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ChapterChapter 1 

Genera ll  Introductio n 

Ass a restorative material, ceramic is one of the oldest materials used for dental 

prostheticc treatments. In the 18th century, porcelain teeth were already used in 

completee dentures whereas in 1886 Land introduced the first fused feldspathic 

porcelainn inlay and crown1. As no dental investment materials were available at that 

time,, these restorations were sintered on a platinum foil that was burnished directly in 

orr on the tooth in the shape of the inlay or crown preparation. After the sintering 

processs had taken place, the foil was removed leaving a space for the luting cement. 

Laterr on, techniques were developed to leave the metal foil in place and to bond the 

ceramicc material to the metal foil. This development enhances not only an improved 

seatt of the restoration but also some kind of metal reinforcement of the brittle 

ceramicc restoration. 

Thee transparency and light scattering of dental ceramic restorations are similar 

too the natural tooth, resulting in restorations with a more or less natural appearance. 

Moreover,, ceramics show excellent biocompatibility characteristics when compared 

too metal-based restorations. Despite these advantages they failed to gain widespread 

popularityy until the introduction of alumina as reinforcing phase in dental porcelain2. 

Everyonee knows the fragility of nice full porcelain objects, used in a household. When 

usedd in the mouth, they usually fail due to internal crack formation and crack growth, 

whichh is caused by repeated stress absorption. Dental ceramics show a comparable 

behaviorr resulting frequently in porcelain fracture due to their brittleness, while 

metalss are ductile, it means that they are able to flex and deform under applied 

stressess that exceed their elastic limit without breaking. 

Thee introduction of the lost wax technique in 1907 by W.H. Taggert made the 

productionn of metal crowns possible. With this improvement, cast crowns became 

veryy popular resulting in a limited and/or decreasing use of all-ceramic restorations in 

thee dental office. In the late 1950's, porcelain fused to metal crowns (PFM) were 

developed,, before the ceramic restoration, now as PFM-restoration, gained again 

popularity.. Nevertheless, the metal substructure of porcelain fused to metal 

restorationss influences the aesthetic properties of the restoration negatively, which 

encouragess the search for stronger all-ceramic systems. Fracture toughness of brittle 

materialss like porcelain can be improved by dispersing an inert filler phase into the 

matrixx phase3. Fillers like alumina reduce micro-crack formation and bulk fractures. 
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However,, the addition of such fillers may influence the aesthetic as well4. Therefore 

mostt of the newer all-ceramic systems that came on the market make use of a strong 

ceramicc coping and a veneer of conventional porcelain to produce a good looking 

restorationn with enough strength. Other systems are based on new production 

methodss which enable the use of stronger materials or exclude the creation of voids 

originatedd by the manual production procedure5" . 

Besidess many different technical factors, the final preparation shape created 

byy the dentist may influence the longevity of all-ceramic restorations as well8. With 

respectt to all-ceramic jacket crowns, it was required that the dentist makes a 

preparationn with a taper of approximately 7 degrees and a straight shoulder which is 

att least 1.0 mm wide. This type of preparation appears to prevent mostly the 

occurrencee of the undesirable tensile forces, while the straight shoulder supports the 

all-ceramicc jacket crown in such a way that most forces occur in compression. This 

conceptt is still applied, however the straight shoulder is replaced frequently by a 

deepp chamfer preparation. Nevertheless, the dentist cannot always meet such 

preparationn requirements, as he is also responsible for maintaining tooth's vitality. 

Anatomicall properties as, for example the, "fossa canina" of the first upper premolar 

mayy interfere with the creation of a shoulder and maintaining the tooth vitality at the 

samee time. Therefore a study to reveal the 'created' preparation shape compared to 

thee one that the manufacturer requires, is of interest. 

Nott only ceramic brittleness and/or fracture toughness are important material 

parameters,, which determine the longevity of all-ceramic restorations; also the 

accuracyy of the fit between the ceramic unit and the tooth is extremely important. The 

toothh will support a well-adapted crown whereas an unsupported crown including 

one,, which is supported by an overthick layer of cement, will be more likely to flex 

andd then fail prematurely910. Therefore, a good bond between the porcelain and the 

toothh could reduce crack formation and affect the longevity positively. That means 

thatt the choice of cement and a proper cementation procedure is also critical for their 

success. . 

Followingg an appropriate preparation, a 'strong' supporting coping, an 

accuratee fit to the tooth and highly adhesive cementation system as well as a strong 

veneeringg ceramic, are essential for the success of all-ceramic dental restorations. 

Inn the early fifties3 developed alumina are used to reinforce feldspatic porcelain 

forr the creation of a stronger base for the all-ceramic jacket crown. The idea behind 

fillerr reinforcing is that the growth of small cracks will stop when they come into 
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contactt with the strong filler particle1112. As the matrix is still relatively weak, only the 

resistancee to fatigue loading is increased while the tensile strength is hardly 

influenced,, as that is mainly dependent on the relatively weak matrix. Due to the 

manuall production method, often the glass matrix contains many voids and air 

bubbles,, which will have a weakening effect too. Consequently, the reinforcement by 

addingg fillers is limited. 

Thee search into the development of really strong cores continued. Two main 

directionss can be recognized, one based on the exclusion of a glass matrix and 

anotherr on the homogenization of the glass matrix by excluding the voids and air 

bubbles.. Both developments require new production methods. CAD/CAM-based 

processingg techniques castable or pressable glass-ceramics are examples of this 

development. . 

Too exclude or minimize the glass matrix, manufacturers aim for possibilities to 

increasee the amount of the strong alumina or zirconia fillers to near 100%. Both 

materialss can only sinter to each other at extremely high temperatures ( » 1000 ) 

withh relatively long sintering times. Moreover, like all dental ceramics, during the 

sinteringg process high sintering shrinkage occurs. However, as it is aimed to 

minimizee or exclude the "flowable" glass matrix phase, flow of the ceramic material 

duringg cooling of these materials is not possible. Therefore, the shape of the ceramic 

restorationss mainly composed from alumina or zirconia, has to be made larger before 

sinteringg to compensate the shrinkage. 

In-Ceram In-Ceram 

VITAA In-Ceram is an example of an infiltration ceramic production procedure, which 

hass been introduced for a wide range of indications and as an adequate alternative to 

metal-ceramicc restorations13. The slip casted substructure is processed in a porously 

sinteredd state, while the final hardness of the substructure is achieved by glass 

infiltration.. As a result no sintering shrinkage occurs, i.e. the dimensions of the 

substructuree remain unchanged during the two processing steps. The cap is finally 

veneeredd with Vitadur Alpha veneering porcelain. 

Empress Empress 

Thee IPS Empress system (Ivoclar) was introduced in the early 1990's as a new 

standardd of excellence in aesthetic fixed prosthodontic materials. The IPS Empress 
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systemm makes use of a highly aesthetic hot pressed glass ceramic material for 

fabricationn of single crowns. Adhesive cementation of the system is recommended as 

itt not only contributes to the aesthetic but it is also necessary for increased strength 

off the crown. The fabrication methodology involves a lost-wax investment technology 

forr the hot pressed ceramic system that dental technicians are familiar with. After de-

investing,, the aesthetic of the crown can be improved by staining or 

veneering14151617. . 

CADICAM CADICAM 

Thee fabrication of the strong ceramic coping with an accurate fit is not easy. 

Solutionss are found in using CAD/CAM (Computer Aided Design/Computer Aided 

Machining).. In the last decade many CAD/CAM based systems for the automated 

productionn of dental restorations have appeared on the market. Some are designed 

forr use in the dental laboratories, like Procera, others for use in the dental office 

(chairr side) like Cerec18. A way to look at the CAD/CAM system development is by 

classifyingg the systems based on a division of the CAD/CAM process in modules; 

scanning,, design and production, and on the place of activity; dental technicians 

office,, dentist office, or centralized production plant. As a result three ways of 

processingg a CAD/CAM restoration are possible of which only some will be 

commerciallyy feasible. 

Inn dentistry no interchangeable modules are available on the market. For most 

contemporaryy systems each manufacturer has developed its own software and 

hardwaree for all system modules. As a consequence, the interfaces between the 

moduless are not standardized and, as a result, the modules of different 

manufacturerss are not interchangeable. The knowledge needed for building a perfect 

CAD/CAM-basedd dental restorative system varies amongst others from dentistry to 

micro-mechanicall science, to information technology and to materials science. It is 

hardd to believe that one manufacturer can build a perfect system without cooperating 

withh many others. For that reason, from the systems available on the market, it 

happenss that good properties are combined with less good ones in one system. 

Anotherr way to look at the different systems is to classify them according to the 

goall the manufacturer wants to reach with it: the replacement of highly skilled labor 

byy automated production or the creation of the possibility to use materials that cannot 

bee processed by manual production methods in a reliable way. For instance the 

CAD/CAMM procedure may be able to handle sintering shrinkage and may offer 
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materialss with more homogeneity and strength than could be obtained manually. 

However,, the real advantage of automated production will be the independence from 

extensivee and expensive laboratory procedures making costly restorative procedures 

feasiblee for more people. Nevertheless, most available systems do not offer this 

advantagee but are mainly developed to enable the use of new stronger materials that 

cannott be handled manually. 

Dentist t 
office e 

Central l 
Lab b 

Technician n 
office e 

Impression n 

Scan n 

Design n 

11 ( ^ 
Productionn Production Production 

Scan n 

Designn Design 

Schemee 1. Overview of possible locations of the different CAD/CAM modules, with some 
inter-relationships.. The dashed arrow represents the CEREC process, the line arrow the 
CICEROO process, the dotted line both Procera AHCeram process options, the dash-dot arrow 
manyy CAD/CAM systems, which are aiming for being used only by the dental technician. 
Remarkably,, no system offers the connection between a dentist scan and the technician 
designn and production. 
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Att the time this thesis started many different CAD/CAM products were available in 

thee market, like Procera AllCeram, CICERO, Cerec, DCS, etc. This research was 

aimedd to study the added value of high strength CAD/CAM produced ceramic 

substructuress for crowns. Only the first two systems could be used to reach this goal; 

thereforee they will be explained more extensively in this chapter. 

 Procera Allceram System consists of a mechanical sapphire ball contact scanner 

andd a computer controlled design system. The stone model of an impression of a 

crownn preparation is scanned in a dental laboratory. A coping is designed with the 

designn software system by the dental technician. The design is then sent by email 

too the Procera Sandvik AB in Stockholm, Sweden, that fabricates a coping. The 

copingg is manufactured from pure sintered aluminum oxide and is made by 

compactingg high-purity alumina powder with a dry pressing technique against 

enlargedd models of the prepared teeth. These enlarged models are milled by the 

Proceraa copy milling machine. The enlargement compensates for the expected 

sinteringg shrinkage (12-20 vol.%) of the compacted alumina powder. Hereafter 

thee compacted un-sintered coping is removed from the enlarged die and is 

sinteredd at 1550 C for one hour. The sintered coping is sent back to the dental 

laboratoryy where it can be veneered with conventional veneering porcelain 

(AllCeramm Porcelain, Ducera) with a matching thermal expansion coefficient19"27. 

 The basic aim of CICERO is to mass-produce ceramic restorations at one 

integratedd production site. The activity is directed toward rapid custom fabrication 

off high-strength alumina copings and semi-finished crowns to be delivered to 

dentall laboratories for porcelain layering or finishing. The first step in the 

automatedd fabrication of an all-ceramic coping is an optical impression obtained 

byy laser scanning of the cast. The computer automatically identifies the margin. 

Thee CICERO CAD/CAM system makes use of a fast laser-stripe scanning method 

too measure the 3-dimensional geometry of the preparation and its immediate 

surroundings.. In the CAD module of the system, an aluminum oxide coping is 

designedd with a thickness of approximately 0.6 to 0.7 mm throughout to provide a 

substructuree with optimal support for the veneering porcelain. The production 

startss by milling a negative of the interior of the restoration in a refractory support. 

Too allow the subsequent sintering and milling step, the refractory support is 

suppliedd with a double prismatic bottom part of the refractory block to create the 

abilityy to be reproducibly repositioned in the milling machine with high precision. A 
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neww high-strength core material based on aluminum oxide with a zirconia-glass 

phasee is sintered against the refractory core without cracking or detaching. After 

firingg and cooling down, the refractory material is removed by sandblasting. 

Checkingg the fit on the laboratory model and measuring the thickness is part of a 

finall check of the copings. The dental technician retrieves the coping by mail to 

executee the veneering procedure using special porcelain (Sintagon, Elephant 

Dentall B.V., The Netherlands) according to the color selection made by the 

generall practitioner28"31. 

Bothh CAD/CAM systems offer the production of stronger ceramic copings but, due 

too new innovative ways of production and the use of new materials, may introduce 

neww production related errors too. As a consequence many new research questions 

relatedd to the use of CAD/CAM all-ceramic procedures arise: 

 Do the dentists prepare the tooth suitable for all-ceramic restorations? 

 Are CAD/CAM produced all-ceramic restorations strong enough for clinical use? 

 What kinds of luting cementation procedures are most effective? 

 How accurate are CAD/CAM procedures; what is the precise internal fit; what is 

thee accuracy of the fit? 

 How is the clinical aesthetic of CAD/CAM restorations? 

Thee aim of this PhD-study was to evaluate CAD/CAM based all-ceramic restorations 

inin vitro as well as in vivo in order to get more information regarding the possibilities 

andd shortcomings of this new technology. The study involved: 

 A field-test evaluation of preparation guidelines prescribed by the manufacturer 

(Chapte rr  2). All-ceramic restorations should have a minimum thickness and an 

appropriatee shape to facilitate a favorable stress distribution and a stress-transfer 

too the supporting teeth. For that reason manufacturers of all-ceramic systems 

havee developed preparation guidelines according to their necessities. Each 

systemm includes specific tooth preparation guidelines for the dentist who decides 

too make use of it. However, it is questionable whether the dentist can follow 

preparationn guidelines in all cases. It was hypothesized that, under clinical 

circumstances,, the final preparation frequently does not match in shape and size 

withh the preparation requested by the manufacturer as the dentist has to give 

priorityy to other parameters of influence. An analysis of the feasibility of the 

preparationn guidelines required by the manufacturer in relation to the biological 
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requirementss as perceived by the dentist was executed on more than 3000 

preparationss for all-ceramic restorations. 

 A one-year clinical evaluation of a product already on the market (Chapte r 3). 

 An evaluation of different luting cement procedures; shear bond strength of 

differentt types of luting cements to an aluminum oxide reinforced glass ceramic 

coree material (Chapte r 4). 

 A laboratory assessment of CAD/CAM systems' precision to realize predefined 

shape-relatedd requirements (Chapte r 5). 

 A short-term clinical comparison of two different CAD/CAM systems (Chapte r 6). 
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Abstrac t t 

Purpose:Purpose: The aim of this study was to evaluate in a clinical field-test the ability of the 

implementationn of manufacturer's preparation guidelines for the all-ceramic CICERO 

system. . 

MaterialsMaterials and Methods: General dental practitioners from the northwest region of the 

Netherlandss were asked to make complete crowns preparations in accordance with 

thee specific guidelines of the CICERO system. A sample of 3446 tooth preparations 

wass evaluated with regard to shoulder angle, shoulder width and top angle. They 

weree quantified using a special software program. The results were compared with 

criteriaa defined in the manufacturer's preparation guidelines. 

Results:Results: On a multivariate level all {main and interaction) effects were significant 

(P<0.05)) excluding the interaction effect of the location of measurement on the tooth 

byy the upper or lower jaw. The value of the shoulder angle showed a strong relation 

withh the tooth position in the mouth as well as with the location of measurement on 

thee tooth. The shoulder width in the lower jaw was significantly smaller when 

comparedd to the width in the upper jaw. The shoulder width of the lower incisors was 

thee smallest and also showed the largest variance per tooth. On group level (incisor, 

cuspid,, premolar, molar), except for the shoulder width of the lower incisors, the 

averagee values of all preparation parameter showed to be within the borders as 

definedd in the preparation guidelines of the manufacturer. However, on an individual 

toothh level nearly all preparations showed to have one or more locations with 

imperfections. . 

Conclusion:Conclusion: General dental practitioners are able to follow recommended guidelines 

forr the shoulder preparation. Deviation from the guidelines are mainly caused by 

anatomicall and accessibility restrictions. 
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Introductio n n 

Increasingg patient expectations regarding the appearance of restorations test 

thee ingenuity and skill of the dental team. Due to the aesthetic limitations of metal 

ceramicc restorations, caused by the non-translucent metal base, the desire to use 

metal-freee restorative materials has increased the demand for all-ceramic 

restorationss for anterior and posterior regions.12 '34 In spite of the fact that all-ceramic 

materialss have advantageous characteristics such as biocompatibility, color stability 

andd low thermal conductivity, the popularity of all-ceramic restorations is impeded by 

theirr lack of fracture resistance. In contrast to metal ceramic crowns, all-ceramic 

crownss are prone to cracking due to local stresses, since a ductile stress relief 

mechanismm is absent. 

Too overcome the lack of fracture resistance several high-strength all-ceramic 

systemss have been introduced in the market during the last decades. Nevertheless, 

thiss often resulted in disappointing experiences. A recent clinical long-term study 

confirmedd that there is a significant risk of failure when placing restorations 

completelyy made of Dicor® (Dentsply, York, Pennsylvania, USA).567 Cerestore® 

(Johnsonn & Johnson, New Brunswick, NJ, USA) and Hi-Ceram® (Vita Zahnfabrik, 

Badd Sackingen, Germany) showed a high incidence of molar fractures in the first 2 

yearss after placement as well.8 Newer systems like !n-Ceram® (Vita Zahnfabrik, Bad 

Sackingen,, Germany) may still fracture when applied in stress-bearing regions. A 

prospectivee clinical study conducted in a private practice showed that failure tended 

too be more common for premolar and molar In-Ceram® crowns than for anterior 

crowns.99 One has to realize that it is not only the fracture resistance of the material 

selectedd that determines the longevity of all-ceramic restorations. All-ceramic 

restorationss should have a minimum thickness and an appropriate shape to facilitate 

aa favorable stress distribution and a stress-transfer to the supporting teeth.10 

Itt has been proven that the preparation design dictates the shape and bulk of 

thee restoration; consequently it has a considerable influence on the clinical behavior 

andd longevity of the fixed prosthodontic restoration.11 1213 However, not only the 

materiall but also many other factors such as aesthetics, pulp vitality and access 

influencee the decision of the dentist to choose a particular preparation design. 

Thereforee the dentist is a significant factor in the final result of the tooth preparation.14 
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Nevertheless,, manufacturers of all-ceramic systems require from the dentist to follow 

validd principles of design according to the needs of the system selected. 

Manufacturerss of all-ceramic systems have developed different preparation 

guideliness according to their necessities. Since 1988 a research group in the 

Netherlandss has been working on the development of a new dental CAD/CAM 

platformm for Computer-Integrated Ceramic Reconstruction (CICERO) for the 

fabricationn of all-ceramic restorations with consecutive layers of a shaded high-

strengthh aluminum-based core material.15 This system includes specific tooth 

preparationn guidelines for the dentist who decides to make use of it. However, it is 

questionablee whether the dentist can follow preparation guidelines in all cases. It was 

hypothesizedd that, under clinical circumstances, the final preparation frequently does 

nott match in shape and size with the preparation requested by the manufacturer as 

thee dentist has to give priority to other parameters of influence. 

Th ee use of CAD/CAM systems for producing restorations has the advantage of 

havingg the final preparation as well as the restoration design digitally available. This 

technologyy enhances research on the dentist's ability to create the advised tooth 

preparation,, introduces a new way of failure analysis for the near future and also 

givess the possibility that the data obtained may be used as input for a Finite 

Elementall Analysis. In this way the weakest part of the restoration may be found, 

allowingg the prediction of the longevity of the restorations. 

Ass a first step to revise the failure analysis of all-ceramic CAD/CAM 

restorations,, a study was carried out to investigate the variations between tooth 

preparationss made in general practice and the tooth preparation prescribed by the 

manufacturerr for the application of the CICERO system. 

Material ss  and Method s 

Generall dental practitioners from the northwest region of the Netherlands 

cooperatingg with CICERO during the introduction phase of this system were 

requestedd to participate in this study. An informative meeting was offered to them to 

bee educated on the different aspects of the tooth preparation defined by the 

manufacturer.. All dentists received written guidelines with the manufacturer's 

specifications.166 In the guidelines a shoulder angle (SA) between 9 0 - 1 3 0 degrees 

andd a shoulder width (SW) between 0.7 - 1.2 mm encompassing rounded inner 

edgess are prescribed (Figure 1). A standard set of burs was recommended (for 
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separation:: Komet 850314014 (Brasseler GmbH, BRD); for palatal contouring: Komet 

8993140277 (rough) and 8899314027 (fine); for undeep chamfer preparation: Komet 

8813140100 (rough, r=0.5 mm) and 8881314012 (fine, r=0.6 mm); for deep chamfer 

preparation:: Komet 881314014 (rough, r=0.7 mm) and 8881314016 (fine, r=0.8 

mm)). . 

Figur ee 1. CICERO preparation guideline: 1. Shoulder Angle between 90 and 130 degrees; 2. 
Reductionn of the axial wall should be between 0.7 and 1.2 mm, 3. Incisal reduction should be 
betweenn 1.5 and 2 mm (anatomic), 4. Avoid sharp incisal angles and line angles, deep 
cavitiess and undercuts. Slightly conical preparations, 5. A clear and recognizable outline; 6. 
Optimumm restorative dimension in the outline area for increased aesthetics. 

(Left)(Left) Appropriate (Right). Not appropriate 
-- Chamfer preparation - Feather margin preparation 
-- Shoulder preparation - Knife-edge preparation 

Withinn the CICERO system, the dentist made the preparation and took an 

impression,, while the local dental technician made the gypsum model (Fuji Rock, GC 

Japan).. The laboratory models were sent to CICERO Central Lab for the fabrication 

off an all-ceramic CAD/CAM coping of a reinforced aluminum oxide glass 

(Synthoceram,, Elephant Dental B.V., the Netherlands). The participating local dental 

laboratoriess added the veneering porcelain (Sintagon, Elephant Dental B.V., the 

Netherlands)) manually. 

AA sample of 3446 laboratory models containing the respective tooth 

preparationn for all-ceramic restoration were received and divided in 4 groups: 1376 

incisors,, 199 cuspids, 819 premolars and 1052 molars, respectively. 
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ScanningScanning procedure 

Thee CICERO system employs a fast laser stripe scanning method 

(Micromeasuree GmbH, Wetzlar, Germany) to measure the 3-dimensional geometry of 

thee preparation, its immediate surroundings and the opposing teeth. Before the 

scanningg procedure starts, the area of the laboratory model that is not suited for the 

restorationn design and does not represent the preparation itself is blackened to 

createe a high contrast for unambiguous scanning of the preparation. This later on 

enabless the automatic identification of the preparation margin by the computer. 

Subsequentlyy the model is placed in the scanner-clamping device, which is fitted with 

aa ball and socket table that can be tilted and locked in any direction allowing the path 

off insertion of the restoration to be approximately parallel to the vertical z-axis of the 

scanner.. Within this standard set up, the dies are fine-scanned using steps of 0.05 

mmm between consecutive scan lines, with high definition. A straight laser stripe, 

whichh is projected onto the cast, is deformed by the 3-dimensional occlusal geometry 

off the tissues, a charged coupled device (CCD) camera scans the projected line. 

Finallyy the computer calculates the actual 3-dimensional position of the tissue 

surfacess using this deformation. With the data obtained by this method, a computer-

generatedd surface of the prepared tooth is extracted, creating a virtual model, which 

iss a precise image of the tooth preparation. The accuracy of the scanning method lies 

withinn 0.01 mm.15 

DeterminationDetermination of preparation properties 

Thee digital image of the preparation was used to measure the shoulder angle 

(SA),, the shoulder width <SW) and the top angle (TA) at different locations on the 

toothh (Figure 2). For this goal, a special software was developed. In an ideal situation 

thee SA should be determined as the angle of the shoulder to the tooth-axis. As in this 

investigationn only the laser scan image of the tooth preparation obtained from the 

laboratoryy model was used, information of the real tooth-axis was not available. 

Thereforee the tooth-axis direction was assessed as follows: for the scanning 

proceduree the laboratory model has to be placed in the laser scanner by a dental 

techniciann without undercuts seen from the direction of the scanner eye. This 

directionn is taken as the preliminary tooth-axis. After scanning the preparation, the 

imagee obtained is automatically divided in 250 cross-sections. From all cross-

sectionss the TA of the cavity wall with the preliminary tooth-axis can be calculated 

andd the bisector direction is defined. The vector direction, which is the average of all 
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thee bisector directions, is considered as the 'tooth-axis'. As a consequence the TA is 

twicee the preparation angle (PA). The SA is defined as the angle of the shoulder 

tangentiall with the line of the 'tooth-axis'. To establish the SW in each cross-section, 

threee auxiliary lines are drawn: the first one is a tangent line to the pulp preparation 

wall,, the second line is parallel to the tooth-axis through the crossing point of the 

tangentt of the shoulder with the tangent to the pulp preparation wall and the third line 

iss parallel to the tooth axis through the shoulder border. The SW is defined as the 

distancee between the last two parallel lines. The SA and the SW in this study were 

measuredd in four of the 250 cross-sections: the mesio-distal, the bucco-lingual and 

thee two sections in between (Figure 3). In this way, the SA and SW were obtained on 

eightt sides of each preparation (mesial, mesio-buccal, buccal, disto-buccal, distal, 

disto-lingual,, lingual and mesio-lingual). 

Shoulderr Width Top Angle Shoulder Angle 

Figuree 2. Schematic representation of the determination of preparation properties. Shoulder 
Anglee (SA) is the resultant angle between an imaginary line tangential to the shoulder wall 
thatt crosses the Tooth Axis. Top Angle (TA) is obtained from the 250 cross-sections of the 
toothh preparation. Shoulder Width (SW) is the distance between two parallel lines to the 
Toothh Axis. One line is tangential to the intersection between the shoulder line and the pulp 
preparationn wall line; the second line is tangential to the shoulder border. 
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lif tt  jiflr" " 

'11 mm 

Figur ee 3. Four cross-sections from 250 were selected for the digital evaluation, Mesio-Distal, 
Bucco-Linguall and the two sections in between. 

StatisticalStatistical analysis 

AA MANOVA (a multivariate analysis of variance) was performed to evaluate 

statisticallyy significant differences between the measured SA, SW and TA. It used 

SA,, SW and TA as the dependent variables. Jaw ('Jaw': upper/lower) and element 

typee ('Element type': incisor/cuspid/premolar/molar) were used as between subjects 

factors.. The location of measurement on the tooth ('Location': (mesial / mesio-buccal/ 

buccall / disto-buccal / distal/ disto-lingual / lingual / mesio-lingual) was entered as a 

withinn subjects factor. To evaluate the deviation of the realized preparation 

parameterss with the advised manufacturer's guidelines on an individual tooth level, 

thee incidence of preparations that deviated on one or more variable values from the 

preparationn guidelines was calculated. Therefore for each tooth the number of 

deviationss with the required value on all eight locations was counted. 

AA preparation was defined as 'perfect' when it fulfills both requirements, SA 

andd SW, requested by the manufacturer in the eight locations evaluated. Considering 

thatt deviations from the guidelines in SA smaller than 90 degrees and in SW larger 

thann 1.2 mm will not influence the longevity of all-ceramic crowns, it was assumed 

thatt the preparations that fulfilled these requirements were 'acceptable'. 
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Result s s 

Thee data was analyzed in two levels, per group (incisor, canines, premolar 

andd molar) and per individual tooth. For the group analysis the average preparation 

characteristicss were considered; for reasons of clarity it was decided to present the 

resultss of two instead of four cross-sections per tooth as the statistic analysis showed 

noo influence on the final conclusion when decreasing the amount of 'locations' on the 

tooth.. The analysis of the sample per group is shown in Table 1. On an individual 

toothh level each realized preparation was compared with the preparation design as 

advisedd by the manufacturer. The results of this evaluation are shown in Table 2. 

MeasuredMeasured preparation characteristics 

Onn a multivariate level all (main and interaction) effects were significant 

(p<0.001)) except for the 'Location' by 'Jaw' interaction effect, which was not 

significantt (p=0.06). Univariately the jaw main effect was significant for the SA 

(p=0.041)) and the SW (p<0.001) but not for the TA (p=0.888). All other (main and 

interaction)) effects were significant (p<0.001). 

ShoulderShoulder Angle 

Thee value of the SA showed a strong relation with the 'Element type' as well 

ass with the 'Location' on the tooth (Figure 4A and 4C). 

ShoulderShoulder Width 

Thee SW was the smallest at the incisor position in the lower jaw. In general the 

SWW in the lower jaw is significantly smaller when compared to the same position in 

thee upper jaw. This effect diminishes when the position of the tooth in the mouth is 

moree distant from the front teeth. The 'Element type' incisor from the lower jaw 

showedd to have the biggest variance in SW per 'Location' on the tooth (Figure 4B 

andd 4D). 
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A. . 

Shoulderr Angle at upper j aw 

<< 110 

incisorr cusp 

elementt type 

premolar r 

SWW by element type on different 

locationss for the upper j a w 

Shoulderr Angle at lower jaw 

<< n o 
incisorr cusp premolar molar 

elementt type 

SWW by element type on different 

locationss for the lower jaw 

incisorr cusp 

clementt type 

Figur ee 4. Graphical presentation of the results: (A) Shoulder Angle (SA) by 'element type' on 

differentt 'locations' for the upper jaw (B) Shoulder Width (SW) by 'element type' on different 

'locations'' for the upper jaw. (C) SA by 'element type' on different 'locations' for the lower 

jaw.. (D) SW by 'element type' on different 'locations' for the lower jaw. 

Topp Angle per j a w 

premola a 

elementt type 

Figur ee 5. Graphical presentation of the top angle by 'element type' on the upper and lower 

jaw. . 
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TopTop Angle 

Thee results of the TA determinations are presented in Figure 5. As the bisector 

anglee was taken to determine the 'tooth axis', twice the PA equals the TA. From this 

figuree it can clearly be seen that the TA and thus the PA increase going from incisors 

too molars. 

Tablee 1. The analysis of the sample per group level. The average results of the different 
variabless measured for 'element type' and 'location on the tooth' separately: the shoulder 
anglee (SA) in degrees, the shoulder width (SW) in mm and the top angle (TA) in degrees. In 
parenthesiss the standard deviation is presented. 

Elemen t t 
Upperr  Inciso r 
Lowe rr  Inciso r 
Upperr  Cuspi d 
Lowe rr  Cuspi d 
Upperr  Premola r 
Lowe rr  Premola r 
Upperr  Molar 
Lowe rr  Molar 

SA A 
115.6(19.6) ) 
128.0(20.5) ) 
120.5(19.9) ) 
124.8(16.3) ) 
119.2(17.6) ) 
118.9(18.8) ) 
118.5(17.6) ) 
113.6(17.8) ) 

Mesial l 
SW W 

0.99 (0.3) 
0.66 (0.3) 
0.88 (0.3) 
0.77 (0.3) 
0.8(0.3) ) 
0.8(0.3) ) 
0.88 (0.3) 
1.0(0.3) ) 

TA TA 

6.00 (4.6) 
5.22 (4.3) 
7.22 (4.4) 
3.99 (2.2) 
7.44 (6.5) 

7.88 (6.3) 
10.77 (6.5) 
14.4(10.4) ) 

SA A 

120.6(17.6) ) 
127.4(21.4) ) 
123.6(17.5) ) 
120.11 (21.7) 
123.6(15.5) ) 
122.8(16.0) ) 
118.11 (14.9) 
118.6(19.5) ) 

Bucca l l 
SW W 

0.9(0.3) ) 
0.7(0.3) ) 
0.9(0.3) ) 
0.8(0.3) ) 
0.9(0.3) ) 
0.9(0.3) ) 
1.0(0.3) ) 
0.99 (0.3) 

TA TA 

6.66 (4.5) 
5.11 (3.3) 
7.5(4.2) ) 
6.7(5.3) ) 
6.00 (4.6) 
7.11 (5.1) 

10.2(6.2) ) 
10.7(7.8) ) 

Elemen t t 
Upperr  Inciso r 
Lowe rr  Inciso r 
Upperr  Cuspi d 
Lowe rr  Cuspi d 
Upperr  Premola r 
Lowe rr  Premola r 
Upperr  Molar 
Lowe rr  Molar 

SA A 

117.0(18.8) ) 
129.11 (19.6) 
119.6(19.7) ) 
122.0(16.2) ) 
119.7(18.2) ) 
117.0(18.0) ) 
118.6(16.1) ) 
112.8(18.4) ) 

Dista l l 
SW W 

0.9(0.3) ) 
0.77 (0.2) 
0.99 (0.3) 
0.8(0.3) ) 
0.9(0.3) ) 
0.88 (0.3) 
1.0(0.3) ) 
0.99 (0.3) 

TA TA 

6.11 (4.3) 
5.22 (4.3) 
6.4(3.2) ) 
4.4(2.4) ) 

7.66 (6.0) 
8.2(6.1) ) 

11.0(6.8) ) 
15.11 (9.8) 

SA A 

119.5(16.6) ) 
125.3(18.4) ) 
122.9(16.6) ) 
121.4(18.4) ) 
121.3(15.2) ) 
123.2(18.9) ) 
119.5(14.9) ) 
118.3(17.7) ) 

Lingua l l 
SW W 

0.9(0.3) ) 
0.8(0.3) ) 
0.9(0.3) ) 
0.8(0.3) ) 
0.9(0.3) ) 
0.88 (0.3) 
1.0(0.3) ) 
1.0(0.3) ) 

TA TA 
9.88 (7.1) 

11.11 (7.6) 
10.99 (6.8) 
10.00 (9.4) 

7.00 (5.2) 
8.00 (6.2) 

10.55 (7.5) 
12.7(12.3) ) 

PreparationPreparation guidelines versus realized preparation design 

Exceptt for the SW average of the lower incisors, which mean value was 

significantlyy smaller at labial, mesial and distal locations than the required width, all 

otherr average preparation parameter values showed to be within the borders as 

definedd in the preparation guidelines of the manufacturer. However, the incidence of 

realizedd preparations that deviate on one or more locations or variables (SA and SW) 
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thee required value was significantly higher. The TA parameter was not described in 

thee CICERO preparation guidelines therefore the results of this study cannot be 

compared,, but they are still of interest for further research and reveal the average 

taperr of these type of preparations. 

Tablee 2. The analysis of the sample on tooth level. The incidence of the tooth preparations 
withinn the parameters of the manufacturer's preparation guidelines ('perfect' = SA between 
900 and 130 degrees and SW between 0.7 and 1.2 mm) and the tooth preparations that 
slightlyy deviate from 'perfect' ('acceptable' = SA also smaller than 90 degrees and SW larger 
thatt 1.2 mm). U = upper jaw, L = lower jaw. 

Jaw w 

U U 

U U 

L--

L--

D D 

-acceptable e 

-perfect t 

acceptable e 

perfect t 

iscussio n n 

Incisor r 

18.5% % 

8.0% % 

1.7% % 

0.0% % 

Cusp p 

12.4% % 

2.3% % 

0.0% % 

0.0% % 

Premolar r 

13.6% % 

3 . 1 % % 

10.6% % 

1.1% % 

Molar r 

22.4%o o 

3.7% % 

58.1% % 

1.5% % 

Over-a a 

17.8% % 

5.5% % 

16.8% % 

1.2% % 

Ann adequate tooth preparation is important from many perspectives. Firstly it 

iss necessary to minimize potential failures due to functional loading of the restoration 

byy creating possibilities for an adequate restoration design. Secondly it is necessary 

forr optimal aesthetics to make adequate space for the porcelain veneer at one side 

andd sufficient core material for strength at the other side. Moreover tooth 

preparationss must be accomplished without compromising the pulp and/or the 

supportingg structures. All these requirements should be in balance leading to an 

aestheticc and durable all-ceramic restoration.12 

Consideringg the results from this study, one can conclude that the 

recommendationss made by the CICERO system, with respect to SA (between 90 -

130130 degrees) and SW (between 0.7 - 1.2 mm) do not give problems for the general 

practitioner.. However, it is valuable to recognize that the dentist has some problems 

too create preparations in the molar region that are in line with the manufacturer's 

guidelines.. This may be explained by the limited space available for handling the 

preparationn equipment due to a limited mouth opening. From time to time, it will be 

impossiblee to keep the bur in the direction needed for the creation of a preparation as 

describedd in the guidelines. Such a preparation may have a negative influence on the 

30 0 



EffectivenessEffectiveness of preparation guidelines 

clinicall results of all-ceramic restorations. Precisely where the stresses are the 

highest,, the preparation deviates the most from the guidelines. Our results show 

clearlyy this strong correlation, the Top Angle increases from the front to the 

backsidess in both arcades. 

Longevityy in fixed prosthodontics is not only dependent upon the precision and 

skilll with which the work is carried out, but also to a large degree upon a proper 

assessment,, diagnosis, utilization and finally implementation of valid principles of 

preparationn design.13 The multifactorial cause of failure of fixed prosthodontics makes 

failuree analysis quite difficult. The aim of the majority of the research to improve the 

longevityy of all-ceramic restorations by materials strength improvement is 

questionable.. Moreover most research is looking for stronger core materials, which 

willl be combined with the still relatively weak veneering porcelains. 

Differentt methods to measure the shoulder preparation for crowns are 

describedd in the literature. Seymour et al}1 in an in vitro study made use of a 

coordinatee measuring machine with a non-contact 830 nm wavelength laser 

triangulationn probe (Renishaw OP2), at 50 urn intervals, recording x, y and z surface 

coordinates.. From the digital data obtained, it would appear that there are 

deficienciess in shoulder preparations, particularly in width. The same methodology 

wass used in their next study in 199918; the results showed that there is a tendency for 

thee academic and general practitioners who took part of their in vitro and in vivo 

studyy to under-prepare and over- angle labial shoulder preparations. 

Anotherr way to assess tooth preparation design was described by Etemadi et 

a/.199 who evaluated stoned dies for individual posterior resin-bonded porcelain onlays 

andd complete crowns placed in a specialist practice. Measurements were recorded to 

thee nearest 0.1 mm using a dial micrometer, and to the nearest degree for taper 

usingg a protractor. Recently Sutton and McCord2 reported the variations in tooth 

preparationss for resin-bonded all-ceramic crowns in general dental practices in the 

Unitedd Kingdom and Ireland. The total amount of tooth reduction in the mesio-distal 

andd bucco-lingual planes of the preparation was only possible to be measured if the 

correspondingg contralateral tooth was present and unrestored. The measurements 

weree made using dial vernier calipers (Mitutoyo, Japan) with thinly machined 

measuringg tips. 

Withh the introduction of CAD/CAM one can analyze tooth preparations as was 

neverr before possible. This study introduces a new option to reach this goal. The 

preparationn parameters as well as restoration design parameters become digitally 
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availablee making a failure analysis before and/or after the failure occurs possible to 

predictt and/or analyze. In an ideal situation the failure probability can be calculated, 

forr instance by applying Finite Elemental Analysis, before making the restoration. In 

thatt way the design of the restoration could be accommodated or preparation advices 

generated. . 

Thee sample analyzed on a group level shows most of the SA and SW 

averagess within the parameters established by the manufacturer, and then it was 

consideredd a 'perfect' tooth preparation (Table 1). However the individual analysis on 

aa tooth level was done in a way that when it appears that SA and/or SW in one 

location'' was not within the manufacturer's parameters, the tooth preparation was 

consideredd not even 'acceptable' (Table 2). 

Dentistryy nowadays emphasizes the conservation of a healthy tooth structure. 

Duringg a tooth preparation the dental practitioner should keep in balance the respect 

forr the natural teeth anatomy and the requirements to make an appropriate 

preparationn for a fixed restoration. It could be considered that the dentists 

participatingg in this study tried to reach this balance. This could be the explanation of 

thee results for the analysis per individual tooth; each tooth has a particular dental 

anatomyy and in some cases in order to protect the tooth vitality it was not possible to 

followw the manufacturer's requirements. 

Withh the method developed in this study it is also possible to reveal more 

explicitt data regarding deviations on specific locations of the preparation guidelines. 

Itt is remarkable to notice that on the average nearly all preparations were perfect, 

whilee with a specific analysis to each preparation only 1.2% in the lower jaw and 

5.5%% in the upper jaw were on all aspects perfect. In general it may be concluded 

thatt it is very difficult for a dentist to create a preparation that fulfills on all locations 

thee requirements set out by the guidelines. As a consequence an all-ceramic crown 

madee on such a preparation might have from the beginning already a lowered 

chancee of longevity defined by the preparation, while this incident would not have a 

bigg influence for metal ceramic crowns. The influence of this factor on the longevity of 

ann all-ceramic restoration is still unknown. For that reason the effect of the shoulder 

preparationn with respect to longevity of the CICERO system will be included in a 

longitudinall study of complete crown clinical performance, beginning with an 

assessmentt of the quality of the preparation and relating this to long-term prognosis. 

32 2 



EffectivenessEffectiveness of preparation guidelines 

Conclusion s s 

Fromm this study, it can be concluded that the position in the mouth and the 

anatomyy of the tooth are of main influence on the resulting shape of the preparation. 

Dentall clinicians are able to follow recommended guidelines for shoulder preparation. 

However,, rarely a preparation is created that can be classified as perfect. Deviation 

fromm the guidelines is mainly caused by anatomical and accessibility restrictions. 
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Abstrac t t 

Purpose:Purpose: In this retrospective study the clinical performance of all-ceramic crowns 

madee with CICERO CAD/CAM copings was evaluated. 

MaterialsMaterials and Methods: 70 all-ceramic crowns were fabricated for 55 patients (47 

womenn and 8 men). Crowns were made for the anterior and posterior regions. A 

generall dental practitioner treated all patients and the CAD/CAM copings were 

veneeredd with aesthetic porcelain by one dental technician. A clinician not involved in 

thee crown treatment procedure evaluated all crowns one year after the insertion. 

Crownss were evaluated using the modified California Dental Association's quality 

assessmentt system. For color evaluation the crowns were divided in 3 areas 

(occlusal,, buccal and cervical). 

Results:Results: 2 crowns showed chipping of the veneering porcelain and were replaced. 

Withh respect to marginal integrity, 5% of the sample presented a disto-lingual gap. 

Thee anatomic form was scored excellent (alpha) in all cases; no evidence of attrition 

wass found. For the occlusion criteria, the results show acceptable contacts in the 

differentt jaw movements evaluated. No caries contiguous to the crowns was found. 

Thee color was considered excellent (alpha) for occlusal and buccal areas. At the 

cervicall area, shining through of the core could be observed in 70% of the crowns 

duee to too high transparency of the veneering porcelain. 

Conclusion:Conclusion: The clinical evaluation supported the hypothesis that the quality of all-

ceramicc crowns based on CICERO CAD/CAM aluminum oxide copings are 

applicablee to all areas of the mouth during the first year of use. 
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Introductio n n 

Overr the years complete crown restorative systems with aesthetic properties 

havee made an enormous evolution. In the late 19th century the ceramic crown was 

introduced,, which exhibited good aesthetic properties. The ceramic materials used at 

thatt time showed, however, too low fracture resistance especially when used for 

posteriorr restorations. In the middle of the last century the metal-ceramic crown 

systemm was introduced.1 The high strength metal substructure improves the fracture 

resistancee but does not duplicate the inherent translucency of natural teeth.2 Not just 

forr aesthetic reasons an effort was made to develop alternatives for the opaque 

metall substructure. 

Preciouss dental metal alloys are costly, while low-priced non-precious metal 

alloyss show a high biocompatibility risk. When metal alloys are not exactly treated in 

accordancee with the manufacturer's instructions, the phases of the alloy may 

separatee during cooling after casting, resulting in a lower corrosion resistance and 

thereforee a decreased biocompatibility. Ceramics are highly biocompatible and show 

advantageouss characteristics with regard to color, stability and thermal conductivity. 

Unfortunately,, most ceramics are brittle and show low fracture toughness.34 Where 

thee metal substructure can be worked out thin, high strength ceramic cores need a 

relativee high minimal thickness. Even for high strength alumina systems, failures 

inducedd by fracture are often mentioned in literature.5"9 As a consequence all-ceramic 

systemss with improved material properties are developed considering the need of 

greaterr strength.10 

Thee production process of a ceramic crown, however, consists of complicated 

proceduress consisting of many steps. As a result the risk of introducing voids is 

relativelyy high, making them prone to fracture. Replacing manually executed 

proceduress by automated procedures, as happens in CAD/CAM systems, may have 

aa beneficial effect on the material properties. The automated fabrication procedures 

mayy increase the homogeneity of ceramic restorations and therefore increase the 

chancee of clinical success. 

Inn 1989 Nobel Biocare brought the Procera CAD/CAM system on the market 

forr the fabrication of aluminum oxide copings as base for all-ceramic crowns. For this 

systemm relatively good clinical results are reported.11"13 Since 1988 a research group 

inn The Netherlands has been working on the development of a new dental CAD/CAM 
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platformm for Computer-Integrated Ceramic Reconstruction (CICERO) for the 

fabricationn of all-ceramic restorations with consecutive layers of a shaded high-

strengthh aluminum oxide core material. The method offers the advantage of 

transferringg parts of restorations without using waxing-up, investing and casting. It 

claimss to produce restorations with high precision and superior mechanical properties 

andd has the potential to create an occlusal surface by CAD/CAM that fits into 

occlusionn as well as into articulation. 

Ass a first step in the commercial introduction of the whole system, aluminum 

oxidee copings made by CAD/CAM in a central laboratory and veneered with aesthetic 

ceramicc were introduced. However, no clinical trials on this system were carried out 

too evaluate longevity of restorations made with CAD/CAM technology of Elephant 

Dentall BV, for this reason a study was started to evaluate the clinical performance 

overr a one-year period producing crowns with copings made by this CAD/CAM 

system.. It was hypothesized that the quality of all-ceramic crowns based on 

aluminumm oxide copings produced by an automated fabrication process (CAD/CAM) 

aree applicable to all areas of the mouth. 

Material ss  and Method s 

AA general dental practitioner was solicited to use the new CICERO technology 

forr crowns restorations on his patients. Fifty-five patients (47 women and 8 men) with 

aa mean age of 38 years (range 19 years to 66 years) received 1 or 2 artificial crowns. 

Alll of them were informed about the ongoing research and signed a consent letter. In 

totall seventy crowns were made in both arches. The distribution of restored teeth is 

presentedd in Table 1. 

Tablee 1. Distribution of CAD/CAM crowns involved on this clinical evaluation. 

Incisors s 

Canines s 

Premolars s 

Molars s 

Maxill a a 
38 8 

4 4 

2 2 

16 6 

16 6 

Mandibl e e 
32 2 

0 0 

0 0 

7 7 

25 5 

Tota l l numbe r r 
70 0 

4 4 

2 2 

23 3 

41 1 
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Thee general dental practitioner made the preparations according to the 

preparationn guidelines recommended by the manufacturer.16 CICERO preparation 

guideliness prescribe a shoulder angle between 9 0 - 1 3 0 degrees, a shoulder width 

betweenn 0.7 - 1.2 mm and an occlusal reduction between 1.5 - 2.0 mm with 

encompassingg rounded inner edges. The outline must be clearly recognizable, which 

makess it possible automatically to define the margins of the preparation using the 

softwaree of the system. A standard set of burs was recommended (for separation: 

Komett 850314014 (Brasseler GmbH, BRD); for palatal contouring: Komet 

8993140277 (rough) and 8899314027 (fine); for undeep chamfer preparation: Komet 

8813140100 (rough, r=0.5 mm) and 8881314012 (fine, r=0.6 mm); for deep chamfer 

preparation:: Komet 881314014 (rough, r=0.7 mm) and 8881314016 (fine, r=0.8 

mm)).. Once the tooth preparation was completed, impressions were made, using 

Impregumm (3M-Espe, Seefeld, Germany) and poured in stone (Fuji Rock, GC Japan). 

Alll crowns were fabricated in accordance with the standard procedure for CICERO 

all-ceramicc crowns. 

Thee CAD/CAM procedure is extensively described by Van der Zei et a/14 for 

thiss reason it will only be summarized in this article: Before the scanning procedure 

starts,, the area of the laboratory model that is not suited for the restoration design 

andd does not represent the preparation itself is blackened to create a high contrast 

forr unambiguous scanning of the preparation. Subsequently the laboratory model of 

thee preparation is scanned with a laser scanner (Micromeasure GmbH, Wetzlar, 

Germany).. In this way an image of the 3-dimensional geometry of the die was 

obtained.. In the CAD module of the system, an aluminum oxide coping was designed 

withh a thickness of approximately 0.6 to 0.7 mm throughout to provide a substructure 

withh optimal support for the veneering porcelain. Factory-standardized preformed 

refractoryy blocks (ECO Ceramics B.V., Beverwijk, the Netherlands) were fixed in a 

high-precisionn device in the milling machine. A copy of the preparation, which 

includess a non-homogenous designed cement space, was milled of the preformed 

refractoryy blocks using standard diamond preparation tools. The following cutting 

toolss are used: a diamond cylinder of 5.3 mm diameter, a diamond rounded disk of 

9.33 mm diameter, and a diamond pointed tool of 0.9 mm. On this die, slurry of 

aluminumm oxide reinforced glass ceramic (Synthoceram, Elephant Dental B.V., the 

Netherlands)) was placed. After the slurry had dried replacing the refractory block 

againn in the milling device created the shape of the coping. Hereafter the coping was 

firedd on the refractory block. After firing and cooling down, the refractory material was 
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removedd by sandblasting. Checking the fit on the laboratory model and measuring 

thee thickness was part of a final check of the copings. The dental technician retrieved 

thee coping by mail to execute the veneering procedure using special porcelain 

(Sintagon,, Elephant Dental B.V., the Netherlands) according to the color selection 

madee by the general practitioner. After checking the crowns in the mouth, they were 

cementedd (Poly F, Dentsply, USA). 

Afterr a one-year period, a dentist not involved in the patient's treatment, 

evaluatedd the crowns by means of a clinical evaluation form, a radiographic 

evaluation,, a subjective questionnaire and the patient's files. Furthermore, intraoral 

photographss of the crown in the occlusal and buccal views were taken and alginate 

impressionss were made to fabricate stone models of the dentition with the crown in 

place.. The photographs and stone models were used as documentation. 

Thee clinical evaluation involved the California Dental Association (CDA)17"20 

criteriaa with one modification: In order to provide information about color of the 

crownss in detail each crown was divided in three areas: buccal, cervical and occlusal 

areas.. Each area was evaluated separately. 

Thee radiographic evaluation was based on the periapical x-rays taken from the 

restoredd tooth. Two evaluators, working independently, compared and assessed 

eachh x-ray. When the ratings differed, the evaluators resolved their disagreement by 

jointt examination. The items of the evaluation were: tooth endodontically treated 'yes' 

orr 'no', tooth reconstructed by endodontic post 'yes' or 'no'. The periapical condition 

wass assessed using ridit success/failure analysis (Bross 1958). 

Att last every patient was requested to fill in a questionnaire to reveal his/her 

opinionn about the crowns. The questionnaire involved questions about general 

satisfaction,, color, shape and comfort. These items were scored 1 to 5. Questions 

aboutt sensibility to cold and warm and about pain were asked too. These items were 

scoredd 1 to 4. 

Result s s 

Alll patients were seen after 12 months; all inserted crowns were in function. 

Thee clinical evaluation shows the following results according to the CDA criteria: 

Anatomicc shape was considered 'excellent' (alpha) in 98% of the cases. Two crowns 

showedd chipping of the porcelain, for which reason they were asked to be replaced. 
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Marginall adaptation assessment showed 3 (5%) crowns with a gap at the disto-

linguall area. Margin discoloration was scored 100% 'excellent' (alpha). No caries 

contiguouss to the crown was found. Color of the crowns was 100% 'excellent' (alpha) 

att buccal and occlusal areas. The cervical margin was assessed too bright in 70% of 

thee crowns. 

Aill crowns, except two, were radiologically evaluated {Table 2). Two female 

patientss were pregnant at the moment of the evaluation, for this reason an x-ray was 

nott taken. Before the cementation of the CAD/CAM crowns involved in this study, 34 

(50%)) teeth were endodontically treated and 28 (41%) teeth were reconstructed by 

endodonticc post. 59 (87%) teeth were considered with optimal periapical conditions. 

99 teeth were found not in optimal periapical conditions, 6 of them presented a round 

periapicall radiolucency with less than 2 mm diameter, 2 of them with a periapical 

radiolucencyy larger than 2 mm diameter. One molar case was considered not optimal 

becausee the mesial root was not completely filled. 

Tablee 3 shows the results of the evaluation of the questionnaire. All the 

patientss reported to be satisfied or very satisfied with the crowns. Color was also 

consideredd (very) satisfactory in general, 4 did not have an opinion and 3 were 

dissatisfied.. The shape of the crown was considered satisfactory for most of the 

patients,, 8 did not have an opinion and one patient was unsatisfied. Also comfort was 

consideredd (very) satisfactory; one patient was unsatisfied. The patient's opinion 

aboutt sensibility to cold and warm coming from the teeth involved is shown in Table 

4.. In general the patients reported no sensibility to cold and warmth and no pain, one 

patientt reported a very sensible tooth. 

Tablee 2. Radiographic evaluation. Two women were pregnant at the date of the evaluation, 
forr that reason x-rays were not made. 

Yess No *Total number 

344 34 68 

288 40 68 

599 9 68 

Toothh endodontically treated 

Toothh reconstructed by endodonctic post 

Toothh with optimal periapical condition 
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Tablee 3. Patient's opinion about satisfaction, color, form and comfort (N=70). 1 = very 

satisfied,, 2 = satisfied, 3 = no opinion, 4 = no satisfied, 5 = very unsatisfied. 

Generall  Satisfactio n Colo r Form Comfor t 

11 43 23 27 35 

22 27 40 34 34 

33 0 4 8 0 

44 0 3 1 1 

55 0 0 0 0 

Tablee 4. Patient's opinion of tooth sensitivity (N = 70) 1= no sensitivity/pain, 2= a bit of 
sensitivity/pain,, 3= no opinion, 4=tooth sensible/painful. 

Sensibilit yy  to col d and/o r warm Painfu l 

11 62 69 

22 4 0 

33 3 0 

44 1 1 

Discussio n n 

Thee one-year survival rate of the aluminum oxide copings made with the 

CICEROO CAD/CAM system was 100%. Two crowns however showed chipping on 

thee veneering porcelain. As the copings were still intact these crowns were not 

registeredd as total failures. Chipping can occur for different reasons, i.e. strong 

occlusall contacts (bruxism), wrong manipulation of the porcelain in the laboratory by 

thee dental technician, composition of the porcelain itself, etc. It was not possible to 

detectt the reason of chipping for both cases. However, in the long-term these crowns 

mayy be more prone to fracture. Therefore extended research is necessary to reveal 

thee effect of strong CAD/CAM copings on manually finalized all-ceramic crowns. As 

thee CAD/CAM system used in this study is aimed at the fabrication of a whole layered 

all-ceramicc crown, in the near future the veneering layers may be fabricated 

automaticallyy too. In that case, the veneering ceramic will be more homogeneous 

andd less prone to manipulation errors increasing the chance for clinical success. 

Thee CAD/CAM procedure used in this study to make aluminum oxide copings 

provedd to give aesthetically acceptable restorations using the CDA criteria. The CDA 
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criteriaa however, prescribe to evaluate color of a restoration at a distance of 18 

inchess from the mouth, mentioned 'conversation distance'. If the evaluation has been 

donee within this criterion, 100 % of the crowns would be evaluated as 'excellent' 

(alpha)) and the results do not differ from other clinical studies under the same 

conditions.13211 Using that way of evaluation, it would be impossible to find out that in 

generall the crowns were too bright in the cervical area (70% mismatch). This 

incidencee justifies the decision to evaluate the color of the crowns more in detail, 

dividingg them in three areas: occlusal, buccal and cervical. This brightness occurs 

duee to the shining of the bright aluminum oxide coping through the porcelain. This 

cann be attributed to a lack of experience with the shading of the coping, a lack of 

spacee available for the porcelain due to tooth preparation errors etc. It is 

recommendedd to prepare a large space for the ceramic material at the margin and/or 

too use a thin layer of opaque dentine to mask out the bright color of the underlying 

coping.. A change of the copings' design may be an alternative solution to improve 

thee marginal aesthetic of the crowns. Considering the high strength of the coping it 

mayy not be necessary to extend the margin to the shoulder. A design where the 

copingg margin ends for instance 0.5 mm above the shoulder may result in a 

sufficientlyy strong construction. However, the addition of the veneering porcelain on 

thee shoulder in a manual way will be difficult. In the case that the whole crown is 

madee automatically, which is the case of CICERO, it will not create any problem. 

Thee results obtained in this study justify further clinical studies of crowns 

producedd with CICERO CAD/CAM system. 

Conclusio n n 

One-yearr clinical evaluation supported the hypothesis that the quality of all-

ceramicc crowns based on CAD/CAM aluminum oxide copings are applicable to all 

areass of the mouth. To overcome the aesthetic shortcomings at the margin, an 

alternativee coping design has to be evaluated further. 
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Abstrac t t 

Purpose:Purpose: The aim of this study was to find the optimal choice of luting cement to 

Synthoceram,, an aluminum oxide reinforced glass ceramic material. The bond 

strengthh of five different commercially luting cements to the ceramic material was 

evaluated.. The effect of surface treatments, etching, sandblasting, silanizing, and 

combinationss of these treatments was also investigated. 

MaterialsMaterials and Methods: Shear bond strength tests were performed using the ceramic 

materiall as substrate with each of the luting cements. Cement rods were prepared on 

pre-treatedd ceramic surfaces. The shear bond strength was determined 24 h after 

cementation.. The effect of surface treatments: etching, sandblasting, and 

sandblastingg followed by etching respectively, on the morphology of the material was 

investigatedd with SEM. 

Results:Results: The shear bond strength increases significantly from Ketac Cem, Rely X 

Luting,, Fuji Plus, Panavia F to Xeno Cem. The surface treatments etching and/or 

sandblastingg followed by silanization generally provides the highest bond strength 

values. . 

Conclusion:Conclusion: Based on the results of this study the use of resin composite based 

cementss is preferred for cementation of an all-ceramic restoration with an aluminum 

oxidee reinforced glass ceramic base. As surface treatment etching and/or 

sandblastingg followed by silanization is recommended. 
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Introductio n n 

All-ceramicc restorations show excellent aesthetic qualities and a good 

biocompatibility.. For these reasons an increase of the use of all-ceramic restorations 

byy dentists is recognized, even for the stress bearing regions of the mouth. However, 

evenn with introduction of stronger modern ceramic systems, the dentist is still facing 

problemss related to fracture of these restorations. Amongst others, strength of the 

ceramicc materials is one of the parameters that determine the longevity of an all-

ceramicc restoration1. The preparation, the way of production of the restoration, as 

welll as the composition of the ceramic material, and the cement are of influence on 

thee durability of the restoration2. 

Inn search of high strength ceramic materials 'new' production methods are 

usedd as casting, pressing, and milling of ceramic caps. Automatic production 

methodss may exclude the variance in strength related to manual manipulation of 

ceramicc materials. CAD/CAM technology is an example of a method for making 

dentall ceramic restorations without manual interference. Cerec, and Procera are the 

mostt used CAD/CAM systems3. Also layered ceramic restorations can be fabricated 

byy CAD/CAM34. Here a coping is made of an aluminum oxide reinforced glass 

ceramicc to improve the overall strength of the crown. Furthermore, two layers of 

differentt veneering glass ceramics are applied for an aesthetic appearance. 

Synthoceramm is a high content aluminum oxide reinforced glass ceramic, which can 

bee used as coping in these latter CAD/CAM crowns. 

Evenn with the application of automated ways of production the cement can be 

thee 'Achilles heel' of an all-ceramic restoration5. For brittle materials, as ceramics are, 

thee integrity and longevity of the tooth-cement-ceramic interface is of main 

importancee for the risk of fracture of the restoration. The adhesive capacity and the 

cementt stiffness are important material properties for the longevity of all-ceramic 

restorations.. Conventional glass ionomer cements do show adhesive properties to 

metalss and have a relative high stiffness6. For that reason glass-ionomer luting 

cementss are common used to cement metal crowns. Also for some all-ceramic 

restorationss glass-ionomer cements are advised as luting cement. However, resin 

compositee cements are preferred as luting material for all-ceramic restorations due to 

theirr bonding ability to ceramics7. For the latter cements the ceramic surface has to 

bee treated and/or conditioned, while for glass ionomer-based cements this treatment 
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orr conditioning may not be required. For many cases hydrofluoric acid-etching 

followedd by silane application resulted in the most durable bond with the highest 

bondd strength8"16. 

Thee aim of this study was to find the optimal luting cement for a high content 

aluminumm oxide reinforced glass ceramic, Synthoceram. Different luting cements and 

surfacee treatments were evaluated by means of their shear bond strength to the 

aluminumm oxide reinforced glass ceramic material. 

Material ss  and Method s 

Inn this study shear bond strength of five different luting cements to ceramic 

discss made of Synthoceram was evaluated (See Table 1). Synthoceram consists of 

aluminumm oxide (66%), siliciumoxide (20%) and other materials (14%). Hundred 

twenty-eightt ceramic discs (d=20 mm, h=3 mm) were fabricated according 

manufacturess procedures. The ceramic discs were sanded in a mould with a 

constantt load of 5 N on a rotating disk with silicon carbide paper of 320 grit (2 min), 

followedd by silicon carbide paper of 600 grit (2 min) and finally polished with silicon 

carbidee paper of 1200 grit (2 min) to obtain a standard surface roughness. The 

sampless were polished up to 1200 grit to obtain a smooth surface. Bonding to a 

smoothh surface and sandblasted or etched surface, respectively, reveals information 

aboutt chemical bonding or micromechanical interlocking to the surface. The disks 

weree cleaned with tap water and dried before further treatment. The ceramic discs 

weree divided in eight groups that receive different surface treatments (see Figure 1). 

Groupp 1 received no further surface treatment. 

Groupp 2 was etched for 150 s with 9.5% hydrofluoric acid. 

Groupp 3 was silanized by a mixture of the bonding agent in Clearfil liner bond 2V and 

Clearfill porcelain bond activator. 

Groupp 4 was etched as group 2 and silanized as Group 3. 

Groupp 5 was sandblasted for 20 s with aluminum oxide (50um) at 200 kPa air 

pressure. . 

Groupp 6 was sandblasted as group 5 and etched as group 2. 

Groupp 7 was sandblasted as group 5 and silanized as group 3. 

Groupp 8 was sandblasted as group 5, etched as group 2 and silanized as group 3. 

50 0 



ShearShear bond strength of different type of luting cements 

Onee of the five cements (see Table 1) was tested, giving sixteen samples per 

method.. Before re-using the samples the sanding procedure was repeated and 

damagedd samples were substituted. 

Onn the treated ceramic surface a cylindrically shaped split-mold (d = 4.0 mm, 

hh = 4.0 mm) was placed. The mold was filled with the luting cement and cured 

accordingg the manufacturers instructions. The duai-cure cements were light cured 

withh an Elipar II light curing device (3M-ESPE, Seefeld, G). After setting of the luting 

cements,, the split-mold was carefully removed leaving an adhesively bonded cylinder 

off cement on the ceramic surface. Before testing the sample were stored 24 hours in 

100%% humidity at room temperature. 

Panaviaa F 
Xenoo Cem 
Relyy X Luting 
Fujii Plus 
KetacCem m 

Noo treatment 

Etching g 

Silanizing g 

Etchingg & 
Silanizing g 

f f 

Noo treatment 

I I 
Groupp 1 

I I 
Groupp 2 

[ [ 

Groupp 3 

I I 
Groupp 4 

Sandblasting g 

Groupp 5 

Groupp 7 

I I 
f f 

V V 

Groupp 6 

I I 

i i 
r r 

V V 

Groupp 8 \ \ 

) ) 

Figuree 1. Surface treatment procedures of the eight groups. 
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Tabl ee 1. Materials used. 

Materia l l 

Synthoceram m 

Clearfill liner 

bondd 2v & 

Clearfil l 

porcelainn bond 

activator r 

Panaviaa F 

Xenoo Cem 

Relyy X Luting 

Fujii PLUS 

KetacCem m 

Typ e e Mainn Compositio n Manufacture rr  Batc h 

Aluminumoxide e 

containingg Glass 

Ceramic c 

Adhesivee & 

Silanizingg Agent 

Elephantt Dental 

B.V.,, Hoorn, the 

Netherlands s 

A-8733 & 

A-1071 1 

Kurarayy Medical, 00055A 

Tokyo,, Japan 41123 

Dual-curee resin 

composite e 

cement t 

Dual-curee resin 

composite e 

cement t 

Resinn Modified 

Glass-lonomer r 

Cement t 

Resinn Modified 

Glass-lonomer r 

Cement t 

Conventional l 

Glasss lonomer 

Cement t 

Silanatedd barium glass and 

silicaa powder, bis-phenol A 

polyethoxyy dimethacrylate, 

10-methacryloyldecyl l 

dihydrogenn phosphate (MDP) 

andd photochemical and 

chemicall initators.1 

fluoraluminosilicatee glass, 

UDMA,, HEMA, polyacrylic 

acidd and photochemical and 

chemicall initators.2 

fluoraluminosilicatee glass, 

polyalkenoicc acid and HEMA, 

chemicall initiators.2 

fluoraluminosilicatee glass, 

copolymerr of acrylic and 

maleic c 

acid,, HEMA, tartaric acid, 

water,, chemical initiators.1 

fluoraluminosilicatee glass, 

polycarboxlicc acid, tartaric 

acid,, water.2 

Kurarayy Medical, 

Tokyo,, Japan 

Dentsply/Sankin, , 

Tokyo,, Japan 

046AA A 

334-001 1 

3M-ESPE, , 

Seefeld,, Germany 
20000425 5 

GC,, Tokyo, Japan 9910261 

3M-ESPE.. FW 

Seefeld,, Germany 063589 

fromm ref [25] 2 manufacturers date. 

Thee specimens thus obtained were mounted in a universal testing machine 

(Instronn Ltd. Wycombe, UK), and shear stress was applied at a crosshead speed of 

0.22 mmmin " 1 . Shear load at failure was recorded and converted to strength. The 

modee of failure was evaluated by using light microscopy (10x magnif ication). The 

treatedd ceramic surfaces were examined by scanning electron microscopy (Phillips 

S E M X L 2 0 ,, Eindhoven, NL). 
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SPSSS 10.0 (SPSS inc., Chicago, USA) was used as to carry out the statistical 

analysis.. One-way analysis of variance (ANOVA) and Tukey HSD tests was used to 

determinee differences in shear bond strength values between the groups and 

cements.. A p-value<0.05 was considered significant. 

Result s s 

Thee shear bond strength values are presented in Table 2 and graphically 

depictedd in Figure 2. The observed shear bond strength ranged from 0 to ca. 21 

MPa.. For all groups with a shear bond strength higher than 19 MPa cohesive 

fracturess in the ceramic was observed. 

ResinResin composite cements (Panavia F and Xeno Cem) showed that all extra 

surfacee treatments did result in a significant increase of shear bond strength value. 

Forr both cements, sandblasting only resulted in significant lower shear bond strength 

valuess with respect to the other treatments. The highest shear bond strength of 

Panaviaa F was observed for the treatments etching, etching and silanizing, 

sandblastingg and etching, sandblasting and silanizing, and sandblasting, etching and 

silanizing.. With Xeno Cem the significant highest bond strength was found with 

treatmentss sandblasting and etching, sandblasting and silanizing, and sandblasting, 

etchingg and silanizing. 

ResinResin modified glassionomer cements (Rely X Luting and Fuji Plus): For the 

resinn modified glass ionomer cements all extra surface treatments did result in 

similarlyy in an increase of the shear bond strength compared to no treatment (see 

Figuree 2). For Rely X Luting the highest values were found with a surface treatments 

silanizing,, and sandblasting followed by etching. For Fuji Plus the surface treatment 

off sandblasting or etching resulted lower shear bond strength values compared to the 

otherr treatments. 
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Tablee 2. The mean shear bond strength (MPa) (n=16) with the standard deviation in 

parentheses,, of different luting cements depending of ceramic treatment. 

Lutingg Cement 

Panaviaa F 

Xenoo Cem 

Relyy X Luting 

Fujii Plus 

KetacCem m 

Lutingg Cement 

Panaviaa F 

Xenoo Cem 

Relyy X Luting 

Fujii Plus 

KetacCem m 

Groupp 1 

NT T 

3.99 (2.4)aAB 

4.77 (2.0)aA 

0.44 (0.5)aC 

2.9(1.2)aB B 

0.7(0.5)aC C 

Groupp 5 

Sa a 

10.77 (6.1)bAB 

11.77 (2.3}bA 

4.8(1.7)bC C 

8.3(2.0)bB B 

2.6(1.7)bC C 

Groupp 2 

E E 

12.5(5.6)bcA A 

12.11 (3.3)bcA 

4.88 (1.3) bC 

8.44 (2.7) bB 

3.00 (1.3) bC 

Groupp 6 

S a & E E 

11.7(5.3)bcB B 

19.44 (4.4)eA 

6.88 (2.0) cC 

11.55 (3.5)cB 

4.11 (1.4) cC 

Groupp 3 

Si i 

9.77 (3.4)bA 

11.33 (3.4)cA 

5.0(1.9)bcB B 

9.3(1.5)bcA A 

0.00 (0.1)aC 

Groupp 7 

Saa &S i 

14.44 (4.6)bc 

18.0(4.1)de e 

3.99 (1.5) b 

9.55 (1.9)bc 

0.00 (0.0) a 

Groupp 4 

E & S i i 

13.0(4.7)bcAB B 

15.5(2.8)cdA A 

3.88 (1.8)bC 

10.7(2.3)bcB B 

0.33 (0.7)aD 

Groupp 8 

S a & E & S i i 

16.44 (5.2)c 

20.99 (4.2)e 

4.66 (2.4) b 

9.77 (3.9)bc 

0.00 (0.0) a 

Treatment:: NT = No Treatment, E = Etched, Si = Silanized, Sa = Sandblasted. 

Noo significant differences were observed for the surface treatment if the mean shear bond strength is 

quotedd with the same small letter. No significant differences were observed for the cement if the mean 

shearr bond strength is quoted with the same capital letter. 

Forr the conventional glassionomer cement (Ketac Cem) any increase in 

surfacee roughness by means of sanding, sandblasting and/or etching of the ceramic 

surfacee improved the bond strength value. A silanized surface had a detrimental 

effectt on the interface between the ceramic and cement resulting in complete de-

bondingg of the cement. 

Inn general, the surface treatment of etching, sandblasting, sandblasting 

followedd by etching in combination with silanizing (Groups 4, 7 and 8) resulted in 

significantt higher shear bond strength values compared to the untreated surface 

(Groupl).. The shear bond strength increases significantly from Ketac Cem, Rely X 

Luting,, Fuji Plus, Panavia F to Xeno Cem, for the Groups 7 and 8. For Group 4 the 

samee order was found, but there were no significant differences between Fuji Plus 

andd Panavia F, and Panavia F and Xeno Cem. 
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SEMM analysis showed that sanding with 1200 grit silicon carbide paper 

producedd only slight surface scratches (Figure 3A). Hydrofluoric acid etching and 

sandblastingg resulted in a surface with relief and undercuts (Figure 3B and 3C), 

whichh became more pronounced if the surface was sandblasted and etched (Figure 

3D). . 

CD D 
D_ _ 

sz z 
o o 
! ! 

co o 
"a a 
c c 
o o 

CÜ Ü 
i _ _ 
ca a 
CD D 

- £= = 
CO O 

2 5 --
2 0 --

155 -
10 --
5 --

2 5 --

200 -
15--
1 0 --
5 --

2 5 --
2 0 --
15 --
10 --

55 -

2 5 --
2 0 --
15 --
100 -
5 --

2 5 --
2 0 --
15 --
10 --
5 --
0 --

Panavia a F F 

ll i 

- j --

ii  i i i i i i 

r~i i 

T T 
1 1 

~T T 

ii  i i i i 

Relyy X Luting 

ff  I I 1 1 

Fujii Plus 

~ rr - r i—'—i - i -

i i 

i i 

i i 

T T 

i i 

i i 

T T 

1 1 

1 1 

T T 

1 1 

T T 

11 1 1 1 1 1 1 1 

Ketacc Cem 

ii  i i l i i  i i 
> > 

<5""  <#  <^ 

Treatment t 

Figuree 2. Shear bond strength (MPa) of different luting cements depending of ceramic 

treatment.. NT = No Treatment, E = Etched, Si = Silanized, Sa = Sandblasted. 
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Figur ee 3. SEM Micrograph of the ceramic surface (magnification 1000x) A. Specimen 
sandedd with 1200-grit SiC paper. B. Specimen sanded with 1200-grit SiC paper and etched 
forr 150 s with 9.5% hydrofluoric acid. C. Specimen sanded with 1200-grit SiC paper and 
sandblastedd during 20 s with aluminum oxide (50um) at 200 kPa air pressure. D. Specimen 
sandedd with 1200-grit SiC paper and sandblasted during 20 s with aluminum oxide (50pm) at 
2000 kPa air pressure and etched for 150 s with 9.5% hydrofluoric acid. 

Discussio n n 

Thiss study was carried out to evaluate the shear bond strength of different 

lutingg cements to an aluminum oxide reinforced glass ceramic material. After 

polishingg the surface of the ceramic surface, different treatments were applied and 

thee effect on the shear bond strength was investigated. For the resin composite and 

resinn modified glass ionomer cements surface treatments that involve roughening 

andd silane application resulted in the highest shear bond strength values. These 

resultss are in agreement with previously published results, showing that an efficiently 

etchedd ceramic surface in combination with a silane treatment usually provides the 

highestt bond strengths8"16. It should be noted that silanization is crucial in the 

durabilityy of the bond, since the bond strength of unsilanized surface seems to 

decreasee in time11"14. SEM analysis showed a similar topographical relief for acid 

etchingg and sandblasting, while sandblasting followed by etching created a greater 

topographicall relief. These findings correspond with the observed bond strengths, 

showingg that micromechanical interlocking plays an important role in bonding. Beside 

thee micromechanical interlocking of the cement and the ceramic surface, chemical 
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bondingg also contributes to the bond strength. Comparing an untreated surface with 

aa silanized surface (Groups 1 and 3) shows an increase in bond strength of ca. 5 

MPa.. For the resin composites a significant increased bond strength for silanized 

surfacess were found for the sandblasted samples (5 vs 7), showing a combination of 

micromechanicall interlocking and chemical bonding. For conventional glass ionomer 

cement,, Ketac Cem, an increase in surface roughness resulted in improved bond 

strength,, but silanization of the surface had a detrimental effect on the bond strength. 

Apparently,, the chemical interaction of polyacrylic acid and the ceramic surface 

contributess to shear bond strength, which was cancelled out by the use of the 

silanizationn agent. 

Shearr bond strength of resin based cement to ceramic materials of maximal 

211 MPa with a rather large standard deviation is in agreement with previous 

research9"11'1314,16.. The brittle character of the cements is often taken as the origin of 

thee rather large standard deviations. The results of this study compared to other 

studiess are probably due to differences in porcelain, acid concentration and etching 

time,, sand blasting pressure and differences shear bond strength determination. 

Figuree 2 and Table 2 showed that the shear bond strength increases in the order of 

Ketacc Cem, Rely X Luting, Fuji Plus, Panavia F, Xeno Cem. For the interpretation of 

thesee values one has to take the internal strength of the cement used into account. 

Ultimately,, cement with a bond strength that competes with the strength of the 

cementt or one of the substrates to be bonded to, can be used. The tensile strength of 

glasss iononomer cement is much lower than that of resin modified glass ionomer 

cements,, which have a lower strength compared to resin composite cements17. This 

factt is reflected in the highest shear bond strength values of all cements tested. In 

general,, the ranking of the bond strength results mounted up from glass ionomer 

cementss to resin modified glass ionomer cements to resin based cements. This trend 

mayy be related to the intrinsic strength of the cement. The higher the resin contents 

thee higher the strength. 

Since,, the all-ceramic restoration is cemented to dentine not only the cement-

ceramicc interface is important but also the dentine-cement interface can be an 

importantt factor that determine the longevity of the restoration. The shear bond 

strengthh of human dentine was found to be 13.4 Mpa18. The shear bond strength of 

dentinee to Panavia F18, Fuji Plus19, and Ketac Cem20'22 were 7.7 MPa, 7.0 MPa and 

1.66 - 12.9 MPa, respectively. Due to variation in experimental set-up or preparative 

proceduress the reported shear bond strengths in the literature are hard to compare. 
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Nevertheless,, the reported shear bond values are much lower than the shear bond 

strengthh values found for the ceramic-cement interface. Microtensile bond strength 

testt of dentin and Cerec 2 inlays cemented with Panavia F showed a similar result; 

de-bondingg occurred more often at the cement-dentin interface than at the cement-

inlayy interface23. In short, based on the previous considerations the use of the two 

resinn composite cements will give the most reliable bond to the ceramic material and 

fracturee will most probably occur at the cement-dentin interface. 

Inn principle the two resin cements Panavia F and Xeno Cem are the favorable 

cementss for clinical use. But, for the clinical application of luting cements more 

variabless have an influence on the final retention of the restoration. The handling of 

thee lute during mixing, placement and setting is an important factor as well as the 

amountt of steps of the bonding procedure. The increase in steps may affect the risk 

too fail too as the time to carry out the whole adhesive procedure will be enlarged. 

Moreover,, the risk of blood and/or saliva contamination of the preparation may 

increasee with enlarging the procedure time24. To decrease operator-related mistakes 

itt may be desirable to use or develop simple, fast systems. 

Conclusion s s 

Basedd on the results of this study the use of resin composite based cements is 

mandatoryy for cementation of an all-ceramic restoration with an aluminum oxide 

reinforcedd glass ceramic base. As surface treatment etching and/or sandblasting 

followedd by silanization is recommended. The etching and sandblasting provides the 

micromechanicall interlocking and the silanization is crucial for the durability of the 

bond.. Furthermore the bonding procedure is clinically simple to carry out. 
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Abstrac t t 

Purpose:Purpose: The aim of this study was to compare the design parameters; namely, 

accuracyy of internal fit and coping thickness, of two CAD/CAM systems used for the 

productionn of all-ceramic copings with the final manufacture parameters of the 

producedd restoration. Moreover the influence of the scanning and the production 

methodss on the accuracy of the design parameters of the produced restoration was 

evaluated. . 

MaterialsMaterials and Methods: A master metal die prepared for an ordinary all-ceramic 

restorationn was the pattern to create 40 epoxy-working dies. Under manufacturer's 

conditionss 40 (20 Cicero and 20 Procera) copings were produced. Two scanning 

proceduress were followed to scan the dies: scanning the master die once and 

scanningg the epoxy-working dies one by one to produce the three-dimensional 

imagess of the preparations. Independently the two CAD/CAM systems selected 

producedd the aluminum oxide copings at their manufacture center. The copings were 

cementedd (Panavia F) on their respective epoxy-working die and after that sectioned 

inn three horizontal planes creating three different slices at top, middle and bottom. 

Thee slices were analyzed under scanning electron microscopy. The cement space 

andd the coping thickness were measured at Mesial, Distal, Buccal and Lingual in 

eachh slice. 

ResultsResults and conclusions: Cicero and Procera systems could produce copings with 

thee pre-established coping thickness. The Cicero system could produce cement 

spacess as pre-established within acceptable borders, while the Procera system 

createss significantly thicker cement spaces. The scanning procedure was of influence 

forr the Cicero system. 
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Introductio n n 

Thee use of ceramic materials is attractive because of their aesthetics and 

biocompatibilityy characteristics. Nevertheless, the indication area of all-ceramic 

restorationss is limited to single crowns in low stress bearing areas, because of their 

lackk of strength. Amongst the different factors that influence the longevity of all-

ceramicc crowns, the precise internal fit of the crown on the prepared tooth is of 

importancee as a strong linear correlation was shown between the fit of the crowns 

andd their compressive strengths. The cement functions as intermediate layer for the 

distributionn of biting forces onto the tooth. Qualtrough and Piddock1 showed that a 

closee fit of the crown results in higher compressive strength of the tooth restoration 

complex.. However, not only a close fit, but also the overall accuracy of fit is 

important,, since correct seating may help to increase restoration longevity by offering 

improvedd mechanical support2. 

AA range of methods exists for determination of the fitting accuracy of all-

ceramicc restorations, with each technique providing limited information. Colored 

impressionn materials have been used to judge the fit of crowns both in the clinic and 

thee dental laboratory. Reflection photometry, a non-destructive three-dimensional 

method,, appears to be a valid technique for the quantitative mapping of crown fit3. 

Eisenburger44 described another non-destructive radiographic method, which makes 

usee of X-ray inspection. This method allows checking the quality of dental crowns 

andd bridges by detecting many types of imperfections, including the fit. Mechanical 

techniques5"77 often proved to be insufficient in detecting areas with too small 

dimension.. Nakamura et a/.8 described the use of a profile projector (V-12 Nikon) to 

studyy the marginal and internal fit of aluminum copings. There exists no standard 

methodd for either the assessment of marginal adaptation or the overall accuracy of 

fit1. . 

Too overcome the intrinsic weakness of all-ceramic restorations, new all-ceramic 

restorativee systems based on CAD/CAM production methods are developed to 

producee strong all-ceramic copings (based on aluminum oxide or zirconium oxide), 

whichh can be covered with conventional veneering porcelain. The production of this 

typee of restorations is based on new methods that probably may have an influence 

onn the final accuracy of fit. Generally two production approaches are applied, both 
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basedd on the firing of a coping on a heat resistant investment die. These methods 

differr in the choice of the thermal expansion behavior of the die material {Table 1). 

Thee Procera system of Nobelpharma is based on a die material that shrinks 

duringg the firing process to compensate the sintering shrinkage of the aluminum 

oxidee coping that is fired on it. As a consequence, the die is larger than the original 

preparation.9"177 The Cicero system of Elephant Dental Industries is sintered on an 

investmentt die that is principally equal in size compared to the original preparation. 

Heree the aluminum oxide based glass ceramic coping material can only shrink to the 

diee during sintering. After the sintering process, the inner shape of the coping has 

equall dimensions as the original die.18"21 For that reason, it was hypothesized in this 

studyy that the production method of the Cicero system may lead to better fitting 

accuracyy than the method used for the production of Procera crowns. 

However,, the accuracy of fit of Procera and Cicero copings may not only be 

influencedd by the way of manufacturing but also by the scanning and design phase of 

thee CAD/CAM procedure. For both methods a gypsum die of the tooth preparation 

hass to be scanned. Procera makes use of a contact scanner with a sapphire ball of 

2.55 mm diameter; Cicero uses a laser line scan. The first method does not enable the 

determinationn of sharp inner preparation angles and will only scan the extrusions of 

roughh surfaces. Laser scanning will reproduce more surface irregularities when 

comparedd to a contact scanner. In the design phase a coping is designed according 

too parameters pre-established by the manufacturer. At this step the 'design values' of 

thee cement space and the coping thickness are decided upon. However, most 

manufacturerss have preset these design parameters to reduce the chance on 

prematuree clinical failing of the restoration. Moreover, corrections of possible 

shortcomingss of the later manufacturing phase can be handled. All phases of the 

CAD/CAMM process do have a certain degree of inaccurateness due the different kind 

off limiting factors, (e.g. scanner resolution, wear of manufacturing tools etc.). Some 

off these factors may have an intensifying effect on each other while others may have 

ann attenuating effect. Both influences and the interaction of each other are hard to 

predict.. As a consequence the questions remaining are: do we get what was 

designedd and what are the most determining factors in a dental CAD/CAM production 

process? ? 

Therefore,, the aim of this study was to compare the design parameters, 

namely,, accuracy of internal fit and coping thickness, of two CAD/CAM systems used 

forr the production of all-ceramic copings with the same parameters of the produced 
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restorat ion.. Moreover the influence of the scanning and the production methods on 

thee accuracy of these parameters of the produced restoration was evaluated. 

Tabl ee 1. Characteristics of the CAD/CAM systems selected for this study. 

CICERO O Procer aa AllCera m 

Determinatio nn of th e finis h 

lin e e 

Scannin gg Procedur e 

Thee area that does not 

representt the preparation is 

blackened. . 

Fastt laser-stripe with 0.05 mm 

scanss lines. 

AA replica of the preparation is 

producedd in a refractory block 

withoutt any enlargement. 

Compositio nn of th e copin g 66% Al203 20% Si0 2 14% rest 

Productio nn of th e workin g 

mode l l 

Plac ee of th e scannin g and 

CAD/CA MM procedure s 

Copin gg thicknes s (dat a 

excludin gg th e margin ) 

Cemen tt  spac e (dat a 

excludin gg th e margin ) 

Thee process of coping 

productionn is made at one 

specificc place, the Central 

Ciceroo lab in the Netherlands. 

Forr this study 600 pm was 

selected. . 

Forr this study 140 pm was 

selected. . 

Thee die is ditched prior to 

scanningg under the finish line. 

AA sapphire ball of 2.5 mm 

diameterr contacts the die with 

aa pressure of 20 g. 

AA replica of the preparation is 

producedd with an enlargement 

betweenn 12% and 20%. 

.99.9%AI203 3 

Thee scan and CAD procedures 

aree made at a dental lab that is 

equippedd with the Procera scan 

anywhere.. The information is 

sentt via modem to the 

productionn station in Sweden. 

AA default of 600 pm is 

customary. . 

Thee relief space for the luting 

agentt is automatically 

establishedd by a computer 

algorithmm ( 5 0 - 6 0 pm). 

Mater ia l ss  an d Method s 

AA master die of a right maxillary central incisor tooth prepared for an ordinary 

al l -ceramicc crown was made of a non-precious alloy (Wiron 99, Bego, Germany). The 

masterr die was impressed four t imes with addit ion of sil icone based elastomeric 

impressionn material (Provil novo, Heraeus Kulzer, Germany) . Each impression was 

pouredd with a resin precision model material (Quartz Die, Zhermack, Italy) 10 t imes 

too create 40 epoxy-working dies. To avoid the formation of voids, the impressions 

weree kept under pressure for a period of one hour. For each epoxy-working die an 

a luminumm oxide ceramic coping was produced according to two different scanning 
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proceduress and two different production procedures. Therefore the epoxy-working 

diess were divided into four groups of 10 copings each (Table 2). For Group 1 and 2 

thee master metal die was scanned once: Group 1 with the laser line scanner for the 

fabricationn of Cicero copings and Group 2 with the Procera contact scanner for the 

fabricationn of Procera copings. For Group 3 and 4 not the master metal die but each 

epoxy-workingg die were scanned: Group 3 for the production of Cicero copings and 

Groupp 4 for the production of Procera copings. 

Tablee 2. Distribution of the copings fabricated per scanning procedure and per manufacturer. 

CICERO O 

Procer aa AHCera m 

Tota l l 

Procedur ee 1 

Maste rr  meta l di e 

Groupp I (n = 10) 

Groupp II (n= 10) 

20 0 

Procedur ee 2 

Epoxy-workin gg di e 

Groupp III (n= 10) 

Groupp IV (n = 10) 

20 0 

Tota l l 

20 0 

20 0 

40 0 

Thee three-dimensional images obtained were used to design the copings 

accordingg to the specifications of the manufacturer as presented in Table 3. 

Thereforee for Group 1 and 2 respectively, one design was used to fabricate ten 

copingss for each group; while for Group 3 and 4 respectively each scan was used to 

designn and produce a new individual designed and manufactured coping. 

Tablee 3. Design specifications (pm)* used for the fabrication of the CAD/CAM copings. 

Cementt  spac e (CS)* Copin g thicknes s (CT)* 

CICEROO 140 600 

Procer aa AHCeram 50-60 600 

Cementation Cementation 

Afterr checking the fit of each coping visually, they were cemented on their respective 

epoxy-workingg die. No correction was made to the inner surfaces of the copings. A 

duall cure dental luting cement (Panavia F) was used. 
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MeasurementMeasurement of the internal fit 

Eachh of the specimens (cemented coping on the epoxy-working die) was embedded 

inn PMMA resin: thereafter it was sectioned (Isomet 1000, Buehler Ltd, Lake Bluff, IL, 

USA)) on three horizontal parallels planes (top, middle and bottom) creating three 

slicess (Figure 1). The cement space and the coping thickness at four locations: 

Mesial,, Distal, Buccal and Lingual (Figure 2) were measured on images (lOOx to 

180xx magnification) obtained with a scanning electron microscope (Phillips SEM XL 

20,, Eindhoven, NL) by using the measuring software of the SEM. All measurements 

weree repeated 3 times by the same operator. The mean values (M) and standard 

deviationss (SD) were calculated for cement space and coping thickness at each slice 

(top,, middle and bottom) at four measured points: Mesial, Distal, Buccal and Lingual. 

Thesee four measured points were averaged, resulting in three values for cement 

spacee and three for coping thickness (top, middle and bottom). Due to the 

preparationn angle and the sectioning angle being different, the data obtained were 

slightlyy larger than the actual tangential values, therefore the data were corrected 

fromm this error. 

Figuree 1. Graphic representation of a specimen (cemented coping on the epoxy-working 
die).. The arrows show the three levels (top, middle and bottom) where each specimen was 
sectioned.. The cement space is represented in black and the coping thickness in dark gray 

color. . 
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StatisticalStatistical analysis 

Thee two scanning methods were compared with respect to cement space and coping 

thicknesss using independent sample t-tests. A significance level of a=0.05 was used. 

Inn addition, one-sample t-tests were used to determine whether cement space and 

copingg thickness fulfilled the design specifications as shown in Table 3. Because of 

thee high number of tests, a significance level of a=0.01 was used here. 

Figur ee 2. The cement space and the coping thickness were measured at four points of each 
slicee (Mesial, Distal, Buccal and Lingual) under the SEM. In the study, they were measured 
onn images at 100x to 180x magnification. For reasons of clarity it is shown an overall view 
insteadd of four separate images. 

Result s s 

Thee results are reported in Table 4 and graphically presented in Figures 3 and 4. 

CopingCoping thickness 

Thee frequencies of the thickness data showed for the Procera copings a bimodal 

distributionn that was clearly related to the time of fabrication of the copings. The 

Proceraa copings were produced in two time periods with a year in between. The first 

copingss made on the base of a scan of the master metal and epoxy-working dies 

weree significantly thinner compared to the copings made in the second period 

(p<0.01).. Therefore the Procera copings made at the two times were treated 

separately.. For Cicero and Procera at time 1, there were no statistically significant 
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differencess between the master metal die and the epoxy-working die for top, middle 

andd bottom values. For Procera at time 2, the thickness at the top was higher (t=2.89, 

df=6,, p=0.028) for the master metal die (M=577|am, SD=9.1) than for the epoxy-

workingg die (M=554.3um, SD=14.0). 

Thee coping thickness of all Cicero copings did not differ statistically significant from 

thee design specification of 600 ^m. For Procera at time 1, aii copings were thinner 

thann 600 ^im (p<0.001), and at time 2, only the copings based on a scan of the 

masterr metal die were thinner than 600 jam (p<0.005). 

Tablee 4. Average values (|im) at three horizontal planes (top, middle and bottom) (nm). SD is 

shownn in parenthesis. 

Top p 

Middle e 

Bottom m 

Metal/timee 1 

356.11 (20.0) 

348.99 (7.7) 

381.4(33.8) ) 

Copin gg Thicknes s (CT) 

Procer aa AllCera m 

Metal/timee 2 Epoxy/time 1 Epoxy/time 2 

577.55 (9.1) 344.0(23.5) 554.3(14.0) 

566.55 (5.5) 338.5(18.1) 566.0(16.4) 

565.6(10.5)) 378.5(20.7) 555.6(16.3) 

CICERO O 

Metall Epoxy 

597.11 (46.7) 608.6(19.0) 

572.2(37.0)) 586.7(21.8) 

610.2(44.5)) 586.4(32.4) 

Top p 

Middle e 

Bottom m 

Metal/timee 1 

162.2(29.8) ) 

141.00 (10.5) 

143.2(20.2) ) 

Cemen tt  Spac e (CS) 

Procer aa AllCera m 

Metal/timee 2 Epoxy/time 1 Epoxy/time 2 

126.2(15.9)) 212.1(131.2) 118.1(35.7) 

119.6(16.1)) 133.4 (39.7) 118.3 (8.3) 

117.0(15.6)) 142.1 (15.5) 120.3(17.8) 

CICERO O 

Metall Epoxy 

150.7(26.8)) 131.3(27.1) 

135.0(26.0)) 106.2(16.4) 

126.0(26.9)) 99.4(24.6) 

CementCement Space 

Forr Procera at time 1 and 2, there were no statistically significant differences 

betweenn the master metal die and epoxy-working die for top, middle and bottom 

values.. For Cicero, the cement space at the middle and base were higher (t=2.97, 

df=18,, p=0.008 and t=2.31, df=18, p=0.033 respectively) for the master metal die 

(M=135.0um,, SD=26.0 and M=126.0um, SD=26.9) than for the epoxy-working die 

(M=106.2um,, SD=16.4 and M=99.4|am, SD=24.6). 

Thee cement space thickness of the Procera copings at time 1 were all higher than the 

designn specification of 60 urn (p varies from 0.022-0.000). At time 2, they were higher 

thann 60 jam for the master metal die (p=0.001), and also in the middle part for the 

epoxy-workingg die (p=0.007). For Cicero, the cement space thickness for the master 
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metall die did not differ from the specification of the manufacturer (140 jum). However, 

forr the epoxy-working die, the cement space at the middle and base were lower than 

1400 (.im (p=0.001). For both systems the average cement space thickness was in the 

rangee of 120- 130(.im. 

Discussio n n 

Basedd on the computerization of laboratory procedures, one of the often 

claimedd advantages of CAD/CAM systems is a high precision and reproducibility of 

productionn results. The different dental systems available in the market at the 

momentt emphasize their capability to produce copings with a shape and size 

comparablee to their CAD design. Nevertheless, the different phases of the CAD/CAM 

productionn process may have an influence on the accuracy of the final product. In 

spitee of the fact that in some cases the deficiencies of the different phases of the 

CAD/CAMM process can be compensated with proper software design, it may be 

expectedd that the weakest part in the process chain will be the limiting factor of the 

finall product quality. This study was designed to assess how precise these two 

CAD/CAMM systems are and to evaluate whether the scan, the design or the 

manufacturingg phase is the weakest chain in the process. In other words, 'Is what 

youu designed what you get?' and if not; 'which part of the CAD/CAM process is the 

mostt critical?'. The results show that in reality it is difficult to meet the preset design 

parameters.. Moreover, it may be advisable to define the 'quality' of a CAD/CAM 

systemm by specifying the design parameters by ranges instead of by exact values. 

Itt was surprising to find differences in coping thickness between Procera 

copingss fabricated for the pilot study and the copings fabricated one year later. It may 

bee explained by the fact that during the Procera process the scanning procedure was 

carriedd out in another place as the design and manufacturing procedures, so it took 

placee under the supervision of different dental technicians. 

Anotherr finding concerning the Procera system was that the resulting copings 

hadd a significantly bigger cement space. This may be explained by two possible 

factors:: First, the use of an enlargement of the coping model 'between 12 and 20%'. 

Itt seems that this interval does not give the guarantee of control technology. 

Secondly,, also remarked by Boening et a/.17, with the use of a sapphire ball of 2.5 

mmm of diameter, it was theoretically unable to locate irregularities or grooves with 

radiii smaller than 1.25 mm in the scanning process. However it is also possible that 

70 0 



PrecisionPrecision of Two CAD/CAM Systems 

thee information received by the dental lab that made the Scanning and CAD 

proceduress were not the valid data. 

However,, it should be mentioned that the marginal gap dimension was not part 

off this study. The large cement space found in this study does not mean that the 

marginall gap might not be satisfactory as the relatively loose fit copings can easily fit 

intoo place, which may result in small marginal cement spaces. 

CICEROO copings showed to be within the limits of acceptance in both 

parameterss evaluated; but they showed significant differences between the Scanning 

procedures.. Therefore, it might be concluded that with this system the design and 

scanningg can be easily reproduced with comparable results. Both systems showed a 

poorerr behavior on the top part of the preparation. However this incident was not 

unexpected;; the fit of three different all-ceramic crowns has been reported to have a 

goodd gap of 35 to 63nm, but the gap at the incisal edge was more than 100(arm in all 

threee types. This suggests that the adaptation at the incisal edge is inferior to that at 

thee marginal area22"24. Even when this study was done under standardized 

conditions,, cutting the first slice precisely at 2 mm from the upper border of the 

copingg was a challenging procedure. 

Otherr studies showed different internal fit. May et a/.13 found that Procera 

copingss have an internal fit between 49 to 63 jam for premolar and molars. The 

internall gap for a Cerec 2 anterior crown has been reported as 141  21 urn25. Also 

Mouu et a/.26 and Sjogren27 found that the average internal gap of Cerec crowns was 

approximatelyy 100 to 200 |.im, with the widest gap located at the distal surface. Thus, 

internall fit remains the weak point of Cerec restorations because the internal 

configurationss of these restorations are based on images scanned with the optical 

Cerecc camera based system, and the distal shadow problem seems unavoidable. 

Leinfelderr et al28 suggested that the interfacial gap for resinous cement should not 

exceedd 100 urn since poorly fitting restorations are supported mainly by the luting 

cementt and their longevity might be jeopardized. Grey et a/.29 found the mean 

cementt space thickness of In-Ceram crowns to be 123 JJITI. Nevertheless, these 

differentt results are in contrast with the American Dental Associations (ADA) 

Specificationn No. 830, which states that the luting cement film thickness for a crown 

restorationn should be no more than 25 urn when using a Type I luting agent, or 40 jam 

withh a Type II luting agent. However, this requirement might be outdated as it was 

definedd in an era where dentists were using the soluble zinc oxyphosphate cements. 

Thinn cement spaces increased the longevity of the cements as it decreased the loss 
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off cement by dissolution. Nowadays, adhesive cements are available that show a low 

dissolutionn behavior which makes thicker cement layers for the perspective of 

solubilityy acceptable. Tuntiprawon and Wilson31 found that all-ceramic crowns with 

smallerr gap dimensions at the axial wall and marginal openings demonstrated the 

bestt compressive strengths of luted crowns. However, the preparation shape could 

alsoo be an influent factor in the internal fit. It is currently unknown what type of 

preparationn design is necessary to fabricate crowns that provide good fit on both the 

innerr surface and at the margin8. Finally the probability of bond failure due to uneven 

cementt space remains unknown and deserves further investigation. 

Conclusion s s 

Fortyy all-ceramic CAD/CAM copings were fabricated according to 

manufacturerr conditions and following two scanning procedures; the cement space 

andd the coping thickness were measured. Within the conditions and limitations of this 

study,, the following conclusions may be drawn: 

•• CICERO system manufactured copings with a coping thickness and cement 

spacee as designed. 

•• Procera system manufactured copings with a coping thickness as designed 

butt with too large cement space. 

•• The Scanning procedure was a factor of influence for Cicero system. 
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Abstrac t t 

Purpose:Purpose: The aim of this prospective study was to evaluate and compare the clinical 

behaviorr of all-ceramic crowns fabricated partially by two different CAD/CAM 

systems. . 

MaterialsMaterials and Methods: 94 all-ceramic anterior and posterior crowns were placed in 

422 patients in a dental practice. Two different CAD/CAM systems made the copings 

off the crowns (46 Procera AHCeram and 48 CICERO copings). A general dental 

practitionerr treated all patients and a dentist not involved with the treatment 

evaluatedd the crowns after a period of two years. The California Dental Association 

qualityy evaluation system was used for the clinical evaluation. X-rays, stone models 

andd intra-oral photographs were also registered. The patients were requested to fill in 

aa form with his/her personal opinion about the crown. 

Results:Results: The marginal integrity was assessed excellent or acceptable for 92% of the 

crowns.. The color was assessed excellent for 9 1 % of the crowns according to the 

evaluator;; the patients scored a higher level of satisfaction. Endodontic treatment 

wass not performed in any tooth after the cementation. Gingival condition did not 

changee after the cementation of the crowns. 

Conclusions:Conclusions: The clinical evaluation shows a similar clinical behavior and indicates a 

goodd prognosis for both CAD/CAM systems. The crowns based on Procera AHCeram 

andd CICERO CAD/CAM aluminum oxide copings are applicable to all areas of the 

mouthh during the first two years of use. This is particularly true in view of the very 

highh patient satisfaction. 
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Introductio n n 

Ann increasing demand of tooth-colored, aesthetic restorations for restoring 

decayedd teeth is recognized. For the creation of more comprehensive restorations, 

thee porcelain fused to metal restoration was for a long time the best option to create 

aa tooth-colored and aesthetic restoration. Dental ceramics are highly appreciated for 

theirr properties as biocompatibility, optimal aesthetics, low plaque accumulation, low 

thermall conductivity, high abrasion resistance and high color stability12 However, 

whenn used in porcelain fused to metal restoration, the metal base forms one of the 

mainn drawbacks as, beside the fact that precious metals are costly, they lack 

transparency,, which makes the imitation of the natural transparent hard tooth tissues 

aa demanding task for the dental technician. As a consequence, many manufacturers 

andd researchers tried to develop metal-free restorative materials for the production of 

all-ceramicc restorations3. 

Withh the introduction of Cerestore in 1983 {Coors Biomedical) the use of all-

ceramicc crowns for restoring posterior teeth was realized for the first time. This all-

ceramicc system was based on a complicated laboratory procedure to produce a 

'strong'' coping from a special ceramic, containing 60% alumina. Finally this product 

wass withdrawn from the market since the clinical performance of posterior crowns did 

nott meet the expectations claimed by the manufacturer4. As a consequence the 

searchh into stronger core ceramics had to be continued, leading to the development 

off new ceramic materials. Two directions of development can be recognized; 

materialss that are aimed to be used for the production of the whole restoration 

manuallyy at the dental technicians office and a direction that is based on production 

techniquess that require high precision, therefore they are mainly CAD/CAM based5. 

Thee latter direction could de divided again into systems that are based on half-

productss which are produced by CAD/CAM in a central production laboratory or in 

half-productss that can be produced by CAD/CAM in the dental technician's own 

office. . 

Nowadays,, CAD/CAM has a firmly established role in many aspects of clinical 

dentistry.. More than twenty years have passed since investigations of this 

technology'ss application in the field of dentistry had begun6. Traditional methods, 

suchh as making the impression, pouring the cast, waxing, and casting, remain rather 

fundamental.. Dental CAD/CAM offers an extraordinary opportunity to introduce into 
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dentistryy the most modern techniques from physical science and mathematics. Also 

CAD/CAMM allows the use of materials that cannot be used with conventional dental 

processingg techniques. Recently the scope, sophistication and number of systems 

havee increased. 

Thiss study aimed to compare the clinical behavior of all-ceramic crowns made 

onn strong copings that are produced by two different CAD/CAM systems and 

materials.. Since 1988 a research group in the Netherlands has been working on the 

developmentt of a new dental CAD/CAM platform for Computer-Integrated Ceramic 

Reconstructionn (CICERO) for the fabrication of all-ceramic restorations with 

consecutivee layers of a shaded high-strength aluminum-based core material7. The 

copingss are made of a reinforced glass ceramic, which contains 66% aluminumoxide, 

20%% siliciumoxide and 14% others (Synthoceram, Elephant Dental, B.V., the 

Netherlands).. In 1993 Procera (Nobelpharma, Sweden) presented the AHCeram 

crownss consisting of a densely sintered 99.9% alumina core with baked-on dental 

porcelain8.. Moreover, due to the different compositions, the production procedure of 

bothh systems differs too. Using the Procera AHCeram process for copy milling, an 

enlargedd model of the original die is manufactured; alumina powder is compacted 

ontoo the enlarged die under high pressure and then sintered to full density. CICERO 

copingss are baked on milled copies of the preparation made from investment material 

withoutt enlargement. It was hypothesized that CICERO'S approach might result into 

thee production of more predictable and accurate restorations and therefore they 

wouldd perform clinically better. 

Material ss  and Method s 

Thiss prospective clinical study evaluated and compared the performance of 94 

all-ceramicc crowns; the ceramic copings of these crowns were produced by two 

differentt CAD/CAM systems, Procera AHCeram and CICERO. The medical ethical 

committeee of the university hospital of the University of Amsterdam approved the 

study. . 

PatientPatient selection 

Inn April 2000, patients of a general dental practice who needed individual fixed 

prosthodonticc restorations were selected and invited to participate on this clinical 

study.. They received a brief description of the CAD/CAM techniques from Procera 
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andd absence of antagonist were excluded from this study. Written informed consent 

wass obtained. When it was possible, a split mouth concept was applied. In this way 

forty-fourr patients, 30 women and 14 men (mean age 38 years, range 23 to 65 years) 

participated.. The distribution of the sample is presented in Table 1. 

PreparationPreparation and crown production procedure 

Thee dentist made preparations according to the guidelines of the 

manufacturer.. Forty-six Procera AllCeram copings and forty-eight CICERO copings 

weree made. CICERO preparation guidelines prescribe a shoulder angle between 90

-- , a shoulder width between 0.7 - 1.2 mm and an occlusal reduction between 

1.55 - 2.0 mm with encompassing rounded inner edges. The outline must be clearly 

recognizable,, enabling automatical definition of preparation outline by the software of 

thee system. Procera AllCeram prescribes a deep-chamfer of 0.8 mm (minimum) and 

ann occlusal preparation depth of 1.5 mm (minimum). 

Oncee the tooth preparation was completed, impressions were made using 

Impregumm (3M-Espe, Seefeld, Germany) and poured in stone (Fuji Rock, GC Japan). 

Thee copings were fabricated at their respective central production laboratory, at 

NobelPharma,, Sweden and at CICERO Central Lab, the Netherlands. The complete 

Proceraa Al lCeram9 1 0 1 1 12 and CICERO13'14'15-16 CAD/CAM procedures are extendedly 

describedd in the literature; therefore they are not repeated in this article. 

Finallyy the copings were veneered with ceramic porcelain (Sintagon, Elephant 

Dentall B.V., the Netherlands) in accordance with the recommended procedure of the 

manufacturer,, after that they were sent to the dental practice. After checking the fit, 

thee crowns were luted with glass-ionomer cement (GC Fuji I, GC Corporation, Tokyo, 

Japan). . 

ClinicalClinical evaluation 

Att the initial stage of the study (April 2000), a dentist not involved with the 

patient'ss rehabilitation treatment evaluated the oral cavity of the patients selected. An 

intakee clinic evaluation, periapical x -rays, gingival condition, stone models and intra-

orall photographs were made. 

Afterr a two-year period, the same dentist evaluated the CAD/CAM crowns by 

meanss of a clinical evaluation form, periapiacal x-rays, gingival condition, stone 

modelss and intra-oral photographs at occlusal and buccal views. The intra-oral 
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photographss and stone models were used as documentation. Finally each patient 

filledd in a subjective questionnaire with his/her opinion of the CAD/CAM crowns. 

Forr the clinical evaluation a modified version of the California Dental 

Associationn (CDA) criteria was used. To score the color, each crown was evaluated 

inn three independent areas, cervical, buccal and occlusal. 

Thee radiographic evaluation was based on the comparison between the 

periapicall x-rays taken at the initial stage (April 2000) and the ones taken after two 

years.. Two evaluators, working independently, compared and assessed each x-ray. 

Whenn the ratings differed the evaluators resolved their disagreement by joint 

examination.. The items of the evaluation were: tooth endodontically treated 'ye s ' o r 

'no',, tooth reconstructed by endodontic post 'yes' or 'no' and periapical condition of 

thee tooth. When a homogeneous periodontal ligament space could be recognized at 

thee peri-apex the radiological condition was recorded as healthy, while a round peri-

apicall radiolucency of less than 2 mm diameter was recorded as questionable and 

periapicall radiolucency larger than 2 mm diameter was recorded as unhealthy. 

Att last every patient was requested to fill in a questionnaire to reveal his/her 

opinionn about the crowns. The questionnaire involved questions about general 

satisfaction,, color, shape and comfort. These items were scored 1 to 5. Questions 

aboutt the sensibility to cold and warm and about pain were asked too. These items 

weree scored 1 to 4. 

Result s s 

Ninety-onee crowns (97%) in 42 of 44 patients (29 women, 13 men) were 

examinedd by one of the authors two years after the crown has been placed. Two 

patientss did not show up for examination in spite of two or more reminders. 

Minorr fractures within the dental porcelain were recorded for five crowns, three 

Proceraa AllCeram and two CICERO (6.6% and 4.3% respectively). The patients did 

nott notice when it occurred. These five crowns were polished and continued 

functioningg without problems. 

Fivee crowns (5.4%), four (8.8%) Procera AllCeram and one (2.1%) CICERO 

hadd come loose. All of them could be recemented successfully. Glass-ionomer 

cementt (GC Fuji I, GC Corporation, Tokyo, Japan) was used for recementing these 

crowns. . 
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Inn the assessment of marginal integrity, 92% of the crowns were considered 

excellentt or acceptable (37% excellent, 55% acceptable). Five crowns (5.4%), two 

(4.4%)) Procera AllCeram and three (6.5%) CICERO crowns were rated as 

overcontouredd and two (2.1%) of them, one of each system, presented a distobuccal 

microo gap. No caries was recorded. 

Accordingg to the clinician's evaluation in 9 1 % of the cases the crowns were 

assessedd as having excellent aesthetics. Eight crowns (8.5%) four crowns of each 

system,, presented a mismatch at the cervical area. The patients did not notice the 

mismatchh and they considered the crowns with excellent aesthetic. 

Thirty-- two (34%) teeth were already endodontically treated when the selection 

off the patients started. Ten of these teeth were reinforced with a metal cast post. 

Latelyy eight (8.5%) teeth selected for this study needed an endodontic treatment, 

whichh was successfully carried out by a specialist. No endodontic treatment was 

performedd after the cementation of the crowns. No changes in the gingival conditions 

weree recorded. 

Tablee 1. Distribution (n) of Procera AllCeram and CICERO crowns at cementation and 
follow-upp examination. 

Proceraa AllCeram CICERO 

Toothh Cementation Follow-up Cementation Follow-up 

(2000)) (2002) (2000) (2002) 

Incisorr 5 5 6 6 

Caninee 0 0 0 0 

Premolarr 14 5 15 15 

Molarr 27 26 27 25 

Totall 46 45 48 46 

Discussio n n 

Thiss study was carried out to reveal whether two different CAD/CAM 

approachess for making strong copings for all-ceramic crowns would behave clinically 

successful.. However, for the judgment of a system being clinically acceptable, the 

resultss of a clinical study should be viewed from different perspectives. For instance 

fromm the perspective of the expected brittleness of all ceramic crowns, the 

observationn that crowns that were definitively cemented and became loose were not 
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damagedd in such a way that they could not be recemented is unexpected. The 

incidencee of 5.3% crowns that became loose within the first two-years is relatively 

high.. Probably when cements with better adhesive properties to ceramic would be 

usedd this value may improve. On the other hand the use of cement with low adhesive 

propertiess to ceramic materials gives a clearer image of the intrinsic strength of the 

neww ceramic materials used in this study. No reinforcing effect could be achieved due 

too its ability to integrate the restorative interfaces. 

Thee strong coping material did not fracture during the observation period. 

However,, during the observation period five crowns, three Procera AllCeram and two 

CICEROO (6.6% and 4.3% respectively) showed small fractures of the veneering 

porcelain.. It is difficult to decide whether this finding can be interpreted as early 

failuree or not. Ceramic materials are prone to fail due to fatigue loading. Polishing of 

roughh (fractured) surfaces will have a reinforcing effect17. In cases where the dentist 

doess not periodically check the patient's dental health, these small fractures might 

developp to larger ones causing final failure. 

Withh regard to marginal gap width two crowns of each system were scaled as 

havingg marginal openings. As both systems make use of scans of poured gypsum 

diess it is not possible to reveal whether this result is caused by improper impression 

procedures,, errors during preparation of the gypsum die or limitations of the 

CAD/CAMM production system. Nevertheless, one should keep in mind the extremely 

loww values of required cement film thickness originate from the use of the soluble 

zincoxyphosphatee cements. Nowadays we are using much less soluble cements, 

whichh do not require such small values of cement film thickness. Therefore mainly 

aestheticc requirements remain for aiming for invisible crown margins. From that 

perspectivee the opaqueness of both coping materials limits the aesthetics, as it 

resultss in not optimal aesthetics of the crown margins. 

Conclusion s s 

Forty-sixx Procera AllCeram and forty-eight CICERO crowns were 

manufacturedd and cemented on molars, premolars and incisors in 44 patients and 

evaluatedd after two years with CDA criteria. Within the limits of this study, the 

followingg conclusions were drawn. 

1.. Of the 45 Procera AllCeram crowns followed after two years, 3 of the crowns 

(6.6%)) experienced fractures that involved the veneering porcelain. 
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2.. Of the 46 CICERO crowns followed after two years, 2 of the crowns (4.3%) 

experiencedd fractures that involved the veneering porcelain. 

3.. None of the CAD/CAM aluminum oxide copings experienced fractures. 

4.. The clinical results indicate that both systems are suited for anterior as well as 

posteriorr crowns. 

5.. According to the questionnaire, ali patients were satisfied or very satisfied with 

theirr all-ceramic restorations. 
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Inn the year 2000, a combined project between the Department of Oral 

Functionn and the Department of Dental Material Science (Academic Center of 

Dentistry,, Amsterdam) was started to study the clinical and laboratory behavior of 

CAD/CAMM partially produced all-ceramic crowns. It was the first time that CAD/CAM 

technologyy was included in a research program at ACTA. This thesis shows the 

resultss of this first combined project. 

Thee general introduction in Chapte r 1 presents some background information 

aboutt ceramic crowns and gives a brief description of CICERO and Procera 

AHCeramm CAD/CAM systems. 

Consideringg that the preparation of the tooth by the dentist is the first clinical 

stepp to create an all-ceramic crown, it was of high importance to evaluate in a clinical 

field-testt the ability of the implementation of manufacturer's preparation guideline. 

Thee preparation guideline of the CICERO all-ceramic CAD/CAM system was used as 

thee case for this study (Chapte r 2). General dental practitioners from the northwest 

regionn of the Netherlands were asked to make all-ceramic crowns preparations in 

accordancee with the specific guidelines of CICERO system. A sample of 3446 tooth 

preparationss was three-dimensionally evaluated with regard to shoulder angle, 

shoulderr width and top angle. It was concluded that general dental practitioners are 

ablee to follow recommended guidelines for the shoulder preparation. It was also 

observedd that the anatomy and position of the tooth in the mouth are the main 

reasonss for deviations from the guideline. 
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Inn Chapte r 3 a retrospective clinical study is presented. The performance of 

all-ceramicc crowns made with CICERO CAD/CAM copings was evaluated after a 

periodd of one-year. 70 all-ceramic crowns were fabricated for 55 patients (47 women 

andd 8 men). Crowns were made for the anterior and posterior regions. A general 

dentall practitioner treated all patients and the CAD/CAM copings were veneered with 

aestheticc porcelain by one dental technician. Crowns were evaluated using the 

modifiedd California Dental Association's quality assessment system. The results of 

thiss study supported the hypothesis that all-ceramic crowns based on CICERO 

CAD/CAMM aluminum oxide copings are recommendable for all areas of the mouth. 

AA laboratory study was performed with the purpose to find the optimal choice 

off luting cement to Synthoceram, an aluminum oxide reinforced glass ceramic 

materiall used for the fabrication of CICERO CAD/CAM copings. Chapte r 4 shows 

thee results of the evaluation of the bond strength of five different commercial luting 

cementss to the ceramic material. Shear bond strength tests were performed using 

thee ceramic material as substrate with each of the luting cements. The effect of 

surfacee treatments: etching, sandblasting, silanizing and combinations of these 

treatmentss on the morphology of the material were investigated by scanning electron 

microscopyy (SEM). Based on the results of this study, it is recommended to use resin 

compositee based cements in combination with a ceramic surface treatment of etching 

and/orr sandblasting followed by silanization for cementation of Synthoceram copings. 

Thee CAD/CAM fabrication of ceramic restorations involves a number of 

precisee steps that under normal conditions lead to the creation of a restoration which 

sizee and shape meet the predefined requirements. Each laboratory step should be 

controlledd and the risk of failure should be minimized. For this reason, it was 

necessaryy to evaluate the continuous relation between CAD and CAM of the systems 

involvedd in this thesis. Chapte r 5 describes a study that compares the design 

parameterss (CAD); namely, accuracy of internal fit and coping thickness, with the 

finall manufacturing parameters (CAM) of the produced restoration. Moreover the 

influencee of the scanning and the production methods on the accuracy of the design 

parameterss of the produced restoration was evaluated. To reach this goal a metal die 

preparedd for an ordinary all-ceramic restoration was the master for the creation of 

epoxy-workingg dies. Forty copings (20 CICERO and 20 Procera AllCeram) were 

producedd independently at the respective central production centers, according to the 
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manufacturer'ss conditions. The copings were cemented and were sectioned in three 

horizontall slices at top, middle and bottom. The cement space and the coping 

thicknesss were measured mesialy, distaly, buccally and lingually in each slice by 

usingg SEM. Within the limitations of the study, it was possible to conclude that 

CICEROO and Procera AllCeram systems could produce copings with the pre-

establishedd coping thickness. The CICERO system could produce cement spaces as 

pre-establishedd within acceptable borders, while the Procera system creates 

significantlyy thicker cement spaces. 

Thee last chapter of this thesis, Chapte r 6, describes a prospective clinical trial. 

Itt evaluated and compared the clinical behavior of all-ceramic crowns partially 

fabricatedd by CAD/CAM systems. 94 All-ceramic anterior and posterior crowns (48 

CICEROO and 46 Procera AllCeram) were placed in 44 patients in a dental practice of 

aa general dental practitioner. He treated all patients. They were evaluated after two 

yearss using the California Dental Association quality evaluation system. X-rays, stone 

modelss and intra-oral photographs were registered for the long-term assessment. 

Patients'' opinion regarding their CAD/CAM crowns was also evaluated. The study 

demonstratedd a comparable clinical behavior of both systems and indicates a good 

prognosis.. The crowns based on CICERO and Procera AllCeram CAD/CAM copings 

performedd well in all areas of the mouth. This is particularly true in view of the very 

highh patient satisfaction. Finally CICERO is recommendable to use in all areas of the 

mouthh as it meets the ADA-criteria for clinical evaluation. 

Futur ee prospect s 

Basedd on the findings in this study, further research branching into several 

scientificc disciplines is necessary to answer the many questions arising from this 

modernn restorative concept. The major advantage of CAD/CAM technique is the 

automatedd production process, which may be accompanied with a diminution of 

productionn errors due to the exclusion of the 'human' factor. Looking towards the 

future,, progress in the field of Computerized Dentistry appears as a promising and 

realisticc option, while just 20 years ago it was considered a fashion technique. 

Nowadayss CAD/CAM has established its own place in dentistry and it is likely that it 

willl continue to grow giving more options to the different areas of dental care. 
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Samenvattingg en Conclusies 

Inn 2000 startte een gezamenlijk onderzoeksproject van de afdelingen Orale 

Functieleerr en Tandheelkundige Materiaalwetenschappen van het Academisch 

Centrumm Tandheelkunde Amsterdam (ACTA) te Amsterdam. Het doel van het project 

wass het klinische en materiaalkundige gedrag van gedeeltelijk CAD/CAM 

geproduceerdee volledig keramische kronen te bestuderen. Het was de eerste maal 

datt CAD/CAM technologie in een onderzoeksprogramma in ACTA werd opgenomen. 

Ditt proefschrift doet verslag van de eerste resultaten van dit gezamenlijke project. 

Dee algemene introductie in Hoofdstu k 1 geeft enige achtergrondinformatie 

overr keramische kronen en beschrijft in het kort twee CAD/CAM systemen voor 

keramischee kronen, te weten het CICERO en het Procera ANCeram systeem. 

Wanneerr men zich realiseert dat het prepareren van een gebitselement de 

eerstee klinische stap is om een volledig keramische kroon te maken, dan zal duidelijk 

zijnn hoe belangrijk het is in een klinische veldstudie het vermogen van de tandarts te 

evaluerenn om de preparatierichtlijnen op te volgen die door de fabrikant worden 

voorgeschreven.. Daarvoor werden de preparatierichtlijnen van het CICERO systeem 

gebruiktt en geëvalueerd in een klinische studie (Hoofdstu k 2). Aan tandarts-

algemeenn practici uit het Noordwesten van Nederland werd gevraagd preparaties 

voorr volledig keramische kronen te maken die overeenstemden met de specifieke 

richtlijnenn van het CICERO systeem. Een steekproef van 3446 preparaties werden 3-

dimensionaall geëvalueerd met betrekking tot de schouderhoek, de schouderbreedte 

enn de tophoek van het geprepareerde gebitselement. Uit het onderzoek kan worden 

opgemaaktt dat tandartsen in staat zijn de aanbevolen richtlijnen te volgen. Tevens 
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werdd vastgesteld dat de anatomie en de positie van een gebitselement in de mond 

dee voornaamste reden zijn om van de richtlijn af te wijken. 

Inn Hoofdstu k 3 wordt verslag gedaan van de 1-jaars evaluatie van een 

retrospectieve,, klinische studie naar CICERO aluminiumoxide copings. Voor 55 

patiëntenn (47 vrouwen en 8 mannen) werden 70 volledig keramische kronen 

vervaardigd.. Deze kronen betroffen zowel kronen in het front als in de molaarstreek. 

Eénn tandarts-algemeen practicus behandelde alle patiënten. De copings werden 

doorr één en dezelfde tandtechnicus voorzien van een esthetische laag porselein. De 

kronenn werden geëvalueerd, gebruikmakend van het gemodificeerde 

kwaliteitsbeoordelingssysteem,, opgesteld door de California Dental Association. De 

resultatenn van deze studie ondersteunen de hypothese dat volledig keramische 

kronenn met als basis een CICERO coping in alle gebieden van de mond kunnen 

wordenn toegepast. 

Eenn laboratoriumonderzoek werd uitgevoerd met het doel het meest optimale 

cementt te vinden voor Synthoceram, het glaskeramisch materiaal, versterkt met 

aluminiumoxide,, dat gebruikt wordt bij de vervaardiging van kronen met CICERO 

copings.. Hoofdstu k 4 vermeldt de resultaten van de evaluatie van de hechtsterkten 

vann vijf verschillende commercieel verkrijgbare cementen. Schuifsterktetesten 

werdenn uitgevoerd met een substraat van glaskeramiek en ieder van de vijf 

cementen.. Het effect van de oppervlaktebehandelingen 'etsen', 'zandstralen' en 

'silaniseren',, en de combinaties van deze behandelingen, op de hechting van de 

cementenn aan Synthoceram werd onderzocht. Op basis van de resultaten van dit 

onderzoekk kan worden aanbevolen steeds gebruik te maken van een op 

kunststofcomposiett gebaseerde cement in combinatie met een 

oppervlaktebehandelingg van het keramiek middels etsen en/of zandstralen, gevolgd 

doorr silaniseren, voor het vastzetten van Synthoceram copings. 

Dee fabricage van een volledig keramische restauratie met behulp van 

CAD/CAMM omvat een aantal stappen die onder normale omstandigheden leiden tot 

eenn restauratie waarvan de grootte en vorm precies aan tevoren vastgestelde eisen 

voldoen,, ledere stap moet echter worden gecontroleerd om de kans op mislukking tot 

hett minimum te beperken. Om die reden is het noodzakelijk de relatie tussen CAD en 

CAMM van een systeem voortdurend te evalueren. 
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Hoofdstu kk 5 beschrijft een onderzoek dat de ontwerpparameters (CAD), t.w. 

dee nauwkeurigheid van de interne pasvorm en de dikte van de coping, vergelijkt met 

dee uiteindelijke fabricageparameters (CAM) van geproduceerde restauraties. 

Daarnaastt wordt in het onderzoek de invloed van het scannen en de 

productiemethodenn op de nauwkeurigheid van de ontwerpparameters van de 

geproduceerdee restauraties geëvalueerd. Daarvoor werd een metalen stomp, 

geprepareerdd voor een normale, volledig keramische restauratie, als moedermodel 

gebruiktt voor de vervaardiging van een aantal epoxystompen. Veertig copings (20 

CICEROO and 20 Procera) werden op deze wijze geproduceerd door de 

respectievelijkee centrale productiecentra, alles in overeenstemming met de 

voorwaardenn van de fabrikant. Daarna werden ze gecementeerd en in drie 

horizontalee delen doorgezaagd. De cementruimte en de dikte van de copings werden 

mesiaal,, distaal, buccaal en linguaal in ieder deel gemeten, gebruikmakend van 

SEM.. Binnen de beperkingen van de studie kan men concluderen dat zowel het 

CICERO-- als het Procera systeem in staat zijn copings te produceren van een vooraf 

vastgesteldd dikte. Het CICERO systeem kan bovendien binnen acceptabele grenzen 

cementruimtenn produceren zoals vooraf vastgesteld, terwijl het Procera systeem een 

significantt dikkere cementruimte produceert. 

Hett laatste hoofdstuk, Hoofdstu k 6, beschrijft een prospectieve klinische 

studie.. Daarin wordt het klinische gedrag van volledig keramische kronen, 

gefabriceerdd middels CAD/CAM systemen, geëvalueerd en vergeleken. 

Vierennegentigg volledig keramische front- en laterale kronen, waarvan 48 met een 

CICEROO en 46 met een Procera AllCeram coping, werden bij 44 patiënten in een 

praktijkk van een tandarts-algemeen practicus geplaatst. Hij behandelde alle patiënten 

zelf.. De kronen werden twee jaar na plaatsing geëvalueerd, gebruikmakend van het 

gemodificeerdee kwaliteitsbeoordelingssysteem, opgesteld door de California Dental 

Association,, van röntgenfoto's, gipsmodellen en van intra-orale mondopnamen. 

Tevenss werd de mening van de patiënt geëvalueerd. Het onderzoek toont aan dat 

hett klinische gedrag van beide systemen vergelijkbaar is en dat beiden een gunstige 

prognosee hebben. De kronen, gebaseerd op de CICERO of Procera coping, 

gedragenn zich goed in alle gebieden van de mond. Tevens is de patiëntsatisfactie 

hoog.. Het één en ander betekent dat het CICERO systeem in alle delen van de 
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mondd kan worden aanbevolen, gebaseerd op de ADA-criteria voor klinische 

evaluatie. . 

Dee toekoms t 

Opp basis van de resultaten van dit onderzoek, kan worden vastgesteld dat 

meerr onderzoek vanuit verschillende wetenschappelijke disciplines noodzakelijk is 

omm de vele door dit moderne restauratieconcept gerezen vragen te beantwoorden. 

Hett grote voordeel van de CAD/CAM methode is dat het een geautomatiseerd 

productieprocess is met een minimum aan productiefouten; dit vanwege het feit dat de 

'menselijke'' factor is uitgesloten. Terwijl 20 jaar geleden 'gecomputeriseerde' 

tandheelkundee niet meer dan een modegril was, blijkt het nu een veelbelovende en 

realistischee optie te zijn. CAD/CAM heeft zijn eigen plaats in de tandheelkunde 

bewezenn en zal niet alleen steeds vaker worden toegepast, maar tevens zullen de 

mogelijkhedenn in verschillende gebieden van de tandheelkundige zorg groeien. 
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Resumenn y Conclusiones 

AA comienzos del arïo 2000, el De partam en to de Rehabilitación Oral y el 

Departamentoo de Materiales Dentales del Centra Académico de Odontologi'a en 

Amsterdamm (ACTA) se unian en un proyecto mutuo de investigación con la finalidad 

dee estudiar el comportamiento clinico y de laboratório de coronas protésicas 

producidass con la tecnologia CAD/CAM. Por primera vez dicha tecnologia fue 

incluidaa en un programa de investigación en ACTA. La presente tesis muestra los 

resultadoss de este primer proyecto mutuo. 

Laa Introducción General, en el Capitul o 1, presenta información acerca de 

coronass protésicas y da una breve explicación de los sistemas CAD/CAM, CICERO y 

Proceraa AHCeram, utiiizados en ei presente estudio. 

Considerandoo que la preparación del diente es el primer paso clinico para 

obtenerr una corona protésica, ya sea all-ceramic u otras, fue de gran importancia 

evaluarr de manera clinica la habilidad del dentista general para seguir las 

especificacioness descritas por el fabricante con relación a la preparación del diente. 

Lass especificaciones del sistema CICERO fueron utilizadas para este estudio 

(Capitul oo 2). Dentistas generales de la region noroeste de Holanda realizaron las 

preparacioness dentarias siguiendo las especificaciones del fabricante. 3446 

preparacioness dentarias fueron evaluadas de manera tri-dimensional con ayuda 

computarizadaa en relación con el angulo de preparación del hombro, al ancho del 

hombroo y al angulo de inserción de la prótesis. Consiguientemente se concluyó que 

loss dentistas generales pueden realizar las preparaciones dentarias en concordancia 

conn las recomendaciones del fabricante. También se observó que la anatomia y la 
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posiciónn del diente en la boca del paciente son las razones principales para realizar 

laa preparación del diente fuera de los llmites establecidos por el fabricante. 

Ell Capitul o 3 presenta un estudio clinico retrospectivo. El comportamiento 

clinicoo de coronas all-ceramic fabricadas por el sistema CICERO fue evaluado 

despuéss de un arïo de la cementación. Fueron fabricadas 70 coronas all-ceramic 

paraa 55 pacientes (47 mujeres y 8 hombres). Las coronas fueron cementadas en la 

regionn anterior y posterior de la boca de los diferentes pacientes. Un ünico dentista 

generall realizó las preparaciones de los dientes y un solo técnico dental realizó el 

trabajoo de laboratório, que consiste en adicionar la porcelana al coping CAD/CAM. 

Lass coronas fueron evaluadas usando el sistema de la Asociación Dentaria de 

California,, EEUU. Los resultados de este estudio soportan la hipótesis de que las 

coronass all-ceramic, que tienen copings de óxido de aluminio fabricadas por el 

sistemaa CICERO, son recomendables para todas las regiones de la boca de los 

pacientes. . 

Unn estudio in vitro fue realizado con la finalidad de encontrar un óptimo 

sistemaa de cementación de Synthoceram. Synthoceram es un material ceramico con 

altoo contenido de óxido de aluminio y es reforzado con vidrio; es el material utilizado 

porr el sistema CICERO para la fabricación de copings ceramicos. El Capitul o 4 

muestraa los resultados obtenidos de la medición de la fuerza de adhesion de cinco 

diferentess cementos utilizados para cementar coronas ceramicas. Pruebas de 

'Shear-bondd strength' fueron realizadas usando los materiales ceramicos como 

substratoss con cada cemento. El efecto del tratamiento de la superficie ceramica: 

grabadoo acido, arenado, silanización y la combinación de estos tratamientos sobre la 

morfoiogiaa del material fue evaluado utilizando Microscopia de Scaneado Electrónico 

(SEM).. Basados en los resultados de este estudio, se recomienda el uso de 

cementoss resinosos en combinación con una superficie ceramica tratada con 

grabadoo acido y/o arenado seguida de silanización para la cementación de copings 

Synthoceram. . 

Laa fabricación de restauraciones ceramicas realizadas con tecnologia 

CAD/CAMM envuelve un numero de pasos clinicos y de laboratório de alta precision 

quee bajo condiciones normales conllevan a la fabricación de una restauración con el 

tamanoo y forma que concuerdan con los requerimientos predefinidos por diferentes 
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factores,, especialmente las necesidades del paciente. Considerando el aspecto de 

laboratórioo por separado, es aceptado que cada paso de laboratório debe ser 

controladoo meticulosamente y el riesgo de fallas técnicas tiene que ser minimizado. 

Porr esta razón, fue necesario evaluar la relación constante entre CAD y CAM de los 

sistemass estudiados en la presente tesis. El Capitul o 5 describe un estudio que 

comparaa ios parametros de diseiïo computarizado (CAD); especificamente ia 

precisionn del sellado interno y el espesor del coping, con los parametros finales de 

manufacturaa computarizada (CAM) de la restauración producida. Aun mas, la 

influenciaa del scanner y de los métodos de producción sobre la precision de los 

parametross de disefïo de la restauración finalmente producida también fue evaluada. 

Paraa alcanzar esta meta, un modelo metalico preparado para una restauración all-

ceramicc fue considerado el modelo master para la obtención de modelos de trabajo. 

Cuarentaa copings (20 CICERO y 20 Procera AllCeram) fueron producidos 

independientementee en los respectivos centros de producción siguiendo las 

indicacioness del fabricante. Los copings fueron cementados y seccionados en tres 

planoss horizontales: borde superior, medio y borde inferior. El espacio para el 

cementoo y el espesor del coping fueron medidos en Mesial, Distal, Bucal y Lingual 

dee cada plano con auxilio de SEM. Con las limitaciones del estudio, fue posible 

concluirr que los sistemas CICERO y Procera AllCeram pueden producir copings con 

ell espesor del coping pre-establecido. El sistema CICERO puede producir el espacio 

paraa el cemento como lo pre-establecido dentro de limites aceptables, mientras que 

ell sistema Procera origina este mismo espacio significativamente mas ancho. 

Ell ultimo capitulo de esta tesis, el Capitul o 6, describe un estudio clinico 

prospectivee El comportamiento clinico de coronas ceramicas fabricadas 

parcialmentee con la tecnologia de dos diferentes sistemas CAD/CAM fue evaluado y 

comparado.. 94 coronas all-ceramic anteriores y posteriores (48 CICERO y 46 

Proceraa AllCeram) fueron cementadas en 44 pacientes en un consultorio dental de 

unn dentista general. Dicho dentista general fue el dentista tratante de todos los 

pacientes.. Las coronas fueron evaluadas después de un periodo de dos aiïos 

utilizandoo el sistema de la Asociación Dental de California. Radiografias, modelos de 

estudioo y fotos intra-orales fueron realizadas para la evaluación a largo plazo. Los 

pacientess también fueron encuestados con relación a su opinion personal sobre las 

coronass all-ceramic que recibieron como tratamiento. El estudio clinico demostró un 

comportamientoo comparable entre ambos sistemas seleccionados, lo cual indica un 
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pronósticoo aceptable y optimista. Las coronas CICERO y Procera AllCeram fueron 

evaluadass satisfactoriamente en todas las areas de la boca. Este resultado es 

considerablementee valido tomando en cuenta el alto nivel de satisfacción de los 

pacientes.. Finalmente CICERO es recomendable para todas las areas de la boca de 

loss pacientes y esta en acuerdo con los criterios clinicos de la Asociación Americana 

dee Odontologia (ADA). 

Prospecto ss futuro s 

Basadoss en los hallazgos de esta tesis, son necesarias futuras 

investigacioness dirigidas en los diferentes campos cientificos para poder responder 

lass diversas preguntas que se originan sobre este moderno concepto restaurador. La 

mayorr ventaja de la técnica CAD/CAM es la automatización del proceso de 

producción,, lo que podria disminuir los errores de producción debido a la exclusion 

dell factor humano. Mirando hacia el futuro, el progreso del campo de la Odontologia 

Computarizadaa aparece como una prometedora y realista opción, siendo que solo 

hacee 20 arïos atras era considerada una tecnologla de moda. Actualmente 

CAD/CAMM ha establecido su propio lugar en la odontologia y es muy posible que 

continuee creciendo brindando mas opciones a las diferentes areas de la ciencia 

odontológica. . 
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