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PREFACE

The ultimate goudl of this collubordtion is to provide our colleugues with guidelines for
achieving esthetic infegration of dentdl restorations. Consequently, this reference is hot
simply unother book on technoloygy, und it is not u comprehensive guide on the CAD/CAM
process. Actudlly, CAD/CAM technoloyy is simply a tool that the authors use to successfully
freut their putients and to uchieve esthetic integration. This high fechnoloyy provides the
implant surgeon and prosthodontist with a proven medns of integrating implants,
dbutments, crowns, veneers, und bridges within the ordl environment in an inconspicuous
way that ensures they look und function just us natural teeth.

Integration is our objective, psycholoyicudlly s well as physically, mechunically, and—
especiully—bioloyicully. Therefore, we huve chosen to develop un atlas from our restorative
cuses, illustrating clinical situations that we encounter routinely and defining the part that
CAD/CAM plays in their resolutfion. Since implant therapy is presently bioloygically driven, we
have dlso outlined the importunce of tfissue preservation und/or development and the
uhderstanding of bioloygicdl parameters in order to limit tissue remodeling around implants.

The formuat of this reference muay differ from the traditional “textbook” but follows the
example set by our subject—for books, too, have evolved in the age of the Internet. While
it is possible to use the World Wide Web for reseurch, the act of seurching, condensing, und
upplying these results cun be difficult due to the inherent expunsiveness of the Internet. Thus,
a reference such as this plays a different role—it synthesizes the applicable information and
structures it for edsier consideration and understanding. Times continue to change, and in
our minds u clinicul munuul ought to be eusy to reud, fust to cupture u messuyge that is
simple to remember and, of course, visudl, since un imuge is worth a thousaund words.

Becuuse teumwork is essentiul to auchieving successful restorations, our book hus been
prepured in close colluboration with o laboratory technicion—a master ceramist—who
shares his insights and technigques us well. Obviously, high-strength ceramics aund digitul-
cerumic restorations aure Mauteridls und technigues that presently represent the first choice
whenh it comes o integration to the soft fissues, even making metdl-bused restorations

obsolete. They will be the ingredients of our book.

Dr. Bernurd TOUATI
Mr. Jeun-Marc ETIENNE
Dr. Eric VAN DOOREN
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CHAPTER 1

THE CAD/CAM PERSPECTIVE

Historicully, moderh cerumic muteriuls ure generdlly regyurded us originuting ut the end
of the 19th century, when the first ceramic crowns were fabricuted by Land of
feldspuathic porceldin baked on platinum foil. Another significant milestone in ceramic
techholoyy occurred in the early 1960s, when Weinstein uand Kuwutu creuted the first
Mmetdl-ceramic crowns. In the following decudes, severdl attempts were mude 1o
fubricute metul-free cerumic crowns with fougher cores. Focusing on the development
of un dluminous porceluin Muterial, MucLeun wus one of these pioneers. Sudoun soon
expunded on this line of reseurch with his work on the uluminum oxide core und the slip-
custing technique.

At present, cerumic muteridls cun be clussified uccording to their material composition us
either silica-based or non-silica-based (Tuble 1-1). The former cun be further divided into
1) conventionul feldsputhic porcelduins, which are generdlly fubricated on refractory dies,
and 2) reinforced, pressed cerumics. In honh-silicu-bused groups, the subyroups consist of
1) sintered und infiltrated ceramics that dre creuted according to the slip-cust tfechnigue,
and 2) densely sintered, high-purity dluminum and zirconium oxides ceramics that are
fubricuted through the CAD/CAM technique.'”



B TABLE 1-1. Classification of Ceramic Materials

Silicu-bused muteriuls Non-silicu-bused muteridls digital-ceramic

restorations
Densely sintered,
high-purity
dluminum or
zirconium oxide

Conventionadl Reinforced Sintered und
feldsputhic pressed infiltrated
cerumics cerumics dluminum oxide

CAD/CAM-
yeneruted,
Alumina core milled copings, the Procera system for multiple reasons that
und yluss dbutments,
und bridye
infrustructures

Amorphous
phuse und Vitreous phuse
crystdlline phuse and increused
(ie, feldspurr, crystdlline phuse
quurtz)

include its long-term performance, mechanical properties, and esthetic capabilities

B TABLE 1-2. Representative Sample of CAD/CAM Systems

SYSTEM MANUFACTURER

Proceru Nobel Biocure (Yorbu Lindu, CA)
Lavu 3M Espe (St. Paul, MN)

Cercon Dentsply Ceramco (York, PA)

Cerec In-Lub Sironu Dentul Systems (Churlotte, NC)
Everest KaVo (Luke Zurich, IL)

DentuCAD DentuaCAD, Inc (Buford, GA)
Cynovud Pro50 Cynovud (Suint Laurent, Quebec)
Wol-Ceram Wol-Cerum (Ludwigshufen, Germuny)

History of CAD/CAM Technology and Digital Communication
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1-1. Procera CAD/CAM copings cun be 1-2. With a thickness of 0.4mm, 0.6mm, und
fabricated in A2 shade in Alumina or white 0.7mm for ulumina und zirconia copinygs,

in Zirconia in order to musk the bioloyicul respectively, Procerda enubles seumless
substructure. The 0.4mmMm Aluminu copinys esthetic inteyrution.

cun be W (white) or T (franslucent).

1-3. Initial presentation of two fractured dll- 1-4. Prepurutions with hybrid layer.

cerumic crowns (fubricuted of pressed
cerumics) on the two centrdl incisors.

1-5 und 1-6. Hurmonious outcome und huturadl tissue inteyrution of the two full-coveruye,
digitul-ceramic crowns (Procera Aluminu).
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prosthesis fubricution. CAD/CAM systems cun be used to creute the entire restoration,
from the intaglio to the occlusal surface (ie, Cerec In-Lab or Cerec 3D), or just a part
of the restoration (ie, a coping or a framework). This lust option is the upprouch used
by Procera und the one fuvored by the authors in duily practice. By using CAD/CAM
to fubricute only the substructure of u yiven restorution, they are uble to combine
innovutive fechnoloyy und conventionul steps, mixing the reliubility and reproducibility
of industrial digital manufacturing with the artistic skills of dental techniciuns responsible
for the cerumic strutificution.

CAD/CAM offers various other clinical advantages. This technhology enubles dentdl
professionuls to produce two or more ubsolutely identicul restorations. For exumple,
ohe electronic file cun be used to yenerute two implunt abutments (ie, for provisiondl
and final restorations) initiully und then, should it be necessury in the future, to be
reculled from un drchive so that un exuct duplicute dubutment or copinyg cun be
fubricuted. This CAD/CAM process represents not an evolution but a revolution in
esthetic dentistry, the conseyuences of which investigutors dre only beginning to
ussess. Combined with high-strength ceramics, CAD/CAM is responsible for significant
changes in dentistry.*°

The founduations for the development of CAD/CAM technoloyy originuted with the work
of Duret in the early 1980s. Although Duret's work begun with the seurch to mill gold
dlloys with industrial processes, the fechnigue evolved rapidly when other pioheers such
us Mormann, Rekow, Andersson, und Odehn upplied them to various ceramic materidls,
Sandvik, ohe of the eurly manufacturers involved in the industrial development and
fabrication of the restorations via CAM, wus acquired by Nobel Biocare in 2003 in un
effort to further streumline the production process und improve service to luborutory
techniciuns us well us cliniciuns.

These CAD/CAM tfechnigyues dre how dpplied to highly pure and densely sintered
dluminum oxide, zirconium oxide, und fitunium mauteridls. In this manner, industry
munufacturers have expunded the cupubilities of CAD/CAM restorations, instilling
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them with fit, strength, and esthetics in d single restorative solution that can be used to
freut u variety of clinicul indicutions.

Convergent Growth of Digital Communications

Key developments in CAD/CAM restorations and digitul communications occurred
alony similar fime frames. Throughout treatment, dental professiondls now use the
Internet to enhance und expund communications reluted to putient consultation and
cure. Thus, e-mailed patient records, clinical photographs, and related patient data can
be used to connect practitioners over vast geographic regions. Digitul communicutions
shared in this mMunner thus represent striking improvements over previous mMethods of
communicution that depend on the muailing of physical patient records. This evolution
has reuched other uspects of the dentul practice us cliniciuns have udopted pructice
munuygement softwure und reluted technoloyies to uutomute their practices und
improve their efficiencies.

Digitul communicutions have growh more prevalent in dentul educution us well. As
tfechnoloyy proliferates in the form of sutellites, fiber optic cubles, and the Internet,
cliniciuns huve better uccess to informution that permits lifelony leurning in dentistry.
Delivered viu the Internet, webcust lectures have become increusingly popular amony
dentists, techniciuns, and fraining centers. Webcust lectures endble practitioners to loy
on to the Internet at their own convenience und dccess either live or drchived
presentutions delivered by the industry’s leuding authorities in esthetic dentistry. The
authors routinely participate in such weblectures and venues (eg, Global Institute for
Dental Education).

Most of the restorations shown in this book result from the long-distaunce digitdl
communicution of esthetic informution—without the ceramist ever seeiny the putient in his
luboratory. By using digital communication and CAD/CAM techhiques, dentdl
professionuls ure uble to freut u wide runye of clinicul indicutions und sutisfy multiple
requisites for crown restorations:

CHAPTER 1

Minimally invasive preparation;

Esthetic, metal-free post and cores;

Hybridized tooth surface;

Nonmetallic substructure;

Biocompatible restorative material (high-strength ceramics);
Natural brightness and translucency;

Esthetic palatal (or lingual) aspect;

Adhesive and esthetic cement;

Bonded margins;

Radiolucency; and

Fast digital communication for predictable outcome.

In terms of dentul implants, CAD/CAM techhology cun be used for the fabrication of
Mmetdllic ubuttents, metul-ceramic ubutments, und dll-ceramic ubutments—uall with
virtudlly unpduralleled customization or “stock” prefubricuted versions. More recent
udvunces in the involved scunninyg technoloyy dllow the creution of porceldin luminute
venheers us well us bridyes. The lutter cun be used in three-unit restorations (ie, two
ubutments und one pontic) for the anterior und posterior regions; further research will
be heeded to determine the reliubility of fixed purtiul dentures of greuter lenyth (ie, four
unhits or more). While eurly findinygs with dll-ceramic bridyes uppeur promising, uadditiondl
long-term sftudies ure needed to yuther evidence on their success rutes us well us o
determine the purameters for ideul connectors uccording to various occlusul louds und
especidlly in the cuse of parafunctiondl habits.

Interdisciplinary Communication

Many factors influence the clinician’s ability to achieve esthetics in prosthetic dentistry.'' 2
Since there ure mauny restorutive dlternatives und dental muteridls avdilable, clinicul
und luborutory steps depend on u proper esthetic diugnhosis und uccurate transmission
of informution umony the members of the tfreutment teum. Laborutory work cun be
developed hicely by un experienced luboratory tfechnician, but it will hot hecessarily fit
the puatient’s overdll fuciul esthetics und fulfill his or her expectutions without proper



CASE STUDY: REPLACEMENT OF
UNAESTHETIC PFM RESTORATIONS

1-7. Preoperative view of patient who
requires tfreatment of eight maxillary and
eight mandibular restorations. The patient
presented with four defective PFMs on
anterior teeth as well as inflammation,
crowding, and poor hygiene on the
mandibular dentition.

1-8. View of maxillary preparations on the
model. Note that the majority of the teeth
are vital.

1-9. Mandibular preparations on the
model. When endodontic treatment is
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involved, the authors use zirconia posts
with pressed ceramic cores.

1-10. Facial view of definitive
mandibular all-ceramic crowns upon
seating and cementation.

1-11. Postoperative view immediately
following cementation with resin-modified
glass-ionomer cement.

1-12. One-year postoperative view shows
the integration and biocompatibility of
the Procera crowns within the maxilla.



digital photography improved
interdisciplinary communication and shortened distances, allowing data transmission

among professionals placed in different geographic regions

Considering long-distance communication for prosthetic purposes, the first
requirement is that the clinician clearly understands the patient’'s needs and/or
complaints in such a way that he or she can translate the patient’s expectations to the
laboratory technician



CASE STUDY: FULL MAXILLARY ARCH
REHABILITATION WITH ZIRCONIA-BASED DIGITAL
CERAMIC CROWNS AND BRIDGE

1-13. Female patient of approximately
57 years presented with heavy
abrasion and abfractions.

1-14 through 1-17. Single-unit
preparations were performed for
maxillary execpt for teeth #11(23)
through #13(25), which were prepared
for a fixed partial denture.

1-18 and 1-19. Bisque bake as ready for
try-in and on the first laboratory model.

1-20. The bisque bake was stabilized with
a disclosing medium (ie, Fit Checker, GC
America, Alsip, IL) during try-in.

1-21. A pickup impression of the bisque
bake try-in was made for the fabrication
of the second laboratory cast.

CHAPTER 1
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1-22. Intaglio surface of the zirconia-based restorations (single
units and the three-unit bridge).

1-23. Posterior restoration as seated on the second
laboratory model.

1-24 through 1-26. Final restorative outcome demonstrates
new vertical dimensions of occlusion and incisal guidance.

1-27. Lingual view of the patient’s maxillary arch.

1-28. Postoperative view of the restored maxilla. Treatment was
complicated due to the asymmetry of the patient’s arch.

12

1-27

13



CASE STUDY: REPLACEMENT OF CANINES WITH

ALUMINA ON ZIRCONIA BRIDGES

1-29

1-31

1-34

1-32

|

(@ jE s e .
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1-36

1-29. Preoperative buccal view of patient
who presents for restoration of the maxilla.

1-30. Left buccal view of missing tooth
#11(23) that will be replaced with Procera
AllCeram bridge.

1-31. Facial view of the patient prior to
tfreatment demonstrates the esthetic
compromise that will be addressed with
the fabrication of two all-ceramic bridges.

1-32. Model demonstrates the lack of space
that does not allow for implant placement.
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1-33. View of the completed preparation
on the abutment teeth #5(14) and #7(12).

1-34. Preparations are completed for the
abutment teeth on the left side as well.

1-35. In the laboratory, the prostheses will
be fabricated with the Procera
CAD/CAM solution.

1-36. The anticipated all-ceramic bridge
is designed in the computer prior to
being milled and sintered in the Procera
production facility.

15
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CASE STUDY: REPLACEMENT OF CANINES WITH
ALUMINA ON ZIRCONIA BRIDGES

1-37. The laboratory technician is able to

ia

customize the bridge connectors to
ensure optimal support is given to the
final restoration.

i@ 8 S e e

1-38. The all-ceramic framework is

returned to the laboratory for

conventional buildup.

1-39. View of the completed Procera
AllCeram bridges prior to their try-in.

1-40. Occlusal view of the seated Procera
bridge on teeth #7 through #5.

1-40 1-41 1-42

1-43

16
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1-41. View of the maxillary arch
demonstrates the natural integration of
the all-ceramic bridges.

1-42. Buccal view of the seated FPD shows
natural adaptation of the bridge to the
gingival tissues with ovate pontics.

1-43. Postoperative view of the Procera
AllCeram bridge evidences the
enhanced esthetic appearance of the
patient’s dentition.

17
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B Teeth-in-an-Hour®

The Teeth-in-un-Hour® tfreatment concept uses implant therapy to provide
putients with immediate function and u completed prosthetic restoration in
a single hour of tfreatment. By combining un expedited treatment plunning
phuse, in which a CT scan is used and a surgical template is developed, the
cliniciun is uble to use u flupless techhique for implunt placement. The
implants dure then positioned in the osseous structures und u fixed purtidl
denture (FPD) is immediutely secured.

In order to ensure un optimal result, the Mujority of the clinical duta captured
und tfrunsmitted to the prosthetic manufacturer is communicuted
electronicully. Patient reyistration, treutment planning (ie, CT scunning), two-
dimensiondl CT datu communication (DICOM), und u three-dimensionadl
planning program dre key components to the initial freatment stages. This is
followed by determinution of the implant’s positioning us well us the
fabrication of a CAD/CAM restoration using computerized systems.

This revolutionary treatment solution is infended for use in edentulous putients
where sufficient juw bone exists, the quulity of the osseous structures is
udeyuute for immediate louding, 50mm of spuce is avdilable, und the
patient’s hedlth is hot compromised. A minimal distance is required between
heighboring implants at the level of the ubutment mount (ie, 7mm ut the
jawbonhe crest) to ensure proper drilling using a drill guide. Once positioned,
cure must be tuken to ensure that the cup ubove the ubutment is
completely submeryed in the prosthesis. This will ullow the development of un
esthetic result following plucement of the definitive screw-retdined
dabutments in the FPD.

18
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views), occlusul views of the muxilla and mundible, the six anterior teeth (with and without
u bluck buckyround), und inifiul shade. By documenting the entire cuse in this munner, the
cliniciun will be duble to retrieve the detdils required for subseyuent uppointments.

These pictures should transmit information to the laboratory technician as if he or she
was directly facing the patient. One of the most common uspects of preoperutive
imaging is that patients with esthetic concerns often smile in a different way., Some
reduce the height of the smile, while others concedl fedtures such ds “*gummy” smiles
when they dre photogruphed. This should be mentioned to the putient during initidl
documentution, expluining that it is crucial for him or her to smile in u way thut reyisters
us much uccurute information us possible und thus ensures better results.

Shade Reyistration

When performing shade reyistration, the cliniciun must tuke certuin precautions. The
teeth should not be hydrated, und the position of the shade tub should be us pardllel us
possible to the surface to be reyistered. If many shades caun be distinguished, different
shude tubs should be positioned in the various areus. It is dlso very helpful for one to tuke
photoyrauphs of the udjucent und opposing teeth, which will help the ceramist to uchieve
the proper charucterization for the teeth.

Digitdl photoyruphy hus evolved considerubly since its eurly phuses. Depending on the
purpose, the cliniciun cun have u cost-effective cumera avdiluble to suit his or her
needs. Diygitul cumerus cun be ultru-compuct (ey, Cunon Diyitdl Elph), compuct (ey,
Cunhon G6), “bridge” (ey, Epson 3.3 MPx), and reflex (eg, Nikon D70, Nikonh D100, Canoh
20D, Fuji S3 Pro).

[t is usudlly more difficult to reproduce some dentul feutures (ey, churucterizations,
textures) with traditiondl ring flushes. To uccommodaute this heed, specidl types of riny
flushes (ey, Nikon SB 29) hauve been developed whereby one cun udjust light intensity to
the left und right side of the ring, which dllows more redlistic imuges und fucilitutes the
laboratory technician’s dbility to visudlize und to reproduce these detdils.

19
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Informaution Transmission

To beyin the luborutory fubricution process, the cerumist needs u detuiled putient
history, dentul models, und series of photoyruphs in order to fubricute u diugnostic
wauxup.' The fabricution of provisiondl restorations dlso depends on such information.
Once the wuxup und provisionudl restorations have been completed, they will be used

M Digital Diagnostic Waxup Protocol for Long-Distance Communication

o |nitiul extru- und infraordl photoyruphs

e |nitial shade (including adjucent and opposing teeth)

e Close-up photoyruphs to show characterizations und surfuce textures
e Prepured teeth (purticularly for discolorutions und cores)

o Affer provisionul crowns (extru- und infraoraul photos)

o At bisque-buke try-in (extra- und intraoral photos)

e Final extra- and intraoral photographs

in the clinicul phuse to permit infraorul seuting und verificution of udditionul detuils
that provide u more comprehensive ideu of the esthetic und functionul chunyges
during the treattment phuses:

B The length of the maxillary central incisors should be no more than 3mm in a rest
position, and their edges should touch the lower lip of a smiling female or young
adult patient;

B The mandibular central incisors’ length should be displayed more frequently in
males but should not exceed the lower lip line by 3mm;

B Changes in the vertical dimension of occlusion (VDO) for oral rehabilitations;

B Soft tissue support (ie, the distance of the upper and lower lip to a plane from
nose tip to chin);

B The relationship of the maxillary midline to facial midline; and

B The relationship of the incisal plane and central incisors’ border to the
sagittal plane.

20
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Provisionul restorations should ideully contuin us many detuils us possible in such a way
that their reproduction in unother model could provide additionul informution to the
laboratory technician. The combination of digital imaging and the intermediate custs
will provide the techniciun with the information heeded to perform an uccurute
laboratory work, including the sex, personudlity, und aye factors. Ohce the provisiondl
restorations ure seuted, the cliniciun should cupture severul udditionul imuyes:

B Full face and smile (from both the front and the profile view);

B Provisional restorations in place, with and without lip retractors; and

B Prepared teeth, which will show all types of color changes in the substrate, and
the presence of cores and discolorations.

Some digital cumeras cun dlso reyister brief movements, dllowing transmission of phonetics
(ey, "F" or "V” sounds) und functionul problems during edurly phuses or try-in sessions. This, in
cohjunction with the usuudl phonetic tests, will help uchieve the best centrdl incisor lenygth
and incisdl plane.

Ceramic will then be fired, und the bisque buke cun be tried in during the followiny
clinical session. This try-in session will be visudlly documented in u similur munner, und the
required corrections should be noted with digitul photography. During this try-in session,
the pickup impression should be made for full-crown restorations and bridges (the
procedure not beiny suituble for veneers), which will allow the establishment of the final
emerygence profile of the restorations becuuse gingival tissues will not be displaced.

Imayging Munagement

Depending on the eyuipment used, it may be hecessary to adjust and edit the imayes
before sending them to one’s colleugues. To transfer these imuges to the computer, it is
possible to connect the cumeru cuble to the USB port. Ohe cun dlso choose to
intfroduce the cumerd’s memory curd to the computer in u curd reuder und suve them
to the hurd drive uccordingly. Most imayes fransfer from u cuamera in u lurye-format file

21
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(ie, TIFF) that contuins the muximum possible dutu aubout the imaye. While this ensures
the highest level of qudlity, TIFF files must be reduced in size for use in digitdl
communicutions. The JPG format is significantly smaller and easier to use for e-mailing.
While the conversion of image from TIFF to JPG formut diminishes the gudlity of the file,
there ure some ucceptuble ranyes for hundling them. A JPG file of 72dpi or 90dpi cun
be used for e-muil purposes; JPGs must be approximately 300dpi in size for printing.

Various computer software (ey, Adobe Photoshop, Microsoft Imauge Editor) cun be
utilized for resizing, croppiny, und rotuting these imaugyes. Diyitul photoyruphs cun be
converted from color to yruy scule und thus help cliniciuns fo ussess the proper value
of teeth—one of the most important details in shade determination. After dll the
necessdury imuyge hundling is performed, these imuge files cun be imMmediutely e-muiled
to the luborutory technician,

Diygitul photoygruphy is now maundutory for remote multidisciplinary communicution, aund
with the laboratory tfechnician in particular, When the lauboratory is located in the sume
facility us the pructice, digitul photoyruphy und communicution ure still indispensuble for
recording esthetics, color information, und ordl hedlth status prior to und followiny
prosthetic freattment. Digital photoyruphy is lso hecessary:

l At the outset of the case to help the esthetic diagnosis and to facilitate patient
communication;
B In the presence of different substrata or discolorations;

To document prepared teeth;

B After the cementation of the provisional restorations to refine the final
esthetic project and to communicate all the changes performed during the
clinical work;

B During the bisque-bake try-in session to finalize the value and help with all form
and emergence profile alterations; and

B Upon completion of the case to document the prosthetic restoration.
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Summary

The clinicul applications of CAD/CAM technoloyy und digital commuhicution continue
to grow dt un unprecedented rate. The Procera system used by the duthors, for
exumple, how enubles the scanning, desigh, und fabrication of dll-ceramic crowns,
bridges, implunt aubutments, und porceldin luminate veneers. At present, the system
cunnhot be used in the fubrication of dowels und cores due to technicudl limitations
involved in the scunniny of these components, but this too mMuy be solved ut some point
in the foreseeuble future. While additionul reseurch is hecessury to confirm the
performunce of the newer dpplicutions (ey, lony-spun, dll-cerumic bridyes) of
CAD/CAM technoloyy, the clinical experiences of the authors have been extremely
favorable to date.
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