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Introduction 

With the expansion of porcelain-fused to- metal 

(PFM) procedures in the early sixties, metal–ceramic 

restorations have represented the “gold standard” for 

prosthetic dentistry, because of their good mechanical 

properties and quite pleasing esthetic results, along with 

an acceptable quality of their marginal and internal 

adaptation. The polycrystalline zirconium dioxide 

(zirconia) resulted valuable in prosthodontics, due to its 

exceptional mechanical properties and improved 

esthetics compared to metal–ceramics1. Zirconia is a 

ceramic material technically and an oxide chemically2, 

insoluble in water and non-cytotoxic3. Studies, both in 

vitro and in vivo, showed its low adhesion to bacteria, 

even lower than on titanium4and favorable radio-opacity 

and a low corrosion potential1. 

Pure, unalloyed zirconia is polymorphic and 

allotropic at ambient pressure, presenting three 

crystallographic shapes at different temperatures: cubic 

(c) (from 2680 ◦C, the melting point, to 2370 ◦C); 

tetragonal (t) (from 2370 ◦C to 1170 ◦C); monoclinic (m) 

(from1170 ◦C to room temperature)5. Upon cooling 

when the spontaneous transformation from the (t)phase 

to the more stable (m) phase occurs, there is noticeable 

increase in the volume of the crystals (4–5%) that results 

in outstanding property of the zirconia6. When alloyed 

with other “cubic” oxides like MgO, CaO, Y2O3 and 

CeO2 (so-called “stabilizers”), the phase transformation 

could be prevented, allowing the zirconia crystals to be 

in their tetragonal or cubic shape at room temperature, in 

a thermodynamically metastable state. The subsequent 

volume increase of the crystals, inhibited by the 

surrounding ones, results in a favorable compressive 

stress that acts as a crack-limiter1. Such a mechanism has 

been termed as “transformation toughening” or “phase 

transformation toughening” (PTT)7 and, along with the 

grain size of zirconia material, can explain why zirconia 

presents the highest flexural strength and fracture 

toughness compared to all the other ceramics. 

 

Biocompatibility of zirconia 
It is a biocompatible material, the release of residues 

and encapsulation by connective is less and is almost 

undetectable. Moreover, zirconia is known to be 

osseoconductive8, which can be analysed with the help 

of scanning electron microscope (SEM). Zirconia which 

is a ceramic material facilitates bone formation as 

previously said it is ossoconductive in nature. 

Biocompatibility of dental biomaterials should be 

defined at analysis levels: in vitro and in vivo tests as 

well as clinical trials in human beings. Different cell 

lines like fibroblasts, lymphocytes, monocytes, and 

macrophages and also osteoblasts were used for in vitro 

tests on Zirconia, under different physical forms, for its 

toxic potency. Connective tissue, being the most 

pervasive one in the organism, mainly composed of 

fibroblasts and fibrocytes, was the first target 

investigated as regards biocompatibility of zirconia. 

In the earlier 90s, Bukat and coworkers9, using 

SEM, observed the adhesion and spreading of cells after 

direct contact of  fibroblasts onto alumina and sintered 

zirconia ceramics (Ca-PSZ) disks with 30% of porosity. 

Later on, the influence of the physical form of materials 

was tested on in vitro biocompatibility by Ito and 

coworkers also10. 

 

Surface Analysis 
Investigations are done on titanium and CoCrMo 

implants deposited with, zirconia with 4% CeO2 and 

zirconia with 3% Y2O3 coatings, using the plasma 

spraying technique11. The adhesive strength of zirconia 

with 4% CeO2 coating to titanium and CoCrMo 

substrates was higher than 68 MPa and which is 

significantly greater than that of zirconia with 3% Y2O3 

coatings (32.3 MPa for titanium and 24.7 MPa for 

CoCrMo). 

In another study Gahlert12 et al examined zirconia 

implants with a machined or a sandblasted surface and 

compared them with SLA titanium implants. Surface 

analyses discovered that SLA titanium implant has 

highest surface roughness compared to zirconia implant 

and the machined zirconia implant. 

 

Strength/ mechanical properties of Zirconia 
Mechanical properties of zirconia have proved to be 

higher than all other ceramics for dental use, with a 

fracture toughness of 6–10MPa/m1/2, a flexural strength 

of 900–1200MPa and a compression resistance of 

2000MPa13. An average load-bearing capacity of 755N 

was reported for zirconia restorations14. Fracture loads 

ranging between 706N14, 2000Nand 4100N were 

reported. A recent in vitro investigation on zirconia 
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FPDs evidenced failure loads ranging between 379 

and501MPa, thus higher than average human biting 

force, confirming a satisfactory serviceability of such 

frameworks.15 

 

Performance 
In contrast to other ceramics, zirconia has the 

potential to be used as an alternative material to metal for 

reconstructions where high loading forces are required, 

e.g., the posterior regions16,17. Currently, the data 

available on zirconia-based reconstructions confirm the 

load bearing capacity of this high-strength ceramic. A 

systematic review of the literature that evaluated all 

ceramic restorations survival rate in comparison with 

porcelain fused to metal and inside all ceramic group, 

with zirconia ceramic restorations.18,19 5 years survival 

rate of all ceramic restorations is 93.3%,whereas metal 

ceramic restorations have a 5 years survival rate of 

95.6% when comparing Zr-ceramic restorations with 

other all ceramic systems, zirconia frameworks have 

proved to be more reliable. In dental healthcare, the use 

of zirconia implants, as treatment option, is a new topic 

compared to the other dental applications described.  

 

Various applications of zirconia in dentistry 
A number of researchers have introduced stabilized 

form of zirconia ceramic to be used in fabrication of post 

systems20, because they have higher strength and fracture 

toughness than other ceramics. Kakehashi et al.21 

experimented with zirconia ceramic post clinically and 

reported a high success rate of zirconia post. Likewise, 

Paul and Werder22 investigated zirconia posts and 

observed good clinical success of zirconia posts with 

direct composite cores after a mean clinical service of 

4.7 years. The fabrication of either presintered or highly 

isostatic pressed zirconia frameworks, for crown and 

bridge has also been executed23. Besides above 

mentioned applications of zirconia in dental practice, 

zirconia has also been successfully used for the 

fabrication of esthetic orthodontic brackets24. 

Polycrystalline zirconia brackets, which reportedly have 

the greatest toughness amongst all ceramics, have 

provided an alternative to alumina ceramic brackets25. 

 

Zirconia as an implant material 
The last three decades has showed an increase in the 

use of dental implants to replace missing teeth. In the late 

1970s, the use of Titanium root form implants in the 

rehabilitation of the partially or completely edentulous 

patient has been mentioned in the work of Dr. 

Branemark. It is based on the fact that titanium implants 

"osseointegrate" with native bone and this material is 

capable of physical properties needed for oral function. 

The long term functional success and  firm fixation of 

titanium implants is widely accepted in the clinical 

results, but its disadvantages include poor aesthetic late 

complications and soft tissue recession and bone loss 

especially in the esthetic zone.26 These late 

complications have led to many implant collar design 

changes and development of white zirconia transgingival 

abutments, to achieve minimal soft tissue recession, to 

hide the metallic color and grey hue of the gingiva and 

in an attempt to minimize aesthetic failures.27 Ceramic as 

a material for the dental implants is a definite alternative 

for the use of titanium material. One such material is 

Zirconia (Y-TZP), owning the capacity to 

osseointegrate28 with very promising physical properties, 

such as flexural strength (900-1200MPa), hardness 

(1200 Vickers) as well as a threshold stress intensity 

factor which is favorable for long term firmness and 

success.29 

 

Clinical and experimental studies on zirconia 
Investigation showed a success rate of 93% of 

zirconia, after 2 years of observation period, with a 

favorable soft tissue response, in a limited sample size of 

15 Cercon crowns(Dentsply Degudent, Hanau, 

Germany)15. Another study with a longer observation 

period (3 years), done on 204 Procera zirconia single 

crowns delivered in a private practice, showed a survival 

rate of 93%. In a 5 years study, survival rate of all 

ceramic restorations evaluated is 93.3%, whereas metal 

ceramic restorations have 95.6% survival rate. When 

comparing Zr-ceramic restorations with other all 

ceramic systems, zirconia frameworks resulted as the 

most reliable. Reviews of the literature on the survival 

rates of all-ceramic single crowns and fixed partial 

dentures in comparison with metal–ceramic restorations 

have been published16, reporting, after 5years of 

observation, favorable survival rates (95.6%) for metal–

ceramic prostheses, to be compared to a figure of 93.3% 

for all-ceramic restorations, among which zirconia based 

prostheses showed the best clinical performances and 

resulted as the most reliable all-ceramic systems. After 3 

years of clinical service, almost all of the studies reported 

very good clinical outcomes for zirconia-based FPDs, 

with failure rates between 0% and 4.8%26, showing a 

promising reliability of such restorations. 

 

Limitations 
Bulk fracture appears to be undetected in all studies 

done on zirconia. The fractures that have happened 

mostly involve connectors of multiunit prostheses (≥ 4) 

or second molar abutments24. Problems with the 

porcelain veneer seems to be a major problem in all 

studies. Minimum crazing or cracking with less loss of 

material has been reported in four separate systems 8, 15, 

25 and 50% of prostheses after observation period of 1-

2 years25. This may be due to that the difficulties are 

material related, as was the conclusion in one study of 

two systems exhibiting, respectively, 8 and 50% 

incidence of porcelain cracking26. This may also indicate 

that other factors such as thickness ratios or framework 

design play a role in porcelain cracking. For comparison, 

porcelain problems on metal–ceramic prosthesis over a 

10 years observation period was reported to be on the 
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order of 4% for a gold–palladium alloy, no higher than 

6% for most alternative alloys, and only as high as 15% 

for one nickel-based alloy without beryllium24. 

Continous findings have been reported for another gold 

based alloy, with 98% completely intact porcelain at 5 

years. Thus, porcelain–zirconia compatibility appears 

problematic in light of past experience with metal–

ceramic systems26. 

 

Conclusion and Summary 
There is increased use of all-ceramic single crowns 

and fixed partial dentures in Fixed Prosthodontics. In the 

last 20 years, dental ceramics provided, favorable and 

promising esthetic and mechanical properties. Further 

investigations regarding its bonding to veneering 

ceramic, cementation procedures, aging and wear and, 

above all, long-term clinical performance of zirconia are 

required to define its potential and limitations such an 

innovative, promising and intriguing restorative 

material. 
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