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Abstract 
Background: Zirconia implants have gained prominence as a promising substitute to traditional titanium-based dental implants because of their superior 

biocompatibility, aesthetic appeal, and corrosion resistance. Zirconia (ZrO₂), a ceramic material, exhibits excellent mechanical properties, including high 

fracture toughness, wear resistance, and low thermal conductivity. Additionally, zirconia’s bioinert nature minimizes the risk of inflammatory reactions and 

allergies, making it suitable for patients with metal sensitivities. Recent studies have demonstrated that zirconia implants achieve comparable, if not superior, 

osseointegration to titanium, ensuring stable and long-lasting outcomes. 
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1. Introduction 

Dental implants have revolutionized restorative dentistry, 

providing a reliable solution for replacing missing teeth. 

Titanium dental implants are today a cornerstone of modern 

prosthetic restoration after tooth loss. Although titanium is 

still the material of choice for dental implants, it can trigger 

immunological reactions and because of its greyish colour, 

has aesthetic limitations, when the implant neck is exposed. 

Due to nascent demands for dental implant aesthetics and the 

request for metal-free restorations, the general interest in 

tooth-coloured zirconia (zirconium dioxide, ZrO2) ceramic 

dental implants has increased in recent years. 

Zircon has been treasured as a gemstone since ancient 

times. The name of the metal zirconium originates from the 

Arabic word "Zargon," which means golden in colour, and 

this term comes from the Persian words "Zar" (gold) and 

"Gun" (colour).  The Research & Development on zirconia 

as a biomaterial was started in the late 60’s.1 Zirconia, a 

ceramic material, offers several advantages over titanium, 

including superior aesthetics, biocompatibility, and 

resistance to corrosion. With the advancement of digital 

technology, it has become possible to fabricate dental 

restoratives with high fitting accuracy using CAD/CAM 

systems.2 Zirconia, which has excellent mechanical, 

aesthetic, and biological properties, is available as a ceramic 

implant fixture.3-6 This review aims to explore the properties, 

advantages, challenges, and clinical performance of zirconia 

implants. 

2. Properties of Zirconia 

Zirconia (ZrO2) is a ceramic material known for its 

exceptional mechanical properties and biocompatibility. The 

key properties that make zirconia suitable for dental implants 

include: 

ZrO2 is a polymorphic material and occurs in three 

forms: Monoclinic, tetragonal, and cubic. The monoclinic 

phase is stable at room temperatures up to 1170°C, the 

tetragonal at temperatures of 1170–2370°C, and the cubic 

form at over 2370°C.7,7 Alloying pure zirconia with 

stabilizing oxides, such as CaO, MgO, Y2O3, or CeO2, 

allows the retention of the metastable tetragonal structure at 

room temperature. Dental procedures, such as grinding or 
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sandblasting, can trigger a tetragonal to monoclinic 

transformation in the surface region.1  

Transformation from     tetragonal phase to monoclinic 

phase is associated with volume expansion. This phase 

transformation results in compression of cracks, thereby 

retarding its growth and enhancing fracture toughness. This 

martensitic-like mechanism is known as “transformation 

toughening”.9 

Zirconia has fracture toughness between 6 and 10 MPa 

m1/2, which is almost twice as high all that of aluminium 

oxide ceramics. It has a flexural strength of 900–1200MPa 

and a compression resistance of 2000 MPa. An average load-

bearing capacity of 755N was reported for zirconia 

restorations. Fracture loads ranging between 706N, 2000N 

and 4100N were reported; all of the studies demonstrated that 

in dental restorations zirconia yields higher fracture loads 

than alumina or lithium disilicate.9-14 

3. Osseointegration of Zirconia 

Zirconia is a viable alternative to titanium for dental implants 

due to its tooth-like appearance and biocompatibility. Studies 

show that surface-modified zirconia implants achieve 

osseointegration and bone-implant contact comparable to 

titanium. Surface roughening methods like sandblasting, acid 

etching, and laser treatment improve bone response and 

implant stability, though zirconia's hardness makes 

modification challenging. While titanium generally shows 

higher removal torque values, zirconia implants still 

demonstrate clinically acceptable stability and integration, 

with lower bacterial adhesion and favourable soft tissue 

response. However, concerns like low-temperature 

degradation highlight the need for continued research and 

refinement.15 

4. Biocompatibility 

Zirconia is highly biocompatible, showing no cytotoxic or 

inflammatory effects on bone or soft tissue, and supports cell 

attachment and matrix formation. Soft tissue response and 

healing are comparable to titanium, though results vary 

slightly across studies. Laser surface modification improves 

cell adhesion. Bacterial adhesion on zirconia is generally 

lower or similar to titanium, suggesting reduced plaque 

formation, though findings remain inconclusive.16 

5.  Advantages of Zirconia Implants 

1. Aesthetics: The white colour of zirconia closely 

mimics natural teeth, making it an excellent choice for 

patients with high aesthetic demands. Zirconia 

implants eliminate the risk of a greyish hue that can 

occur with titanium implants, especially in patients 

with thin gingival biotypes.17,18 

2. Biocompatibility: Zirconia's biocompatibility reduces 

the risk of allergic reactions and peri-implantitis, a 

significant concern with titanium implants in 

susceptible individuals.19 

3. Low Plaque Affinity: Zirconia surfaces have a lower 

affinity for plaque accumulation compared to titanium, 

potentially reducing the risk of peri-implant diseases.20 

4. Metal-Free: Zirconia implants are an ideal choice for 

patients with metal allergies or sensitivities, providing 

a completely metal-free restorative option. 

5. High strength: zirconia has high strength and decent 

fracture resistance, holds up against wear and corrosion 

relatively well.20 

6. Challenges and Limitations 

1. Mechanical Properties: Although zirconia is strong, it 

is more brittle compared to titanium. This brittleness 

can lead to fractures under certain conditions, 

particularly with small-diameter implants or in areas 

of high occlusal load.21 

2. Osseointegration: To enhance the osseointegration of 

the zirconia implants surface modifications and 

treatment protocols are continually being developed to 

enhance the bone-implant interface.20 

3. Limited Long-Term Data: Zirconia implants have not 

been in use as long as titanium implants, and long-term 

clinical data are still limited. More extensive studies 

are required to fully understand the long-term 

performance and success rates of zirconia implants. 

4. Cost: Zirconia implants are generally more expensive 

than titanium implants, which can be a limiting factor 

for some patients. 

7. Clinical Performance 

Recent studies have shown promising results for zirconia 

implants in terms of osseointegration, stability, and success 

rates. Clinical trials indicate that zirconia implants can 

achieve comparable success rates to titanium implants, 

especially when placed in ideal conditions and with 

appropriate case selection. Moreover, patient satisfaction is 

often higher due to the superior aesthetic outcomes. 

1. Osseointegration: Studies have demonstrated that 

zirconia implants can achieve good osseointegration, 

with histological analyses showing direct bone-to-

implant contact.24 

2. Survival Rates: Short- to medium-term studies report 

survival rates of zirconia implants ranging from 90% 

to 95%, which are comparable to those of titanium 

implants. 

3. Peri-Implant Health: Zirconia implants tend to exhibit 

lower rates of peri-implant mucositis and peri-

implantitis, attributed to their low plaque affinity and 

favourable soft tissue response.18 
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8. Titanium Vs Zirconia Implants 

Titanium, especially in the Ti6Al4V alloy form, is the most 

established material for dental implants due to its proven 

clinical success and mechanical strength.25 However, 

zirconia—used as yttria-stabilized zirconium oxide—has 

emerged as a strong alternative, offering high 

biocompatibility and superior aesthetics. Some studies have 

reported lower plaque accumulation and inflammatory 

response with zirconia implants, though others have found no 

significant differences in peri-implant tissue health compared 

to titanium. Despite similar biological integration, the 

difference in material stiffness (with zirconia having nearly 

double the Young’s modulus of titanium) can influence the 

way mechanical forces are transmitted to surrounding bone, 

potentially affecting healing and long-term stability.26 

Implant stability, critical to successful osseointegration, 

depends on minimizing micromovement at the bone-implant 

interface. This is commonly assessed using insertion torque 

(IT) and resonance frequency analysis (RFA).27 While IT 

measures resistance during implant placement, excessive 

torque can risk bone damage. RFA, expressed in ISQ values, 

offers a non-invasive method to evaluate lateral stability and 

predict implant success. Although values above 30 Ncm (IT) 

and 70 ISQ (RFA) are generally considered suitable for 

immediate loading, the influence of implant material itself on 

these parameters remains underexplored. Thus, clinicians 

must primarily consider bone quality, implant design, and 

surgical technique to ensure optimal outcomes, regardless of 

the material used.28 

9. Future Trends 

The future of zirconia implants looks promising, with 

ongoing research and development aimed at addressing their 

current limitations. One area of focus is enhancing the 

material properties of zirconia. Researchers are exploring 

new formulations that could improve the toughness and 

flexibility of zirconia, reducing its brittleness and making it 

more durable under functional loads. Surface modifications 

are another area of active research.29 

By modifying the surface properties of zirconia 

implants, scientists aim to enhance osseointegration and 

reduce bacterial colonization. These improvements could 

lead to better clinical outcomes and reduce the risk of 

complications such as peri-implantitis 20 

Long-term clinical trials are essential for establishing the 

reliability and success rates of zirconia implants over 

extended periods. As more long-term data becomes available, 

it will provide a clearer picture of the benefits and potential 

drawbacks of zirconia implants, helping clinicians make 

more informed decisions. 

10. Discussion 

Zirconia implants have emerged as a reliable and 

aesthetically superior alternative to titanium in dental 

applications, primarily due to their excellent 

biocompatibility, corrosion resistance, and natural tooth-like 

appearance. Composed mainly of yttria-stabilized tetragonal 

zirconia polycrystals (Y-TZP), they offer high flexural 

strength and fracture toughness, supporting their 

performance under functional loads. Clinically, they exhibit 

strong osseointegration and favourable soft tissue 

interactions, contributing to long-term stability and reduced 

risk of inflammation. While they hold several advantages, 

including non-allergenicity and resistance to metal ion 

release, limitations such as brittleness, higher cost, and 

limited long-term data remain concerns.30,31 Ongoing 

advancements aim to enhance zirconia’s durability and 

surface characteristics, potentially improving outcomes and 

broadening their clinical use in the future. 

11. Conclusion 

Zirconia implants represent a significant advancement in 

implant dentistry and Orthopedics, offering a combination of 

biocompatibility, aesthetics, and mechanical integrity. Their 

unique combination of biocompatibility, aesthetic appeal, 

and favourable mechanical properties has driven significant 

interest and research within the medical community.  

As the body of clinical evidence grows, zirconia 

implants are expected to gain broader acceptance and play a 

crucial role in patient care. They provide a durable and 

aesthetically pleasing solution for tooth and bone 

replacement, addressing the needs of patients who seek both 

functional and visual improvements. Despite existing 

challenges, there is a growing optimism about the future of 

zirconia implants, positioning them as a key component in 

patient-centered care.  

The future of zirconia implants looks bright, with 

potential for widespread adoption and continued innovation 

in the field of implantology. 
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