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Dr Terry received his DDS in 1978 from the University of Texas Health Science Center
(UTHSC) Dental Branch at Houston, where he is an assistant praofessor in the Depart-
ment of Restorative Dentistry and Biomaterials. He is an accredited member of the
American Academy of Cosmetic Dentistry, an active member of the European
Academy of Esthetic Dentistry, and an honorary member of the Indian Academy of
Restorative Dentistry. He has served as a research associate for REALITY Research Lab
and a clinical associate for REALITY Publishing, and he is a member of the Interna-
tional Association for Dental Research. Dr Terry has received a number of professional

Douglas A. Terry, bps

awards as well as fellowships in the American and International College of Dentists,
the Academy of General Dentistry, and the International Academy of Dental Facial
Aesthetics. He is a member and the US vice president of Oral Design International. Dr
Terry is also an editorial member of numerous peer-reviewed scientific journals and
has published over 230 articles on various topics in esthetic and restorative dentistry
and has authored the textbook Natural Aesthetics with Composite Resin (Montage
Media, 2004). He has lectured both nationally and internationally on various subjects
in restorative and esthetic dentistry. Dr Terry is the founder and CEQ of design Tech-
nique International and the Institute of Esthetic and Restorative Dentistry. He main-
tains a private practice in Houston, Texas.
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AUTHORS

Mr Geller is a master ceramist and dental technician from Zurich, Switzerland. Through
the visionary power of his dental restorations, he has significantly influenced esthetic

awareness in dentistry for an entire generation of dental technicians and dentists. He
has created revolutionary rules and guidelines in dental esthetics for technicians as
well as dentists at a time when it was not in vogue. Mr Geller has developed the lat-
eral segmental layering technique, the ceramic shoulder, the “Geller-wing" technique,
the Geller cutback technigue, and Creation porcelain. He is recognized in the dental
field as “Maestro," the true teacher, and his ideas and concepts are followed and dis-

Willi Geller, moTt

seminated by outstanding international technicians and clinicians. Mr Geller is the
founder of Oral Design International, a group of leading technicians and clinicians
chosen by him to disperse new knowledge and information around the world, He
has received numerous awards from international professional institutions for his out-
standing professional achievements and contributions to esthetics, laboratory com-
munication, and dental technology. He maintains an Oral Design laboratory in Zurich,
Switzerland.
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editors

Dr Bichacho is the head of the Ronald E. Goldstein Center for Aesthetic Dentistry and
Clinical Research at the Hebrew University Hadassah Faculty of Dental Medicine, Jeru-
salem, and holds the post of expert in prosthodontics at the rank of professor. He is
the former president and a life member of the European Academy of Esthetic Den-
tistry (EAED) and a diplomate of the International Congress of Oral Implantologists

Nitzan Bichacho, omp

(ICOI). He also serves on the editorial boards of leading international dental journals.

Dr Bichacho is the inventor and creator of novel techniques, materials, and systems
that have becorme widely used around the world. He publishes and lectures exten-
sively worldwide in the fields of dental implant therapy, fixed prosthodontics, inter-
disciplinary treatments, and innovative treatment modalities in esthetic dentistry.

Dr James received his DDS from the Universidad del Bajio “La Salle"in Ledn, Mexico, in
1990. He subseguently completed a residency in prosthodontics and a fellowship
program in implant dentistry at the UTHSC Dental Branch at Houston. There he served
as a director of the implant program. He has participated in many postdoctoral
courses and seminars and is a graduate of the Orognathic Bicesthetic Institute. Dr
James has published numerous scientific articles on esthetics, implantology, peri-
odontal plastic surgery procedures, occlusion, and restorative dentistry. He currently
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Alejandro James, pps, MsD : y

serves as an associate editor for the Spanish language version of Dental Dialogue and

as a faculty member for the Orognathic Bioesthetic Institute. He lectures nationally
and internationally on numerous topics related to esthetic and restorative dentistry
and consults on product development for industry manufacturers. Dr James main-
tains a private practice in Ledn, Mexico.
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Dr Blatz graduated with a DMD and received an additional doctorate as well as a
postgraduate certificate in prosthodontics fram the University of Freiburg, Germany.
He is currently a professor of restorative dentistry and chairman of the Department of
Preventive and Restorative Sciences at the University of Pennsylvania School of Den-
tal Medicine. He formerly was chairman of the Department of Comprehensive Den-
tistry and Biomaterials, assistant dean of clinical research, and director of the Master
of Sciences in Oral Biology program at Louisiana State University Health Sciences

Markus B. Blatz, omp, phD

Center School of Dentistry in New Orleans. Dr Blatz is a diplomate of the German
Society of Prosthodontics and Material Sciences. He is the associate editor of Quintes-
sence International and Quintessence of Dental Technology and an editorial board
member of several recognized peer-reviewed scientific dental journals. He is also a

member of multiple professional organizations, including the European Academy of
Esthetic Dentistry and Omicron Kappa Upsilon National Dental Honor Saciety. Dr
Blatz has published and lectured extensively on various facets of restorative dentistry,
implantology, and dental materials.

-,;! Dr Stankewitz received his DDS from the UTHSC Dental Branch at Houston in 1983.
He subsequently obtained his board certification from the American Board of Pros-
thodontics in 1989. He has over 20 years of experience in all phases of dental labora-
tory technology and is a master technician in the area of porcelain esthetic restora-
tions on both natural teeth and osseointegrated implants. Dr Stankewitz is a member

Mark L. Stankewitz, pos, cot

of numerous professional organizations and is the president of design Technique In-

ternational. He is also a fellow of the American College of Prosthodontics. He has
published and lectured nationally on esthetics, implant dentistry, and advanced labo-

ratory technigues. Dr Stankewitz maintains a private practice in Houston, Texas, where

he also owns and operates a dental laboratory.
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Mr Tric first studied in France at the College of Leonardo Da Vinci and the University of
Pharo while beginning his apprenticeship in dental technology. He has 15 years of
experience in all phases of dental laboratory technology and has spent these years
studying the secrets and principles of esthetics. He specializes in the many facets of

porcelain esthetic restorations on both natural teeth and ossecintegrated implants.
Mr Tric is a member of Oral Design International and has a center for Cral Design in

Olivier Tric, moT

Elmhurst, lllinois. He serves on the editorial board of Spectrum and has authored nu-
merous scientific articles on ceramic layering technigues and esthetic dentistry. Mr
Tric has lectured and given numerous hands-on courses to dentists and technicians
throughout the United States and Europe. He is also a consultant in the area of new
product development and clinical testing of materials for dental manufacturers and
laboratories. Mr Tric currently owns and operates a dental laboratory and an educa-
tional center in Elmhurst, lllinois.

Mr Adar first studied in Tel Aviv, Israel, and then with Willi Geller in Zurich, Switzerland.
With 30 years of experience in all phases of dental laboratory technology, he special-
izes in porcelain esthetic restorations on both natural teeth and ossecintegrated im-

plants. Mr Adar is the president of Adar International, an active member and on the
executive board of the American Academy of Cosmetic Dentistry, an active member
of the American Academy of Esthetic Dentistry, and the vice president of the Georgia
Academy of Cosmetic Dentistry. He is also a member in the NADL and SCDL and is the

Pinhas Adar, mor, cDT

US coordinator of Oral Design International and has a center for Oral Design in At-
lanta, Georgia. Mr Adar is on the advisory board of the Amara Institute and is a guest
presenter at the Harvard School of Dental Medicine. He is on the editorial advisory
board of the Quintessence Yearly Journal, the Journal of Esthetic Dentistry, the Journal of
Collaborative Techniques, Spectrum Dialogue, Everest Publishing Media, and Inside Den-
tistry. Mr Adar is an international lecturer on various topics on esthetic and implant

dentistry.
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Dr John O. Burgess is a graduate of Emory University School of Dentistry. He received
his MS in biomedical sciences from the UTHSC at Houston and completed a 1-year
general practice residency and a 2-year general dentistry residency in the US Air
Force. Currently the assistant dean for clinical research at the University of Alabama at
Birmingham, Dr Burgess served as a military consultant in general dentistry to the Air
Force Surgeon General. He has received certification from the American Board of
Dentistry and is a diplomate of the Federal Services Board of General Dentistry. He is

John O. Burgess, bps, Ms

a member of the American Academy of Esthetic Dentistry, the Academy of Restor-
ative Dentistry, the American Dental Association, the American Association for Dental
Research, and the Academy of Operative Dentistry. Dr Burgess received the Hollen-
beck Award for outstanding work in Operative Dentistry in Biomaterials in 2010 and
is a fellow of the Academy of Dental Materials and the American College of Dentists.
A prolific researcher, he has published more than 400 articles, abstracts, and book
chapters. He is a member of the editorial board for Inside Dentistry, served on the
executive board for the American Association for Dental Research, and served as a
consultant to the American Dental Association’s Council on Scientific Affairs. He is a
member of two ADA committees on specification development for materials and
devices. He lectures extensively nationally and internationally and has presented
maore than 900 continuing education courses.

Dr Powers graduated from the University of Michigan with a BS in chemistry in 1967
and a PhD in dental materials and mechanical engineering in 1972. He received an
henorary PhD from the Nippon Dental University in 2011, Dr Powers is the senior
editor of the Dental Advisor and a clinical professor of oral biomaterials in the Depart-
ment of Restorative Dentistry and Prosthodontics at the UTHSC at Houston. Dr Pow-
ers has authored more than 1,000 scientific articles, abstracts, books, and book chap-

John M. Powers, phD

ters. He is a coauthor of the textbook Dental Materials: Properties and Manipuiation,
Eighth Edition (Mosby, 2003) and a coeditor of Craig’s Restorative Dental Materials, Thir-
teenth Edition (Mosby, 2011) and Esthetic Color Training in Dentistry (Mosby, 2004), He
serves on the editorial boards of many dental journals. He has given numerous scien-
tific and professional presentations in the United States, Mexico, South America, Eu-
rope, and Asia.
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introductior

The dental profession has devoted most of its history to restoring the effects of
dental disease. The last two decades have evidenced a paradigm shift in this philoso-
phy that has been guided by a greater understanding of science. During this evolu-
tion, restorative dentistry has adopted a medical model for decision making in the
treatment of dental disease that allows clinicians to individualize and evaluate all
components of the process for a proper treatment strategy. This process also edu-
cates and involves the patient in treatment decisions, which results in acceptance of

appropriate preventive and restorative strategies and improved compliance and oral
health.

The public’s interest in health and beauty has become an engine that continues to
drive the demand for cosmetic dental procedures. In the past, achieving a beautiful
smile required submission to extensive invasive procedures and expensive fixed den-
tal prosthetic restorations. Advancements in restorative material formulations and
adhesive technology have expanded the treatment possibilities for the clinician and
technician. In addition, these advances have increased the myriad opportunities
available to discriminating patients and have provided solutions to many of the re-
storative and esthetic challenges faced by clinicians. Also, this changing technology
allows the clinician to treat many esthetic and restorative challenges through more
simple, conservative, and economical methods. This evolution in philosophy and sci-
ence has resulted in a change in the trend for dental treatment. There has been a shift
from patients seeking disease-related treatment to elective cosmetic enhancement.

This edition of Esthetic & Restorative Dentistry: Material Selection & Technique was
compiled to explain and teach esthetic dental procedures through illustrations of
everyday clinical situations. It is not designed to advocate one restorative material as
the best or prescribe to clinicians which materials to use. Instead, its purpose is to il-
lustrate how a selected material and/or instrument should be used with a specific
and thorough protocol to achieve the highest level of excellence for that material and
clinical situation. The editorial team members were selected from different areas of
the world for their scientific knowledge and clinical and laboratory expertise. This in-
ternational group encompasses many facets of esthetic and restorative dentistry,
including biomaterials, laboratory technology, operative, prosthetic, periodontal,
and implant dentistry. This combination of input will provide clinicians, technicians,
and auxiliaries with the proper information to make improvements in their work
while maximizing their productivity and providing improved oral health care to their
patients.

¥wtagram.com/high_dent www.highdentlab.COSMHETIC & RESTORAT Ilvme/fmghsert




OB31053 9 oljlslass Lo i Sl (G5luwslass gl py

foreword

In this second edition, Dr Douglas Terry,a member of the faculty at the University of
Texas Health Science Center, has gone to great lengths to assemble an international
core of experts from quite diverse dental fields, where the prerequisite was to put
together a sequential series of monographs addressing those very issues that we as
clinical dentists encounter in our day-to-day practices. These range from the initial
phase of diagnosis and communication through the essentials of different clinical
procedures, such as the different forms of tooth preparations, through impression
making, provisionalization, and the actual restorative modality.

A chapter is devoted toward the complex but all-important issue of cementation,
be it for a veneer, partial denture, porcelain-fused-to-metal crown, or an all-ceramic
restoration. He also includes a chapter on the all-too-often-neglected aspect of clini-
cal documentation and photography, as well as some of the essentials on esthetic
post systems, periodontal plastic procedures, and implant dentistry.

The esthetics-driven decade in dentistry requires an ever-increasing body of know!-
edge essential to the process of clinical decision making for beautiful smiles or es-
thetic restorations. Since the publication of the first edition of Esthetic & Restorative
Dentistry: Material Selection & Technique, this international forum evolved, but it con-
tinues to provide global information from a multitude of different countries. The new
editors for this second edition extend from Dr John Powers from Michigan and Dr
John Burgess from Alabama to Dr Nitzan Bichacho from Israel. Updated clinical, labo-
ratory, and scientific concepts were provided by Dr Jussara Bernardon and Dr Luiz
Baratieri from Brazil; Dr Tetsuji Aoshima, Dr Yoshihiro Kida, and master technician
Jungo Endo from Japan; master technician August Bruguera from Spain; and myself,
the representative from South Africa. No corner of any continent was left unturned
seeking out the most appropriate teachers for the task at hand.

‘Q%vﬁ(/? e C<e
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preface

The last 50 years have witnessed an unimaginable amount of change in restorative
dentistry. The evolution of materials and techniques has been so great that it has
become virtually impossible for the clinician to keep abreast. Silicate cement and
acrylic resin have been completely replaced by composite resins. Major improve-
ments in physical and mechanical properties, particularly wear resistance, have per-
mitted a general substitution of composite resins for silver amalgam in posterior
teeth. Just a short time ago, the average annual wear rate of posterior composite
resins was 100 microns. Today, this value has been decreased to approximately five
microns. Furthermore, the development of adhesion techniques coupled with modi-
fied cavity preparations has gone a long way to reduce the potential for secondary
caries.

The introduction of adhesive dentin bonding agents has reduced not only the
need for mechanical retention but also the size of the cavity preparation. The tradi-
tional concept of “extension for prevention” has been modified to the point that
commonly it is not a pressing issue. The buccal and lingual extensions of the Class ||
preparation into the proximal region, for example, need not be broadened beyond
the proximal surfaces unless dictated by the presence of caries. The need for extend-
ing the proximal portion of the preparation to the limits recommended for amalgam
is appreciably diminished due to a lowered caries rate as well as the potential for
bonding to tooth structure.

Another area of major change has been the ceramic restoration. The first break-
through came about with the introduction of the porcelain-fused-to-metal restora-
tion. The ability to fire and fuse porcelain against gold alloy or base metals consider-
ably extended the use of ceramic materials. Suddenly it was possible not only to
generate single units of porcelain for anterior and posterior teeth but also to fabricate
extended partial dentures. It is important to note that ceramic veneering of metal
crowns or copings resulted in changes not only to the ceramic material but also to
the casting alloys themselves. By using metal substrates with a higher casting tem-
perature and a ceramic material with a lower fusion range, highly esthetic and dura-
ble restorations could be developed. This method of restoring missing teeth contin-
ues to play a very important role in the field of prosthodontics.

The concept of injection molding of glass ceramics such as IPS Empress contribut-
ed greatly to the generation of highly esthetic ceramic restorations for anterior teeth.
Containing a higher concentration of leucite crystals, the restoration is more resistant
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to crack propagation and fracture. While highly accepted for use in the anterior re-
gion of the mouth, the injection-molded ceramic agent usually is not considered for
use in the molar-premolar region.

Still another area of advancement in recent times has been the development of the
aluminous core material. Essentially, the alumina core is a ceramic agent containing
sufficient alumina to produce high strength and opacity when used as a single-unit
restoration. The core is then veneered with the usual type of glass ceramic material.
The concept of using alumina was further enhanced by the introduction of tech-
niques that permitted the infiltration of glass into slightly sintered aluminous porce-
lain cores. As a result, the range of uses for prosthodontic purposes increased appre-
ciably.

More recently, the sintered zirconia core has been introduced as a substitute for the
alumina core. The zirconia material commonly exhibits twice the flexural strength
compared with its counterpart, the alumina-based restoration. Interestingly, the zir-
conia offers another advantage: It readily stops the propagation of small cracks once
initiated. Because of the high strength and excellent esthetics of veneered zirconia-
based ceramic systems, they can be employed for essentially the same purposes as
the traditional porcelain-fused-to-metal systems. Finally, a possible solution for the
porcelain’s potential for abrading antagonist tooth structure has been advanced. In
“low-fusing” porcelains, the level of leucite formation is considerably lower than its
high-fusing counterpart. The natural forming process of leucite from feldspar is re-
duced by using ceramic agents that fuse approximately 200°C lower than normal.

Cements have been part of clinical dentistry for well over a century. Zinc phosphate
cement has been the material of choice for cementation of prosthetic restorations, as
well as many other uses including orthodontics and the restoration of individual
teeth. Although considered a minor player, it is still used by many clinicians for the
cementation of crowns and partial dentures. The first adhesive luting agent was poly-
carboxylate, which was introduced in the late 1960s. It has been used interchange-
ably with zinc phosphate cement and is usually credited with exhibiting less post-
operative sensitivity than zinc phosphate cement.

Throughout the last few decades, however, a number of other luting agents have
been added to the clinician’s list. These include composite resin, glass ionomers, resin-
modified glass ionomers, and self-adhesive or self-etching cements. The introduction
of composite resin cements brought about a major competition for their traditional
predecessors. They provided a greater potential for shade matching, higher compres-
sive strengths, and an appreciably enhanced resistance to fracture when used in
conjunction with ceramic restorations. This characteristic was made possible by the
ability of the luting agent to bond both to the surface of the restoration as well as to
tooth structure itself. In addition, this class of cements was characterized by a sig-
nificant reduction in solubility, improved marginal wear resistance, and less micro-
leakage.

The glass-ionomer luting agents provided a physiochemical adhesion to tooth
structure as well as to nonprecious alloys. In addition, they exhibited higher compres-
sive strengths than either zinc phosphate or polycarboxylate cements. They also un-
dergo a fluoride ion release with a potential for caries prevention, improved resis-
tance to dissolution, and a coefficient of thermal expansion that is closer to tooth
structure. The addition of a polymerizable resin component made it possible to en-
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The inspiration for writing and sharing our experiences in dentistry can be attrib-
uted to the stimulus of our colleagues and students around the world. The questions
and suggestions shared in presentations, hands-on courses, letters, and emails in-
dicated a desire for a medium to provide knowledge and illustration for the “wet-
handed” dentist and technician. There were two basic underlying themes from the
input of these colleagues that were identified as to which materials one uses for spe-
cific clinical situations and how to use them. These clinicians and technicians shared
concern about how to achieve accuracy and consistent, predictable results and still
maintain efficiency and profitability with dental procedures.

After reviewing numerous dental educational resources and their methods for
selecting and utilizing restorative materials, it was decided that an international edi-
torial team from different educational backgrounds would provide a better source for
solutions to these questions. This editorial team was selected from private practice
and university faculty around the world and includes biomaterial research scientists,
technicians, general dentists, orthodontists, oral surgeons, prosthodontists, and peri-
odontists. It was the consensus of our editorial team that selection of a restorative
biomaterial would not involve rating a dental material or product but would show
how to use any selected biomaterial so it achieves the most optimal result and lon-
gevity for a specific clinical situation. This concept was reflected in a statement | made
several years ago: ‘It is not which biomaterial you use but how you use it that im-
proves the esthetics and longevity of the material” This concept has become the
catalyst to ignite this editorial project—Esthetic & Restorative Dentistry: Material Se-
lection & Technique.

The initial spark began in the winter of 2002 in Zurich, Switzerland, when Willi Geller
suggested that | organize a “special group”of colleagues from around the world and
call them dTl—design Technique International. The group has evolved in the last 5
years to include master technicians, clinicians, and biomaterial scientists from every
corner of the world. The members’ participation in this project has included not only
“words and techniques”but discussions, encouragement, critique, advice, inspiration,
and most importantly, camaraderie and friendship.

Of special significance, the authors, editorial team, and members of dTI would like
to express our gratitude to our families, friends, patients, staff, and colleagues for their
patience, commitment, and time they have shared and not shared with us to allow
this project to be completed.

Finally, of special significance is Sue Terry, who is not only my mother but has been
adopted and given the name ‘mom” by our team. This project would not have been
possible or as organized without her wisdom, inspiration, dedication, comforting
conversations, ability to persuade patients to come back for photographs, and her
fabulous midnight “culinary delights!
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BCOMPOSITE RESINS

closed sandwich technique
resin modified glass-ionomer/composite resin

Figure 1 shows the preoperative view of a wedge-shaped carious cervical lesion on
the mandibular right second premolar. These lesions occur from tensile forces. The
initial caries control procedure provided removal of the infected dentin and place-
ment of a resin-modified glass ionomer to provide a seal of the lesion while reminer-
alizing the affected dentin (Fig 2). A chamfer was placed along the occlusal margin
(Fig 3). A 0.5-mm scalloped bevel was placed in enamel to interrupt the straight line
of the chamfer and to reduce the potential for micraleakage (Fig 4).

The preparation was cleaned with a premixed slurry of pumice and 2% chlorhexi-
dine (Consepsis) (Fig 5). The preparation was rinsed and lightly air dried. A two-
component self-etching system (UniFil Bond, GC America) was used. The self-etching
primer was applied to the preparation and allowed to set for 20 seconds and dried
gently for 5 seconds (Fig 6), and the bonding agent was applied to the enamel and
dentin surfaces and light cured for 10 seconds (Figs 7 and 8). The initial enamel layer
of opacious A4-shaded composite resin (Gradia Direct, GC America) was applied to
the occlusal half of the preparation with a long-bladed camposite instrument (Fig 9),
contoured, and smoothed with a #2 sable brush (Fig 10). A second opacious incre-
ment was placed in the gingival half of the preparation (Fig 11), smoothed with a #2
sable brush, and light cured.
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ceramic
materials

Photography courtesy of Irfan Ahmad, BDS.

Ceramics, derived from the Greek word keramos, was the ancient art of fabricating
pottery. This word may have originated from a Sanskrit term meaning burnt earth
because the main constituents were clays excavated from the earth, which were
heated to form pottery.'? Although the methods of acquiring, purifying, and fabricat-
ing these raw materials into ceramic objects have significantly changed, some of the
basic materials and techniques are still the same. Traditional ceramics uses clay as one
of its primary components, in combination with other metal oxides including feld-
spar (K,0 AlLO, 6510,), alumina (Al,O,), potash (K,0), and soda (Na,0). Ceramic objects
are still fabricated by pulverizing these raw materials into fine particles and powders
and adding water to help keep the particles together during sculpting and shaping.
The “green’ (unbaked) object is dried and placed into an oven (kiln) and heated to a
specified temperature that allows the individual particles to coalesce into a solid
mass. The process of coalescence of the particles is called sintering, and it usually re-
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HISTORICAL PERSPECTIVE4

sults in shrinkage and strengthening of the solid mass. These traditional ceramics in-
clude stoneware (tile), earthenware (pottery), porcelain (tableware and china), electri-
cal insulators, bricks, and sanitary ware (sinks and toilets).?

| | COMPOSITION OF DENTAL CERAMICS

Dental ceramics are chemical mixtures of nonmetallic and metallic elements that
allow ionic and covalent bonding to form periodic crystalline structures, The most
common dental ceramics are composed of metal oxides (Si0,, ALO,, K,0) and other
traditional ceramic materials. Most dental ceramics are semicrystalline, silicates, ox-
ides, and derivative structures. The simple structures are usually bonded ionically,
whereas the complex structures generally involve ionic and covalent bonding.*

in theory, the basic constituents for fabricating conventional dental ceramics are
similar to those for traditional ceramics. These compounds include feldspar, silica, and
kaolin (refined as clay). However, the major difference between the porcelain used in
dental ceramics and cther traditicnal ceramics is the proportion of the main ingredi-
ents. Dental ceramics are composed mainly of feldspar, while traditional ceramics are
compaosed mainly of clay. Feldspar is a gray, crystalline material, and its chemical com-
position is potassium aluminum silicate (K,0 Al,O, 65i0,). Other constituents found in
feldspar include mica and iron, and these are removed mechanically by splitting the
feldspar rock and during later stages by using strong magnets. The pure feldspar
pieces are ground and milled into a powder.!

Quartz crystals are the main source of silica {SiOE), and they are heated and quenched
in cold water to split into smaller pieces. These smaller quartz pieces are ground and
milled into a fine powder, and any iron impurities are removed with magnets. Dental
porcelain is comprised of approximately 15% quartz powder.! The quartz powder is
infusible at the firing temperature of porcelain and is surrounded by fusible ingredi-
ents. It is this crystalline layer of quartz that contributes to the dispersed phase and is
surrounded by a continuous amorphous phase. This crystalline layer is responsible for
the translucent optical properties of porcelain and limits shrinkage during firing.

Kaolin is a natural form of clay obtained from riverbeds. The clay is washed, dried,
and screened into a pure, fine powder. In dental porcelains, kaolin is used in small
concentrations (ie, 4%) as a particle binder. The kaolin coats the nonfusible particles
and becomes sticky, holding the wet porcelain particles together. This allows the tech-
nician to control the form of the restoration by manipulating the powder-liquid mass.'

To render porcelain restorations tooth colored, small quantities of coloring agents
are added to porcelain powders. These pigments are derived from metallic oxides
that are ground and mixed with feldspar powder. This mixture is then fired, fused to
glass, and then reground to a powder. These oxides include iron oxide for brown
shading, copper oxide for green shading, titanium oxide for yellow shading, manga-
nese oxide for purple shading, cobalt oxide for blue shading, and tin oxide for
opaquing. Furthermore, rare earth elements can be added in small quantities to
provide fluorescence.

| | HISTORICAL PERSPECTIVE

The evolution of ceramic materials in the last century has been a result of an inter-
play between function and esthetics. Historically, concerns for strength compromised
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6CONTEMPORARY ADHESIVE CEMENTS

After the preparation was cleaned with 2% chlorhexidine (Consepsis), the prepara-
tion was efched for 15 seconds with 32% phosphoric acid (Uni-Etch with BAC, Bisco), rinsed
with water for 5 seconds, and lightly air dried (Fig 8). An adhesive (All-Bond 3, Bisco) was ap-
plied, air thinned, and light cured for 40 seconds (Figs 9 to 11). The composite resin
cement (lllusion, Bisco) was injected into the preparation (Fig 12), and the inlay was
positioned and held firmly in place using a ball-tipped instrument. The excess resin
cement was removed with a sable brush, leaving only a residual amount at the margin to
compensate for polymerization shrinkage, and light cured for 40 seconds (Fig 13).
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PORCELAIN INLAY CEMENTATION6

The residual cement was removed with a scalpel blade (#12 BD Bard-Parker), and a
thin application of glycerin was applied to all the margins to prevent the formation of
an oxygen inhibition layer on the composite resin cement (Fig 14). The restoration
was polymerized from all aspects—buccal, occlusal, lingual, and proximal surfaces—
each for 40 seconds. Final polishing at the restorative interface was achieved with
pre-polishing and high-shine polishing points (DC1M, DC1, CeramiPro Dialite, Bras-
seler USA) (Fig 15). The postrestorative occlusal view illustrates an optimal and durable inter-
facial adhesion between the tooth and ceramic biomaterial that can be attained from
utilizing a thorough adhesive protocol (Fig 16).

Laboratory courtesy of Alex H. Schuerger, CDT.
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13 INTERDISCIPLINARY IMPLANTOLOGY

anatomical morphologic design
of the peri-implant zone

Biaintegration refers to the biclogic impact the implant, abutment, and prosthetic
contours have on the peri-implant tissues. Although the principal determinant of the
esthetic potential for any implant prothesis is the osseous anatomy, the esthetic out-
come of the definitive restoration requires the creation of biologic balance between
the implant fixture, the restoration, and the peri-implant tissues while developing a
natural emergence profile that mimics the adjacent dentition. Natural esthetics can
be achieved when the anatomical cross section of the peri-implant region has an
anatomical contour similar to that of the root structure of the tooth that is to be re-
placed. This requires selection of the proper implant diameter, and the implant place-
ment design must ensure that the configuration of the abutment will mimic the cer-
vical configuration of the natural tooth when it reaches emergence. The geometric
concept of tooth anatomy described by Wheeler'*" can provide insight for develop-
ing the peri-implant zone.This anatomical morphologic design concept creates the
form and contour necessary to optimally support the biologic volume of the peri-
implant tissues. Success in implant dentistry has metamorphosed from a time when
osseointegration and function were a main concern to an era of peri-implant mor-
phology that requires an anatomical morphologic thinking process.

Figure 1 shows the preoperative evaluation of a failing mandibular right first molar.
Periodontal assessment reveals an osseous buccal defect from a root fracture. A diag-
nostic wax-up was developed to visualize the interrelationship between the defini-
tive restorations and the oral structures before the surgical procedure was performed
(Fig 2). This presurgical three-dimensional diagnostic communication tool can be
shared by the interdisciplinary team prior to treatment to provide precise information
essential for diagnostic and presurgical planning. In this staged implant placement
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ANATOMICAL MORPHOLOGIC DESIGN OF THE PERI-IMPLANT ZDNE13

procedure, the tooth was extracted and a bovine bane graft (Bio-Oss, Ostechealth)

with a barrier membrane was placed to correct the defect. During this staged implant
protocol, the cervical configuration of the natural tooth should be the guide for im-
plant selection and placement, abutment contours, and the volume of peri-implant
tissue that is maintained and developed (Fig 3). The composite provisional restoration
was designed from the diagnostic wax-up, and it can be used to develop and pre-
serve the gingival architectural form of the peri-implant region (Figs 4 and 5).

After careful radiographic evaluation, the surgical guide can be fabricated from the
diagnostic wax-up (Figs 6 and 7). This guide can provide precise and predictable im-
plant orientation with consistent esthetic results. The ideal position of the implant
fixture in relation to the adjacent teeth confirms the preplanned position. This phi-
losophy of an anatomical morphologic design of the peri-implant zone requires that
the final form of the abutment is a direct derivative of the cervical configuration of
the natural tooth. This preplanned concept allows for a precise placement of the
implant fixture while managing the volume and morphologic contour of the peri-
implant tissue for an optimal esthetic result (Figs 8 to 10).

Laboratory courtesy of Victor Castro, COT.
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13 INTERDISCIPLINARY IMPLANTOLOGY

restoring the anterior alveolar
ridge deficiency

using the oral stratified porcelain buildup
technique

Prosthetic rehabilitation of the deficient anterior alveolar ridge can be critical
and challenging because of the esthetic demands and the potential require-
ments.”**'** The ridge deformities are characterized by deficiencies in the amount
of alveolar bone and/or gingival tissue volume as classified by Seibert'* and Allen
et al." The etiology of these type of defects can be attributed to trauma, tooth
extraction, periodontal disease, tumors, and congenital developmental distur-
bances.”” These isolated anterior edentulous regions present difficult challenges
in prosthetic reconstruction for esthetics, phonetics, and function. Periodontal
plastic surgical procedures have been described in the literature to restore and
maintain alveolar and soft tissue architecture for these deficient edentulous
regions_?,l?,IS_IQ_?!,ZS—E'I,!33-136,1]9-IM,',A'-d—IdQ,IElIEE—ISlJ

In addition, prosthetic treatment alternatives can vary significantly according to a
multitude of factors. These factors include alveolar bone and soft tissue augmentation
requirements, periodontal biotype, alveolar bone quality, selection of implant system
design and size, anticipated prosthetic design, experience and training of the
interdisciplinary team, patient expectations, and cost considerations.”” Predictable
and optimal treatment results with these complex clinical dilemmas require advanced
surgical and prosthetic training, detailed pretreatment planning, and a high level of
interdisciplinary communication.
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RESTORING THE ANTERIOR ALVEOLAR RIDGE DEFICIENCY]3

The patient had endured trauma to the anterior segment of
the maxillary arch at age 4 years. Several periodontal plastic
surgeries had been performed to attempt to restore the defi-
cient maxillary anterior ridge to a normal anatormical morphol-
ogy of the oral tissues. The patient presented at age 21 years
with sufficient bone volume to receive implants, but optimal
alveolar bone and gingiva could not be obtained (Fig 1);
therefore, gingival and alveolar replacement with metal ceram-
ics was selected. The patient was dissatisfied with the esthetics
of the existing removable partial denture and was referred to
an interdisciplinary team for a functional and esthetic solution
(Figs 2 to 4).

The diagnostic wax-up is an essential component for evalu-
ating and determining tooth length, form and incisal edge
position, interdental papillae position, gingival architectural
contours, emergence angle, incisal embrasures, lip position,
occlusal and esthetic planes, smile analysis, phonetic consider-
ations, and personal patient input. The prototype wax-up try-in
technique is a removable wax-up that allows each of these pa-
rameters to be assessed intraorally prior to developing the pro-
visional restoration. This technigue provides insight into the
detection and elimination of potential challenges while evalu-
ating the future success of the definitive prosthetic therapy.
This diagnostic wax-up is a schematic for the laboratory design
and creation of the definitive restorations. In addition, this wax-
up model provides visualization for the patient and the inter-
disciplinary team and communicates extensive details con-
cerning the treatment plan. It also provides additional
preprosthetic surgical planning of hard and soft tissue aug-
mentation or elimination, as well as fabrication of the provi-
sional restorations and development of the definitive restora-
tions. The diagnostic wax-up should be completed and
approved by the patient and the interdisciplinary team prior to
finalization of the treatment plan.
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