate amount
of mouth opening during the procedure. (For additional mouthopening aids, see Mouth Props.) Quadrant restorative procedures
are facilitated. Many state dental practice acts permit the assistant
to place the rubber dam, thus saving time for the dentist. Christensen reported that use of a rubber dam increases the quality and
quantity of restorative services.8

Disadvantages
Rubber dam use is low among private practitioners.20-22 Time
consumption and patient objection are the most frequently quoted
disadvantages of the rubber dam. However, the rubber dam may
usually be placed in less than 5 minutes. he advantages previously
mentioned certainly justify any time utilized in accomplishing
proper placement.
Certain situations may preclude the use of the rubber dam,
including (1) teeth that have not erupted suiciently to support
a retainer, (2) some third molars, and (3) extremely malpositioned
teeth. In addition, patients may not tolerate the rubber dam if
breathing through the nose is diicult. In rare instances, the patient
cannot tolerate a rubber dam because of psychologic reasons or
latex allergy.12,23 Latex-free rubber dam material is, however, currently
available (Fig. 15.5). hese situations are the exception and it has
been reported that use of the rubber dam was well accepted by
most patients and operators.24
Materials and Instruments
he materials and instruments necessary for the use of the rubber
dam are available from most dental supply companies. It is necessary
to have waxed dental tape or loss available so as to lubricate the
contact areas of the teeth to be isolated prior to rubber dam
placement.
Material

Rubber dam material (latex and nonlatex), as with all types of
elastic material, will deteriorate over time, resulting in low tear

• Fig. 15.6

Young rubber dam frame (holder). (From Hargreaves KM,
Cohen S: Cohen’s pathways of the pulp, ed 10, St. Louis, 2011, Mosby.)

strength. he dam material is available in 12.5 × 12.5 cm or 15
× 15 cm sheets. he thicknesses or weights available are thin
(0.15 mm), medium (0.2 mm), heavy (0.25 mm), and extra heavy
(0.30 mm). Light and dark dam materials are available, and darker
colors are generally preferred for contrast. he rubber dam material
has a shiny side and a dull side. Because the dull side is less light
relective, it is generally placed facing the occlusal side of the
isolated teeth. A thicker dam is more efective in retracting tissue
and more resistant to tearing; it is especially recommended for
isolating Class V lesions in conjunction with a cervical retainer.
he thinner material has the advantage of passing through the
contacts easier, which is particularly helpful when proximal contacts
are broad and tooth mobility is limited.
Frame

he rubber dam holder (frame) suspends the borders of the rubber
dam. he Young holder is a U-shaped metal frame (Fig. 15.6)
with small metal projections for securing the borders of the rubber
dam.
Retainer

he rubber dam retainer consists of four prongs and two jaws
connected by a bow (Fig. 15.7). he retainer is used to anchor
the dam to the most posterior tooth to be isolated. Retainers also
are used to retract gingival tissue. Many diferent sizes and shapes
are available, with speciic retainers designed for certain teeth
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(Fig. 15.8). Table 15.1 lists suggested retainer applications. When
positioned on a tooth, a properly selected retainer should contact
the tooth on its four line angles (see Fig. 15.7). his four-point
contact prevents rocking or tilting of the retainer. Movement of
the retainer on the anchor tooth may injure the gingiva and the
tooth, resulting in postoperative soreness or sensitivity.25 he prongs
of some retainers are gingivally directed (inverted) and are helpful
when the anchor tooth is only partially erupted or when additional
soft tissue retraction is indicated (Fig. 15.9). he jaws of the retainer
should not extend beyond the mesial and distal line angles of the
tooth because (1) they may interfere with matrix and wedge placement, (2) gingival trauma is more likely to occur, and (3) a complete
seal around the anchor tooth is more diicult to achieve.
Wingless and winged retainers are available (see Fig. 15.8). he
winged retainer has anterior and lateral wings (Fig. 15.10). he

TABLE 15.1

Suggested Retainers for Various Anchor
Tooth Applications

Retainer

Application

W56

Most molar anchor teeth

W7

Mandibular molar anchor teeth

W8

Maxillary molar anchor teeth

W4

Most premolar anchor teeth

W2

Small premolar anchor teeth

W27

Terminal mandibular molar anchor teeth requiring
preparations involving the distal surface

Bow

Hole
Jaw

• Fig. 15.9 Retainers with prongs directed gingivally are helpful when
the anchor tooth is only partially erupted.
Prong

• Fig. 15.7

Rubber dam retainer. Note four-point prong contact (arrows)
with tooth. (Modiied from Daniel SJ, Harfst SA, Wilder RS: Mosby’s dental
hygiene: concepts, cases, and competencies, ed 2, St. Louis, 2008,
Mosby.)

Color Coded Matte Finish Winged and Wingless Clamps
MOLAR

ANTERIOR

Small lower

Lower

Lower

Upper

Small upper

Upper and lower

PREMOLAR

Large bicuspids

Bicuspids

SERRATED JAWS
Serrations for improved retention

Lower right molars/
Upper left molars

Lower left molars/
Upper right molars

MOLAR - SPECIAL USE
For irregularly shaped, structurally
compromised or partially erupted molars

Small

Large

• Fig. 15.8 Selection of rubber dam retainers. Note retainers with wings. (Pictured: Color Coded Matte
Finish Winged and Wingless Clamps.) (Courtesy Coltène/Whaledent Inc., Cuyahoga Falls, OH.)
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wings are designed to provide extra retraction of the rubber dam
from the operating ield and to allow attachment of the dam to
the retainer before conveying the retainer (with dam attached) to
the anchor tooth, after which the dam is removed from the lateral
wings. As seen in Fig. 15.10, the anterior wings may be removed
if they are not desired.
he bow of the retainer (except the No. 212, which is applied
after the rubber dam is in place) should be tied with dental loss
(Fig. 15.11) approximately 30 cm in length before the retainer is
placed in the mouth. For maximal protection, the tie may be
threaded through both holes in the jaws of the retainer because
the bow of the retainer may fatigue and fracture after multiple
uses. he loss allows retrieval of the retainer or its broken parts
if they are accidentally swallowed or aspirated. It is sometimes
necessary to recontour the jaws of the retainer to the shape of the
tooth by grinding with a mounted stone or other cutting instrument
(Fig. 15.12). A retainer usually is not required when the dam is
applied for treatment of anterior teeth except for the cervical retainer
for Class V restorations.

e29

at risk of being chipped by the plunger tip when the plunger is
closed. If the holes in the disk are damaged, the cutting quality
of the punch is compromised, as evidenced by incompletely cut
holes. hese holes tear easily when stretched during application
over the retainer or tooth.
Retainer Forcep

he rubber dam retainer forceps is used for placement and removal
of the retainer from the tooth (Fig. 15.14).
Napkin

he rubber dam napkin, placed between the rubber dam and the
patient’s skin, has the following beneits (Fig. 15.15):
1. Improvement of patient comfort by reducing direct contact of
the rubber material with the skin.
2. Absorption of saliva seeping at the corners of the mouth.
3. Serves as a cushion for the rubber material.
4. Provides a convenient method of wiping the patient’s lips upon
removal of the dam.

Punch

Lubricant

he rubber dam punch is a precision instrument having a rotating
metal table disc (cutting table) with holes of varying sizes and a
tapered, sharp-pointed plunger (Fig. 15.13). Care should be exercised
when changing from one hole to another. he plunger should be
centered in the cutting hole so that the edges of the holes are not

A water-soluble lubricant applied in the area of the punched holes
facilitates the passing of the dam septa through the proximal contact
areas of the teeth to be isolated. Rubber dam lubricants are commercially available; however, other lubricants such as shaving cream
also are satisfactory. Additionally, the use of waxed loss enables

b

a

• Fig. 15.10 Removing anterior wings (a) on molar retainer. Lateral
wings (b) are for attachment of the rubber dam material during
placement.

• Fig. 15.11

• Fig. 15.12

Recontouring jaws of retainer with mounted stone.

Methods of tying retainers with dental loss.
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A
• Fig. 15.13

Rubber dam punches. (From Boyd LRB: Dental instruments: a pocket guide, ed 4, St. Louis, 2012, Saunders.)

B
• Fig. 15.16 A, Anchor formed from rubber dam material. B, Anchor
formed from dental tape.
A

initial lubrication of contact areas of the teeth to be isolated. Cocoa
butter or petroleum jelly may be applied at the corners of the
patient’s mouth to prevent irritation. hese two materials are not
satisfactory rubber dam lubricants, however, because both are
oil-based and not easily rinsed from the dam and adjacent tooth
structure when the dam is placed.
Anchor (Other Than Retainer)

B
• Fig. 15.14

Rubber dam forceps (A) engaging retainer (B). (A, From
Boyd LRB: Dental instruments: a pocket guide, ed 4, St. Louis, 2012,
Saunders. B, From Baum L, Phillips RW, Lund MR: Textbook of operative
dentistry, ed 3, Philadelphia, 1995, Saunders.)

• Fig. 15.15 Disposable rubber dam napkin. (Courtesy Coltène/Whaledent Inc., Cuyahoga Falls, OH.)

Other anchors, in addition to conventional rubber dam retainers,
may also be used. he intensity of the proximal contact itself may
be suicient to anchor the dam on the tooth farthest from the
posterior retainer (in the isolated ield), eliminating the need for
a second retainer (see step 13 of Procedure 15.1 later in the chapter).
To secure the dam further anteriorly or to anchor the dam on any
tooth where a retainer is contraindicated, a small piece of rubber
dam material (cut from a sheet of dam) or waxed dental tape (or
loss) or a rubber Wedjet (Hygenic, Akron, OH) may be passed
through the proximal contact. he cut piece of dam material is
irst stretched, passed through the contact, and then released (Fig.
15.16A).When waxed dental tape or loss is used, it should be
passed through the contact, looped, and passed through a second
time (see Fig. 15.16B). When the anchor is in place, the dam
material, the tape (loss), or Wedjet should be trimmed to prevent
interference with the operating site.

Hole Size and Position
Successful isolation of teeth and maintenance of a dry, clean
operating ield largely depend on hole size and position in the
rubber dam.26 Holes should be punched by following the arch
form, making adjustments for malpositioned or missing teeth.
Most rubber dam punches have either ive or six holes in the
cutting table. he smaller holes are used for the incisors, canines,
and premolars and the larger holes for the molars. he largest hole
generally is reserved for the posterior anchor tooth to allow the
rubber dam material to stretch over the retainer without tearing
Text continued on p. e35

CHAPTER 15 Preliminary Conideration for Operative Dentitry

e31

PROCEDURE 15.1

Application of Rubber Dam Iolation
The application procedure is described for right-handed operators.
Left-handed users should change right to left. Each step number has a
corresponding illustration.

Step 1: Testing and Lubricating the Proximal Contacts
The operator receives the dental loss from the assistant to test the
interproximal contacts and remove debris from the teeth to be isolated.
Passing (or attempting to pass) the loss through the contacts identiies any
sharp edges of restorations or enamel that must be smoothed or removed to
prevent tearing the dam. Using waxed dental loss (or tape) may lubricate tight
contacts to facilitate dam placement. Tight contacts that are dificult to loss
but do not cut or fray the loss may be wedged apart slightly to permit
placement of the rubber dam. A blunt hand instrument may be used for
separation. For some clinical situations, the occlusal embrasure above the
proximal portion of the tooth to be restored may need to be partially prepared
(opened) to eliminate a sharp or dificult contact before the dam is placed.

3
Step 3: Lubricating the dam.

Step 4: Selecting the Retainer
The operator receives (from the assistant) the rubber dam retainer forceps
with the selected retainer and loss tie in position (A). The free end of the tie
should exit from the cheek side of the retainer. The retainer is placed on the
tooth to verify retainer stability. If the retainer its poorly, it is removed either
for adjustment or for selection of a different size.24 (Retainer adjustment, if
needed to provide stability, is discussed in the previous section on rubber
dam retainers.) Whenever the forceps is holding the retainer, care should be
taken not to open the retainer more than necessary to secure it in the
forceps. Stretching the retainer open for extended periods causes it to lose
its elastic recovery. Retainers that have been deformed (“sprung”) in this
way, such as the one shown in B, should be discarded.

1
Step 1: Testing and lubricating the proximal contacts.

Step 2: Punching Holes
It is recommended that the assistant punch the holes after assessing the
arch form and tooth alignment. Some operators, however, prefer to have the
assistant prepunch the dam using holes marked by a template or a rubber
dam stamp.

4A

2
Step 2: Punching the holes.

Step 3: Lubricating the Dam
The assistant lubricates both sides of the rubber dam in the area of the
punched holes using a cotton roll or gloved ingertip to apply the watersoluble lubricant. This facilitates passing the rubber dam through the
contacts. The lips and especially the corners of the mouth may be lubricated
with water-insoluble petroleum jelly or cocoa butter to prevent irritation.

4B
Step 4: Selecting the retainer. (From Peterson JE, Nation WA, Matsson
L: Effect of a rubber dam clamp (retainer) on cementum and junctional
epithelium, Oper Dent 11:42–45, 1986.)
Continued
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PROCEDURE 15.1

Application of Rubber Dam Iolation—cont’d
Step 5: Testing the Retainer’s Stability and Retention
If during trial placement the retainer seems acceptable, remove the forceps.
Test the retainer’s stability and retention by lifting gently in an occlusal
direction with a ingertip under the bow of the retainer or by gently tugging
on the loss tie. An improperly itting retainer rocks or is easily dislodged.

7
Step 7: Applying the napkin.

Step 8: Positioning the Napkin
The assistant pulls the bunched dam through the napkin and positions it on
the patient’s face. The operator helps by positioning the napkin on the
patient’s right side. The napkin reduces skin contact with the dam.

5
Step 5: Testing the retainer’s stability and retention.

Step 6: Positioning the Dam Over the Retainer
Before applying the dam, the loss tie may be threaded through the anchor
hole or it may be left on the underside of the dam. With the foreingers,
stretch the anchor hole of the dam over the retainer (bow irst) and then
under the retainer jaws. The lip of the hole must pass completely under the
retainer jaws. The foreingers may thin out, to a single thickness, the septal
dam for the mesial contact of the retainer tooth and attempt to pass it
through the contact, lip of the hole irst. The septal dam always must pass
through its respective contact in single thickness. If it does not pass through
readily, it should be passed through with waxed dental loss later in the
procedure.

8
Step 8: Positioning the napkin.

Step 9: Attaching the Frame
The operator unfolds the dam. (If an identiication hole was punched, it is
used to identify the upper left corner.) The assistant aids in unfolding the
dam and, while holding the frame in place, attaches the dam to the metal
projections on the left side of the frame. The rubber dam material should
irst be attached to the area of frame that is located on the same arch that
the retainer/anchor tooth are located. This limits the likelihood of retainer
dislodgement during rubber dam suspension. This is then followed by
suspending the rest of the rubber dam on the frame. The frame is positioned
on the outside the dam. The curvature of the frame should be concentric
with the patient’s face. The dam lies between the frame and napkin. Either
the operator or the assistant attaches the dam along the inferior border of
the frame. Attaching the dam to the frame at this time controls the dam to
provide access and visibility. The free ends of the loss tie are secured to the
frame.

6
Step 6: Positioning the dam over the retainer.

Step 7: Applying the Napkin
The operator now gathers the rubber dam in the left hand, while the
assistant inserts the ingers and thumb of the right (or left) hand through the
napkin’s opening and grasps the bunched dam held by the operator.

9
Step 9: Attaching the frame.
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Application of Rubber Dam Iolation—cont’d
Step 10 (Optional): Attaching the Neck Strap
The assistant attaches the neck strap to the left side of the frame and
passes it behind the patient’s neck. The operator attaches it to the
right side of the frame. Neck strap tension is adjusted to stabilize the
frame and hold the frame (and periphery of the dam) gently against the face
and away from the operating ield. If desired, using soft tissue paper
between the neck and strap may prevent contact of the patient’s neck
against the strap.

12
Step 12 (optional): Applying the rigid material.

Step 13: Applying the Anterior Anchor (if Needed)

10
Step 10 (optional): Attaching the neck strap.

Step 11: Passing the Dam Through the Posterior Contact
If a tooth is present distal to the retainer, the distal edge of the posterior
anchor hole should be passed through the contact (single thickness, with no
folds) to ensure a seal around the anchor tooth. If necessary, use waxed
dental loss to assist in this procedure (see step 15 for the use of dental
loss). If the retainer comes off unintentionally as this is done or during
subsequent procedures, passage of the dam through the distal contact
anchors the dam suficiently to allow easier reapplication of the retainer or
placement of an adjusted or different retainer.

The operator passes the dam over the anterior anchor tooth, anchoring the
anterior portion of the rubber dam. Usually the dam passes easily through
the mesial and distal contacts of the anchor tooth if it is passed in single
thickness starting with the lip of the hole. Stretching the lip of the hole and
sliding it back and forth aids in positioning the septum. When the contact
farthest from the retainer is minimal (“light”), an anchor may be required in
the form of a double thickness of dental loss or a narrow strip of dam
material or Wedjet that is stretched, inserted, and released. If the contact is
open, a rolled piece of dam material may be used.

13
Step 13: Applying the anterior anchor (if needed).

Step 14: Passing the Septa Through the Contacts Without Dental
Floss

11
Step 11: Passing the dam through the posterior contact.

Step 12 (Optional): Applying a Rigid Supporting Material
If the stability of the retainer is questionable, a rigid supporting material such
as a quick-set PVS bite registration material or a low-fusing modeling
compound may be applied.

The operator passes the septa through as many contacts as possible without
the use of dental loss by stretching the septal dam faciogingivally and
linguogingivally with the foreingers. Each septum must not be allowed to
bunch or fold. Rather its passage through the contact should be started with
a single edge and continued with a single thickness. Passing the dam
through as many contacts as possible without using dental loss is urged
because the use of dental loss always increases the risk of tearing holes in
the septa. Slight separation (wedging) of the teeth is sometimes an aid when
the contacts are extremely tight. Pressure from a blunt hand instrument
(e.g., beaver-tail burnisher) applied in the facial embrasure gingival to the
contact usually is suficient to obtain enough separation to permit the
septum to pass through the contact.
Continued
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PROCEDURE 15.1

Application of Rubber Dam Iolation—cont’d

14
Step 14: Passing the septa through the contacts without dental loss.

16
Step 16 (optional): Technique for using dental loss.

Step 15: Passing the Septa Through the Contacts With Floss

Step 17: Inverting the Dam Interproximally

Use waxed dental loss to pass the dam through the remaining contacts.
Dental tape may be preferred over loss because its wider dimension more
effectively carries the rubber septa through the contacts and may be less
likely to cut the septa. The waxed variety makes passage easier and
decreases the chances for cutting holes in the septa or tearing the edges of
the holes. The leading edge of the septum should be over the contact, ready
to be drawn into and through the contact with dental loss. As before, the
septal rubber should be kept in single thickness with no folds. Dental loss
should be placed at the contact on a slight angle. With a good inger rest on
the tooth, dental loss should be controlled so that it slides (not snaps)
through the proximal contact, preventing damage to the interdental tissues.
When the leading edge of the septum has passed the contact, the remaining
interseptal dam can be carried through more easily.

Invert the dam into the gingival sulcus to complete the seal around the tooth
and prevent leakage. Often the dam inverts itself as the septa are passed
through the contacts as a result of the dam being stretched gingivally. The
operator should verify that the dam is inverted interproximally. Inversion in
this region is best accomplished with dental tape (or loss).

17
Step 17: Inverting the dam interproximally.

Step 18: Inverting the Dam Faciolingually
With the edges of the dam inverted interproximally, complete the inversion
facially and lingually using an explorer or a beaver-tail burnisher while the
assistant directs a stream of air onto the tooth. Move the explorer around the
neck of the tooth facially and lingually with the tip perpendicular to the tooth
surface or directed slightly gingivally. A dry surface prevents the dam from
sliding out of the crevice. Alternatively, the dam may be inverted facially and
lingually by drying the tooth while stretching the dam gingivally and
releasing it slowly.

15
Step 15: Passing the septa through the contacts with waxed dental loss
(or tape).

Step 16 (Optional): Technique for Using Dental Floss
Often, several passes with dental loss are required to carry a reluctant
septum through a tight contact. When this happens, previously passed loss
should be left in the gingival embrasure until the entire septum has been
placed successfully with subsequent passage of dental loss. This prevents a
partially passed septum from being removed or torn. The double strand of
the loss is removed from the facial embrasure.

18
Step 18: Inverting the dam faciolingually.
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PROCEDURE 15.1

Application of Rubber Dam Iolation—cont’d
Step 19 (Optional): Using a Saliva Ejector
The use of a saliva ejector is optional because most patients are able and
usually prefer to swallow excess saliva. Salivation is greatly reduced when
profound anesthesia is obtained. If salivation is a problem, the operator or
assistant uses cotton pliers to pick up the dam lingual to mandibular incisors
and cuts a small hole through which the saliva ejector is inserted. The hole
should be positioned so that the rubber dam helps support the weight
of the ejector, preventing pressure on the delicate tissues in the loor of the
mouth.

21
Step 21: Checking for access and visibility.

Step 22: Inserting the Wedges

19

For proximal surface preparations (Classes II, III, and IV), many operators
consider the insertion of interproximal wedges as the inal step in rubber
dam application. Wedges are generally round toothpick ends about 12 mm in
length that are snugly inserted into the gingival embrasures from the facial
or lingual embrasure, whichever is greater, using No. 110 pliers.
To facilitate wedge insertion, irst stretch the dam slightly by ingertip
pressure in the direction opposite wedge insertion (A), then insert the wedge
while slowly releasing the dam. This results in a passive dam under the
wedge (i.e., the dam elastic dam does cause the wedge to rebound) and
prevents bunching or tearing of the septal dam during wedge insertion.
Lubricating the wedge with water may facilitate wedge placement without
rebound. The inserted wedges appear in B.

Step 19 (optional): Creating a hole for the use of a saliva ejector.

Step 20: Conirming Proper Application of the Rubber Dam
The properly applied rubber dam is securely positioned and comfortable to
the patient. The patient should be assured that the rubber dam does not
prevent swallowing or mouth closing (about halfway) during a pause in the
procedure.

22A

20
Step 20: Conirming proper application of the rubber dam.

Step 21: Checking for Access and Visibility
Check to see that the completed rubber dam provides maximal access and
visibility for the operative procedure.

(Fig. 15.17). he following guidelines and suggestions may be
helpful when positioning the holes:
• (Optional) Punch an identiication hole in the upper left (i.e.,
the patient’s left) corner of the rubber dam for ease of location
of that corner when applying the dam to the holder.
• When operating on the incisors and mesial surfaces of canines,
isolate from irst premolar to irst premolar. Metal retainers
usually are not required for this isolation (Fig. 15.18A). If
additional access is necessary after isolating teeth, as described,
a retainer may be positioned over the dam to engage the adjacent

22B
Step 22: Inserting the wedges.

nonisolated tooth, but care must be exercised not to pinch the
gingiva beneath the dam (see Fig. 15.18B and C).
• When operating on a canine, it is preferable to isolate from
the irst molar to the opposite lateral incisor. To treat a Class
V lesion on a canine, isolate posteriorly to include the irst
molar to provide access for placement of the cervical retainer
on the canine.
• When operating on posterior teeth, isolate anteriorly to include
the lateral incisor on the opposite side of the arch from the
operating site. In this case, the hole for the lateral incisor is the
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•
•
6

1

•
5

2
3

4

•

• Fig. 15.17

Cutting table on rubber dam punch, illustrating use of hole
size. (Modiied from Daniel SJ, Harfst SA, Wilder RS: Mosby’s dental
hygiene: concepts, cases, and competencies, ed 2, St. Louis, 2008,
Mosby.)

•

•
A

B

C
• Fig. 15.18

A, Isolation for operating on incisors and mesial surface of
canines. B and C, Increasing access by application of metal retainer over
dam and adjacent nonisolated tooth.

•

most remote from the hole for the posterior anchor tooth.
Anterior teeth included in the isolation provide inger rests on
dry teeth and better access and visibility for the operator and
the assistant.
When operating on premolars, punch holes to include one to
two teeth distally, and extend anteriorly to include the opposite
lateral incisor.
When operating on molars, punch holes as far distally as possible,
and extend anteriorly to include the opposite lateral incisor.
Isolation of a minimum of three teeth is recommended except
when endodontic therapy is indicated, and in that case only
the tooth to be treated is isolated. he number of teeth and
the tooth surfaces to be treated influence the pattern of
isolation.
he distance between holes is equal to the distance from the
center of one tooth to the center of the adjacent tooth, measured
at the level of the gingival tissue. When the distance between
holes is excessive, the dam material is excessive and wrinkles
between teeth, which impedes visibility of the proximal surfaces.
Conversely, too little distance between holes causes the dam
to stretch, resulting in an open space between the rubber
material and the isolated tooth and subsequent leakage. When
the distance is correct, the dam intimately adapts and isolates
the teeth as well as covers and slightly retracts the interdental
tissue.
When the rubber dam is applied to maxillary teeth, the irst
holes punched (after the optional identiication hole) are for
the central incisors. hese holes are positioned approximately
25 mm from the superior border of the dam (Figs. 15.19A and
15.20), providing suicient material to cover the patient’s upper
lip. For a patient with a large upper lip or mustache, position
the holes more than 25 mm from the edge. Conversely, for a
child or an adult with a small upper lip, the holes should be
positioned less than 25 mm from the edge. he holes for the
incisors are punched irst, followed by the remaining holes as
indicated for the anticipated procedure.
When the rubber dam is applied to mandibular teeth, the irst
hole punched (after the optional identiication hole) is for the
posterior anchor tooth that is to receive the retainer. To determine
proper location, mentally divide the rubber dam into three
vertical sections: left, middle, and right. If the anchor tooth is
the mandibular irst molar, punch the hole for this tooth at a
point halfway from the superior edge to the inferior edge and
at the junction of the right (or left) and middle thirds (see Fig.
15.19B). If the anchor tooth is the second or third molar, the
position for the hole moves toward the inferior border and
slightly toward the center of the rubber dam compared with
the irst molar hole just described (see Fig. 15.19C and D). If
the anchor tooth is the irst premolar, the hole is placed toward
the superior border compared with the hole for the irst molar
and toward the center of the dam (see Fig. 15.19E). he farther
posterior the mandibular anchor tooth, the more dam material
is required to come from behind the retainer over the upper
lip. Fig. 15.20 illustrates the diference in the amount of dam
required, comparing the irst premolar and the second molar
as anchor teeth. he distances also may be compared by noting
the length of dam between the superior edge of the dam and
the position of the hole for the posterior anchor tooth (see Fig.
15.19B–F).
When a thinner rubber dam is used, smaller holes must be
punched to achieve an adequate seal around the teeth because
the thin dam has greater elasticity.
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F

• Fig. 15.19

Hole position. A, When maxillary teeth are to be isolated, the irst holes punched are for
central incisors, approximately 2.5 cm from superior border. B, Hole position when the anchor tooth is
the mandibular irst molar. C, Hole position when the anchor tooth is the mandibular second molar. D,
Hole position when the anchor tooth is the mandibular third molar. E, Hole position when the anchor
tooth is the mandibular irst premolar. F, Hole position when the anchor tooth is the mandibular second
premolar. Note the hole punched in each of these six representative rubber dam sheets for identiication
of the upper left corner (arrow in A).
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Until these guidelines and suggestions related to hole position are mastered, an inexperienced operator may choose to
use commercial products to aid in locating hole position (Fig.
15.21). A rubber stamp that imprints permanent and primary
arch forms on the rubber dam is available, and several sheets
of dam material may be stamped in advance. A plastic template
also may be used to mark hole position. Experienced operators
and assistants may not require these aids, and accurate hole location is best achieved by noting the patient’s arch form and tooth
position.

Placement
Administration of the local anesthetic precedes application of the
rubber dam. Peripheral anesthesia in the area of the procedure
allows for more comfortable retainer placement on the anchor
tooth. Occasionally the posterior anchor tooth in the maxillary
arch may need to be anesthetized if it is remote from the anesthetized
operating site. he onset of profound anesthesia will usually occur
while the rubber dam is being placed.
he technique for the application of the rubber dam has been
presented by numerous authors.7,27,28 he step-by-step application
and removal of the rubber dam, using the maxillary left irst molar
for the posterior retainer and including the maxillary right lateral
incisor as the anterior anchor, is described and illustrated here.
he procedure is described as if the operator and the assistant are
working together.
Procedure 15.1 demonstrates sequential placement of the retainer
and the dam. his approach provides for maximal visibility when
placing the retainer, which reduces the risk of impinging on gingival
tissue. Isolating a greater number of teeth, as illustrated in Procedure
15.1, is indicated for quadrant operative procedures. For limited
operative procedures, it is often acceptable to isolate fewer teeth.
Appropriate seal of each tooth is accomplished by inversion of the
rubber material in a gingival direction. Interproximal inversion is
accomplished irst by using dental loss. Inversion of the dam on
the facial and lingual surfaces is accomplished by air-drying the
surfaces and use of a blunt instrument (Procedure 15.1, step 18).
Procedure 15.2 demonstrates the sequential removal of the dam.
Alternative and Additional Methods and Factors

Rubber dam

Applying the Dam and Retainer Simultaneouly

• Fig. 15.20

The more posterior the mandibular anchor tooth, the more
dam material is required to come from behind retainer over the upper lip.

A

he retainer and dam may be placed simultaneously to reduce the
risk of the retainer being swallowed or aspirated before the dam
is placed (Fig. 15.22). his approach also solves the occasional
diiculty of trying to pass the dam over a previously placed retainer,
the bow of which is pressing against oral soft tissues. In this method
the posterior retainer is applied irst to verify a stable it. he
operator removes the retainer and, still holding the retainer with
forceps, passes the bow through the proper hole from the underside

B
• Fig. 15.21

Commercial products to aid in locating hole position. A, Dental dam template. B, Dental
dam stamp. (From Boyd LRB: Dental instruments: a pocket guide, ed 4, St. Louis, 2012, Saunders.)
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of the dam (the lubricated rubber dam is held by the assistant)
(see Fig. 15.22A). he free end of the loss tie should be threaded
through the anchor hole before the retainer bow is inserted. When
using a retainer with lateral wings, place the retainer in the hole
punched for the anchor tooth by stretching the dam to engage
these wings (Fig. 15.23).
he operator grasps the handle of the forceps in the right hand
and gathers the dam with the left hand to clearly visualize the jaws
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of the retainer and facilitate its placement (see Fig. 15.22B). he
operator conveys the retainer (with the dam) into the mouth and
positions it on the anchor tooth. Care is needed when applying
the retainer to prevent the jaws of the retainer from sliding gingivally
and impinging on the soft tissue (see Fig. 15.22C).
he assistant gently pulls the inferior border of the dam toward
the patient’s chin, while the operator positions the superior border
over the upper lip. As the assistant holds the borders of the dam,

PROCEDURE 15.2

Removal of Rubber Dam Iolation
Before the removal of the rubber dam, rinse and suction away any debris
that may have collected to prevent it from falling onto the loor of the mouth
during the removal procedure. If a saliva ejector was used, remove it at this
time. Each numbered step has a corresponding illustration.

Step 1: Cutting the Septa

Step 3: Removing the Dam
After the retainer is removed, release the dam from the anterior anchor
tooth, and remove the dam and frame simultaneously. While doing this,
caution the patient not to bite on newly inserted restoration(s) (especially
newly placed amalgam) until the occlusion can be evaluated.

Stretch the dam facially, pulling the septal rubber away from gingival tissue
and the tooth. Protect the underlying soft tissue by placing a ingertip
beneath the septum. Clip each septum with blunt-tipped scissors, freeing the
dam from the interproximal spaces, but leave the dam over the anterior and
posterior anchor teeth. To prevent inadvertent soft tissue damage, curved
nose scissors are preferred.

3
Step 3: Removing the dam.

Step 4: Wiping the Lips
Wipe the patient’s lips with the napkin immediately after the dam and frame
are removed. This helps prevent saliva from getting on the patient’s face and
is comforting to the patient.

1
Step 1: Cutting the septa.

Step 2: Removing the Retainer
Engage the retainer with retainer forceps. It is unnecessary to remove any
rigid retaining material, if used, because it will break free as the retainer is
spread and lifted from the tooth. While the operator removes the retainer, the
assistant releases the neck strap, if used.

4
Step 4: Wiping the lips.

Step 5: Rinsing the Mouth and Massaging the Tissue
Rinse teeth and the mouth using the air-water spray and the high-volume
evacuator. To enhance circulation, particularly around anchor teeth, massage
the tissue around the teeth that were isolated.

2
Step 2: Removing the retainer.
Continued
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PROCEDURE 15.2

Removal of Rubber Dam Iolation—cont’d
gingival inlammation. Use loss to remove any rubber dam material that
remains lodged between the teeth.

5
Step 5: Rinsing the mouth and massaging the tissue.

Step 6: Examining the Dam
Lay the sheet of rubber dam over a light-colored lat surface or hold it up to
the operating light to determine that no portion of the rubber dam has
remained between or around the teeth. Such a remnant would cause

6
Step 6: Examining the dam.

A

B

C

D
• Fig. 15.22 A, Bow being passed through the posterior anchor hole from the underside of the dam.
B, Gathering the dam to facilitate placement of the retainer. C, Positioning the retainer on the anchor
tooth. D, Stretching the anchor hole borders over and under the jaws of the retainer.
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• Fig. 15.23

The lip of hole for the anchor tooth is stretched to engage
the lateral wings of the retainer.

• Fig. 15.24 The retainer is applied after the dam is stretched over the
posterior anchor tooth.

the operator uses the second or middle inger of both hands,
one inger facial and the other inger lingual to the bow, to pass
the anchor hole borders over and under the jaws of the retainer
(see Fig. 15.22D). At this point, the application procedure
continues as was previously described, beginning with step 7 in
Procedure 15.1.
Applying the Dam Before the Retainer

he dam may be stretched over the anchor tooth before the retainer
is placed. he advantage of this method is that it is not necessary
to manipulate the dam over the retainer. he operator places the
retainer, while the dental assistant stretches and holds the dam
over the anchor tooth (Fig. 15.24). he disadvantage is the reduced
visibility of underlying gingival tissue, which may become impinged
on by the retainer.
Cervical Retainer Placement

he use of a No. 212 cervical retainer for restoration of Class V
tooth preparations was recommended by Markley.29 When punching
holes in the rubber dam, the hole for the tooth to receive this
retainer for a facial cervical restoration should be positioned slightly
facial to the arch form to compensate for the extension of the dam
to the cervical area (Fig. 15.25A). he farther gingivally the lesion
extends, the farther the hole must be positioned from the arch
form. In addition, the hole should be slightly larger, and the distance
between it and the adjacent holes should be slightly increased (Fig.
15.26). If the cervical retainer is to be placed on an incisor, isolation
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should be extended to include the irst premolars, and metal retainers
usually are not needed to anchor the dam (see Fig. 15.25B). If
the cervical retainer is to be placed on a canine or a posterior
tooth, the anchor tooth retainer is positioned suiciently posterior
so as to not interfere with placement of the cervical retainer. If
this is not possible, the anchor tooth retainer should be removed
before positioning the cervical retainer. A heavier rubber dam
usually is recommended for better tissue retraction for such
procedures.
he operator engages the jaws of the cervical retainer with the
forceps, spreads the retainer suiciently, and positions its lingual
jaw against the tooth at the height of contour (see Fig. 15.25C).
he operator gently moves the retainer jaw gingivally, depressing
the dam and soft tissue, until the jaw of the retainer is positioned
slightly apical of the height of contour (see Fig. 15.25D). Care
should be exercised in not allowing the lingual jaw to pinch the
lingual gingiva or injure the gingival attachment. While positioning
the lingual jaw, the index inger of the left hand should help in
supporting and guiding the retainer jaw gingivally to the proper
location.
While stabilizing the lingual jaw with the index inger, the
operator uses the thumb of the left hand to pull the dam apically
to expose the facial lesion and gingival crest (see Fig. 15.25E). he
operator positions the facial jaw gingival to the lesion and releases
the dam held by the thumb. Next the operator moves the thumb
onto the facial jaw to secure it (see Fig. 15.25F). Care should be
exercised while positioning the facial jaw so as to not scar enamel
or cementum. he tip of each retainer jaw should not be sharp
and should conform to the contour of the engaged tooth surface.
he retainer jaw should not be positioned too close to the lesion
because of the danger of collapsing carious or weak tooth structure.
Such proximity also would limit access and visibility to the operating
site. As a rule, the facial jaw should be at least 0.5 mm gingival
to the anticipated location of the gingival margin of the completed
tooth preparation. While maintaining the retainer’s position with
the ingers of the left hand, the operator removes the forceps.
At times, the No. 212 retainer needs to be stabilized on the
tooth with a fast-setting rigid material (e.g., polyvinyl siloxane
[PVS] bite registration material or stick compound) (see Fig. 15.25G
and H). To remove the cervical retainer, the operator engages it
with the forceps, spreads the retainer jaws to free the compound
support, and lifts the retainer incisally (occlusally), being careful
to spread the retainer suiciently to prevent its jaws from scraping
the tooth or damaging the newly inserted restoration (see Fig.
15.25I). he embrasures are freed of any remaining PVS or stick
compound before removing the rubber dam.
A modiied No. 212 retainer is recommended, especially for
treatment of cervical lesions with greatly extended gingival margins.
he modiied No. 212 retainer may be ordered, if speciied, or
the operator may manually modify an existing No. 212 retainer.
he modiication technique involves heating each jaw of the retainer
in an open lame, then bending it with No. 110 pliers from its
oblique orientation to a more horizontal one. Allowing the modiied
retainer to bench-cool returns it to its original hardened state.
Fixed Bridge Iolation

It is sometimes necessary to isolate one or more abutment teeth
of a ixed bridge. Indications for ixed bridge isolation include
restoration of an adjacent proximal surface and cervical restoration
of an abutment tooth.
he technique suggested for this procedure30 is as follows: he
rubber dam is punched as usual, except for providing one large
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B
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H

I

• Fig. 15.25 Applying a cervical retainer. A, The hole for maxillary right central incisor is punched facial
to the arch form. B, Isolation is extended to include the irst premolars; metal posterior retainers are
unnecessary. C, First position the lingual jaw touching the height of contour, while keeping the facial jaw
from touching the tooth; steady the retainer with the ingers of the left hand using the index inger under
the lingual bow and the thumb under the facial bow. D, Note the inal position of the lingual jaw after
gently moving it apical of height of contour, with ingers continually supporting and guiding the retainer
and with the facial jaw away from the tooth. E, Stretch the facial rubber apically by the thumb to expose
the lesion and soft tissue, with the foreinger maintaining the position of the lingual jaw and with the facial
jaw not touching. F, Note the facial jaw having apically retracted the tissue and the dam and in position
against the tooth 0.5 to 1 mm apical of lesion. The thumb has now moved from under the facial bow to
apply holding pressure, while the index inger continues to maintain the lingual jaw position. G, Apply
stabilizing material over and under the bow and into the gingival embrasures, while the ingers of left hand
hold the retainer’s position. H, Application of the retainer is completed by the addition of a stabilizing
material to the other bow and into the gingival embrasures. The retainer holes are accessible to the forceps
for removal. I, Note the removal of the retainer by ample spreading of the retainer jaws before lifting the
retainer from the site of the operation.

hole for each unit in the bridge. Fixed bridge isolation is accomplished after the remainder of the dam is applied (Fig. 15.27A).
A blunted, curved suture needle with dental loss attached is threaded
from the facial aspect through the hole for the anterior abutment
and then under the anterior connector and back through the same
hole on the lingual side (see Fig. 15.27B). he needle’s direction
is reversed as it is passed from the lingual side through the hole
for the second bridge unit, then under the same anterior connector,
and through the hole of the second bridge unit on the facial side
(see Fig. 15.27C). A square knot is tied with the two ends of the
loss, pulling the dam material snugly around the connector and
into the gingival embrasure. he free ends of the loss should be
cut closely so that they neither interfere with access and visibility
nor become entangled in a rotating instrument. Each terminal
abutment of the bridge is isolated by this method (see Fig. 15.27D).

If the loss knot on the facial aspect interferes with cervical restoration of an abutment tooth, the operator may tie the septum from
the lingual aspect. Removal of the rubber dam isolating a ixed
bridge is accomplished by cutting the interseptal rubber over the
connectors with scissors and removing the loss ties (see Fig. 15.27E).
As always, after dam removal, the operator needs to verify that no
dam segments are missing and massage the adjacent gingival tissue
(as in Procedure 15.2, step 5).
Subtitution of a Retainer With a Matrix

When a matrix band must be applied to the posterior anchor
tooth, the jaws of the retainer often prevent proper positioning
and wedging of the matrix (Fig. 15.28A). Successful application
of the matrix may be accomplished by substituting the retainer
with the matrix. Fig. 15.28B–D illustrates this exchange on a
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mandibular right molar, as the index inger of the operator depresses
the rubber dam adjacent to the facial jaw, gingivally and distally,
and while the assistant similarly depresses the dam on the lingual
side. After the matrix band is placed, the tension is released on
the dam allowing it to invert around the band. he matrix, in
contrast to the retainer, has neither jaws nor a bow, so the dam
tends to slip occlusally and over the matrix unless dryness is
maintained.
he operator obtains access and visibility for insertion of the
restorative material by relecting the dam distally and occlusally
with the mirror. Care must be exercised, however, not to stretch
the dam so much that it is pulled away from the matrix, permitting
leakage around the tooth or slippage over the matrix. After insertion
the occlusal portion is contoured before removing the matrix. To
complete the procedure the operator has the choice of removing

• Fig. 15.26

The hole position for the tooth (maxillary right canine) to
receive the cervical retainer is positioned facially to the arch form.

A

the matrix, replacing the retainer, and completing the contouring
or removing the matrix and rubber dam and then completing the
contouring of the restoration while using an alternative means of
isolation.
Variation With Patient Age

he age of a patient often dictates changes in the procedures of
rubber dam application. A few variations are described here. Because
young patients have smaller dental arches compared with adult
patients, holes should be punched in the dam accordingly. For
primary teeth, isolation is usually from the most posterior tooth
to the canine on the same side. he sheet of rubber dam may need
to be smaller for young patients so that the rubber material does
not cover the nose. he unpunched rubber dam is attached to the
frame, the holes are punched, the dam with the frame is applied
over the anchor tooth, and the retainer is applied (Fig. 15.29).
Because the dam is generally in place for shorter intervals than in
an adult patient, the napkin might not be used.
he jaws of the retainers used on primary and young permanent
teeth need to be directed more gingivally because of short clinical
crowns or because the anchor tooth’s height of contour is below
the crest of the gingival tissue. he S.S. White No. 27 retainer is
recommended for primary teeth. he Ivory No. W14 retainer is
recommended for young permanent teeth.
Isolated teeth with short clinical crowns (other than the anchor
tooth) may require ligation with dental loss to hold the dam in
position. Generally, ligation is unnecessary if enough teeth are
isolated by the rubber dam. When ligatures are indicated, however,
a surgeon’s knot is used to secure the ligature (Fig. 15.30). he
knot is tightened as the ligature is moved gingivally and then
secured. Ligatures may be removed by teasing them occlusally with
an explorer or by cutting them with a hand instrument or scissors.
Ligatures should be removed irst during rubber dam removal.

B

D
• Fig. 15.27
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E

Procedure for isolating a ixed bridge. A, Apply the dam except in the area of the ixed
bridge. B, Thread the blunted suture needle from the facial to the lingual aspect through the anterior
abutment hole, then under the anterior connector and back through the same hole on the lingual surface.
C, Pass the needle facially through the hole for the second bridge unit, then under the same connector
and through the hole for the second unit. D, Tie off the irst septum. E, Cut the posterior septum to initiate
removal of the dam.
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• Fig. 15.28

Substituting the retainer with matrix on the terminal tooth. A, Completed preparation of
the terminal tooth with the retainer in place. B, The dentist and the assistant stretch the dam distally and
gingivally as the retainer is being removed. C, The retainer is removed before placement of the matrix. D,
Completed matrix is in place. To maximize access and visibility during insertion, the mouth mirror is used
to relect the dam distally and occlusally.

• Fig. 15.29

In pediatric dentistry the rubber dam often is attached to
a frame before holes are punched. The dam is positioned over the anchor
tooth before a retainer is applied (as in Fig. 15.24).

Error in Application and Removal

Certain errors in application and removal can prevent adequate
moisture control, reduce access and visibility, or cause injury to
the patient.
Of-Center Arch Form. A rubber dam punched of center
(of-center arch form) may not shield the patient’s oral cavity

adequately, allowing foreign matter to escape down the patient’s
throat. An of-center dam may result in an excess of dam material
superiorly that may occlude the patient’s nasal airway (Fig. 15.31A).
If this happens, the superior border of the dam should be folded
under or cut from around the patient’s nose (see Fig. 15.31B and
C). It is important to verify that the rubber dam frame has been
applied properly so that the ends of the frame are not dangerously
close to the patient’s eyes.
Inappropriate Distance Between the Holes. Too little distance
between holes precludes adequate isolation because the hole margins
in the rubber dam are stretched and do not it snugly around
the necks of the teeth. Conversely, too much distance results
in excess septal width, causing the dam to wrinkle between the
teeth, interfere with proximal access, and provide inadequate tissue
retraction.
Incorrect Arch Form of Holes. If the punched arch form is too
small (incorrect arch form), the holes are stretched open around
the teeth, permitting leakage. If the punched arch form is too
large, the dam wrinkles around the teeth and may interfere with
access.
Inappropriate Retainer. An inappropriate retainer may (1) be
too small, resulting in deformation or breakage when the retainer
jaws are overspread; (2) be unstable on the anchor tooth; (3)
impinge on soft tissue; or (4) impede wedge placement. An
appropriate retainer should maintain a stable four-point contact
with the anchor tooth and not interfere with wedge placement.
Tissue Trauma From Retainer. he jaws and prongs of the
rubber dam retainer usually slightly depress, but should not
traumatize (puncture, lacerate), the gingiva.
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• Fig. 15.30

Surgeon’s knot. A and B, Dental loss is placed around the tooth gingival to the height of
contour (A), and a knot is tied by irst making two loops with the free ends, followed by a single loop (B).
C, The free ends are not cut but tied to frame to serve as a reminder that ligature is in place. D, To remove
the ligature, simply cut the tape with a scalpel blade, amalgam knife, or scissors.

Shredded or Torn Dam. Care should be exercised to prevent
shredding or tearing the dam, especially during hole punching or
passing the septa through the contacts.
Sharp Tips on No. 212 Retainer. Sharp tips on a No. 212
retainer should be sufficiently dulled to prevent damaging
cementum.
Incorrect Technique for Cutting Septa. During removal of the
rubber dam, an incorrect technique for cutting the septa may
result in cut tissue or torn septa. Stretching the septa away from
the gingiva, protecting the lip and cheek with an index inger, and
using curve-beaked scissors decreases the risk of cutting soft tissue
or tearing the septa with the scissors as the septa are cut.

Cotton Roll Iolation and Celluloe Wafer
Absorbents such as cotton rolls (Fig. 15.32) also may provide
isolation. Absorbents are isolation alternatives when rubber dam
application is impractical or impossible. In selected situations,
cotton roll isolation may be as efective as rubber dam isolation.2,31
In conjunction with profound anesthesia, absorbents provide
acceptable moisture control for most clinical procedures. Using
high-volume evacuation and/or a saliva ejector in conjunction with
absorbents may abate salivary low further. Cotton rolls should
be replaced as needed. It is sometimes permissible to suction the
free moisture from a saturated cotton roll while it is in place

and thereby extend its use; this is done by placing the evacuator
tip next to the end of the cotton roll while the operator secures
the roll.
Several commercial devices for holding cotton rolls in position
are available (Fig. 15.33). It is generally necessary to remove the
holding appliance from the mouth to change the cotton rolls. An
advantage of cotton roll holders is that they may slightly retract
the cheeks and tongue from teeth, which enhances access and
visibility.
Placing a cotton roll in the facial vestibule (Fig. 15.34) isolates
maxillary teeth. Placing a cotton roll in the vestibule and another
between teeth and the tongue (Fig. 15.35) isolates mandibular
teeth. Although placement of a cotton roll in the facial vestibule
is simple, placement on the lingual of mandibular teeth is more
diicult. Lingual placement is facilitated by holding the mesial end
of the cotton roll with operative pliers and positioning the cotton
roll over the desired location. he index inger of the other hand
is used to push the cotton roll gingivally while twisting the cotton
roll with the operative pliers toward the lingual aspect of teeth.
Cellulose wafers may be used to retract the cheek and provide
additional absorbency. After the cotton rolls, cellulose wafers, or both
are in place, the saliva ejector may be positioned. When removing
cotton rolls or cellulose wafers, it may be necessary to moisten
them using the air-water syringe to prevent inadvertent removal
of the epithelium from the cheeks, loor of the mouth, or lips.
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Other Iolation Technique
Throat Shields
When the rubber dam is not being used, throat shields are indicated
when the risk of aspirating or swallowing small objects is present.
hroat shields are particularly important when treating teeth in
the maxillary arch. A gauze sponge (5 × 5 cm), unfolded and
spread over the tongue and the posterior part of the mouth, is
helpful in recovering a small object (e.g., an indirect restoration)
should it be dropped (Fig. 15.36). It is possible for a small object
to be aspirated or swallowed if a throat shield is not used (Fig.
15.37).32

High-Volume Evacuators and Saliva Ejectors
Air-water spray is supplied through the head of the high-speed
handpiece to wash the operating site and act as a coolant for the
bur and the tooth. High-volume evacuators are preferred for suctioning water and debris from the mouth (Fig. 15.38) because saliva
ejectors remove water slowly and have little capacity for picking
up solids. A practical test for the adequacy of a high-volume
evacuator is to submerge the evacuator tip in a 150-mL cup of
water. he water should disappear in approximately 1 second. he

A

• Fig. 15.33

A cotton roll holder in position. (Courtesy R. Scott Eidson,

DDS.)

B

C
• Fig. 15.31

A, An inappropriately punched dam may occlude the
patient’s nasal airway. B, Excess dam material along the superior border
is folded under to the proper position. C, Excess dam material is cut from
around the patient’s nose.

A

B

• Fig. 15.34 Isolate maxillary posterior teeth by placing the cotton roll
in the vestibule adjacent to teeth. (Courtesy R. Scott Eidson, DDS.)

C

D

• Fig. 15.32 Absorbents such as cotton rolls (A and B), relective shields (C), and gauze sponges (D)
provide satisfactory dryness for short periods. (Courtesy Richmond Dental, Charlotte, NC.)
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B
• Fig. 15.35 A, Position a large cotton roll between the tongue and teeth by “rolling” the cotton to place
it in the direction of the arrow. B, Properly positioned facial and lingual cotton rolls improve access and
visibility. (Courtesy R. Scott Eidson, DDS.)

A

• Fig. 15.36 A throat screen is used during try-in and removal of indirect
restorations. (Courtesy R. Scott Eidson, DDS.)

combined use of water spray or air-water spray and a high-volume
evacuator during cutting procedures has the following
advantages:
1. Cuttings of tooth and restorative material and other debris are
removed from the operating site.
2. A clean operating ield improves access and visibility.
3. Dehydration of oral tissues does not occur.
4. Precious metals may be more readily salvaged if desired.
he assistant places the evacuator tip as close as possible to the
tooth being prepared. It should not, however, obstruct the operator’s
access or vision. Also the evacuator tip should not be so close to
the handpiece head that the air-water spray is diverted from the
rotary instrument (i.e., bur or diamond). he assistant should
place the evacuator tip in the mouth before the operator positions
the handpiece and the mirror. he assistant usually places the tip
of the evacuator just distal to the tooth to be prepared. For maximal
eiciency, the oriice of the evacuator tip should be positioned
such that it is parallel to the facial (lingual) surface of the tooth
being prepared. he assistant’s right hand holds the evacuator tip;
the left hand manipulates the air-water syringe. (Hand positions
are reversed if the operator is left-handed.) When the operator

B
• Fig. 15.37

A, Radiograph of swallowed casting in the patient’s
stomach. B, Radiograph of casting lodged in the patient’s throat.

needs to examine the progress of tooth preparation, the assistant
rinses and dries the tooth using air from the syringe in conjunction
with the evacuator.
In most patients, the use of saliva ejectors is not required for
removal of saliva because salivary low is greatly reduced when the
operating site is profoundly anesthetized. he dentist or assistant
positions the saliva ejector if needed. he saliva ejector removes
saliva that collects on the loor of the mouth. It may be used in
conjunction with sponges, cotton rolls, and the rubber dam. It
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A

B
• Fig. 15.38

Position of evacuator tip for maximal removal of water and
debris in operating area. A, With rubber dam applied. B, With cotton roll
isolation.

• Fig. 15.39

Saliva ejectors. (From Boyd LRB: Dental instruments: a
pocket guide, ed 4, St. Louis, 2012, Saunders.)

should be placed in an area least likely to interfere with the operator’s
movements.
he tip of the ejector must be nonabrasive. Disposable, adjustable
plastic ejectors are preferable because of improved infection control
(Fig. 15.39). he ejector should be placed to prevent occluding
its tip with tissue from the loor of the mouth. Some ejectors are
designed to prevent suctioning of tissue. It also may be necessary
to adjust the suction for each patient to prevent this occurrence.
Svedopter (saliva ejector with tongue retractor) moisture control
systems, which aid in providing suction, retraction, illumination,
and jaw opening support, are available (Isolite Systems, Santa
Barbara, CA). A reduction in operating time when placing sealants
has been reported when using the Isolite.33 he same study reported
that the majority of patients were indiferent with regard to isolation
with Isolite or cotton rolls, considering both techniques
comfortable.33

Retraction Cord
When properly applied, retraction cord often may be used for
isolation and retraction in direct procedures involving accessible
subgingival areas and in indirect procedures involving gingival
margins. When the rubber dam is not used, is impractical, or is

inappropriate, retraction cord, usually moistened with a noncaustic
hemostatic agent, may be placed in the gingival sulcus to displace
the gingiva and allow local control of sulcular seepage and hemorrhage. To achieve adequate moisture control, retraction cord
isolation should be used in conjunction with salivation control.
A properly applied retraction cord improves access and visibility
and helps prevent abrasion of gingival tissue during tooth preparation. Retraction cord may help limit excess restorative material
from entering the gingival sulcus and provide better access for
contouring and finishing the restorative material. Anesthesia
of the operating site may or may not be needed for patient
comfort.
he operator chooses a diameter of cord that will it in the
gingival sulcus and cause lateral displacement of the free gingiva
(“opening” the sulcus) without “blanching” it (i.e., without causing
tissue ischemia secondary to pressure from the cord). he length
of the cord should be suicient to extend approximately 1 mm
beyond the gingival width of the tooth preparation. A thin, bluntedged instrument blade or the side of an explorer is used to progressively insert the cord. To prevent dislodgment of previously inserted
cord, the placement instrument should be moved slightly backward
at each step as it is stepped along the cord (Fig. 15.40). Cord
placement should not harm gingival tissue or damage the epithelial
attachment. If ischemia of gingival tissue is observed, the cord
may need to be replaced with a smaller diameter cord. he objective
is to obtain minimal yet suicient lateral displacement of the free
gingiva and not to force it apically. Cord insertion results in adequate
displacement of the gingival crest in a short time. Occasionally it
may be helpful to insert a second, usually larger, cord over the
initially inserted cord.
In procedures for an indirect restoration, inserting the cord
before removal of infected dentin and placement of any necessary
liner assists in providing maximum moisture control. It also opens
the sulcus in readiness for any beveling of the gingival margins,
when indicated. he cord may be removed before beveling or it
may be left in place during beveling. Inserting the cord as early
as possible in tooth preparation helps prevent abrasion of the
gingival tissue, thus reducing the potential for bleeding and allowing
only minimal absorption of any medicament from the cord into
the circulatory system.

Mirror and Evacuator Tip Retraction
A secondary function of the mirror and the evacuator tip is to
retract the cheek, lip, and tongue (Fig. 15.41). his retraction is
particularly important when a rubber dam is not used.
Mouth Props
A potential aid to restorative procedures on posterior teeth (for a
lengthy appointment) is a mouth prop (Fig. 15.42A and B). A
prop should establish and maintain suitable mouth opening. Its
use may also help relieve masticatory muscle fatigue. he ideal
characteristics of a mouth prop are as follows:
1. Adaptable to all mouths.
2. Easily positioned, without causing discomfort to the patient.
3. Readily adjusted, if necessary, to provide the proper mouth
opening or improve its position in the mouth.
4. Stable once applied.
5. Rapidly removed in case of emergency.
6. Sterilizable or disposable.
Mouth props are generally available as either a block type or a
ratchet type (see Fig. 15.42C–E). Although the ratchet type is
adjustable, its size and cost are disadvantages.
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C
• Fig. 15.40

Retraction cord placed in the gingival crevice. A, Cord placement initiated. B, A thin, latbladed instrument is used for cord placement. C, Cord placed.

he use of a mouth prop may be beneicial to the operator
and the patient. he most outstanding beneits to the patient
are relief of responsibility of maintaining adequate mouth
opening and relief of muscle fatigue and associated discomfort. For the dentist, the prop ensures constant and adequate
mouth opening and permits extended or multiple operations, if
desired.

Drugs
he use of drugs to control salivation is rarely indicated in restorative
dentistry and is generally limited to atropine. As with any drug,
the operator should be familiar with its indications, contraindications, and adverse efects. Atropine is contraindicated for nursing
mothers and patients with glaucoma.34
• Fig. 15.41

Chairside assistant uses air syringe to retract the lip while
teeth dry to keep the mirror clear.
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E
• Fig. 15.42

Mouth props. A, Block-type prop maintaining mouth opening. B, Ratchet-type prop maintaining mouth opening. C, Block-type prop. D, Ratchet-type prop. E, Foam-type disposable prop. (A and
B, From Malamed SF: Sedation: a guide to patient management, ed 5, St. Louis, 2010, Mosby. C and
D, From Hupp JR, Ellis E, Tucker MR: Contemporary oral and maxillofacial surgery, ed 5, St. Louis, 2008,
Mosby.)

Summary
A thorough knowledge of the preliminary procedures addressed
in this chapter afords maximum comfort for the patient while
reducing physical strain on the dental team. Maintaining optimal

moisture control is a necessary component in the delivery of
high-quality operative dentistry.
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obility of teeth has many causes, including traumatic
injury to the face, advanced periodontal disease, habits
such as thumb sucking and tongue thrusting, and malocclusion. In addition, teeth often need stabilization and retention
after orthodontic treatment. In the past, clinical procedures for
the stabilization of teeth either involved extensive loss of the tooth
structure or were poor in appearance. A conservative and esthetic
alternative has been made possible by using resin-bonded splints.
Certain criteria must be met when mobile teeth are splinted.
Occlusal adjustment may be necessary initially. he splint should
have a hygienic design so that the patient is able to maintain good
oral hygiene. It also should allow further diagnostic procedures
and treatment, if necessary. he resin-bonded splinting technique
satisies these criteria. Light-cured composites are recommended
for splinting because they aford extended working time for placement and contouring.

Periodontally Involved Teeth
Loss of bone support allows movement of teeth, resulting in
increased irritation to the supporting tissues and possible malpositioning of teeth. Stabilizing mobile teeth is a valuable treatment
aid before, during, and after periodontal therapy. Splinting of teeth
aids in occlusal adjustment and tissue healing, thus allowing better
evaluation of the progression and prognosis of treatment.
A resin-bonded splint via the acid-etch technique is a conservative
and efective method of protecting teeth from further injury by
stabilizing them in a favorable occlusal relationship. If the periodontal problem is complicated by missing teeth, a bridge
incorporating a splint design is indicated (see section Conservative
Bridges).

Techniques for Splinting Anterior Teeth
In short-span segments subject to minimal occlusal forces, a relatively
simple technique can be used for splinting periodontally involved
teeth. Fig. 16.1A illustrates a maxillary lateral incisor that remains
mobile because of insuicient bone support even after occlusal
adjustment and elimination of a periodontal pocket. Esthetic
recontouring with composite augmentation can be accomplished
along with the splinting procedure.
Anesthesia generally is not required for a splinting procedure
when enamel covers the clinical crown. When root surfaces are
exposed and extreme sensitivity exists, however, local anesthesia is
necessary. Teeth are cleaned with a pumice slurry, and the shade
of light-cured composite is selected. A cotton roll and retraction
cords are used for isolation in this instance.
e52

With a coarse, lame-shaped diamond instrument, enamel on
both teeth at the proximal contact area is reduced to produce an
interdental space approximately 0.5 mm wide. his amount of
space enhances the strength of the splint by providing more bulk of
composite material in the connector between teeth. Other enamel
areas of the tooth or teeth that need more contour are prepared by
roughening the surface with a coarse diamond instrument. Where
no enamel is present, such as on the root surface, a mechanical
lock is prepared with a No. 1 4 round bur in the dentin at the
gingivoaxial line angle of the preparation. After the prepared
tooth surfaces are acid etched, rinsed, and dried, a lightly frosted
appearance should be observed on the etched enamel surfaces (see
Fig. 16.1B).
he adhesive is applied, lightly blown with air, and polymerized.
A hand instrument is used to place a small amount of composite
material in the gingival area. Additional shaping with a No. 2
explorer reduces the amount of inishing necessary later. It is helpful
to add and cure composite in small increments, building from the
gingival aspect toward the incisal aspect. Finishing is accomplished
with round and lame-shaped carbide burs, ine diamonds, and
polishing disks and points. he retraction cord is removed and
the occlusion is evaluated to assess centric contacts and functional
movements. Instructions on brushing and lossing are reviewed
with the patient. he result at 4 years is shown in Fig. 16.1C.
Splinting also can be used when the mandibular incisors are
mobile because of severe bone loss. he same general steps are
followed as described earlier. If further reinforcement is deemed
necessary, however, a plasma-coated woven polyethylene strip such
as Ribbond (Ribbond Inc., Seattle, WA) can be used to strengthen
the splint. Additionally, the use of lowable composites greatly
facilitates the placement of interproximal composite connectors.
Fig. 16.2 illustrates a typical case. Following isolation with a
rubber dam, small spaces (approximately 0.5 mm in width) are
created between teeth with a lame-shaped diamond instrument
to enable cross-sectionally strong composite connectors (see
Fig. 16.2A–C).
Because a iber-reinforcing material will be used, the lingual
surfaces to be bonded also should be lightly roughened with an
oval diamond to enhance the resin bonds. All interproximal and
lingual surfaces to be bonded are etched for 15 seconds with a
phosphoric acid-etching gel (see Fig. 16.2D), followed by thorough
rinsing and drying. Round wooden wedges can be used to stabilize
the mobile teeth and to help maintain an open gingival embrasure
form. To prevent any resin from sticking to the wooden wedges,
a light coat of petroleum jelly can be placed on the wedges prior
to positioning the wedges interproximally. Bonding agent is applied

CHAPTER 16

A

B

Rein-Bonded Splint and Bridge

C

• Fig. 16.1

Splinting and recontouring a mobile tooth using a light-cured composite. A, Maxillary right
lateral incisor is mobile from lack of bone support. B, Preparations completed and etched. C, Splinted
and recontoured tooth after 4 years.
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• Fig. 16.2

Splinting of mobile mandibular incisors reinforced with a plasma-coated, polyethylene-woven
strip (Ribbond; Ribbond Inc.). A and B, Facial and lingual preoperative views of mobile mandibular incisors
that need splinting. C, Preparation consists of roughening proximal surfaces and creating slight interdental
spaces to provide bulk to the connector areas of the composite splint. D, All interproximal and lingual
surfaces to be bonded are etched with a phosphoric acid gel. E, Teeth are stabilized with wooden wedges,
and a bonding agent is applied. F, Interproximal composite connectors are generated by injecting lowable
composite.
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• Fig. 16.2, cont’d G, A iber-reinforcing strip is pressed into the uncured composite on lingual with
a gloved inger. H, The bonded strip is covered incrementally with lowable composite. I and J, Completed
iber-reinforced composite-bonded periodontal splint seen from facial and lingual views.

and cured to all etched surfaces (see Fig. 16.2E). he interproximal
composite connectors are then generated by injecting lowable
composite into these areas and shaped (if needed) with a No. 2
explorer (see Fig. 16.2F). A small amount of lowable composite
is placed onto the lingual surfaces (but not cured) to receive the
auxiliary splinting strip. An appropriate length of splinting material
(polyethylene-coated woven fabric) is cut and irst saturated with
bonding agent. hen, by using a gloved inger, the strip is pressed
into uncured composite and cured initially into place (see Fig.
16.2G). he bonded strip is then covered incrementally with
lowable composite, resulting in a smooth lingual surface (see Fig.
16.2H). Facial and incisal embrasures are deined with inishing
burs to enhance esthetics. After inishing procedures, the rubber
dam is removed and the occlusion is evaluated. he inal result is
seen in Fig. 16.2I and J.

Stabilization of Teeth After
Orthodontic Treatment
After orthodontic treatment, teeth may require stabilization with
either ixed or removable appliances. he latter method allows
continued minor movements for the inal positioning of teeth.
When this position is reached, it is better to stabilize teeth with
a ixed retainer. Removable retainers tend to irritate soft tissue.
Also, they may be damaged, lost, or not worn, which usually leads
to undesired movement of teeth.
Fig. 16.3A shows a patient with a removable orthodontic retainer.
Optimal positioning of teeth has been achieved by orthodontic

movement; however, stabilization of teeth is required, and the
unattractive spaces caused by undersized maxillary teeth need to
be closed (see Fig. 16.3B). A carefully planned appointment is
required to accomplish the following: (1) Remove any fixed
orthodontic appliance, (2) add composite to close the diastemas,
and (3) stabilize teeth with a twisted stainless steel wire and
composite.

Technique
After the orthodontic appliance is removed and routine procedures
are followed for closing the diastemas (see Fig. 16.3C), the occlusion
is examined carefully to determine the best position for locating
the twisted wire because it will be placed only on the lingual
surfaces. A suicient length of twisted stainless steel wire (i.e.,
0.45 mm [0.0175 inch] in diameter) is adapted to the lingual
surface of anterior teeth. A stone cast is helpful for adapting the
wire. he wire must rest against the lingual surfaces passively without
tension or interference with the occlusion. In the mouth, waxed
dental tape is used to position the wire against teeth and hold it
in place while the occlusal excursions are evaluated. he wire is
attached only to the lingual fossa of each tooth. After the position
of the wire has been determined, it is removed and only the enamel
in the fossae (not the marginal ridges or embrasures) is etched,
rinsed, and dried.
Light-cured composite is best used for attaching the ixed wire
splint. he wire is repositioned and held in place with dental tape,
while a sparing amount of resin-bonding agent is applied and
lightly blown with air. After polymerization of the adhesive, a
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• Fig. 16.3

Stabilizing teeth after orthodontic treatment. A, Patient with existing removable retainer.
B, Residual spaces resulting from undersized teeth. C, Closure of spaces with composite additions is
completed. D, Orthodontic wire is held in position with dental tape and bonded into place with
composite.
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B

• Fig. 16.4 Splinting avulsed teeth. A, Patient with traumatically avulsed maxillary right incisors.
B, Completed splint stabilizes repositioned incisors.
small amount of composite material is placed to encompass the
wire in each fossa and bond it to the enamel. he operator must
be careful not to involve the proximal surfaces (see Fig. 16.3D).
After polymerization of composite, the occlusion is evaluated and
adjusted, as needed, for proper centric contacts and functional
movements.
his unique splint allows some physiologic movement of teeth,
yet it holds them in the correct position. he splint should remain
in place for at least 6 months to ensure stabilization. Longer
retention may be necessary, depending on the individual situation
and recommendations of the orthodontist.

Avuled or Partially Avuled Teeth
Facial injuries often involve the hard and soft tissues of the mouth.
he damage may range from lacerations of soft tissue to fractures
of teeth and alveolar bone. Partial or complete avulsion of teeth
can occur. Maxillary central incisors are involved more often than
are other teeth. A thorough clinical examination of soft tissue,
lips, tongue, and cheeks should be made to locate lacerations and
embedded tooth fragments and debris. Radiographic examination
is necessary to diagnose deeply embedded fragments or root
fractures.
Treatment of soft tissue lacerations should include lavage,
conservative debridement, and suturing. Consultation with or

referral to an oral surgeon may be necessary. A partially avulsed
tooth is repositioned digitally and may or may not need splinting.
Traumatically avulsed teeth that are reimplanted immediately or
within 30 minutes have a good prognosis for being retained.1,2
After 30 minutes, the success rate declines rapidly. he avulsed
tooth should be repositioned as soon as possible. In the interim,
it should be placed in a moist environment such as saliva (i.e.,
held in the cheek or under the tongue), tooth-saver solution (i.e.,
Hank balanced solution), milk, saline, or a wet towel. he replacement of avulsed teeth has immediate psychologic value and
maintains the natural space in the event that a ixed prosthesis is
required later.

Technique
he maxillary right incisors that were completely avulsed in an
accident (Fig. 16.4A) are repositioned immediately. After the teeth
are repositioned, radiographs reveal that no other complications
exist. Isolation with cotton rolls or gauze is preferable to the use
of a rubber dam, which could cause malpositioning of the loose
teeth. he occlusion should be evaluated to ensure that the teeth
are properly positioned.
he facial surfaces of the crowns are quickly cleaned with
hydrogen peroxide, rinsed, and dried by blotting with a gauze or
cotton roll or by lightly blowing with air. he dentist should avoid
blowing air into areas of avulsion or deep wounds to prevent air
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emboli. If a crown is fractured, deeply exposed dentin may need
to be protected with a liner or base material. A twisted orthodontic
wire (0.49 mm [0.0195 inch]) must be long enough to cover the
facial (or lingual) surfaces of enough teeth to stabilize the loose
teeth. he wire is adapted and the ends rounded to prevent irritation
to soft tissue. In an emergency, a disinfected paper clip can be
used as a temporary splint.
No preparation of the enamel surface is necessary other than
that provided by acid etching. he middle third of the facial surfaces
are etched, rinsed, and dried of all visible moisture. Drying should
be accomplished by blotting with a gauze or cotton roll and a
light stream of air. Self-cured or light-cured composite may be
used. he wire is positioned and held lightly in place, and the
ends are attached with composite material (see Fig. 16.4B). Light
pressure is applied to the repositioned teeth as the facial surfaces
are bonded to the wire in succession. Care is exercised not to allow
composite to low into the proximal areas. When the teeth are
stabilized, any fractured areas can be conservatively repaired by
the acid-etch, resin-bond technique. Finishing is accomplished by
a lame-shaped carbide inishing bur and abrasive disks. he
occlusion is evaluated carefully to ensure that no premature contacts
exist.
he patient is advised to maintain gentle care of the involved
teeth. Antibiotic therapy may be required if the alveolar bone is
fractured or signiicant soft tissue damage has occurred. Tetanus
shots or boosters are advised, if indicated by the nature of the
accident; the patient’s physician should be contacted about this.
Appointments are made for follow-up examinations on a weekly
basis for the irst month. he patient is warned about symptoms
of pulpal necrosis and advised to call if a problem develops. If
root canal therapy is required, it is better accomplished with the
splint in position.
Removal of the splint is accomplished in 4 to 8 weeks provided
that recall visits have shown normal pulp test results and the teeth
are asymptomatic. he wire is sectioned, and the resin material is
removed with a lame-shaped, carbide inishing bur at high speed
with air-water spray and a light, intermittent application. Abrasive
disks are used to polish the teeth to a high luster.

Conervative Bridge
In selected cases, conservative bridges can be made by bonding a
pontic to the adjacent natural teeth. hese conservative bridges
are classiied according to the type of pontic: (1) natural tooth
pontic, (2) denture tooth pontic, (3) porcelain-fused-to-metal pontic
or all-metal pontic with metal retainers, and (4) all-porcelain pontic.
Although the four types difer in the degree of permanency, they
share a major advantage—conservation of the natural tooth
structure. In addition, they can be viable alternatives to conventional
ixed bridges in circumstances where age, expense, and clinical
impracticality are considerations.
Because of the conservative preparation and bonded nature of
all of these bridge types, retention is never as strong as in the case
of a conventional bridge. As part of informed consent, patients
should be told of the risk, although remote, of swallowing or
aspirating bonded bridges that are dislodged. To reduce the risk
of dislodgment, patients should be cautioned not to bite hard
foods or objects with bonded bridge pontics.
he ideal site for a conservative bridge is where the edentulous
space is no wider than one or two teeth. Other considerations
include bite relation, oral hygiene, periodontal condition, and
extent of caries, defects, and restorations in the abutment teeth.

Conservative bridges are especially indicated for young patients
because the teeth usually have large pulp chambers and short
clinical crowns. Many older patients with gingival recession and
mobile teeth are prime candidates because splinting can be incorporated with the bridge. More speciic indications and clinical
procedures for each of the four types of bridges are presented in
the following sections.

Natural Tooth Pontic
he crowns of natural teeth (primarily incisors) often can be used
as acid-etched, resin-bonded pontics. Considerations for this type
of treatment include the following: (1) Periodontally involved teeth
warrant extraction, (2) teeth have fractured roots, (3) teeth are
unsuccessfully reimplanted after avulsion, and (4) root canal
treatment has been unsuccessful. However lost, the immediate
replacement of a natural anterior tooth has great psychologic value
for most patients, although the procedure may be temporary. Natural
tooth pontics also can be placed as interim restorations until an
extraction site heals if conditions require a conventional bridge or
an implant.
Certain prerequisites must exist to ensure a successful result:
(1) he extracted tooth and abutments must be in reasonably good
condition, especially the pontic, because it may become brittle
and more susceptible to fracture; (2) the abutment teeth should
be fairly stable; and (3) the pontic must not participate in heavy
centric or functional occlusion. Because of this third restriction,
canines and posterior teeth are not usually good candidates for
this procedure. If the adjacent teeth are mobile, it is frequently
necessary to secure them by splinting with composite (see the
section on Techniques for Splinting Anterior Teeth).

Technique
A maxillary right central incisor must be extracted for periodontal
reasons (Fig. 16.5A and B). Before the tooth is extracted, a small
round bur is used to place a shallow identifying mark on the facial
surface to indicate the level of the gingival crest. If the tooth to
be extracted is well positioned in the dental arch, a PVS bite registration or putty impression material can be used to generate an index
to reposition the natural tooth pontic in the correct preextraction
position. After extraction, a 5-cm by 5-cm (2-inch by 2-inch)
sponge is held in the space with pressure for hemorrhage control.
By using a separating disk or a diamond instrument, the extracted
tooth is transversely cut a few millimeters apical to the identiication
mark. When pontic length is determined, shrinkage of the healing
tissue underlying the pontic tip must be anticipated. he root end
is discarded.
If the pulp canal and chamber have completely calciied, the
next procedure is shaping and polishing the apical end of the
natural tooth pontic as described in the following paragraphs. If
the chamber is calciied as disclosed on the radiograph and the
canal is nearly calciied, the canal is opened from the apical end
by using a small round bur or diamond to the extent of the canal.
he operator should be as conservative of the tooth structure as
possible and yet provide access for subsequent injection of the
composite material to ill the canal. A large chamber and canal
are instrumented and debrided using conventional endodontic
procedures with access from the apical end (see Fig. 16.5C). Access
is provided for subsequent injection of composite. Removal of the
pulpal tissue in this manner prevents discoloration of the tooth
caused by degeneration products. Traditional lingual access for
instrumentation is avoided to prevent weakening the pontic. After
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• Fig. 16.5

Resin-bonded maxillary natural tooth pontic. A, Preoperative photograph before extraction
of periodontally involved maxillary right central incisor. B, Extraction site immediately after the removal of
an incisor. C, Enlarged apical opening ready to be illed with composite. The pontic tip has been contoured
to an ovate design. D, The abutment teeth are isolated, roughened, and acid etched. E, Immediate
postoperative photograph of natural tooth pontic bonded in place. F, Resin-bonded natural tooth pontic
with healed residual ridge 6 weeks later.

these procedures, the canal (and chamber, if present) is illed and
closed with composite.
After composite has been fully polymerized, the apical end is
contoured to produce a bullet-shaped ovate design (see Fig. 16.5C).
his design provides adaptation of the pontic tip to the residual
ridge, and yet it allows the tissue side of the pontic tip to be cleaned
with dental loss. It is also the most esthetic pontic tip design
that can be used. While being contoured, the tip is occasionally
evaluated by trying the pontic in the space. In the maxillary arch,
passive contact between the pontic tip and the healed residual ridge
is considered ideal for maximal phonetic and esthetic potential. In
the mandibular arch (where esthetics is not generally a problem),
the pontic tip is best shaped into the same bullet-shaped design
but positioned as a hygienic pontic type that does not contact
tissue (Fig. 16.6A). he pontic tip is smoothed and polished
using a proper sequence of abrasive disks or polishing points.
A polished pontic tip not only is easier to clean but also retains
less plaque.
Usually, a rubber dam is needed for isolation of the region to
prevent seepage of blood and saliva. Isolation using cotton rolls
and gingival retraction cords is acceptable if the hemorrhage has
been controlled. Any caries lesions or faulty proximal restorations
on involved proximal surfaces of the pontic and the abutments
are restored with light-cured composite (preferably the same material
to be used subsequently for the bridge connectors) by using modiied
preparation designs. It is recommended that the resulting restored
surfaces be undercontoured rather than overcontoured to facilitate
positioning of the natural tooth pontic.
Next, the involved proximal surfaces on the abutment teeth
and the pontic are roughened with a coarse, lame-shaped diamond
instrument. Spaces of approximately 0.5 mm should exist between
the pontic and the abutment teeth because stronger connectors
are provided by the additional bulk of the composite material.
Now, the operator should acid-etch, rinse, and dry all the prepared
(i.e., roughened) surfaces (see Fig. 16.5D).

A

B

• Fig. 16.6 Pontic tip design. A, Hygienic-type pontic with ovate or
bullet-shaped tip. B, Modiied ridge lap-type pontic with slight concavity
conforming to residual ridge.

Light-cured composite is preferred for bonding natural tooth
pontics because the extended working time allows the operator to
contour the connectors before polymerization. First, the adhesive
is applied to the etched surfaces of the pontic and lightly blown
with air to remove the excess. hen it is polymerized by application
of light, and the pontic is set aside (ready for bonding in the
mouth). Next, the adhesive is applied to the etched surfaces of
the abutment teeth and cured. A small amount of composite material
is placed on the proximal contact areas of the natural tooth pontic,
and the pontic is inserted carefully in the proper position in the
mouth. he composite is shaped around the contact areas with
an explorer tip. After inal veriication that the pontic position is
correct, composite is polymerized with light. Next, additional
composite is applied in the proximal areas (more material is added
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on the lingual than on the facial surface), contoured, and cured.
Adequate gingival embrasures must be provided to facilitate lossing
and ensure gingival health. After suicient material has been added
and polymerized, the embrasure areas should be shaped and
smoothed with carbide inishing burs or ine diamonds and polishing
disks or points. he rubber dam is removed, and the occlusion is
evaluated for centric contacts and functional movements. Heavy
contacts on the pontic or the connector areas must be adjusted.
he inished bridge immediately after bonding is illustrated in Fig.
16.5E. he patient should return in 4 to 6 weeks for evaluation
of the relationship of the pontic tip to the tissue. Passive contact
should exist between the pontic tip and the underlying tissue to
prevent ulceration. If tissue ulceration is present, the pontic must
be removed, recontoured, and rebonded. he inished bridge and
healed residual ridge are shown in Fig. 16.5F.
As stated earlier, abutment teeth that are mobile often can be
splinted with composite to aford stability to periodontally involved
teeth. he abutments are isolated, roughened, and acid etched
(Fig. 16.7A). Because esthetics is not as crucial, a hygienic pontic
tip is recommended for mandibular incisors (see Fig. 16.6A). he
inished bridge splint is illustrated in Fig. 16.7B.

Denture Tooth Pontic
An acrylic resin denture tooth can be used as a pontic for the
replacement of missing maxillary or mandibular incisors by using
the resin-bonding technique (Fig. 16.8A–H). Although this type
of bridge is sometimes used as an interim prosthesis and is called
a temporary bridge, it can be a viable alternative to a conventional
bridge and may last for years in some circumstances. As with the
natural tooth pontic, the major contraindications to this type of
resin-bonded bridge are abutment teeth that have extensive caries,
restorations, or mobility or a pontic area that is subjected to heavy
occlusal forces. In the illustrated example, the permanent maxillary
right lateral incisor is missing and the adjacent teeth are in favorable
condition and position (see Fig. 16.8A). Further examination reveals
an ideal situation for a conservative bridge that uses a denture
tooth pontic.

Technique
Although the entire procedure can be completed at chairside in
one appointment, considerable time can be saved by an indirect
technique. During the irst appointment, the shade (see Fig. 16.8)
and mold of the denture tooth are selected, and impressions are
made. In the laboratory, stone casts are poured, and the ridge area
is relieved slightly and marked with a soft lead pencil. As the pontic
is trial positioned, the pencil markings rub of onto its tip to
facilitate contouring of this area (see Fig. 16.8C). Contouring is

A

best accomplished with acrylic burs and a Burlew wheel in a straight
handpiece. he tissue side of the pontic should be contoured to
a modiied ridge lap coniguration that is convex mesiodistally and
slightly concave faciolingually (see Fig. 16.6B). his type of design
not only allows the pontic tip to adapt to the residual ridge, but
it also allows for efective cleaning with dental loss. After it is
contoured, the pontic tip should be smoothed and highly polished
with pumice and an acrylic-polishing agent (see Fig. 16.8D).
Because composite does not normally bond to acrylic resin,
provisions must be made to facilitate a strong connection between
the pontic and the adjacent teeth. One provision may be completed
in the laboratory by preparing large Class III conventional preparations in the pontic that mechanically retain the composite material.
he outline of the preparations must be large enough to provide
adequate surface area of the composite restoration for bonding to
the adjacent teeth (see Fig. 16.8E–G). An appropriately sized round
bur (No. 2 or No. 4) is used to cut each preparation to a depth
of approximately 1.5 mm and extend the outline approximately
0.5 mm past the contact areas into the gingival, incisal, and facial
embrasures. Even more extension should be made into the lingual
embrasure to provide for bulk of composite material in the connector
areas. he lingual extensions should not be connected because this
unnecessary step would unduly weaken the pontic. Mechanical
undercuts are placed at the incisoaxial and gingivoaxial line angles
with a No. 1 2 bur to lock the composite material (to be inserted
later in the technique) mechanically in the acrylic resin pontic (see
Fig. 16.8G and H).
At the next appointment, the pontic is tried in place to conirm
that the shade and contours are correct. Approximately 0.5 mm
of space should exist between each proximal “contact” and the
abutment tooth. he pontic is cleaned with acetone to remove
dust and debris. Retention of the pontic by undercuts, as previously
described, also can be augmented by a second provision—the
conditioning of the proximal aspects of the pontic with two
applications of ethyl acetate, a polymer softener. A thin layer is
applied in the Class III preparations and on the cavosurface areas
and allowed to dry for 5 minutes. his process is repeated to ensure
optimal bonding. he preparations are illed with the same lightcured composite material expected to be used for bonding the
pontic in place. he composite should be applied and cured in
the retentive areas before the remainder of the preparation is illed.
his step ensures complete polymerization. After the entire preparation is illed, it should be polymerized again with the light source.
It is better to leave the contact areas slightly undercontoured for
the pontic to it easily between the abutment teeth. he pontic is
set aside in a safe place for some time.
Isolation of the abutment teeth should be accomplished with
cotton rolls and retraction cords (rather than with a rubber dam)

B

• Fig. 16.7 Resin-bonded mandibular bridge splint using natural tooth pontic. A, The anterior segment
is splinted with composite, and the abutment teeth are isolated, roughened, and etched. B, Natural tooth
pontic is bonded in place.
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• Fig. 16.8 Resin-bonded denture tooth pontic. A, Preoperative photograph shows a missing maxillary
lateral incisor. B, Shade and mold selection. C, Positioning pontic on working model while contouring.
D, Contoured and polished pontic (lingual view). E–G, Outline form of Class III preparations: facial (E),
lingual (F), and proximal (G) views. H, Cross section of denture tooth (longitudinal section) in plane ab as
seen in G showing the mechanical retention form incisally and gingivally as prepared with a No. 12 bur.
I, Denture tooth pontic is bonded in place with composite.

to relate the pontic better to the residual ridge area. Any caries or
old restorations in the adjoining proximal areas of the abutment
teeth should be removed at this time, and any indicated liners
should be applied. he proximal surfaces of the abutment teeth
are roughened with a coarse lame-shaped diamond instrument.
his step is followed by acid etching, rinsing, and drying. he
adhesive is applied, lightly blown with air, and cured. Tooth
preparations, if present, are restored with the same composite
material. Care is taken not to overcontour the restoration or
restorations.
he pontic is evaluated by positioning it temporarily in the
edentulous space. If adjustments are made, the surfaces should be
cleaned with acetone. Next, a small amount of composite is wiped
onto the contact areas (mesial and distal) of the pontic, and the
pontic is placed into the proper position between the abutment
teeth. An explorer tip is helpful in placing the material evenly
around the contact area. Care must be taken to place the pontic
so that it lightly touches the ridge, but does not cause tissue
blanching. he composite material used to position the pontic is
polymerized. It is helpful to add and cure the additional composite
in small increments to obtain the correct contour and minimize

inishing procedures. he facial, incisal, and gingival embrasures
should be deined with a lame-shaped inishing bur or ine diamond
and polished with appropriate disks or points. he lingual aspect
of the bridge is contoured with a round inishing bur without
deining lingual embrasures because this could weaken the connectors. he retraction cords are removed from the gingival crevice.
Articulating paper is used to mark the occlusion, and any ofensive
contacts are removed. he inal restoration is shown in Fig. 16.8I.

Porcelain-Fued-to-Metal Pontic or All-Metal
Pontic With Metal Retainer
A stronger and more permanent type of acid-etched, resin-bonded
bridge is possible by use of a cast-metal framework.3,4 In anterior
areas where esthetics is a consideration, the design of the bridge
includes a porcelain-fused-to-metal (PFM) pontic with metal winged
retainers extending mesially and distally for attachment to the
proximal and lingual surfaces of the abutment teeth. In posterior
areas where esthetics is not a critical factor, the bridge can have
either a PFM or an all-metal pontic. he technique is more
complicated and time consuming than the previously described
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methods because it requires some initial tooth preparation, an
impression, laboratory procedures, and a second appointment for
etching and bonding. Compared with conventional bridges, resinbonded bridges of this type ofer ive distinct advantages:
1. Anesthesia is usually not required.
2. he tooth structure is conserved (i.e., no dentin involvement).
3. Gingival tissues are not irritated because margins usually are
not placed subgingivally.
4. An esthetically pleasing result can be obtained more easily.
5. he cost is lower because less chair time is required, and laboratory fees are lower as well.
Ideally, this type of conservative bridge is used for short spans
in the anterior or posterior areas with sound abutment teeth in
good alignment. he most favorable occlusal relationship exists
where little or no centric contact and only light functional contact
are present. However, teeth can be prepared and the bridge
framework designed to withstand moderately heavy occlusal forces.
Orthodontics may be required to improve tooth alignment. he
bridge also can be extended to splint adjacent periodontally involved
teeth. Surgical crown-lengthening procedures sometimes are
indicated for teeth with short clinical crowns.
Although minimal, some preparation of the enamel of the
abutment teeth is mandatory in the retainer area of the bridge to
(1) provide a deinite path of insertion or seating or both, (2)
enhance retention and resistance forms, (3) allow for the thickness
of the metal retainers, and (4) provide physiologic contour to the
inal restoration. he importance of the tooth preparation design
cannot be overemphasized. he success of these types of bridges
depends on the preparation design. he bridges must be independently retentive by design and cannot rely solely on resin bonding
for retention. Preparation design for these types of bridges is similar
to that for a cast three quarter crown; however, it is restricted to
enamel.
he preparation for each abutment varies, depending on the
individual tooth position and anatomy. Approximately the same
amount of surface area should be covered on each abutment tooth.
In some situations, recontouring of the adjacent and opposing teeth
may be indicated. he details of the preparations are described later.
Two primary types of resin-bonded bridges with metal retainers
currently exist: (1) Rochette and (2) Maryland.3,4 Each type has
advantages and disadvantages. The Rochette type uses small
countersunk perforations in the retainer sections for retention and
is best suited for anterior bridges (Fig. 16.9A).4 Care must be
exercised in placing the perforations to prevent weakening the
framework. Perforations that are too large or too closely spaced
invite failure of the metal retainer by fracture. he perforations
should be approximately 1.5 to 2 mm apart and have a maximum
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diameter of 1.5 mm on the tooth side. Each hole is countersunk
so that the widest diameter is toward the outside of the retainer.
When the bridge is bonded with a resin cement, it is mechanically
locked in place by microscopic undercuts in the etched enamel
and the countersunk holes in the retainer (Fig. 16.10A).
he advantages of this design include the following:
• It is easy to see the retentive perforations in the metal.
• If the bridge must be removed or replaced, the bonding medium
can be cut away in the perforations to facilitate easy removal.
• No metal etching is required.
he disadvantages of this design include the following:
• he perforations, if improperly sized or spaced, could weaken
the retainers.
• he exposed resin cement is subject to wear.
• It is not possible to place perforations in proximal or rest areas.
A second type of cast-metal framework, commonly known as
the Maryland bridge, is reported to have improved bonding strength
(see Fig. 16.9B).3,5 Instead of perforations, the tooth side of the
metal framework is electrolytically or chemically etched, which
produces microscopic undercuts (see Fig. 16.9C). he bridge is
attached with a self-cured, resin-bonding medium that locks into
the microscopic undercuts of the etched retainer and the etched
enamel (see Fig. 16.10B). It can be used for anterior and posterior
bridges. Although this design has been reported to be stronger, it
is more technique sensitive because the retainers may not be properly
etched or may be contaminated before cementation. Because the
retentive features cannot be seen with the unaided eye, the etched
metal surfaces must be examined under a microscope to verify
proper etching (minimum magniication).
More recently, Maryland bridges have been fabricated with no
electrolytic etching of the surface and chemically bonded to the
tooth after a process called silicoating or with a 4-META or
phosphate ester–containing, resin-bonding medium.6,7 Resin
materials containing 4-META or other resin monomers are capable
of strongly bonding to metal surfaces.8,9 Surface roughening with
microetching (i.e., sandblasting) is commonly used in conjunction
with these adhesive cements. hese types of Maryland bridges are
referred to as adhesion bridges and difer only in the means of
retention. he design of adhesion bridges is the same for this
alternative Maryland bridge design. Successes and failures have
been observed with both bonded bridge designs. Because the
procedures are technique sensitive, every step must be followed
carefully.

Maxillary Anterior Bridge
In Fig. 16.11A, a maxillary lateral incisor is congenitally missing
and the teeth on either side are sound. he occlusion is favorable,

C

• Fig. 16.9 Acid-etched, resin-bonded metal bridges. A, Rochette type. B, Maryland type. C, Scanning
electron micrograph of etched metal surface. (Courtesy Dr. John Sturdevant.)
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the partial denture as a temporary prosthesis. A small amount of
self-curing acrylic resin is added to the mesial and distal portions
of the removable partial denture tooth to maintain proximal
relationships.
Laboratory Phae

he impression, bite registration, patient information, and instructions are sent to the dental laboratory. A perforated retention
design (i.e., Rochette) is speciied in this instance, although the
other types could be used. he bridge is fabricated in the laboratory
(porcelain contoured but unglazed, and perforations prepared in
the retainers).

p

Try-in Stage

A

B

• Fig. 16.10

Cross-sectional diagram of two types of resin-bonded
bridges. A, In addition to acid-etching prepared enamel surfaces (ae), the
Rochette type uses small countersunk perforations (p) in the retainer
section. B, In the Maryland type, the tooth side of the framework is either
etched to produce microscopic pores (mp) or bonded with no etching
with an adhesive cement.

and no periodontal problems are present (see Fig. 16.11B). he
patient has been wearing a removable partial denture that is
undesirable. Radiographs and study casts are made to complete
the diagnosis and to facilitate preparation design. he outline of
the proposed preparation is penciled on the cast to cover as much
enamel surface as possible for maximal bonding area but with the
following two stipulations: (1) he lingual portions are extended
neither subgingivally nor too far incisally, and (2) the proximal
portions are not extended facially of the contact areas but enough
to allow preparation of retention grooves (see Fig. 16.11C and E).
Before tooth preparation, the dentist cleans the teeth, selects
the shade of the pontic, and marks the occlusion with articulating
paper to evaluate centric contacts and functional movements. If
adjustment or recontouring of the abutment teeth is indicated,
it should be accomplished at this time. When a base metal alloy
rather than a high gold alloy is used for the bridge framework,
less tooth structure is removed because the metal retainers
can be made thinner. Base metal alloys have superior tensile
strength.
Preparation

Several depth cuts (0.3–0.5 mm) are made in the enamel with a
small, round, coarse diamond instrument (1–1.5 mm in diameter).
he depth cuts are joined with the same instrument or a round
diamond instrument (see Fig. 16.11D). A large surface area (i.e.,
outline form) is desirable to obtain maximum bonding and strength
of the bridge. A shallow groove is cut in the enamel of each proximal
portion of the preparations with a small, tapered, cylindrical
diamond instrument to establish a path of draw in an incisal
direction. his feature provides a deinite path of insertion and
positional stability for the prosthesis during try-in and bonding
(see Fig. 16.11E). In addition, the retention of the bridge is
improved because a shear force is required to unseat the bridge.
Fig. 16.1E illustrates this groove on the working cut.
he dentist makes an elastomeric impression of the completed
preparations and a bite registration. he patient continues to wear

During the initial try-in, the bridge is examined for proper shade,
contour, tissue compatibility, marginal it, and occlusion. Adjustments are made, and the bridge is returned to the laboratory for
corrections (if needed), glazing, and polishing of the metal
framework. Fig. 16.11F and G show the completed bridge from
facial and lingual views.
Bonding Step

he steps in bonding require an exacting coordination between
the dentist and the assistant. All of the equipment and materials
needed for isolation, etching, and bonding must be kept ready at
the beginning of the appointment: prophylaxis angle handpiece,
pumice slurry, self-curing resin cement kit with all accessories,
plastic hand instrument, polyester strip, and cotton rolls. Alternatively, rubber dam isolation can be used; it is particularly recommended for the placement of posterior bonded bridges.
he abutment teeth are cleaned with pumice slurry, rinsed,
dried, and isolated with cotton rolls. If the cervical area of the
retainer is subgingival, the dentist inserts a retraction cord in the
gingival crevice to displace the tissue and prevent seepage. he
bridge should be carefully tried in place to review the path of
insertion and to verify the it. On removal, the bridge is placed
in a convenient location near where the resin-bonding medium
will be mixed.
he dentist artfully applies the etching gel for 30 seconds to
the prepared enamel and slightly past the margins. he acid must
not be allowed to low onto the unprepared proximal areas of the
abutment or adjacent teeth. After rinsing, the teeth are dried of
all visible moisture (see Fig. 16.11H). If a lightly frosted surface
is not present, the etching procedure is repeated. A clean, dry
surface is absolutely essential. he slightest amount of saliva
contaminates the etched enamel and necessitates an additional 10
seconds of etching, followed by rinsing and drying. A rubber dam
is preferred for isolation; however, cotton rolls and gingival retraction
cord provide adequate isolation in selected areas where salivary
low can be controlled.
he manufacturer’s instructions for the bonding procedure
should be read and followed. Usually, equal parts of the resin
cement (i.e., base and catalyst) are placed on one mixing pad, and
equal parts of the adhesive (i.e., base and catalyst) are placed on
another mixing pad. he operator mixes the adhesive with a small
foam sponge or brush and quickly paints a thin layer on the tooth
side of the bridge and then onto the etched enamel. While the
operator uses the air syringe to blow the excess adhesive of the
bridge and then the enamel, the assistant mixes the resin cement
and places a thin layer on the tooth side of the bridge retainers.
he bridge is positioned on the abutment teeth and held in place
with a polyester strip over the lingual surface. he retainers are
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• Fig. 16.11

Resin-bonded, porcelain-fused-to-metal maxillary anterior bridge. A, Congenitally missing
maxillary lateral incisor. B, Occlusion marked with articulating paper. C, Model with outline of preparations.
D, Preparing the lingual surface with a diamond instrument. E, The working cast shows the proximal
groove prepared (a second groove is on mesial of canine) to establish path of insertion for prosthesis and
provide positional stability and increase the retention form. F and G, Completed Rochette-type bridge
from the facial (F) and lingual (G) views. H, Teeth isolated with a gingival-retraction cord and cotton rolls.
Preparations are etched and ready for bonding. I, Holding the bridge in place during polymerization.
Bonded bridge: facial view (J) and lingual view in mirror (K).

seated and held irmly in place with the index ingers positioned
on the strip over the lingual retainers, and the thumbs are held
on the facial aspect of the abutment teeth to equalize the pressure
(see Fig. 16.11I). he amount of resin cement at the facial and
gingival embrasures is quickly inspected. Sometimes, the assistant
may need to add more cement or remove excess unpolymerized
resin with an explorer or plastic instrument. Priority is given to
the gingival embrasure because later correction is more diicult
in this area.
Finihing Procedure

After the resin cement has hardened, the dentist removes the
polyester strip and inspects the lingual area. If voids are present,

more resin is mixed and added. Additions bond to the previously
placed resin cement without additional surface treatment. he
dentist removes excess resin along the lingual margins with a
discoid-cleoid hand instrument, evaluates the occlusion, and makes
any necessary adjustment. Contouring and polishing are accomplished in the usual manner with carbide inishing burs, ine
diamonds, hand instruments, and disks. A completed Rochette-type
bridge is shown in Fig. 16.11J and K, as viewed from the facial
and lingual aspects. When the bridge is complete, the patient is
instructed on how to use a loss threader and dental loss to clean
under the pontic and around the abutment teeth. Another example
of an anterior resin-bonded bridge replacing both maxillary central
incisors is shown in Fig. 16.12.
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• Fig. 16.12 A and B, Anterior resin-bonded bridge with multiple pontics. Before and after views of a
porcelain-fused-to-metal, resin-bonded bridge replacing both maxillary central incisors.
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• Fig. 16.13

Resin-bonded mandibular anterior porcelain-fused-to-metal bridge and splint. A, The
patient is wearing ill-itting removable acrylic partial denture. B, Edentulous space resulting from missing
mandibular central incisors. C, Laboratory model with preparations outlined. D, Lingual view of completed
prosthesis (Rochette type with multiple countersunk perforations). E, Facial view of completed prosthesis.
F, Lingual view of prosthesis bonded in place with composite. The anterior segment is stabilized by the
splinting effect of the bridge retainers. G, Facial view of porcelain-fused-to-metal pontics bonded in place.

Mandibular Anterior Splint-and-Bridge Combination
An indication for a conservative bridge that incorporates a splint
design of the PFM framework is illustrated in Fig. 16.13. he
patient’s mandibular central incisors were extracted because of
advanced periodontal disease. he weak lateral incisors are stabilized
by including the canines in a splint-and-bridge design. hese teeth
are caries free and have no restorations. An ill-itting, removable
partial denture was uncomfortable and did not support the adjacent
teeth (see Fig. 16.13A and B).

he preparations for the splint-and-bridge combination consist
of removing approximately 0.3 mm of enamel on the lingual aspect
of the lateral incisors and canines (as outlined on the laboratory
cast) and preparing proximal retention grooves (see Fig. 16.13C).
he perforated design of the winged retainers was the Rochette
type for ease of replacement or repair (see Fig. 16.13D and E).
he splint bridge is bonded by the method previously described
(see Fig. 16.13F and G). he gingival aspect of the pontic is
free of tissue contact and has suicient space for cleaning. A
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• Fig. 16.14

Conservative mandibular posterior bridge with a combination metal and porcelain pontic.
(A, G, and H are mirror views.) A, Missing mandibular irst molar with occlusion identiied by marks from
articulating paper. B, Study model surveyed and outlines of the preparation marked with pencil. C, Preparation of axial surfaces with coarse, cylindrical, diamond instrument. D, Laboratory model with margins
outlined. E, Completed bridge on cast ready for try-in. Note the centric contacts on metal to minimize
wear of the opposing teeth. F, Teeth cleaned, isolated, and etched. G, Occlusal view of bonded bridge.
H, Facial view of the bonded bridge.

similar splint also can be achieved with a Maryland bridge
design.

the patient’s teeth have suicient crown length to avoid subgingival
margination.

Mandibular Posterior Bridge With
Metal-and-Porcelain Pontic
In Fig. 16.14A, a missing mandibular irst molar needs to be
replaced to maintain proper occlusal contacts and to preserve the
integrity of the arch. A clinical examination with radiographs
conirms that the abutment teeth are in good alignment and are
sound, and that the occlusion is favorable. Conservative amalgam
restorations have been inserted to correct the occlusal issures on
the abutment teeth. Impressions and a bite registration are made
for study casts. An acid-etched, resin-bonded, cast-metal bridge
(Maryland type), including a porcelain pontic with metal, occlusal,
and centric stops, provides for optimal occlusal wear resistance
and an acceptable esthetic result.
he dentist uses a surveyor to determine the most favorable
path of draw and marks the outline of the retainer area with a
pencil (see Fig. 16.14B). he occlusal rest areas provide rigidity
and resistance form to vertical forces, and the extensions on the
facial and lingual surfaces provide a “wrap-around” design for
added retention and resistance against lateral forces. In this example,

Preparation

Prophylaxis, shade selection, and any needed occlusal adjustment
are accomplished before the preparations are begun. As with the
anterior teeth, some preparation is necessary to provide draw, to
increase retention and resistance forms, and to provide bulk to
the retainers for strength without overcontouring. Preparation is
minimal and involves only enamel. Using the surveyed penciled
cast as a reference, the dentist prepares the patient’s teeth with a
coarse, tapered, rounded-end diamond instrument (see Fig. 16.14C).
he occlusal rests are prepared with a round diamond instrument.
An elastomeric impression and a bite registration are made for
laboratory use.
Laboratory Phae

he dentist includes a sketch of the bridge design with the laboratory
instructions. he nonperforated, etched metal design (Maryland)
is speciied in this instance because the “wings” are very thin, and
other areas of the bridge are inaccessible for placing perforations.
It is helpful to the technician if the margins of the preparation
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are marked with an indelible pencil (see Fig. 16.14D). Before any
glazing of porcelain or polishing of framework or etching of metal,
the bridge is returned to the dentist for the try-in stage (see Fig.
16.14E).
Try-in Stage

he dentist seats the bridge and evaluates for proper it, occlusion,
and color matching. After adjustments are made, the bridge is
returned to the laboratory for corrections, inal glazing, polishing
of the metal framework, and etching or other metal treatment
procedures. he etched metal must be examined under a microscope
to ensure that proper etching of the metal has occurred.
Bonding Step

Care must be exercised in handling the bridge because the etched
area can be contaminated easily. he bridge should not be tried
in place (again) until teeth are isolated, and enamel has been etched
(see Fig. 16.14F). Rubber dam isolation is preferable when bonding
mandibular resin-bonded bridges. Cotton roll isolation can be
used with retraction cords if a rubber dam cannot be placed. Being
careful not to touch or contaminate the etched metal, try-in of
the bridge is done to verify it and path of draw. Everything must
be “ready to go” as the manufacturer’s instructions are followed

A
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for mixing and applying the bonding materials to teeth and the
bridge. he preparations must be clean and dry to ensure proper
bonding. When the bridge is in place, a polyester strip is placed
over the pontic, and inger pressure is used to secure the bridge
until polymerization is complete. After removal of the excess resin,
the occlusion is evaluated. he occlusal and facial views are esthetic
with only the centric contacts in metal (see Fig. 16.14G and H).
Another example of a posterior, resin-bonded, Maryland-type bridge
is shown in Fig. 16.15.

Maxillary Bridge With Porcelain-Fused-to-Metal Pontic
Fig. 16.16A illustrates a space resulting from the extraction of a
maxillary second premolar. As with the mandibular bridge, resistance
to lateral forces must be provided by the design of the preparations
and resulting prosthesis. Because esthetics is more critical in the
maxillary arch, however, the wrap-around design used in the
mandibular arch cannot be employed to as great an extent, especially
in the area adjacent to the facial aspect of the pontic. Proximal
grooves are prepared (in enamel) in the same occlusogingival orientation as the path of draw to provide additional resistance form to
lateral forces. he lingual extensions and occlusal rests are prepared
as described for the mandibular bridge (see Fig. 16.16B and C).
For retention, perforations in the retainer (e.g., Rochette design)

B

• Fig. 16.15 A and B, Maryland-type, resin-bonded posterior bridge. A missing mandibular right irst
molar is conservatively replaced by a porcelain-fused-to-metal, resin-bonded bridge.
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• Fig. 16.16 Maxillary posterior resin-bonded bridge with porcelain-fused-to-metal pontic. A, Preoperative photograph (mirror view) of a missing maxillary second premolar. B and C, Outlined inal tooth preparations: occlusal (B) and lingual (C) views. D, Completed prosthesis. E, Etched preparations isolated and
ready for bonding. F, Porcelain-fused-to-metal bridge bonded in place.
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• Fig. 16.17 Resin-bonded mandibular posterior all-metal bridge. A, Edentulous space resulting from
loss of irst molar and distal migration of second premolar. B and C, All-metal bridge with electrolytically
etched retainers (Maryland type) bonded in place: occlusal view (B) and lingual view (C). Note non–tissuecontacting, hygienic-type pontic. (Courtesy Dr. William Sulik.)
are used in addition to acid etching the preparations. Perforations
are placed in the accessible lingual extensions. his design aids in
removing the bridge if replacement becomes necessary (see Fig.
16.16D). he etched preparations, which are ready for bonding,
are illustrated in Fig. 16.16E. he completed bonded bridge is
shown in Fig. 16.16F.

Mandibular Posterior Bridge With Metal Pontic
Fig. 16.17A illustrates a space between the mandibular premolars
resulting from extraction of the permanent irst molar at an early
age and subsequent distal migration of the second premolar. Because
esthetics was not a factor, an all-metal bridge (e.g., Maryland type)
with a hygienically designed pontic was used. he steps are identical
to the steps for the mandibular posterior bridge with a PFM pontic
(as discussed earlier). he bridge, after several years of service, is
shown in Fig. 16.17B and C.

All-Porcelain Pontic
Improvements in dental porcelains along with the capacity to etch
and bond strongly to porcelain surfaces have made all-porcelain
pontics a viable alternative to pontics with metal winged retainers
(e.g., Maryland and Rochette bridges).10,11 Although all-porcelain
pontics are not as strong as pontics with metal retainers, far superior
esthetic results can be achieved because no metal substructure or
framework is present. All-porcelain pontics often can be used when
tooth anatomy precludes or restricts the preparation and placement
of a metal winged pontic. Long, pointed canines with proximal
surfaces exhibiting little occlusogingival height often lack adequate
areas for the placement of retention grooves. Anterior teeth that
are notably thin faciolingually also are not good candidates for
metal, resin-bonded bridge retainers and often are esthetic failures
because of metal showing through the tooth. In both instances,
custom-fabricated, etched porcelain pontics frequently can provide
an esthetic, functional alternative.
All-porcelain pontics are particularly indicated in adolescents
and young adults, in whom virgin, unrestored teeth are often
encountered. Because teeth are not extensively prepared, this
procedure is almost entirely reversible. his is a major beneit in
young patients, where all-porcelain pontics can be placed as interim
restorations until implants or a more permanent prosthesis can be
placed at an older age. Because of their limited strength, all-porcelain
pontics should be considered provisional in nature, similar to the
natural tooth pontic and the acrylic denture tooth pontic.
Similar to the natural tooth and denture tooth pontics, certain
prerequisites must be met to ensure a successful result. First, the
abutment teeth must be in reasonably good condition with proximal

enamel surfaces that are intact or contain very small composite
restorations. Second, the abutment teeth should be stable with
little mobility present. If the abutment teeth are mobile, it is
frequently necessary to secure them as well by splinting with
composite to adjacent teeth before placement of the bonded pontic
(see section Techniques for Splinting Anterior Teeth). hird, the
pontic must not be placed in a position that would subject it to
heavy centric or functional occlusal contacts. Because of these
occlusion concerns, canines and posterior teeth are not usually
good candidates for these types of resin-bonded bridges.

Technique
Fig. 16.18A and B illustrates a typical case of congenitally missing
lateral incisors in which tooth contours contraindicated the use
of resin-retained bridges with metal retainers. Central incisors are
very translucent, and the mesial contours of canines are deicient
(see Fig. 16.18C and E). After assessing centric and functional
occlusions, it was determined that all-porcelain pontics could be
placed without subjecting them to heavy occlusal forces. At the
irst appointment, the involved abutments are cleaned with lour
of pumice and an accurate shade selection is made, noting any
desired color gradients or characterizations.
No preparation of the teeth is recommended unless the proximal
surfaces of the abutment teeth adjacent to the edentulous space
are markedly convex. In such cases, slight lattening of the proximal
surfaces with a diamond instrument facilitates closer adaptation
of the pontic to the abutment teeth, increasing strength of the
connectors. Otherwise, no retentive features are recommended for
the preparation in the abutment teeth; the connector areas are
entirely made of composite.
Bridge connectors composed of porcelain are subject to eventual
fatigue fracture, after which repair is made more diicult. Studies
show that “veneer bridges” (i.e., all-porcelain pontics retained by
adjacent etched porcelain veneers) in particular are the weakest
design of all and should be avoided.11 hese types of bridges not
only provide little bond strength to the pontic but also needlessly
cover adjacent, healthy facial tooth surfaces. All-porcelain pontics
(composite used for bonding to the abutment teeth) are similar
to extracted natural tooth pontics in this regard. hose that have
connector areas consisting of the design feature allow for easy
repair and replacement of the composite connector should a fracture
in this area be encountered.
If high-strength ceramics that are totally immune to crack
propagation and cohesive fracture are developed, retentive features
prepared in the adjacent abutment teeth may be desired. hese
features, prepared in enamel, would consist of proximal grooves
or boxes, depending on the faciolingual dimension of the proximal
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• Fig. 16.18 All-porcelain pontics. A and B, Patient with congenitally missing lateral incisors. C and D,
Right side before and after treatment. E and F, Left side before and after placement of all-porcelain pontic.
G, Lingual view of completed bridges. H, Facial view of all-porcelain pontics.
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surfaces. In the absence of such totally fracture-resistant ceramics,
however, all-porcelain pontics are best placed with composite
connectors for ease of repair and replacement.
An elastomeric impression is made, and a working cast is generated from it. A modiied ridge lap pontic tip design as previously
described (see Fig. 16.6B) is recommended. An occlusal bite registration should be made and forwarded to the laboratory so that the
occlusal relationship can be considered during fabrication of allporcelain pontics. he proximal surfaces of the pontics are etched
with hydroluoric acid. he area etched must include all areas
anticipated for bonding to the composite-bonding medium. he
etched proximal surfaces should extend just beyond the lingual
line angles so that additional composite can be placed in the lingual
embrasure areas for additional connector strength.
At the subsequent appointment, teeth are isolated with cotton
rolls. A 5-cm by 5-cm (2-inch by 2-inch) cotton gauze is placed
across the back of the patient’s mouth to act as a protective shield
should the pontic be inadvertently dropped. A rubber dam is not
recommended for this procedure because it precludes accurate
assessment of the adaptation of the pontic tip to the residual ridge.
Before the teeth dehydrate, the position of each pontic is tested
in the edentulous space to assess the shade and relationship of the
pontic tip to the residual ridge. he pontic tip should contact the
residual ridge passively with no blanching of the underlying tissue
evident. Spaces of approximately 0.3 to 0.5 mm should exist between
the pontic and the abutment teeth because stronger connectors
are provided by the additional bulk of composite material. Care
must be taken not to allow contamination of the etched pontic
from saliva to occur during the try-in phase. If saliva contamination
occurs, the etched proximal surfaces of the pontic must be cleaned
thoroughly with alcohol and dried. After try-in, all etched proximal
surfaces of the porcelain pontics are primed with a suitable silanecoupling agent (see the manufacturer’s instructions for the speciic
technique). he pontics are now ready for bonding.
he involved proximal enamel surfaces of the abutment teeth
are roughened with a coarse, lame-shaped diamond instrument.
hereafter, all of the prepared (i.e., roughened) enamel surfaces
should be acid etched, rinsed, and dried. Care must be taken to
maintain clean, dry, uncontaminated etched surfaces until the
pontic is positioned and bonded. he abutment teeth are now
ready for bonding.
A light-cured composite is preferred for bonding all-porcelain
pontics because the extended working time allows the operator to
contour the connectors initially before polymerization. he dentist
applies the adhesive to the etched surfaces of the porcelain pontic
and the abutment teeth and lightly blows with air to remove the
excess. A 20-second application of light from the light-curing
unit is used to polymerize the bonding agent on each etched
surface.
A small amount of composite material is placed on the proximal
contact areas of the natural tooth pontic, and the pontic is inserted
carefully into the proper position in the edentulous space. A stent,
or index, made from bite registration material or fast-setting plaster
can be used to position the pontic, if desired. Positioning by hand

is recommended, however, so that optimal gingival pressure can
be maintained for best tissue adaptation. he dentist shapes the
excess composite extruding from the connector areas around the
contact areas with an explorer tip or small plugger end of a composite
instrument. After inal veriication that the pontic position is correct,
the composite is polymerized with light for a minimum of 40 to
60 seconds each from facial and lingual directions (for a total of
80–120 seconds).
Additional composite is applied in the proximal areas (more
material is added on the lingual surface than on the facial surface),
contoured, and polymerized. Adequate gingival embrasures must
be maintained to facilitate lossing and ensure good gingival health.
After suicient material has been added and polymerized, the dentist
shapes and smooths the embrasure areas with carbide inishing burs,
ine diamonds, and polishing disks. Facial embrasures are deined
for esthetics, but lingual embrasures are closed with composite to
strengthen the connectors (see Fig. 16.18D, F, and G).
he dentist evaluates the occlusion centric contacts and functional
movements. Heavy contacts on the pontic or the connector areas
must be adjusted. he inished bridges (immediately after bonding)
are illustrated in Fig. 16.18D and F–H. As with all resin-bonded
bridges, patients must be advised to avoid biting into hard foods
or objects to reduce the risk for dislodgment. Also, as noted earlier,
the patient must be advised as part of informed consent that
although the chances are remote, the potential for dislodgment
and the risk of swallowing or aspirating the pontic do exist. his
possibility exists for all resin-bonded bridges, and patients must
be warned of this hazard even though the risk is minimal.
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Direct Gold Restorations
GREGORY E. SMITH

D

irect gold is a gold restorative material that is manufactured
for compaction directly into prepared cavities. Two types
of direct gold are manufactured for dental use: gold foil
and powdered gold. hese gold materials difer in their metallurgic
structure.
Pure gold has been in use in dentistry in the United States for
more than 100 years.1-6 Various techniques have been advanced
for its use in the restoration of teeth. It is generally agreed that
this noble metal is a superior restorative material for treatment of
many small lesions and defects in teeth, given sound pulpal and
periodontal health. Success is achieved with direct gold restorations
if meticulous care is given to an exacting technique in tooth
preparation design and material manipulation. Direct gold restorations can last for a lifetime if attention is paid to details of restorative
technique and to proper home care. he longevity of direct gold
restorations is a result of the superb biocompatibility of gold with
the oral environment and its excellent marginal integrity.
his chapter discusses the various forms of direct gold presently
available and explains the principles required for their manipulation.
he principles of tooth preparation are reviewed as they are applied
to direct gold restorations. Class I, V, and III preparations and
their restoration are considered in detail.

Material and Manufacture
Several physical types of direct-illing gold have been produced.7
All are “compactable” in that they are inserted into tooth preparations under force and compacted or condensed into preparation
line and point angles and against preparation walls.
he gold foil referred to in the restorative sections of this chapter
is in pellet form (Figs. 17.1 and 17.2). Each piece is placed on
clean ingertips, and the corners are tucked into the center (see
Fig. 17.1B and C), and then the foil is lightly rolled into pellet
form (see Fig. 17.1D). In addition, cylinders of gold foil may be
rolled from the segments of a sheet (see Fig. 17.1A). After pellets
of gold are rolled, they may be conveniently stored in a gold foil
box (see Fig. 17.2), which is divided into labeled sections for
various sizes of pellets. Cylinders of foil and selected sizes of other
types of gold also may be stored in the box. Preferential contamination is suggested by placing a damp cotton pellet dipped into 18%
ammonia into each section of the box. his serves to prevent deleterious oxides from forming on the gold until it is used.
Powdered gold is made by a combination of chemical precipitation and atomization, with an average particle size of 15 mm (Fig.
17.3A).8 he atomized particles are mixed together in wax, cut

into pieces, and wrapped in No. 4 or No. 3 foil (see Fig. 17.3B).
Several sizes of these pellets are available. his product is marketed
as Williams E-Z Gold (Ivoclar-Williams, Amherst, NY).

Coheion and Degaing
Direct gold is inserted into tooth preparations under force. he
purpose of the force is to weld the gold into restorations containing
minimal porosity or internal void spaces.9-11 Welding occurs because
pure gold with an absolutely clean surface coheres as a result of
metallic bonding. As the gold is forced and compressed into a
tooth preparation, succeeding increments cohere to those previously
placed. For successful welding to occur during restoration, the
gold must be in a cohesive state before compaction, and a suitable,
biologically compatible compacting force must be delivered.
Direct gold may be either cohesive or noncohesive. It is noncohesive in the presence of surface impurities or wax, which prevents
one increment of gold from cohering to another. he manufacturer
supplies books of gold foil or prerolled cylinders in a cohesive or
noncohesive state. E-Z Gold pellets are supplied with a wax coating
that must be burned of before compaction.
Because gold attracts gases that render it noncohesive, such
gases must be removed from the surface of the gold before dental
compaction. his process usually is referred to as degassing or
annealing and is accomplished by application of heat. he term
degassing is preferable because the desired result is to remove residual
surface contamination (although further annealing, resulting in
additional internal stress relief or recrystallization, also may occur
in this process). All direct-filling gold products are degassed
immediately before use except when noncohesive foil is speciically
desired. Underheating during degassing should be avoided because
it fails to render the gold surface pure. Overheating also should
be avoided because it may cause the gold to become brittle or melt
and render it unusable. Degassing is accomplished by heating the
gold foil on a mica tray over a lame or on an electric annealer or
by heating each piece of gold over a pure ethanol lame (Fig. 17.4).
he advantage of the technique involving use of the pure ethanol
lame is that each piece of gold is selected and heated just before
insertion, and waste of gold is avoided. A careful technique is
needed to degas an increment of gold in the lame correctly. he
gold is passed into the blue inner core of the lame on the tip of
a foil-passing instrument and held just until the gold becomes
dull red, and then the instrument is withdrawn from the lame.
After a few seconds are allowed for cooling, the gold is placed in
the preparation. Although any of the three degassing procedures
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• Fig. 17.1 A, 10 × 10 cm (4 × 4 inch) book of foil marked for cutting and rolling into pellets of various
sizes. B and C, Corners of foil piece are tucked into center. D, Foil is rolled into a completed pellet. (A,
Courtesy Terkla and Cantwell.)

• Fig. 17.2

Gold foil box. Compartments are labeled to show pellet size.

is satisfactory for gold foil, this is not the case for E-Z Gold. he
E-Z Gold pellet must be heated 1 2 to 2.5 cm (1 inch) above the
ethanol lame until a bright lame occurs (caused by ignition of
the wax) and the pellet becomes dull red for 2 to 3 seconds, then
it is withdrawn from above the lame.

Principle of Compaction
Direct-illing gold must be compacted during insertion into tooth
preparations.12 With the exception of E-Z Gold, the compaction
takes the form of malleting forces that are delivered either by a
hand mallet used by the assistant or by an Electro-Mallet (McShirley
Products, Glendale, CA) or a pneumatic mallet used by the dentist.
E-Z Gold, because of its powdered form, may be compacted by
heavy hand pressure delivered in a rocking motion with specially
designed hand condensers.13,14 Successful malleting of the gold foil
may be achieved with any of the currently available equipment.
Some operators prefer the Electro-Mallet or the pneumatic mallet
because a dental assistant is not required for the procedure.

A technique preferred by many clinicians uses a hand mallet
to deliver light blows to a condenser held by the dentist (Fig.
17.5A). his technique allows great control of malleting forces
when variations are called for, and it allows for rapid change in
condenser nibs, or tips, when a multitude of condensers is required.
In any case, a suitable condenser must be stepped over the gold
systematically to achieve a dense, well-compacted restoration (see
Fig. 17.8 later in the chapter).
Condensers are designed to deliver forces of compaction to
direct gold. Condensers used in the handpieces of the Electro-Mallet
or pneumatic mallet consist of a nib, or working tip, and a short
shank (approximately 2.5 cm in length) that its into the malleting
handpiece. Condensers used with the hand mallet are longer
(approximately 15 cm) and have a blunt-ended handle that receives
light blows from the hand mallet.
Condenser nibs are available in several shapes and sizes (see
Fig. 17.5B). All have pyramidal serrations on the nib faces to
prevent slipping on the gold. Condensers described in this chapter
are (1) the round condensers, 0.4 to 0.55 mm in diameter; (2)
the Varney foot condenser, which has a rectangular face that is
approximately 1 to 1.3 mm; and (3) the parallelogram condensers,
which are used only for hand pressure compaction and have nib
faces that measure approximately 0.5 to 1 mm.
Condenser shanks may be straight, monangled, or ofset, and
their nib faces may be cut perpendicular to the long axis of the
handle or perpendicular to the end portion of the shank (Fig. 17.6).
he smaller the nib face size (i.e., area), the greater the pounds
per square inch delivered (given a constant malleting force). If the
nib diameter is reduced by half, the efective compaction force in
pounds per square inch is four times greater (because the area of
a circle is proportional to the square of the diameter). For most
gold, the 0.4- to 0.55-mm diameter nibs are suitable. Smaller
condensers tend to punch holes in the gold, whereas larger ones are
less efective in forcing the gold into angles in the tooth preparation.
Two fundamental principles involved in compaction of cohesive
gold are to (1) weld the gold into a cohesive mass and (2) wedge
as much gold as possible into the tooth preparation.15 Welding
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B

A
• Fig. 17.3

Scanning electron micrographs of direct-illing golds. A, Spheres of E-Z Gold. B, Wrapped
E-Z pellet that contains spheres. (Courtesy Ivoclar-Williams Company, Inc., Amherst, NY.)

B

A

C

• Fig. 17.4 A, Pellet of gold foil is degassed in pure ethanol lame. B, Mica tray mounted over alcohol
lamp for degassing several increments of gold simultaneously. C, Gold foil degassed on an electric
annealer. (Courtesy of Terkla and Cantwell.)

A

B
• Fig. 17.5

A, Hand mallet and condensers used for hand mallet compaction of direct gold. B, Selection
of variously shaped nibs. Left to right, Three round-faced nibs, oblique-faced nib, foot condenser, and
rounded rectangular nib. (A, Courtesy of Terkla and Cantwell.)
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• Fig. 17.6

A, Oblique-faced condenser with the nib face established
perpendicular to long axis of handle and perpendicular to line of force (a).
B, Conventional monangle condenser; the nib face is not perpendicular
to line of force (b); the condenser nib face is established perpendicular to
end portion of shank rather than perpendicular to handle (c).

• Fig. 17.8

Diagrammatic order of compaction for increment of directilling gold. Condensers are moved across surface of gold in an orderly
stepping motion. Each succeeding step of the nib overlaps the previous
one by at least half of the nib face diameter. Condensation begins at
position 1 and moves to the right, then resumes at 2 and repeats movement to the right. Finally, it continues in rows 3, 4, and 5.

a

• Fig. 17.7

Compacted gold foil. Linear channels are evident between
creases in the foil pellet. Dark spots are void spaces in the compacted
mass.

takes place primarily as a result of the coherence of the noble metal
to itself. Wedging results from careful compacting technique.
Regardless of the technique used, some bridging occurs, resulting
in void spaces not only in the compacted gold but also along the
preparation walls. Success depends on minimizing these voids,
particularly on the surface of the restoration and at the cavosurface
interface, where leakage to the internal aspects of the restoration
may begin. Gold foil compacts readily because of its thin form
and produces a mass with isolated linear channels of microporosity
(Fig. 17.7). Because the thin folds of the gold pellet weld to each
other, the remaining channels of microporosity do not appear to
be entirely conluent with one another.
It is recommended that compaction of E-Z Gold be done by
hand pressure. As compaction is performed, the bag of atomized
gold is opened and the spheres of gold powder move over one
another and against the preparation walls. Heavy and methodic
hand pressure with the condensers is required to compact this
form of gold efectively.

Compaction Technique for Gold Foil
Compaction begins when a piece of gold is placed in a tooth
preparation. he gold is irst pressed into place by hand, then a
condenser of suitable size is used to begin malleting in the center
of the mass (often this is done while this irst increment is held
in position with a holding instrument). Each succeeding step of

a

• Fig. 17.9

Line of force (a) remains parallel with the shaft or handle of
the condenser, regardless of any angles in the shank of the instrument.

the condenser overlaps (by half ) the previous one as the condenser
is moved toward the periphery (Fig. 17.8). he gold moves under
the nib face of the condenser, efecting compaction as malleting
proceeds.
he most eicient compaction occurs directly under the nib
face.15 Some compaction also occurs by lateral movement of the
gold against surrounding preparation walls. he result of compaction
is to remove most of the void space from within each increment
of gold, to compact the gold into line and point angles and against
walls, and to attach it to any previously placed gold via the process
of cohesion.16
he line of force is important when any gold is compacted.
he line of force is the direction through which the force is delivered
(i.e., the direction in which the condenser is aimed) (Fig. 17.9).
Speciic instructions regarding line of force are given in subsequent
sections as they relate to the restorations.
Research has shown that a biologically acceptable pulpal response
occurs after proper direct gold procedures.17 Care is required when
condensing forces are applied to preclude pulpal irritation. he
Electro-Mallet is an acceptable condenser if the manufacturer’s
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instructions for mallet intensity are followed. Correct hand-malleting
technique requires a light, bouncing application of the mallet to
the condenser, rather than delivery of heavy blows.

Compaction Technique for E-Z Gold
Using an amalgam condenser or a gold foil condenser, the irst
pellet of E-Z Gold is pressed into the depth of the tooth preparation
and tamped into position. A small condenser is selected to thrust
and wedge the gold into opposing line angles and against opposing
walls, to secure the mass in the preparation. Additional pellets are
added (one at a time, banking against the preparation walls) until
the entire preparation is illed. To avoid creation of large void
spaces in the restoration, a dense, fully condensed surface is obtained
with each pellet before subsequent pellets are added.

Principle of Tooth Preparation for Direct
Gold Retoration
Fundamental of Tooth Preparation
he principles of tooth preparation for all direct gold restorations
demand meticulous attention to detail for success. Failure to give
attention to outline form may result in an unsightly restoration
or, at the least, one in which cavosurface deiciencies are immediately
obvious. Poor resistance form can result in tooth fracture; inadequate
retention form may result in a loose restoration that is frustrating
to the dentist. Lack of detailed convenience form may render an
otherwise excellent tooth preparation unrestorable. he preparation
must be smoothed and debrided to permit the irst increments of
gold to be stabilized.
he margins in outline form must not be ragged. hey are
established on sound areas of the tooth that can be inished and
polished. he outline must include all structural defects associated
with the lesion. he marginal outline must be designed to be
esthetically pleasing because the inal restoration may be visible.
Resistance form is established by orienting preparation walls
to support the integrity of the tooth, such as a pulpal wall that is
lat and perpendicular to occlusal forces. All enamel must be
supported by sound dentin. Optimally placed axial or pulpal walls
promote the integrity of the restored tooth, providing a suitable
thickness of remaining dentin.
he retention form is established by parallelism of some walls
and by strategically placed converging walls (as described in detail
for each tooth preparation). In addition, walls must be smooth
and lat where possible (to provide resistance to loosening of the
gold during compaction), and internal line angles must be sharp
(to resist movement). Internal form includes an initial depth into
dentin, ranging from 0.5 mm from the dentinoenamel junction
(DEJ) in Class I preparations to 0.75 mm from cementum in
Class V preparations.
Optimal convenience form requires suitable access and a dry
ield provided by the rubber dam. Access additionally may require
the use of a gingival retractor for Class V restorations or a separator
to provide a minimal amount of separation (0.5 mm maximum)
between anterior teeth for Class III restorations. Sharp internal
line and point angles are created in dentin to allow convenient
“starting” gold foil as compaction begins. Rounded form is permitted
when E-Z Gold is used to begin the restorative phase. Removal
of remaining carious dentin, inal planing of cavosurface margins,
and debridement complete the tooth preparation for direct gold.
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Indication and Contraindication
Class I direct gold restorations are one option for the treatment
of small carious lesions in pits and issures of most posterior teeth
and the lingual surfaces of anterior teeth. Direct gold also is indicated
for treatment of small, cavitated Class V carious lesions or for the
restoration, when indicated, of abraded, eroded, or abfraction areas
on the facial surfaces of teeth (although access to the molars is a
limiting factor). Class III direct gold restorations can be used on
the proximal surfaces of anterior teeth where the lesions are small
enough to be treated with esthetically pleasing results. Class II
direct gold restorations are an option for restoration of small cavitated proximal surface carious lesions in posterior teeth in which
marginal ridges are not subjected to heavy occlusal forces (e.g.,
the mesial or distal surfaces of mandibular irst premolars and the
mesial surface of some maxillary premolars). Class VI direct gold
restorations may be used on the incisal edges or cusp tips. A
defective margin of an otherwise acceptable cast-gold restoration
also may be repaired with direct gold.
Direct gold restorations are contraindicated in some patients
whose teeth have very large pulp chambers, in patients with severely
periodontally weakened teeth with questionable prognosis, in
patients for whom economics is a severely limiting factor, and in
handicapped patients who are unable to sit for the long dental
appointments required for this procedure. Root canal–illed teeth
are generally not restored with direct gold because these teeth are
brittle, although in some cases gold may be the material of choice
to close access preparations (for root canal therapy) in cast-gold
restorations.

Tooth Preparation and Retoration
his section presents the preparation and the restoration of Class
I, V, and III lesions. he preparations described may be restored
entirely with pellets of gold foil, or E-Z Gold may be used. If
powdered gold is selected, heavy hand pressure compaction may
be substituted for hand mallet or automatic mallet techniques.
Class I and V E-Z Gold restorations may be veneered with gold
foil pellets, if desired. he Class III tooth preparation discussed
in this chapter is recommended by Ferrier, and only pellets of gold
foil are used for the restoration. All tooth preparations and restorative
procedures are accomplished after a suitable ield of operation has
been achieved (usually by application of rubber dam).

Cla I Tooth Preparation and Retoration
Tooth Preparation Design
he marginal outline form for the Class I tooth preparation for
compacted gold is extended to include the lesion on the tooth
surface treated and any issured enamel. he preparation outline
may be a simple circular design for a pit defect or it may be oblong,
triangular, or a more extensive form (if needed to treat a defective
issure) (Fig. 17.10A). Preparation margins are placed beyond the
extent of pits and issures. All noncoalesced enamel and structural
defects are removed; the outline is kept as small as possible,
consistent with provision of suitable access for instrumentation
and for manipulation of gold.
For Class I tooth preparations, the external walls of the preparation are parallel to each other. In extensive occlusal preparations,
the mesial or distal wall (or both) may diverge slightly occlusally,
however, to avoid undermining and weakening marginal ridges.
he pulpal wall is of uniform depth, parallel with the plane of the
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surface treated, and established at 0.5 mm into dentin. he pulpal
wall meets the external walls at a slightly rounded angle created
by the shape of the bur. Small undercuts may be placed in dentin
if additional retentive features are required to provide convenience
form in beginning the compaction of gold (see Fig. 17.10B).
Undercuts, when desired, are placed facially and lingually in
posterior teeth (or incisally and gingivally on the lingual surface
of incisors) at the level of the ideal pulpal loor position. hese
undercut line angles must not undermine marginal ridges. A slight
cavosurface bevel may be placed to (1) create a 30- to 40-degree
metal margin for ease in inishing the gold and (2) remove remaining
rough enamel. he bevel is not greater than 0.2 mm in width and
is placed with a white rotary stone or suitable inishing bur.

Instrumentation
For description and illustration, the preparation of a carious pit
on the mandibular irst premolar is presented (Fig. 17.11A). By

a

b

B

A

• Fig. 17.10 A, Typical Class I occlusal marginal outlines for pit restorations with direct gold. B, Cross section of model of lingual Class I preparation on maxillary incisor. Undercuts (a, b) are placed in dentin incisally and
gingivally for additional retention.

A

use of a high-speed handpiece with air-water spray, the No. 330
or No. 329 bur is aligned, and the outline form (which includes
the limited initial depth) is established (see Fig. 17.11B). When
the preparation is extensive because of the inclusion of issured
enamel, a small hoe ( 6 1 2 - 2 1 2 -9) may be used to complete the
desired degree of latness of the pulpal wall. With a No. 33 1 2 bur
at low speed, small retentive undercuts are prepared into the dentinal
portion of the external walls at the initial pulpal wall depth; these
also may be prepared using a 6 1 2 -(90)- 2 1 2 -9 angle-former chisel.
Round burs of suitable size are used to remove any infected carious
dentin that remains on the pulpal wall. he preparation is completed
by inishing the cavosurface with an angle former, a small inishing
bur (e.g., No. 7802), or a lame-shaped white stone (see Fig.
17.11C–E).

Restoration
he restorative phase begins with the insertion of a pellet of E-Z
Gold or gold foil. he gold is irst degassed in the alcohol lame,
cooled in air for a few moments, and inserted into the preparation
with the passing instrument. he gold is pressed into place with
the nib of a small round condenser. In larger preparations a pair
of condensers is used for this initial stabilization of the gold. Next,
compaction of the gold begins with a line of force directed against
the pulpal wall (Fig. 17.12A). Hand pressure is used for E-Z Gold;
malleting is used for gold foil. he gold is compacted into the
pulpal line angles and against the external walls, and the line of
force is changed to a 45-degree angle to the pulpal and respective
external walls (to compact the gold best against the internal walls)
(see Fig. 17.12B). Additional increments of gold are added, and
the procedure is repeated until the preparation is about three quarters
full of compacted gold. If E-Z Gold is to be the inal restoration
surface, compaction is continued until the restoration is slightly
overilled.
If gold foil is selected to veneer this restoration, pellets of suitable
size are selected; in larger preparations, large pellets are convenient,
whereas for small pit preparations, the operator should begin with
1 -size pellets (Fig. 17.13). he pellet is degassed and carried
64

B

D

C

E

• Fig. 17.11 Class I preparation for direct gold. A, Preoperative view of pit lesion. B, No. 330 bur is
aligned properly for occlusal preparation. C, Occlusal cavosurface bevel is prepared with white stone. D,
The bevel may be placed with an angle former. E, Completed tooth preparation.
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• Fig. 17.12 A, Compaction forces are delivered by the condenser held at 90-degree angle to the pulpal
wall. B, Gold is condensed against the external preparation walls.

• Fig. 17.13

Placement of pellet of gold foil and compaction into tooth

• Fig. 17.14 Compaction of gold foil has proceeded suficiently to cover
all the cavosurface margins.

to the preparation. First, hand pressure compaction is used to
secure the pellet against the compacted E-Z Gold and spread it
over the surface; next, mallet compaction is used. Likewise, each
succeeding pellet is hand compacted, and then is compacted with
the mallet. he condenser point is systematically stepped over
the gold twice as malleting proceeds. Generally the line of force
is perpendicular to the pulpal loor in the center of the mass and
at a 45-degree angle to the pulpal loor as the external walls are
reached. At this stage and during all building of the restoration,
the compacted surface should be saucer shaped, with the compaction of gold on the external walls slightly ahead of the center.
he surface should never be convex in the center because this
may result in voids in the gold and poor adaptation of the gold
along the external walls when the condenser nib is “crowded out”
along the wall by the center convexity. he operator continues
building the restoration until the cavosurface margin is covered
with foil (Fig. 17.14). One needs to exercise extreme care that gold
is always present between the condenser face and the cavosurface
margin; otherwise the condenser may injure (i.e., fracture) the
enamel margin. he central area of the restoration’s surface is illed
in to the desired level. Tooth surface contour of the gold is created
to simulate the inal anatomic form, and a slight excess of gold is
compacted on the surface to allow for the inishing and polishing
procedures.
he irst step in the inishing procedure is to burnish the gold
(Fig. 17.15A). A lat beaver-tail burnisher is used with heavy hand
pressure to harden the surface gold. A discoid-cleoid carver is used
to continue the burnishing process and remove excess gold on the
cavosurface margin. he cleoid, always directed so that a portion
of the working edge is over or resting on enamel adjacent to or
near the margins, is pulled from gold to tooth across the surface.
his is done to smooth the surface and trim away excess gold (see
Fig. 17.15B). If considerable excess gold has been compacted, a
green stone may be necessary to remove the excess in Class I

restorations. Care must be taken at this stage to avoid abrading
the surface enamel. After use of the discoid-cleoid, a small round
inishing bur (No. 9004) is used to begin polishing (see Fig. 17.15C).
It is followed by the application of lour of pumice and tin oxide
or white rouge (see Fig. 17.15D). hese powdered abrasives are
applied dry, with a webless, soft rubber cup in a low-speed handpiece. Care is taken to use light pressure. Gentle blasts of air cool
the surface during polishing. he completed restoration is illustrated
in Fig. 17.16.

preparation.

Cla V Tooth Preparation and Retoration
Operating Field
As with all direct gold restorations, the rubber dam must be in
place to provide a suitable, dry ield for a Class V restoration. For
lesions near the gingiva or that extend into the gingival sulcus, it
is necessary to provide appropriate access to the lesion by placing
a No. 212 retainer or gingival retractor. he punching of the rubber
dam is modiied to provide ample rubber between teeth and to
provide enough rubber for coverage and retraction of the soft
tissue on the facial side of the tooth. he hole for the tooth to be
treated is punched 1 mm facial of its normal position, and an
extra 1 mm of dam is left between the hole for the treated tooth
and the holes for the immediately adjacent teeth.
Several modiications may be made to the No. 212 retainer to
facilitate its use. If the notches that are engaged by the retainer
forceps are shallow, they may be deepened slightly with a large,
carbide issure bur to provide a more secure lock for the forceps
(Fig. 17.17A). If the tips of the retainer jaws are very sharp, they
may be slightly rounded with a garnet disk, then polished to avoid
scratching cementum during placement. For application to narrow
teeth (e.g., mandibular incisors), the facial and lingual jaws may
be narrowed by grinding with a heatless stone or carborundum
disk, after which they are polished with a rubber wheel. To expedite
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• Fig. 17.15

Steps in inishing Class I direct gold restoration. A, Burnisher work-hardens the surface
gold. B, The discoid-cleoid instrument removes the excess gold from the cavosurface margins. C, A
No. 9004 bur is used to begin the polishing phase. D, Polishing abrasives are applied with a rubber cup.

to distribute compaction forces among all the teeth included in
the retainer application.

• Fig. 17.16

Completed restoration.

placement on rotated teeth, the jaws may be modiied by grinding
suitable contour to the tip edge (see Fig. 17.17B). he jaws may
be bent for use on teeth where gingival access to lesions is diicult.
his is done by heating the jaws to a cherry-red color in a lame,
then grasping the entire facial jaw with suitable pliers and slightly
bending the jaw apically. he procedure is repeated for the lingual
jaw, bending it slightly occlusally (Fig. 17.18).
he No. 212 retainer must be applied carefully to avoid damage
to soft or hard tissue. he retainer is secured in the retainer forceps
and carried to the mouth after the rubber dam has been placed.
he lingual jaw is positioned just apical to the lingual height of
contour, and the index inger is placed against the jaw to prevent
its movement. he retainer is rotated faciogingivally with the
forceps, while the thumb retracts the dam; the facial jaw is set
against the tooth (Fig. 17.19A). Next, a ball burnisher is placed
into one of the retainer notches and used to move the facial jaw
gingivally (without scraping the jaw against the tooth) to the inal
position (i.e., 0.5–1 mm apical of the expected gingival margin)
(see Fig. 17.19B). Gentle pressure is used to position the facial
jaw so that only the free gingiva is retracted, and the epithelial
attachment is not harmed. he retainer is supported and locked
into this desired position with the compound, which is softened,
molded by the ingers, and placed between the bows and the
gingival embrasures (see Fig. 17.19C). he compound also serves

Tooth Preparation Design
he typical Class V tooth preparation for restoration with direct
gold is trapezoidal (Figs. 17.20, 17.21, and 17.22). his outline
form is created to satisfy esthetic needs and the requirements for
the retention and convenience forms in the treatment of lesions
in the gingival third of the clinical crowns of teeth. he straight
occlusal margin improves the esthetic result, and by virtue of its
straight design, excess gold is readily discerned and removed in
the inal stages of the restorative process. he gingival outline is
shorter than the occlusal route because the tooth narrows in the
gingival area. In addition, it is prepared parallel with the occlusal
margin for easy identiication in the inishing phases. he mesial
and distal margins connect the gingival margin to the occlusal
margin.
he occlusal margin is straight and parallel with the occlusal
plane of the teeth in the arch (see Fig. 17.20); it is extended
occlusally to include the lesion. (When several adjacent teeth are
restored, some additional extension is permissible to create a uniform
level that may be more esthetically pleasing.) Often, the mesiodistal
extension to the line angles of the tooth places the junction of the
occlusal and mesial and distal margins gingival to the crest of the
free gingiva, rendering the most esthetic result. he gingival margin
is also straight, parallel with the occlusal margin, placed only far
enough apically to include the lesion, and it extends mesiodistally
to the line angles of the tooth.
he mesial and distal margins are parallel to the proximal line
angles of the tooth (see Fig. 17.22A) and usually are positioned
suiciently mesially and distally to be covered by the free gingiva.
he mesial and distal margins are straight lines that meet the
occlusal margin in sharp, acute angles and meet the gingival margin
in sharp, obtuse angles, both of which complete the trapezoidal
form.
he depth of the axial wall varies with the position of the
preparation on the tooth. he axial wall is approximately 1 mm
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• Fig. 17.17 A, Notches are deepened for secure holding of the No. 212 retainer. B, Jaws may be
modiied with a disk to facilitate retainer placement on rotated teeth.

A
• Fig. 17.18

B

A, Drawing of a No. 212 retainer as received from the manufacturer. B, Modiied facial and

lingual jaws.

A

B

C

• Fig. 17.19

Placement of No. 212 retainer. A, Initial placement of facial jaw after irst placing lingual
jaw. B, Use of ball burnisher to carry the facial jaw to the inal position. C, Retainer stabilized with compound to distribute compaction forces, prevent tipping, and to prevent either apical or occlusal movement
of retainer.

deep in the occlusal half of the preparation. As the outline
approaches the cervical line, the axial wall depth may decrease
from 1 to 0.75 mm. he axial wall must be established in dentin,
and occlusogingivally it should be relatively flat and parallel
(approximately) with the facial surface of the tooth (see Fig. 17.22B).
Mesiodistally, the axial wall also is prepared approximately parallel
with the surface contour of the tooth. his contour may create a
slight mesiodistal curvature in the axial wall in convex contoured
teeth and where the preparation is extensive proximally. Mesiodistal
curvature of the axial wall prevents encroachment of the tooth
preparation on the pulp. Excessive axial curvature results in a
preparation that is either too shallow in the center or too deep at
the proximal extensions, and it further complicates restoration by
failing to provide a reasonably lat wall against which to begin
compaction. A subaxial wall may be created within the axial wall

to remove infected caries that has progressed deeper than the ideal
axial wall placement.
he occlusoaxial internal line angle is a sharp right angle. he
occlusal wall also forms a right angle with the external enamel
surface, precluding undermining of the enamel. he gingivoaxial
internal line angle is a sharp, acute angle, created at the expense of
the gingival wall (see Fig. 17.22B). he mesioaxial and distoaxial
internal line angles are sharp, obtuse angles. hese obtuse line
angles are created to prevent the undermining of the mesial
and distal enamel, although still providing some resistance to
movement of the gold during compaction. hey must never be
acute angles.
he mesial and distal prepared walls are lat and straight. hey
meet the occlusal wall in a sharp, acute line angle and meet the
gingival wall in a sharp, obtuse line angle. he mesial and distal
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• Fig. 17.20

Facial view of Class V tooth preparation for direct gold. The
occlusal and gingival margins are straight, parallel with each other, and
extend mesially and distally to the respective mesiofacial and distofacial
tooth crown line angles. The mesial and distal walls diverge facially and
form obtuse angles with the axial wall. Line angles and point angles are
sharp (see also Fig. 17.22B).

• Fig. 17.21 Facioocclusal view of design of gingival wall in Class V
preparation for direct gold. The axiogingival line angle is acute and has
been prepared at the expense of the gingival wall. This gingival margin is
on cementum. If on enamel, the gingival cavosurface would be beveled
slightly (see also Fig. 17.26E).

A

B
• Fig. 17.22

A, Clinical Class V tooth preparation. Note the proper isolation of the operating ield. This
gingival margin is on cementum. B, Longitudinal section, facioocclusal view, and cross section. Line and
point angles are sharp.

walls provide resistance for gold compaction, but they provide no
retention.
he orientation of the gingival wall is the key to the retention
form of the preparation. It is straight mesiodistally, meeting the
mesial and distal walls in sharp line angles. Retention is provided

by sloping the gingival wall internally to meet the axial wall in a
sharply deined acute line angle. Retention is provided by the facial
convergence of the occlusal and gingival walls. Gold wedged between
these two walls is locked into the tooth. If the gingival margin is
established on enamel, the cavosurface is beveled slightly to remove
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unsupported enamel (see Fig. 17.26E later in the chapter). When
placed on cementum, the gingival cavosurface is not beveled (see
Fig. 17.24B later in the chapter).
he outline of the preparation may be modiied. In clinical
situations demanding reduced display of gold, such as in anterior
teeth, the incisal outline may be curved to follow the contour of
soft tissue mesiodistally (Fig. 17.23). his modiication is made
only when required because preparation instrumentation and
inishing of gold are more diicult than when a straight marginal
outline is created. A similar modiication may be made in the
occlusal outline when caries extends more occlusally as the proximal
extensions are reached. Also the mesiodistal extension (i.e., dimension) of a preparation may be limited when caries is minimal,
conserving intact tooth structure. When access requires, the gingival
wall may be modiied also to curve mesiodistally to include the
gingival extent of advanced caries. he entire axial wall should not
be extended pulpally to the depth of the lesion when deep cervical
abrasion, abfraction, or erosion is treated; rather the axial wall is
positioned normally, leaving a remaining V notch at its center to
be restored with gold. When failing restorations are removed and
restored with direct gold, the preparation outline is partially dictated
by the previous restoration (Fig. 17.24).

Instrumentation
he No. 33 1 2 bur is used to establish the general outline form of
the preparation. he end of the bur establishes the distal wall (Fig.
17.25A); the side establishes the axial depth and the occlusal,
gingival, and mesial walls (see Fig. 17.25B). When access permits,
the end of the bur may be used to establish the mesial and gingival

• Fig. 17.23

Completed Class V gold restoration. Incisal margin curved
to follow contour of gingival tissue for best esthetic result.

A
• Fig. 17.24

e79

walls (see Fig. 17.25C and D). he gingival and mesial walls may
be prepared with the side of the bur if access so dictates (see Fig.
17.25E and F). he end of the bur is used to place the axial wall
in dentin (see Fig. 17.25G).
he 6 1 2 - 2 1 2 –9 hoe or the larger 10-4-8 hoe is useful for planing
preparation walls, establishing sharp internal line angles (Fig.
17.26A), and inishing margins. he Wedelstaedt chisel is used to
inish the occlusal cavosurface margin (see Fig. 17.26B) and may
be used to plane the axial wall. he acute axiogingival angle is
established with the 6 1 2 - 2 1 2 -9 hoe, cutting from the cavosurface
to the axial wall in a push-cut stroke (see Fig. 17.26C). he chips
of dentin produced at the axiogingival angle may be removed with
the tip of an explorer (see Fig. 17.26D) or the point of a 6 1 2 (90)-2 1 2 -9 small angle former. Care must be taken not to gouge
the axial wall. When its use is indicated, the gingival bevel is
prepared with the Wedelstaedt chisel or a hoe (see Fig. 17.26E).

Restoration
Restoration of the Class V preparation begins with application of
cavity varnish (if desired), after which a piece of degassed E-Z
Gold is placed into the preparation. he gold is degassed in the
alcohol lame and carried to its place in the preparation with the
passing instrument. Parallelogram foil condensers or other suitable
serrated condensers are used to force the gold irmly against the
axial wall and to wedge it into the line angles. One instrument
may be put aside (and the other is used as a holding instrument
to prevent movement of the entire piece of gold), and compaction
can begin by delivering heavy compacting forces to the gold.
After stabilization of the gold, completion of compaction of
the initial mass of gold begins in the center of the mass with
a 0.5-mm-diameter, round, serrated condenser nib. Careful,
methodical stepping of the gold proceeds outward toward the
external walls (to wedge the gold in the tooth and remove internal
voids). As soon as the gold is stabilized, a holding instrument is
no longer necessary. As the walls are reached, a line of force of
45 degrees to the axial wall is used to drive the gold into the line
angles and against the external walls. he entire surface of the
gold is condensed twice to complete the compaction of the gold.
Additional increments of E-Z Gold are added until the preparation
is illed to at least half its depth. E-Z Gold pellets are used to
complete the restoration, covering the margins irst, and to complete
compacting in the center of the facial surface. Pellets of gold foil
also may be used to complete the outer one half of the restoration
(Fig. 17.27).
If gold foil is used for the outer half of the restoration, compaction proceeds with medium-sized pellets at the mesioocclusal or
distoocclusal line angle and then across the occlusal wall. he
entire wall and occlusal cavosurface margin are covered with
compacted gold foil (see Fig. 17.27A). To ensure that gold protects

B
A, Failing Class V amalgam restoration. B, Replacement direct gold restoration.
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the margin from blows of the condenser face, care should be
exercised when the condenser approaches any enamel margin. Next
the gingival, mesial, and distal walls are covered, which leaves the
restoration concave (see Fig. 17.27B). It is essential that all cavosurface margins be covered at this time, before the inal convex
surface of the restoration is formed.
Medium and large pellets (sizes 1 43 and 1 32 ) are compacted in
the center of the restoration to complete the formation of the
appropriate contour. A slight excess contour is developed and is
removed later when the gold is inished and polished. Any small
remaining deiciencies in the surface contour are illed with small
pellets. A Varney foot condenser (or other large condenser) is

malleted over the entire surface to make it smooth and assist in
detection of any poorly compacted areas (see Fig. 17.27C).
Finishing begins with application of a beaver-tail burnisher to
work-harden and smooth the surface (Fig. 17.28A). Petroleum
jelly may be applied to the dam to avoid abrasion from disks; it
also may be applied to the disks. Gross excess contour, if any, is
removed with a ine garnet disk applied with a Sproule or other
suitable mandrel in a low-speed handpiece (see Fig. 17.28B). Excess
gold is removed from the cavosurface margins with the discoid-cleoid
instrument (using pull-cut strokes) or the gold knife (using only
push-and-cut strokes from the gold to the tooth) (see Fig. 17.28C
and D). When removing the excess gold over the gingival margin,
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• Fig. 17.25

Use of No. 33 12 bur in straight handpiece for initiating Class V preparation. A, The end
of the bur is used to establish the distal wall. B, The side of the bur is used to establish the occlusal wall.
C, The end of the bur prepares the mesial wall, if access permits. D, The end of the bur is used to
establish the gingival wall, if access permits. The use of a No. 33 12 bur in the straight handpiece for
initiating Class V preparation.

M
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• Fig. 17.25, cont’d

E, Preparation of the gingival wall with the side of the bur. F, Preparation of the
mesial wall with the side of the bur. G, The end of the bur may be used to establish the initial axial wall
depth in dentin.

care is exercised not to remove cementum or “ditch” the root
surface (especially when using rotary instruments).
When the inal contour has been obtained, cuttle disks may
be used in decreasing abrasiveness (i.e., coarse to medium to ine)
to ready the surface for inal polishing. hese disks and the cleoid
are helpful in removing very ine ins of gold from margins. Polishing
is performed with ine pumice followed by tin oxide or white
rouge (applied with a soft, webless rubber cup). Care also is required
at this stage to avoid ditching cementum with the polishing abrasive.
he abrasives are used dry so that the ield may be kept clean, and
the exact position of the rubber cup can be seen at all times (Fig.
17.29).
After polishing has been completed, the No. 212 retainer and
rubber dam are removed. Removal of the retainer is best accomplished with the forceps irmly locked into the notches on the
retainer. he retainer jaws are opened from the tooth with the
forceps and carefully removed occlusally (without scratching the
restoration or the surface enamel of the tooth). he gingival sulcus
is rinsed and examined to ascertain that it is free of debris. Soft
tissue is massaged gently before the patient is dismissed.

Cla III Tooth Preparation and Retoration
Many styles of Class III preparations are advocated for use with
direct gold. Some preparations are based on the lingual approach
and are restored with E-Z Gold. Others may be instrumented
from either the facial or the lingual surface and use gold foil as
the restorative material. he outline form selected must provide
adequate access for placing the restoration and developing an
acceptable esthetic result. he preparation design presented in
subsequent sections was irst described by Ferrier in the early years

of the 20th century and is still used today.18 It has the advantage
of not only conserving the tooth structure but also providing access
for compaction of gold foil directly against all preparation walls
and cavosurface margins. his results in a dense, esthetically pleasing
result (if careful attention is given to management of the outline
design). his preparation is instrumented primarily from a facial
approach, although lingual instrumentation may be used in maxillary
teeth. he preparation may be modiied for mandibular anterior
teeth, the distal surface of maxillary canines, and the distal surface
of some lateral incisors.

Tooth Preparation Design for Maxillary Incisors
he marginal outline is the most important. From a facial view,
the gingival four ifths of the facial margin is straight and (generally)
parallel with the contour of the tooth (Fig. 17.30). he facial
margin forms a gentle curve in its incisal one ifth to blend with
the incisal margin. When viewed from a proximofacial aspect, the
facial outline follows the general contour of the adjacent tooth
(Fig. 17.31) and meets the gingival outline in a slightly obtuse
angle. his juncture may be curved slightly to enhance esthetics.
he gingival margin is crucial to the entire preparation. Its
faciolingual length dictates the remainder of the preparation. Where
possible, the gingival margin is established just apical to the crest
of the free gingiva to enhance the esthetic result. It is straight
faciolingually and is approximately at a right angle to the long
axis of the tooth. It meets the facial margin in a sharply deined
obtuse angle that may be rounded slightly (as previously described),
and it meets the lingual margin in a sharply deined acute angle.
Viewed from the lingual aspect, the lingual margin generally
parallels the long axis of the tooth (Fig. 17.32). It may diverge
slightly proximally from the long axis, however, to parallel more
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• Fig. 17.26

E

Use of hand instruments in Class V tooth preparation. A, The small hoe planes the preparation walls. B, The Wedelstaedt chisel reines the occlusal wall and the margin. C, The small hoe creates
an acute axiogingival line angle in dentin. D, The explorer is used to remove debris from the completed
preparation. E, The chisel blade bevels the gingival cavosurface margin, when indicated. (E, From Howard
WC, Moller RC: Atlas of operative dentistry, St. Louis, 1981, Mosby.)
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• Fig. 17.27 Completion of compaction where gold foil is used to overlay the E-Z Gold. A, Condensation of foil proceeds to cover the cavosurface margins. A slight excess of gold has been condensed over
the mesial half of the occlusal cavosurface margin. B, All cavosurface margins are covered with a slight
excess of gold. The restoration, at this stage of insertion, is concave. C, After additional foil pellets are
compacted in the central area to form a convex restoration surface with slight excess, a foot condenser
is used to conirm condensation.

A

B

C

D

• Fig. 17.28 Finishing the Class V restoration. A, Burnisher work-hardens surface. B, A small, ine garnet
disk removes the excess gold contour. C, The gold knife’s secondary edge used with push-stroke (arrow)
removes excess gold from the gingival margin. D, After inal surfacing with a cuttle disk, any remaining
marginal excess is removed with the cleoid carver.

A

B

• Fig. 17.29 A, A soft-rubber cup is used to apply polishing abrasives. B, The explorer is used to
remove any remaining polishing powder from site of completed restoration.
nearly the proximal contour. It meets the gingival margin in
a sharply deined angle that is nearly 90 degrees when viewed
from the lingual aspect (Fig. 17.33), but it is acute when viewed
from the proximal aspect. he lingual margin is straight in its
gingival two thirds, but then it curves abruptly to meet the incisal
margin.

he incisal margin is placed incisally to the contact area to
provide access to the preparation; however, it is not extended enough
to weaken the incisal angle of the tooth. It forms a smooth curve
that connects the facial and lingual margins of the preparation.
To provide a suitable resistance form, the internal aspects of
the preparation are precisely instrumented. he gingival wall
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• Fig. 17.30 Class III direct gold restoration. A, The model of the preparation shows the esthetic marginal outline (a). B, Central incisor (b) before distal preparation. C, Completed Class III restoration.

• Fig. 17.32
• Fig. 17.31

Lingual view of Class III preparation.

Proximofacial view of Class III preparation.

is flat faciolingually. The axial wall is flat faciolingually and
incisogingivally, and it is established 0.5 mm into dentin. he
resistance form also is created by establishing sharp, obtuse axiofacial and axiolingual line angles in dentin. he facial and lingual
walls diverge only enough to remove undermined enamel, and
yet they provide irm, lat walls against which the gold can be
compacted.
As in the Class V restoration, retention form is provided only
between the gingival and incisal walls. In the Class III preparation,
the dentinal portion of the gingival wall (as in the Class V gingival
wall) slopes apically inward to create an acute axiogingival line
angle. In the Class III preparation, the incisal portion is undercut
(Fig. 17.34). his undercut is placed in dentin, facioincisally, to
create a mechanical lock between the incisal and gingival walls.
his increased retention form in the Class III preparation is required

because of the length of the preparation incisogingivally and because
of the diiculty of access in compacting the gold.
Provision for the convenience form is made by the abrupt
incisolingual curve (which permits introduction of a condenser
directed toward the gingival wall), by adequate clearance of all
margins from the adjacent tooth, and by placement of sharp internal
point angles suitable for beginning compaction of gold. he
facioaxiogingival and linguoaxiogingival point angles may be
enlarged slightly to assist in initial stages of foil compaction, if
desired.19
he inishing of enamel walls requires placement of a facioincisolingual cavosurface bevel, which determines the inal marginal
outline. his bevel is made with hand instruments and is established
totally in enamel. It is designed to create maximum convenience
form, to remove all surface irregularities and any unsupported
enamel, and to establish a more esthetically pleasing result (Fig.
17.35; see also Fig. 17.30).
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Modiications of Class III Preparations
he distal surface of maxillary canines may require a modiication
in preparation design for convenience in gold compaction. Because
a highly convex surface is generally present, it is often desirable
to create a “straight-line preparation” in which the facial outline

B

A
• Fig. 17.33

Lingual marginal outline of Class III preparation. A, View of
lingual outline. Note the sharp linguogingival angle. B, Proximal view of
preparation. Note that the linguogingival angle is sharp and acute in this
view. (A, From Stibbs GD: Direct golds in dental restorative therapy. Oper
Dent 5:107, 1980.)

• Fig. 17.34 View of incisal retention in Class III preparation. The undercut is placed in dentin but does not undermine enamel.

appears as a slice. his modiication provides clearance from the
mesial marginal ridge of the irst premolar and provides considerable
convenience form to allow compaction of gold on the gingival
wall directly from an incisal position. his type of preparation also
is appropriate for the distal surface of highly contoured lateral
incisors (Fig. 17.36).
he mandibular incisors require a modiied Class III preparation
because of their small size and because access from a lingual position
may be exceptionally diicult. he lingual wall is created in one
plane, and extension of the lingual and the incisal walls is limited.
he axiolingual line angle is a right or slightly obtuse angle. Care
is taken to avoid lingual overextension of the lingual wall because
this can result in the removal of dentinal support for lingual enamel,
rendering the preparation unrestorable by direct gold. he outline
form is extended lingually only far enough to include the lesion
and to allow access for inishing of the gold. Incisal extension is
restricted because the proximal contact area between mandibular
incisors is often near the incisal angle. Extension incisally past the
contact may weaken this critical area of the tooth; a mechanical
separator may be necessary to obtain clearance between teeth. his
provides access for tooth preparation and gold compaction. Facial
extension is similar to the maxillary preparation (Fig. 17.37).
Internally, the incisal retentive angle for the mandibular Class
III preparation is placed directly incisally, rather than facioincisally
as in maxillary teeth. his modiication is made to conserve the
thickness of the tooth structure at the facioincisal angle, where
wear of mandibular anterior teeth frequently occurs. Lingual
approach Class III restorations may be made using E-Z Gold. In
such cases, the lingual “slot” type of preparation is made with
rounded internal line angles.

Separation of Teeth
Separation of teeth frequently is needed for instrumentation or
inishing procedures performed on Class III direct gold restorations.
he Ferrier separator is a convenient instrument for accomplishing
this separation. It is applied and stabilized with compound (similar
to stabilization of a No. 212 retainer) (Fig. 17.38). he jackscrews
of the separator are activated with the separator wrench to draw
the teeth slightly apart, creating a maximum space of 0.25 to

x

A
• Fig. 17.35
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B

Class III preparation internal form and facial marginal outline. A, Incisal view of cross section
of preparation in plane x shown in B. Facial and lingual cavosurface bevels are shown placed in enamel.
B, Facial view of the facial marginal outline of the preparation. (From Stibbs GD: Direct golds in dental
restorative therapy. Oper Dent 5:107, 1980.)
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0.5 mm. It is desirable to provide only this minimum separation
and to remove the separator as soon as possible (preventing damage
to periodontal structures).

Instrumentation
he No. 33 1 2 bur (or a suitable Wedelstaedt chisel) is used to begin
the preparation (Fig. 17.39). he bur is angled from the facial to
position the gingival outline and the facial wall. A Wedelstaedt
chisel establishes the lingual extension, and the No. 33 1 2 bur
deines the linguogingival line angle (Fig. 17.40) and completes
the gingival loor preparation. he outline form is completed by
beveling the cavosurface areas with a Wedelstaedt chisel. Next the
dentinal part of the gingival, lingual, facial, and incisal walls is
planed. A small hoe (i.e., 6 1 2 - 2 1 2 -9) is used for the lingual and
gingival walls (Fig. 17.41). An angle former is used to plane the
facial dentinal wall (Fig. 17.42). An axial plane (i.e., 8-1-23) smooths
the axial wall, and a bibeveled hatchet (i.e., 3-2-28) establishes the
incisal retentive angle with a chopping motion (Fig. 17.43). Small
angle formers are used to complete the sharp facioaxiogingival and
linguoaxiogingival point angles and the slightly acute axiogingival
angle (Fig. 17.44). he point angles may be enlarged further with
the No. 33S bur (i.e., end-cutting bur) for additional convenience
form. he Wedelstaedt chisel may be used again to complete the
inal planing of the cavosurface margins (Fig. 17.45).

• Fig. 17.36

Direct gold restoration of a clinical Class III preparation of
straight-line design on the distal portion of the maxillary lateral incisor.

A

Restoration
he separator is used to obtain a separation of 0.25 to 0.5 mm.
Compaction of gold foil begins at the linguoaxiogingival point
angle (Fig. 17.46). A small (i.e., 0.4 mm) monangle condenser is
used to compact the gold, which is held by a small holding instrument. Pellets size 1 64 or 1128 are used in the beginning of the
restorative phase. he line of force is directed over the facial surface
of the adjacent tooth and into the linguoaxiogingival point angle
(see Fig. 17.46B). As soon as ample gold has been compacted into
the linguogingival area to cover the linguogingival shoulder,
compaction continues across the gingival wall (Fig. 17.47) and
into the faciogingival angle. he ofset condenser (with a faciogingival line of force) is used to ill the facioaxiogingival point
angle (Fig. 17.48). Compaction of gold at the linguogingival area
is conirmed with the oblique-faced monangle condenser (i.e.,
0.5 mm) from the linguoincisal position (Fig. 17.49). Failure to
provide dense gold in this linguogingival area at this stage may
result in a void at the linguogingival angle and subsequently may
lead to restoration failure.
he bulk of the restoration is compacted with 1 43 - or 1 32
-sized pellets, mainly from a facial (occasionally from a lingual)
direction (Fig. 17.50). he line of force is maintained in an
axiogingival direction with the 0.5-mm monangle or obliquefaced monangle condenser (see Fig. 17.50B). This requires

• Fig. 17.38 Separator placed before clinical Class III preparation for the
mandibular incisor.

B

• Fig. 17.37 Mandibular Class III preparation. A, Facial view. The facial margin is similar to that in the
maxillary preparation. B, Linguoproximal view.
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• Fig. 17.39 A, Preoperative view of the extracted maxillary central incisor that has been mounted in
dentoform. Distal surface to be treated with Class III cavity preparation and restoration of compacted
gold. B, Preoperative lingual view. C, Facial approach initial entry is made with No. 33 12 bur. D, Initial bur
entry. E, The Wedelstaedt chisel begins to establish the facial outline form.

A

B

• Fig. 17.40 Lingual view of preparation instrumentation. A, The Wedelstaedt chisel planing the lingual
enamel wall. B, An inverted cone bur is used to establish the sharp linguogingival shoulder.
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• Fig. 17.41 Use of small hoe facial approach in tooth preparation. A, The hoe planes the lingual dentinal
wall from the incisal aspect to the gingival aspect. B, The hoe also planes this wall from the gingival aspect
to the incisal aspect (arrow). C, The hoe planes the gingival cavosurface (arrow).

A

B

C

• Fig. 17.42 Use of the angle former to plane the facial dentinal wall. A, Angle former before placement
in the preparation. B, Angle former in the preparation. C, The angle former is directed apically (arrow) to
plane the facial dentinal wall.

A

B

C

• Fig. 17.43 A, Axial plane before placement in the preparation. B, Bibeveled hatchet before placement
in the preparation. C, The bibeveled hatchet is used to establish the incisal retentive angle.
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• Fig. 17.44 A, Angle former before use in the preparation. B, The angle former is moved faciolingually
(a) to establish an acute axiogingival line angle (b). C, The offset angle former thrust faciogingivally establishes an acute facioaxiogingival point angle. D, Completed incisal, gingivoaxial retention form.
(D, From Stibbs GD: Direct golds in dental restorative therapy. Oper Dent 5:107, 1980.)

A

B

• Fig. 17.45 A, The Wedelstaedt chisel may be used again to plane margins. B, Completed facial margin
of Class III tooth preparation viewed from the facial position.
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• Fig. 17.46 A, The irst pellet of the gold foil is placed from the facial aspect into the preparation. Note
the separation of teeth by 0.25 to 0.5 mm. B, Compaction of the pellet into the linguoaxiogingival point
angle. The line of force is directed linguoaxiogingivally, while the holding instrument is placed from the
lingual position. C, The holding instrument (a) prevents dislodgment of foil during compaction.

a

• Fig. 17.47

The holding instrument (a) remains in position as the gold foil is condensed across the
gingival wall toward the facial portion of the preparation.

A

B

• Fig. 17.48 A, Offset condenser before placement in the cavity preparation. B, Compacted gold foil
covering the gingival wall and the cavosurface.
that the incisal surface of the growing restoration always slope
apically, with the gold on the axial wall ahead of the proximal
surface of the restoration. During the compaction procedure,
the vector of the line of force always should be toward the
internal portion of the preparation to prevent dislodgment of the
restoration.
he next step is the restoration of the incisal portion of the
preparation, referred to as “making the turn.” It is accomplished
in three phases. First, suicient gold is built up on the lingual wall

so that the gold is near the incisal angle (Fig. 17.51). Second, the
incisal area is illed by compacting 1128 -size pellets with the rightangle hand condenser (Fig. 17.52). Third, pellets of foil are
compacted into the incisolingual and incisal areas with the ofset
condenser. his ills the incisal portion, making a complete turn
from lingual to facial (Fig. 17.53A). he entire incisal cavosurface
is covered with gold (see Fig. 17.53B).
Additional gold compaction inishes the facial one third of
the restoration, and then the Varney foot condenser is used to
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• Fig. 17.49 Lingual view. The monangle condenser conirms compaction of gold at the linguogingival aspect of the restoration.

“after-condense” over the contour of the restoration. More separation
is generated by slight activation of the separator, before inishing
and polishing the restoration. A sharp, gold foil knife is used
to remove excess in the contact area, permitting a ine inishing
strip or steel matrix strip to pass through. A pull-cut Shooshan
ile or gold knife may facilitate removal of excess gold facially
(Fig. 17.54). Initial contouring of the contact area is performed
with long, extra-narrow, extra-ine cuttle inishing strips to gain
access to the proximal surface. Next, a wide, medium cuttle strip
may be used for rapid removal of excess gold. Final contouring
continues with the medium and fine, narrow strips. Finishing is performed with the extra-narrow, extra-ine cuttle strip

a

A

B

• Fig. 17.50 A, The monangle condenser is used to build the bulk of gold in the gingival half of the
preparation. B, Gingival half of the restoration in longitudinal section. The line of force (a) is directed
axiogingivally during compaction of gold to prevent dislodgment of the restoration.

B

A

• Fig. 17.51 A, The condenser is directed over the facial surface of the adjacent tooth, while the gold
is built toward the incisal aspect. B, The gold is compacted from the facioincisal aspect to cover the
lingual cavosurface; however, compaction direction must continue to have a major vector (arrow) toward
the axial wall to prevent dislodgment. At this stage, the compacted foil on the axial wall must be well
ahead (incisally) of the “growing” proximal surface.

A
• Fig. 17.52
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B

A, The right-angle hand condenser begins to press the gold into the incisal retention.
B, This condenser forces the gold deeply into the incisal retentive undercut.
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A
• Fig. 17.53

B

Completing the compaction of gold into the incisal region of the preparation. A, The offset
bayonet condenser condenses the gold into the incisal retention with mallet compaction. B, The incisal
cavosurface is restored with gold foil condensed with the small monangle condenser.

• Fig. 17.54

A sharp, thin-bladed gold knife removes excess gold from
the facial surface.

• Fig. 17.56

• Fig. 17.55

Fine cuttle inishing strips polish the proximal surface of the
gold foil restoration.

(Fig. 17.55). Care is taken to inish only the facial or lingual areas
with the strip and to avoid lattening the contact area. he gold
knife or discoid-cleoid instrument can be used to remove the inal
excess gold from the cavosurface margins. he separator is then

• Fig. 17.57

Completed maxillary Class III gold foil restoration.

Completed mandibular Class III gold foil restoration.

removed. Final polishing is accomplished with a worn, extra-ine
cuttle strip. Polishing powder may be used. Omitting this step
results in a satin inish that is less relective of light and perhaps
more esthetically pleasing (Fig. 17.56).

Summary
Direct-illing gold is useful in restorative dentistry. If carefully
manipulated by a dentist, this restorative material may provide
lifetime service to patients and promote their oral health

(Fig. 17.57). Direct-illing gold contributes to the art and the
science of restorative dentistry.
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Reference
1. Dwinelle WH: Crystalline gold, its varieties, properties, and use. Am
J Dent 5:249, 1855.
2. Ferrier WI: he use of gold foil in general practice. J Am Dent Assoc
28:691, 1941.
3. Hollenback GM: here is no substitute for gold foil in restorative
dentistry. J South Calif Dent Assoc 33:275, 1965.
4. Lambert RL: A survey of the teaching of compacted gold. Oper Dent
5:20, 1980.
5. Stibbs GD: Direct golds in dental restorative therapy. Oper Dent
5:107, 1980.
6. Trueman WH: An essay upon the relative advantage of crystallized
gold and gold foil as a material for illing teeth. Dent Cosmos 10:128,
1868.
7. Ingersol CE: Personal communication, 1982.
8. Lund MR, Baum L: Powdered gold as a restorative material. J Prosthet
Dent 13:1151, 1963.
9. Hodson JT: Structure and properties of gold foil and mat gold. J
Dent Res 42:575, 1963.
10. Hodson JT: Compaction properties of various pure gold restorative
materials. J Am Acad Gold Foil Oper 12:52, 1969.

e93

11. Smith GE: he efect of condenser design and lines of force on the dental
compaction of cohesive gold [Master’s thesis], Seattle, 1970, University
of Washington.
12. Black GV: he nature of blows and the relation of size of plugger
points force as used in illing teeth. Dent Rev 21:499, 1907.
13. Baum L: Gold foil (illing golds) in dental practice. Dent Clin North
Am 199:1965.
14. Ivoclar-Williams Company: E-Z Gold instructional brochure, Amherst,
NY, Ivoclar-Williams.
15. Smith GE: Condenser selection for pure gold compaction. J Am
Acad Gold Foil Oper 15:53, 1972.
16. Hodson JT, Stibbs GD: Structural density of compacted gold foil
and mat gold. J Dent Res 41:339, 1962.
17. homas JJ, Stanley HR, Gilmore HW: Efects of gold foil condensation
on human dental pulp. J Am Dent Assoc 78:788, 1969.
18. Ferrier WI: Treatment of proximal cavities in anterior teeth with
gold foil. J Am Dent Assoc 21:571, 1934.
19. Smith GE, Hodson JT, Stibbs GD: A study of the degree of adaptation
possible in retention holes, convenience points and point angles in
Class III cavity preparations. J Am Acad Gold Foil Oper 15:12–18,
1972.

e94

C HA P T E R 1 8

Cla II Cat-Metal Retoration

18
Class II Cast-Metal Restorations
JOHN R. STURDEVANT

he cast-metal restoration is versatile and is especially
applicable to Class II onlay preparations. he process has
many steps, involves numerous dental materials, and requires
meticulous attention to detail. Typically a dental laboratory is
involved, and the dentist and the laboratory technician must be
devoted to perfection. he high degree of satisfaction and service
derived from a properly made cast-metal restoration is a reward
for the painstaking application required.1 he Class II inlay involves
the occlusal surface and one or more proximal surfaces of a posterior
tooth. When cusp tips are restored, the term onlay is used. he
procedure requires two appointments: the irst for preparing the
tooth and making an impression, and the second for delivering
the restoration to the patient. he fabrication process is referred
to as an indirect procedure because the casting is made on a replica
of the prepared tooth in a dental laboratory.

T

alternative to a crown for teeth that have been greatly weakened
by caries or by large, failing restorations but where the facial and
lingual tooth surfaces are relatively unafected by disease or injury.
For such weakened teeth, the superior physical properties of a
casting alloy are desirable to withstand the occlusal loads placed
on the restoration; also the onlay can be designed to distribute
occlusal loads over the tooth in a manner that decreases the chance
of tooth fracture in the future. Preserving intact facial and lingual
surfaces is conducive to maintaining the health of the pulp and
the contiguous soft tissue (gingiva). When margins are supragingival
they are easier to inspect for adaptation and seal. When proximal
surface caries is extensive, favorable consideration should be given
to the cast inlay or onlay. he indirect procedure used to develop
the cast restoration allows more control of contours and contacts
(proximal and occlusal).

Material Qualitie

Endodontically Treated Teeth

Cast-metal restorations can be made from a variety of casting
alloys. Although the physical properties of these alloys vary, their
major advantages are their high compressive and tensile strengths.
hese high strengths are especially valuable in restorations that
rebuild most or all of the occlusal surface.
he American Dental Association (ADA) Speciication No. 5
for Dental Casting Gold Alloys requires a minimum total goldplus-platinum-metals content of 75 weight percent (wt%). Such
traditional high-gold alloys are unreactive in the oral environment
and are some of the most biocompatible materials available to the
restorative dentist.2 At present, four distinct groups of alloys are
in use for cast restorations: (1) traditional high-gold alloys, (2)
low-gold alloys, (3) palladium–silver alloys, and (4) base metal
alloys. Each of the alternatives to high-gold alloys has required
some modiication of technique or acceptance of reduced performance, most commonly related to decreased tarnish resistance and
decreased burnishability.3 Also they have been associated with higher
incidences of postrestorative allergy, most often exhibited by irritated
soft tissue adjacent to the restoration.2

A molar or premolar with treatment root canal illing can be
restored with a cast-metal onlay, provided that the onlay has been
thoughtfully designed to distribute occlusal loads in such a manner
as to reduce the chance of tooth fracture.

Indication

Teeth at Rik for Fracture
Fracture lines in enamel and dentin, especially in teeth having
extensive restorations, should be recognized as cleavage planes for
possible future fracture of the tooth. Restoring these teeth with a
restoration that braces the tooth against fracture injury may be
warranted sometimes. Such restorations are cast onlays and crowns.

Dental Rehabilitation With Cat-Metal Alloy
When cast-metal restorations have been used to restore adjacent
or opposing teeth, the continued use of the same material
may be considered to eliminate electrical and corrosive activity that sometimes occurs between dissimilar metals in the
mouth, particularly when they come in contact with each other
(galvanism).

Large Retoration

Diatema Cloure and Occlual Plane Correction

he cast-metal inlay is an alternative to amalgam or composite
when the higher strength of a casting alloy is needed or when the
superior control of contours and contacts that the indirect procedure
provides is desired. he cast-metal onlay is often an excellent

Often the cast inlay or onlay is indicated when extension of the
mesiodistal dimension of the tooth is necessary to form a contact
with an adjacent tooth. Cast onlays also can be used to correct
the occlusal plane of a slightly tilted tooth.
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Removable Prothodontic Abutment

Control of Contour and Contact

Teeth that are to serve as abutments for a removable partial denture
can be restored with cast-metal restorations. he advantages of
cast restorations are as follows: (1) he superior physical properties
of cast-metal alloys allow restorations to better withstand forces
imparted by a partial denture, and (2) rest seats, guiding planes,
and other aspects of contour relating to partial dentures are better
controlled when the indirect technique is used.

hrough the use of the indirect technique, the dentist has great
control over contours and contacts. his control becomes especially
important when the restoration is larger and more complex.

Contraindication

Diadvantage
Number of Appointment and Higher
Chair Time

High Carie Rate

he cast inlay or onlay requires at least two appointments and
much more time than a direct restoration, such as amalgam or
composite.

Facial and lingual (especially lingual) smooth-surface caries indicates
a high caries activity that should be brought under control before
expensive cast-metal restorations are used.

Temporary Retoration

Young Patient

Patients must have temporary restorations between the preparation
and delivery appointments. Temporaries occasionally loosen or
break, requiring additional visits.

With younger patients, direct restorative materials (e.g., composite
or amalgam) are indicated unless the tooth is severely broken or
endodontically treated. An indirect procedure requires longer and
more numerous appointments, access is more diicult, the clinical
crowns are shorter, and younger patients may neglect oral hygiene,
resulting in additional caries.

Ethetic

Cot
In some instances, cost to the patient becomes a major consideration in the decision to restore teeth with cast-metal restorations.
he cost of materials, laboratory bills, and the time involved
make indirect cast restorations more expensive than direct
restorations.

he dentist must consider the esthetic impact (display of metal)
of the cast-metal restoration. his factor usually limits the use of
cast-metal restorations to tooth surfaces that are hidden at a
conversational distance. Composite and porcelain restorations are
alternatives in esthetically sensitive areas.

Technique Senitivity

Small Retoration

Splitting Force

Because of the success of amalgam and composite, few cast-metal
inlays are done in small Class I and II restorations.

Small inlays may produce a wedging efect on facial or lingual
tooth structure and increase the potential for splitting the tooth.
Onlays do not have this disadvantage.

Advantage
Strength
he inherent strength of dental casting alloys allows them to restore
large damaged or missing areas and be used in ways that protect
the tooth from future fracture injury. Such restorations include
onlays and crowns.

Every step of the indirect procedure requires diligence and attention
to detail. Errors at any part of the long, multistep process tend to
be compounded, resulting in less than ideal its.

Initial Procedure
Occluion

As previously mentioned, high-gold dental casting alloys are
unreactive in the oral environment. his biocompatibility can be
helpful for many patients who have allergies or sensitivities to
other restorative materials.

Before the anesthetic is administered and before preparation of
any tooth, the occlusal contacts of teeth should be evaluated. As
part of this evaluation, the dentist must decide if the existing
occlusal relationships can be improved with the cast-metal restoration. An evaluation should include (1) the occlusal contacts in
maximum intercuspation where teeth are brought into full
interdigitation and (2) the occlusal contacts that occur during
mandibular movements (Fig. 18.1). he pattern of occlusal contacts
inluences the preparation design, selection of interocclusal records,
and type of articulator or cast development needed.

Low Wear

Anetheia

Although individual casting alloys vary in their wear resistance,
castings are able to withstand occlusal loads with minimal changes.
his is especially important in large restorations that restore a large
percentage of occlusal contacts.

Local anesthesia of the tooth to be operated on and of adjacent
soft tissue usually is recommended. Anesthesia in these areas
eliminates pain and reduces salivation, resulting in a more pleasant
procedure for the patient and the operator.

Biocompatibility
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A

C

B

• Fig. 18.1 A–C, Evaluate occlusal relationships in maximum intercuspation (A) and during mandibular
movements (B and C). Be alert for problems with tooth alignment and contact position. Note the amount
of posterior separation provided by the guidance of anterior teeth (working side) and articular eminence
(nonworking side).

A

B

C

D

• Fig. 18.2 A, Applying tray adhesive to stock quadrant tray. B, Making preoperative impression. C,
Inspecting preoperative impression for completeness. D, When using alginate, wrap the impression with
wet paper towels to serve as a humidor.

Conideration for Temporary Retoration
Before preparation of the tooth, consideration must be given to
the method that will be used to fabricate the temporary restoration.
Most temporary restoration techniques require the use of a preoperative impression to reproduce the occlusal, facial, and lingual surfaces
of the temporary restoration to the preoperative contours.
he technique involves making a preoperative impression with
an elastic impression material. Alginate impression materials may
be used and are relatively inexpensive. he preoperative impression
may be made with a polyvinyl siloxane (PVS) impression material
if additional accuracy, stability, and durability are required. If the
tooth to be restored has large defects such as a missing cusp, an
instrument can be used to carve away impression material in the
area of the missing cusp or tooth structure, to simulate the desired
form for the temporary restoration. Alternatively, a material such
as rope wax can be added to the tooth before the impression in

the area of the defect. An impression is typically made using a
sectional tray (Fig. 18.2A). he tray illed with impression material
is seated (see Fig. 18.2B). After the impression has set, the impression
is removed and examined for completeness (see Fig. 18.2C). Alginate
impressions can distort quickly if they are allowed to gain or lose
moisture, so the impression is wrapped in wet paper towels to
serve as a humidor (see Fig. 18.2D). Preoperative PVS impressions
do not need to be wrapped. he preoperative impression is placed
aside for later use in forming the temporary restoration.

Tooth Preparation for Cla II CatMetal Retoration
A small, distal, cavitated caries lesion in the maxillary right irst
premolar is used to illustrate the classic two-surface preparation

CHAPTER 18 Cla II Cat-Metal Retoration
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• Fig. 18.3

A, Proposed outline form for distoocclusal preparation. B, Dimensions and coniguration of
No. 271, No. 169L, and No. 8862 instruments. C, Conventional 4-degree divergence from line of draw
(xy).

for an inlay (Fig. 18.3A). Treatment principles for other defects
are presented later. As indicated previously, few small one-surface
or two-surface inlays are done. Because the description of a small
tooth preparation presents the basic concepts, it is used to illustrate
the technique. More extensive tooth preparations are presented
later.

Tooth Preparation for Cla II Cat-Metal Inlay
Initial Preparation
Carbide burs used to develop the vertical internal walls of the
preparation for cast-metal inlays and onlays are plane cut, tapered
issure burs. hese burs are plane cut so that the vertical walls are
smooth. he side and end surfaces of the bur should be straight to
aid in the development of uniformly tapered walls and smooth pulpal
and gingival walls. Recommended dimensions and conigurations
of the burs to be used are shown in Fig. 18.3B. Suggested burs are
the No. 271 and the No. 169L burs (Brasseler USA, Inc., Savannah,
GA). Before using unfamiliar burs, the operator is cautioned to
verify measurements to judge the depth into the tooth during
preparation. he sides and end surface of the No. 271 bur meet in
a slightly rounded manner so that sharp, stress-inducing internal
angles are not formed in the preparation.4 he marginal bevels are
placed with a slender, ine-grit, lame-shaped diamond instrument
such as the No. 8862 bur (Brasseler USA, Inc.).
hroughout the preparation for a cast inlay, the cutting instruments used to develop the vertical walls are oriented to a single
“draw” path, usually the long axis of the tooth crown, so that the
completed preparation has draft (no undercuts) (see Fig. 18.3C).
he gingival-to-occlusal divergence of these preparation walls may
range from 2 to 5 degrees per wall from the line of draw. If the
vertical walls are unusually short, a maximum of 2 degrees occlusal
divergence is desirable to increase retention potential. As the
occlusogingival height increases, the occlusal divergence should
increase because lengthy preparations with minimal divergence
(more parallel) may present diiculties during the seating and
withdrawal of the restoration.

Occlual Step

With the No. 271 carbide bur held parallel to the long axis of the
tooth crown, the dentist enters the fossa or pit closest to the
involved marginal ridge, using a punch cut to a depth of 1.5 mm
to establish the depth of the pulpal wall (Fig. 18.4A and B). In
the initial preparation, this speciied depth should not be exceeded,
regardless of whether the bur end is in dentin, caries, old restorative
material, or air. he bur should be rotating at high speed (with
air-water spray) before application to the tooth and should not
stop rotating until it is removed; this minimizes perceptible vibration
and prevents breakage or chipping of the bur blades. A general
rule is to maintain the long axis of the bur parallel to the long
axis of the tooth crown at all times (see Fig. 18.4B and C). For
mandibular molars and second premolars whose crowns tilt slightly
lingually, this rule dictates that the bur should also be tilted slightly
(5–10 degrees) lingually to conserve the strength of the lingual
cusps (see Fig. 18.4D). When the operator is cutting at high speeds,
a properly directed air-water spray is used to provide the necessary
cooling and cleansing efects.5
Maintaining the 1.5-mm initial depth and the same bur orientation, the dentist extends the preparation outline mesially along
the central groove or issure to include the mesial fossa or pit (see
Fig. 18.4E and F). Ideally, the faciolingual dimension of this cut
should be minimal. he dentist takes care to keep the mesial
marginal ridge strong by not removing the dentin support of the
ridge (see Fig. 18.4F and H). he use of light intermittent pressure
minimizes heat production on the tooth surface and reduces the
incidence of enamel crazing ahead of the bur. Occasionally a issure
extends onto the mesial marginal ridge. his defect, if shallow,
may be treated with enameloplasty, or it may be included in the
outline form with the cavosurface bevel, which is applied in a later
step in the tooth preparation (see Fig. 18.4G).
Enameloplasty, as presented in earlier chapters, occasionally
reduces extension along the issures, conserving the tooth structure
vital for pulp protection and the strength of the remaining tooth
crown. he extent to which enameloplasty can be used usually
cannot be determined until the operator is in the process of
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• Fig. 18.4 A and B, Bur after punch cut to a depth of 1.5 mm. C, For maxillary posterior teeth, the
long axis of the bur should parallel the long axis of the tooth crown (yz). D, For molar and second premolar
teeth of mandibular dentition, the long axis of the bur should tilt slightly lingually to parallel the long axis
of the tooth crown (wx). E and F, Extending the mesial wall, taking care to conserve dentin that supports
marginal ridge (s). G, The marginal bevel can provide additional extension. H, Improper extension that
has weakened the marginal ridge.

extending the preparation wall, when the depth of the issure in
the enamel wall can be observed (Fig. 18.5). When enameloplasty
shows a issure in a marginal ridge to be deeper than one third
the thickness of enamel, the procedures described in the later
section should be used.
Extend to include faulty facial and lingual issures radiating
from the mesial pit. During this extension cutting, the operator
is cautioned again not to remove the dentin support of the proximal
marginal ridge. To conserve the tooth structure and the strength
of the remaining tooth, the inal extension up these issures can
be accomplished with the slender No. 169L carbide bur (Fig.
18.6A). he tooth structure and strength can be conserved further
by using (1) enameloplasty of the issure ends, when possible, and
(2) the marginal bevel of the inal preparation to include (eliminate)
the terminal ends of these issures in the outline form. he facial
and lingual extensions in the mesial pit region should provide the
desired dovetail retention form, which resists distal displacement
of the inlay (see Fig. 18.6B). When these facial and lingual grooves

are not faulty, suicient facial extension in the mesial pit region
should be made to provide this dovetail retention form against
distal displacement. Minor extension in the transverse ridge area
to include any remaining facial or lingual caries may necessitate
additional facial or lingual extension in the mesial pit to provide
this dovetail feature. (During such facial or lingual extensions to
sound tooth structure, the bur depth is maintained at 1.5 mm.)
If major facial or lingual extension is required to remove undermined
occlusal enamel, capping the weak remaining cuspal structure and
additional features in the preparation to provide adequate retention
and resistance forms may be indicated. hese considerations are
discussed in subsequent sections.
Continuing at the initial depth, the occlusal step is extended
distally into the distal marginal ridge suiciently to expose the
junction of the proximal enamel and dentin (Fig. 18.7A and B).
While extending distally, the dentist progressively widens the
preparation to the desired faciolingual width in anticipation of
the proximal box preparation. he increased faciolingual width
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• Fig. 18.5 A, Shallow enamel fault that is no deeper than one third the thickness of enamel. B, Using
ine-grit diamond instrument to remove enamel that contains shallow fault.
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Dovetailing

• Fig. 18.6

A, Extending up the mesiofacial triangular groove using the slender No. 169L bur. B, Dovetail
retention form is created by extension shown in A. As x its into y only in one direction resulting in z, similarly dovetail portion of inlay its into the dovetail portion of the preparation only in an occlusal-to-gingival
direction.

enables the facial and lingual walls of the box to project (visually)
perpendicularly to the proximal surface at positions that clear the
adjacent tooth by 0.2 to 0.5 mm (see Fig. 18.7F). he facial and
lingual walls of the occlusal step should go around the cusps in
graceful curves, and the prepared isthmus in the transverse ridge
ideally should be only slightly wider than the bur, thus conserving
the dentinal protection for the pulp and maintaining the strength
of the cusps. If the occlusal step has been prepared correctly, any
caries on the pulpal loor should be uncovered by facial and lingual
extensions to sound enamel (supported by dentin).
Proximal Box

Continuing with the No. 271 carbide bur, the distal enamel is
isolated by cutting a proximal ditch (see Fig. 18.7C–F). he harder
enamel should guide the bur. Slight pressure toward enamel is
necessary to prevent the bur from cutting only dentin. If the bur
is allowed to cut only dentin, the resulting axial wall would be
too deep. he mesiodistal width of the ditch should be 0.8 mm
(the tip diameter of the bur) and prepared approximately two
thirds (0.5 mm) at the expense of dentin and one third (0.3 mm)
at the expense of enamel. he gingival extension of this cut may

be checked with the length of the bur by irst measuring the depth
from the height of the marginal ridge and then removing the bur
and holding it beside the tooth. A periodontal probe also may be
used for this measurement. While penetrating gingivally, the dentist
extends the proximal ditch facially and lingually beyond the caries
to the desired position of the facioaxial and linguoaxial line angles.
If the caries lesion is minimal, the ideal extension facially and
lingually is performed as previously described (see Fig. 18.7F).
Ideal gingival extension of a minimal, cavitated lesion eliminates
caries on the gingival loor and provides a 0.5-mm clearance of
the unbeveled gingival margin with the adjacent tooth. Moderate
to extensive caries on the proximal surface dictates continued
extension of the proximal ditch to the extent of the caries at the
dentinoenamel junction (DEJ), but not pulpally (see Fig. 18.11D
later in the chapter). When preparing the proximal portion of the
preparation, the dentist maintains the side of the bur at the speciied
axial wall depth regardless of whether it is in dentin, caries, old
restorative material, or air. he operator should guard against
overcutting the facial, lingual, and gingival walls, which would
not conserve the tooth structure and could result in (1) overextension
of the margins in the completed preparation, (2) a weakened tooth,

e100 C HA P T E R 1 8

Cla II Cat-Metal Retoration

271
j

271

Distal

j

A

C

B

D
x

E

F

0.5 mm
0.2 mm

G

x

271

x

H

I
• Fig. 18.7 A, After exposing the junction (j) of proximal enamel and dentin. B, Sectional drawing of
A. C, Cutting the proximal ditch. D, Sectional drawing of C. E, Proximal view of D. F, Occlusal view
of the proximal ditch with proposed ideal clearance with the adjacent tooth. G and H, Proximal ditch
extended distally. x, penetration of enamel by side of bur at its gingival end. I, Breaking away isolated
enamel.

and (3) possible injury of soft tissue. Because the proximal enamel
diminishes in thickness from the occlusal to gingival level, the end
of the bur is closer to the external tooth surface as the cutting
progresses gingivally. he axial wall should follow the contour of
the tooth faciolingually. Any carious dentin on the axial wall should
not be removed at this stage of the preparation.
With the No. 271 carbide bur, the dentist makes two cuts, one
at the facial limit of the proximal ditch and the other at the lingual
limit, extending from the ditch perpendicularly toward the enamel
surface (in the direction of the enamel rods) (see Fig. 18.7G).
hese cuts are extended until the bur is nearly through the marginal
ridge enamel (the side of the bur may emerge slightly through the
surface at the level of the gingival loor) as shown in Fig. 18.7H.
his weakens the enamel by which the remaining isolated portion

is held. Also the level of the gingival loor is veriied by observing
where the end of the bur emerged through the proximal surface.
If indicated, additional gingival extension can be accomplished
while the remaining enamel still serves to guide the bur and to
prevent it from marring the proximal surface of the adjacent tooth.
At this time, however, the remaining wall of enamel often breaks
away during cutting, especially when high speeds are employed.
If the isolated wall of enamel is still present, it can be fractured
out with a spoon excavator (see Fig. 18.7I). At this stage, the
ragged enamel edges left from breaking away the proximal surface
may be touching the adjacent tooth.
Planing the distofacial, distolingual, and gingival walls by hand
instruments to remove all undermined enamel may be indicated
if minimal extension is needed to fulill an esthetic objective.
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Depending on access, the operator can use a No. 15 (width) straight
chisel, bin-angle chisel (Fig. 18.8), or enamel hatchet. For a righthanded operator, the distal beveled bin-angle chisel is used on the
distofacial wall of a distoocclusal preparation for the maxillary
right premolar. he dentist planes the wall by holding the instrument
in the modiied palm-and-thumb grasp and uses a chisel-like motion
in an occlusal-to-gingival direction (see Fig. 18.8A and B). he
dentist planes the gingival wall by using the same instrument as
a hoe, scraping in a lingual-to-facial direction (see Fig. 18.8C). In
this latter action, the axial wall may be planed with the side edge
(secondary edge) of the blade. he distolingual wall is planed
smooth by using the bin-angle chisel with the mesial bevel (see
Fig. 18.8D). When proximal caries is minimal, ideal facial and
lingual extensions at this step in the preparation result in margins
that clear the adjacent tooth by 0.2 to 0.5 mm.
he experienced operator usually does not use chisel hand
instruments during the preparation for inlays, considering that
the narrow, lame-shaped, ine-grit diamond instrument, when
artfully used, removes ragged, weak enamel during application of
the cavosurface bevel and lares and causes the patient to be less
apprehensive (see Figs. 18.12 and 18.13 later in the chapter). If
the diamond instrument is to be used exclusively in inishing the
enamel walls and margins, this procedure is postponed until after
the removal of soft dentin, old restorative material, or both and
the application of any necessary base. Waiting prevents any hemorrhage (which occasionally follows the beveling of the gingival
margin) from hindering (1) the suitable removal of remaining soft
dentin and old restorative material and (2) the proper application
of a necessary base. Hand instruments are more useful on the
mesiofacial surfaces of maxillary premolars and irst molars, where
minimal extension is desired to prevent an unsightly display of
metal.
Shallow (0.3-mm deep) retention grooves may be cut in the
facioaxial and linguoaxial line angles with the No. 169L carbide
bur (see Fig. 18.8E–I). hese grooves are indicated especially when
the prepared tooth is short. When properly positioned, the grooves
are in sound dentin, close to but not contacting the DEJ. he
long axis of the bur must be held parallel to the line of draw.
Preparing these grooves may be postponed until after any required
bases are applied during the inal preparation.

Final Preparation
Removal of Soft Dentin and Pulp Protection

After the initial preparation has been completed, the dentist evaluates
the internal walls of the preparation visually and tactilely (with
an explorer) for indications of any remaining soft dentin. If soft
dentin remains and if it is judged to be shallow or moderate
(≥1 mm of remaining dentin between the caries and the pulp),
satisfactory isolation for the removal of such caries and the application of any necessary base may be attained by reducing salivation
through anesthesia and the use of cotton rolls, a saliva ejector, and
gingival retraction cord. he retraction cord also serves to widen
the gingival sulcus and slightly retract the gingiva in preparation
for beveling and laring the proximal margins (Fig. 18.9; see also
Fig. 18.12A and B). For insertion of the cord, see the sections on
preparation of bevels and lares and tissue retraction. he removal
of the remaining caries and placement of a necessary base can be
accomplished during the time required for the full efect of the
inserted cord. A slowly revolving round bur (No. 2 or No. 4) or
spoon excavator is used to remove soft dentin (see Fig. 18.9F and
G). If a bur is used, visibility can be improved by using air alone.
his excavation is done just above stall-out speed with light,
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intermittent cutting. he operator should avoid unnecessarily
desiccating the exposed dentin during this procedure.
Light-cured glass ionomer cement may be applied with a suitable
applicator to these shallow (or moderately deep) excavated regions
to the depth and form of the ideally prepared surface. Placing the
material takes little time and should be considered because it results
in preparation walls with no undercuts and “ideal” position and
contour. his facilitates making the temporary restoration, and
also applying the light-cured glass ionomer at this time minimizes
additional irritation of the pulp during subsequent procedures
necessary for the completion of the restoration. he material is
applied by conveying small portions on the end of a periodontal
probe and is light-cured when the correct form has been achieved
(see Fig. 18.9H and I). Any excess cement can be trimmed back
to the ideal form with the No. 271 carbide bur after the cement
has hardened.
If the caries lesion is judged to approach the pulp closely, a
rubber dam should be applied and the soft dentin removed as
indicated (see Chapter 2). Rubber dam provides the optimal
environment for successfully treating a pulp exposure should it
occur. If removal of soft dentin leads directly to a pulpal exposure
(carious pulpal exposure), root canal treatment should be accomplished before completing the cast-metal restoration.
If the pulp is inadvertently exposed as a result of operator error
or misjudgment (mechanical pulpal exposure), the operator must
decide whether to proceed with the root canal treatment or to
attempt a direct pulp capping procedure. A clinical evaluation
should be made to determine the health of the pulp. A favorable
prognosis for the pulp after direct pulp capping may be expected
if the following criteria are met:
• he exposure is small (<0.5 mm in diameter).
• The tooth has been asymptomatic, showing no signs of
pulpitis.
• Any hemorrhage from the exposure site is easily controlled.
• he invasion of the pulp chamber was relatively atraumatic
with little physical irritation to the pulp tissue.
• A clean, uncontaminated operating ield is maintained (i.e., by
using a rubber dam).
If the excavation closely approaches the pulp or if a direct pulp
cap is indicated, the dentist should irst apply a lining of calcium
hydroxide using a low technique (without pressure). his calcium
hydroxide liner should cover and protect any possible near or
actual exposure and extend over a major portion of the excavated
dentinal surface (Fig. 18.10). Although undetected, an exposed
recessional tract of a pulp horn may exist in any deep excavation.
Calcium hydroxide treatment of an exposed, healthy pulp promotes
the formation of a dentin bridge, which would close the exposure.3
A resin-modiied glass ionomer base should be applied and should
completely cover the calcium hydroxide lining as well as some
peripheral dentin for good adhesion (Fig. 18.11). he base should
be suiciently thick in dimension to protect the thin underlying
dentin and the calcium hydroxide liner from subsequent stresses.
Usually good resistance form dictates that the pulpal wall should
not be formed entirely by a base; rather, in at least two regions,
one diametrically across the excavation from the other, the pulpal
wall should be in normal position, lat, and formed by sound
dentin (see region S in Fig. 18.11E, which depicts basing in a
mandibular molar). he dentist should consider the addition of
other retention features such as proximal grooves if a major portion
of a proximal axial wall is composed mostly of base because this
base should not be relied on for contributing to retention of the
cast restoration (see Fig. 18.8F).
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• Fig. 18.8 A–D, Using modiied palm-and-thumb grasp (A) to plane distofacial and distolingual walls
(B and D) and to scrape gingival wall (C). E, Before cutting retention grooves. F, Cutting retention grooves.
G and H, Facial proximal groove (FPG) and lingual proximal groove (LPG). I, Section in plane x. Large
arrows depict the direction of translation of the rotating bur.
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• Fig. 18.9 Moderately deep caries lesion. A–C, Extending the proximal ditch gingivally (B) to a sound
loor free from caries (C). D, Remaining caries on the axial wall. E, Section of C in plane yy. F, Removing
the remaining soft dentin. c, Inserted retraction cord. G, Section of F. H, Inserting glass ionomer base
with periodontal probe. I, Completed base.

Calcium hydroxide

Rubber dam

A

B

• Fig. 18.10 A and B, Deep caries excavations near the pulp are lined with calcium hydroxide. Note
the rubber dam.
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• Fig. 18.11 A–C, Completed base for the treatment of deep caries. D, Never deepen entire axial wall
with the side of a issure bur to remove a caries lesion because the pulp would be greatly irritated from
the resulting closeness of the gingivoaxial region of the preparation. E, Base placed deep in the excavation on the mandibular molar. Note the lat seats in sound dentin (S) that are desirable for adequate
resistance form.
Any remaining old restorative material on the internal walls
should be removed if any of the following conditions are present:
(1) he old material is judged to be thin, nonretentive, or both;
(2) radiographic evidence of a caries lesion under the old material
is present; (3) the pulp was symptomatic preoperatively; or (4)
the periphery of the remaining restorative material is not intact
(i.e., some breach exists in the junction of the material with the
adjacent tooth structure that may indicate a caries lesion under
the material). If none of these conditions is present, the operator
may elect to leave the remaining restorative material to serve as a
base, rather than risk unnecessary removal of sound dentin or
irritation or exposure of the pulp. he same isolation conditions
described previously for the removal of soft dentin also apply for
the removal of old restorative material.
Future root canal therapy is a possibility for any tooth treated
for deep caries that approximates or exposes the pulp. When treating
a tooth that has had such extensive caries, the following should
be considered: (1) reducing all cusps to cover the occlusal surface
with metal, for better distribution of occlusal loads, and (2) adding
skirts to the preparation to augment the resistance form because
teeth are more prone to fracture after root canal therapy.
Preparation of Bevel and Flare

After the base (where indicated) is completed, the slender, lameshaped, ine-grit diamond instrument is used to bevel the occlusal
and gingival margins and to apply the secondary lare on the
distolingual and distofacial walls. his should result in 30- to
40-degree marginal metal on the inlay (refer to upcoming Figs.
18.12H, 18.13J, and 18.14B). his cavosurface design helps seal

and protect the margins and results in a strong enamel margin
with an angle of 140 to 150 degrees. A cavosurface enamel angle
of more than 150 degrees is incorrect because it results in a lessdeined enamel margin (inish line), and the marginal cast-metal
alloy is too thin and weak if its angle is less than 30 degrees.
Conversely, if the enamel margin is 140 degrees or less, the metal
is too bulky and diicult to burnish when its angle is greater than
40 degrees (see Fig. 18.14F later in the chapter).
Usually it is helpful to insert a gingival retraction cord of suitable
diameter into the gingival sulcus adjacent to the gingival margin
and leave it in place for several minutes just before the use of the
lame-shaped diamond instrument on the proximal margins (Fig.
18.12A–C). he cord should be small enough in diameter to
permit relatively easy insertion and to preclude excessive pressure
against the gingival tissue, and yet it should be large enough to
widen the sulcus to about 0.5 mm. Immediately before the lameshaped diamond instrument is used, the cord may be removed to
create an open sulcus that improves visibility for beveling the
gingival margin and helps prevent injury and subsequent hemorrhage
of gingival tissue. Some operators prefer to leave the cord in the
sulcus while placing the gingival bevel.
Using the lame-shaped diamond instrument that is rotating
at high speed, the dentist prepares the lingual secondary lare (Fig.
18.13A; also see Fig. 18.12D–F). he dentist approaches from the
lingual embrasure (see Fig. 18.12F), moving the instrument
mesiofacially. he direction of the distolingual wall and the position
of the distolingual margin are compared before and after this
extension (see Figs. 18.8G and 18.13A). he distolingual wall
extends from the linguoaxial line angle into the lingual embrasure
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• Fig. 18.12

A and B, The retraction cord is inserted in the gingival sulcus and left for several minutes.
C, An open gingival sulcus after the cord shown in A is removed facilitates beveling the gingival margin
with a diamond instrument. D–F, Diamond instrument preparing lingual secondary lare. Large arrow in F
indicates the direction of the translation. G, Beveling the gingival margin. Note in C the mesial tilting of
diamond instrument to produce a bevel that is properly directed to result in 30-degree marginal metal as
shown in H. H, Properly directed gingival bevel resulting in 30-degree marginal metal. I, Failure to bevel
the gingival margin results in a weak margin formed by undermined rods (note the easily displaced wedge
of enamel) and 110-degree marginal metal, an angular design unsuitable for burnishing. J, Lap, sliding
it of prescribed bevel metal decreases the 50-µm error of seating to 20 µm. K, A 50-µm error of seating
produces an equal cement line of 50 µm along the unbeveled gingival margin.

in two planes (see Fig. 18.13A). he irst is termed lingual primary
lare; the second is termed lingual secondary lare. During this
(secondary) laring operation, the long axis of the instrument is
held nearly parallel to the line of draw, with only a slight tilting
mesially and lingually for assurance of draft (see Fig. 18.12D and
E), and the direction of translation of the instrument is that which
results in a marginal metal angle of 40 degrees (see Figs. 18.12F
and 18.13J).
he dentist bevels the gingival margin by moving the instrument
facially along the gingival margin (see Figs. 18.12G and 18.13A).
While cutting the gingival bevel, the rotational speed should be
reduced to increase the sense of touch; otherwise, overbeveling

may result. he instrument should be tilted slightly mesially to
produce a gingival bevel with the correct steepness to result in
30-degree marginal metal (see Fig. 18.12C, H, and J). If the
instrument is not tilted in this manner, the bevel is too steep,
resulting in gingival bevel metal that is too thin (<30-degree metal)
and too weak. Although the instrument is tilted mesially, its long
axis must not tilt facially or lingually (see Fig. 18.12G). he gingival
bevel should be 0.5 to 1 mm wide and should blend with the
lingual secondary lare.
he operator completes the gingival bevel and prepares the
facial secondary lare (see Fig. 18.13A–F). he long axis of the
instrument during this secondary lare is again returned nearly to
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• Fig. 18.13

A, Occlusal view of Fig. 18.12G. LSF, Lingual secondary lare; LPF, lingual primary lare.
B–E, Preparing the facial secondary lare. Large arrows in B, D, and E indicate the direction of the translation. F, Completed facial secondary lare. FSF, Facial secondary lare; FPF, facial primary lare. G, Distal
view of F. x, Plane of cross section shown in J. H and I, Preparing the secondary lare with the No. 169L
carbide bur (H) or with paper disk (I). J, The secondary lares are directed to result in 40-degree marginal
metal and 140-degree marginal enamel.

the line of draw, with only a small tilting mesially and facially,
and the direction of translation of the instrument is that which
results in 40-degree marginal metal (see Fig. 18.13E and J). When
the adjacent proximal surface (mesial of the second premolar) is
not being prepared, care must be exercised to avoid abrading the
adjacent tooth and overextending the distofacial margin. To prevent
such abrasion or overextension, the instrument may be raised
occlusally (using the narrower portion at its tip end) to complete
the most facial portion of the wall and margin (see Fig. 18.13D).
Also the more slender No. 169L carbide bur may be used, rather
than the lame-shaped diamond instrument (see Fig. 18.13H).
he No. 169L bur produces an extremely smooth surface to the
secondary lare and a smooth, straight distofacial margin. When
access permits, a ine-grit sandpaper disk may be used on the facial
and lingual walls and on the margins of the proximal preparation,
especially when minimal extension of the facial margin is desired
(see Fig. 18.13I). his produces smooth walls and helps create
respective margins that are straight (not ragged) and sound.
In the laring and beveling of the proximal margins, as described
in the previous paragraphs, the procedure began at the lingual
surface and proceeded to the facial surface. he direction may be
reversed, however, starting at the facial surface and moving toward
the lingual surface. On the mesiofacial surface of maxillary premolars
and irst molars where extension of the facial margin should be

minimal, it is usually desirable to use the lingual-to-facial
direction.
he gingival bevel serves the following purposes:
• Weak enamel is removed. If the gingival margin is in the enamel,
it would be weak if not beveled because of the gingival declination of the enamel rods (see Fig. 18.12I).
• he bevel results in 30-degree metal that is burnishable (on the
die) because of its angular design (see Fig. 18.12H). Bulky
110-degree metal along an unbeveled margin is not burnishable
(see Fig. 18.12I).
• A lap, sliding it is produced at the gingival margin (see Fig.
18.12J). his helps improve the it of the casting in this region.
With the prescribed gingival bevel, if the inlay fails to seat by
50 µm, the void between the bevel metal and the gingival bevel
on the tooth may be 20 µm; however, failure to apply such a
bevel would result in a void (and a cement line) as great as in
the failure to seat (see Fig. 18.12K).
Uninterrupted blending of the gingival bevel into the secondary
lares of the distolingual and distofacial walls results in the distolingual and distofacial margins joining the gingival margin in a
desirable arc of a small circle; also the gingivofacial and gingivolingual line angles no longer extend to the marginal outline. If
such line angles are allowed to extend to the preparation outline,
early failure may follow because of an “open” margin, dissolution
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• Fig. 18.14

A, The diamond instrument beveling the occlusal margin when it is indicated to result in
40-degree marginal metal, as shown in B. Angles x and x′ are equal because the opposite angles are
equal when two lines (L and L′) intersect. The diamond instrument is always directed such that an angle
of 40 degrees is made by the side of the instrument and the external enamel surface. B, Occlusal marginal
metal is approximately 40 degrees in cross section, making the enamel angle 140 degrees. C, When the
cuspal inclines are steep, no beveling is indicated considering that 40-degree metal would result without
beveling. D, Beveling the mesial margin and the axiopulpal line angle. E, The mesial bevel is directed
correctly to result in 40-degree marginal metal. F, An unbeveled mesial margin is incorrect because it
results in a weak enamel margin and unburnishable marginal metal. G, To conserve dentinal support (s),
occlusal defects on the marginal ridge are included in the outline form by applying a cavosurface bevel,
which may be wider than usual, when necessary. H, Occlusal view of G. Preparing a 140-degree cavosurface enamel angle at regions labeled y usually dictates that the occlusal bevel be extended over the
marginal ridges into the secondary lares. I, Distal view of H.

of exposed cement, and eventual leakage, all potentially resulting
in caries.
he secondary lare is necessary for several reasons: (1) he secondary flaring of the proximal walls extends the margins into the
embrasures, making these margins more self-cleaning and more
accessible to inishing procedures during the inlay insertion appointment, and does so with conservation of dentin. (2) he direction of
the lare results in 40-degree marginal metal (see Fig. 18.13J). Metal
with this angular design is burnishable; however, metal shaped at a
larger angle is unsatisfactory for burnishing; metal with an angle less
than 30 degrees is too thin and weak, with a corresponding enamel
margin that is too indeinite and ragged. (3) A more blunted and
stronger enamel margin is produced because of the secondary lare.
In a later section, the secondary lare is omitted for esthetic
reasons on the mesiofacial proximal wall of preparations on premolars and irst molars of the maxillary dentition. In this location,
the wall is completed with minimal extension by using either hand
instruments (straight or bin-angle chisel) followed by a ine-grit
sandpaper disk or very thin rotary instruments.

he lame-shaped, ine-grit diamond instrument also is used
for occlusal bevels. he width of the cavosurface bevel on the
occlusal margin should be approximately one fourth the depth of
the respective wall (Fig. 18.14A and B). he exception to the rule
is when a wider bevel is desired to include an enamel defect (see
Fig. 18.14G and H). he resulting occlusal marginal metal of the
inlay should be 40-degree metal; the occlusal marginal enamel is
140-degree enamel (see Fig. 18.14B and E). Beveling the occlusal
margins in this manner increases the strength of the marginal
enamel and helps seal and protect the margins. While beveling
the occlusal margins, a guide to diamond positioning is to maintain
an approximate 40-degree angle between the side of the instrument
and the external enamel surface; this also indicates when an occlusal
bevel is necessary (see Fig. 18.14A). If the cusp inclines are so
steep that the diamond instrument, when positioned at a 40-degree
angle to the external enamel surface, is parallel with the enamel
preparation wall, no bevel is indicated (see Fig. 18.14C). By using
this technique, it can be seen that margins on the proximal marginal
ridges always require a cavosurface bevel (see Fig. 18.14D and I).
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Failure to apply a bevel in these regions leaves the enamel margin
weak and subject to injury by fracture before the inlay insertion
appointment and during the try-in of the inlay when burnishing
the marginal metal. Also failure to bevel the margins on the marginal
ridges results in metal alloy that is diicult to burnish because it
is too bulky (see Fig. 18.14F). Similarly, the importance of extending
the occlusal bevel to include the portions of the occlusal margin
that cross over the marginal ridge cannot be overemphasized (see
Fig. 18.14H and I). hese margins are beveled to result in 40-degree
marginal metal. Otherwise fracture of the enamel margin in such
stress-vulnerable regions may occur in the interim between the
preparation and the cementation appointment.
he diamond instrument also is used to bevel the axiopulpal
line angle lightly (see Fig. 18.14D). Such a bevel provides a thicker
and stronger wax pattern at this critical region. he desirable metal
angle at the margins of inlays is 40 degrees except at the gingival
margins, where the metal angle should be 30 degrees. he completed
preparation is illustrated in Fig. 18.15A.

Modiications in Inlay Tooth Preparations
Because the indications for small inlays are rare, the following
sections provide procedural information that may promote better
understanding of their applications in more complex and larger
inlay or onlay restorations.
Meiooccluodital Preparation

If a marginal ridge is severely weakened because of excessive extension, the preparation outline often should be altered to include
the proximal surface. he distoocclusal preparation illustrated in
the previous section would be extended to a mesioocclusodistal
preparation (Fig. 18.16; see also Fig. 18.15B–D). he decision to
extend the preparation in this manner calls for clinical judgment
as to whether the remaining marginal ridge would withstand occlusal
forces without fracture. A fortunate factor in favor of not extending
the preparation is that such ridge enamel usually is composed of
gnarled enamel and is stronger than it appears. Caries lesions
present on both proximal surfaces would result in a mesioocclusodistal preparation and restoration. he only diference in technique
as described previously is the inclusion of the other proximal surface.
Modiications of Class II Preparation for Esthetics

For esthetic reasons, minimal lare is desired for the mesiofacial
proximal wall in maxillary premolars and irst molars in Class II
cast-metal preparations (see Fig. 18.15D). he mesiofacial margin
is minimally extended facially of the contact to such a position
that the margin is barely visible from a facial viewing position. To
accomplish this, the secondary lare is omitted, and the wall and
margin are developed with (1) a chisel or enamel hatchet and inal
smoothing with a ine-grit paper disk or (2) a narrow diamond
or bur when access permits.

B

A

Facial or Lingual Surface Groove Extension

C

D

• Fig. 18.15

A, Completed distoocclusal preparation for the inlay. B,
Mesioocclusodistal preparation for the inlay on the maxillary right irst
premolar, distoocclusal view. C, Same preparation as in B, mesioocclusal
view. D, Same preparation as in B, occlusal view. Note the absence, for
esthetic reasons, of secondary lare on the mesiofacial aspect and minimal
extension of the mesiofacial margin.

A
• Fig. 18.16

B

Sometimes, a faulty facial groove (issure) on the occlusal surface
is continuous with a faulty facial surface groove (mandibular molars),
or a faulty distal oblique groove on the occlusal surface is continuous
with a faulty lingual surface groove (maxillary molar). his situation
requires extension of the preparation outline to include the issure
to its termination (Fig. 18.17; see also Fig. 18.19C). Occasionally
the operator may extend further gingivally than the issure length
to improve retention form. Such groove extensions, when suiciently
long, are efective for increasing retention. Likewise, this extension
may be indicated to provide suicient retention form even though
the facial or lingual surface grooves are not issured.
For extension onto the facial surface, the dentist uses the No.
271 carbide bur held parallel to the line of draw and extends

C

Mandibular irst premolar prepared for the mesioocclusodistal inlay. Distal view (A), mesial
view (B), and occlusal view (C).
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A–C, Extending to include the occlusal issure that is continuous with the facial issure on
the facial surface. D, Section of C. E and F, Beveling the gingival margin (E) and the mesial and distal
margins (F) of issure extension. G, Beveling completed.

through the facial ridge (see Fig. 18.17A and B). he depth of the
cut should be 1.5 mm. he loor (pulpal wall) should be continuous
with the pulpal wall of the occlusal portion of the preparation (see
Fig. 18.17D).
With the bur still aligned with the path of draw, the dentist
uses the side of the bur to cut the facial surface portion of this
extension (see Fig. 18.17C). he diameter of the bur serves as a

depth gauge for the axial wall, which is in dentin. he blade
portion of the No. 271 bur is 0.8 mm in diameter at its tip end
and 1 mm at the neck; the axial wall depth should approximate
1 mm or slightly more. he bur should be tilted lingually as it is
drawn occlusally, to develop the uniform depth of the axial wall
(see Fig. 18.17D). he same principles apply for the extension of
a lingual surface groove.
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When a facial or lingual groove is included, it also must be
beveled. With the lame-shaped, ine-grit diamond instrument,
the operator bevels the gingival margin (using no more than one
third the depth of the gingival loor) to provide for 30-degree
marginal metal (see Fig. 18.17D). he operator applies a light
bevel on the mesial and distal margins that is continuous with the
occlusal and gingival bevels and results in 40-degree metal at these
margins (see Fig. 18.17F and G). he bevel width around the
extended groove is approximately 0.5 mm.
Cla II Preparation for Abutment Teeth and Extenion
Gingivally to Include Root-Surface Leion

Extending the facial, lingual, and gingival margins may be indicated
on the proximal surfaces of abutments for removable partial dentures
to increase the surface area for the development of guiding planes.
In addition, the occlusal outline form must be wide enough faciolingually to accommodate any contemplated rest preparation without
involving the margins of the restoration. hese extensions may be
accomplished by simply increasing the width of the bevels.
he following modiied preparation is recommended when
further gingival extension is indicated to include a root lesion on
the proximal surface. he gingival extension should be accomplished
primarily by lengthening the gingival bevel, especially when preparing a tooth that has a longer clinical crown than normal as a result
of gingival recession. It is necessary to extend (gingivally) the gingival
loor only slightly, and although the axial wall consequently must
be moved pulpally, this should be minimal. If additional extension
of the gingival loor is necessary, it should not be as wide pulpally
as when the loor level is at a normal position (Fig. 18.18A). hese
considerations are necessary because of the draft requirement and
because the tooth is smaller apically. Extending the preparation
gingivally without these modiications would result in a dangerous
encroachment of the axial wall on the pulp (see Fig. 18.18B).
Maxillary Firt Molar With Unafected, Strong Oblique Ridge

When a maxillary irst molar is to be restored, consideration should
be given to preserving the oblique ridge if it is strong and unafected,
especially if only one proximal surface is carious. A mesioocclusal
preparation for an inlay is illustrated in Fig. 18.19A and B. If a
distal surface lesion appears subsequent to the insertion of a
mesioocclusal restoration, the tooth may be prepared for a distoocclusolingual inlay (see Fig. 18.19H and I). he distoocclusolingual
restoration that caps the distolingual cusp is preferable to the
distoocclusal restoration because it protects the miniature

Correct

Incorrect

distolingual cusp from subsequent fracture. he distoocclusolingual
preparation requires diligent application to develop satisfactory
retention and resistance forms. Retention form is attained by (1)
creating a maximum of 2-degree occlusal divergence of the vertical
walls, (2) accentuating some line angles, and (3) extending the
lingual surface groove to create an axial wall height in this extension
of at least 2.5 mm occlusogingivally. he proper resistance form
dictates (1) routine capping of the distolingual cusp and (2)
maintaining sound tooth structure between the lingual surface
groove extension and the distolingual wall of the proximal boxing.
To prepare the distoocclusolingual preparation, the operator
irst reduces the distolingual cusp with the side of the No. 271
carbide bur. he cusp should be reduced a uniform 1.5 mm. Next
the operator completes the remaining occlusal step of the preparation
with the No. 271 carbide bur. he operator prepares the proximal
box portion of the preparation. he lingual groove extension is
prepared only after the position of the distolingual wall of the
proximal boxing is established. his permits the operator to judge
the best position of the lingual surface groove extension to maintain
a minimum of 3 mm of sound tooth structure between this extension and the distolingual wall; if this is not possible because of an
extensive caries lesion, a more extensive type of preparation may
be indicated (one that crosses the oblique ridge). One can use the
side of the No. 271 carbide bur to produce the lingual surface
groove extension (see Fig. 18.19C). he diameter of the bur is the
gauge for the depth (pulpally) of the axial wall in this extension,
and the occlusogingival dimension of this axial wall is a minimum
of 2.5 mm. With the end of this bur, the operator also establishes
a 2-mm depth to the portion of the pulpal loor that connects the
proximal boxing to the lingual surface groove extension. his
additional depth to the pulpal loor helps strengthen the wax
pattern and casting in later steps of fabrication. his should create
a deinite 0.5-mm step from the reduced distolingual cusp to the
pulpal loor. Using the No. 169L carbide bur, the operator increases
retention form in the distoocclusolingual preparation by (1) creating
mesioaxial and distoaxial grooves in the lingual surface groove
extension (see Fig. 18.19D) and (2) preparing facial and lingual
retention grooves in the distal boxing (see Fig. 18.19E).
he dentist uses the lame-shaped, ine-grit diamond instrument
to bevel the proximal gingival margin and to prepare the secondary
lares on the proximal enamel walls and to bevel the lingual margins.
A lingual counterbevel is prepared on the distolingual cusp that
is generous in width and results in 30-degree metal at the margin
(see Fig. 18.19F). Occlusion should be checked at this point because
the counterbevel should be suiciently wide to extend beyond any
occlusal contacts, either in maximum intercuspation or during
mandibular movements. he bevel on the gingival margin of the
lingual extension should be 0.5 mm wide and should provide for
a 30-degree metal angle. he bevels on the mesial and distal margins
of the lingual extension also are approximately 0.5 mm wide and
result in 40-degree marginal metal.
Fiure in the Facial and Lingual Cup Ridge or
Marginal Ridge

A
• Fig. 18.18

B

Modiications of the preparation when extending to include
the proximal root-surface lesions after moderate gingival recession. A,
Correct. B, Incorrect. Note the decreased dentinal protection of the pulp
compared with the management depicted in A.

In the preparation of Class II preparations for inlays, facial and
lingual occlusal issures may extend nearly to, or through, the
respective facial and lingual cusp ridges but not onto the facial or
lingual surface. he proper outline form dictates that the preparation
margin should not cross such issures but should be extended to
include them. For the occlusal step portion of the preparation,
the dentist initially extends along the lingual issure with the No.
271 carbide bur until only 2 mm of tooth structure remains between
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• Fig. 18.19 A and B, Mesioocclusal preparation on the maxillary molar having an unaffected oblique
ridge. C, Preparing the lingual groove extension of the distoocclusolingual preparation. D and E, Cutting
retention grooves in the lingual surface extension (D) and the distal box (E). F and G, Completed distoocclusolingual preparation on the maxillary molar having an unaffected oblique ridge. H and I, Preparations
for treating both proximal surfaces of the maxillary molar having a strong, unaffected oblique ridge.

the bur and the lingual surface of the tooth. Additional lingual
extension at this time is incorrect because it may remove the
supporting dentin unnecessarily (Fig. 18.20A and B). If this
extension almost includes the length of the issure, additional
extension is achieved later by using the occlusal bevel; this bevel

may be wider than conventional if the remaining issure can be
eliminated by such a wider bevel (see Fig. 18.20C). Enameloplasty
sometimes may eliminate the end portion of the issure and provide
a smooth enamel surface where previously a fault was present, thus
reducing the extent of the required extension (see Fig. 18.20D).
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• Fig. 18.20

A, Extending to include the lingual (occlusal) issure. B, Section of A. The dentinal support
(s) of the lingual cusp ridge should not be removed. A bevel can provide additional extension to include
the issure that does not extend to the crest of the ridge. C, Completed preparations with standard width
bevel (x) and with wider bevel to include a groove defect that nearly extends to the ridge height (y). D,
Completed preparation illustrating enameloplasty for the elimination of a shallow issure extending to or
through the lingual ridge height. (Compare the smooth, saucer-shaped lingual ridge contour with C, in
which no enameloplasty has been performed.) E, Fissure remaining through the lingual ridge after unsuccessful enameloplasty. This indicates procedures subsequently illustrated. F and G, Extending the preparation if enameloplasty has not eliminated the issure in the lingual ridge (F) or the facial ridge (G). H,
Section of F. I and J, Completed preparations after beveling the margins of the extensions through the
lingual ridge (I) and the facial ridge (J).

If possible, the issure should be included in the preparation outline
without extending the margin to the height of the ridge. If the
occlusal bevel places the margin on the height of the ridge, however,
the marginal enamel likely is weak because of its sharpness and
because of the inclination of the enamel rods in this region. he
preparation outline should be extended just onto the facial or
lingual surface (see Fig. 18.20I and J). Such extension onto the
facial or lingual surface also would be indicated if the issure still
remains through the ridge after enameloplasty (see Fig. 18.20E).
When necessary, extension through a cusp ridge is accomplished
by cutting through the ridge at a depth of 1 mm with the No.

271 carbide bur (see Fig. 18.20F and G). he dentist bevels the
margins of the extension with the lame-shaped, ine-grit diamond
instrument to provide for the desired 40-degree marginal metal
on the occlusal, mesial, and distal margins and for 30-degree
marginal metal on the gingival margin (see Fig. 18.20C, D, I, and
J). In the same manner, the operator should manage the issures
that may extend into or through a proximal marginal ridge, assuming
that the proximal surface otherwise was not to be included in the
outline form and that such issure management does not extend
the preparation outline near the adjacent tooth contact. his
treatment particularly applies to a mesial issure of the maxillary
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• Fig. 18.21

The issure that remains on the mesial marginal ridge after
unsuccessful enameloplasty (A) is treated (B) in the same manner as
lingual or facial ridge issures (see Fig. 18.20I and J).

irst premolar (Fig. 18.21). If this procedure extends the margin
near or into the contact, the outline form on the afected proximal
surface must be extended to include the contact, as for a conventional proximal surface preparation.
Cup-Capping Partial Onlay

he term partial onlay is used when a cast-metal restoration covers
and restores at least one but not all of the cusp tips of a posterior
tooth (Fig. 18.22). he facial and lingual margins on the occlusal
surface frequently must be extended toward the cusp tips to the
extent of the existing restorative materials and to uncover a caries
lesion (see Fig. 18.22B and C). Undermined occlusal enamel should
be removed because it is weak; removing such enamel provides access
for the proper excavation of the lesion. When the occlusal outline
is extended up, the cusp slopes more than half the distance from
any primary occlusal groove (central, facial, or lingual) to the cusp
tip, covering (capping) the cusp should be considered. If the preparation outline is extended two thirds of this distance or more, capping
the cusp is usually necessary to (1) protect the weak, underlying
cuspal structure from fracture caused by masticatory force and (2)
remove the occlusal margin from a region subjected to heavy stress
and wear (see Fig. 18.22A and B). At this point in the preparation
of the pulpal loor, depth can be increased from 1.5 mm to 2 mm.
his additional pulpal depth ensures suicient reduction in an area
that is often underreduced and results in imparting greater strength
and rigidity to the wax pattern and cast restoration.
Reduce the cusps for capping as soon as the indication for
such capping is determined because this improves access and
visibility for the subsequent steps in the preparation. If a cusp is
in infraocclusion of the desired occlusal plane before reduction,
the amount of cusp reduction is less and needs to be only that
which provides the required clearance with the desired occlusal
plane. Before reducing the surface, the operator prepares depth
gauge grooves (depth cuts) with the side of the No. 271 carbide
bur (see Fig. 18.22D). Such depth cuts should help to prevent thin
spots in the restoration. With the depth cuts serving as guides, the
operator completes the cusp reduction with the side of the carbide
bur (see Fig. 18.22E). he reduction should provide for a uniform
1.5 mm of metal thickness over the reduced cusp. On maxillary
premolars and irst molars, the reduction should be minimal (i.e.,
0.75–1 mm) on the facial cusp ridge to decrease the display of metal.
his reduction should increase progressively to 1.5 mm toward the
center of the tooth to help impart rigidity to the capping metal
(Fig. 18.23A and C).
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If only one of the two lingual cusps of a molar is reduced for
capping, the reduction must extend to include just the lingual
groove between the reduced and unreduced cusps. his reduction
should terminate with a distinct vertical wall that has a height that
is the same as the prescribed cusp reduction. Applying the bur
vertically (see Fig. 18.22F) should help establish a vertical wall of
proper depth and direction. Similar principles apply when only
one of the facial cusps is to be reduced (see Figs. 18.22L and
18.23B).
A bevel of generous width is prepared on the facial (lingual)
margin of a reduced cusp with the lame-shaped, ine-grit diamond
instrument (with the exception of esthetically prominent areas).
his bevel is referred to as reverse bevel or counterbevel. he width
varies because it usually should extend beyond any occlusal contact
with opposing teeth, either in maximum intercuspation or during
mandibular movements (see Fig. 18.24C later in the chapter). It
should be at an angle that results in 30-degree marginal metal (see
Fig. 18.22G and H). he exception is the facial margin on maxillary
premolars and the irst molar, where esthetic requirements dictate
only a blunting and smoothing of the enamel margin (a stub
margin) by the light application of a ine-grit sandpaper disk or
the ine-grit diamond instrument (lame-shaped) held at a right
angle to the facial surface (see Fig. 18.23C). Any sharp external
corners should be rounded slightly to strengthen them and reduce
the problems they may generate in future steps (see Fig. 18.22J
and K).
Cusp reduction appreciably decreases the retention form because
it decreases the height of the vertical walls. herefore proximal
retention grooves usually are recommended (see Fig. 18.22I). It
may be necessary to increase the retention form by extending facial
and lingual groove regions of the respective surfaces or by collar
and skirt features (see later). hese additional retention features
also provide the desired resistance form against forces tending to
split the tooth (see Fig. 18.22K; see also Fig. 18.28 later in the
chapter).
he principles stated in the preceding paragraphs may be applied
in the treatment of the distal cusp of the mandibular irst molar
when preparing a mesioocclusodistal preparation (see Fig. 18.23D).
Proper extension of the distofacial margin usually places the occlusal
margin in a region subjected to heavy masticatory forces and wear.
Satisfactory treatment usually dictates either extending the distofacial
margin (and wall) slightly mesial of the distofacial groove (see Fig.
18.23E) or capping the remaining portion of the distal cusp (see
Fig. 18.23F).
After cusp reduction, the dentist visually veriies that the occlusal
clearances are suicient. A wax interocclusal record is helpful when
checking the occlusal clearances, especially in areas that are diicult
to visualize, for example, in the central groove and lingual cusp
regions. To make a wax “bite,” the dentist irst dries the preparation
free of any visible moisture; however, dentin should not be desiccated
(Fig. 18.24A). Next the dentist lightly presses a portion of softened,
low-fusing inlay wax over the prepared tooth; the dentist immediately requests the patient to close into the soft wax and slide the
teeth in all directions (see Fig. 18.24B–F). During the mandibular
movements, the dentist observes to verify that (1) the patient
performs right lateral, left lateral, and protrusive movements; (2)
the adjacent unprepared teeth are in contact with the opposing
teeth; (3) the wax in the preparation is stable (not loose and rocking);
and (4) the wax is not in infraocclusion. he dentist cools the wax
and carefully removes it, holds it up to a light, and notes the degree
of light transmitted through it. With experience, this is a good
indicator of the thickness of the wax. An alternative method is to
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• Fig. 18.22

A, When the extension of the occlusal margin is one half the distance from any point on
the primary grooves (cross) toward the cusp tip (dot), capping of the cusp should be considered; when
this distance is two thirds or more, capping of the cusp is usually indicated. B, l is midway between the
central groove and the lingual cusp tip; f is midway between the central groove and the facial cusp tip.
When enamel at l and f is undermined by a caries lesion, the respective walls must be extended to the
dotted lines l and f to uncover the lesion. Cusps should be reduced for capping. C, Extension to uncover
the caries lesion indicates that the mesiolingual cusp should be reduced for capping. D, Depth cuts.
E, Reduced mesiolingual cusp. The caries lesion has been removed, and the base has been placed.
F, Applying the bur vertically helps establish the vertical wall that barely includes the lingual groove. G,
Counterbeveling reduced cusp. H, Section of the counterbevel. I, Improving the retention form by cutting
the proximal retention grooves. J and K, The preparation is complete except for the rounding of the
axiopulpal line angle (J) and the rounding of the junction of the counterbevel and the secondary lare (K).
Facial surface groove extension improves the retention and resistance forms. L, Preparation when reducing one of two facial cusps on the mandibular molar.

use wax calipers or to section the wax to verify its thickness.
Insuicient thickness calls for more reduction in the indicated area
before proceeding. As an alternative to wax, an interocclusal record
can be made in maximum intercuspation with a quick-setting PVS
impression material. Once set, this interocclusal record can be
measured with wax calipers to evaluate the reduction. If wax calipers
are not available, the interocclusal record can be sectioned with a
knife to see the thickness in cross section. However, a PVS

interocclusal record will not ofer as much information as would
the softened inlay wax technique, since the lateral and protrusive
paths are not registered in the former.
Including Portion of the Facial and Lingual Smooth Surface
Afected by Caries or Other Injury

When portions of a facial (lingual) smooth surface and a proximal
surface are afected by caries or some other factor (e.g., fracture)
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• Fig. 18.23 A and B, Capping one of two facial cusps on the maxillary molar. C, Blunting the margin
of the reduced cusp when esthetics is a major consideration. D–F, The margin shown crossing the distal
cusp in D indicates treatment illustrated in E or F.

(Fig. 18.25A and I), the treatment may be a large inlay, an onlay,
a three-quarter crown, a full crown, or multiple amalgam or
composite restorations. Generally, if carious portions are extensive,
the choice between the previously listed cast-metal restorations is
determined by the degree of tooth circumference involved. A full
crown is indicated if the lingual and the facial smooth surfaces are
defective, especially if the tooth is a second or third molar. When
only a portion of the facial smooth surface is carious, and the
lingual surfaces of the teeth are conspicuously free of caries, a
mesioocclusal, distofacial, and distolingual inlay or onlay with a
lingual groove extension is chosen over the crown because the
former is more favorable to the health of the gingival tissues and
more conservative in the removal of tooth structure. Often this is
the treatment choice for the maxillary second molar, which may
exhibit a caries lesion on the distofacial surface as a result of poor
oral hygiene (owing to poor access) in this region.
In the preparation of the maxillary molar referred to in the
preceding paragraph, the mesiofacial and distolingual cusps and
the distofacial cusp are usually reduced for capping. If the distofacial
cusp defect is primarily shallow decalciication, the lame-shaped
diamond instrument is used to reduce the involved facial surface
and distofacial corner approximately to the depth of enamel and
to establish the gingival margin of this reduction apical to the

afected area (see Fig. 18.25D). his instrument also is used to
terminate the facial surface reduction in a deinite facial margin
running gingivoocclusally and in a manner to provide for 40-degree
metal at this margin (see Fig. 18.25E).
If the distofacial defect is more extensive and deeper into the
tooth (see Fig. 18.25I), eliminating the opportunity for an efective
distal box or groove (no facial wall possible), the No. 271 carbide
bur should be used to cut a gingival shoulder extending from the
distal gingival loor around to include the afected facial surface.
his shoulder partially provides the desired resistance form. (A
gingival loor, perpendicular to occlusal force, has been provided
in lieu of the missing pulpal wall in the distofacial cusp region.)
he No. 271 bur is used to create a nearly vertical wall in the
remaining facial enamel (see Fig. 18.25J). he width of the shoulder
should be the diameter of the end of the cutting instrument. he
vertical walls should have the appropriate degree of draft to
contribute to retention form. hen the faciogingival and facial
margins are beveled with the lame-shaped, ine-grit diamond
instrument to provide 30-degree metal at the gingival margin (see
Fig. 18.25K) and 40-degree metal along the facial margin (see Fig.
18.25L). hese two bevels should blend together (see x in Fig.
18.25M), and the faciogingival bevel should be continuous with
the gingival bevel on the distal surface. Additional retention and
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• Fig. 18.24 Verifying suficient cusp reduction by forming a wax interocclusal record. A, The walls of
the preparations (distoocclusal for the second premolar, and mesioocclusodistal for the irst molar) are
air-dried of visible moisture. The low-fusing inlay wax that is the same length as the mesiodistal length of
the inlay preparations is softened and pressed over the prepared teeth. B–E, The patient moves the
mandible into all occlusal positions, left lateral (B), through maximum intercuspation (C), to right lateral
(D), and protrusive (E). F, Completed interocclusal record.

resistance forms are indicated for this preparation and can be
developed by an arbitrary lingual groove extension (see Fig. 18.25N)
or a distolingual skirt extension (see Fig. 18.25O and P). hese
preparation features resist forces normally opposed by the missing
distofacial wall and help protect the restored tooth from fracture
injury.

of the tooth’s status. Sometimes the diagnosis is deferred until the
extension of the occlusal step of an inlay preparation facially and
lingually to the limits of the caries lesion shows that cusp reduction
is mandatory. he mandibular irst molar is used to illustrate one
mesioocclusodistal preparation for a full cast-metal onlay.

Tooth Preparation for Full Cat-Metal Onlay

Occlual Reduction

he preceding sections have presented basic tooth preparation
principles and techniques for small, simple cast-metal inlays and
for partial onlays that cap less than all the cusps. his section
presents the tooth preparation principles and techniques for full
onlay restorations that cover the entire occlusal surface. Onlay
restorations have many clinical applications and may be desired
by many patients. hese restorations have a well-deserved reputation
for providing excellent service.
he cast-metal onlay restoration spans the gap between the
inlay, which is primarily an intracoronal restoration, and the full
crown, which is a totally extracoronal restoration. he full onlay
by deinition caps all of the cusps of a posterior tooth and can be
designed to help strengthen a tooth that has been weakened by
caries or previous restorative experiences. It can be designed to
distribute occlusal loads over the tooth in a manner that greatly
decreases the chance of future fracture.4,6 It is more conservative
of the tooth structure than the full crown preparation, and its
supragingival margins, when possible, are less irritating to the
gingiva. Usually an onlay diagnosis is made preoperatively because

Initial Preparation
As soon as the decision is made to restore the tooth with a full
cast-metal onlay, the cusps should be reduced because this improves
the access and the visibility for subsequent steps in tooth preparation.
With the cusps reduced, the eiciency of the cutting instrument
and the air-water cooling spray is improved. Also when the cusps
are reduced, it is easier to assess the height of the remaining clinical
crown of the tooth, which determines the degree of occlusal divergence
necessary for adequate retention form. Using the No. 271 carbide
bur held parallel to the long axis of the tooth crown, a 2-mm deep
pulpal loor is prepared along the central groove (Fig. 18.26A). To
verify the preoperative diagnosis for cusp reduction, this occlusal
preparation is extended facially and lingually just beyond the caries
to sound tooth structure (see Fig. 18.26B). he groove should not
be extended farther, however, than two thirds the distance from the
central groove to the cusp tips because the need for cusp reduction
is veriied at this point. With the side of the No. 271 carbide bur,
uniform 1.5-mm deep depth cuts are prepared on the remaining
occlusal surface (see Fig. 18.26C and D). Depth cuts usually are
placed on the crest of the triangular ridges and in the facial and
lingual groove regions. hese depth cuts help prevent thin spots in
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A, Maxillary molar with caries lesions on the distofacial corner and the mesial surface. B
and C, Completed mesioocclusal, distofacial, and distolingual inlay for treating lesions shown in A, facioocclusal view (B) and distolinguoocclusal view (C). D–H, Preparation for treating caries lesions illustrated
in A, distoocclusal view with diamond instrument being applied (D), occlusal view (E), distal view (F),
distolinguoocclusal view (G), and mesioocclusal view (H). I, Maxillary molar with a deeper caries lesion on
the distofacial corner and with a mesial caries lesion. J, Preparation (minus bevels and lares) for mesioocclusal, distofacial, and distolingual inlay to restore the carious molar shown in I. A No. 271 carbide bur is
used to prepare the gingival shoulder and the vertical wall. K and L, Beveling margins. M and N, Completed preparation for treating the caries lesion shown in I. Gingival and facial bevels blend at x, and y is
the cement base. O and P, When the lingual surface groove has not been prepared and when the facial
wall of the proximal box is mostly or totally missing, forces directed to displace the inlay facially can be
opposed by lingual skirt extension (z).

z
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• Fig. 18.26 A, Cutting a 2-mm deep central groove. B, Extending the central groove cut facially and
lingually to verify any need for cusp capping. C, Depth cuts. D, Section of C. E, Completion of cusp
reduction. Small portions of the mesial and distal marginal ridges are left unreduced to avoid scarring the
adjacent teeth. F, The occlusal step is extended facially and lingually past any carious areas and is
extended to expose the proximal dentinoenamel junction (DEJ) (j) in anticipation of proximal boxing. G,
Preparation with proximal boxes prepared. Note the clearances with the adjacent teeth.
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the inal restoration. If a cusp is in infraocclusion of the desired
occlusal plane before reduction, the amount of cusp reduction is
less and needs only that which provides the required clearance with
the desired occlusal plane. Carious dentin and old restorative material
that is deeper in the tooth than the desired clearance are not removed
at this step in preparation.
With the depth cuts serving as guides for the amount of reduction, the cusp reduction is completed with the side of the No.
271 bur. When completed, this reduction should relect the general
topography of the original occlusal surface (see Fig. 18.26E). he
operator should not attempt to reduce the mesial and distal marginal
ridges completely at this time to avoid hitting an adjacent tooth.
he remainder of the ridges are reduced in a later step when the
proximal boxes are prepared.
hroughout the next steps in the initial preparation, the cutting
instruments used to develop the vertical walls are oriented continually to a single draw path, usually the long axis of the tooth crown,
so that the completed preparation has draft (i.e., no undercuts).
For mandibular molars and second premolars whose crowns tilt
slightly lingually, the bur should be tilted slightly (5–10 degrees)
lingually to help preserve the strength of the lingual cusps (see
Fig. 18.4D). he gingival-to-occlusal divergence of these preparation
walls may range from 2 to 5 degrees from the line of draw, depending
on their heights. If the vertical walls are unusually short, a minimum
of 2 degrees occlusal divergence is desirable for retentive purposes.
Cusp reduction appreciably decreases the retention form because
it decreases the height of the vertical walls, so this minimal amount
of divergence is often indicated in the preparation of a tooth for
a cast-metal onlay. As the gingivoocclusal height of the vertical
walls increases, the occlusal divergence should increase, allowing
5 degrees in the preparation of the greatest gingivoocclusal length.
he latter preparations present diiculties during pattern withdrawal,
trial seating and withdrawal of the casting, and cementing, unless
this maximal divergence is provided.
Occlual Step

After cusp reduction, a 0.5-mm deep occlusal step should be present
in the central groove region between the reduced cuspal inclines
and the pulpal loor. Maintaining the pulpal depth (0.5 mm) of
the step, it is extended facially and lingually just beyond any carious
areas, to sound tooth structure (or to sound base or restorative
material if certain conditions, discussed subsequently, have been
met). Next the operator extends the step mesially and distally far
enough to expose the proximal DEJ (see Fig. 18.26F). he step
is extended along any remaining facial (and lingual) occlusal issures
as far as they are faulty (issured). he facial and lingual walls of
the occlusal step should go around the cusps in graceful curves,
and the isthmus should be only as wide as necessary to be in sound
tooth structure or sound base or restorative material. Old restorative
material or caries that is deeper pulpally than this 0.5-mm step is
not removed at this stage of tooth preparation.
As the occlusal step approaches the mesial and distal surfaces,
it should widen faciolingually in anticipation of the proximal box
extensions (see Fig. 18.26F). his 0.5-mm occlusal step contributes
to the retention of the restoration and provides the wax pattern
and cast-metal onlay with additional bulk for rigidity.7
Proximal Box

Continuing with the No. 271 carbide bur held parallel to the long
axis of the tooth crown, the proximal boxes are prepared as described
in the inlay section. Fig. 18.26G illustrates the preparation after
the proximal boxes are prepared.
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Final Preparation
Removal of Infected Cariou Dentin and Defective
Retorative Material and Pulp Protection

If the occlusal step and the proximal boxes have been extended
properly, any carious dentin or previous restorative materials
remaining on the pulpal and axial walls should be visible. hey
should be removed as described previously.
Preparation of Bevel and Flare

After the cement base (when indicated) is completed (Fig. 18.27A),
the slender, lame-shaped, ine-grit diamond instrument is used
to place counterbevels on the reduced cusps, to apply the gingival
bevels, and to create secondary lares on the facial and lingual walls
of the proximal boxes. First a gingival retraction cord is inserted,
as described in the previous inlay section. During the few minutes
required for the cord’s efect on the gingival tissues, the diamond
instrument is used to prepare the counterbevels on the facial and
lingual margins of the reduced cusps. he bevel should be of
generous width and should result in 30-degree marginal metal.
he best way to judge this is to always maintain a 30-degree angle
between the side of the instrument and the external enamel surface
beyond the counterbevel (see Fig. 18.27B and C). he counterbevel
usually should be wide enough so that the cavosurface margin is
beyond (gingival to) any contact with the opposing dentition. If
a facial (lingual) surface issure extends slightly beyond the normal
position of the counterbevel, it may be included (removed) by
deepening the counterbevel in the region of the issure (see Fig.
18.27D). If the issure extends gingivally more than 0.5 mm,
however, the issure is managed as described later.
A counterbevel is not placed on the facial cusps of maxillary
premolars and irst molars where esthetic considerations may dictate
using a stubbed margin by blunting and smoothing the enamel
margin by the light application of a ine-grit sandpaper disk or
the ine-grit diamond instrument (lame-shaped) held at a right
angle to the facial surface (see Fig. 18.23C). he surface created
by this blunting should be approximately 0.5 mm in width. For
beveling the gingival margins and laring (secondary) the proximal
enamel walls, refer to the inlay section.
After beveling and laring, any sharp junctions between the
counterbevels and the secondary lares are rounded slightly (see
Fig. 18.27E). he ine-grit diamond instrument also is used to
bevel the axiopulpal line angles lightly (see Fig. 18.27F). Such a
bevel produces a stronger wax pattern at this critical region by
increasing its thickness. Any sharp projecting corners in the
preparation are rounded slightly because these projections are
diicult to reproduce without voids when developing the working
cast and often cause diiculties when seating the casting. he
desirable metal angle at the margins of onlays is 40 degrees except
at the gingivally directed margins, where the metal angle should
be 30 degrees.
When deemed necessary, shallow (0.3-mm deep) retention
grooves may be cut in the facioaxial and the linguoaxial line angles
with the No. 169L carbide bur (see Fig. 18.27G). hese grooves
are especially important for retention when the prepared tooth is
short, which is often the case after reducing all the cusps. When
properly positioned, the grooves are entirely in dentin near the
DEJ and do not undermine enamel. he direction of cutting
(translation of the bur) is parallel to the DEJ. he long axis of the
No. 169L bur must be held parallel to the line of draw, and the
tip of the bur must be positioned in the gingival box internal point
angles. If the axial walls are deeper than ideal, however, the correct
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• Fig. 18.27

A, The caries lesion has been removed, and the base has been inserted. B, Counterbeveling facial and lingual margins of reduced cusps. C, Section of B. D, The issure that extends slightly
gingival to the normal position of the counterbevel may be included by slightly deepening the counterbevel
in the issured area. E, The junctions between the counterbevels and the secondary lares are slightly
rounded. F, The axiopulpal line angle is lightly beveled. G, Improving the retention form by cutting proximal
grooves. H, Completed mesioocclusodistal onlay preparation. I, Completed mesioocclusodistofacial onlay
preparation showing the extension to include the facial surface groove or issure.
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reference for placing retention grooves is just inside the DEJ to
minimize pulpal impacts but avoids undermining enamel. he
model showing the completed preparation is illustrated in Fig.
18.27H.

Modiications in Full Onlay Tooth Preparations
Facial or Lingual Surface Groove Extenion

A facial surface issure (mandibular molar) or a lingual surface
issure (maxillary molar) is included in the outline in the same
manner as described in the section on inlays. his extension
sometimes is indicated to provide additional retention form, even
though the groove is not faulty. A completed mesioocclusodistofacial
onlay preparation on a mandibular irst molar is illustrated in Fig.
18.27I.
Incluion of Portion of the Facial and Lingual Smooth
Surface Afected by Caries, Fractured Cusps, or Other Injury

For inclusion of shallow to moderate lesions on the facial and
lingual smooth surfaces, refer to the section on inlays. A mandibular
molar with a fractured mesiolingual cusp is used to illustrate the
treatment of a fractured cusp of a molar (Fig. 18.28). he dentist
uses a No. 271 carbide bur to cut a shoulder perpendicular to
occlusal force by extending the proximal gingival loor (adjacent
to the fracture) to include the afected surface. his shoulder partially
provides the desired resistance form by being perpendicular to
gingivally directed occlusal force. his instrument also is used to
create a vertical wall in the remaining lingual enamel (see Fig.
18.28B). he width of the gingival loor should be the diameter
of the end of the cutting instrument. he vertical walls should
have the degree of draft necessary for the retention form. If the
clinical crown of the tooth is short, it is advisable to cut proximal

A

grooves for additional retention with the No. 169L bur. he
linguogingival and lingual margins are beveled with the lameshaped, ine-grit diamond instrument to provide 30-degree metal
at the gingival margin (see Fig. 18.28C) and 40-degree metal along
the lingual margin (see Fig. 18.28D).
hese two bevels should blend together (see x in Fig. 18.28E),
and the linguogingival bevel is continuous with the gingival bevel
on the mesial surface. Additional features to improve the retention
and resistance forms are indicated and can be developed by a
mesiofacial skirt extension or by a facial groove extension. hese
preparation features (discussed in the following section) improve
the retention form, resist forces normally opposed by the missing
mesiolingual wall, and help protect the restored tooth from further
fracture injury.
Enhancement of Reitance and Retention Form

When the tooth crown is short (which is often the case when all
cusps are reduced), the operator must strive to maximize the
retention form in the preparation. Retention features that already
have been presented are as follows:
1. Minimal amount of taper (2 degrees per wall) on the vertical
walls of the preparation
2. Addition of proximal retention grooves
3. Preparation of facial (or lingual) surface groove extensions
In the preparation of a tooth that has been grossly weakened
by caries or previous illing material and is judged to be prone to
fracture under occlusal loads, the resistance form that cusp capping
provides should be augmented by the use of skirts, collars, or facial
(lingual) surface groove extensions. When properly placed, these
features result in onlays that distribute the occlusal forces over
most or all of the tooth and not just a portion of it, reducing the
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• Fig. 18.28 A, Mandibular irst molar with large mesioocclusodistal amalgam and fractured mesiolingual
cusp. B, Preparation (minus bevels and lares) for mesioocclusal, distofacial, and distolingual onlay to
restore the fractured molar shown in A. A No. 271 carbide bur is used to prepare the gingival shoulder
and the vertical lingual wall. Reducing cusps for capping and extending out the facial groove improve the
retention and resistance forms. C and D, Beveling of margins. E and F, Completed preparation. The
gingival and lingual bevels blend at x, and y is the base. G and H, Completed onlay.
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The large cement base x indicates severely weakened tooth crown. Occlusal force (thick
arrow) may fracture the facial cusp (A) or the lingual cusp (B), which may expose the pulp (p). C and D,
Skirt extensions (s) on the mesiolingual, distolingual, and distofacial transitional line angles prevent the
fractures shown in A and B. Esthetic consideration contraindicates skirting the mesiofacial line angle. E,
Distal view of the preparation shown in D. Skirt extensions are prepared with a ine-grit diamond instrument. F, A collar preparation around the lingual cusp prevents the fracture shown in A.

likelihood of fractures of teeth (Fig. 18.29A and B). he lingual
“skirt” extension (see Fig. 18.29C–E), the lingual “collar” preparation
(see Fig. 18.29F), or the lingual surface groove extension on a
maxillary molar protects the facial cusps from fracture. he facial
skirt extension, the facial collar preparation, or the facial surface
groove extension on a mandibular molar protects the lingual cusp
from fracture.
Skirt Preparation

Skirts are thin extensions of the facial or lingual proximal margins
of the cast-metal onlay that extend from the primary lare to a
termination just past the transitional line angle of the tooth. A
skirt extension is a conservative method of improving the retention
and resistance forms of the preparation. It is relatively atraumatic
to the tooth because it involves removing very little (if any) dentin.
Usually the skirt extensions are prepared entirely in enamel.
When the proximal portion of a Class II preparation for an
onlay is being prepared and the lingual wall is partially or totally
missing, the retention form normally provided by this wall can be
developed with a skirt extension of the facial margin (Fig.
18.30A–C). Similarly, if the facial wall is not retentive, a skirt
extension of the lingual margin supplies the desired retention form
(see Fig. 18.25O and P). When the lingual and facial walls of a
proximal box are inadequate, skirt extensions on the respective
lingual and facial margins can satisfy the retention and resistance
form requirements. he addition of properly prepared skirts to
three of four line angles of the tooth virtually eliminates the chance
of postrestorative fracture of the tooth because the skirting onlay
is primarily an extracoronal restoration that encompasses and braces
the tooth against forces that might otherwise split the tooth. he
skirting onlay is often used successfully for many teeth that exhibit
split-tooth syndrome.

he addition of skirt extensions also is recommended when the
proximal surface contour and contact are to be extended more
than the normal dimension to develop a proximal contact. Extending
these proximal margins onto the respective facial and lingual surfaces
aids in recontouring the proximal surface to this increased dimension. Also, when improving the occlusal plane of a mesially tilted
molar by a cusp-capping onlay, reshaping the mesial surface to a
satisfactory contour and contact is facilitated when the mesiofacial
and mesiolingual margins are extended generously.
Skirting also is recommended when splinting posterior teeth
together with onlays. he added retention and resistance forms
are desirable because of the increased stress on each unit. Because
the facial and lingual proximal margins are extended generously,
the ease of soldering the connector and inishing of the proximal
margins is increased.
A disadvantage of skirting is that it increases the display of
metal on the facial and lingual surfaces of the tooth. For this
reason, skirts are not placed on the mesiofacial margin of maxillary
premolars and irst molars. Skirting the remaining three line angles
of the tooth provides ample retention and resistance forms.
he preparation of a skirt is done entirely with the slender,
lame-shaped, ine-grit diamond instrument. Skirt preparations
follow the completion of the proximal gingival bevel and primary
lares. Experienced operators often prepare the skirt extensions at
the same time that the gingival bevel is placed, however, working
from the lingual toward the facial or vice versa. Maintaining the
long axis of the instrument parallel to the line of draw, the operator
translates the rotating instrument into the tooth to create a deinite
vertical margin, just beyond the line angle of the tooth, providing
at the same time a 140-degree cavosurface enamel angle (40-degree
metal angle) (see Fig. 18.30D–F). he occlusogingival length of
this entrance cut varies, depending on the length of the clinical
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• Fig. 18.30 A, When the lingual wall of the proximal box is inadequate or missing, the retention form can be improved by facial skirt extension (x).
B, Facioocclusal view of A. Maximal resistance form is developed by skirting the distofacial (y) and mesiofacial (x) transitional line angles. C, Occlusal
view of B. D–F, The initial cut for the skirt is placed just past the transitional line angle of the tooth. G and H, Blending the skirt into the primary lare. I,
Occlusal view showing the mesiolingual and distolingual skirts. Caution is exercised to prevent the overreduction of transitional line angles (x). Facial
surface groove extension also improves the retention and resistance forms. J, The junction of the skirt and the counterbevel is slightly rounded. K, Skirting all four transitional line angles of the tooth further enhances the retention and resistance forms. Caution is exercised to prevent the overreduction of
transitional line angles (x). L, Mesial and facial views of the preparation shown in K.
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crown and the amount of extracoronal retention and resistance
forms desired. Extending into the gingival third of the anatomic
crown is usually necessary for an efective resistance form. In most
instances the gingival margin of the skirt extension is occlusal to
the position of the gingival bevel of the proximal box (see Fig.
18.30H and L).
he operator should use less than half the tip diameter of the
lame-shaped diamond instrument to avoid creating a ledge at the
gingival margin of the skirt extension. Using high speed and
maintaining the long axis of the diamond instrument parallel with
the line of draw, the operator translates the instrument from the
entrance cut toward the proximal box to blend the skirt into the
primary lare and the proximal gingival margin (see Fig. 18.30G
and H). he operator must ensure that the line angle of the tooth
is not overreduced when preparing skirt extensions (see x in Fig.
18.30I and K). If the line angle of the tooth is overreduced, the
bracing efect of the skirt is diminished. Holding the diamond
instrument at the same angle that was used for preparing the
counterbevel, the operator rounds the junction between the skirt
and the counterbevel (see Fig. 18.30J). Any sharp angles that
remain after preparation of the skirt need to be rounded slightly
because these angles often lead to diiculties in the subsequent
steps of the restoration.

thickness of metal, the occlusal 1 mm of this reduction should be
prepared to follow the original contour of the tooth (see Fig.
18.31C), and any undesirable sharp line angle formed by the union
of the prepared lingual and occlusal surfaces should be rounded.
his aspect of the preparation is completed by lightly beveling the
gingival margin of the shoulder with the lame-shaped, ine-grit
diamond instrument to achieve a 30-degree metal angle at the
margin (see Fig. 18.31D).
Slot Preparation

Occasionally the use of a slot in dentin is helpful in creating the
necessary retention form. An example is the mandibular second
molar that has no molar posterior to it and requires a mesioocclusal
onlay restoration that caps all of the cusps (Fig. 18.32A–C). he
distal, facial, and lingual surfaces are free of caries or other injury,
and these surfaces also are judged not to be prone to caries. After
cusp reduction, the vertical walls of the occlusal step portion of
the preparation have been reduced so as to provide very little
retention form. he necessary retention can be achieved by cutting
a distal slot. Such a slot is preferred over preparing a box in the
distal surface because (1) the former is more conserving of the
tooth structure and of the strength of the tooth crown, and (2)
the linear extent of marginal outline is less.
To form this slot, the dentist uses a No. 169L carbide bur with
its long axis parallel to the line of draw (this must be reasonably
close to a line parallel with the long axis of the tooth) (see Fig.
18.32A). he slot is cut in dentin so that it would pass midway
between the pulp and the DEJ if it were to be extended gingivally
(see Fig. 18.32C). he position and direction of the slot thus avert
(1) the exposure of the pulp, (2) the removal of the dentin supporting the distal enamel, and (3) the perforation of the distal
surface of the tooth at the gingival termination of the slot. he
slot should have the following approximate dimensions: (1) the
width (diameter) of the bur mesiodistally, (2) 2 mm faciolingually,
and (3) a depth of 2 mm gingival of the normally positioned

Collar Preparation

To increase the retention and resistance forms when preparing a
weakened tooth for a mesioocclusodistal onlay to cap all cusps, a
facial or lingual “collar” or both may be provided (Fig. 18.31). To
reduce the display of metal, however, the facial surfaces of maxillary
premolars and irst molars usually are not prepared for a collar.
he operator uses a No. 271 carbide bur at high speed parallel to
the line of draw to prepare a 0.8-mm–deep shoulder (equivalent
to the diameter of the tip end of the bur) around the lingual (or
facial) surface to provide for a collar about 2 to 3 mm high
occlusogingivally (see Fig. 18.31A and B). To provide for a uniform
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A, First position of the bur in preparing for the lingual collar on a weakened maxillary
premolar. B and C, Section drawings of the irst position of the bur (B) and the second and third positions
(C). D, Beveling the lingual margin. Note the distofacial skirt extension. E, Completed preparation. F,
Completed onlay.
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A and B, Cutting a distal slot for the retention for the mesioocclusal onlay to treat the
terminal molar having a large base (x) resulting from extensive occlusal and mesial caries. C, Section of
A. D and E, Preparing a mesial slot for the retention for the distoocclusal onlay to treat the maxillary irst
premolar that has a large base (x). F, Section of D.

pulpal wall. To be efective, the mesial wall of the slot must be in
sound dentin; otherwise, the retention form obtained is
insuicient.
A comparable situation occurs occasionally: he maxillary irst
premolar requires a distoocclusal onlay restoration to cap the cusps,
and the mesial surface is noncarious and deemed not prone to
caries (see Fig. 18.32D–F). To reduce the display of metal and to
conserve the tooth structure, a slot similar to that described in the
preceding paragraph (except that it is mesially positioned and
1.5 mm wide faciolingually) may be used for the production of
adequate retention. he mesioocclusal marginal outline in this
preparation should be distal of the height of the mesial marginal
ridge.
Modiications for Esthetics on Maxillary
Premolars and First Molars

To minimize the display of metal on maxillary premolars and irst
molars, several modiications for esthetics are made to the basic
onlay preparation. On the facial cusps of maxillary premolars and
on the mesiofacial cusp of the maxillary irst molar, the occlusal
reduction should be only 0.75 to 1 mm on the facial cusp ridge
to minimize the display of metal. his thickness should increase
progressively to 1.5 mm toward the center of the tooth to provide
rigidity to the capping metal. hese cusps do not receive a counterbevel but are “stubbed” or blunted by the application of a
sandpaper disk or the ine-grit diamond instrument held at a right
angle to the facial surface (see Fig. 18.23C). he surface created
by this blunting should be approximately 0.5 mm in width.
To further decrease the display of metal on maxillary premolars
and irst molars, the mesiofacial margin is minimally extended
facially of the contact to such a position that the margin is barely
visible from a facial viewing position. To accomplish this, the

secondary lare is omitted, and the wall and margin are developed
with a chisel or enamel hatchet. Final smoothing with the ine-grit
paper disk is recommended when access permits. he cavosurface
margin should result in a gold angle of 40 to 50 degrees, if possible.
When more than ideal extension of the mesiofacial margin is
necessary because of a caries lesion or previous restoration, and as
dictated by the esthetic desires of the patient, the operator may
choose to place a composite insert at this margin. his is a more
conservative option than preparing the tooth to receive a porcelainveneered metal crown. When preparing the mesiofacial margin,
no attempt is made to develop a straight mesiofacial wall past the
point of ideal extension. After caries lesion excavation, a resin-modiied
glass ionomer base is inserted to temporarily form the missing
portion of the wall. he base is contoured to the ideal form, and
the preparation can continue, terminating the mesiofacial onlay
margin in the ideal position in the base. After placement, the
operator removes (with small round burs) the glass ionomer material
to a depth of 1 mm for a composite insert. Small undercuts should
be prepared in the wall formed by the cast-metal onlay (see Fig.
18.57A later in the chapter). (It is best to carve the undercut in
the wall formed by the onlay during the wax pattern stage.) After
beveling the enamel cavosurface margin and preparing a gingival
retention groove where, and if, enamel is thin or missing, the
composite veneer is inserted (see Fig. 18.62A later in the chapter).
Endodontically Treated Teeth

Routinely, teeth that have had endodontic treatment are weak and
subject to fracture from occlusal forces. hese teeth require restorations designed to provide protection from this injury (see Fig.
18.30K and L). his particularly applies to posterior teeth, which
are subjected to greater stress. he need for such protection is
accentuated when much of the strength of the tooth has been lost
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because of extensive caries or previous restorations. When the facial
and lingual surfaces of an endodontically treated tooth are sound,
it is more conservative, for the health of the facial and lingual
gingival tissue, to prepare the tooth not for a full crown, but for
a full occlusal coverage onlay that has been designed with adequate
resistance form to prevent future tooth fracture. Such features
include skirt extensions and collar preparations. hese features
make the onlay more of an extracoronal restoration that encompasses
the tooth such that the tooth is better able to resist lateral forces
that otherwise might fracture the tooth.
Before starting the preparation of an endodontically treated
posterior tooth, the pulp chamber should be excavated to the
chamber loor and usually into the canals (1–2 mm), and an
amalgam or composite foundation should be placed; this gives the
onlay a irm base on which to rest. In the preparation of an
endodontically treated premolar that has had extensive damage,
the root canal may be prepared for a cast-metal or iber-reinforced
composite post, which is cemented before the onlay preparation
is completed. his post helps the tooth resist forces that otherwise
might cause a horizontal fracture of the entire tooth crown from
the root. he post should extend roughly two thirds the length of
the root and should terminate, leaving at least 5 mm of the root
canal illing material at the apical portion of the root.
Retoring the Occlual Plane of a Tilted Molar

An onlay is excellent for restoring the occlusal plane of a mesially
tilted molar (Fig. 18.33). When the unprepared occlusal surface
(mesial portion) is less than the desired occlusal plane, a corresponding decrease in occlusal surface reduction is indicated. To facilitate
increasing the height of the tooth, while maintaining the desirable
faciolingual dimension of the restored occlusal surface and good
contour of the facial and lingual surfaces, the counterbevels on
the latter surfaces often should be extended gingivally more than
usual (see Fig. 18.33B).
Often the mesiofacial and mesiolingual margins (on the
“submerged” proximal surface) should be well extended onto the
respective facial and lingual surfaces to help in recontouring
the mesial surface to desirable proximal surface contour and contact.
his extension can be accomplished with a minimal loss of the

A

B

tooth structure by preparing facial and lingual skirt extensions on
the respective proximal margins, which improves retention and
resistance forms. In contrast, achieving extension by preparing the
mesiofacial and mesiolingual walls facially and lingually does not
improve retention or resistance forms and is less conservative of
the tooth structure. Veriication of appropriate cusp reduction is
the same as presented for the inlay tooth preparation, as illustrated
in Fig. 18.24.

Retorative Technique for CatMetal Retoration
Interocclual Record
Before preparation of the tooth, the occlusal contacts in maximum
intercuspation and in all lateral and protrusive movements should
have been carefully evaluated. If the patient has suicient canine
guidance to provide disocclusion of posterior teeth, the necessary
registration of the opposing teeth can be obtained by (1) making
a maximum intercuspation interocclusal record with commercially
available bite registration pastes or (2) making full-arch impressions
and mounting the casts made from these impressions on a simple
hinge articulator. he interocclusal record works well when preparing
one tooth; the full-arch casts are preferred when two or more
prepared teeth are involved.
he maximum intercuspation interocclusal record can be made
from one of several commercially available bite registration pastes.
he most commonly used bite registration pastes are composed
of heavily illed PVS impression materials. Several materials are
available in cartridge systems that automatically mix the base and
accelerator pastes together as they are expressed through a special
disposable mixing tip (Fig. 18.34A). he mixed impression material
is dispensed directly onto the prepared teeth and their opponents,
then the patient closes completely (see Fig. 18.34B and C). he
dentist observes teeth not covered by the bite registration paste to
verify that teeth are in maximum intercuspation. When the material
has set, the dentist removes the interocclusal record and inspects
it for completeness. When held up to a light, areas where the

C

• Fig. 18.33 A, The mandibular second and third molars being tilted mesially often is the result of failure
to replace a lost irst molar by bridgework. Note the poor contact relationship between the molars and
between the molar and the second premolar. B, The second premolar is prepared for an inlay, and the
molars are prepared for onlays. The margins of the preparations are well extended on the facial and lingual
surfaces to aid in recontouring teeth to improve the occlusal relationship and to improve the proximal
contours and contacts. C, Completed restorations. Note the improvement in the occlusal plane and in
the proximal contacts.
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• Fig. 18.34

Maximum intercuspation interocclusal record made with PVS bite registration paste.
A, One of many commercially available bite registration materials used in this technique. B, Using a cartridge dispenser and a disposable automixing tip, the base and accelerator pastes are automatically mixed
and applied to the prepared teeth, their neighbors, and the opposing teeth. C, Have the patient close
into maximum intercuspation position. Be sure that the adjacent unprepared teeth are touching in their
normal relationships. D, Remove the maximum intercuspation interocclusal record carefully after it has
set, and inspect it for completeness. Areas where the adjacent, unprepared teeth have penetrated through
paste should be seen.

adjacent unprepared teeth have penetrated through the material
should be seen (see Fig. 18.34D). he interocclusal record is set
aside for later use in the laboratory.
he maximum intercuspation interocclusal records described
in the previous paragraph provide information on the shape and
position of the opposing teeth in maximum intercuspation. Such
records give the laboratory technician some information about
how to form the occlusal surface and position the occlusal contacts
on the restoration, but they supply no data on how these structures
and contacts might function during mandibular movements. his
is also true when full-arch casts are mounted on a simple hinge
articulator. Cast-metal restorations made with these simple bite
registration techniques often require adjustments in the mouth to
alleviate interferences during mandibular movements.
If information is desired in the laboratory about the pathways
of cusps during mandibular movements (such as when the tooth
is to be restored in group function), an excellent technique involves
making full-arch impressions and mounting casts from these
impressions on a properly adjusted semiadjustable articulator (Fig.
18.35). he use of full-arch casts mounted on a semiadjustable
articulator is recommended when restoring a large portion of the
patient’s posterior occlusion with cast-metal restorations. It involves
only a little extra chair time and gives the laboratory technician

much more information about the general occlusal scheme, pathways
of cusps, opposing cusp steepness and groove direction, and the
anatomy of other teeth in the mouth. he technique uses a full-arch
tray when making the inal impression, which requires mixing
more material, especially when using stock trays. he opposing
arch is impressed with impression material, and the appropriate
mandibular movement and face-bow transfer records are made.
he reader is referred to Chapter 1 for principles regarding the
use of the semiadjustable articulator in developing proper occlusal
relationships for cast-metal restorations.

Temporary Restoration
Between the time the tooth is prepared and the cast-metal restoration
is delivered, it is important that the patient be comfortable and
the tooth be protected and stabilized with an adequate temporary
restoration. he temporary restoration should satisfy the following
requirements:
1. It should be nonirritating and protect the prepared tooth from
injury.
2. It should protect and maintain the health of the
periodontium.
3. It should maintain the position of the prepared, adjacent, and
opposing teeth.
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4. It should provide for esthetic, phonetic, and masticatory function,
as indicated.
5. It should have adequate strength and retention to withstand
the forces to which it will be subjected.
When properly made, the custom temporary restoration can
satisfy these requirements and is the preferred temporary restoration.
Temporaries can be fabricated intraorally directly on the prepared
teeth (direct technique) or outside of the mouth using a

• Fig. 18.35 Full-arch casts mounted via a facebow transfer on a semiadjustable articulator provide maximal information in the laboratory on how
to position cusps to prevent undesirable contacts.

postoperative cast of the prepared teeth (indirect technique). he
indirect technique is not as popular as the direct technique because
of the increased number of steps and complexity in the former;
however, it is useful when making temporaries that might become
“locked on” (e.g., intracoronal inlays) when using the direct
technique.

Technique for Indirect Temporary Restoration
he indirect temporary technique has the following advantages:
1. he indirect technique avoids the possibility of “locking on”
the set temporary material into undercuts on the prepared tooth
or the adjacent teeth.
2. he indirect technique avoids placing polymerizing temporary
material directly on freshly prepared dentin and investing soft
tissue, reducing potential irritation to these tissues.8-10
3. he postoperative cast made in the indirect technique afords
an opportunity to evaluate the preparation (before the inal
impression) and serves as an excellent guide when trimming
and contouring the temporary restoration.
4. Fabrication of the temporary restoration can be delegated to a
well-trained dental auxiliary.
To form the indirect temporary, irst an impression of the
prepared tooth is made with fast-setting impression material. A
stock, plastic impression tray that has been painted with tray adhesive
is used (Fig. 18.36A). If using alginate, it is ensured that teeth are
slightly moistened by saliva, then some alginate is applied over
and into the preparation with a ingertip to avoid or to minimize
trapping air (see Fig. 18.36B); then the tray is seated over the
region (see Fig. 18.36C). After the material has become elastic,
the impression is removed with a quick pull in the direction of
the draw of the preparation and is inspected for completeness (see
Fig. 18.36D). he impression is poured with fast-setting plaster
or stone (see Fig. 18.36E).
As soon as the postoperative cast has been recovered from the
impression, the dentist inspects the cast for any negative or positive
defects (see Fig. 18.36F). Small voids on the cast may be illed in
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• Fig. 18.36 Making a postoperative plaster cast for indirectly forming a temporary restoration. A, The
interior of the tray is coated with alginate tray adhesive. B, Some alginate is applied over and into the
preparations with the ingertip to avoid trapping air. C, Alginate-illed tray in place. D, Alginate impression.
E, The alginate impression is poured with fast-setting plaster. F, Plaster cast of the preparations shown
in Fig. 18.24A.
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• Fig. 18.37

Forming indirect temporary restorations for the preparations initially shown in Fig. 18.24A.
A, Thin edges of the preoperative impression material that record the gingival sulcus should be cut away
because these are apt to tear when seating the postoperative cast in the impression. B and C, Trimming
away much of the soft tissue areas recorded by the impression and the cast also facilitates seating. D,
Trial seating the postoperative cast into the preoperative impression. E, Marking the margins with red
pencil. F, Applying the release agent to the cast. G, Filling the preoperative impression with temporary
material in the area of the tooth preparation. H, Seating the cast into impression, taking care not to
overseat or tilt the cast. I, Formed temporary restoration.

with utility wax. Large voids indicate repouring the impression.
Positives (blebs) on the cast should be removed carefully with a
suitable instrument.
he postoperative cast is seated into the preoperative impression
(Fig. 18.37A–D). he thin edges of the postoperative impression
material that record the gingival sulcus can be cut away for more
thickness of the temporary in this area (see Fig. 18.37A). he
postoperative cast is trial-seated into the preoperative impression
to verify that it seats completely. Soft tissue around the perimeter
of the impression or the cast, or in both areas, may have to be
relieved to allow full seating (see Fig. 18.37B and C).
When satisied that the gypsum cast seats completely in the
preoperative impression (see Fig. 18.37D), the dentist removes
the cast and marks the margins of the preparations on the cast
with a red pencil to facilitate trimming (see Fig. 18.37E). A release
agent is brushed on the preparations and adjacent teeth (see Fig.
18.37F). Tooth-colored temporary resin is mixed and inserted into

the preoperative impression in the area of the prepared teeth (see
Fig. 18.37G). When adjacent teeth are prepared, the temporary
material may be continuous from one tooth to the next. he cast
is seated into the preoperative impression (see Fig. 18.37H). he
formed temporary restoration is shown in Fig. 18.37I.
With suitable burs the excess temporary material along the
facial and lingual margins is trimmed away. he red line previously
placed helps in the trimming, especially if it is performed by an
auxiliary (Fig. 18.38A). On multiple-unit temporary restorations,
a thin diamond instrument or the slender No. 169L bur or diamond
can be used to reine the interproximal embrasures (see Fig. 18.38B).
After the excess temporary material has been removed from the
facial and lingual embrasures, a cut is made through the adjacent
unprepared tooth 1 mm away from the proximal contact (see Fig.
18.38C). A knife is inserted into the cut and the temporary restoration is pried of from the cast. Access to improve the contour of
the proximal surface that will contact the adjacent unprepared
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• Fig. 18.38 Trimming and adjusting the indirect temporary restorations. A, Trimming the excess material
back to the accessible facial and lingual margins (marked by red line on the plaster cast). B, On multipleunit temporaries, a slender bur or diamond instrument can be used to reine the interproximal embrasure
form. C, On the cast, any tooth adjacent to the temporary restoration is cut away. D, Trimming the proximal
surface of the temporary restoration to the proper contour. Care should be taken to avoid removing the
proximal contact (arrow). E and F, After the inal impression is made, the temporary restoration is cemented
with temporary cement. Note the anatomic contour and it (E) and the functional occlusion of the temporary restoration (F).

tooth is now available (see Fig. 18.38D). he contact area on the
temporary restoration that was accurately formed should not be
disturbed.
Trial-it the temporary restoration on the patient’s teeth (see
Fig. 18.38E). It should it well, make desirable contact with the
adjacent teeth, and meet occlusal requirements with minimal
adjustments (see Fig. 18.38F). If occlusal adjustments are indicated,
the prematurities are marked with articulating paper and reduced
with an appropriate rotary instrument. After correcting the occlusion, any roughness or undesirable sharp edges are smoothed with
a rubber point or wheel. he temporary restoration is removed
from the mouth and set aside for cementation with temporary
cement after the inal impression has been made.

Technique for Direct Temporary Restoration
he direct temporary technique involves forming the temporary
restoration directly on the prepared tooth and has the following
advantages (Fig. 18.39): (1) he direct technique involves fewer
steps and materials because no postoperative impression and gypsum
cast are required, and (2) it is much faster than the indirect
technique. he main disadvantages of the direct temporary technique
include the following: (1) here is a chance of locking hardened
temporary materials into small undercuts on the prepared tooth
and the adjacent teeth, (2) the marginal it may be slightly inferior
to the indirect technique, and (3) it is more diicult to contour
the temporary restoration without the guidelines ofered by the
postoperative cast.11
Forming the temporary restoration directly on the prepared
tooth requires the preoperative impression (see Fig. 18.2C). Trialitting seats the preoperative impression onto teeth to verify that
it seats completely. Because a potential for locking the temporary
restoration on the tooth exists, it is necessary to eliminate undercuts
in the preparation and occasionally in the proximal areas. Undercuts

in the preparation should be “blocked out” using a
resin-modiied glass ionomer base (see Fig. 18.39B). A light ilm
of a water-based lubricant over any exposed base prevents adherence
and facilitates removal.
When using the direct technique with inlay and onlay preparations (preparations that gain their retention primarily through
internal retention features), it is helpful to select temporary material
systems that become elastic before the inal set, allowing removal
from undercuts without permanent distortion. he temporary
material is mixed, following the manufacturer’s instructions.
Temporary materials that use automixing tips are especially convenient (see Fig. 18.39C). he dentist places the material into the
preoperative impression in the area of the prepared tooth, taking
care not to entrap any air (see Fig. 18.39D). he impression is
placed on teeth, and the dentist ensures that it seats completely
(see Fig. 18.39E). he manufacturer’s instructions for gauging the
setting time should be followed. Most temporary systems recommend monitoring the setting by rolling some excess material into
a small ball and holding it between two ingers. When the temporary
material has set to a irm stage, the impression is removed. When
the material is suiciently strong, the operator removes it from
the tooth (see Fig. 18.39F). Excess material is trimmed away (see
Fig. 18.39G). he cavosurface margins of the preparation can be
seen inside the temporary restoration and are used as a guide for
trimming the critical external areas near the margins (see Fig.
18.39H). he techniques for try-in, adjustment, and inishing the
direct temporary restoration are identical to those described in the
previous section (see Fig. 18.39I).

Final Impreion
Fabrication of cast-metal restorations occurs in dental laboratories
using replicas of the prepared and adjacent unprepared teeth. Classic

CHAPTER 18 Cla II Cat-Metal Retoration

f

gi

B

A

E

D

C

c

F

G

H

I

• Fig. 18.39 Forming the direct temporary restoration with preoperative impression. Mesioocclusodistofacial onlay preparation for the mandibular irst molar is used for illustration. A, Preoperatively, this patient
had symptoms indicating an incomplete fracture of a vital tooth. B, After preparation for an onlay, an
incomplete fracture (f) of dentin is seen extending mesiodistally along the pulpal loor. To maximize the
retention and resistance forms, all the cusps are reduced for capping, a facial surface groove extension
is prepared, and all four transitional line angles have skirt extensions. Resin-modiied glass ionomer bases
are inserted into excavations on axial walls (gi). Bases should have a light coat of water-soluble lubricant
to prevent adhesion. C, Automixing the temporary resin material. D, The mixed temporary material is
poured into the preoperative impression of the prepared tooth. E, The preoperative impression is seated
with the temporary material onto the prepared tooth. F, The formed temporary restoration is removed
from the preparation (note the contact area c, which must not be removed during trimming). G, Thin
excess can be removed by using scissors. H, The internal surface of the temporary restoration has record
of the cavosurface margin that is used as guide for inal trimming. I, After the inal impression is made,
the temporary restoration is cemented with temporary cement. The temporary material over the skirt
extensions is left slightly overcontoured for additional strength.
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• Fig. 18.40

The shaded area on the prepared tooth is undercut in
relation to the line of withdrawal of the impression. The impression material
that is in the position of greatest undercut (u) must be withdrawn in the
direction of the vertical arrow and lexed over the greatest heights of
contour (h). The position of the gingival attachment is indicated by x.

techniques involving impressions and gypsum casts are described
in this chapter. he reader is referred to Chapter 12 for alternative
methods in digital dentistry.
he material used for the inal impression should have the
following qualities:
1. It must become elastic after placement in the mouth because
it must be withdrawn from undercut regions that usually exist
on the prepared and adjacent teeth. Note the shaded portions
in Fig. 18.40, which are undercut areas with regard to the line
of draw of the preparation. A satisfactory impression must
register some of this undercut surface to delineate the margin
sharply and to signify the desirable contour of the restoration
in regions near the margin.
2. It must have adequate strength to resist breaking or tearing on
removal from the mouth.
3. It must have adequate dimensional accuracy, stability, and
reproduction of detail so that it is an exact negative imprint of
the prepared and adjacent unprepared teeth.
4. It must have handling and setting characteristics that meet
clinical requirements.
5. It must be free of toxic or irritating components.
6. It must be possible to disinfect it without distorting it.
In addition to the absolute requirements listed, the choice of
impression material is usually made by comparisons of cost; ease
of use; working time; shelf life; and pleasantness of odor, taste,
and color. he most common impression material used for the
indirect casting technique is PVS. he technique for the use of
this material is discussed in detail in the following sections.

Tissue Retraction
Final impression materials make accurate impressions only of tooth
surfaces that are visible, clean, and dry. When margins are subgingival, retraction cords can be used to displace the free gingiva
temporarily away from the tooth and to control the low of any
gingival hemorrhage and sulcular luids. he objective of gingival
retraction is to widen the gingival sulcus to provide access for the
impression material to reach the subgingival margins in adequate
bulk to resist tearing during impression withdrawal (see Fig. 18.40).
he objective of control of hemorrhage and moisture is met by
the use of retraction cord impregnated with appropriate styptics
(e.g., aluminum chloride), vasoconstrictors (e.g., epinephrine), or
both. he use of vasoconstrictors in retraction cord is contraindicated
in some patients, especially those who have cardiac arrhythmias,

severe cardiovascular disease, uncontrolled hyperthyroidism, or
diabetes and patients taking drugs such as β-blockers, monoamine
oxidase inhibitors, or tricyclic antidepressants.12
All sensory nerves to the region should be anesthetized, cotton
rolls applied, and the saliva ejector inserted. Profound local
anesthesia substantially reduces salivation to facilitate a dry ield
and allows tissue retraction without causing discomfort to the
patient. he dentist selects and cuts a retraction cord of suitable
diameter that is slightly longer than the length of the gingival
margin. he cord may be cut long enough to extend from one
gingival margin to another if they are on the same tooth or on
adjacent teeth. In Fig. 18.41A and B, the cord is inserted into the
gingival sulcus only in areas where the cavosurface margin is prepared
subgingivally. Using the edge of a paddle-tipped instrument or
the side of an explorer, one end of the cord is gently placed into
the sulcus, about 2 mm facial to the point where the facial margin
passes under the free gingiva. hen the cord is inserted progressively
into the remainder of the sulcus, with the end of the cord left
exposed, to be grasped with tweezers later in the technique (see
Fig. 18.41A–C, H). he cord is placed to widen the sulcus and
not to depress soft tissue gingivally (although some temporary
retraction does occur apically).
Occasionally when the gingival margin is deep, it is helpful to
insert a second cord of the same or larger diameter over the irst.
When the free gingiva is thin and the sulcus is narrow (e.g., facial
surface of the maxillary or mandibular canine), a cord of very
small diameter must be selected to prevent undue trauma to the
tissue. In instances when a small diameter cord is used, layering
a second cord on top of the irst may be necessary to keep the
sulcus from narrowing at the gingival crest.
In Fig. 18.41D, the cord is incorrectly placed because it is
tucked too deeply into the sulcus, as its depth permitted such
positioning. When the cord is withdrawn before the injection of
the impression material, the sulcus is wide at the bottom but
narrow at the top. If the impression material is injected successfully
into such a sulcus, the material is likely to tear in the region of x
during the removal of the impression from the mouth. Correct
application of the retraction cord is shown in Fig. 18.41C.
Occasionally the retraction cord becomes displaced from the
sulcus during its insertion in the presence of slight hemorrhage
or seepage, but this can be controlled if an assistant repeatedly
touches the cord with dry cotton pellets or dries the area with
a gentle stream of air. When excessive hemorrhage from the
interproximal tissue occurs, irst a cotton pellet is moistened with
aqueous aluminum chloride solution, and the pellet is wedged
between teeth so that it presses on the bleeding tissue. his pellet
is left in for several minutes before it is removed and the cord is
inserted. he widening or opening of the gingival sulcus by the
earlier insertion of the retraction cord before the beveling of the
gingival margin also should minimize or eliminate hemorrhage of
the gingiva. For retracting a large mass of tissue, irst a suitably
shaped, large diameter cotton pack is made by rolling cotton
ibers between ingertips, and the pack is then moistened with
a drop or two of aqueous aluminum chloride and inserted into
the sulcus.
he cords remain in place for several minutes. When hemorrhage
or excessive tissue is present, more time is recommended. he
region must remain free of saliva during this interval, and the
patient should be cautioned not to close or allow the tongue to
wet the teeth. Placing cotton rolls over teeth and having the patient
close lightly to relax while the teeth remain isolated is sometimes
helpful.
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• Fig. 18.41

A and B, Inserting the retraction cord to widen the gingival sulcus to expose the gingival
margin. Separate lengths of cord can be inserted (one for each gingival margin) (A), or a cord long enough
to run from one gingival margin to another can be inserted (B). Where the margin is not subgingival, as
on the lingual surface of the molar, the cord should not be in the sulcus. C, Correct application of the
retraction cord. D, Incorrect application of the retraction cord causing the impression material to tear at
x. E, Maxillary quadrant before preparing teeth for onlays. Note the fracture of the mesiofacial cusp of
the molar. F, Facial view of E. G, Bitewing radiograph of E. H, Teeth prepared for onlays and ready for
making the inal impression. The lingual and distofacial transitional line angles of premolars are prepared
for skirting.
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A, Light-bodied (low viscosity), heavy-bodied (high-viscosity) polyvinyl siloxane impression
materials; dispensers, automixing tips. B, Painting adhesive on stock tray.

Fig. 18.41 E-H illustrates correct use of gingival retraction on
the maxillary quadrant.

Polyvinyl Siloxane Impression
he PVS impression is discussed in detail here because it is widely
used, and the technique for its use can be readily applied to most
other impression materials. PVS impression materials have many
advantages over other impression materials used for inal impressions.
hey have excellent reproduction of detail and dimensional stability
over time. hey are user friendly because they are easy to mix and
have no unpleasant odor or taste. PVS impressions can withstand
disinfection routines without signiicant distortion. hese impression
materials come in the form of two pastes (base and catalyst) that
are mixed in disposable, automix, cartridge-dispensing systems.
hese automix systems provide excellent mixing of the accelerator
and base pastes (Fig. 18.42A).
Tray Selection and Preparation

he impression tray must be suiciently rigid to avoid deformation
during the impression technique. If the tray bends or lexes at any
time, the accuracy of the impression may be afected. Two types
of trays, commercial stock and custom made, are suitable. Use of
stock plastic trays is convenient and saves time. he custom resin
tray made over a 2- to 3-mm wax spacer on the study cast is an
excellent tray. A thickness of impression material greater than 3 mm
increases shrinkage and the chance of voids; a thickness less than
2 mm may lead to distortion or tear of the impression material
or to breakage of narrow or isolated teeth on the cast during
withdrawal from the impression. Adequate bonding of impression
material to the tray is accomplished with the application of a
special adhesive to the tray (see Fig. 18.42B).

disposable automixing tip its onto the end of each cartridge (see
Fig. 18.43C). he light-bodied mixing tip has an accessory curved
tip that is small enough to gain access to the smallest, most remote
areas of the preparation (see Fig. 18.43D).
he irst dispenser is used to mix and ill the impression tray
with the heavy-bodied impression material (see Fig. 18.43E). he
dispensing tip should be kept embedded in the impression material
as it is expressed into the tray so that the chance of trapping air
is decreased. he second dispenser is then used to mix and inject
the light-bodied impression material on the prepared teeth (see
Fig. 18.43F). Teeth should be examined to ensure that the ield
is still clean and dry. Any visible moisture on teeth is removed
with compressed air. he retraction cord is gently removed with
operative pliers. All preparation surfaces should be clean, dry, and
exposed to view. Next the opened gingival sulci and preparations
are deliberately and progressively (moving from distal to mesial)
illed over and beyond the margins with material from the syringe.
To avoid trapping air, the tip is kept directly on the gingival and
pulpal walls, illing the preparations from the gingival to the occlusal
aspect, and the low is regulated so that the material is not extruded
too fast ahead of the tip. Light-bodied material also is injected on
the occlusal surfaces of the unprepared adjacent teeth to eliminate
the trapping of air on the occlusal grooves.
After illing and covering teeth with material from the syringe,
the cotton rolls are immediately removed and the loaded tray
seated over the region. he manufacturer’s product instructions
should be followed with regard to how long the material should
be allowed to set before removal. As an additional safeguard, the
operator should test the set of the impression material wherever
it is accessible at the periphery of the tray. When it recovers elastically
from an indentation made by the tips of the operative pliers, it is
ready for removal (see Fig. 18.43G).

Impreion Technique

Most dental manufacturers ofer their PVS impression materials
in automix dispensing systems. he automixing systems have many
advantages, including (1) speed, (2) consistent and complete mixing
of accelerator and base pastes, and (3) incorporation of very few
air voids during mixing and delivery to teeth. he technique
demonstrated illustrates the use of two viscosities of impression
material, a light-bodied material to inject around the preparation
and a heavy-bodied material to ill the tray. Two dispensing guns
are needed (Fig. 18.43A). he dispensers are loaded with cartridges
that contain the accelerator and base pastes (see Fig. 18.43B). A

Removing and Inpecting the Impreion

After the PVS impression has properly polymerized, it is removed
from the mouth by a quick, irm pull that is directed as much as
possible in line with the draw of the preparation. Removal is aided
by inserting a ingertip at the junction of the facial border of the
impression and the vestibule fornix, disrupting the vacuum that
occasionally occurs during withdrawal, especially with full-arch
impressions. he impression should be inspected carefully with
good lighting and magniication. It should register every detail of
the teeth and the preparation (Fig. 18.44).
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• Fig. 18.43 A, One dispenser is loaded with light-bodied
impression material and the other dispenser is loaded with heavybodied impression material. B, The disposable automixing tip its
onto the end of the cartridge. C, An accessory curved tip is added
to the end of the automixing tip for the light-bodied material. D,
The impression tray is illed with heavy-bodied material. E, The
retraction cord is removed, and the opened sulci and preparations
are progressively illed over and beyond the cavosurface margins
without trapping air. The occlusal surfaces of the adjacent unprepared teeth are covered with light-bodied impression material. F,
The cotton rolls are removed, and the impression tray is seated.
G, Completed automixed polyvinyl siloxane impression.
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• Fig. 18.45
• Fig. 18.44

Close-up view of the impression shows sharp details of
record of the gingival loor (gf), gingival bevel (gb), and margin (gm) and
a small amount of unprepared tooth surface (ts) beyond the margin.

Working Cat and Die
he working cast is an accurate replica of the prepared and adjacent
unprepared teeth that allows the cast-metal restoration to be
fabricated in the laboratory. During this fabrication procedure, it
is most helpful if the replicas of the prepared teeth and of the
adjacent unprepared teeth, called dies, are individually removable.
he most used methods for creating a working cast with removable
dies from an elastic impression require two pours. he irst pour
is made to produce the removable dies and the second pour is
made to establish intraarch relationships. Working casts made in
this manner are called split casts. Several satisfactory methods are
available for making a split cast with removable dies. he Pindex
system (Coltene/Whaledent Inc., Cuyahoga Falls, OH) is illustrated
because it ofers many advantages, as follows:
1. he irst pour becomes the die segment and can be made quickly
and easily.
2. Dowel pins can be positioned precisely, where needed.
3. Dowel pins are automatically positioned parallel, which facilitates
die removal.

Pouring the Final Impression
A mix of high-strength die stone is made using a vacuum mechanical
mixer, and the dies are poured with the aid of a vibrator and a
No. 7 spatula. he irst increments are applied in small amounts,
allowing the material to low into the remote corners and angles
of the preparation without trapping air. Surface tension–reducing
agents that allow the stone to low more readily into the deep,
internal corners of the impression are available. he impression
should be suiciently illed so that the dies are approximately 15
to 20 mm tall occlusogingivally after trimming. his may require
surrounding the impression with boxing wax before pouring. After
the die stone has set, the cast is removed from the impression and
inspected for completeness (Fig. 18.45). his irst pour (die segment)
becomes the removable dies.
Completing the Working Cast
he base of the die segment is trimmed lat on a model trimmer
(Fig. 18.46A). his trimming is approximately parallel to the occlusal
surfaces of teeth. he operator must take care while doing this so
that no grinding slurry is allowed to splash onto the dies. he dies
should be approximately 15 mm occlusogingivally. When the base

Cast poured from the die stone is inspected for

completeness.

of the die segment is lat, the sides closer to the facial and lingual
aspects of teeth should be trimmed (see Fig. 18.46B). Deep scratches
left by the model trimmer are removed by wet sanding the base
of the die segment with 220-grit wet or dry sandpaper.
General rule: Teeth that will be removable are the prepared teeth
with proximal gingival margins and any unprepared teeth adjacent
to the prepared proximal surfaces. he two main advantages to
making removable dies of unprepared teeth adjacent to prepared
proximal surfaces are as follows: (1) he adjacent tooth will not
interfere with removing the die that has the preparation, as occasionally may happen otherwise; and (2) adjusting the contacts is easier
and more accurate when waxing and inishing the castings.
One dowel pin usually is placed in each prepared tooth and
each adjacent tooth. When long sections of teeth are to be removable, the operator may wish to place more than one pin to increase
stability and prevent rotation of the die. he cast is placed on the
Pindex drilling machine, and one hole is drilled into the die base
precisely in the middle of each tooth that is to be removable (see
Fig. 18.46C and D). A small light beam helps position the cast
correctly. When all the holes are drilled, a small drop of cyanoacrylate
glue is placed in each hole, and a dowel pin is inserted (see Fig.
18.46E and F). he cast must be dry before cementing the pins,
or the cement may not adhere. Any excess glue should be removed,
and the operator should ensure that the dowel pins are parallel to
one another (see Fig. 18.46G). To prevent rotation of the dies on
the model base, small dimples may be placed just facial and lingual
to each dowel pin with one third the diameter of a No. 6 round
bur (see Fig. 18.46H). A bead of rope wax is placed around the
die segment level with the base of the dies (see Fig. 18.46I). hen
boxing wax is added around this to form a container for the base
pour (see Fig. 18.46J). A separating medium is applied on the die
segment, and a mix of dental stone is vibrated into the boxing
wax container (see Fig. 18.46K). At least 1 mm of the ends of the
dowel pins should be allowed to protrude. To provide adequate
strength, the base of the cast should not be less than 10 mm thick.
After the stone has hardened, the boxing and rope wax are
removed. hen the cast is removed from the impression (see Fig.
18.46L). he operator taps the end of each dowel pin lightly with
the end of an instrument handle until a diferent sound is heard;
this indicates that the die segment has moved slightly from its
seating (see Fig. 18.46M). Next the ends of the pins are carefully
pushed conjointly, causing the die segment to move equally away
from its seating (see Fig. 18.46N). After the die segment is removed
in this manner, the teeth that are to be individually removable
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• Fig. 18.46 A, The base of the die segment is trimmed lat and approximately parallel to the occlusal
surfaces with a model trimmer. Dies should be approximately 15 mm high occlusogingivally. B, The die
segment is trimmed on the facial and lingual surfaces to reduce the need for trimming in later steps. C,
The die segment on the Pindex machine, ready to drill hole for irst molar die. A small red dot of light
helps position the cast. D, Holes drilled for removable dies. E, A drop of cyanoacrylate glue is poured
into each hole. The cast must be dry for the glue to adhere. F, Immediately insert a dowel pin into the
hole, being sure it is fully seated. G, The dowel pins must be parallel to one another and fully seated, and
no excess glue must be present. H, To aid in indexing, small dimples are cut in the base of the dies,
using one third the diameter of a large (No. 6) round bur. Typically these are positioned facial and lingual
to the dowel pin. I, Rope wax is placed around the cast, lush with the die bases. J, Boxing wax is placed
around the rope wax to create a container for the base pour. A separating agent must be painted on the
die bases to prevent adherence to the base pour.
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• Fig. 18.46, cont’d

K, Base pour is completed. At least 1 mm of the dowel pin should be left protruding. L, Cast after removing boxing and rope wax. M, Tapping on the end of each dowel pin until the die
segment moves. N, Removing the die segment from base. O, The dies are carefully cut apart by using
a saw, bur, or thin diamond abrasive disk. Eye protection and dust collection are essential. P, Excess die
stone around the gingival margins usually prevents good access for later steps in fabrication. Q, Removing
the excess die stone with a large crosscut carbide bur in a slow-speed handpiece. Trimming across
slightly gingival of the recorded gingival contour of the tooth weakens the excess, causing it to fall away.
R, Final trimming is completed with a sharp scalpel. S, Cast completed, lingual view. Note how each
prepared tooth and the adjacent unprepared teeth are removable now. T, Cast completed, facial view.
Note the full seating of the dies.

CHAPTER 18 Cla II Cat-Metal Retoration

must be cut apart from one another (see Fig. 18.46O). his requires
the use of a saw, bur, or disk. To aid in carving the wax pattern
and polishing the casting, the gingival aspect of the dies is carefully
trimmed to expose the gingival margins properly (see Fig. 18.46P–R).
he trimmed dies should have a positive and complete seating in
the base portion of the cast (see Fig. 18.46S and T).
Caution: Do not allow any debris between the die portion and
the base, or the accuracy will be compromised. his is especially
true for the walls of the dowel pin holes. A small bit of wax or
gypsum can be carelessly pressed onto the wall and prevent complete
seating of the pin. Such debris is diicult to detect and remove to
regain accuracy.

Use of Interocclusal Records
A maximum intercuspation interocclusal record is made before
making the inal impression. From this interocclusal record, a
gypsum cast of the opposing teeth is made; this cast can be related
accurately to the working cast, when forming the occlusal surface
of the wax pattern. his step can be omitted if full-arch casts are
to be used in waxing. See Chapter 1 for the principles of developing
occlusion when using full-arch casts.
When using this type of interocclusal record, the working cast
is mounted on a simple hinge articulator. he working cast is
attached to one member of the articulator with fast-setting plaster.
he interocclusal record is carefully itted on the dies of the working
cast (Fig. 18.47A and B). he interocclusal record should seat
completely without rocking. Interocclusal bite records must never
touch the registrations of soft tissue areas on the cast because these
contacts usually interfere with complete seating. Such areas of
contact on the interocclusal record can be trimmed away easily
with a sharp knife. After ensuring that the interocclusal record is
completely seated, lute the record adjacent to the unprepared teeth
with sticky wax to prevent dislodgment when dental stone is poured
into the record. Dental stone is then poured into the record (see
Fig. 18.47C). his gypsum is attached to the opposite arm of the
hinge articulator (see Fig. 18.47D), it is allowed to set, and then
the interocclusal record is removed (see Fig. 18.47E–G).

Wax Pattern
Forming the Pattern Base
he operator lubricates the die and incrementally adds liquid wax
from a No. 7 wax spatula by the “low and press” method to form
the proximal, facial, and lingual surface aspects of the pattern. A
thin layer of wax should be added on the occlusal surface (Fig.
18.48A). Wax shrinks as it cools and hardens and tends to pull
away from the die. his efect can be minimized and pattern
adaptation improved by applying inger pressure for at least several
seconds on each increment of wax soon after surface solidiication
and before any subsequent wax additions (see Fig. 18.48B). In
this incremental technique, the wax that is lowed on the previously
applied wax must be hot enough, as otherwise voids are formed.
Forming the Proximal Contour and Contact
he proximal contour and contact of the pattern are now formed
on the pattern base (Figs. 18.49 and 18.50). he normal proximal
contact relationship between teeth is that of two curved surfaces
touching one another. he contact on each curved proximal surface
is a point inside a small area of near-approach. Soon after eruption
and the establishment of proximal contact, wear of the contact
point from physiologic movements of teeth creates a contact surface.
Lack of a proximal contact is usually undesirable because it creates
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the risk of proximal drifting of teeth, shifting occlusion, food
impaction, and damage to the supporting tissues. Total lack of a
proximal contact is often referred to as an open contact and is to
be avoided.
Drawings of two maxillary premolars (see Fig. 18.50) are used
to illustrate forms of contact and mesiodistal widths of interproximal
spaces. Fig. 18.50A–C shows normal conditions. In Fig. 18.50A,
the position of the contact is marked with an x, the area of nearapproach of the two surfaces is indicated with a broken line, and
the position of the crest of the gingiva is indicated with a continuous
line. Fig. 18.50B is a mesiodistal section through teeth at the point
of contact, and Fig. 18.50C is an occlusal view.
A broad contact faciolingually is illustrated in Fig. 18.50D–F.
In the proximal view (see Fig. 18.50D), the position of a normal
contact is marked x, the contact of this tooth is the outlined oblong
area, and the area of near approach is the broken line. he crest
of the gingiva is less arched, being almost horizontal along the
area of near-approach. Viewed from the facial in the mesiodistal
section (see Fig. 18.50E), the contact appears to be the same as
in Fig. 18.50B, but a comparison of the occlusal views (see Fig.
18.50F and C) shows the extra breadth of this contact at the
expense of the lingual embrasure. Fig. 18.50H shows a contact
that is too far to the gingival. Its position in comparison with
normal is shown by the relation of the circle to the x in Fig.
18.50G. he problem with such a contact is in the inclinations
of the proximal surfaces from the occlusal marginal ridges to the
contact. Stringy food is likely to become packed into this space,
and the contact may impinge on the interproximal tissue.
See Fig. 18.50I and J for an illustration of a contact too close
to the occlusal. his form is frequently observed in restorations
(especially amalgams), seldom in virgin teeth. Such a contact allows
food to ill the gingival embrasure and invites proximal caries.
A contact that is too broad in the occlusogingival direction,
but narrow faciolingually, is illustrated in Fig. 18.50K and L. he
principal objections to this form of contact are that stringy foods
are likely to be caught and held; also, if proximal recurrent caries
occurs, it is farther to the gingival, requiring a tooth preparation
close to the cementoenamel junction (CEJ). In cases of excessive
proximal wear of teeth, the condition of the contact areas is similar
to the combination of the areas illustrated in Fig. 18.50D and K,
resulting in a facet of considerable dimensions.

Forming the Occlusal Surface
Payne developed the fundamental principles in the following method
of waxing.7 he technique is particularly applicable when capping
cusps. With practice, it has proven to be faster than the old method
of building up wax, cutting away, building up again, and so on.
he amount of wax desired is added in steps until the occlusal
surface of the pattern is completed (Fig. 18.51).
To obtain the faciolingual position of the cusp tips, the faciolingual width of the tooth is divided in quarters. Facial cusps are
located on the irst facial quarter line. Lingual cusps fall on the
irst lingual quarter line (see Fig. 18.51B). To obtain the mesiodistal
position of the cusp tips, one notes the regions in the opposing
tooth that should receive the cusp tips. he operator waxes small
cones of inlay wax to the pattern to establish the cusp tips one at
a time (see Fig. 18.51C and D). Next the operator waxes the inner
and outer aspects of each cusp, being careful not to generate
premature occlusal contacts (see Fig. 18.51D–F). It is suggested
that only one aspect of each cusp be waxed into occlusion at a
time. On the maxillary molar (illustrated in Fig. 18.51D), where
all of the cusps are being restored, each of the nine aspects present
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• Fig. 18.47 Pouring the interocclusal record made with bite registration paste. A, Trimming away some
of the interocclusal record (on the preparation side) with a sharp knife is often necessary to allow complete
seating on the working cast. B, Fastening the seated interocclusal record to the working cast of preparations irst shown in Fig. 18.33A with small amounts of sticky wax. C, Pouring stone into the interocclusal
record. D, Attaching gypsum to the upper member of the hinge articulator. E–G, Three views of the
completed mounting.
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• Fig. 18.48 To ensure optimal wax adaptation to the preparation walls, a thin layer of wax is irst poured
(A), and then inger pressure is applied for several seconds while the wax cools (B).

og
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• Fig. 18.49 Measuring the diameters of the proximal contact faciolingually (l) and occlusogingivally (og) with dental loss. Two parallel strands
should not be more than 1 to 2 mm apart. (Modiied from Black GV:
Operative dentistry, vol 2, ed 8, Woodstock, IL, 1947, Medico-Dental.)

are waxed one at a time. he operator should follow the proper
angle on the inner and outer aspects (see Fig. 18.51E).
Next the distal slopes of the cusps are waxed (one at a time)
into occlusal relation with the opposing teeth. he mesial slopes of
the cusps are waxed next (one at a time) (see Fig. 18.51G). After
the cusps are formed, the operator waxes in the proximal marginal
ridge areas (see Fig. 18.51H). he same level to adjacent proximal
marginal ridges should be developed, even though occasionally
this may sacriice a contact on one of the two ridges. Restoring marginal ridges to the same level avoids a “food trap” that
otherwise would be created. he mesial and distal pit regions
also should be carved enough to have them deeper than the
respective marginal ridges. his provides appropriate spillways
for the removal of food from the occlusal table and helps prevent
food impaction in the occlusal embrasure area of the proximal
surface.
To complete the occlusal wax-up, wax is added (where appropriate) to the fossae until they contact the opposing centric-holding
cusps (see Fig. 18.51I). Spillways for the movement of food are
established by carving appropriately placed grooves. Flat-plane
occlusal relationships are not desired.
his technique is a systematic and practical method of waxing
the occlusal aspect of the pattern into proper occlusion. Forming
one small portion at a time results in waxing each portion into

proper occlusion before adding another, which simpliies the
procedure. Building the occlusal aspect by such small increments
should help develop a pattern with minimal stress and distortion.
Whenever a large portion of wax is added, it creates a potential
for pattern distortion caused by the large shrinkage of such an
addition.
For establishing stable occlusal relationships, the operator should
take care to place the cusp tips against lat plateaus or into fossae
on the stone cast of the opposing teeth. In other areas, the wax is
shaped to simulate normal tooth contours, using adjacent teeth
as references. Some relief between the opposing cusp inclines should
be provided because these incline contacts often interfere during
mandibular movements. he maximum intercuspation record
provides only information regarding the position of the opposing
teeth in maximum intercuspation. Some adjustment to the casting
may be necessary in the mouth to eliminate interferences during
mandibular movements. See Chapter 1 for the principles of cusp
and fossa placement when using full-arch casts mounted on a
semiadjustable articulator.

Finishing the Wax Pattern
Careful attention to good technique is required for waxing the
margins of the wax pattern. here must be a continuous adaptation
of wax to the margins, with no voids, folds, or faults. If adaptation
is questionable, the marginal wax should be remelted to a distance
into the pattern of approximately 2 mm. Finger pressure is applied
immediately after surface solidiication and before subsequent
cooling of the wax, with pressure maintained for at least 4 seconds.
his inger pressure helps develop close adaptation to the die by
ofsetting the cooling shrinkage of the wax. Additional wax should
be added during the remelting procedure to ensure a slight excess
of contour and extension beyond the margin.
Wax that is along the margins is now carved back to the
cavosurface outline with a warmed No. 7 wax spatula (Fig.
18.52A–E). his warming of the spatula permits carving of the
marginal wax with light pressure so that the stone margins are not
damaged. A little practice helps the operator determine how much
to heat the instrument for easy and efective carving. he No. 7
spatula should not have sharp edges; when it touches the die lightly,
it should not abrade or injure the die surface. he operator uses
the die surface just beyond the cavosurface margin to guide the
position and direction of the carving instrument. he direction
of the instrument movement is not dictated by the margin but by
the contour of the unprepared tooth (die) surface just beyond the
margin. he instrument blade is held parallel to this surface and
used as a guide for the contour of the pattern near the margin;
this should result in a continuity of contour across the margin.
his principle of carving is too often neglected, resulting in the
contour errors (see x in Fig. 18.52B–D); correct application of
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• Fig. 18.50 A–C, Correct contact. Note the position and form of the contact and the form of the
embrasures around the contact. The mesial and distal pits are below (gingival of) the proximal marginal
ridges. D–F, Contact too broad faciolingually. G and H, Contact positioned too far gingivally. I and J,
Contact too close to the occlusal surface. K and L, Contact too broad occlusogingivally. (Modiied from
Black GV: Operative dentistry, vol 2, ed 8, Woodstock, IL, 1947, Medico-Dental.)

the carving instrument results in correct contours (exempliied by
y). he completed patterns are shown in Fig. 18.52F–I.
On accessible surfaces of the carved pattern, satisfactory smoothness can be imparted by a few strokes with the end of a inger if
surfaces have been carefully carved with the No. 7 spatula. Rubbing
with cotton that has been twisted onto a round toothpick may
smooth less accessible surfaces such as grooves.

Initial Withdrawal and Reseating of the Wax Pattern
Care must be exercised when initially withdrawing the wax pattern
from the die. he wax can be dislodged by holding the die and
pattern as shown in Fig. 18.53. When the pattern has been dislodged, it should be removed gently from the preparation. he
operator should inspect the preparation side of the pattern to see
if any wrinkles or holes are present. Such voids indicate poor wax
adaptation and should be corrected if they are (1) in critical regions
of the preparation designed to provide the retention form, (2)
numerous, or (3) closer than 1 mm to the margin. To eliminate
these voids, the operator irst relubricates the die and reseats the
pattern on the die. hen a hot instrument is passed through the
wax to the unadapted area. his usually results in the air (void)
rising through the liquid wax to the pattern’s surface as the wax
takes the place of the air. A consequence of this correcting procedure
on the occlusal surface is the obliteration of the occlusal carving
in the afected region, requiring the addition of wax, recarving,
and rechecking the occlusion.

Spruing, Inveting, and Cating
If a delay of several hours or more occurs between the forming of
the wax pattern and the investing procedure, the pattern should
remain on the die and the margins should be inspected carefully
again before spruing and investing. When such a delay is contemplated, it is suggested that the sprue be added to the pattern before
the delay period. If the addition of the sprue caused the induction
of enough stress to produce pattern distortion, such a condition
is more evident after the rest period, and corrective waxing can
be instituted before investing. he reader is referred to textbooks
on dental materials for the principles and techniques of spruing,
investing, casting, and cleaning the casting.

Seating, Adjuting, and Polihing the Cating
It is crucial to examine the casting closely, preferably under
magniication, before testing the it on the die. he internal and
external surfaces should be examined with good lighting to identify
any traces of investment, positive defects (blebs), or negative defects
(voids). Voids in critical areas indicate rejection of the casting,
unless they can be corrected by soldering. Any small positive defects
on the internal surface should be carefully removed with an
appropriately sized round bur in the high-speed handpiece.
he casting is then trial-itted on the die before removing the
sprue and sprue button, which serve as a handle to remove the
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• Fig. 18.51 A, The pattern base is completed and ready for waxing two reduced cusps (distolingual
and distal) into occlusion by using Payne’s waxing technique. B, The facial cusps are located on the irst
facial quarter line, and the lingual cusps fall on the irst lingual quarter line. C, The distolingual and distal
cusp tips are waxed into occlusion in the form of small cones. D, Cone tips and inner and outer aspects.
E, Cone tips and inner and outer aspects of the cusps of teeth. F, The inner and outer aspects of the
distolingual and distal cusps have been added to the pattern base. G, The mesial and distal slopes of
the cusps of teeth. H, Marginal ridges of teeth. I, After the marginal ridge is added to the pattern base,
fossae are waxed in and grooves are carved to complete the wax pattern. (Modiied from Payne E:
Reproduction of tooth form, Ney Tech Bull 1, 1961.)

casting, if removal is necessary. he casting should seat with little
or no pressure (Fig. 18.54A). Ideally when being placed on the
die, it should have the same feel as that of the wax pattern when
it was seated on the die. If the casting fails to seat completely, it
should be removed and the die surface should be inspected for
small scratches to see where it is binding. Usually failure to seat
is caused by small positive defects not seen on the irst inspection.
Attempts at forcing the casting into place cause irreparable damage
to the die and diiculties when trial-seating the casting in the
mouth.
After the accuracy of the casting is found to be satisfactory, the
casting is separated from the sprue as close to the inlay as possible
using a carborundum separating disk. he cut should be made
twice as wide as the thickness of the disk to prevent binding and
should not cut completely through the sprue (a small uncut portion

should be left) (see Fig. 18.54B). If the cut is made completely
through, control of the disk is sometimes lost, often resulting in
damage to the casting or to the operator’s ingers. he uncut portion
should be so small that bending with the ingers breaks it with
very little efort (see Fig. 18.54C).
Having seated the casting on the die, the technician hand
burnishes the marginal metal using a ball or beaver-tail burnisher
(see Fig. 18.54D). An area approximately 1 mm in width is
burnished, using strokes that increasingly approach the marginal
metal and are directed parallel to the margin. Burnishing improves
marginal adaptation and begins the smoothing process, almost
imparting a polish to this rubbed surface. While burnishing, the
adaptation of the casting along the margin is continually assessed
by using magniication, as needed, to see any marginal opening
0.05 mm in size. Moderate pressure during burnishing is indicated
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• Fig. 18.52

I

A, Wax is carved to margins with a warm No. 7 spatula. B–D, Incorrect application of No.
7 spatula to carve the contour of the marginal wax is shown by x; the correct manner is labeled y. E,
Carving the occlusal groove and pit anatomy. F, The adjacent marginal ridges should be on the same
level as much as possible. G, Occlusal view of completed patterns. Note the shape of the facial and
lingual embrasures and the position of the contact. H and I, Facial view of the completed patterns. Note
the gingival and occlusal embrasures and the position of the contact.
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• Fig. 18.53 Removing the wax pattern by using indirect inger pressure.
Arrows indicate the direction of the pressure. Care must be exercised not
to squeeze and distort the wax pattern as it is initially withdrawn.

during closure of small marginal gaps. When the casting is well
adapted, pressure is reduced to a gentle rubbing for continued
smoothing of the metal surface. At this stage, marginal openings
and irregularities should not be detectable even under (1.5× or
2×) magniication (see Fig. 18.54E and F). Care must be taken
not to overburnish the metal because this can crush and destroy
the underlying die surface. Overburnished metal prevents complete
seating of the casting on the prepared tooth. Proper burnishing
usually improves the retention of the casting on the die so that
the casting does not come loose during subsequent polishing steps.
A casting must not be loose on the die if the inlay is to be polished
properly.
he remaining sprue metal is carefully removed with a heatless stone or a carborundum disk (see Fig. 18.54G and H). he
grooves are accentuated by lightly applying a dull No. 1 round
bur (see Fig. 18.54I) or other appropriate rotary instrument. Next
a knife-edge rubber polishing wheel is used on accessible surfaces
(see Fig. 18.54J) (Flexie rubber disk, Dedico International Inc.,
Long Eddy, NY). he operator should guard against the polishing wheel touching the margins and the die because both can
be unknowingly and quickly polished away, resulting in “short”
margins on the tooth. Also at this time, the proximal contacts are
adjusted one at a time. If the distal surface of a mesioocclusodistal
casting on the irst molar is being adjusted, only the irst and
second molar dies are on the cast. Proximal contacts are deemed
correct when they are the correct size, correctly positioned, and
passive. If a temporary restoration was made properly, these contact
relationships would be the same in the mouth as on the cast.
Chair time can be reduced by carefully inishing the contacts on
the cast.
he occlusion of the castings is checked by marking the occlusal
contacts with articulating paper. Any premature contacts are corrected, and their locations are reined by selective grinding. Often
prematurities occur where the sprue was attached and insuicient
sprue metal was removed. he operator applies a smaller rubber,
knife-edge wheel, which should reach some of the remaining areas
not accessible to the larger disk (Fig. 18.55A and B). he grooves,
fossae, and other most inaccessible regions are smoothed by rubber,
abrasive points (Browne and Greenie rubber points; Shofu Dental
Corp., San Marcos, CA) (see Fig. 18.55C). Care should be exercised
when using the rubber disks and points so that the die surface is
not touched and anatomic contours are not destroyed by overpolishing. When inished with the rubber abrasives, the surface of the
casting should have a smooth, satin inish. It should be ensured
that the contact relationships with the adjacent and opposing teeth
have the correct size, position, and intensity.
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he technician brushes the occlusal surface of the casting with
a soft bristle disk and tripoli (or buing bar compound [BBC])
(Buing Bar Compound; Heraeus Kulzer Inc., Armonk, NY)
polishing compound, running the disk parallel with the grooves
(see Fig. 18.55D). A small felt wheel with polishing compound
should be used on the proximal and other accessible surfaces (see
Fig. 18.55E). he metal should be so smooth before this application
of polishing compound that a beautiful luster should develop in
a few seconds. A high sheen may be imparted, if desired, with a
felt or chamois wheel and rouge (see Fig. 18.55F and G). As in
the application of tripoli/BBC, only a few seconds of rouge application should be required. If more time were expended in the
application of these polishing compounds, overpolishing (polishing
away) of the margins and die would result. Also such overuse of
polishing compounds is often an unsuccessful attempt to mask
the fact that the preliminary stages of polishing were not thoroughly
completed.
he technician cleans the polished casting of polishing compounds by immersing the die with its inlay in a suitable solvent
for 1 or 2 minutes or by scrubbing with a soft brush and soap
and water. he technician rinses and removes the casting from the
die. No polishing compounds should be found on the preparation
side of the casting or on the preparation walls of the die. he
presence of such materials on these surfaces indicates that marginal
adaptation on the die is not as good as it should be.

Trying-in the Cating
Preparing the Mouth
Local anesthesia of the tooth may be necessary before removal of
the temporary restoration and the try-in of the casting on the
tooth. Anesthesia blocks stimuli from inducing pain and salivation,
neither of which is conducive to the best results, particularly in
cementation. When teeth are not particularly sensitive, however,
an option is to delay or eliminate administering the anesthetic
because the patient can tell better if the proximal contacts are tight
or if the occlusion is high. he temporary restoration is removed,
ensuring that all the temporary cement has been dislodged from
the preparation walls and cleared away. To improve visualization,
the region is isolated with cotton rolls. Saliva is removed from the
tooth operated on and from the adjacent teeth with the air syringe.

Seating the Cating and Adjuting the
Proximal Contact
he operator conirms the it of the casting on the tooth. A 7.5
× 7.5 cm gauge sponge should be placed as a “throat screen” to
catch the casting if it is accidentally dropped (see Fig. 18.60A later
in the chapter). he dentist tries the casting on the tooth, using
light pressure. Do not force the casting on the tooth. If the casting
does not seat completely, the most likely cause is an overcontoured
proximal surface. Using the mouth mirror, where needed, one
views into the embrasures from the facial, lingual, and occlusal
aspects. he dentist judges where the proximal contour needs
adjustment to allow inal seating of the casting, producing at the
same time the correct position and form to the contact. Passing
dental loss through the contact indicates tightness and position,
helping the trained operator identify the degree of excess contact
and its location. he dentist applies the loss at an angle and with
secure inger-bracing to pass it gently through the contact and not
with a snap that is likely to injure interproximal soft tissue. If the
loss cannot enter or if it tears on entering, the contact is excessive.
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• Fig. 18.54 A, Cleaned casting should be tried on the die to determine if it has a satisfactory it. B
and C, To remove sprue, a cut that is not quite complete and twice the width of the disk is irst made
(B), and then the slim, uncut portion is bent and broken (C). D, The inlay is burnished with a No. 2 burnisher along a 1-mm path that is parallel with and adjacent to the margin. E, Magniied view of the casting
before burnishing. F, Magniied view of the same marginal region shown in E after burnishing. G and H,
Removing the remaining sprue metal with heatless stone (G) or with a carborundum disk (H). I, Accentuating the grooves with a dull No. 1 round bur. J, Smoothing the surfaces accessible to the rubber polishing
wheel.
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• Fig. 18.55 A and B, Using a small knife-edge rubber disk on the areas of the occlusal surface that
are accessible to this wheel (A) and on proximal surfaces (B). C, Polishing the grooves and other relatively
inaccessible areas with a rubber point. D, Applying tripoli/BBC to the occlusal surface using a bristle disk.
E, Applying tripoli/BBC to the proximal surfaces using a felt wheel. F, Imparting luster by using a chamois
wheel and rouge. G, Polished castings.

Caution: When adjusting a mesioocclusodistal restoration, only
one excess contact should be adjusted at a time (the stronger one)
before trying again on the tooth and evaluating, unless both contacts
feel equally strong. his is done because one excessively strong
contact can cause the other to feel strong, when in actuality the
latter contact may be correct or even found to be weak (short of
contact) after the excessively strong contact is adjusted properly.
A rubber wheel abrasive is used to adjust the proximal contour
and to correct the contact relationship; this often requires several
trials on the tooth, but it is best not to remove too much at a
time. After each trial and removal, the position of contact is visible
in the form of a bright spot on the satiny surface left on the casting
from previous surfacing by the rubber wheel. By noting the position
of this bright spot in conjunction with observation in the mouth
of the contact relationship, the contact position and form can be
judged, and the operator can determine whether additional adjustment should be made to alter this position and form. (For retrieval
of the casting after each trial on the tooth, see the section on
Removing the Casting.)
Often the patient is able to indicate whether the contact is
strong, particularly when an anesthetic has not been given. he

patient should not be aware of any pressure between teeth after
the inal adjustment of contacts.
Proper proximal contact occurs when a visual inspection
conirms that the adjacent proximal surfaces are touching and
that the position and form of the contact relationship are correct.
he correct “tightness” of the contacts is best judged with dental
loss. his contact should be passive because any pressure between
teeth would resolve soon and disappear in unwanted tooth
movement.
If the contact is open (short of touching the adjacent tooth),
a new contact area must be soldered to the casting. An open
contact is best detected by visual inspection with the aid of the
mouth mirror. he region must be isolated with cotton rolls and
dried with the air syringe. Selection of the proper horizontal viewing
angle usually discloses the spaces between teeth. Such an open
contact permits the passage of food, which afects and irritates the
interproximal gingiva.
When satisied that the proximal contacts are correct when
hand pressure irst positions the casting to within 0.2 mm of seating
(Fig. 18.56A), the dentist removes the 7.5 × 7.5 cm gauze sponge
and ensures that the casting completely seats on the tooth by the
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• Fig. 18.56 A, Hand pressure is used initially to seat the casting on the tooth by applying a ball burnisher in the pit anatomy. B, If the casting its to within 0.2 mm of the seating, complete seating is ensured
by using masticatory pressure when the patient closes on the rubber polishing wheel interposed between
the casting and the opposing tooth. C, The marginal it of the tried-in inlay is inspected. D and E, A cotton
roll (D) or piece of wood (E) should not be used in lieu of the rubber polishing wheel method (B).

A

B

C

• Fig. 18.57 A–C, Castings tried on teeth. These photographs were taken immediately after the restorations were irst seated on teeth before any dressing down or burnishing of margins. Neither occlusal
adjustment nor contact adjustment was required. Extension of the mesiofacial margin of the second
premolar was necessary because of extension of a previous amalgam restoration; extension of the distofacial margins of premolars is caused by skirting (or bracing), which provides maximal resistance form to
these weak teeth. Note the area on the mesiofacial margin of the irst molar that is to have a composite
insert placed after cementation.

application of masticatory pressure. his use of masticatory pressure
should be a routine procedure. It is accomplished by positioning
a small rubber polishing disk (unmounted) on the occlusal of the
restoration and requesting the patient to bite irmly; the patient
also is asked to move the jaw slightly from side to side while
maintaining this irm pressure (see Fig. 18.56B). At this time, the
operator must judge whether the restoration is satisfactory or should
be rejected and another casting made. When evaluating the it
(seating) of the casting, the operator should view particularly the
margins that are horizontally directed (i.e., margins that are perpendicular to the line of draw). Along at least half the marginal
outline, the tip of the explorer tine should move from tooth onto

the metal, and vice versa, with barely a catch or a bump (Fig.
18.57; see also Fig. 18.56C). Some operators recommend the use
of a cotton roll or a piece of wood for the patient to bite on for
seating pressure (see Fig. 18.56D and E). he cotton roll may be
too large and too soft to be efective for seating inlays, however,
and the piece of wood may not distribute the pressure properly,
resulting in less efective seating or tooth fracture. Fig. 18.57 shows
the castings tried on the teeth that were irst shown in Fig. 18.41H.

Occluding the Casting
When the proximal contacts have been adjusted and the casting
is satisfactorily seated on the tooth, the patient is asked to close

CHAPTER 18 Cla II Cat-Metal Retoration

into maximum intercuspation, and the dentist inspects the unprepared adjacent teeth to see if any space exists between the opposing
wear facets. Usually the patient can indicate correctly if the casting
needs occlusal adjustment; however, the dentist should verify the
occlusal relationship objectively. After drying the teeth of saliva,
the dentist inserts a strip of articulating paper and requests the
patient to close and tap the teeth together (in maximum intercuspation) several times. he dentist removes the paper and examines
it by holding it up toward the light for evidence of any areas of
penetration caused by the restoration. Any holes can be matched
with heavy markings on the casting, and shiny, metal-colored spots
may be present in the center of the marks (Fig. 18.58A). Such
heavy contacts should be reduced with suitable abrasive stones,
while carefully observing the following fundamental concepts for
equilibration of occlusion. he space observed between the opposing
wear facets of the adjacent unprepared teeth (when the teeth are
“closed”) is an indication of the maximal amount of vertical reduction of the casting required. Often the “high” occlusal contacts
are very broad and extend onto the cusp or ridge slopes. When
this occurs, the dentist should grind away the most incorrect portion
of the incline contact (a delective contact), leaving the most correct
portion intact (see Fig. 18.58B). Occlusal contacts in maximum

intercuspation should be composed of supporting cusp tips placed
against lat or smoothly concave surfaces (or into fossae) for stability.
he force vector of occlusal contacts should be one that parallels
the long axis of the tooth (see Fig. 18.58C). Contacts on inclines
tend to delect the tooth and are less stable (see Fig. 18.58D). he
use of articulating paper and the stone is continued until (1) the
heavy markings are no longer produced, (2) the contacts on the
restoration have optimal position and form, and (3) an even distribution of contacts exists on the casting and the adjacent teeth. Visual
inspection should verify that the adjacent unprepared teeth are
absolutely touching.
Care must be exercised not to overreduce the occlusal contacts.
In the inal phase of equilibration, the strength of the occlusal
contacts can be tested by using thin plastic shim stock (0.013 mm
thick) (Artus Corp., Englewood, NJ) as a “feeler gauge.” he dentist
tests the intensity of the occlusal contacts of the casting and the
adjacent unprepared teeth to see if they hold the shim stock equally
(see Fig. 18.58E). It may be helpful to test the occlusal contacts
of the adjacent unprepared teeth with the casting out of the mouth
for comparison.
When the occlusal contacts have been adjusted in maximum
intercuspation, the casting is checked for contacts that occur during

B

A

C
• Fig. 18.58

e149

D

Occluding the casting. A, The initial occlusal contact is high and produces a heavy mark
with a metal-colored center. Note the corresponding perforation in the articulating paper. B, When adjusting occlusal contacts, the most incorrect portion of the contact is removed, leaving the most correct
portion intact. C, The proper occlusal contacts in maximum intercuspation are composed of cusp tips
placed against lat or smoothly concave surfaces (or fossae) for stability. D, Incline contacts are less stable
and tend to delect the tooth.
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F

E

G
• Fig. 18.58, cont’d

E, Testing the intensity of the occlusal contacts with a thin (0.013-mm thick) shim
stock used as a feeler gauge. F, Removing the undesirable contact (Zone 1, see Chapter 1) that may
occur on the working side during lateral mandibular movement. G, Removing the undesirable contact
(Zone 3) that may occur on the nonworking side during lateral mandibular movement.

lateral mandibular movements. Lateral working (functional) contacts
on the casting are marked by (1) inserting a strip of articulator
paper over the quadrant with the casting, (2) having the patient
close into maximum intercuspation, and (3) “sliding” the teeth
toward the side of the mouth where the casting is located. Contacts
between the lingual inclines of the maxillary lingual cusps and
facial inclines of the mandibular lingual cusps are considered
unusually stressful and should be eliminated (see Fig. 18.58F).
Contacts between the lingual inclines of the maxillary facial cusps
and the facial inclines of the mandibular facial cusps should remain
only if they are passive and a group function pattern of occlusion
is desired (see Chapter 1 for further discussion on the implications
of various occlusal relationships).
he dentist inserts a strip of articulating paper over the teeth
with the castings and has the patient close into maximum intercuspation and slide the teeth laterally toward the opposite side. his
action marks any lateral nonworking (nonfunctional) contacts on
the restoration. In a normal arrangement of teeth, contacts that
might occur during the nonworking pathway are positioned on
the facial inclines of the maxillary lingual cusps and the lingual
inclines of the mandibular facial cusps. hese nonworking contacts
must be removed with a suitable stone (see Fig. 18.58G). Complete
elimination of nonworking contacts can be veriied by using the
plastic shim stock. A strip of shim stock is inserted over the casting,
and the patient bites together irmly. As soon as the patient begins
sliding the mandible toward the opposite side, the shim stock
should slip out from between teeth. he dentist examines the
casting for interferences in protrusive mandibular movements using

the shim stock and articulating paper. he areas that may have to
be adjusted to prevent contact are the distal inclines of maxillary
teeth and the mesial inclines of mandibular teeth.
Finally, interferences that occur on the casting between
centric occlusion and maximum intercuspation are identiied
and removed. Most patients have a small discrepancy between
centric occlusion and maximum intercuspation. Such a “skid”
is considered normal for most patients, but the operator should
ensure that the casting does not have premature contact at any
point between centric occlusion and maximum intercuspation. he
preferred technique for manipulating the mandible into centric
relation and making teeth touch in centric occlusion is credited
to Dawson.13 When teeth have been marked in centric occlusion,
the dentist observes them to ensure that the casting does not
have premature contacts in centric occlusion and that it does not
exacerbate any centric occlusion–maximum intercuspation skid. If
it does, the mesial inclines of maxillary restorations and the distal
inclines of mandibular restorations are the areas that may need
adjustment.

Improving Marginal Adaptation
he next step is to “dress down” the margins, that is, to adapt the
metal as closely as possible to the margins of the tooth. Regardless
of how accurately a casting may seat in the preparation, the it
usually can be improved by using the following procedures. With
a ball or beaver-tail burnisher, the operator improves marginal
adaptation by burnishing the marginal metal with strokes that
parallel the margin except for the gingival margin (Fig. 18.59A).
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• Fig. 18.59 A, Burnishing the margins with a No. 27 ball burnisher. The burnisher is
moved parallel with the margin. B, Using a discoid instrument on the margins that are
inaccessible to the ball burnisher. It is moved parallel with the margins. (Note the small
metal scrapings made by this instrument.) C, Dressing down the margins with a small
carborundum stone, which is rotating from the metal to the tooth. D, Applying a ine-grit
sandpaper disk to the accessible supragingival proximal margins. The disk rotates, wherever possible, from the metal to the tooth. E, On the facial or lingual margins on the
proximal surface that are inaccessible to the paper disk, a gingival margin trimmer is used
to remove any slight excess of metal. F, Using a rubber point to smooth the metal and
the tooth of any scratches left by the carborundum stone. G, Completed inlays ready for
cementation.

If the margin is inaccessible to the ball or beaver-tail burnisher (as
sometimes occurs at the termination of the casting in groove regions
where possibly more enameloplasty or extension could have been
employed), the edge of the discoid-type hand instrument serves
well as a burnisher. he discoid instrument is held perpendicular
to the margin and is moved parallel with the margin (see Fig.
18.59B). he sharp edges of the instrument also trim away any
slight excess of metal at the margin. he operator continues on

other portions of accessible margins where a slight excess of metal
is present. When burnishing the casting on the tooth, the dentist
should ensure that the casting is fully seated. Otherwise burnishing
may bend the marginal metal, keep the casting from seating, and
result in the rejection of the casting.
If necessary, the marginal adaptation and continuity can be
improved further by the application of a pointed, ine-grit carborundum stone, especially where the marginal enamel is slightly
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“high” and should be reduced or where more than just a slight
amount of excess metal should be removed (see Fig. 18.59C). his
stone should be used at low speed with light pressure and should
rotate either parallel with the margin or from metal to tooth across
the margin (never from tooth to metal). After this procedure, the
margins are burnished again to enhance marginal adaptation and
to smooth the marginal metal.
Another instrument that can be used to improve marginal it
in accessible areas (e.g., the occlusal two thirds of the proximal
margins) is a ine-grit paper disk. Wherever possible, the disk
should be revolved in a direction from the metal toward the tooth
(see Fig. 18.59D). Sometimes these margins are inaccessible to
the disk, and a gingival margin trimmer, a gold ile, or a cleoid
instrument may be helpful to remove a slight excess of metal (see
Fig. 18.59E). It is moved in a scraping motion parallel to the
margin and burnishes and trims the metal.
he experienced operator, with proper use of the elastic impression material, can produce restoration margins that require little
or no burnishing or dressing down. One of the signiicant advantages
of the indirect procedure, when correctly applied, is the high degree
of accuracy of the gingival margin adaptation.
he margins should now be such that the explorer tip can pass
across the margins smoothly without jumping or catching. he
operator should use rubber polishing points of increasing ineness
at low speed to smooth and polish the accessible areas of roughness
left from adjusting procedures (see Fig. 18.59F and G). An attempt
should be made to preserve the anatomic contour and detail. he
operator should take care to use light, intermittent pressure when
using rubber points to avoid overheating the tooth. he casting
surface should be cleaned and dried to verify that it is smooth and
free of scratches.

Removing the Casting
When preparing to remove a casting from a tooth, the dentist irst
places a 7.5 cm × 7.5 cm gauze sponge throat screen to prevent
the patient from swallowing or aspirating the casting in the event
that it is accidentally mishandled (Fig. 18.60A). If the casting is
highly retentive, the dentist irst initiates removal with the aid of
a sharp Black spoon (15-8-14). he tip of the spoon is inserted
as deep as possible in the occlusal embrasure with the back of the
spoon resting against the marginal ridge of the adjacent tooth (see
Fig. 18.60B). With the tip of the spoon irmly seated against the
metal casting, the spoon is pivoted using the adjacent tooth as a
fulcrum (see Fig. 18.60C). his procedure is repeated on the other

A

B

occlusal embrasure if the casting is a mesioocclusodistal restoration.
his should initiate the displacement of the casting, making
complete removal thereafter easy.

Cementation
Cement Selection
he selection of cement for permanent cementation is crucial to
the success of the inal restoration. A discussion of the advantages
and disadvantages of each cement can be found in Chapter 13.
No cement is without shortcomings. Each product has speciic
requirements with regard to tooth surface conditioning, casting
surface conditioning, and manipulation techniques. To obtain
optimal performance from the cement, the dentist should carefully
follow the manufacturer’s instructions for dispensing, mixing, and
application.
Cementation Technique
Before cementing the casting, the tooth is isolated from saliva with
the aid of cotton rolls (and saliva ejector, if necessary) (Fig. 18.61A).
With the air syringe, the dentist dries the preparation but does
not desiccate it. he cement is mixed according to the manufacturer’s
instructions. With the cement mix applied generously to the
preparation side of the casting (see Fig. 18.61B), the dentist starts
to place the casting with the ingers or with operative pliers. Next
the dentist places the ball burnisher in the pit areas (irst one and
then another), exerting irm pressure to seat the casting (see Fig.
18.61C). he dentist places a small lexible rubber polishing disk
over the casting, removes the saliva ejector, and requests the patient
to close and exert biting force (see Fig. 18.61D and E). he patient
also is asked to move the mandible slightly from side to side, while
continuing to exert pressure. A few seconds of this pressure is
suicient. When the disk is removed, much of the occlusal area
should be clean of the cement mix and easier to inspect and to
verify complete seating of the casting. When the cusps are capped,
complete seating of the casting is veriied by inspection of the
facial and lingual margins after wiping the excess cement away
(see Fig. 18.61F). While the cement is still soft, all accessible
margins are burnished. he saliva ejector is replaced in the mouth
and the region kept dry during the setting of the cement. Excess
moisture during this setting reaction can weaken many types of
cement.
After the cement has hardened, any excess is cleaned of with
an explorer and air-water spray. Dental loss should be passed

C

• Fig. 18.60 Initiating the removal of the inlay before cementation. A, Place 7.5 × 7.5 cm gauze throat
screen to prevent swallowing or aspiration of casting should it be accidentally mishandled. B, The tip of
a sharp Black spoon (15-8-14) is inserted irst as deep as possible in the occlusal embrasure with the
back of the spoon against the adjacent marginal ridge. C, The spoon is pivoted in the direction of the
curved arrow by using the adjacent tooth as a fulcrum. The casting has lifted from its seating. After only
slight unseating, a similar procedure is applied to the distal aspect.
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• Fig. 18.61

Cementing the cast-metal onlay on the preparation initially shown in Fig. 18.39B. A, Isolating the tooth from saliva with cotton rolls. B,
Applying cement with No. 2 beaver-tail burnisher to preparation side of onlay. C, Seating the onlay by using a ball burnisher and hand pressure. D,
Placing a rubber polishing disk over the onlay and cementing the cast-metal onlay on the preparation initially shown in Fig. 18.39B. E, The patient is
instructed to apply masticatory pressure while slightly moving the jaw from side to side. F, When the disk is lifted from the casting, much of the occlusal
aspect is free of cement. With a sweeping, rolling motion of the foreinger, any accessible facial surface margin is cleaned of excess cement to permit
visual inspection for veriication of proper seating of the onlay. Similarly, any accessible lingual margin is cleaned of excess cement. Full seating also
should be veriied tactilely with the explorer tine. G, Excess set cement is removed by using the explorer and air-water spray. Dental tape with a small
knot is used to dislodge small pieces of interproximal cement. H, Onlay after cementation.
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• Fig. 18.62 A, Cemented castings on teeth irst shown in Fig. 18.41E. This photo was taken immediately after cementation and insertion of the composite insert on the molar. B, Bitewing radiograph of
the restored quadrant shown in A. Note the it of inlays at the gingival margins and the contour of the
proximal surfaces.
through the contact, carried into the interproximal gingival
embrasures and sulci, and pulled facially and lingually to help in
the removal of cement in this region (see Fig. 18.61G). Tying a
small knot in the loss helps dislodge small bits of interproximal
cement. Finally, directing a stream of air into the gingival sulcus
opens it and reveals any remaining small pieces of cement, which
should be removed. When cementing has been properly accomplished, a cement line should not be visible at the margins (see
Fig. 18.61H). A quadrant of inlays after cementation is illustrated
in Fig. 18.62.

Repair
he weak link of most cast-metal inlays and onlays is the cement
seal. At times, the operator may ind discrepancies at margins that
require replacement or repair. If the restoration is intact and retentive
and if the defective margin area is small and accessible, small
repairs can be attempted with amalgam or composite. If cement
loss is found in one area of the restoration, however, other areas
are usually suspect. When defects are found, the most common
procedure is to remove the defective restoration and replace it.

Summary
Cast-metal inlays and onlays ofer excellent restorations that may
be underused in dentistry. he technique requires multiple patient
visits and excellent laboratory support, but the resulting restorations
have the potential to last for decades. High noble alloys are desirable
for patients concerned with allergy or sensitivity to other restorative
materials. Cast-metal onlays, in particular, can be designed to

strengthen the restored tooth while conserving more tooth structure
than does a full crown. Disadvantages such as high cost and esthetics
limit their use, but when indicated, cast-metal inlays and onlays
provide a restorative option that is less damaging to pulpal and
periodontal tissues compared with a full crown.
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preparation of, 386f
clinical examination of, 102–104
clinical technique for, 310–311
commitment factors and, 309
complex. see Complex amalgam restoration
considerations for, 307–310
contraindications to, 309
convenience form for, 315
debridement in, 315–316
defective restorative material and/or soft
dentin, removal of, 315
disadvantages of, 310
example of, 307f
facial area and, 318, 318f
inishing of, 319–322, 322f
foundation of, 310f

Amalgam restorations (Continued)
fracture in, 307
general concepts guiding preparation for,
311–312
improper occlusal contacts in, 104
indications for, 309, 309f–310f
inspection in, 315–316
isolation factors for, 309
isolation of operating site of, 311
lingual area and, 318, 318f
local anesthesia for, 311
long-term, 369f
margins in, 313f–314f, 317f
matrix placement in, 316
occlusal areas in, 317–318, 317f–318f
evaluation of, 319, 320f
occlusion factors and, 309
operator ability and, 309
pin-retained, 392–404
polishing of, 319–322, 321f–322f
preoperative considerations in, 311, 311f
preparation designs for, 316, 316f
procedures for, 310–311
proximal embrasure areas and, 318–319,
318f–319f
pulp protection in, 315, 315f
repairing, 322
resistance form for, 314
secondary, 315
retention form for, 314–315, 314f
secondary, 315
slot-retained, 391–392, 391f–392f
tooth preparation
inal, 315–316
initial, 312–315, 312f
outline form in, 313–314, 313f
principles for, 312
treatment with, 116
Ameloblasts, 2–3
Amelogenesis, 2
Amelogenesis imperfecta, 105
American Dental Association (ADA), 461
radiographic examination guidelines from,
107, 108t–109t
speciication from, for casting gold alloys,
e94
American Dental Association Caries
Classiication System (ADA CCS),
97–99, 98f
Amorphous calcium-phosphate (ACP), 85
Anatomic crown, 122–123
Anesthesia
for cast metal restorations, e95
local, e26
for amalgam restorations, 311
for composite restoration, 224
Angle, 123
amalgam, 307
axial line, in Class III amalgam restoration,
370–371
axiogingival, in Class III amalgam
restoration, 370–371
axiopulpal, in Class I amalgam restoration,
334, 335f
axiopulpal line, 346, 346f
cavosurface
in Class I amalgam restoration,
327–328, 328f, 332, 334f
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Angle (Continued)
in Class II amalgam restoration, 353
in Class III amalgam restoration, 369
facial, reduction of, 270
line, Class V amalgam restoration and,
380–383, 382f–383f
Angle classiication, 16, 17f
Annealing, e69
Anteroposterior interarch relationship, 16–18
Antidepressants, xerostomia from, 59t
Antihistamines, xerostomia from, 59t
Anti-HIV drugs, xerostomia from, 59t
Antihypertensive agents, xerostomia from, 59t
Antimicrobial agents, 84, 84t
Antimigraine agents, xerostomia from, 59t
Antipsychotics, xerostomia from, 59t
Apatite crystallites, 4, 5f
Appetite suppressants, xerostomia from, 59t
Arch form
of-center, rubber dam and, e44, e46f
smile afected by, 268
Arginine, in saliva, 59
Argon-ion lasers, 178–179, 178f–179f
Articular disc, 22
Articular eminence, slope of, 32
Articulating paper, diastema treatment and,
274
Articulator
hinge, e139
semiadjustable, e127
Assessment, patient. see Patient, assessment of
Assimilation, chromatic induction of, 203
Assistant
instrument exchange with operator by, e24
position of, e26f
seated work position for, e24
At-home bleaching, 277
Atropine, salivation controlled with, e49
Attached gingiva, 15, 415, 416f
Attrition, treatment of, 115
Auditory threshold, e21
Augmentation
composite, diastema treatment with, 272
linguoversion treated with, 268
Auto-deceleration, 170
AutoMatrix, for complex amalgam
restoration, 407, 410f
Automix dispensing system, e134
Axial wall, 123
B
Bacteria
in bioilm, caries and, 40
clearance of, 58
infection from, dentin adhesive systems
and, 153
oral habitats for, 50t
plaque formation and, 44f–46f
pulpal reaction to restoration and, 153
Balance, hand instrument and, e1
Barriers, for light curing, 189, 189f
Base, 130
glass ionomer, e103f–e104f, e125
Base materials, in adhesive dentistry, 482,
482f
Base metal alloys, 496–497
Batteries, dental curing lights and, 182
Beer-Lambert law, 175–176

Bennett shift, 25f, 28–30
Betel nut juice, teeth stained by, 275–276,
275f
Bevel
of hand instrument, e2–e4
preparations of, in cast metal restoration,
e104–e108
reversed, e113
Beveling
cavosurface, 242f
in Class III composite restoration, 242f
Binocular loupes, 109
Biocompatibility
adhesion and, 153–154
cast metal restoration and, e95
of porcelain bonding alloys, 499
Bioilm
bacterial, analysis of, 75
caries and, 40
role in, 43–48
cariogenic, tooth habitats for, 48–50
composition of, 43–44
control of, 80
diet and, 42f
mixed-species, 47f
plaque
caries treatment and, 78t
ilamentous bacteria in, 47f
formation of, 44f–47f
photomicrograph of, 44f–46f
Biologic width, 107–108, 110f, 416, 417f,
417t
violation of, 422, 427
Biomaterials, 453–510
in adhesive dentistry, 477–484
all-ceramic crowns, 501–504, 502f
biologic properties of, 460–461
composite resins, 469–474
contemporary ceramic, 505–508,
505f–506f
direct restorative, 461–469
glass ionomer restorative materials,
474–477, 474f–475f
gold alloys, 494–495, 494f
implant, 500–501, 500f–501f
indirect restorative, 484–494
physical, mechanical, and optical properties
of, 454–461
porcelain bonding alloys, 495–499
Biotypes, gingival, 418, 418f–419f
Bis-acryl material, veneer and, 300
Bisphenol A ethoxylated dimethacrylate, 142,
143t
Bisphenol A-glycidyl methacrylate, 142, 143t
Bite collapse, diastema associated with,
272
Bite registration paste, e126, e140f
Black, G.V., 461, 461f
Black’s classiication system, e2
Black’s spoon, 300f–302f, 302
Blade
bur design and, e15
cleoid, example of, e5f
discoid, example of, e5f
example of, e2f
of hand instrument, e1
surgical, composite restoration inishing
with, 259

Bleaching, 277–282
at-home, 277
luorosis treated with, 279
home-applied, 280–282
in-oice nonvital, 278
in-oice vital, 279–280
intrinsic discoloration treated with,
277
nightguard vital, 277, 280, 281f
nonvital, 278–279
power, 279
of tetracycline-stained teeth, 281,
281f
thermocatalytic efect in, 280
vital, 279–282
life expectancy of, 277
walking, 278–279
“Bleaching mishap,” curious case of, 216,
217f
Bleeding, overcontoured veneer and, 285
Blending efect, of color, 203
Blocks, 438–443
Blue light, 174
blocking protection, 193–194, 194f
hazard, 191–193, 193f
Bolton discrepancy, 272
Bond strength
enamel, 142, 148
microtensile testing of, 154, 154f
shear, 154
testing, of dental material, 460
Bonded amalgam, 464
Bonding
adhesive, 443–444
chemical, 138
dentin
challenges in, 138–142
matrix metalloproteinases and,
152
role of proteins in, 151–152
metallic, e69
micromechanical, 138
microtensile testing of, 154, 154f
resin-dentin, options for, 143–150,
144f
to sclerotic dentin, 154
of veneer to tooth, 297
Bonding agent, splinting and, e52–e54
Bonding system
agents
etch-and-rinse, 480–481, 481f
initial, 480, 480f
dentin, 479–482, 480f, 480t
enamel, 477–479, 477f–478f
total-etch, 480–481, 481f
Bondlite, 143
Box
distal, in maxillary molar, cast metal
restoration for, e111f
proximal
in cast metal onlay, e117f
for cast metal restoration, e99–e101
Bridges
all-metal, e66f
conservative, e56–e68
ixed
procedure for, e43f
rubber dam and, e41–e42
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Bridges (Continued)
mandibular anterior porcelain-fused-tometal, e63f
mandibular posterior, e64–e66, e64f
bonding steps for, e65, e65f
laboratory phase of, e64–e65
preparation for, e64
try-in stage of, e65
Maryland, e60, e60f–e61f, e64–e66,
e65f–e66f
maxillary, e65–e66, e65f
maxillary anterior, e60–e62
bonding steps for, e61–e62
inishing procedure for, e62, e63f
laboratory phase of, e61
porcelain-fused-to-metal, e62f
preparation for, e61
try-in stage of, e61
metal, resin-bonded, e60f
resin-bonded, e52–e68
Rochette, e60, e60f–e63f, e62–66
types of, e56
veneer, e66
Brilliant Crios (Coltene), 446
Brinell hardness value, e18t
Brittle fracture, e18
Bronchodilators, xerostomia from, 59t
Bruxism, 106
Buccal crossbite, 20
Budget curing lights, 182, 185f
Bulk-ill composite resin materials, 473
“Bulk-ill composites”, 228
Burs
blade of, e15, e15f
carbide, e10
blade of, e15
head size of, e13t
carbide inishing, 256
carbide issure, e13
classiication system for, e10
concentricity of, e14–e15
crosscut, e12–13
description of, e10–e15
design modiication of, e12–e13
example of, e11f
lutes of, e14
head of, design features of, e12f
head size of, e12t
historical development of, e10
inverted cone, e10, e11f
names and key dimensions of, e14t
neck diameter of, e14
pear-shaped, e10–e11
round, e10, e11f
rounded corners for, e13
runout of, e14–e15
shapes of, e10–e11
sizes of, e11–e12
spiral angle of, e14
steel, head size of, e13t
straight issure, e11, e11f
tapered issure, e11, e11f
C
CAD/CAM. see Computer-assisted design,
computer-assisted machining
Calcium hydroxide, 89
bleaching with, 278

Calcium hydroxide liners, 130
in cast metal restoration, e101, e103f
in Class III composite restoration,
241–242
Calcium ions, saliva saturated with, 59–60,
63–64
Calcium-sulfate dihydrate, 491, 491f
Calcium-sulfate hemihydrate., 491
Camphorquinone (CQ), spectral absorption
proile of, 174, 174f
CamX Spectra Caries Detection Aid, 110
Canaliculi, 8
Canine guidance, 28
Canines, 1, 2f
cervical retainer placement on, e41
maxillary, Class III tooth preparation and
restoration for, e85
rubber dam hole size for, e35
Carbamide peroxide, 279
Carbohydrates
caries and, 40, 60
intake of, caries risk assessment and, 71
Carbopol, bleaching materials and, 280
Carborundum disk, e17
Carestream system, 434–435
Caries
active, 41f
balance of, 42f
in cervical areas, 102
Class V composite restoration and, 254,
254f
clinical, 49f
clinical characteristics of, 40–94
clinical examination for, 97–102, 98f
deined, 40–60
deinitive diagnosis of, 222–223
demineralization and, 40
dentin, 43b
bacteria in, 50t
detection technologies for, 110–111
diagnostic test for, accuracy of, 112b
diet and, 60
enamel, 43b
bacteria in, 50t
etiology of, 40–94
extensive, 55f
formation of
clinical sites for, 60–61
saliva and, 58–60, 58t
high rate, cast metal restoration and, e95
incipient, 282
management of, 40–94
calcium and phosphate compounds for,
85
luoride exposure and, 80–83, 82t
immunization for, 83–84
medical model for, 42t, 78t
oral hygiene and, 79–80
probiotics for, 85
restorations for, 85–87
sealants for, 85, 86f
silver diamine luoride for, 83, 83f
surgical model for, 70
multiple, 41f
occlusal surface, 43b, 56f, 66f, 99–101,
100f
radiographic examination of, 107
in older adults, 117

Caries (Continued)
oral hygiene and, 50, 58
pit-and-issure, 43b, 51f–52f, 60
progression of, 52f–54f
prevention of
chlorhexidine for, 84
protocols or strategies for, 75–89, 76b
primary, 43b
progression of, longitudinal section of,
57f
proximal surface, 43b, 101–102, 101f
radiographic examination of, 107
rampant, 41f, 43b, 67f–68f
diet and, 77–79
recurrent, 104
radiographic examination of, 107
remineralization and, 40
removal of, clinical considerations for,
87–89
residual, 43b
risk assessment of, 40–94
for children, 75
dental clinical analysis for, 75
form for, 72f–74f
risk categories in, 70
risk categories of, interventions and, 75t
risk of
examination indings associated with,
77t
health history factors associated with,
77t
root-surface, 43b, 50, 102
bacteria in, 50t
management of, 89–90
treatment of, 115
secondary, 43b
smooth-surface, 43b, 101–102
subgingival, gingivectomy for, 424f
sugar use and, 49f
tooth brushing and, 79f–80f
treatment strategies for, 78t
white spot
formation in, 49f, 61, 81f
sealants for, 85
Caries around restorations and sealants
(CARS), 85–87
Caries-control restoration, 87, 89, 89t
schematic representation of, 88f
Caries lesion, 43b
active, 43b, 68f
advanced (deep), 43b
arrested, 65f
cavitated, 43b
preventive protocol for, 76b
characteristics of, 99t
clinical characteristics of, 60–69
dentin, 64–69
change associated with, 51f
cross section of, 67f
zones of, 69
detection of, 99
diagnosis of, 71
enamel, 61–64, 62f–63f
cavitated, 64
change associated with, 51f
clinical signiicance of, 64t
cross section of, 61f–62f
noncavitated, 61–63
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Caries lesion (Continued)
inactive, 43b, 71
initial, 43b
on maxillary lateral incisor, 240f
moderate, 43b
at pits and issures, 60
progression of, 61
restoration of, 219
at root surfaces, 61
at smooth enamel surfaces, 60, 60f
Caries Management by Risk Assessment
(CAMBRA)
movement, 97–99
risk assessment with, 70
CarieScan PRO, 110
Carolina bridge, 479, 479f
Casein phosphopeptide (CPP), 85
Cast
adjusting of, e142–e145
burnishing of, e151f
gypsum, e139
occluding of, e148–e150, e149f–e150f
occlusion of, e145, e147f
polishing of, e142–e145
removing, e152, e152f
seating of, e145–e152, e146f, e148f
split, e136
trying-in, e145
working
in cast metal restoration, e136–e139
completing, e136–e139, e137f
Cast-metal alloys
dental rehabilitation with, e94
strength of, e95
Cast-metal restorations, 436–437, 437f,
e94–e154
abutment teeth in, e110
advantages of, e95
anesthesia for, e95
cementation in, e152–e154, e153f–e154f
considerations for temporary restorations
before, e96, e96f
contraindications to, e95
cost of, e95
direct temporary restoration and, e130
disadvantages of, e95
for endodontically treated teeth, e94,
e125–e126
inal impression in, e130–e134
indications for, e94–e95
indirect, 483–484
indirect temporary restoration and,
e128–e130, e128f–e130f
initial procedures for, e95–e96
large, e94
material qualities for, e94
modiications for esthetics in, e125
occlusal step, e97–e99
occlusion, evaluation for, e95, e96f
onlay, e116–e126
polyvinyl siloxane impression and, e134,
e134f
repair in, e154
restorative techniques for, e126–e154
temporary restoration for, e127–e128
tooth preparations for, e96–e126
Casting investments, 493–494, 493f–494f
Cavit, 278

Cavitated caries lesion, 43b
Cavity, 120
Cavity liners, 476–477, 482, 483f
Cavity sealer, 483
Cavity varnish, 483
Cavosurface angle, 123
Cavosurface margin, 123, 124f
Cellular cementum, 10–11
Cellulose wafer, isolation with, e45
Celtra Duo (Dentsply Sirona), 444, 446f
Cement
conventional glass ionomer, 474–475
dental, 474–476
glass ionomer, in cast metal restorations,
e101, e125
resin
light-cured, 297
self-adhesive, 157f
shade of, 297–298
veneer application and, 293f–296f
resin-modiied glass ionomer, 475–476,
475f
nonvital bleaching and, 278
silicate, 469
Cemental tear, periodontal health and, 420,
421f
Cementoblasts, 10
Cementodentinal junction, 11
Cementoenamel junction, enamel formation
and, 2
Cementum, 10–11, 11f, 415, 417f
Central fossa occlusal line, 16
Central groove, 16
Central pattern generator, 38
Centric cusps, 26
Centric occlusion, 26
Centric relation, 26
Centric relation occlusion, 26
Ceramic based commercial shade guides,
205–207, 206f
Ceramics
adhesive, 443
high-strength, 443
leucite-reinforced glass, 446
polycrystalline, 158–159
pressed, veneer with, 299, 299f
resilient, 443–446
resin-matrix, 159
veneer with, 283
zirconia and, 158
Cerasmart (GC America), 446
CEREC system, 433–434, 434f, 438f–443f
CEREC zirconia, 446–447
Cervical caries lesion, Geristore for, 428, 428f
Cervical enamel projections (CEPs),
periodontal health and, 420, 420f
Cervical resorption, 278, 278f
Cervident, 143
C-factor. see Coniguration factor
Chair, dental, position of, e23
Chairside CAD/CAM systems, 433–435,
434f, 435t
clinical worklow, 437–438, 438f–443f
restorative
clinical longevity of, 449–450
materials, 438–447, 443t, 444f–447f
Charge couple detector (CCD), 184
Cheeks, precautions for, cutting and, e20
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Chemical bonding, of porcelain, 498, 498f
Chemical cure composite resin, 470, 470f
Chemotherapy, caries risk and, 77
Chewing
condyle point during, 27
cycle of, 38
at incisor point, 30
Children
caries risk assessment for, 75
rubber dam used for, e43, e44f
Chisels
application of, e4–e5
bin-angle, e4
example of, e3f
blade design for, e3f
examples of, e3f
straight, e4
example of, e3f
Wedelstaedt, e4
in direct gold restorations, e79, e82f,
e86, e87f
example of, e3f
Chlorhexidine
for dental caries, 84, 84t
as dentin bonding agent, 152
as protease inhibitor, 152
Chroma
as color dimension, 201–202
as element of color, 268–269
Chromatic assimilation, 203
Chromatic induction, 203
Chromium-cobalt alloys, 497
Class I amalgam restorations, 309f, 322–338
carving in, 330, 333f
clinical procedures for, 323
condensation of amalgam in, 338
contouring of, 338
desensitizer placement in, 330, 332f, 336
example of, 322f
extensive, 328f
inishing of, 330–332, 334f, 338
insertion of amalgam in, 330, 338
matrix placement in, 330, 337–338
preparations for, 323–330, 330f–332f
restorative technique for, 330–332
tooth preparation for, 323–329, 324f–
329f, 332–336
tooth preparation outline forms in, 323f,
328f
Class II amalgam restorations, 308f, 338–368
abutment teeth and, 355, 356f
adjoining, 354–355, 356f
burnishing in, 357–359, 358f
carving in, 352, 365–366, 366f
clinical procedures for, 338
condensation of amalgam in, 365–366,
366f
desensitizer placement in, 355
diagram of, 308f
entry for, 340f
example of, 322f
inishing of, 367, 368f
for mandibular irst molar, 353, 353f
for mandibular irst premolar, 348–349,
349f–350f, 352
for mandibular second premolar, 352,
352f
matrix placement in, 355
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Class II amalgam restorations (Continued)
for maxillary irst molar, 349–350, 350f,
352, 352f
for maxillary irst premolar, 350–351, 351f
for maxillary second molar, 352–353, 353f
occlusal outline form of, 338–341,
340f–341f
occlusal step for, 340f
open proximal contact in, 463, 463f
outline form of, 346f
unusual, 354, 355f
partial denture and, 355
polishing of, 367, 368f
precontoured sectional matrix strips, 365,
365f
proximal outline form of, 341–345,
342f–344f
quadrant dentistry in, 367–368
restorative technique in, 355–368
rigid-material supported sectional matrix
for, 364–365, 364f–365f
for rotated teeth, 353–354, 355f
slot preparation in, 353, 354f
tooth preparation for, 338, 345–348
two-surface, 362
universal matrix for, 355–364, 357f–364f
Class III amalgam restorations, 368–375
carving in, 375, 377f
condensation in, 375, 377f
desensitizer placement in, 375
matrix placement in, 375, 376f
procedures of, 369
restorative technique for, 375
tooth preparation for, 369–375, 369f–375f
Class V amalgam restorations, 375–385,
377f–378f
carving in, 383–384, 385f
contouring in, 385f
desensitizer placement in, 383–385
inishing in, 384–385, 386f
insertion of amalgam in, 383–384, 384f
line angles in, 380–383, 382f–383f
matrix placement in, 383, 383f–384f
polishing in, 384–385, 385f–386f
procedures of, 377–378, 378f–379f
restorative technique for, 383–385
tooth preparation for, 378–383,
379f–382f
Class VI amalgam restorations, 385–386
preparation of, 386f
Clearance angle, bur design and, e15
Clearil Bond System Fc, 143
Clearil New Bond, 143
Clearil S3 Bond Plus, 149
Clearil SE Bond, 148
Clearil Universal Bond, 157–158
Clenching, muscle involved in, 22–26
Clinical crown, 121–122
Clinical examination
of amalgam restorations, 102–104
for caries, 97–102, 98f
of composite restorations, 104
diagnostic study models for, 110
esthetic appearance, 96–97
of implant-supported restorations, 104
of implants, 104
of indirect metal restorations, 104
preparation for, 97

Collagen
acid etching of, 150f
efect of phosphoric acid on, 151
type I, in enamel, 138–139
Collagenase, in dentin, 152
Collar, preparation of, e124
Color
elements of, 200, 268–269
modiiers of, 269, 270f
surround efects and blending of, 203
tooth, 203–204, 204f
value of, 268–269
Color corrected lighting, use of, 211–212,
211f
Color deiciency, 200
Color dimensions, 200–202
Color Education and Training Programs,
216t
Color Matching Curriculum (CMC), 216
Color matching instruments, 208–209,
208f–210f
Color rendering index (CRI), 211
Color triplet (observer situation), 200, 201f
Color vision, 200, 201f
checking of, 211
Commercial shade guides, 205–207
Community water system, luoridated, 80–81
Compatibility, of restorative materials, 205
Complementary afterimage, of color, 203
Complex amalgam restoration, 386–409
advantages of, 388
age and health in, 388
contouring in, 407–409
contraindications to, 388
desensitizer placement in, 405
disadvantages of, 388
economics and, 388, 388f
inishing in, 407–409
foundations of, 404–405, 405f
indications for, 386–388, 387f
insertion in, 407–409
matrix placement in, 405–407
occlusion and, 388
pin-retained, 392–404
considerations in, 404
factors afecting, 393
placement factors and technique in,
393–401, 394f–402f, 397t
problems with, 401–404, 403f–404f
types of, 392–393, 392f–393f, 393t
resistance form for, 387–388, 387f
restorative technique for, 405–409
retention form for, 387–388
role of tooth, 387–388, 387f
slot-retained, 391–392, 391f–392f
tooth preparation for, 388–391
cusp coverage, 388–390, 389f
mandibular irst molar, 390–391, 390f
mandibular irst premolar, 390f
maxillary irst molar, 390, 390f
tooth status and prognosis and, 387
Complex motion, mandibular, 24f, 27
Composite
advantages of, 220
clinical procedures for, 223–224
contraindications to, 219–220
diastema closure with, 273f
diastema treatment with, 272

Composite (Continued)
direct, clinical technique for, 219–263
disadvantages of, 220
inishing of, 247f
in Class I direct composite restorations,
228–229
in Class II composite restoration,
235–237, 236f
in Class IV direct composite
restorations, 251
in Class V direct composite restorations,
256–258
hardness value of, e18t
indications for, 219–220
insertion of
in Class I composite restoration,
226–228, 227f–228f
in Class II composite restoration, 235,
235f
in Class III composite restoration,
245–246, 246f
in Class IV composite restoration, 251
in Class V composite restoration, 256
light activation of
in Class II composite restoration, 235,
235f
in Class III composite restoration,
245–246, 246f
in Class IV composite restoration, 251
in Class V composite restoration, 256
light-cured
bleaching and, 278, 279f
for bonding all-porcelain pontics, e68
for bonding natural tooth pontics,
e57–e58
for denture tooth pontic, e58
for diastema closure, 272–274
for direct veneer, 288f
microill, 286
modulus of elasticity of, 226–228
nanoill, 286
for open embrasure, 272
operating site
isolation of, 224
preparation of, 224
polishing of
in Class I direct composite restorations,
228–229
in Class II composite restoration,
235–237, 236f
in Class III composite restoration,
246–248
in Class IV composite restoration,
251
in Class V direct composite restorations,
256–258
polymerization shrinkage stress of, 226
problems in, 259–261
processed, indirect veneer and, 287
resin-based, factors afecting
polymerization of, 175–176
shade selection of, 224
inaccurate, 261
tooth preparation for, Class I, 224–226,
224f–225f
veneer with, 283–284
Composite resin block materials, 443,
446

Index

Composite resin materials, 469–474
bulk-ill, 473
classiication of, 470–472
according to iller particle size, 470–472
according to polymerization reaction
initiation, 470
composition of, 469–470, 469f
low shrinkage, 472–473
restorative, manipulative variables with,
473–474
summary and conclusion about, 474
Composite resins, 469–474
bases and cavity liners in, 483
history of, 469
tunnel tooth preparations for, 133
Composite restoration. see also Composite
adhesive in, 251
advantages of, 220
Class I direct
clinical technique for, 219, 223–229,
223f
contouring and polishing in,
229f–230f
initial clinical procedures of, 223–224
restorative technique of, 226–229
tooth preparation for, 224–226,
224f–225f
Class II direct
clinical technique for, 220f, 229–238
extensive and foundations of, 237–238,
238f
initial clinical procedures of, 229
matrix application in, 233–235
restorative technique, 233–237
tooth preparation of, 226f, 229–233,
231f–233f
Class III direct
clinical technique for, 219, 238–248
initial clinical procedures of, 238–239
restorative technique of, 243–248
tooth preparation of, 239–243,
241f–244f, 255f
Class IV direct, 474
clinical technique for, 219, 220f,
248–251
example of, 259f
initial clinical procedures of, 248
restorative technique of, 249–251
tooth preparation for, 248–249,
249f–251f
Class V direct
clinical technique for, 219, 253–258,
253f
initial clinical procedures of, 253
restorative, 255–258
tooth preparation for, 253–255, 254f,
256f–257f
Class VI direct, clinical technique for, 219,
258
clinical examination of, 104
conservative, clinical technique for
preventive resin and, 222–223,
222f–223f
contouring problems in, 261
contraindications to, 219–220
disadvantages of, 220
inishing problems in, 261
general considerations for, 219–220

Composite restoration (Continued)
glass ionomer, clinical techniques for,
219–263
initial clinical procedures for, 223–224
missing proximal contact in, 260–261
operator factors in, 219
repairing, 259
shade selection inaccuracy in, 261
treatment with, 116
voids in, 260
white line adjacent to enamel margin in,
259–260
Compression bonding, of porcelain, 498
Compressive strength
of amalgam, 463, 463t
of dental materials, 457–458, 458f
Computer-assisted design, computer-assisted
machining (CAD/CAM), 433
chairside, 433–435, 434f, 435t
clinical worklow, 437–438, 438f–443f
restorative materials, 438–447, 443t,
444f–447f
research relative to, 448–449
restorations, tooth preparation principles
for, 435
three sequences in, 433
Condensation, of amalgam, 464
Condensers, e70, e71f
in Class V tooth preparation and
restoration, e79
in gold foil, compaction of, e72
hand, e91f
line of force, e72f
monangle, e86, e91f
oblique-faced, e72f
ofset, e86, e90f
Condylar guidance
horizontal, 32, 34f
lateral, 35f
Condyle point, 27
Cones, in color vision, 200
Coniguration factor (C-factor), 141,
473–474
Conservative composite restoration, clinical
technique for preventive resin and,
222–223, 222f–223f
Conservative esthetic procedures, 264–305
artistic elements, 264–269
clinical considerations for, 270
examples of, 265f
for tooth contours and contacts, 270–274
Conservative intraenamel preparation,
288–289
Contemporary ceramic materials, 505–508,
505f–506f
indications for, 508
Contouring, cosmetic, 264, 265f, 274f
Contrast, chromatic induction of, 203
Convenience form
for Class III composite restoration, 241f
for Class III tooth preparation and
restoration, e84
for Class V tooth preparation and
restoration, e76
for direct gold restorations, e73
Conventional amalgam, 462, 463f
Conventional glass ionomer cements,
474–475
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Conventional impression, 447
Coolants, for instruments, e19–e20
Corn cobs, plaque formation and, 44f–46f
Coronal pulp, 6
Correlated color temperature (CCT), 211
Corrosion, 456, 456f
Cosmetic contouring, 264, 265f, 274f
Cotton roll
composite restoration and use of, 224
examples of, e46f
isolation with, e45
placement of, e45, e46f–e47f
Counterbevel, e113, e116f, e120f
Coves
for Class III composite restoration, 237
retention, for tooth preparation, 131
CPP. see Casein phosphopeptide
Craze lines, 8
enamel, 106
Creep, as material property, 456
Cross-linking, 170
Crown, 435–436, 435f–436f, 438f–443f
caries development at, 51f
fracture of, example of, 138f
full
onlay and, e116
tooth preparations for, e116
lengthening, 422–424, 423f
for lingual smooth surfaces afected by
caries, e114–e115
porcelain, 274–275
success rates of, 309
CS 3500, 434–435
Cusps, 16
capping of, 128f
in cast metal restoration, e113–e114,
e114f–e115f
fracture of, 106–107, 106f
functional, 16, 20–22, 21f
holding, 20
incline of, 20
nonfunctional, 16, 22, 23f
posterior, 19f, 20
reduction of, 238f
in cast metal onlays, e116–119, e118f
in cast metal restoration, e113, e116f
tooth preparation and, 127–128, 128f
ridges, issures in, cast metal restoration
and, e110–e113
shape of, 20
Custom lingual matrix, 252f
Custom shade guides, 207–208, 207f–208f
Cutting
abrasive, e19, e19f
bladed, e18, e18f
diamond instrument for, e16f
ear precautions during, e20–e21
equipment for, e7–e8
evaluation of, e18
eye precautions and, e20
hand instruments for, e1–e22
high-speed, e7–e8
inhalation precautions during, e21
instrument velocity and, e7
low-speed, e7
pulpal precautions and, e19–e20
recommendations for, e19
rotary speed ranges for, e7–e8
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Cutting (Continued)
soft tissue precautions and, e20, e20f
watts of power for, e7
Cuttlebone
abrasion with, e17–e18
hardness value of, e17–e18
Cycle of re-restoration, 113
Cytotoxic drugs, xerostomia from, 59t
D
Dead tracts, 51f
Decongestants, xerostomia from, 59t
Degassing, e69–e70
DEJ. see Dentinoenamel junction
Demineralization
caries and, 40
remineralization and, balance in, 40, 42f
Densite or improved dental stone, 491t, 492
Dental anatomy, clinical signiicance of, 1–39
Dental arch, tooth alignment and, 16, 17f
Dental caries. see Caries
Dental curing lights
argon-ion lasers as, 178–179, 178f–179f
batteries and, 182
budget, 182, 185f
development of, 176–182
electromagnetic risk from, 194
emission from, radiometric terminology
for, 171t
general recommendations for, 196
irradiance of, distribution of, 184–186,
187f
light emitting diode technology and,
180–182, 180f
output from, monitoring of, 186–187,
187f
plasma-arc lights as, 176f, 177–178, 178f,
184f
quartz-tungsten-halogen lights as,
176–177, 176f–177f
soft-start exposures and, 180
stress development during polymerization
and, 179
“turbo” light guides in, 179
tip design for, 188, 188f
Dental disease, 111–112
Dental loss
retainer tied with, e29f
rubber dam anchored with, e30
rubber dam application and, e33–34,
e34f
surgeon’s knot and, e45f
Dental history. see also Medical history
of patient, 96
Dental photography, 209–211, 211t
Dental plaque. see Plaque
Dental shade guides, 205
Dental stone, 491t, 492, e139
Dental tape, rubber dam anchored with,
e30
Dentin
acid etching of, 140f, 143–144
adhesion to, 136–169
clinical factors in, 154
adhesives for
indications for, 156–159
in vitro studies on, relevance of, 154
air-dried, 150–151, 150f

Dentin (Continued)
bonding to, 479–482, 480f, 480t
challenges in, 138–142
chlorhexidine and, 152
matrix metalloproteinases and, 152
new developments in, 482
role of proteins in, 151–152
caries lesion in, 43b, 64–69
bacteria in, 50t
cross section of, 67f
zones of, 69
caries progression in, longitudinal section
of, 57f
carious, 129
inner, 69
cavitation of, 52f
collagen ibrils in, 151
composition of, 8, 141f
coronal, 9–10
cutting of, e1
demineralized, 40
pH of, 89
enamel and, 5, 5f, 8–9
etched
collapse of, 150f
micrograph of, 141f
irm, 69, 129
formation of, 6–7
hard, 69
hardness of, 8, e18t
hypersensitivity of, 156
infected, 69, 129
removal of, e101–e104
intrinsic discoloration of, 275
leathery, 43b, 69, 89
matrix metalloproteinases (MMPs) in, 152
moist, 151f
necrotic, 69
peritubular, 138–139
demineralization of, 144
permeability of, 9–10, 9f–10f, 139–141
pH of, 40
acid afected by, 153
primary, 6–7, 7f, 43b
proximal box in, for cast metal restoration,
e99–e100, e100f
reactionary, 10
remineralization of, 66–69
reparative, 10, 11f, 66f
resin adhesion to, 140t
resin bonding to, 143–150, 144f
resin interface with, 146f–148f
stresses at, 141–142
rewetting of, 150–151
rinsing after etching, example of, 144f
root canal, adhesion to, 156–157
sclerotic, 43b, 66–69, 129
bonding to, 154
secondary, 8, 9f, 43b
sensitivity of, 9, 9f
slot in, e124–e125
soft, 129
surface area of, 7
tertiary, 10, 43b
of tooth color, 203, 204f
translucent, 69
transparent, 10, 10f
Dentin bonding agents (DBAs), 479

Dentin phosphoprotein (DPP), 152
Dentin sclerosis, 8
Dentinal crystallites, 8
Dentinal luid, 9–10
Dentinal hypersensitivity, 115
Dentinal tubules, 7, 7f–9f, 139, 141f
cutting precautions and, e20
dentinal luid in, 9–10
Dentinal wall, 123
Dentinoenamel junction (DEJ), 5, 5f
caries at, 60
enamel demineralization in, 64
Dentinogenesis, 6, 7f
Dentinogenesis imperfecta, 105
Dentistry
development of polymerization strategies
for, 171–172
evidence-based, 95
operative. see Operative dentistry
restorative, trends in, 136–137
Dentitions, 1
Depth cut, for cast metal onlay, e116–e119,
e118f
Depth of focus, 109
Desensitization
dentin adhesives and, 156
for tooth preparation, 133–135
Deuteranomaly, 200
DIAGNOdent device, 110
Diametral tensile strength, of dental
materials, 457–458
Diamond abrasive instrument. see
Instruments, diamond abrasive
Diamonds
hardness value of, e17–e18
particle factors of, e17
types of, in diamond abrasive instrument,
e15
Diastema
cast metal restoration for, e94
closure of, 266, 267f, 273f
cosmetic contouring and, 274f
conservative alteration for, 270
correction of, 272–274
full veneer and, 286–287
illusion of tooth dimension and, 265–266
large, 274
midline, 275f
multiple, treatment of, 274, 274f
Dicor, ceramic restoration by, 502, 502f
Die stone, e136, e136f
Dies
removable, e136
working, in cast metal restoration,
e136–e139
Diet, dental caries and, 60
risk assessment of, 71
treatment of, 77–79
Dietary counseling, 77–79
Diferential acid attack, 478
Difusion adhesion, 136
Digital dentistry, in operative dentistry,
433–452
CAD/CAM systems
chairside, 433–435, 434f, 435t
research relative to, 448–449
restorations, tooth preparation principles
for, 435
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Digital dentistry, in operative dentistry
(Continued)
clinical application of, 433
crowns, 435–436, 435f–436f
digital impressions, accuracy of, 447–448
inlays and onlays, 436–437, 436f–437f
Digital impression systems, 433
accuracy of, 447–448
Dimensional change, of dental material, 454
Diopter single-lens loupes, 109
Dipentaerythritol penta-acrylate
monophosphate, 143t, 155
Direct gold. see also Gold
cohesion of, e69–e70
compaction of, diagrammatic order of,
e72f
degassing of, e69–e70
materials and manufacture of, e69
micrographs of, e71f
principles of compaction of, e70–e72
restorations of, e69–e93
tooth preparation for, e73
types of, e69
Direct rear position, e24, e25f
Disc-condyle complex, 22
Discoloration
extrinsic, 275–276, 275f
etiology, 275–276
treatment of, 276, 276f
intrinsic, 276–277, 276f
etiology of, 276–277
treatment of, 277, 277f
root canal therapy and, 278
Disinfectant sprays, light curing and, 190
Disk, abrasive, inishing composites with,
246, 247f
Disocclusion, 37
Dispersalloy, 461, 462f, 463t
Distal wedge, 425, 425f
Ditch cut, proximal, in cast metal restoration,
e99–e100
Ditching, 102, 103f
Diuretics, xerostomia from, 59t
Do no harm, 113
Dovetail, for cast metal restorations, e98
Drugs, salivation controlled with, e49
Dry mouth. see also Xerostomia
medications causing, 59t, 89
salivary analysis and, 71–75
Dual-cure composite, 155–156, 470, 471f
Ductile fracture, e18
Dynamic occlusal relationship, 16
“Dynamic seating” technique, 475–476
Dysmineralization, microabrasion and, 282
E
E4D Dentist System, 434
Ear, precautions for, cutting procedures and,
e20–e21
Economic status, caries risk assessment and,
71
Ectoderm, enamel and, 2
Edge angle, bur design and, e15
Education status, caries risk assessment and,
71
Eight-chamber chewing simulator, 459f
Elastic modulus, 458, 459f
Electrical properties, in dentistry, 456, 456f

Electrical shock, 456
Electro-Mallet, e70, e72–e73
Electromagnetic energy, 172–173
Electromagnetic radiation, materials
interaction with, 458f
Electromagnetic spectrum, 172–173, 172f
Electrostatic adhesion, 136
Elevator muscles, 22–26
E.max, 299
Embrasure, 12–14
alterations of, 271–272
correct anatomic form of, 14, 14f
correct relationships of, 13–14, 13f
facial, 12f
gingival, 12–13, 13f
incisal, 270
closing of, 272f
loss of, 271, 271f
lingual, 12f, 13–14
reshaping of, 271
treatment of, 272–274
Embrasure form
gingival, 266
incisal, 266
Enamel, 2–5
acid etching of, 137, 138f–139f
adaptation reaction of, 64f
adhesion to, 136–169
bond strength in, 142
bonding to, 138–139, 477–479,
477f–478f
caries lesion in, 43b, 61–64, 62f–63f
bacteria in, 50t
clinical signiicance of, 64t
cross section of, 61f–62f
caries progression in, longitudinal section
of, 57f
cavitation of, 64
clinical characteristics of, 63t
composition of, 141f
cutting of, e1
demineralization of, 40, 49f
discolored, veneer and, 286
fault in, cast metal restoration for, e99f
gnarled, 3, 3f
hardness of, 5, 5f, e18t
hypoplasia of
direct full veneer and, 286–287
example of, 287f
intrinsic discoloration of, 275
marginal, white line adjacent to, 259–260
maturation of, 4
mottled, 80–81
permeability of, 4, 5f
pH of, 40
plaque bioilm and, 44f–46f
posteruptive changes in, 81f
prismless, 3
proximal box in, cast metal restoration
and, e99–e100, e100f
smooth surfaces of
bioilm on, 49–50, 51f
caries initiation on, 60, 60f
solubility of, 4–5
structure of, 3
thickness of, 2–3
of tooth color, 203–204, 204f
tooth preparation for, 121, 121f
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Enamel cuticle, 3–4
Enamel hatchets, e3f, e4
Enamel hypocalciication, nonhereditary, 101,
104f
Enamel lamellae, 4
Enamel margins, beveled, for tooth
preparation, 131
Enamel pearls, periodontal health and, 420
Enamel projections, cervical, 420, 420f
Enamel rods, 3, 4f
plaque bioilm and, 44f–46f
in tooth preparation, 131–132, 132f
Enamel spindles, 6, 7f
Enamel tufts, 4, 5f
Enamel wall, 123
Enameloplasty, 124, 124f, 125b
for cast metal restorations, e97–e98,
e110–e112, e112f–e113f
Enamelysin, in dentin, 152
Enamic (Vita), 446
Endodontics, 114
Endogenous luids, erosion due to, 105–106,
105f
Energy, electromagnetic, 172–173
Equipment. see also Instruments
air abrasion, e8, e8f–e9f
laser, e8
eye precautions and, e20
powered cutting, e7–e8
rotary-powered cutting, e7–e8
for tooth preparation, e1–e22
Erosion, 105–106, 105f
treatment of, 115
Erosive tooth wear, 105–106
Eruption, altered passive, gingivectomy for,
425, 425f
Esthetics
cast metal restoration and, e95
Class II preparation for, e108
Class V composite restoration and, 254
clinical examination of, 96–97
concerns, treatment of, 116–117
modiications to, cast metal restoration for,
e125
Etch-and-rinse adhesives, 150–151
Etch-and-rinse technique, 143–144, 144f
Ethyl acetate, denture tooth pontic and, e58
Ethyl-silicate investments, 493–494
Ethylenediamine tetra-acetic acid, 143, 143t
Eutectic mixture, 495
Evacuators
high-volume, e46–e48
position of, e46–e47, e48f
retraction with, e48, e49f
Evidence-based dentistry, 95, 453, 454f
Examination. see Patient, examination of
Excavators
angle former, e4
application of, e4
examples of, e3f
hoe, e4
spoon, e3f, e4
ExciTE, 145–146
Excursion, mandibular, muscles involved in,
26
Exposures, soft-start, 180
Extension for prevention, 127
External line angle, 123
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External wall, 123, 123f
Eye, precautions for, cutting procedures and,
e20
Eye protection, for blue light hazard, 191
E-Z Gold, e69–e70, e74
in Class V tooth preparation and
restoration, e79
compaction of, e72
technique for, e73
F
Face, of hand instrument, e1
Facial crossbite, 20
Facial cusp ridges, 20
Facial occlusal line, 16
Facial surface groove extension, e108–e110
False negative, patient diagnosis and, 111
False positive, patient diagnosis and, 111
Farnsworth-Munsell test, 200
Fatigue testing, 458–459, 459f
Feldspathic porcelain, indirect veneer and, 287
Ferrier separator, e85–e86
Files
application of, e5
example of, e5f
Filler, refractive indices of, 176
Filler particles
in composite resin, 469, 469f–470f
wavelength of light and, interaction
between, 175–176, 176f
Finishing strip
in composite restoration, 248
diastema treatment and, 273f, 274
Fissures, 2–3, 3f
in cusp ridges, cast metal restoration and,
e110–e113
lingual occlusal, cast metal restoration and,
e110–e112
Fixed prosthodontics, 115
Flare
facial secondary, e105–e106
lingual primary, e104–e105, e106f
lingual secondary, e104–e105, e106f
preparation of, in cast metal restoration,
e104–e108
secondary, in cast metal restoration, e107
Flexural strength, of dental materials, 457,
458f
Flossing, caries and
development of, 50, 57f
prevention of, 79
Flowable base bulk-ill composites, 228, 473
Flowable composite resin materials, 472
Fluorescence, optical properties and, 203
Fluoride
enamel and, 4–5
exposure to
caries management and, 80–83, 82t, 84t
caries risk and, 77t
release of, from glass ionomer, 476–477
rinses with, self-administered, 82
stannous, 82
teeth stained by, 276
topical application of, 82
varnishes, 82
Fluoride ion
anticaries efect of, 81
in saliva, 63–64

Fluorosis, 80–81
bleaching for, 279
generalized, veneer for, 291
microabrasion for, 282, 283f
severe, example of, 293f–296f
teeth discoloration from, 276
Forceps
rubber dam, e30f
rubber dam retainer, e29
Fossae, occlusions and, 16
Fracture
amalgam restorations and, 102, 103f, 307
brittle, e18
crown lengthening for, 422, 423f
ductile, e18
endodontically treated teeth and,
e125–e126
gingivectomy for, 424
Fracture lines, in amalgam restoration, 102,
103f
Fracture toughness, dental materials and,
457–458, 458f
Frame, for rubber dam, e27, e27f, e32, e32f
Free gingiva, 15, 415, 416f
Free radical
generation of, 173–174
polymerization of, methacrylate-based,
170, 171f
activation and initiation of, 170
propagation of, 170
termination of, 170
Fuji IX, 476
Full-arch impression, cast metal restoration
and, e126, e128f
Full-body bulk-ill composites, 228, 473
Functional shift, 26
Furcation, periodontal health and, 417–422,
419f–420f
G
Galvanism, 456
Garnet
abrasion with, e17–e18
hardness value of, e17–e18
Gastroesophageal relux disease (GERD),
erosion and, 105–106
Gauze sponges, example of, e46f
Gelatinase, in dentin, 152
Geristore, 428, 428f
Gingiva, 415, 416f–417f
embrasure form of, 266
sensitive, bleaching as cause of, 281
Gingival areas, light-curing of, 191
Gingival biotypes, 418, 418f–419f
Gingival crevice, bacteria in, 50t
Gingival display, 416–417, 417f
excessive, 418f
Gingival loor
in cast metal restorations, e99–e100
extension of, in cast metal restoration,
e110
Gingival health, Class V composite
restoration and, 254
Gingival margin trimmer, e3f, e4–e5
Gingival sulcus, 15
open, in cast metal restoration, e105f
tissue retraction and, e132
Gingival unit, 15

Gingivectomy, 424–425
Gingivitis, 418
periodontics for, 114–115
plaque and, 79
Ginglymoarthrodial joint, 22
Glass ionomer
clinical techniques for, 219–263, 260f
conventional, 261f
dental cements/luting agents, 474–476
conventional, 474–475
light-cured, in cast metal restorations, e101
materials, types of, 474–477
resin-modiied. see Resin-modiied glass
ionomer
restorative, 476–477
cavity liners, 476–477
materials, 469, 474–477, 474f–475f
polyacid modiied composites
(compomers), 477
reinforced, 476
tunnel tooth preparations for, 133
Glass-matrix ceramics, 157–158
Glasses, blue light iltering, 194
Glenoid fossa, 22
Gliding contacts, 16
Gloss, optical properties and, 203
Glucosyltransferase, luoride ion and, 81
GLUMA desensitizer, 156
Gluma system, 143
Glutaraldehyde, desensitization and, 156
Glycerophosphoric acid dimethacrylate,
142–143, 143t
Goggles, protective, e20
Gold. see also Direct gold
powdered, e69
principles of compaction in, e70–e72
restorations with, e69–e93
Gold alloys, 494–495, 494f
hardness value of, e17–e18
types of, 495, 495t
Gold casting, 493
Gold crowns, success rates of, 309
Gold foil, e69
book of, e70f
box of, e70f
in Class I tooth preparation and
restoration, e74
in Class V tooth preparation and
restoration, e79
compacted, e72f
compaction of, e83f
technique for, e72–e73
degassing of, e71f
Gold foil restoration, 494–495, 494f
Gold pellets, e69
degassing of, e71f
Gold-plus-platinum-metals content, e94
Gold standard, patient diagnosis and, 111
Golden proportion, 266–267
Groove
for Class III composite restoration, 237
extension, 226f
in cast metal restoration, e108–e110
gingival retention, 249, 251f
palatoradicular, 421
Grotthuss-Draper law, 173
Group function, 37
Gummy smile, 417f
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Gypsum bonded investments, 493
components of
binder, 493
modiier, 494
refractory, 493
expansion associated with, 494
Gypsum products, 490–493
classiication of, 491–492, 491t, 492f
nature of, 491, 492f
selection and manipulation of, 492–493
H
H2 antagonists, xerostomia from, 59t
Hamp classiication, 419
Handheld “dental radiometers”, 187–188,
187f
Handheld shade matching lights, 212f
Handle, of hand instrument, e1
Handpieces
air-driven, e7
noise from, e21
soft-tissue precautions for, e20
variable control of, e8
description of, e7
electric, e7
soft-tissue precautions for, e20
electric motor-driven, e7
friction-grip contra-angle, shank design for,
e9f
latch angle, shank design for, e9f
shank design for, e9
sterilization of, e8
straight, shank design for, e9f
Hardness testing, of dental material, 460,
460f
Hatchet
bibeveled, e3f, e86, e88f
enamel, e3f, e4
ordinary, e4
Head, design of, for handpiece, in rotary
cutting instruments, e10
Headlamp, in operative dentistry, e24–e25
Health, general, caries risk and, 77, 77t
Heat
blade cutting and, e18
soft tissue damage and, 191
Heat hardening, for cast gold restoration, 495
Heat softening, for cast gold restoration, 495
Heat treatment, for cast gold restoration, 495
High copper amalgam, 462
High expansion stone, 491t, 492
High-gold alloys, 496, e94
biocompatibility of, e95
High noble alloys, 496
High-strength ceramics, 443
Hinge axis, 27
Histology, clinical signiicance of, 1–39
Hoe, in Class V tooth preparation and
restoration, e82f
Hue
as color dimension, 201
as element of color, 268–269
Hunter-Schreger bands, 3, 4f
Hybrid composite resin materials, 471–472,
472f
Hybrid dental prosthesis, 500, 500f
Hydrochloric acid, microabrasion and, 282
Hydrocolloid, impression with, 485

Hydrodynamic theory, 9, 115
Hydroluoric acid, 157, 158f
porcelain etching with, 304
veneer and, 289, 289f
Hydrogen peroxide
bleaching with, 277
nonvital bleaching with, 278
Hydroxyapatite, 3, 14
bonding and, 138
in enamel, 138–139
2-Hydroxyethyl methacrylate, 143, 143t
Hygroscopic expansion, gypsum bonded
investments and, 494
Hyperemia, overcontoured veneer and, 285
Hypnotics, xerostomia from, 59t
Hypocalciication, clinical examination of,
104–105, 104f
Hyposalivation, radiation-induced, 61
I
iBOND Self-Etch, 149
ICDAS. see International Caries Detection
and Assessment System
Imaging, esthetic, 277
Imbrication lines of Pickerill, 3
Immune system, caries risk and, 77
Immunization, for caries management,
83–84
Implant prosthodontics, 115
Implants, clinical examination of, 104
Impression
alginate, for cast metal restoration, e128f
for cast metal restoration, e96f
preoperative, e129
removing and inspecting, e136f
techniques for, e134
Impression material, 484–490, 484f
alginate, e96
classiication of, 484–487, 484f
manipulation, principles of
adequate mixing, 489
control of bulk, 487–488, 488f
disinfection, 489
polyvinyl siloxane, 489, 489f
pouring, 488
putty-wash impression techniques, 490,
490f
to tray, adhesion of, 488, 488f
viscosity control, 488
properties of, 484
accuracy, 484–485
dimensional stability, 485–486, 485f,
486t
economic factors, 487
elastic recovery, 485
low and lexibility, 486
hydrophilicity, 486–487
patient comfort, 487
workability, 486, 486f
Impression plaster, 491, 491t
In vitro studies, for adhesion, relevance of,
154
Incident irradiance, 172
Incisal biting, 26
Incisal reduction index, 290–291, 296f
Incisor overlap, 18–20, 18f
Incisor point, 27
Incisor point tracing, 31–32
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Incisors, 1, 2f
all-porcelain pontic for, e66
central
composite for diastema of, 273f
diastema of, 273f
cervical retainer placement on, e41
embrasure form of, 266
embrasure of, 270
closing of, 272f
loss of, 271, 271f
fractured, esthetic treatment of, 270
irregular edge of, 271f
mandibular
Class III tooth preparation and
restoration for, e85, e86f
denture tooth pontic for, e58
splint-and-bridge combination for,
e63–e64
splinting of, e52, e53f
maxillary
bridge for, e60–e61
in Class III tooth preparation and
restoration, e81–e84
denture tooth pontic for, e58
diastema of, 272
natural tooth pontic for, e56, e57f
splinting of, e52, e55
maxillary central, veneer for, 287f
recontouring of, 271f
reshaping of, 270f
rubber dam hole size for, e35, e36f
staining of, example of, 276f
width-to-length ratio of, 267
Incremental striae of Retzius, 3
Infection, bacterial, dentin adhesive systems
and, 153
Infection control, in light curing, 189–190,
189f
Iniltrants, 85, 86f
Infrared radiation, 173
Inhalation, patient protection from, e21
Inlays, 436–437, 437f
distolingual, e114–e115
for lingual smooth surfaces afected by
caries, e114–e115
for maxillary molar, e117f
splitting force of, e95
tooth preparation and, 128
tooth preparation for, e97–e116
for esthetics, e108
mesioocclusodistal, e108
modiications in, e108–e116
Instruments. see also Equipment
abrasive, e17–e18
classiication of, e17
cutting action of, e19, e19f
materials used in, e17–e18
for Class V tooth preparation and
restoration, e79, e80f–e81f
coated abrasive, e17
coolants for, e19–e20
cutting
formulas for, e2
hazards with, e19–e21
diamond abrasive, e15–e17
classiication of, e16
diamond particle factors and, e17
head shape of, e16–e17
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Instruments (Continued)
size of, e16–e17
terminology for, e15, e16f
diamond cutting, e16f, e16t
diamond inishing, 246
for direct gold restorations, e74, e74f
discoid-cleoid, e5, e5f
double-ended, e2f
exchange of, between operator and
assistant, e24
ine-grit diamond, for cast metal
restoration, e101, e107–e108
hand
applications of, e4–e5
bevels of, e2–e4
categories of, e1
for Class V tooth preparation and
restoration, e82f
classiication for, e1–e4
for cutting, e1–e22
design of, e1, e2f
formulas for, e2
grasps for, e5–e6
guards for, e7
names of, e2
rests for, e6–e7
techniques for, e5–e7
terminology for, e1–e4
molded abrasive, e17
rotary cutting, e9–e18
design characteristics of, e9–e10, e9f
for rubber dam, e27–e30
with three-number and four-number
instrument formulas, examples of, e3f
for tooth preparation, e1–e22
Integrating sphere, 184, 185f
Interactions, of restorative materials, 205,
205f
Interarch tooth relationships, 18–20, 18f
Intercuspal contact, 2f, 16
Interdental gingiva, 415
Interdental papilla, 15
Intermetallic compound, 495
Internal line angle, 123
Internal wall, 123, 123f
International Caries Detection and
Assessment System (ICDAS), 97–99,
98f
International Standards Organization (ISO),
bur numbering system from, e13
Interocclusal record
cast metal restoration and, e113–e114,
e126–e130
maximum intercuspation, e126–e127,
e127f
inal impression and, e139
use of, e139
wax, cast metal restoration and, e113–e114
Iodine, for dental caries, 84t
Ion, 173
Ionomer, glass. see Glass ionomer
IPS e.max, 503, 504f
IPS Empress, 299
IPS EmpressCAD (Ivoclar) restoration, 444,
445f
Iridescence, optical properties and, 202
Irreversible pulpitis, 10
Irrigation device, 80, 90

Ishihara test, 200, 202f
ISO. see International Standards
Organization
Isolation
amalgam restorations and, 309
in Class V amalgam restoration, 377
goals of, e26
of operating site, of amalgam restorations,
311
rubber dam, e26–e45
application of, e31b–e35b
removal of, e39b–e40b
Isolite, e26
Ivocerin, spectral absorption proile of, 174,
174f
J
Jaw closure, 22–26
Jaw opening, 22
Journal of the American Medical Association,
468
K
Kanamycin, for dental caries, 84t
Keyes-Jordan diagram, 40, 41f
Knife
amalgam, e5
application of, e5
inishing, example of, e5f
gold, e5
Knoop hardness value, e18t
L
Labial frenum, diastema and, 272
Lactobacilli
analysis of, 75
bioilm and, 48
chemical agents for, 84
occlusal caries and, 66f
oral hygiene and, 79–80
Lactoferrin, in saliva, 58
Lactoperoxidase, in saliva, 58
Lambertian relectance, 184
Lamina propria, 14
Laser equipment, e8
eye precautions and, e20
Lasers
argon-ion, 178–179, 178f–179f
deined, 178
Lateral motion, mandibular, 24f, 27–28
Lava Ultimate (3M), 446, 447f
LED. see Light emitting diode
Left front position, e23
Left position, e23
Left rear position, e23
Leucite-reinforced glass ceramic, 446
Leucite-reinforced IPS Empress system, 505,
506t
glass ceramic crowns, 503, 503f
Light, delivery of, factors afecting, 188
Light and observer method, setting of, 213,
213f
Light beam uniformity, 184–186, 186f
Light cure composite resin, 470, 471f
Light curing, 170–199
blue light blocking protection in, 193–194,
194f
blue light hazard and, 191–193, 193f

Light curing (Continued)
of dental resins in the mouth, practical
considerations of, 188–190
depth of, 175
electromagnetic risk from, 194
evaluation of light output in, 183–188
exposure time for, 175
general recommendations for, 196
hands-on training for, 195–196
health-related issues in, 190–194
how to, teaching for, 194–196,
194f–195f
infection control in, 188f–189f, 189–190
intrapulpal temperature and, considerations
for, 190–191, 190f–192f
polymerization and
methacrylate-based free radical, 170,
171f
of resin-based composite, factors
afecting, 175–176
strategies for, development of,
171–172
radiometric terminology in, 172–173
of restorative resins, 173–174
soft tissue damage and, 191, 192f–193f
target of
distance to, 188–189, 188f
light delivery to, factors afecting, 188
Light-curing units, eye precautions and, e20
Light emitting diode (LED)
blue spectral range of, 180, 181f
deined, 180
dental curing lights and, 180–182,
180f
irst-generation, 180–181, 181f
second-generation, 181, 182f–184f
third-generation, 181–182, 183f–184f
Line angle, 123, 124f
Liners, 130
in adhesive dentistry, 482, 483f
calcium hydroxide
in cast metal restoration, e101, e103f
in Class III composite restoration,
241–242
cavity, 476–477, 482, 483f
Lingual crossbite, 20
Lingual surface groove extension, e108–e110
Linguoincisal line angle, 123
Linguoversion
augmentation for, 268
example of, 268f
Lips
precautions for, cutting and, e20
wiping, after rubber dam removal, e39,
e39f
Lithium disilicate reinforced ceramic,
505–506, 506t
Load-to-failure testing, 458–459, 459f
Local anesthesia
for amalgam restorations, 311
for composite restoration, 224
Loupes, 108–109
Low shrinkage composite resin materials,
472–473
Lucirin, spectral absorption proile of, 174,
174f
Lysine, in saliva, 59
Lysozyme, in saliva, 58
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M
Macroabrasion, 282–283
example of, 284f
intrinsic discoloration treated with, 277
microabrasion versus, 282–283
Macroilled composite resin materials,
470–471, 471f–472f
Macro-mini-micro shade matching technique,
214, 215f
Magniication
in operative dentistry, e24–e25
surgical telescope for, e26f
“Making the turn,” in direct gold restoration,
e90
Mallet, in compaction, of direct gold, e70,
e71f
Mandible, 14
movement of, 22–26
anterior tooth contacts during, 37
articulators and, 32, 33f–36f
capacity of, 25f, 27–32
frontal view of, 31f
horizontal view of, 29f, 30
limits of, 27–30
mechanics of, 22–27
sagittal view of, 28f, 30
tooth contacts during, 36–37, 36f
types of, 26–27
muscle function of, 22–26
temporomandibular joints and, 22, 24f
Mandibular central fossa occlusal line, 17f
Mandibular condyle, 22
Mandibular motion, mechanics of, 22–27
Mandibular subperiosteal implant, 500,
500f
MARC-Patient Simulator, 195–196, 195f
Margin
beveling of, in cast metal restoration,
e117f, e119
butt-joint, 436–437, 437f
cavosurface, in Class I tooth preparation
and restoration, e74–e75
counterbeveling of, in cast metal onlay,
e114f, e120f
it, 448
gingival
beveling of, e105, e105f, e109f
in Class III tooth preparation and
restoration, e81
porcelain veneer and, 289
veneer and, 285–286
incisal, in Class III tooth preparation and
restoration, e81
lingual, in Class III tooth preparation and
restoration, e85f
occlusal
beveling of, e107–e108, e107f
for Class V tooth preparation and
restoration, e76
for direct gold restoration, e74f
extension of, e113, e115f
proximal, laring and beveling of, e106
restorative, 428–429, 429f
Marginal gap formation, 102, 103f
Marginal ridges, 20
in amalgam restoration, 104
issures in, cast metal restoration and,
e110–e113

Maryland bridge, 478–479, 479f, e60,
e60f–e61f, e64–e66, e65f–e66f
Mastication
control of, neurologic correlates and, 38
muscles involved in, 26
Materials
of commercial shade guides, 207
manipulation, 453
qualities of, for cast metal restoration,
e94
selection, 453
Matrix
application, 243–245, 249–251
custom lingual, 252f
deinition of, 243–244
Mylar strip, 244f–245f
substitution of retainer with, e42–e43,
e44f
Matrix metalloproteinases (MMPs), 40,
152
dentin, 152
Maxilla, 14
Maxillary arch, bleaching of, 281
Maxillary lingual occlusal line, 16, 17f
Maximum closure, 16
Maximum habitual intercuspation (MHI),
16
Maximum intercuspation (MI), 16, 17f
Mechanical adhesion, 136
Mechanical bonding, of porcelain, 498
Medical history. see also Dental history
of patient, 96
Medications
caries risk assessment and, 71, 77t
dry mouth and, 59t, 89
Mercury
in amalgam, 306
silver amalgam and, 464–469
anti-, research in, critique of, 466–467,
466f
classical research of, 465
continued use of, research supporting,
467–468
environmental impact of, 468
historical review of, 465
safety of, research questioning,
465–466
toxicity, 306
Mesial cusp ridges, 20
Mesioocclusal preparation, 123
Mesioocclusodistal preparation, 123
4-META, bridges and, e60
Metal restorations
indirect
clinical examination of, 104
treatment with, 116
veneers for, 302–303
Metamerism, 269
illuminant, 211
Methacrylate-based, free radical
polymerization, 170, 171f
activation and initiation of, 170
propagation of, 170
termination of, 170
2-(Methacryloxy) ethyl phenyl hydrogen
phosphate, 143t
4-Methacryloxyethyl trimellitate anhydride,
143t
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10-Methacryloyloxy decyl dihydrogen
phosphate, 143, 143t, 148
MHI. see Maximum habitual intercuspation
MI. see Maximum intercuspation
Microabrasion, 282
example of, 283f
intrinsic discoloration treated with, 277
macroabrasion versus, 282–283
Microetching, veneer repair and, 303–304
Microilled composite resin materials, 471
Microlora, modiication of, caries treatment
and, 78t
Microleakage, 152–153
amalgam restoration and, 306
Microscopes, dental, 109–110
Microtensile test, 154, 154f
Miller classiication, 426–427, 426f
Mineral trioxide aggregate (MTA), 427
Mineralization-demineralization cycle, 64f
Mirror, retraction with, e48, e49f
MMPs. see Matrix metalloproteinases
Model plaster, 491t, 492
Modulus of elasticity, e18
of composite, 226–228
Mohs hardness value, e18t
Moist bonding technique, 150
Moisture, control of, in operative dentistry,
e26
Molar point, 27
Molars, 1, 2f
mandibular
fractured cusps in, e121, e121f
groove extension in, e121
rubber dam retainer for, e28t
tooth preparations for class II cast metal
restorations for, e97
mandibular second, arrested caries on,
65f
maxillary
cast metal restoration for, e110, e111f
cusp reduction for, e115
inlays for, e117f
lingual collar on, e124f
modiications for esthetics on, e125
rubber dam retainer for, e28t
sealant applied to, 86f
rubber dam hole size for, e36
rubber dam retainer for, e28t
tilted, e126f
Monochromacy, 200
Monolithic full contour zirconia restoration,
504, 504f
Monomers, phosphate, bonding and, 138
Mouth props, e48–e49, e50f
MS. see Mutans streptococci
Mucogingival junction, 15
Mucogingival surgery
considerations in, 427
noncarious cervical lesions, 425–427
Mucosa
alveolar, 15
bacteria in, 50t
masticatory, 14–15
oral, 14–15, 14f
relective, 15
Munsell color system, 202f
Muscarinic receptor antagonists, xerostomia
from, 59t
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Mutans streptococci (MS)
analysis of, 75
bioilm and, 48
chemical agents for, 84
occlusal caries and, 66f
oral hygiene and, 80
Mylar strip matrix, 244f–245f
N
Nanoleakage, 152–153, 153f
Napkin, for rubber dam, e29–e30, e30f, e32,
e32f
Nasmyth membrane, 3–4, 275
Neck
design of, for handpiece, in rotary cutting
instruments, e10
in diamond instruments, e15
Nib, of hand instrument, e1
Nickel-cadmium (NiCad) batteries, 182
Nickel-chromium alloy, 496–497
Nightguard, plastic, 280f
Nightguard vital bleaching, 277, 280, 281f
Noncarious cervical lesions (NCCLs), 254,
425–427, 426f, 458
Noncentric cusps, 26
Nonworking interferences, 32
N-phenylglycine glycidyl methacrylate, 143,
143t
O
Occlusal caries, 43b, 56f, 66f
Occlusal contact, 16
improper, in amalgam restoration, 104
Occlusal plane
correction of, cast metal restoration for,
e94
restoration of, for tilted molar, e126, e126f
Occlusion, 15–38
amalgam restorations and, 309
evaluation of, 319, 320f
centric, 26
clinical signiicance of, 1–39
complex amalgam restoration and, 388
description of, 16–22
esthetic restoration and, 270
evaluation for, for cast metal restoration,
e95, e96f
examination of, 97
periodontal health and, 421–422
reduction of, for cast metal onlay,
e116–e119
static, 16
Odontoblastic process, 142f
Odontoblasts, 6, 6f
dentin formation and, 66f
secondary, 10
Older adults, root caries in, 89
Omnicam, 433–434, 434f
One Coat Bond, 145–146
One-Step Plus, 145–146
One-step self-etch adhesives, 140t, 145t, 149
Onlays, 436–437, 436f
cast metal
resistance form for, e121–e122
retention form for, e121–e122
tooth preparation for, e116–e126
crown and, e116
cusp-capping partial, e113–e114, e114f

Onlays (Continued)
for fractured cusps, e121, e121f
partial, e113
slot for, e125f
Opalescence, optical properties and, 202
Opalustre, microabrasion and, 282
Open contact, e139
Open proximal contacts, periodontal health
and, 419–420
Operating area, isolation problems in, 229
Operating ield, isolation of, e25–e49
Operating positions, e23–e24
Operative dentistry
CAD/CAM systems
chairside, 433–435, 434f, 435t
research relative to, 448–449
restorations, tooth preparation principles
for, 435
digital dentistry in, 433–452
clinical application of, 433
crowns, 435–436, 435f–436f
digital impressions, accuracy of,
447–448
inlays and onlays, 436–437, 436f–437f
magniication in, 108–110
photography in, 110
preliminary considerations for, e23–e51
rubber dam and eiciency of, e27
Operator
ability of, in amalgam restoration, 309
composite restoration and, 219
instrument exchange with assistant by, e24
position of, e23–e24
rubber dam for protection of, e27
seated work position for, e24
Opioids, xerostomia from, 59t
OptiBond, 152
OptiBond All-in-One, 149
OptiBond FL, 152
OptiBond SOLO Plus, 145–146
Optical geometry, 213
Optical properties, 202–203
of dental materials, 457, 458f
Oral cavity, as bacterial habitat, 48f, 50t
Oral lora, caries and, 40
Oral hygiene
dental caries and, 50, 58
treatment of, 79–80
poor, teeth stained by, 275
Oral irrigation device, 80
Oral surgery, 115
Orthodontic extrusion, crown lengthening
and, 422, 423f
Orthodontic treatment
for large diastema, 274
for malposed teeth, 268
Orthodontic wire, e55–e56
Orthodontics, 115
Outline form
for cast metal restorations, e97f, e110–e112
for Class V tooth preparation and
restoration, e76
for direct gold restorations, e73
for inlay tooth preparations, e108–e116
for porcelain veneer, 289
in tooth preparation, 127
veneer placement and, 293f–296f
Overmilling, 435

P
Packable (condensable) composite resin
materials, 472
Pain
dentin hypersensitivity and, 156
dentine caries and, 65
Palatoradicular grooves, periodontal health
and, 421
Palladium-silver alloys, 496
Palm-and-thumb grasp, e5–e6, e6f
modiied, e6, e6f
planing and, e102f
rest for, e6–e7
Paradigm MZ100 (3M), 446
Parasagittal plane, 26
Paste, bite registration, e126, e140f
Patient
adult, risk-based interventions for, 75t
age of, rubber dam and, e43
assessment of, 95–119
concern of, 96
dental history of, 96
diagnosis of, 95–119
examination of, 95–119
esthetic appearance, 96–97
occlusion, 97
teeth and restorations, 97–108
examination of, caries risk and, 77t
medical history of, 96
medically compromised, 77
position of, e23–e24, e24f
prognosis for, 112–113
protection of, rubber dam for, e27
response of, cutting procedures and
awareness of, e20
young, cast metal restoration for,
contraindications to, e95
Patient history, caries risk and, 71, 77t
Patterns
proximal contour and contact in, e139
wax, e139–e142, e141f
spruing, investing, and casting of, e142
Pellicle, 3–4
enamel, caries formation and, 48
Pen grasp, e6f
inverted, e5, e6f
modiied, e5
rest for, e6–e7
Percolation, deinition of, 453, 455, 455f,
455t
Periimplantitis, 104
Perikymata
plaque bioilm and, 44f–46f
scanning electron microscope view of, 46f
Periodontal disease, 417–418
diastema associated with, 272
in older adults, 117
Periodontal ligament (PDL), 415–416, 417f
functions of, 15
Periodontics, 114–115
Periodontitis, 417–418
periodontics for, 114–115
Periodontium, 15, 415–417
disease of, 417–418
restorative treatment on
efect of, 427–429
importance of maintenance therapy, 418
procedures, 422–427
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Peritubular dentin, 8, 138
pH
acid afect on dentin and, 153
caries and, 40
Phasealloy, 463t
1-phenyl-1,2-propanedione, spectral
absorption proile of, 174, 174f
Phosphate bonded investments, 493–494
Phosphate ions, saliva saturated with, 59–60,
63–64
Phosphoric acid
denaturation of collagen by, 151
enamel etched with, 137, 138f
etching with, 297–298
Phosphoric acid gel, 477–478, 478f
Photoinitiator molecule, 173–174
spectral absorption proiles of, 174, 174f
type I, 174
type II, 174
Photons, 172–173
interaction of, with electrons of
photoinitiator atom, 173–174,
173f–174f
in ultraviolet range, 173
Physiologic dentin sclerosis, 8
Physiology, clinical signiicance of, 1–39
Pin-retained amalgam restorations, 392–404
factors afecting, 393
placement factors and techniques in,
393–401
number of pins, 394
pin design, 399–400, 399f
pin insertion, 400–401, 400f–402f
pin size, 393–394, 394f
pinhole location, 394–396, 395f–397f
pinhole preparation, 396–399, 397t,
398f–399f
problems with, 401–404
broken drills, and pins, 403
failure of, 401–403, 403f
loose pins, 403
penetration in pulp, and perforation of
external tooth surface, 403–404,
404f
types of, 392–393, 392f–393f, 393t
Pindex drilling machine, e136
Pindex system, e136
Pit, 2–3
Pit and issure
caries in, 43b, 51f, 60
initiation of, 60
progression of, 52f–54f
cariogenic bioilm in, 49, 50f
sealants for, 85, 137
clinical technique for, 220–222, 221f
Planck-Einstein relation, 173
Plaque
caries treatment and, 78t
ilamentous bacteria in, 47f
formation of, 44f–47f
on posterior teeth, 51f
photomicrograph of, 44f–46f
Plasma-arc lights, 176f, 177–178, 178f, 184f
Plaster cast, e128f
PMMA. see Polymethyl methacrylate
Point angle, 123, 124f
Polishing paste, 256f
Polishing wheel, e145

Polyacid modiied composites (compomers),
477
Polycrystalline ceramics, 158–159
Polycrystalline restorative materials, 121, 122f
Polyether, impression with, 485
Polymer resin based, of commercial shade
guides, 207
Polymeric restorative materials, 121
Polymerization
composites and, 154–155
free radical, methacrylate-based, 170, 171f
inhibition of, 155
light-cured, reactions to, 172
rapid, 179
of resin-based composite, factors afecting,
175–176
strategies for, development of, 171–172
stress development during, 179
of veneer, 298
Polymerization shrinkage stress
of composite, 226
reduction of, 473–474
Polymethyl methacrylate (PMMA), 469,
469f
Polysulide, impression with, 485
Polyvinyl siloxane impression, 484–485
techniques for, e134
Polyvinyl siloxane impression material, 489,
489f
in cast metal restoration, e96, e134, e134f
dispenser for, e134, e135f
veneer and, 299–300
Polywave curing lights, 182, 184f
Pontic
all-metal, e56, e59–e66, e60f–e61f
all-porcelain, e66–e68
light-cured composite for, e68
technique for, e66–e68, e67f
denture tooth, e56, e58–e59, e59f
technique for, e58–e59
metal, e66
metal-and-porcelain, e64–e65, e64f–e65f
natural tooth, e56–e58
technique for, e56–e58, e57f–e58f
porcelain-fused-to-metal, e56, e59–66,
e60f–e61f, e65f
tip design of, e57f
types of, e56
Porcelain
discolored teeth treated with, 274–275
etched, veneer with, 289–299
feldspathic, indirect veneer and, 287
fractured, etching with, 304
hardness value of, e17–e18
opaque, veneer with, 298
success rates of, 309
veneer with, 283, 289–299
clinical procedures for, 291–299
example of, 137f
fractured, 453, 454f
intraenamel preparation for,
293f–296f
Porcelain bonding alloys, 495–499
alterations for, 495
biocompatibility of, 499
classiication of, 496, 496f, 496t
composition of, 496–497
economic considerations for, 499, 499t
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Porcelain bonding alloys (Continued)
strength of, 497–499
bonding to, 498–499
it of castings, 497–498
Porcelain-fused-to-metal ixed prosthesis, 501,
501f
Porcelain-fused-to-metal pontic, e56, e59–66,
e60f–e61f, e65f
Porcelain jacket crown (PJC), 501
Posselt diagram, 25f, 27
Posterior bite collapse, diastema associated
with, 272
Posterior guidance, 32
Powdered gold, e69
Power bleaching, 279
Power sensor, laboratory-grade, 183
PowerMax-Pro 150HD, 183, 185f
Predentin, 6–7
Prema compound, 282, 283f
microabrasion and, 282
Premolars, 1, 2f
mandibular
inlay for, e108f
tooth preparations for class II cast metal
restorations for, e97
maxillary, cast metal restoration for,
modiications for esthetics on,
e125
rubber dam hole size for, e36
rubber dam retainer for, e28t
Preparation extensions, for tooth preparation,
131
Preparation loor, 123
Primary cutting edge, hand instruments and,
e2–e4
Primary enamel cuticle, 3–4
Primary resistance form, in tooth preparation,
127–128, 128f
Primary retention form, in tooth preparation,
128, 128f
Prime & Bond NT, 145–146, 155
Principal ibers of ligament, 15
Prisma Universal Bond, 143
Probiotics, for dental caries, 85
Prophy Jet, e8
Prophy paste, 282
Prophylactic odontotomy, 125b
Proportionality, dental, 266–268
Prosthodontics, 115
Protanomaly, 200
Protease inhibitors, xerostomia from, 59t
Protective glasses, 193
Proton pump inhibitors, xerostomia from,
59t
Protrusion, 26–27
mandibular movement during, 27
muscles involved in, 26
Proximal caries, 43b
Proximal contact
in cast metal restoration, e139, e141f–
e142f, e145–e152
improper, in amalgam restoration, 104
open, in class II amalgam restoration, 463,
463f
Proximal contact area, 12, 12f–13f
Proximal margins, laring and beveling,
e106
Proximal overhangs, 102, 102f

526

Index

Proximal retention grooves, in Class II
amalgam restorations, 346–348,
347f–348f
Proximal walls, in Class II amalgam
restorations, 348, 349f
Public water system, luoride level for, 80–81
Pulp
anatomy of, 6
composition of, 6
exposed, in cast metal restoration, e101
function of, 6
inlammation of, 153
precautions for, cutting procedures and,
e19–e20
protection of
in cast metal restoration, e101–e104
Class V composite restoration and, 254
during tooth preparation, 130
Pulp capping, 89
Pulp cavity, 6, 6f
Pulp-dentin complex, 6–10, 66
pathologic challenge to, 10
Pulp stones, 69
Pulpal loor, 123
in cast metal restoration, e110
Pulpal wall, 123
Pulse delay, 180
Pumice
abrasion with, e17–e18
hardness value of, e17–e18
microabrasion and, 282
operating site prepared with, 224
Punch, for rubber dam, e29, e30f
Punch cut, for cast metal restoration, e97,
e98f
Q
Quartz
abrasion with, e17–e18
hardness value of, e17–e18, e18t
Quartz-tungsten-halogen (QTH) lights, 174,
176–177, 176f–177f
“turbo” light guides in, 179
tip design for, 188, 188f
R
Radiant exitance, 172
Radiant power
collected, 184
measurement of, 183
spectral, 183–184
temperature and, 190, 190f–192f
Radiation, caries risk and, 77
Radicular pulp, 6
Radiography, for restoration examination,
107–108, 108t–109t
Radiometers, dental, handheld, 187–188,
187f
Rake angle, bur design and, e15
Rake face, bur design and, e15
Rampant caries, 41f, 43b, 67f–68f
diet and, 77–79
Rayleigh scattering, 175–176
Reactive dentin sclerosis, 10
Relective shields, example of, e46f
Refractive indices, of resin and iller, 176
Reinforced glass ionomers, 476
RelyX Unicem, 159

Remineralization
for caries, 113
caries and, 40
demineralization and, balance in, 40, 42f
of dentin, 66–69
saliva and, 59–60, 84
Removable partial dentures (RPD), 438
Removable prosthodontics, 115
Residual caries, 43b
Resilient ceramics, 443–446
Resin-bonded splints and bridges, e52–e68
Resin cement
adhesive, 443–444
light-cured, 297
shade of, 297–298
veneer application and, 293f–296f
Resin-dentin bonding, 143–150, 144f
Resin-dentin interdifusion zone, 145
Resin-dentin interface, 139f, 141–142,
146f–147f
marginal gaps at, 152
micrograph of, 148f
Resin-enamel adhesion, 137
Resin-matrix ceramic, 159
Resin-modiied glass ionomer (RMGI), 130,
476
cement, 475–476, 475f
nonvital bleaching and, 278
in composite restoration, 226
materials, 90
Resins
adhesion to dentin of, 140t
composite, 146f, 469–474
bases and cavity liners in, 483
history of, 469
light curing of, 170
practical considerations for, 188–190
matrix, 469, 469f
refractive indices of, 176
restorative, light curing of, 173–174
Resistance form
for cast metal onlay, e121–e122
for cast metal restoration, e110
for distofacial defect, e115–e116
collar and, e124
of direct gold restorations, e73
Restoration margins, 107–108
Restorations
amalgam. see Amalgam restorations
caries-control, 87, 88f, 89, 89t
cast, veneer for, 302, 303f
cast metal. see Cast metal restorations
composite. see Composite restoration
defects of, 85–87
for dental caries, 85–87
direct gold, e69–e93
burnishing in, e75
Class I, e73–e75, e74f–e76f
Class II, e73
Class III, e73, e81–e92, e84f–e92f
Class V, e73, e75–e81, e77f–e83f
Class VI, e73
contraindications to, e73
inishing of, e75, e76f, e80–e81, e83f
indications for, e73
for maxillary incisors, e81–e84
polishing of, e81
replacement, e79f

Restorations (Continued)
separation of teeth and, e85–e86
tooth preparation for, e73–e92
direct temporary, e130, e131f
examination of, 97–108
adjunctive aids for, 108–111
radiographic, 107–108, 108t–109t
with glass-matrix ceramics, 157–158
indirect adhesive, 157–159
indirect temporary, e128–e130,
e128f–e130f
large, cast metal restoration for, e94
onlay, e116
recontour of, 116
repair of, 116
replacement of, 116
small, cast metal restoration for, e95
temporary, cast metal restoration for, e95,
e127–e128
Restorative dentistry
color and
appearance of teeth and dental materials,
203–205
perception in, 200–203
color matching in, 200–218
tools, dental shade guides, 205–211
improving shade matching skills of, 216
shade matching in, 200–218
trends in, 136–137
visual shade matching method of, 211–216
Restorative materials, 121
color-related properties of, 204–205
margins and, 428–429
Restorative products
direct, self-curing, 171–172, 172f
thickness of, efect of, 175, 175f
Retainer
application of rubber dam before, e41, e41f
cervical, e41
application of, e42f
jaws of, e41
stabilization of, e41
in Class V tooth preparation and
restoration, e75–e76, e77f, e81
dental loss tying for, e29f
inappropriate, e44
metal, pontic with, e59–e66
removable, stabilization with, e54
rubber dam, e27–e29, e28f–e29f
positioning of, e32, e32f
removal of, e39, e39f
selection of, e31, e31f
testing of, e32, e32f
types of, e28f
substitution with matrix, e42–e43, e44f
tissue trauma from, e44
types of, e28t
winged, e28–e29
wingless, e28–e29
Retention
with class I restorations, 229
form for foundations, 238f
inadequate, gingivectomy for, 424–425
Retention form
for cast metal onlay, e121–e122
for cast metal restoration, e110
for Class III tooth preparation and
restoration, e84, e89f
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Retention form (Continued)
for Class V tooth preparation and
restoration, e76
collar and, e124
for direct gold restorations, e73
dovetail, for cast metal restorations, e98,
e99f
extension of, e108
skirting and, e122
slot in, e124
Retention grooves
in cast metal restoration, e101, e102f,
e119–e121
in maxillary molar, cast metal restoration
for, e110, e111f
proximal, in Class II amalgam restorations,
346–348, 347f–348f
for tooth preparation, 131
Retraction, operative dentistry and, e26
Retraction cord, e48, e49f
in cast metal restoration, e101, e103f,
e105f
composite restoration and use of, 253
diastema treatment and, 272, 273f
impressions and, 429
insertion of, in cast metal restoration,
e133f
in polyvinyl siloxane impression, e135f
veneer application and, 293f–296f, 297
veneer procedure and, 292–296
Retrusion, mandibular, muscles involved in,
26–27
Reversible pulpitis, 10
Ribbond, e52, e53f
Right front position, e23, e25f
Right position, e23, e25f
Right rear position, e23–e24, e25f
Rigid-material supported sectional matrix, for
Class II amalgam restorations, 364–365,
364f–365f
Rinsing
after rubber dam removal, e39–e40, e40f
caries risk and, 82
Risk assessment
of dental caries, 40–94
for children, 75
dental clinical analysis for, 75
form for, 72f–74f
risk categories in, 70
patient examination and, 112
Risk factor, deined, 69–70
Risk indicators, deined, 69–70
Risk markers, deined, 69–70
Risk proile, 112
Rochette bridge, e60, e60f–e63f, e62–66
Rods, in color vision, 200
Root
caries in, 43b, 50
bacteria in, 50t
management of, 89–90
preventive protocol for, 89–90
risk factors for, 89
surface lesions on, cast metal restoration
and, e110, e110f
surfaces of
bioilm on, 50
caries development at, 51f, 61
Root canal dentin, adhesion to, 156–157

Root canal therapy
cast metal restoration and, e104
tooth discoloration and, 278
Root-surface caries, 50
Root-surface sensitivity, treatment of,
115
Rotary instrument axis alignment, in tooth
preparation, 125, 126f
Rotation
mandibular, 24f, 26–27
minor, correction of, 268, 268f
Royal Mineral Succedaneum, 465
Rubber dam
advantages of, e26–e27
in amalgam restorations, 311
anchors for, e30, e30f, e33, e33f
application of, e35, e35f
before retainer, e41, e41f
and retainer simultaneously, e38–e41,
e40f–e41f
testing before, e31, e31f
in cast metal restoration, e101
for Class I amalgam restoration, 323,
332
for Class II amalgam restoration, 338
for Class V amalgam restoration, 377–378,
378f
disadvantages of, e27f
errors in application and removal of,
e44–e45
examination of, e40, e40f
frame for, e27, e27f, e32, e32f
hole size and position in, e30–e38, e36f
instruments for, e27–e30
inversion of, during application, e34,
e34f
isolation with, e26–e45
lubricant for, e29–e30
lubrication of, e31, e31f
materials for, e27–e30
moisture control and, e26
moisture prevention with, e26–e27
napkin for, e29–e30, e30f, e32, e32f
neck strap for, e33, e33f
of-center arch form and, e44, e46f
operator protection with, e27
passing through posterior contact, e33,
e33f
patient age and, e43
patient protection with, e27
placement of, e38
punch for, e29, e30f
punching holes in, e31, e31f
errors in, e44
removal of, e39, e39f
retainer for, e27–e29, e28f
positioning of, e32, e32f
removal of, e39, e39f
selection of, e31, e31f
testing of, e32, e32f
types of, e28f
retainer forceps for, e29
rigid supporting material for, e33,
e33f
stamp for, e38f
template for, e38f
wedge insertion and, e35, e35f
Rubber wheel abrasive, e147
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S
Saliva
analysis of, caries risk assessment and,
71–75
antibacterial activity of, 58–59
as anticaries agent, 58–60, 58t
bacterial clearance by, 58
bufer capacity of, 59
calcium ions in, 59–60, 63–64
drugs for control of, e49
luoride ions in, 63–64
function of, 84
phosphate ions in, 59–60, 63–64
remineralization and, 59–60
stimulation of, caries treatment and, 78t
Saliva ejectors, e46–e48, e48f
rubber dam application and, e35, e35f
Scotchbond, 143
Scotchbond 2, 143
Scotchbond Universal Adhesive, 157–158
Sealants
for dental caries, 85, 86f
pit-and-issure, 85
Sealing cement, nonvital bleaching and,
278
Secondary cutting edge, hand instruments
and, e2–e4
Self-adhesive resin cements, 157, 157f
Self-cure composite, 155–156
Self-curing direct restorative products,
171–172, 172f
Self-etch adhesives
one-step, 145t, 149
role of water in, 151
two-step, 145t, 146–149
Self-etching primer, 146, 147f, 481
Sensitivity
Class V composite restoration and, 254
postoperative, 261
Separating disk, e17
Separator, for direct gold restoration, e85–86,
e86f
Septa
cutting of, rubber dam removal and, e39,
e39f
incorrect cutting of, e45
rubber dam application and, e33–34,
e34f
Setting expansion, gypsum bonded
investments and, 494
Sevriton Cavity Seal, 142–143
Shade matching duration, 214, 216f
Shade matching skills, improving, 216
Shade selection, procedure for, 269
Shade tab positioning, 213–214, 213f–215f
Shanks
angles of, e2
in diamond instruments, e15
example of, e2f
of hand instrument, e1
in rotary cutting instrument, e9–e10, e9f
Sharpey ibers, 10, 11f
Shelf life, of impression materials, 487
Sialin, in saliva, 59
Silane agent, veneer application and, 297
Silane coupling agents, 157, 469–470
Silicate cement, 469
Silicoating, bridges and, e60
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Silicon carbide
hardness value of, e17–e18
microabrasion and, 282
Silicone, impression with, 485
Silorane technology, 473
Silver amalgam, 461–464
advantages of, 461–462
composition of, 462–463, 462t–463t, 463f
evaluation of, 463–464
manipulation of, 464
mercury and, 464–469
anti-, research in, critique of, 466–467,
466f
classical research of, 465
continued use of, research supporting,
467–468
environmental impact of, 468
historical review of, 465
safety of, research questioning, 465–466
removal of, unwarranted, impact of,
468–469
Silver diamine luoride, for caries
management, 83, 83f
Silver-tin-copper alloy, 306
Simultaneous color contrast, 203, 203f
Skeletal muscle relaxants, xerostomia from,
59t
Skirt
disadvantages of, e122
extension of, e115–e116, e117f, e121,
e122f–e123f
preparation of, e122–e124
for tooth preparation, 131
Slot
distal, for onlay, e125f
preparation of, e124–e125
Slot-retained amalgam restorations, 391–392,
391f–392f
Small Class II direct composite restorations,
230
Smear layer
acidic primer for, 143
cutting procedures and, e20
demineralization of, 144, 144f
dentin surface and, 143
removal of, by acid etching and, 143–144
Smear plug, 139, 142f
Smile
esthetic appearance of, 266
harmony and balance of, 268
Smoking, caries risk and, 71, 77t
Smooth-surface caries, 43b
Social status, caries risk assessment and, 71
Sodium perborate, bleaching with, 278
“Soft-start” curing mode, 180
Soft-start exposures, 180
“Soft-start” polymerization, 473
Soft tissue, precautions for, cutting
procedures and, e20, e20f
Solubility, 456–457, 457f
Spectral radiant power, measurement of,
183–184
Spectrometer, optical, 183–184, 185f
Spectrophotometer, 183–184
Speed of light, wavelength and, 173
Spherical alloys, 463
Splint-and-bridge combination, mandibular
anterior, e63–e64

Splinting material, polyethylene-coated woven
fabric for, e52–e54
Splints
for anterior teeth, e52–e54, e53f
for avulsed teeth, e55–e56, e55f
ixed wire, e54–e55
orthodontic treatment and, e54–e55, e55f
resin-bonded, e52–e68
Split cast, e136
Split-tooth syndrome, e122
Spoon
Bin-angle, e3f
triple-angle, e3f
Spoon excavators
application of, e4
examples of, e3f
Squamous epithelium, mucosa and, 14
Stability, of restorative materials, 205
Stabilization, after orthodontic treatment,
e54–e55, e55f
Stain. see Discoloration
Stark-Einstein law, 173
Sterilization, of handpiece, e8
Stools, operating, e24
Streptococcus sanguis, pits and issures and,
49
Striae of Retzius
plaque bioilm and, 44f–46f
Strip, splinting and, e52–e54
Study cast, 109–110
Subgingival caries, gingivectomy for, 424,
424f
Submucosa, 14
Sucrose
caries formation and, 60
caries risk assessment and, 71
Sugar, intake of, caries risk assessment and,
71
Supporting alveolar bone, 15
Surgeon’s knot, e43, e45f
Surround/viewing conditions method, control
of, 212, 212f
Symmetry, dental, 266–268
Syringe, composite inserted with, 251
T
Tarnish, 456, 456f
Tear, cemental, 420, 421f
Technique sensitivity, 453
Teeth, 1–15
abutment, in cast metal restoration,
e110
alignment of, 268, 268f
anterior
embrasure of, 271
multiple diastemas among, 274
proportionality of, 266–267
reshaping of, 270f
restoration of, 264–265
splinting of, e52–e54, e53f
width-to-length ratio, 267
apparent length of, 265
apparent size of, 265, 266f
attachment apparatus of, 15
avulsed, splinting of, e55–e56, e55f
bacteria in, 50t
cariogenic bioilm habitats on, 48–50
classes of, 1, 2f

Teeth (Continued)
color of, 219, 268–269
aging and, 269
appearance and, 203–205
contacts
anterior, 37
conservative alteration of, 270–274
posterior, 37
contours of, 11–12, 12f, 264
conservative alteration of, 270–274
normal, 11
discolored
extrinsic, 275–276
intrinsic, 276–277
porcelain veneer for, 298, 299f
treatments for, 274–277
endodontically treated, cast metal
restoration for, e94, e125–e126
examination of, 97–108
adjunctive aids for, 108–111
radiographic, 107–108, 108t–109t
form of, 1
conservative esthetic procedures and,
264–266
function of, 1, 11
hole position for receiving cervical retainer,
e41, e43f
malformed, porcelain veneer for, 298, 298f
malposed, treatment of, 268
mandibular, rubber dam hole size for, e36,
e37f
maxillary, rubber dam hole size for, e36,
e37f–e38f
maxillary anterior, veneer for, 286–287
mobile, splinting and recontouring of, e53f
mobility of, stabilization of, e52
normal, bitewing radiograph of, 56f
periodontally involved, e52–e54
physiology of, 11–14
position of, 268, 268f
posterior
bioilm formation on, 51f
cervical retainer placement on, e41
endodontically treated, e125–e126
rubber dam hole size for, e35–e36
proportionality of, 266–268, 267f
proximal contact area of, 12, 12f–13f
reshaping of, 270f
restored, interfacial gaps and, 142
at risk for fracture, e94
sensitive, bleaching as cause of, 281
separation of, direct gold restoration and,
e85–e86
shape of
alteration of, 270–271
conservative esthetic procedures and,
264–266
illusion of, 265, 266f
treatment for, 271
stabilization of, after orthodontic
treatment, e54–e55, e55f
stained, tetracycline as cause of, 269
structures of, 1–11
surface of
modiication of, caries treatment and,
78t
texture of, 268
symmetry of, 266–268
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Teeth (Continued)
tetracycline-stained, 281, 281f
veneer for, 284f
translucency of, 269, 269f
width-to-length ratio, 267, 267f
Telescopes, surgical, e26f
Telio CAD (Ivoclar), 447
Temperature, intrapulpal, considerations for,
190–191, 190f–192f
Temporary threshold shift, e21
Temporomandibular joints (TMJs)
lexibility in, 28–30
lateral shift, 32, 35f
mandible and, 22, 24f
muscle function of, 22–26
Tensile strength, of dental materials, 457–458
Terminal hinge (TH)
closure, 30
movement, 26
Test sensitivity, 111
Test speciicity, 111
Tetracycline
intrinsic discoloration caused by, 276, 276f
teeth stained by, 269
bleaching of, 281, 281f
crown for, 281–282
veneer for, 281–282, 284f
hermal coeicient of expansion (COE),
454–455, 455f, 455t
hermal conductivity, through dental
material, 455–456, 455t
hermal expansion, gypsum bonded
investments and, 494
hermocatalytic efect, bleaching and, 280
hermopile, 183, 185f
hread Mate System (TMS), 393, 393t
hree-step etch-and-rinse, 140t, 143–145
hreshold limit value (TLV), 466–467
hroat screen, e47f
hroat shields, e46, e47f
Tin-mercury phase (gamma-2), amalgam
restoration and, 306
Tint, translucency and, 269
Tissue massage, after rubber dam removal,
e39–e40, e40f
Tissues
retraction of, in cast metal restoration,
e132–e134, e132f–e133f
supporting, 1–15
Titanium alloys, 497
TMJs. see Temporomandibular joints
Tobacco, teeth stained by, 275
Tolemire retainer and band, for complex
amalgam restoration, 406, 408f
Tolemire-type matrix band, 234, 234f
Tomes ibers, 6, 6f
Tongue
bacteria in, 50t
precautions for, cutting and, e20
Tongue thrusting, diastema associated with,
272
Tooth color
clinical examination of, 96–97
treatment of, 116
Tooth dehydration, 212
Tooth fracture, gingivectomy for, 424
Tooth grinding, 106
Tooth position, periodontal health and, 421

Tooth preparation, 120–135
adhesive amalgam restorations for, 133
for amalgam restorations
Class I, 323–329, 323f–329f, 332–336
Class II, 338, 345–348
Class III, 369–375, 369f–375f
Class V, 378–383, 379f–382f
inal, 315–316
initial, 312–315, 312f
outline form in, 313–314, 313f
principles for, 312
box-only
for amalgam restoration, 316, 316f
for Class II amalgam restoration, 351,
351f
for cast metal inlays, e97–e116
for cast metal onlays, e116–e126
for cast metal restoration, e96–e126
distoocclusolingual, e110
Class I, 120
Class II, 120
Class III, 120
Class IV, 120
Class V, 120
cervical retainer used in, e41
Class VI, 120
classiication of, 120
complex, 123
for complex amalgam restoration,
388–391, 389f–390f
slot-retained, 391–392, 391f
for composite restoration
Class I, 224–226, 224f–225f
Class II, 226f, 229–233, 231f–233f
Class III facial approach, 239–243,
240f–244f, 255f
Class IV, 248–249, 249f–251f
Class V, 253–255, 256f–257f
compound, 123
consideration to, 120, 121b
convenience form in, 128–129
conventional, for amalgam restoration,
316, 316f
debridement in, 132, 133f
defective restorative material and/or soft
dentin in, removal of, 129–130
deinition of, 120–123
desensitization of, 133–135
design of, for Class I amalgam restoration,
331f
for direct gold restorations, e73
Class I, e73–e75, e74f–e76f
Class III, e81–e92, e84f–e92f
Class V, e75–e81, e77f–e79f
disinfection of, 133–135
distoocclusal, for maxillary irst molar, 350
equipment for, e1–e22
for esthetics, e108
external wall inishing in, 131–132, 132f
extracoronal, 122–123, 123f
inal stage of, 129–132
initial depth in, 127
initial stage of, 126f, 127–129
inspection of, 132
instruments for, e1–e22
intracoronal, 121–122, 122f
mesioocclusal, for maxillary irst molar,
349, 350f
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Tooth preparation (Continued)
mesioocclusodistal, e108
mesioocclusolingual, for maxillary irst
molar, 350f
objectives of, 120
occlusal, amalgam restoration and, 320f
occlusal contact identiication in, 125,
126f
outline form in, 127
for pin-retained complex amalgam
restoration, 392–404
for porcelain veneer, 289–291
primary resistance form in, 127–128, 128f
primary retention form in, 128, 128f
proximal box, 313f
pulp protection during, 130
for quadrant dentistry, 367
rotary instrument axis alignment in, 125,
126f
secondary retention and resistance forms
in, 130–131
simple, 123
for slot-retained complex amalgam
restoration, 391–392, 391f
stabilization of, 133–135
stages of, 124–132
steps of, 124–132, 125b
terminology in, 123
treatments to enhance restoration,
133–135
tunnel, 133
Tooth strength, Class V composite restoration
and, 254–255, 257f–258f
Tooth-to-tooth relationship, 20
Tooth-to-two-tooth contact, 20
Toothbrush
electric, 80
powered, 90
wear from, 79f–80f
Toothbrushing, caries and, prevention of, 79
Transformation toughening phenomenon,
506, 507f
Transillumination, for caries, 101
Translation, mandibular, 24f, 26–27
Translucency
illusion of, 269
optical properties and, 202
tooth restoration and, 269, 269f
Treatment planning, 95–119
approval of, 118
control phase of, 114
deinitive phase of, 114
general considerations to, 113
maintenance phase of, 114
for older patients, 117–118
operative, interdisciplinary considerations
in, 114–115
reevaluation phase of, 114
sequencing/phasing of, 113–118
urgent phase of, 114
Trial-it, of casting, e142–e143
Triangular ridges, cusp, 20
Triangular wood wedge, 245f
Tricyclic antidepressants, xerostomia from,
59t
Trimmer, gingival margin, e3f, e4–e5
Tritanomaly, 200
Trituration, 464
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True negative, patient diagnosis and, 111
True positives, patient diagnosis and, 111
Try-in, veneer, 297
Two-step etch-and-rinse adhesives, 140t,
145–146, 145t
Two-step self-etch adhesives, 140t, 145t,
146–149
Tytin, 463t
U
Ultracapacitors, 182
Ultraviolet light, 174
Undermilling, 435
Uniformity, light beam, 184–186, 186f
Universal adhesives, 149–150, 155–156
interfacial bonding degradation in,
149–150
moist dentin and, 151
Universal matrix
for Class II amalgam restorations,
355–364, 357f–364f
for complex amalgam restoration, 406,
406f–409f
Urethane dimethacrylate, 143t
V
Vaccine, anticaries, 83–84
Valiant, 463t
Value
color dimension of, 201
as element of color, 268–269
Vancomycin, for dental caries, 84t
Vapor, cutting as cause of, e21
Varney foot condenser, e70, e80, e90–e92
Varnish, cavity, 483
Velocity, cutting and, e7
Velvalloy, 463t
Veneer bridges, e66
Veneers, 283–304
bonding of, 297
butt-joint design preparation, 291
butt-joint incisal design, 286, 290f–291f
ceramic for, 283
example of, 299f
pressed, 299
composite for, 283–284
defective composite, 289–299
direct, 286–287
direct composite, repairing, 304f
direct full, 286–287
example of, 287f
direct partial, 285f, 286
discolored teeth treated with, 274–275
etched porcelain, 289–299
it of, 297
full, 283–284, 285f
preparation for, 286
window preparation for, 286
gingival margin of, 285–286
incisal-lapping approach for, 286
indirect, 284–285, 287–299
intraenamel preparation for, 285,
290f–291f

Veneers (Continued)
intrinsic discoloration treated with, 277
lapping preparation for, 291
margins of, 298
for maxillary anterior teeth, 286–287
for metal restoration, 302–303
no-prep, 285, 288–289
example of, 288f–289f
overcontoured, 285
partial, 283, 285f
polymerization of, 298
porcelain for, 283
clinical procedures for, 291–299
for discolored teeth, 299f
example of, 293f–296f, 298f
incisal-lapping design, 292f
incisal lapping preparation, 296f
indirectly fabricated, 286
intraenamel preparation for, 290f–291f
repair of, 304
temporization of, 300f–302f
tooth preparation for, 289–291
provisionalization of, 299–302
repairs of, 303–304, 304f
shade of, 297
temporary, 297
try-in of, 297
types of, 285f
Visibility, rubber dam application and, e35,
e35f
Visual shade matching method, 211–216
ive pre-shade matching steps of, 212–216
communicate, 214
perform at beginning, 212
set light and observer, 213
use appropriate technique, 213–214
verify, 214–216
three pre-shade matching steps of,
211–212
Vita Bleachedguide 3D-Master, 205–206,
206f
Vita Linearguide 3D-Master, 207f
Vita Mark I blocks, 443
Vita Mark II blocks, 443, 444f
Voids, 102

Wall (Continued)
occlusal, for Class V tooth preparation and
restoration, e77–79, e80f–e82f
vertical, in cast metal onlay, e115–e116
Wall lesions, 60
Water system, luoridated, 80–81
Water tree, adhesion and, 153, 153f
Wavelength
iller particles and, interaction between,
175–176, 176f
speed of light and, 173
Wax patterns, in cast metal restoration,
e139–e142
inishing, e141–e142, e144f
initial withdrawal and reseating of, e142,
e145f
Waxing, forming the occlusal surface and,
e139–e141, e143f
Wedelstaedt chisels, e4
in direct gold restorations, e79, e82f, e86,
e87f
example of, e3f
Wedge
in amalgam restoration, 311
in composite restoration, 229
distal, 425, 425f
double, 360, 361f
gingival, in Class II amalgam restoration,
343–344
at gingival margin, matrix and, 245
triangular wood, 245f
types of, 244
Wedge insertion, rubber dam application
and, e35, e35f
Wet-bonding, ethanol, 151
Wettability, 459–460, 460f
White spot defect, macroabrasion for, 282
White spots
decalciied, 276
macroabrasion for, 282
Whitening, procedures for, 274–275
Wide opening, mandibular, 26
Work position, seated, e24
Working distance, 109
Working side, mandibular pathways, 27

W
Wall
axial
in cast metal restoration, e99–e100
for Class V tooth preparation and
restoration, e76–79, e78f
distal, for Class V tooth preparation and
restoration, e78f, e79, e80f–e81f
distofacial, in cast metal restoration, e102f
distolingual, in cast metal restoration,
e102f
gingival
in cast metal restoration, e100–e101
for Class V tooth preparation and
restoration, e77, e78f
mesial, for Class V tooth preparation and
restoration, e77–79, e78f, e80f–e81f

X
Xerostomia. see also Dry mouth
deined, 58
medications causing, 59t
Xylitol gum, 85
Y
Young holder, e27, e27f
Young modulus, 154–155
Y-TZP-based biomaterials, 158
Z
Zirconia
bonding, 507–508
ceramics and, 158
restorations, 506, 506t, 507f
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