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Abstract 

A summary of the development of full ceramic dental restorations over the last 50 years is challenging, especially because of 

the variety of the fabrication processes, that were as essential for on their quality and function as the constitution of the ceramics 

themselves. The contribution of the developments and innovations in full-ceramics in the advancement of biocompatibility and 

aesthetics cannot be underestimated. The development from the first full-ceramic restorations in feldspathic porcelain in 1973 

to the veneered or monolithic zirconia restorations of today, would not have been possible without the development of dental 

CAD/CAM and laboratory and intraoral scanning. Some major innovations, of which some did not survive and others survived 

until this day, have been the trigger for amazing achievements in the field of full ceramic dental restorations. 

Key words: CAD/CAM; dental porcelain; zirconia; lithium disilicate; digital veneering; artificial intelligence; histo-

anatomic structure; biomimetic veneering; porcelain chipping; fuzzy logic 

Introduction 

The technology for creating full ceramic restorations in dentistry has 

significantly advanced since 1973. In the past, full ceramic restorations 

were limited to materials like feldspathic porcelain, which had limited 

strength and durability. However, with the development of new materials 

and manufacturing techniques, full ceramic restorations have become a 

popular choice for dental restorations due to their excellent aesthetics and 

biocompatibility. 

One of the most significant advances in full ceramic restoration 

technology was the development of computer-aided design and computer-

aided manufacturing (CAD/CAM) around the 90s. These systems allow 

for precise processing of a range of new ceramic dental materials for the 

production of full-ceramic restorations. Additionally, CAD/CAM 

systems have reduced the time required to create a restoration, making the 

process more efficient. The introduction of lithiumdisilicate and zirconia 

were two main steps in the further development of full-ceramic 

restorations. Chipping problems of porcelain veneered on zirconia was a 

problem with most porcelains on the market except some porcelains with 

an adequate crack stopping mechanism. However, the chipping problem 

has slowed down some developments such as digital veneering. However, 

now that present zirconia porcelains have less sensitivity to chipping 

digital veneering can again become a new opportunity. 

Feldspathic porcelain 

The first all-ceramic crowns were introduced in 1973 by John W McLean, 

and since then, there have been many advancements in ceramic materials 

used for dental restorations. These advancements have led to improved 

strength and durability of ceramic crowns, making them a popular choice 

for dental restorations [1]. 

In 1985 the technique of producing porcelain veneers, onlays and inlays 

became popular and has proven to give good esthetic and functional 

results [2]. The technique for producing inlays, onlays and veneers consist 

of casting a refractory model of the impression of the preparation, burnout 

of the model and condensing the porcelain against the refractory model, 

building-up the contour of the restoration, firing the porcelain and 

removing the refractory. [3]. Bonding to tooth structure was achieved 

using an adhesive composite cement technique. At first, metal-ceramic 

was still the number one veneering material. In the 1990s, low-fusing 

hydrothermal porcelains in combination with a rich yellow gold alloy 

came onto the market (Carrara® System) [4,5].  Press ceramic, 

lithiumdisilicate the increase of leucite crystal phases in feldspathic 

porcelains raises the coefficient of thermal expansion and strength, but 

also increased the resistance to slow crack propagation. High leucite-

containing ceramics Empress®1 by Ivoclar, optimal pressable glass 

(OPC) by Jeneric and Volumia®Press by Elephant were introduced in the 

late 1980s and were the first pressable ceramic materials. Although the 

initial steps for fabrication for Empress, Volumia and OPC were similar 

to Dicor® and Cerestore® in which the restoration was formed in wax, a 

heated leucite-reinforced ceramic ingot was pressed into the refractory 

mold using a specially designed pressing furnace, whereas the Dicor® 

crown was created using centrifugal casting. This process of pressing 

ceramic ingots became very popular due to the esthetics and ease of use 

in the laboratory. Despite the increase in strength of leucite-reinforced 
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pressed glass-ceramics, fracture was still possible when used in the 

posterior region. In 1998 Ivoclar introduced IPS Empress II, which was a 

lithiumdisilicate ceramic material used as a single- and multiple-unit 

framework indicated for the anterior region. The framework was layered 

with a veneering ceramic specially designed for the lithium disilicate. In 

1991 the first pressed ceramic came onto the market and the success story 

of press technology began. This heralded the age of “metal-free” 

restorations. A lot happened in material development in 1998. The all-

ceramic system IPS e.max is considered a pioneering innovation in the 

field of dental ceramics after the innovations in the 1990s [6]. It came 

onto the market in 2005 and has set new standards in terms of optical and 

mechanical properties.  

A modular, comprehensive all-ceramic system was now available for the 

first time, which combines high-strength and highly aesthetic materials 

for press and CAD/CAM technology and thus makes all indications 

available, from single teeth to long-span bridges. The selection of the 

translucency level depended on the clinical requirements of the respective 

patient case and the desired processing technique. Restorations with IPS 

e.max have been clinically proven a million times over [7,8]. No wonder 

then that the IPS e.max system and with it the lithiumdisilicate glass-

ceramic have been extremely successful to this day. Incidentally, after 

almost 25 years of pressable ceramics, it is now possible for the first time 

to press multicolored press blanks into highly aesthetic monolithic 

restorations. The first generation of lithium disilicate enabled new 

indications and expanded applications for pressed ceramics.  

At the same time, an innovative crystal was developed. Due to its 

structure, the fluorapatite crystal enabled a perfect reproduction of natural 

tooth substance, coupled with a brightness that had not been achieved 

before. The fluorapatite glass ceramics still deliver aesthetics almost like 

nature. Parallel to the metal ceramics, the first pressed ceramics 

established themselves - initially for single-tooth restorations. 

Lithium disilicate re-emerged in 2006 as a pressable ingot and partially 

crystalized milling block (Cerec® for chairside and inLab® milling units 

for laboratories). The flexural strength of the material was found to be 

more than 170% higher than any of the currently used leucite-reinforced 

ceramics. The ceramic material can be milled or waxed, and then pressed 

to full contour and subsequently stained. Another option allows for 

cutting the crown back, followed with layering with different specially 

designed apatite ceramic glass. The layering ceramic has the same basic 

components as natural tooth enamel. CAD/CAM milling of a ceramic 

framework (zirconiumoxide), a full-contoured crown (lithium disilicate at 

chairside or in the laboratory), or an implant abutment has opened the 

market for digitized restorative dentistry. 

CAD/CAM 

The first commercially available CAD/CAM system was Cerec® 

processing of dental ceramics chairside had already begun in the mid-

1980s enabling the delivery of inlays and onlays in one visit [9]. Early 

forms of digital imaging included both an intraoral imaging system 

integrated with the Cerec® system. 

In the mid1990s Nobel Biocare introduced the Procera® AllCeram core, 

which was the first full-ceramic CAD/CAM substructure. On this white 

core of 99.9% alumina a low expansion feldspathic ceramic was layered 

for aesthetics. Basically, the gypsum die was copied by a touch probe and 

reproduction-milled with an enlargement factor in presintered alumina to 

the inner surface with a coping of uniform 0,6 mm thick, then sintered to 

final density.  

The most important step that changed laboratory work dramatically in the 

direction of digital was the development of the first laser line laboratory 

scanner for full gypsum models in 2000 [11,12].  

The first system that made use of contact-less scanning was CICERO® 

(Figure 1), whereby an shaded alumina based substructure was digitally 

veneered with a dentin and incisal porcelain layer by CAD/CAM, 

introduced, together with the laser line laboratory scanner (Figure 2) and 

the first laboratory CAD software with static and dynamic occlusal 

correction [13-15]. This pioneering CAD/CAM method of complete 

single crown fabrication consists of optically digitizing a gypsum die, 

designing the crown layer buildup, and subsequently pressing, sintering, 

and milling consecutive layers. The coping was applied as a fine-grained 

alumina-glass composite which was applied on a milled refractory die by 

a robot operated slip-casting process, and sintered to full density. Slip-

casting alumina on a gypsum model and after pre-sintering infused by a 

low melting glass was some years later introduced by Vita with the 

introduction of the In-Ceram® system. Both systems achieved a 85% 

alumina by volume. These pioneering CAD/CAM systems have 

accelerated the development of new materials [15], laboratory 

triangulation scanning, as well as advancements in digital radiography 

[16] in the fabrication of full ceramic restorations. 

 

Figure 1: CICERO®: Digitally veneered alumina coping [11]. 
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Figure 2: CICERO®: First laser-line laboratory scanner [12]. 

Zirconia 

One of the achievements of computer-aided dentistry is that it has enabled 

the introduction of high-strength zirconia ceramics in dental prosthetics 

in 2000, which will most likely be the decisive step towards metal-free 

all-ceramic restorations without restrictions [17,18]. The development of 

new CAD software like Cyrtina®CAD, 3Shape, Exocadspurred a whole 

new generation of ceramic substructures consisting of zirconia. Several 

manufacturers (Lava, 3M ESPE; Procera Forte, Nobel Biocare; and 

Cercon, DENTSLY) introduced crown-and-bridge frameworks milled 

from blocks of presintered yttrium-stabilized zirconium dioxide blocks. 

The oversized milled frame-works were then sintered for 11 hours at 

1500°C providing excellent fit with 900 MPa to 1300 MPa of flexural 

strength. Other manufacturers (Everest, KaVo, DC-Zirkon, Precident 

DCS) milled fully sintered zirconium dioxide blocks (because it removed 

the shrinkage factor), which one study found to have a superior marginal 

fit. Both fabrication methods provide a framework with sufficient flexural 

strength, allowing them to be used for multi-unit posterior bridges. The 

recent evolution in CAD/CAM technologies is breathtaking, enabling 

clinicians and dental technicians to fabricate indirect restorations in the 

laboratory or at the chair in the dental office from a variety of ceramic 

materials, from resin matrix ceramics to silica-based and highly strong 

ceramics such as lithiumdisilicate and zirconia. Extensive world-wide 

research provided long-term scientific support and are used extensively 

with an increased understanding of optical, physical and biological 

material properties. This pertains not only to material properties and 

fabrication parameters, but also more clinical applications such as 

cementation and resin bonding protocols, which are critical to the success 

and survival of ceramic restorations. Until recently, aesthetics were one 

of the most important motives for choosing ceramics, but now the fabric-

friendliness of the metal-free ceramics has also been added. The patient 

has spoken out for biocompatibility. The paradigm that ceramic must 

always be prepared and modeled differently from metal ceramics has been 

eliminated with the advent of zirconia. Until recently, aesthetics were the 

main reason for choosing ceramics. The tissue-friendliness of metal-free 

ceramics has become an additional criterion. The public has expressed 

their preference for biocompatibility. With the introduction of zirconia, 

the paradigm that ceramics required a different approach to preparation  

and modeling than metal-ceramics was a thing of the past. One of the 

advantages of CAD/CAM is that it made the use of zirconia possible. 

With the exception of zirconia, the existing ceramic systems lack reliable 

potential for the different indications for bridges without size limitations. 

Ever greater demands are being placed on the aesthetics of the teeth. 

CAD/CAM plays a key role in the introduction of all-ceramic 

restorations, such as base structures made of sintered ceramics. For 

aesthetics the focus is not only on computer-aided milled inlays, onlays 

and veneers made of natural-colored porcelain, but also on the application 

of different layers of enamel porcelain on base structures to improve the 

aesthetics of zirconia. Research is mainly focused on the strength of the 

bond between zirconia and enamel porcelain and the strength and stresses 

of the whole structure in terms of the difference in thermal expansion 

coefficient. The first dental multi-layered zirconia appeared on the market 

around 2010. Multi-layered zirconia is a popular material used in dental 

restorations due to its high strength and esthetic properties. Esthetic 

properties that mimic the natural look of teeth, allowing for a more 

seamless and natural-looking restoration. It has a high resistance to wear 

and chipping, ensuring a long-lasting restoration and has become a 

popular choice for dental restorations due to its combination of strength, 

esthetics, and biocompatibility. The multi-layer KATANA™ Zirconia 

Block is made up of four layers of zirconium in varying color nuances, so 

that restorations with natural tooth colors can be fabricated in practice. 

This excludes a time-consuming and complicated process of staining the 

restoration (Figure 3). 



Dentistry and Oral Maxillofacial Surgery                                                                                                                                                             Copy rights @ Van der Zel JM. 

Auctores Publishing – Volume 6(1)-046- www.auctoresonline.org  

ISSN: 2643-6612   Page 4 of 7 

 

Figure 3: KATANATM multi-layered zirconia block. 

 

Porcelain chipping on zirconia In a literature review by Sailer et al. [19], 

for bridges on implants, conventionally veneered zirconia should not be 

considered a material selection of the first priority, due to the pronounced 

risk of breakage in bridges and porcelain chipping. Thanks to 

developments in veneering ceramics for zirconia and the use of strength 

control in the CAD-design of zirconia substructures, these problems no 

longer occur [20]. Ceramic veneering materials have differences in their 

thermal expansion, firing temperature and structure, which effect their 

longer-term chipping behavior when fired on zirconia. Because chipping  

 

is a fatigue phenomenon, the presence of an effective crack-stopping 

mechanism is crucial for its prevention. Conventional porcelains are 

homogenous and show a linear crack growth behavior, which makes them 

sensitive to chipping. Most conventional porcelains used for veneering 

zirconia were single component glass-ceramics, without any crack-

stopping mechanisms. In 1990 the first low melting CARRARA® 

porcelain was developed to veneer an alloy with a rich gold color (Figure 

4).  

 

 

Figure 4: CARRARA® low melting veneering porcelain. 

A similar low melting Sakura® porcelain was developed for zirconia that 

has three components, differing in melting point creating internal micro-

stresses and a non-linear crack growth that effectively act as crack-

stopper. The three glass phases, crystal content and expansion behavior, 

result in a low overall melting point of 865oC, compared to 960oC of 

previous porcelains. The lowest melting component improves wetting of 

the zirconia surface during firing, resulting in an high bond strength [21]. 

The small multi-directional internal micro-stresses caused by the three  

different components results in an effective mechanism that prevents 

chipping of the porcelain on zirconia [22]. This new generation 

porcelains, have a low melting hydrolyzing component that will in contact 

with saliva exchange sodium for water molecules which creates a surface 

with an hardness equal to natural enamel. These hydrothermal porcelains 

will wear at the same rate and mode as natural teeth and will not cause 

chewing force concentrations after a period of time. De Kler et al. [23] 

found by finite element analysis that the highest stress at three different 

thermal expansion differences of zirconia and porcelain that the highest 

stress after cooling down is not at the interface, but about 0.1-0.2 mm 

from the interface in the porcelain. Chipping is therefore mainly a matter 

of how sensitive the porcelain material itself is for crack propagation 

under fatigue loading. Extensive fatigue testing by Rosentritt et al. [24] 

revealed the chip resistance of these new porcelains. A number of 199 

restorations were followed in a controlled clinical study over six years and 

the occurrence of chipping compared with studies on restorations where 
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conventional porcelain and design of the zirconia sub-structure was used. 

The conclusion was that with the new porcelain and cognitive design and 

manufacturing, esthetic restorations are produced, that do not show any 

chipping.  

Digital veneering of zirconia 

Delamination and chipping have been major complications of veneering 

of zirconia-based all-ceramic restorations [19]. The absence of crack 

stopping in most porcelains was the cause for the blocking further 

developments such as digital veneering. Some digital veneering 

techniques were tested on zirconia frameworks and the veneering ceramic 

shapes were fabricated by CAD/CAM. Digital veneering can also be 

motivated by the expectation of negative effects due to the high hardness 

of monolithic zirconia as opposed to that of glass ceramics. Three 

different digital veneering techniques were tested: the Lava DVS Digital 

Veneering System (3M ESPE), the Rapid Layer Technology (Vita 

Zahnfabrik), and the CAD-on technique (Ivoclar Vivadent) [25,26]. 

Anatomical framework design and digital veneering using lithium 

disilicate and fusion porcelain might decrease the risk of chipping and 

delamination of veneering ceramic on zirconia-supported all-ceramic 

restorations. However, this result is mainly supported by in vitro studies.  

Biomimetic veneering of zirconia 

Esthetic prosthetic restorations, with natural reflection, color from within 

and color gradients influenced by the internal dentinal core anatomy can 

best be accomplished by veneered zirconia, rather than with crowns of 

color and structure graded monolithic zirconia. In order to mimic the 

optical and esthetic appearance of the restoration it is important to copy 

the histo-anatomic build-up of the teeth of the patient [28-30]. This means 

that the three-dimensional shape of the dentine core, as defined by the 

dentin-enamel boundary (DEB), and the particular surface of the dentine 

core, are important parameters to reach this objective. The DEB and the 

outer surface of the restoration determine most of how the restoration will 

look like. In order to make naturally looking layered restorations, the 

copying of the histo-anatomical structure of the inner teeth is a 

prerequisite. This information forms the basis for the production of 

prosthetic mimetic restorations. The PRIMERO® system (Figure 5) 

consists of placement of a zirconia substructure in a standard Vita dentine 

shade on a die milled in a refractory transferblock in which the die and 

crown contour below the equatorial line is milled. A transparent incisal 

porcelain in paste form was pressed onto the zirconia substructure and, 

after drying, milled in calculated oversize and sintered. The color 

gradients in the resulting restoration are created by the variation of in 

thickness of the incisal porcelain, that follows the biomimetic design of 

the dentin contour in the Cyrtina®CAD software (Figure 6).  

 

Figure 5: PRIMERO® biomimetic veneering of zirconia with incisal porcelain. 

 

Figure 6: Design of zirconia substructure with resulting biomimetic veneered front teeth. 

Korenhof [27] discovered that the dentin-enamel boundary (DEB) shows 

a certain amount of “primitiveness”, more than the enamel surface. The 

outer and inner surface boundaries are connected by a relation. Therefore, 

changing the enamel-outer surface in the CAD software automatically 

leads to a change of the dentin-enamel boundary. This data mining system 

of dentin geometries was used to produce a set of interpretable fuzzy rules 

that led to the 2HueTM color system for the production of the color 

resulting from a certain incisal build-up. The fuzzy system obtained has 
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the special characteristic whereby the rule antecedents correspond to 

thickness of the enamel layer to the colors of the well-known Vita 

commercial shade guide. Additionally, the rule consequents directly 

correspond with the expected CIELAB values for each Vita shade, thanks 

to a modification of the system's inference structure. Finally, the values 

of the CIELAB coordinates have been associated with Vita shades by 

evaluating their respective membership functions, thereby approximating 

which Vita shades are to be expected for each final shade [31]. A thorough 

understanding of the histo-anatomic structures and dynamic light 

interaction of the natural dentition provides dental practitioners with the 

ultimate strategic advantage with regard to optical integration of the final 

restoration [29].  

Future developments 

The first application of artificial intelligence in CAD software was the 

integration of functional occlusion using virtual articulation in complete 

dental prosthetic rehabilitation [29]. It is likely that artificial intelligence 

in CAD software will play a greater part in the future. A first example is 

the mimicking of the color and shade distribution from intra-oral scanning 

as demonstrated by the 2HueTM software model for digital veneering in 

the CyrtinaCAD® software, whereby the enamel thickness is derived by 

the geometry of the dentin zirconia core by the subtracting the enamel 

porcelain thickness from the outer element contour. 

In these times of scarcity and durable use of materials, the recycling of 

zirconia blocks after milling might start to play a role. In the 2HueTM 

build-up pressed and not presintered blocks in 16 dentin colors are used, 

that can be sorted and ground to be re-used again. When tested no 

deterioration of properties was detected, except that the homogeneity by 

back-mixing improved.  

The production of zirconia substructures by additive manufacturing 

technology [32] by 3D printing is a durable alternative to address 

durability and the drawbacks of subtractive manufacturing in the CAM 

step of the dental digital workflow. Even though additive manufacturing 

has yet to be developed, it enables the production of ceramic parts with 

complex geometries, high precision, and low cost. 

Conclusion 

Full ceramic restorations have become increasingly popular in dentistry 

due to their superior aesthetics and biocompatibility. In terms of durability 

and longevity, studies have shown that full ceramic restorations can be 

just as durable as traditional metal-based restorations, if not more so. In 

summary, the technology for creating full ceramic restorations in 

dentistry has advanced significantly over time, with the development of 

CAD/CAM systems and new materials. These advancements have 

improved the accuracy, efficiency, and durability of full ceramic 

restorations, making them an excellent option for dental patients. With 

biomimetic digital veneering restorations with a zirconia substructure 

with dentin shape and a milled layer of chip-resistant translucent enamel 

porcelain can be produced. For the computer-generated layer build-up, 

special dentin contour shape libraries – especially the anatomy of the 

dentin core - are designed with precise spatial definitions and determine 

the natural aesthetics of the restoration. The exemplary 2HueTM tooth 

shade model for these restorations is based on research into the effect of 

the thickness of the transparent enamel on the degree of transfer of the 

color of the internal dentine zirconia core. These advanced cognitive 

designed CAD/CAM restorations could give a new impulse to new 

innovations.  

Pioneering efforts in the production of full ceramic systems could only 

fabricate inlays and onlays or copings or single crowns. Now there seems 

to be no more limitation in the types of full-ceramic restorations that can 

be produced, ranging from simple inlays to digitally designed and 

manufactured complete rehabilitations in full ceramic on implants. 

This means that the patient can be provided with ceramic restorations 

quickly and comfortably, and sometimes in one appointment. The latter 

can easily compete with the handmade equivalents with the latest 

production technology in aesthetics. 

With the advent of restorations milled out of multi horizontally layered 

zirconia that mimic the color gradient in the restoration in a monolithic 

restoration rather than a veneered restoration, is now standard in 

CAD/CAM restorations [33]. The preliminary lab studies present 

different additive manufacturing technologies for processing zirconia for 

different clinical applications mainly in restorative and implant dentistry.  

It is pretentious to say that with layered zirconia we have come to the end 

of developments in the area of full-ceramics and is also against human 

nature. Now that the porcelain chipping problem has been solved, 

possibilities for digital veneering or aesthetics by CAD can be explored. 

Cognitive design can follow a histo-anatomic structure of the dentin-

enamel junction, to mimic the build-up of the teeth of the patient. New 

applications of artificial intelligence in dental CAD software could for 

example lead to new innovations in digital veneering.  

References 

1. McLean JW, Sced IR, (1985).  Dental Porcelain, Trans and J Brit 

Ceram Soc 71:229, 1973. 

2. Calamia, JR: Etched porcelain veneers: the current state of art. 

Quintessenz International 1. 

3. Van der Zel JM (1988): Werkstoffkundliche Aspekte für die 

Porzellan Inlay/Onlay Technik, Dent Labor 7:530-536.  

4. (1992). A Dental Porcelain, a Method of Producing a Dental 

Restoration, a Dental Alloy, J.M. van der Zel, Elephant Dental 

B.V., Pr.D. 10 September 1990, Eur Pat 475,528, Gold Bull, 25, 

4:126.  

5. Kappert, H.F.: (2000). Prüfung der Biegescherfestigkeit des 

Metall-Keramik-Verbundes CarraraPdF mit Carrara Keramik 

nach ISO/DIS 9693, Untersuchungsbericht, Juni).  

6. Sorensen JA, Choi C, Fanuscu MI, Mito WT. (1998). IPS 

empress crown system: three-year clinical trial results, J Calif 

Dent Assoc 26:130-136.  

7. Krejci, I.; Daher, R. (2017). Stress distribution difference 

between Lava Ultimate full crowns and IPS e.max CAD full 

crowns on a natural tooth and on tooth-shaped implant 

abutments. Odontology, 105:254-256.  

8. Malament KA, Margvelashvili-Malament M, Zuhair S Natto Z, 

Thompson V, Rekow D. (2021). Comparison of 16.9-year 

survival of pressed acid etched e.max lithium disilicate glass-

ceramic complete and partial coverage restorations in posterior 

teeth: Performance and outcomes as a function of tooth position, 

age, sex, and thickness of ceramic material. J Prosthet Dent. 

Oct;126(4):533-545.  

9. Mörmann WH, Brandestini M, Lutz F. (1987). The CEREC 

system: computer-assisted preparation of direct ceramic inlays in 

1 setting. Quintessenz 22; 38:457–470. 

10. Andersson M, Carlsson L, Persson M, Bergman B. (1996). 

Accuracy of machine milling and spark erosion with a 

CAD/CAM system. J Prosthet Dent; 76:187-193. 

11. Van der Zel JM (1989): CAD/CAM Produktie van kronen en 

bruggen, Automatisering 9:4. 

12. Van der Zel JM. (1993). Ceramic-fused-to-metal restorations 

with a new CAD/CAM system. Quintessence Int. Nov; 

24(11):769-778. 

13. Olthoff LW, Van der Zel JM, De Ruiter WJ, Vlaar ST, Bosman 

F. (2000). Computer modeling of occlusal surfaces of posterior 

teeth with the CICERO CAD/CAM system, J Prosth 

Dent;84,2:154-162.  

14. Zel JM van der, Vlaar S, Ruiter WJ de, Davidson C. (2001). The 

CICERO system for CAD/CAM fabrication of full-ceramic 

crowns. J Prosthet Dent; 85: 261-267. 

https://koreascience.kr/article/JAKO198724718224101.page
https://koreascience.kr/article/JAKO198724718224101.page
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00336572&asa=N&AN=38814486&h=HkYY%2FJeVA%2BGDwRhCcU%2FrRhzDusoiSQFtXOUV6hLMItix1AtNHM%2Bi7unEiu5f90IeCxmMv0741ZtUOSY2csCUmA%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=00336572&asa=N&AN=38814486&h=HkYY%2FJeVA%2BGDwRhCcU%2FrRhzDusoiSQFtXOUV6hLMItix1AtNHM%2Bi7unEiu5f90IeCxmMv0741ZtUOSY2csCUmA%3D%3D&crl=c
https://researchnovelty.com/management_research/article_pdf/1717834568Updated%20Article_RW180524.pdf
https://researchnovelty.com/management_research/article_pdf/1717834568Updated%20Article_RW180524.pdf
https://researchnovelty.com/management_research/article_pdf/1717834568Updated%20Article_RW180524.pdf
https://www.tandfonline.com/doi/abs/10.1080/19424396.1998.12221650
https://www.tandfonline.com/doi/abs/10.1080/19424396.1998.12221650
https://www.tandfonline.com/doi/abs/10.1080/19424396.1998.12221650
https://link.springer.com/article/10.1007/s10266-016-0276-z
https://link.springer.com/article/10.1007/s10266-016-0276-z
https://link.springer.com/article/10.1007/s10266-016-0276-z
https://link.springer.com/article/10.1007/s10266-016-0276-z
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://www.sciencedirect.com/science/article/pii/S0022391320304510
https://pubmed.ncbi.nlm.nih.gov/3474683/
https://pubmed.ncbi.nlm.nih.gov/3474683/
https://pubmed.ncbi.nlm.nih.gov/3474683/
https://www.sciencedirect.com/science/article/pii/S0022391396903054
https://www.sciencedirect.com/science/article/pii/S0022391396903054
https://www.sciencedirect.com/science/article/pii/S0022391396903054
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/46217393_Ceramic-fused-to-metal_restorations_with_a_new_CADCAM_system/links/583f144e08aeda69680a1ee9/Ceramic-fused-to-metal-restorations-with-a-new-CAD-CAM-system.pdf
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/46217393_Ceramic-fused-to-metal_restorations_with_a_new_CADCAM_system/links/583f144e08aeda69680a1ee9/Ceramic-fused-to-metal-restorations-with-a-new-CAD-CAM-system.pdf
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/46217393_Ceramic-fused-to-metal_restorations_with_a_new_CADCAM_system/links/583f144e08aeda69680a1ee9/Ceramic-fused-to-metal-restorations-with-a-new-CAD-CAM-system.pdf
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/46217393_Ceramic-fused-to-metal_restorations_with_a_new_CADCAM_system/links/583f144e08aeda69680a1ee9/Ceramic-fused-to-metal-restorations-with-a-new-CAD-CAM-system.pdf
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/46217393_Ceramic-fused-to-metal_restorations_with_a_new_CADCAM_system/links/583f144e08aeda69680a1ee9/Ceramic-fused-to-metal-restorations-with-a-new-CAD-CAM-system.pdf
https://www.sciencedirect.com/science/article/pii/S0022391300762019
https://www.sciencedirect.com/science/article/pii/S0022391300762019
https://www.sciencedirect.com/science/article/pii/S0022391300762019
https://www.sciencedirect.com/science/article/pii/S0022391300762019
https://www.sciencedirect.com/science/article/pii/S0022391301031298
https://www.sciencedirect.com/science/article/pii/S0022391301031298
https://www.sciencedirect.com/science/article/pii/S0022391301031298


Dentistry and Oral Maxillofacial Surgery                                                                                                                                                             Copy rights @ Van der Zel JM. 

Auctores Publishing – Volume 6(1)-046- www.auctoresonline.org  

ISSN: 2643-6612   Page 7 of 7 

15. Van der Zel JM, Groot, D. de; and DAVIDSON, C.L. (1990): 

Maximum functional occlusion for a metal ceramic crown with 

the CICERO CAD/CAM system, EPA Abstr 75:23. 

16. Denissen H, Đozic A, Van der Zel J, Van Waas M. (2000). 

Marginal fit and short-term clinical performance of porcelain 

veneered CICERO restorations. J. Prosth Dent; 84:6-13. 

17. Sailer I, Feher A, Filser F, et al. (2006). Prospective clinical study 

of zirconia posterior fixed partial dentures: 3-year follow-up. 

Quint Inter;37(9):685-693. 

18. Ariko K. (2003). Evaluation of marginal fitness of tetragonal 

zirconia polycrystal all-ceramic restorations. Kokubyo Gakkai 

Zasshi.;70(2):114-123 

19. Sailer I, Strasding M, Valente NA, Zwahlen M, Liu S, Pjetturson 

BE. (2018). Asystematic review of the survival and complication 

rates of zirconia-ceramic and metal-ceramic multiple-unit fixed 

dental prostheses. Clin Oral Impl Res.;29(16):184–198. 

20. Schmitter, M.; Mueller, D.; Rues, S. (2013). In vitro chipping 

behaviour of all-ceramic crowns with a zirconia framework and 

feldspathic veneering: Comparison of CAD/CAM-produced 

veneer with manually layered veneer. J. Oral Rehabil., 40, 519–

525.  

21. Nishimura, M; Miura, H.; Suzuki, M.; Morikawa, O.; Yoshida, 

K.; (2004). Matsumura M.: Bond strength of porcelain to yttria-

stabilized tetragonal zirconia framework, J Dent Res 83 (Spec Iss 

B) Abstract nr. 1829. 

22. Van der Zel JM. PRIMERO: (2018). Six Years of High-

Performance: Cognitive Production of Crowns and Bridges. Int 

J Dent Oral Health;4(5):135-139. 

23. De Kler M, De Jager N, Meegdes M, Van der Zel JM. (2007). 

Influence of thermal expansion mismatch and fatigue loading on 

phase changes in porcelain veneered Y-TZP zirconia discs. 

Journal of Oral Rehabilitation.:1365-1372.  

24. Rosentritt ME. (2008).  A focus on zirconia: an in-vitro lifetime 

prediction of zirconia dental restorations. PhD thesis Universiteit 

Amsterdam:64-77. 

25. Beuer F, Schweiger J, Eichberger M, Kappert HF, Gernet W, 

Edelhoff D. (2009). High-strength CAD/CAM-fabricated 

veneering material sintered to zirconia copings - a new 

fabrication mode for all-ceramic restorations. Dent Mater. Jan; 

25(1): 121-128. 

26. Emre Tezulas, Coskun Yildiz, Ceren Kucuk, Erkut 

Kahramanoglu, Current status of zirconia-based all-ceramic 

restorations fabricated by the digital veneering technique: a 

comprehensive review. Int J Comput Dent. 2019;22(3):217-230.  

27. Korenhof CAW. (1961). The enamel-dentine border: a new 

morphological factor in the study of the (human) molar pattern. 

Proceedings of the Koninklijke Nederlandse Akademie van 

Wetenschappen 64B: 639-664.  

28. Van der Zel JM. (2013). Zahnformen mit binärer Innenstruktur. 

Die Quintessenz der Zahntechnik 39.7: 934-936.  

29. Vlaar S, De Ruiter W, Van der Zel S, Van der Zel J. (2011). 

Farbkontrolle beider digitale Verblendung. 

DIGITAL_DENTAL.NEWS 5. Jahrgang, Januar/Februar:35-42. 

30. Schweiger J, Edelhoff D, Stimmelmayr M, Güth J-F, Beuer F, 

(2015). Automated Production of Multilayer Anterior 

Restorations with Digitally Produced Dentin Cores, QDT.208-

220. 

31. Dozić A., et al. (2003). The influence of porcelain layer thickness 

on the final shade of ceramic restorations. Journal of Prosthetic 

Dentistry 90.6: 563-570.  

32. Galante R, Figueiredo-Pina CG, Serro AP, (2019). Additive 

manufacturing of ceramics for dental applications: A review, 

Dent Mater Jun;35(6):825-846. 

 

 

 

 

 

 

 This work is licensed under Creative    
   Commons Attribution 4.0 License 
 

 

To Submit Your Article Click Here: Submit Manuscript 

 

DOI: 10.31579/2643-6612/046

 

 

 

 

Ready to submit your research? Choose Auctores and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 
 

At Auctores, research is always in progress. 

 

Learn more  https://www.auctoresonline.org/journals/dentistry-and-oral-
maxillofacial-surgery 

https://researchnovelty.com/management_research/article_pdf/1717834568Updated%20Article_RW180524.pdf
https://researchnovelty.com/management_research/article_pdf/1717834568Updated%20Article_RW180524.pdf
https://researchnovelty.com/management_research/article_pdf/1717834568Updated%20Article_RW180524.pdf
https://www.sciencedirect.com/science/article/pii/S0022391300719779
https://www.sciencedirect.com/science/article/pii/S0022391300719779
https://www.sciencedirect.com/science/article/pii/S0022391300719779
https://www.researchgate.net/profile/Irena-Sailer/publication/6776691_Prospective_clinical_study_of_zirconia_posterior_fixed_partial_dentures/links/54acde040cf21c47713a7586/Prospective-clinical-study-of-zirconia-posterior-fixed-partial-dentures.pdf
https://www.researchgate.net/profile/Irena-Sailer/publication/6776691_Prospective_clinical_study_of_zirconia_posterior_fixed_partial_dentures/links/54acde040cf21c47713a7586/Prospective-clinical-study-of-zirconia-posterior-fixed-partial-dentures.pdf
https://www.researchgate.net/profile/Irena-Sailer/publication/6776691_Prospective_clinical_study_of_zirconia_posterior_fixed_partial_dentures/links/54acde040cf21c47713a7586/Prospective-clinical-study-of-zirconia-posterior-fixed-partial-dentures.pdf
https://europepmc.org/article/med/12872749
https://europepmc.org/article/med/12872749
https://europepmc.org/article/med/12872749
https://onlinelibrary.wiley.com/doi/abs/10.1111/clr.13277
https://onlinelibrary.wiley.com/doi/abs/10.1111/clr.13277
https://onlinelibrary.wiley.com/doi/abs/10.1111/clr.13277
https://onlinelibrary.wiley.com/doi/abs/10.1111/clr.13277
https://onlinelibrary.wiley.com/doi/abs/10.1111/joor.12061
https://onlinelibrary.wiley.com/doi/abs/10.1111/joor.12061
https://onlinelibrary.wiley.com/doi/abs/10.1111/joor.12061
https://onlinelibrary.wiley.com/doi/abs/10.1111/joor.12061
https://onlinelibrary.wiley.com/doi/abs/10.1111/joor.12061
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/328478133_Primero_Six_Years_Performance_Cognitive_Production_of_Crowns_and_Bridges/links/5bd0593ca6fdcc204a03b21c/Primero-Six-Years-Performance-Cognitive-Production-of-Crowns-and-Bridges.pdf
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/328478133_Primero_Six_Years_Performance_Cognitive_Production_of_Crowns_and_Bridges/links/5bd0593ca6fdcc204a03b21c/Primero-Six-Years-Performance-Cognitive-Production-of-Crowns-and-Bridges.pdf
https://www.researchgate.net/profile/Jef-Van-Der-Zel-2/publication/328478133_Primero_Six_Years_Performance_Cognitive_Production_of_Crowns_and_Bridges/links/5bd0593ca6fdcc204a03b21c/Primero-Six-Years-Performance-Cognitive-Production-of-Crowns-and-Bridges.pdf
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2842.2006.01675.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2842.2006.01675.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2842.2006.01675.x
https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1365-2842.2006.01675.x
https://dare.uva.nl/document/2/143999
https://dare.uva.nl/document/2/143999
https://dare.uva.nl/document/2/143999
https://www.sciencedirect.com/science/article/pii/S0109564108001486
https://www.sciencedirect.com/science/article/pii/S0109564108001486
https://www.sciencedirect.com/science/article/pii/S0109564108001486
https://www.sciencedirect.com/science/article/pii/S0109564108001486
https://www.sciencedirect.com/science/article/pii/S0109564108001486
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=14634201&AN=138310332&h=NGk2XClbQe80vK66OeOWVXzO53xvFrdlMdiwVyf3%2F%2BrlgZe32XJkvsNd7HCZSTZIGJgObb4ds0asWJcpgojgkw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=14634201&AN=138310332&h=NGk2XClbQe80vK66OeOWVXzO53xvFrdlMdiwVyf3%2F%2BrlgZe32XJkvsNd7HCZSTZIGJgObb4ds0asWJcpgojgkw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=14634201&AN=138310332&h=NGk2XClbQe80vK66OeOWVXzO53xvFrdlMdiwVyf3%2F%2BrlgZe32XJkvsNd7HCZSTZIGJgObb4ds0asWJcpgojgkw%3D%3D&crl=c
https://search.ebscohost.com/login.aspx?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=14634201&AN=138310332&h=NGk2XClbQe80vK66OeOWVXzO53xvFrdlMdiwVyf3%2F%2BrlgZe32XJkvsNd7HCZSTZIGJgObb4ds0asWJcpgojgkw%3D%3D&crl=c
https://cir.nii.ac.jp/crid/1574231875492225536
https://cir.nii.ac.jp/crid/1574231875492225536
https://cir.nii.ac.jp/crid/1574231875492225536
https://cir.nii.ac.jp/crid/1574231875492225536
https://research.vu.nl/en/publications/farbkontrolle-bei-der-digitalen-verblendung
https://research.vu.nl/en/publications/farbkontrolle-bei-der-digitalen-verblendung
https://research.vu.nl/en/publications/farbkontrolle-bei-der-digitalen-verblendung
https://www.researchgate.net/profile/Josef-Schweiger/publication/282348384_Automated_Production_of_Multilayer_Anterior_Restorations_with_Digitally_Produced_Dentin_Cores/links/560d528d08ae2aa0be4a2fc5/Automated-Production-of-Multilayer-Anterior-Restorations-with-Digitally-Produced-Dentin-Cores.pdf
https://www.researchgate.net/profile/Josef-Schweiger/publication/282348384_Automated_Production_of_Multilayer_Anterior_Restorations_with_Digitally_Produced_Dentin_Cores/links/560d528d08ae2aa0be4a2fc5/Automated-Production-of-Multilayer-Anterior-Restorations-with-Digitally-Produced-Dentin-Cores.pdf
https://www.researchgate.net/profile/Josef-Schweiger/publication/282348384_Automated_Production_of_Multilayer_Anterior_Restorations_with_Digitally_Produced_Dentin_Cores/links/560d528d08ae2aa0be4a2fc5/Automated-Production-of-Multilayer-Anterior-Restorations-with-Digitally-Produced-Dentin-Cores.pdf
https://www.researchgate.net/profile/Josef-Schweiger/publication/282348384_Automated_Production_of_Multilayer_Anterior_Restorations_with_Digitally_Produced_Dentin_Cores/links/560d528d08ae2aa0be4a2fc5/Automated-Production-of-Multilayer-Anterior-Restorations-with-Digitally-Produced-Dentin-Cores.pdf
https://www.sciencedirect.com/science/article/pii/S0022391303005171
https://www.sciencedirect.com/science/article/pii/S0022391303005171
https://www.sciencedirect.com/science/article/pii/S0022391303005171
https://www.sciencedirect.com/science/article/pii/S0109564118304263
https://www.sciencedirect.com/science/article/pii/S0109564118304263
https://www.sciencedirect.com/science/article/pii/S0109564118304263
file:///C:/C/Users/web/AppData/Local/Adobe/InDesign/Version%2010.0/en_US/Caches/InDesign%20ClipboardScrap1.pdf
https://www.auctoresonline.org/submit-manuscript?e=39
https://www.auctoresonline.org/journals/dentistry-and-oral-maxillofacial-surgery
https://www.auctoresonline.org/journals/dentistry-and-oral-maxillofacial-surgery

