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Abstract: Implant ology has become a choice for replacement of missing teeth. Replacements in the anterior 

zone where aesthetic concern are important were new aesthetic materials are being used. Traditionally 

Titanium which has been used for past three decades has limitations like hypersensitivity and lack of aesthetics. 

Zirconia is now being introduced as an aesthetic alternative for implant placement. This paper discusses the 

properties of zirconia and reviews studies done as an implant material.                                                                                                                                                                                
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I. Introduction: 
Implant treatment is currently overriding other prosthetic treatment especially in the case of replacing 

anterior teeth.  Titanium is the material of choice for implants till date.  Unfortunately, it is no longer considered 

as completely bio inert material because of its ability to induce hyper sensitivity reaction.  To overcome this 

limitation zirconia bio ceramics have been recognized as a potential material as an implant because of its 

biological, mechanical, optical properties and good scientific results in Osseo integration.  Due to its 

transformation toughening capability zirconia holds a unique place in oxides. 

 

Transformation toughening 

Earlier zirconia was applied as a coating material for oral implants in animal investigations. Cranin et 

al (1) used zirconia flame spray deposition coated vitallium implants in beagle dogs. The results were not 

satisfactory. So, to improve the integration of zirconia these patients are treated to strengthening and toughening 

mechanisms. 

Zirconia is available in three forms tetragonal, monoclinic and cubic form. When pure zirconium oxide 

is heated to a temperature of 1470 degree Celsius and 2010 degree Celsius and it is cooled, it transforms from 

metastable tetragonal form to stable monoclinic from at approximately 1150 degree Celsius. Tetragonal form 

cannot withstand more stress. When a crack develops tetragonal grains converts immediately to monoclinic 

from. As the crack propagates sufficient stress develops in the tetragonal structure and the grains around the 

crack transforms to stable monoclinic form. In this process 3 volume% of expansion of zirconium dioxide 

crystals occur, which produces compressive stress around the crack and prevents further propagation of crack 

(2)(3)(4). 

Zirconia ceramics have enhanced toughness because the energy associated with crack propagation is 

dissipated both in overcoming the compressive stresses and tetragonal to monoclinic transformation.  This 

mechanism is known as Transformation toughening on this basis yttrium-tetragonal zirconia polycrystal is 

considered to be as high strength Zirconia (5) .The transformation of tetragonal to monoclinic form is influenced 

by temperature, vapor, particle size, micro and macrostructure and concentration of stabilizing oxides (6) . 

 

Martensitic transformation: 

Phase transformation of zirconia is a martensite type.  This Phenomenon is named by Osmond and 

introduced the term “Martensite” (7) .This processes is characterized by a transformation at a certain range of 

temperature and produce a changes in the shape of the nucleus.  The intensity of the martensite transformation is 

influenced by size, shape, amount of oxide stabilizers, location of particles and difference in co-efficient of 

thermal expansion. (8)(7). 

 

Zirconia a Biomaterial of choice: 

Introduction: Akagawa et al (9) were the first to report the use of oral implants made of zirconia in 

dogs. They evaluated loaded and unloaded zirconia dental implants. As a result there was no implant mobility or 

fracture in both the groups. The bone to implant contact ratio was 81.9% for the non-loaded implants and 69.8% 

for the loaded groups. But, titanium implant group was not included for comparison.   

 

 

Biocompatibility: 



Zirconia Bio-inert Implant Material 

www.iosrjournals.org                                                     67 | Page 

Biocompatibility of a material refers to the ability of the material to provide derived function without 

causing any undesirable local or systemic effects in the body i.e., the material should not cause any kind of 

allergic, toxic (or) inflammatory response. 

When it comes to zirconia, release of residues in undetectable and is known to Osseo conductive. 

Zirconia facilitates bone formation when it comes in contact with it. 

 

Limitations of titanium: 

1. High cost because the amount of processing energy and melting and casting difficulties. 

2. Higher elastic modulus compared to bone. 

3. Bone attachment is difficult because it do not react with human tissues. 

The processing: the molten metal and the hot casting are susceptible to atmospheric contamination. 

Titanium is very reactive with oxygen and other atmospheric gases. Another problem is the maintenance of 

good flow over severe changes of dimension or direction with the mold. 

The elastic modulus: the elastic moduli and strength of titanium, and its alloys are much higher than 

those of human bones, which may result in stress shielding and the failure of implants. 

The inert behavior: fixation of implants to bone host remains a problem. Titanium has an inert behavior so the 

body tries to enclose the titanium based implant. However, titanium does not bond directly to bone resulting in 

micro-movements and leads to loosening of implants (10) (11).  

 

Hypersensitivity reaction 

Evrard et al (12) concluded that inert material like gold and Titanium shows increased rate of allergic 

reaction in points with history of allergic to metals.  To implants may produce toxicity or a type I & IV 

hypersensitivity reaction in such points.  A titanium hip implant showed a quite strong inflammatory response 

and was regarded as a contributing factor for failure. Zirconia doesn’t produce any hypersensitivity reaction & is 

safe to use as an implant material in such patients. 

 

In vitro tests: 

Zirconia, under different physical forms, was tested in vitro onto different cell lines such as fibroblasts, 

lymphocytes, monocytes, macrophages, and osteoblasts for its toxic potency. Bukat & coworkers had done (13) 

early in vitro studies showed higher rate of cytotoxic effects of zirconia due to their wear products than that 

from Titanium alloys in dose dependent manner.  But, authors concluded that zirconia ceramics have low 

cytotoxicity &increased cellular growth rate of fibroblasts (14). 

In vitro tests on lymphocytes, macro phages and monocyte showed that Titanium& alumina particles 

are great inducers of Tumor necrosis factor alpha inflammation marker (15)and showed no effects on human 

monocytic cell line test.   

 

Osseo integration: 

A process of implant-bone interaction, that finally leads to bone-implant anchorage. Various animal 

studies have been conducted to demonstrate the Osseo integration and biocompatible nature of zirconia.  

In a study conducted by Schultze-Mosgau et al (16) it was found that the interface around zirconia and 

titanium implants is the same.  The biocompatibility test was done by implanting zirconia ceramics in bone and 

soft tissues. The results show that, only a small inflammatory cell infiltrate has seen, but the implant surface is 

completely encapsulated by a thin fibrous connective tissue (17).  

Antonio scarano et al (18) analyzed the bone response to zirconia implants by implementing them in 

the rabbit’s tibia. A total of twenty implants were retrieved.  The percentage of bone contact was calculated 

using an optical system and from these results authors concluded that all zirconia implants appeared to be  

Osseo integrated. Zirconia implants showed presence of newly formed bone around the implant surface along 

with many osteoblasts in direct contact with the implant. No foreign body reactions inflammation or giant cells 

are seen. 

Hulbert et al (19) investigated the Osseo integration of zirconia by implanting disc and tubes of calcium 

oxide + zirconium di oxide and calcium oxide + titanium di oxide into rabbit muscles. They concluded that 

zirconia implant showed no signs of toxic or carcinogenic effects. 

Twenty-four screws type zirconia with surface modifications and twenty four titanium implants of 

same shape and size inserted in the tibia of minipigs a study done by Rita Depprich et al (20). The results 

showed that animals were normal and showed no signs of infection. On clinical examination they observed new 

bone formation and circumferential bone tissue formation was detected. Both the titanium and zirconia showed 

similar Osseo integration and no sign of inflammation. The bone to implant contact increased over period and 

there were no differences observed between titanium and zirconia. 
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B.Stadlinger et al (21) done an animal study to investigate and compare the Osseo integration of zirconia and 

titanium dental implants. In this study 14 zirconia implants and 7 titanium implants were placed into the 

mandibles of 7 mini pigs. The zirconia implants were implanted alternatively as submerged and non-submerged. 

As a result, submerged zirconia implants showed a bone implant contact of 53% and non – submerged implants 

showed 48%. Highest bone volume density can be detected in the sub merged zirconia. This study concludes 

that unloaded zirconia and titanium implants showed comparable amounts of Osseo integration. 

A study conducted with sheep pelvis model by J.D. Langhoff et al (22) where six types of dental 

implants were tested for Osseo integration. One zirconia implant and four titanium implants with surface 

modifications were implanted and they zirconia implant show high bone implant contact of about 77% 

compared to titanium implants. There were no significant differences in Bone- Implant Contact.  

  Andriotelli et al (23) nine animal studies concluded that zirconia implant have great Osseo integration 

properties. In conclusion, most of the published data on in vitro studies of zirconia implant reported that zirconia 

has no cytotoxic effects. In vivo studies show zirconia is considered to be the bio inert material of choice for 

implant. 

 

In vivo Tests 

Biocompatibility in soft &hard tissues: 

Several studies conducted in various animals(24) reported on behavior of zirconia in soft tissues these 

studies revealed that powders and wear products doesn’t produce any local or systemic reaction when injected in 

mice. So, zirconia in which ever physical form does not induce cytotoxic effects in soft tissues. 

Biocompatibility in hard tissue was issued by Helmer &Driskell (25).  This study was conducted by 

inserting a pellet of stabilized zirconia with 6%. ½ O3 into femur of monkeys.  They revealed no toxic effects.  

Bars & cylinders were also implanted in bones of rats, rabbits & mice and they induce no systemic or local toxic 

effects. 

Finally, zirconia in its various physical forms induced no toxic effects on hard & soft tissues from these 

in vivo tests zirconia is considered to be a biocompatible material of choice. 

 

Perio Integration: 

Zirconia implants creates a low inflammatory response & presence of angiogenic factors demonstrated by 

Degidi et al (26) from peri implant soft tissues of zirconia healing cap compared to Titanium. 

Bacterial adhesion and plaque accumulation onto zirconia from both in vitro and in vivo studies: 

As all natural teeth bacterial growth can also occur in dental implant which may lead to peri implantitis. This is 

the major factor for failure of dental implant. 

Zirconia implant showed low plaque accumulation compared to other materials. During initial stages of 

plaque formation implant surface properties may play an important role in bacterial adhesion. When it’s affected 

to a greater extend, bacterial adhesion may be due to material’s surface roughness (27).  

Rimondini et al (28) evaluated the bacterial adhesion on zirconia and titanium through in vivo and in 

vitro studies. Authors observed that S. Mutants are those showed increased attachment to zirconia compared to 

titanium in in-vitro studies. 

In vivo, however zirconia implants showed minimal bacterial adhesion than titanium .But it revealed no 

major differences between supra gingival and sub gingival plaque accumulation on zirconia and titanium 

implant. These finding concludes that zirconia shows reduced early bacterial adhesion compared to titanium 

implants.   

 

II. Conclusion: 
Titanium dental implants are still the irreplaceable & most recommended for patient use.  However its 

adverse reactions are still controversial.  Zirconia based on its biocompatible properties & improved Osseo 

integration, lesser bacterial adhesion takes importance in new generation of dental implants. From the various in 

vivo and in vitro studies zirconia seems to be a bio inert material which supports the implementation of this 

material in dental implant ology. 
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