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ABSTRACT  

Aim of the study.The aim of our study was to evaluate complications and primary failures of fixed metal 

ceramic bridge prostheses made by dental students. Material and methods.We studied 50 patients (22 

women, 28 men, mean age 49 years, range 28–73 years) treated during 4 years. Data were collected from the 

patient files. Altogether 82 bridges were made. Results.Seven teeth were extracted due to complication and/or 

failure during endodontic treatment and root canal perforation during preparation. In two cases the abutment 

tooth was fractured by removing the old crown.Four unsuccessful bridges were remade and in seven cases the 

firing of porcelain was renewed. Conclusions.The study concludes that most common failures of fixed metal 

ceramic bridges made by dental students occur during root canal preparation of abutment teeth. 
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INTRODUCTION

 

The last decade has witnessed a revolution in 

milled technology – CAD CAM. This 

technological marvel has given a boost to a 

Metal free milled ceramic restorations. 

Amongst these the most successful have been 

Zirconia Ceramics.  

The term Zirconia is derived from two 

Persian words: zar meaning gold and gun 

meaning colour. This material was discovered 

by German chemist Martin Heinrich Klaproth 

in 1789.(1-3) Zirconia is chemically an oxide 

and technologically a ceramic material (4), 

not soluble in water, that was proved not be 

cytotoxic and do not enhance the bacterial 

adhesion, that is lower than on titanium, as 

demonstrated by both in vitro and in vivo 

studies (5-7). 

The dental fraternity has accepted Zirconia 

ceramics with a very positive note. From 

single crown, multiple unit bridges, inlays, 

onlays, partial veneer crowns, its use have 

expanded to endodontic posts, implants, 

implant abutments, orthodontic brackets.(8,9) 

This material does not occur in free state 

naturally but is found in as silicate oxides or 

free oxides.Its mechanical properties are very 

similar to those of metals and its color is 

similar to tooth color (2). Currently, Zirconia 

being used in dentistry is partially stabilized 

zirconia to which – mol% of yttria (or CaO/ 

MgO) has been added. This allows for small 

tetragonal grains to exist at room 

temperatures.(10-12) 

In the field of restorative dentistry, zirconia 

has been used for root canal posts since 1989, 

for abutment since 1995, and for all ceramic 

posterior FPD‟s since 1998, the first use of 

zirconia as a dental implant material in 

humans was reported in 2004 (13,14). 
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►Micromechanical Properties of Zirconia  

 

  

Pure unalloyed zirconia is polymorphic and 

allotropic at ambient pressure, presenting 

three crystallographic shapes at different 

temperatures 2370°C); tetragonal (t) (from 

2370°C to 1170°C), monoclinic (m) (from 

1170°C to room temperature) (8).  

When upon cooling, the spontaneous 

transformation from the (t) phase to the 

more stable (m) phase occurs, a 

simultaneous, noticeable volume increase of 

the crystals (4-5 %) ensues (15,16) The 

zirconia tetragonal-to-monoclinic phase 

transformation is known to be a martensitic 

transformation (17).  

During this zirconia phase transformation, 

the unit cell of monoclinic configuration 

occupies about 4% more volume than the 

tetragonal configuration, which is a 

relatively large volume change. This could 

result in the formation of ceramic cracks if 

no stabilizing oxides were used. Ceria 

(CeO2), yttria (Y2O3), alumina (Al2O3), 

magnesia (MgO) and calcia (CaO) have 

been used as stabilizing oxides. So, as the 

monoclinic phase does not form under 

normal cooling conditions, the cubic and 

tetragonal phases are retained, and crack 

formation, due to phase transformation, is 

avoided (18).  

Ceramics constitute a major family of tough 

and flaw tolerant ceramics. These good 

properties are usually optimized at room 

temperature. Thus far, only zirconia has 

been used as the transforming phase in 

practical transformation toughening. The 

effect of transformation of some zirconia 

grains on the thermal expansion of a zirconia 

ceramic was studied long ago by Geller and 

Yavorsky (1945), and it was realized that 

there were advantages to using partially 

stabilized rather than fully stabilized 

zirconia (24-27). 

Zirconia is very useful in its „stabilized‟ 

state. In somecases, the tetragonal phase can 

be metastable. If sufficient quantities of the 

metastable tetragonal phase is present, then 

an applied stress, magnified by the stress 

concentration at a crack tip, can cause the 

tetragonal phase to convert to monoclinic, 

with the associated volume expansion.  

This mechanism is known as transformation 

toughening, and significantly extends the 

reliability and lifetime of products made 

with stabilized zirconia. (28-30) 

It is also important to consider that the 

stabilization of the tetragonal and cubic 

structures requires different amounts of 

dopants (stabilizers). The tetragonal phase is 

stabilized at lower dopant concentrations 

than the cubic phase. However, another way 

of stabilizing the tetragonal phase at room 

temperature is to decrease the crystal size 

(the critical average grain size is <0.3 μm) 

(31-33). This effect has been attributed to a 

surface energy difference (34). 

Consequently, zirconia-based ceramics used 

for biomedical purposes typically exist as a 

metastable tetragonal partially stabilized 

zirconia (PSZ) at room temperature. 

Metastable means that trapped energy still 

exists within the material to drive it back to 

the monoclinic phase. It turned out that the 

highly localized stress ahead of a 

propagating crack is sufficient to trigger 

zirconia grains to transform in the vicinity of 

the crack tip. In this case, the 4% volume  

At least three mechanisms of toughening can 

operate in zirconia and in dual phase oxides 

containing zirconia.  

1)Stress induced transformation toughening  

2) The development of compressive surface 

layers as a result oftransformation caused by 

surface stress, and 

3)Toughening by micro cracking 

 

►Mechanical properties 

Zirconia has mechanical properties similar 

to those of stainless steel. Its resistance to 

traction can be as high as 900-1200 Mpa and 

its compression resistance is about 2000 

Mpa (2). Cyclical stresses are also tolerated 

well by this material  

Applying an intermittent force of 28 KN to 

zirconia substrates, Cales found that some 

50 billion cycles were necessary to break the 

samples, but with a force in excess of 90 KN 

structural failure of the samples occurred 

after just 15 cycles (22). Surface treatments 
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can modify the physical properties of 

zirconia. Exposure to wetness for an 

extended period of time can have a 

detrimental effect on its properties (23), this 

phenomenon is known as zirconia ageing. 

Moreover, also surface grinding can reduce 

toughness (24). Kosmac confirmed this 

observation and reported a lower mean 

strength and reliability of zirconium oxide 

after grinding. 

 

►Zirconia structures for dentistry 

Zirconia structures used for dental purposes 

are fabricated using CAD-CAM (computer-

aided design and computer–aided 

manufacturing technology  

One method mills the fully sintered block of 

zirconia with no distortion (shrinkage) to the 

final structure. The disadvantages are the 

great wear of the grinding tools (burs) and 

the population of flaws produced during the 

machining that may lower the mechanical 

reliability of the structure (34,35). In the 

other method, the zirconia structure is milled 

from a pre-sintered block, reaching its final 

mechanical properties after sintered, which 

produces structural shrinkage that can be 

partly compensated at the designing stage, 

and the fit of the zirconia restoration will be 

warranted (36,37). Both CAD-CAM 

processes have three main steps: acquisition 

of digital data, computer processing and 

designing, and fabrication of the zirconia 

structure (38). 

Most importantly, the CAD-CAM technique 

has the ability to produce zirconia 

restorations with sufficient precision for 

dental use (39,40). Traditionally, zirconia is 

dull white in color and its opacity can mask 

the underneath structure.Most dental 

zirconia systems indicate structural dyeing 

(coloring) to enhance the esthetic (41). 

Currently, full-contoured (anatomical-

shaped) monolithic zirconia dental 

restorations are offered (42,43), which could 

abbreviate or extinguish the dental 

laboratory work on zirconia-based 

restorations.  

Several studies reported, however, that Y-

TZP would lose its stability in wet 

environment, leading to strength degradation 

mostly because of the crystallographic 

transformation from metastable tetragonal 

phase to monoclinic phase (T-M 

transformation) and inherent cyclic fatigue 

from chewing and para-functional habits 

(e.g., bruxism and clenching) [2,6,7,14,15]. 

Nevertheless, the influence of low 

temperature degradation (LTD) on dental 

zirconia is still in need of further 

investigation. 

Even so, the most popular zirconia-based 

restorations have a zirconia infrastructure 

that is porcelain veneered to adequate 

anatomic contour and esthetic.  

There are two main ways of veneering 

zirconia infrastructures: the traditional 

layering technique and the hot pressing 

method [2,7]. Both methods require some 

sort of porcelain to zirconia bonding. Some 

studies have observed an exchange of certain 

chemical elements at the porcelain-zirconia 

interface, which may contribute to bonding 

[7,16], but whether a true chemical bonding 

has formed is yet to be verified.  

Therefore, micro-or nano-mechanical 

interlocking is regarded as the major 

mechanism of porcelain zirconia bonding 

[17]. On this basis, and with some dispute, 

sandblasting the zirconia surface before 

porcelain veneering or resin bonding appears 

to be the most popular method to promote 

mechanical interlocking and most reports 

recommend moderate pressure (around 0.4 

MPa) and small particle size (18,19).  

Other studies suggest that sandblasting 

induces monoclinic phase transformation, 

but it can be reversed by the veneering 

process (7,20,21). In addition, primers and 

liners have been suggested to improve 

wetting and bonding to zirconia 

(2,19,22,23).  

Nonetheless, one of the most important 

reasons for introducing monolithic zirconia 

restorations is the significant rate of 

porcelain fracture from porcelain veneered 

zirconia-based restorations (6%–25% after 

three years), which is greater than the 

fracture rate reported for porcelain fused-to-

metal (PFM) systems (2,24–29).  

This subject challenged many researchers 

and triggered few review publications on the 
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fracture rate of all-ceramic restorations 

(24,27,30), indicating that delamination 

(failure at porcelain-zirconia interface) and 

chipping (failure within the veneering 

porcelain) are the most common modes of 

failure (30,31). Studies suggested several 

possible causes for porcelain failure on 

zirconia-based restoration 

In 1977, it was reported that fine grain ZrO2 

(generally < 0.5μm) with small 

concentrations of stabilizing Y2O3 could 

contain up to 98% of the metastable t phase 

following sintering (19). High strengths 

coincided with high tetragonal phase content 

and low strengths coincided with high 

monoclinic phase content. Subsequent 

investigation revealed that the highest 

strengths (KIC~ 700 MPa) and toughness 

(KIC~ 6–9 MPam1/2) were only found 

below a critical average 

grain size (<0.3μm) (20). This critical grain-

size phenomenon indicated a strength/ 

toughness mechanism beyond the simple 

flaw-related grain-size effects generally 

recognized for polycrystalline ceramics. 

However, many attributes are still shared with 

other polycrystalline materials, including the 

simplicity of processing; no requirement for 

“aging” heat treatments, and reciprocally, 

relative insensitivity to follow-on heat 

treatments (e.g. porcelain firings in dental 

usage) and the opportunity to explore 

chemistry-based powder fabrication and 

nano-scale microstructures. These materials 

consist primarily of equiaxed grains of t-ZrO2 

sintered (and sometimes hot isostatically 

pressed) to 96– 99.5% of theoretical density. 

It has recently been reported that some grain-

boundary segregation of Y3+ ions occurs 

during late-stage sintering (21). 

 

►Resin bonding to zirconia  

Today, glass ionomer (GIC) and resin-based 

cements are the primary choices for bonding 

ceramic restorations to the remaining tooth 

structure. GIC and resin-modified GIC 

(RMGIC) are often used to cement acid-

resistant ceramics, mostly because these 

cements are very easy to use. However, the 

most popular and effective cements for all 

types of ceramic restorations are the resin-

based composites, including the systems 

containing the 10 methacryloyloxydecyl-

dihydrogen-phosphate (MDP) monomer 

[2,45,47]. 

It has been reported that the clinical success 

of resin bonding procedures for cementing 

ceramic restorations and repairing fractured 

ceramic restorations depends on the quality 

and durability of the bond. The former 

depends upon the bonding mechanisms that 

are controlled in part by the surface treatment 

that promotes micromechanical and/or 

chemical bond to the substrate [6,48–58]. 
The nonreactive surface of zirconia (acid-

resistant ceramic), however, presents a 

consistent issue of poor adhesion, i.e., low 

bond strength to other substrates (2). 

As zirconia is an acid-resistance ceramic, 

other methods to produce micromechanical 

retention have been used, including airborne 

particle abrasion (APA) systems, often called 

sandblasting, and coarse diamond rotary 

instruments. Several studies 

(17,45,47,50,51,58,59) reported that airborne 

particle abrasion methods using alumina 

particles or silica-modified alumina particles 

(silica coating) produced greater surface 

roughness (Ra) values and that silica coated 

surfaces showed a significant increase (76%) 

in the concentration of silicon, which should 

enhance bonding to resin via silane coupling 

agents (45,51,59,60,61). 

Therefore, silica coating (silicatization) 

systems (e.g., Rocatec and Cojet, 3M-ESPE) 

have been used to create a silica layer on 

metal and ceramic surfaces through high-

speed surface impact of the silica-modified 

alumina particles that can penetrate up to 15 

Therefore, the adhesion between dental 

ceramics and resin-based composites is the 

result of a physico-chemical interaction 

across the interface between the resin 

(adhesive) and the ceramic (substrate) 

►Biocompatibility with soft tissues 

Several studies in various animals (rabbits, 

rats, mice, dogs, monkeys) reported on the 

behavior of zirconia ceramics implanted into 

soft tissues. These in vivo tests performed 

with different physical (pins, bars, wear 

particles) and structural forms (TZP, PSZ, or 
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coatings) of zirconia in different sites of 

implantation concluded to the analysis of 

systemic toxicity and/or adverse reactions in 

the implanted soft tissues. 

►Biocompatibility with hard tissues 

To date, the first reference reporting 

biocompatibility in hard tissue was Issued by 

Helmer and Driskell (42), who inserted pellet 

of stabilized zirconia with 6% Y2O3 into 

femur of monkeys. They could not 

demonstrate any adverse reactions but an 

apparent ingrowth. The first comparative 

results with zirconia and another implanted 

material (alumina) were obtained from 

Wagner (43) and Christel (38), who used pins 

of zirconia (Y-TZP) or alumina inserted into 

femurs of rabbits and did not observe any 

difference in bone reaction to implants. Bars 

and cylinders were also implanted in bones of 

rats, rabbits, and mice without inducing or 

causing any local or systemic toxic effects 

after insertion of yttria-stabilized zirconia in 

bones (2). Finally, it appeared that the various 

forms of zirconia tested in hard tissues do not 

induce any adverse reaction or global toxic 

effects. Moreover, in the light of these in vivo 

biocompatibility tests, it became evident that 

zirconia, whichever physical and structural 

forms tested, is a biocompatible material. 

►clinical aspects 

In contrast to other ceramics, zirconia has the 

potential to be applied as an alternative 

material to metal for reconstructions in 

indications with high loading forces, e.g., the 

posterior regions (45,46). Currently, the data 

available on zirconia-based reconstructions 

confirm the load bearing capacity of this 

high-strength ceramic. Two studies are 

available reporting on the clinical 

performance of zirconia based crowns at 2 

and 3 years of follow-up,respectively (47,48). 

Zirconium oxide core and veneer ceramic 

relationship is not yet well known. Core –

veneer interface is one of the weekest aspect 

of these restorations so that ceramic chipping 

or cracking are possible (46). Different 

factors may influnce veneer cracking as 

differences in thermal expansion coefficients 

between core and ceramic, firing shrinkage of 

ceramic, flaws on veneering and poor wetting 

by veneering core. Special ceramics are 

nowadays developed for zirconia in order to 

minimize this unfavorable aspect, but more 

evaluation of zirconia core veneer bond must 

be performed (47). 

CONCLUSION 

Although clinical long-term evaluations are a 

critical requirement to conclude that zirconia 

has good reliability for dental use, biological, 

mechanical, and clinical studies published to 

date seem to indicate that ZrO2 restorations 

are both well tolerated and sufficiently 

resistant. Ceramic bonding, , ageing and wear 

of zirconia abutment should be evaluated in 

order to guide adequate use of zirconia as 

prosthetic restorative material. Patient 

selection, coupled with adequate clinical and 

technical protocols, are imperative in order to 

obtain good performance of these 

restorations. 
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