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ABSTRACT  

Aim of the study For oral rehabilitation, zirconia is a biomaterial material used for veneers, crowns, fixed 

partial denture, root devices or implants and implant abutments. Materials and methods In order to apply and 

follow the technological algorithm for the realization of prosthetic works in zirconia, through the CAD/CAM 

technique, we choose for the rehabilitation of a clinical case, as treatment option, three bridges and a single 

crown, made of integral zirconia. Results We proceeded to the actual design of the future fixed prosthesis, 

respectively of the zirconia elements, with the help of the CAD/CAM technology. After scanning the casts, we 

designed the elements, establishing the limits of the edges, their dimensions and thickness. The completed 

prosthetic work is saved for a later transmission to the milling machine (CAM technique). Conclusions  The 

characteristics of zirconia materials have as result fixed prosthetic restorations that fulfil both functional and 

aesthetic requirements, so, the specific technological algorithm require a good professional training. 
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INTRODUCTION 

Oral rehabilitation by fixed restorations 

includes restoring and maintaining of all 

functions and comfort, appearance and oral 

health of the patient through tooth 

restorations and/or replacement of missing 

teeth. For oral rehabilitation, zirconia is a 

biomaterial material used for veneers, 

crowns, fixed partial denture, root devices or 

implants and implant abutments. 

Zirconium dioxide (zirconia ZrO2) has 

been introduced into dentistry for over 15 

years as a substitute for metal because it has 

extraordinary properties, such as high 

bending strength (over 1000 MPa) and 

hardness (1200-1400 Vickers). Zirconia 

(ZrO2) is a natural compound of the element 
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zirconium that occurs in nature, and is 

partially stabilized with yttrium and enriched 

with aluminium; this process gives the 

material the desired characteristics of high 

bending strength. 

The most recent introduction to the dental 

ceramics family is zirconia, which in its pure 

form is a polymorphic material that occurs in 

three temperature-dependant forms  that are: 

mono-clinic (room temperature to 1170°C), 

tetragonal (1170°C-2370°C) and cubic 

(2370°C - up to melting point) [1].  

To date, there are three types of   zirconia-

containing ceramics which are used in 

dentistry. Glass-infiltrated zirconia-toughened 

alumina ceramics, magnesium doped partially 

stabilized zirconia and 3mol% yttria 

containing tetragonal zirconia polycrystalline 

(Y-TZP), with the latter being the most 

utilised form in dentistry because of its higher 

flexural strength reported to range from 900 

to 1200 Mpa [2]. Y-TZP has been used in 

root canal posts [3], frameworks for all-

ceramic posterior crowns and fixed partial 

dentures (FPDs) [4-8], implant abutments [9-

10] and dental implants [11].  

 

MATHERIALS AND METHODS 

Zirconium-based prosthetic restorations 

represent a choice, due to the emphasis on 

aesthetics and their realization through 

modern technologies, thus being much more 

accurate. In order to apply and follow the 

technological algorithm for the realization of 

prosthetic works in zirconia, through the 

CAD/CAM technique, we choose for the 

rehabilitation of a clinical case, as treatment 

option, three bridges and a single crown, 

made of integral zirconia. The prosthetic 

device in first quadrant will consist of five 

elements (1.1, 1.2, 1.3, 1.4, 1.5), in second 

quadrant it will also consist of 5 elements 

(2.1, 2.2, 2.3, 2.4, 2.5 - which will be a distal 

extension), in the third quadrant it will be 

made up of 2 elements (3.5 - 3.6) and in the 

fourth quadrant a single crown (4.4). The 

desired colour is A2 for the maxillary 

rehabilitation and A3 at the mandibular level. 

After the impression step, both casts were 

made with mobile abutments using the Zeiser 

method - we fixed the impressions in a 

special support of the Giroform device, with 

the help of which holes were made in the base 

plate, using the drill and the laser beam, 

indicating the insertion axis of each prepared 

tooth, thus ensuring a uniform drilling depth. 

The insertion of the pins into the base plate 

was done precisely due to the angulation 

present at the end of the pin, and then we 

applied a light pressure to have a well-fixed 

position in the plate. (Fig. 1, 2) 

After preparing the gypsum paste, we 

placed the impression tray on the side table 

and with the help of a spatula we inserted the 

gypsum paste, in order to obtain a cast - the 

gypsum paste setting time - 20-30 minutes. 

Then we removed the cast, the excess plaster 

around the cast, drag the cast and noted on it 

the data from the patient's sheet. The model 

was engraved with a scalpel; we used the 

VOP SlitPrecise device to cut the gypsum 

casts with laser guidance, and then shaped the 

abutments to highlight the neck of the 

crowns. (Fig. 3, 4) 

In order to mount in the articulator, we 

joined the models in centric occlusion, and 

then mounted in the non-arcon articulator 

Amann Girrbach. (Fig. 5) 

Scanning the model - In the first step we 

introduced the data from the patient's file in 

the Medit program, then we selected the teeth 

and the type of restoration, respectively 

Anatomic waxup, Pontic waxup and Adjacent 

tooth. (Fig. 6) 

We scanned the cast after spraying a layer 

of occlusion-spray on it; all the details were 

recorded correctly. We put the cast on the 

special support of the scanner so that it has a 

proper stability during the movement of its 

mobile arm and that all the details are well 
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recorded. One by one, we registered the upper 

cast, the lower one and the occlusion between 

the two, and thus we obtained the virtual copy 

of the casts. (Fig. 7-11) 

 

 

 

 

Figure 1. Upper and Lower Impressions   Figure 2. Pins insertion  

 

 

 

Figure 3. Sectioning the cast  Figure 4. Shaping the abutments 

 

 

 

Figure 5. Casts mounted in the articulator  Figure 6. Entering data in the program 

 

 

 

Figure 7. Virtual lower cast  Figure 8. Lower cast scanning 

  

We proceeded to the actual design of the future fixed prosthesis, respectively of the 
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zirconium elements, with the help of the 

CAD/CAM technology. The CAD technique 

started with the first stage, to create a new file 

where we wrote down the data of the patient, 

of the dentist and the requirements of the 

prosthetic restorations. (Fig. 12) 

After scanning the casts, we designed the 

future zirconia elements, establishing the 

limits of the edges, their dimensions and 

thickness. (Fig. 13-16) 

The completed prosthetic work is saved 

for a later transmission to the ZirkonZahn 

milling machine (CAM technique). The 

elements were saved in the program, we 

positioned them on the zirconia disk, thus 

being prepared for the (CAM - Computer 

Aided Milling) milling process. We chose a 

zirconia disc Aconia Multilayer, of a suitable 

colour and with a sufficient height for the 

future restorations; we positioned the zirconia 

disc in the device, then set and fixed the 

support parts and the correct position on the 

disc, and started the milling of the elements. 

(Fig. 17, 18)  

After milling, with the help of a milling 

cutter, we removed the restorations from the 

disc, checked and adapted them on the cast. 

Zirconium dioxide is introduced into an 

enclosure where it is completely sintered at a 

temperature of 15500C, to obtain its final 

shape, which ensures its hardness and 

physical properties. (Fig. 19, 20) 

In the stage of glazing, we used special 

brushes and glaze, applied in a thin layer on 

all surfaces of the works and then fixed them 

with a special Easy-Fix adhesive on the 

ceramic supports. This was followed by the 

introduction into the ceramic firing furnace 

for a short sintering part, of four minutes, 

when the temperature reached 800°C, after 

which it gradually decreased. (Fig. 21-23) 

The pigments used belong to the Miyo 

Company and we used them to reach the 

colour desired by the patient, in this case the 

colour A2 and A3, respectively and their 

great variety offered the possibility of 

obtaining special results, giving a completely 

natural look. After applying the pigments, we 

introduced the works in the ceramic sintering 

furnace for the final burning of 3 minutes; the 

temperature reached 780° C, after which it 

gradually decreased. (Fig. 24) 

After finishing the algorithm, the 

restorations were placed on the working casts 

and sent to the dental office to be cemented. 

(Fig. 25, 26) 

 

 

 

 

 

Figure 9. Virtual upper cast  Figure 10. Upper cast scanning 
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Figure 11. Virtual Occlusion Scanning  Figure 12. Patient's electronic file 

 

 

 

Figure 13. Drawing the outline of the 

prepared teeth 

 Figure 14. The dimensions of future 

prosthetic restorations 

 

 

 

Figure 15. Connector design  Figure 16. The final virtual aspect of the 

restorations 

 

 

 

Figure 17. Zirconia disc milling  Figure 18. Final appearance after milling 
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Figure 19. Prepared zirconia for sintering  Figure 20. Sintered zirconia 

 

 

 

Figure 21. Fixing the restorations the 

ceramic supports 

 Figure 22. Placing in the oven for the first 

firing 

 

 

 

Figure 23. Zirconia after the glazing stage  Figure 24. Applying the Miyo pigments 

 

 

 

Figure 25. Final restorations – 

frontal/lateral left view 

 Figure 26. Final restorations – 

frontal/lateral right view 

RESULTS AND DISCUSSIONS 

Zirconium oxide has been in use since 

1960, and from the start, its promising in 

vitro properties attracted the attention of 

dental (and orthopaedic) researchers, so in 

the last decade it has acquired increasing 

application. The properties that favour its 

use in dentistry are biocompatibility, low 
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thermal conductivity, resistance to corrosion 

and high tenacity, due to its totally 

crystalline microstructure. However, being 

opaque, it has to be covered with a more 

translucent feldspathic ceramic to improve 

aesthetics. The mechanical properties of 

zirconia allowed them to be used in posterior 

FPDs and permit substantial reduction in 

core thickness [12].  

Under ambient pressure, the temperature 

will influence the crystallographic form of 

unalloyed zirconia. At room temperature and 

upon heating up to 1170 °C, the structure is 

monoclinic. Then it is tetragonal between 

1170 and 2370 C and cubic above 2370 °C 

and up to the melting point [13]. Upon 

cooling, transformation from the tetragonal 

(t) phase to the monoclinic (m) phase will 

induce a substantial increase in volume 

(~4.5%). This will lead to catastrophic 

failure, adding CaO, MgO, Y2O3 or CeO2 

to zirconia-alloys allows the retention of the 

tetragonal structure at room temperature. 

This will control the stress-inducing tm 

transformation - compressive stresses 

developed in the vicinity of a crack tip, 

arrest crack propagation and lead to high 

toughness [12, 14, 15]. Composition, grain 

size, shape of the zirconia particles, type and 

amount of the stabilizing oxides, interaction 

of zirconia with other phases and processing 

are also factors that have impact on the 

meta-stability of the transformation [15]. 

Innovative bio-ceramics such as zirconia 

magnesia (MgPSZ with bioactive glass 

coating) [16] and alumina composites TZP 

stabilized [17] are recently reported as 

degradation free materials [18]. 

Composition, grain size, shape of the 

zirconia particles, type and amount of the 

stabilizing oxides, interaction of zirconia 

with other phases and processing are also 

factors that have impact on the metastability 

of the transformation [19]. The mechanical 

properties of zirconia allowed them to be 

used in posterior FPDs and permit 

substantial reduction in core thickness [20]. 

Frameworks or parts of a framework that are 

not veneered as well as zirconia implants 

and abutments exposed to the oral 

environment, are subjected to this 

phenomenon, so during framework design 

non-veneered zirconia should be avoided 

[21]. Tooth Enamel, constituted of 97% 

hydroxyapatite mineral, is very translucent 

and can transmit up to 70% of light. Dentin 

is also able to transmit up to 30% of light. 

The aesthetic dilemma for metal-ceramic 

restorations is that opaque porcelain is 

needed to mask a metal substrate. It will 

reflect light and decrease translucency. 

Consequently, they will often appear 

brighter intraoral [22, 23].  

Zirconia framework is aesthetically better 

accepted than metallic framework, but it 

remains clinically too white and opaque. 

Therefore, manufacturers introduce coloured 

zirconia framework to ameliorate the overall 

matching colour [24].  Different techniques 

have been proposed: adding pigments to the 

initial zirconia ceramic powder, dipping 

zirconia milled frameworks in dissolved 

colouring agents, applying liner material to 

sintered framework [25, 26]. Thinner veneer 

is then required to mask the underlying 

framework [27].  

The successful use of zirconia as a 

material for dental implants is mainly 

contributed by its excellent osseo-integration 

behaviour.  According to the in vivo studies, 

zirconia has shown a predictable osseo-

integration, cell metabolism and positive 

tissue response, some results were taken out 

under loaded conditions (28, 29). 

When implant therapy is contraindicated 

or is not possible to be applied, minimally 

invasive devices becomes an optimal 

treatment option, because allow a higher 

preservation of healthy dental structure and 

the protection of periodontal tissue (30). 
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Conservative zirconia-fixed partial 

dentures can be a minimally invasive 

alternative for anterior tooth replacement 

and have proven to be very successful; 

particularly if retentive preparations are 

done (31). Zirconia is an acid resistant, 

polycrystalline ceramic that does not   

contain amorphous silica, making it 

ineffective to traditional glass etching 

treatments such as hydrofluoric acid (HFl) 

followed by silane (31, 32). Bonding of 

zirconium based restorations cannot be done 

with the same methods as traditional glass-

porcelain (33, 34). Bond strengths using 

differing methods including sand blasting 

with aluminium oxide, silane treatment, or 

other chemicals provided a weak bond at 

best that deteriorated significantly with time 

(35-38). The aspects of some characteristics 

are presented in Table 1.  

CAD/CAM systems have quickly been 

adopted by many dental laboratories, as they 

greatly increase work efficiency, eliminating 

a multitude of intermediate steps, generating 

additional costs and possible errors. Initially 

used to produce metal ceramic crowns, 

nowadays the subtractive method can realize 

most of the common materials in dentistry 

(ceramic, zirconia, plastic, resins, pre-

sintered zirconia, sintered zirconia, cobalt-

chromium, titanium, and alumina) [39]. 

Table 1.  Zirconium dioxide has the following superior characteristics, which make it the ideal 

material, as specified in Table 1. (* Zirkonzahn ICE Translucent Zirconia values) 

Characteristics Level 

biological compatibility excellent, absolutely bio-inert 

physical and mechanical qualities excellent 

hardness  1200-1400 Vickers 

compressive strength 2000 MPa 

bending strength 1000 MPa 

flexural strength  > 1400 MPa 

modulus of elasticity 210 GPa  

corrosion resistance very good 

particle size  <0.6 ym 

Weibull modulus  15.84 

density extremely high 

purity  99.9% 

translucency  excellent cosmetic results 

 

CONCLUSIONS 

1. Although the metal-ceramic crowns are 

used in restoring the integrity of the 

dental arch, the metal infrastructure can 

be observed at the gum's level as well as 

through the ceramic superstructure. Thus, 

the integral zirconia bridge is clearly 

superior, both in terms of aesthetics, 

biocompatibility and strength. 

2. Zirconia restorative material is well-

accepted to fulfil both functional and 

aesthetic requirements. 

3. Due to the fact that monolithic zirconia is 

a new material, there is still little 

scientific knowledge about its properties, 

the limitations on its use, its aesthetic 

performance over time, its resistance to 

low-temperature degradation and, of 

course, its clinical survival. 

4. The zirconia CAD/CAM technology has 

advantages and disadvantages, indications 

and contraindications, so, the treatment 
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plan must be chose with great care.  

5. The characteristics of zirconia materials 

and the specific technological algorithm 

require a good professional training and a 

close collaboration between the dental 

technician and the dentist. 
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