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ABSTRACT

The advent of zirconia implants has garnered significant interest in implant dentistry, particularly for patients
with metal allergies or hypersensitivity reactions to traditional titanium implants. This paper provides a
comprehensive review of the clinical outcomes of zirconia implants and their potential application in patients
with documented metal allergies. Drawing from a recent systematic review and meta-analysis, the paper
discusses osseointegration, survival rates, marginal bone loss, and implant fracture rates associated with zirconia
implants. The estimated 10-year cumulative survival rate was 95.1%, with marginal bone loss values
comparable to titanium implants. However, limitations in available data, including short follow-up periods and
confounding factors, are acknowledged.

The paper explores the potential advantages of zirconia implants, such as hypoallergenic properties, reduced risk
of adverse reactions, and improved aesthetics. Conversely, limitations like limited long-term data, implant
fractures, osseointegration concerns, cost and availability, and surgical and restorative considerations are
discussed. Clinical recommendations emphasize comprehensive patient selection, allergy testing, case
assessment, treatment planning, adherence to protocols, patient education, and long-term monitoring.
Furthermore, future directions and research needs are highlighted, including large-scale, long-term studies,
implant design and surface modifications, investigations into bone-implant interface and aging effects,
exploration of patient-specific factors and personalized approaches, comparative studies with titanium implants,
and interdisciplinary collaboration. While promising, the use of zirconia implants in metal allergy patients
requires a cautious, evidence-based approach considering patient-specific factors, clinician expertise, and
evolving scientific knowledge.
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INTRODUCTION

Dental implants have revolutionized the field of restorative dentistry, providing a reliable and long-lasting
solution for tooth replacement. Traditionally, titanium and its alloys have been the materials of choice for dental
implant manufacturing due to their exceptional biocompatibility, mechanical properties, and well-documented
clinical success rates (Steinemann, 1998; Chrcanovic et al., 2018; Wennerberg et al., 2018). However, despite
their widespread use and proven track record, titanium implants are not without limitations. One of the primary
concerns associated with titanium implants is the potential for adverse reactions, including allergic or
hypersensitivity responses, in a subset of patients (loannidis et al., 2017; Thoma et al., 2016; Albrektsson et al.,
2018).

The emergence of zirconia, a ceramic material, as an alternative to titanium for dental implants has garnered
significant interest due to its potential advantages, particularly in terms of aesthetics and biocompatibility.
Zirconia implants offer a tooth-colored appearance, making them an attractive option for patients seeking
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optimal aesthetic outcomes, especially in cases where soft tissue recession or thin biotypes may compromise the
natural appearance of traditional titanium implants (Heydecke et al., 1999; Kohal& Klaus, 2004). Furthermore,
zirconia is generally considered a hypoallergenic material, potentially mitigating the risk of metal-related
allergic reactions or hypersensitivity responses that can occur with titanium implants in susceptible individuals
(Albrektsson et al., 2018).

This paper aims to provide a comprehensive review of the current literature on the clinical outcomes of zirconia
implants, with a particular focus on their potential application in patients with documented metal allergies or
hypersensitivity reactions to titanium. It will discuss the osseointegration, survival rates, marginal bone loss, and
implant fracture rates associated with zirconia implants, drawing upon the findings of a recent systematic review
and meta-analysis by Mohseni et al. (2023). Additionally, the paper will explore the potential advantages and
limitations of using zirconia implants in patients with metal allergies, considering the available evidence and
relevant clinical considerations.

Metal Allergies and Dental Implants

Metal allergies, particularly to titanium, have been reported in the literature, although the precise prevalence and
clinical significance remain subjects of ongoing debate (Gawkrodger, 2005; Hosoki et al., 2009; Lalor et al.,
1991; Viraben et al., 1995). Titanium is generally regarded as a biocompatible material; however, some
individuals may develop hypersensitivity reactions, manifesting as localized inflammation, rashes, or systemic
symptoms (Albrektsson et al., 2018).

The impact of metal allergies on dental implant outcomes has been an area of interest and concern. While the
majority of patients tolerate titanium implants well, there have been reports of implant failures potentially
attributable to metal allergies or hypersensitivity reactions (Sicilia et al., 2008; Syed et al., 2015; Viswapurohit
et al., 2020). It is important to note, however, that the exact prevalence and clinical relevance of metal allergies
in dental implant treatment are not well-established, and other factors, such as poor oral hygiene, smoking, or
underlying medical conditions, may also contribute to implant failures (Chrcanovic et al., 2016; Chrcanovic et
al., 2017a; Chrcanovic et al., 2017b; Mustapha et al., 2021).

Zirconia Implants: Clinical Outcomes and Considerations

Zirconia, a ceramic material composed of zirconium dioxide (ZrO2), has garnered increasing attention as an
alternative to titanium for dental implants. While initially introduced for their aesthetic benefits, zirconia
implants have also been recognized for their potential to address metal allergies and hypersensitivity reactions
(Cionca et al., 2017; Bosshardt et al., 2017).

In a recent systematic review and meta-analysis, Mohseni et al. (2023) evaluated the clinical outcomes of
zirconia implants, including survival rates, marginal bone loss, and implant fractures. The authors included 25
studies, comprising 4,017 zirconia implants in 2,083 patients. The key findings from this review are summarized
below:

1. Survival Rates

The estimated 10-year cumulative survival rate (CSR) of zirconia implants was 95.1%. This indicates relatively
high survival rates; however, the authors cautioned that most studies had limited follow-up periods, and the
long-term data should be interpreted with caution.

2. Marginal Bone Loss (MBL)

The mean MBL fluctuated between 0.632 mm and 2.060 mm over long observation periods (up to 132 months).
The meta-regression analysis showed an estimated increase of 0.005 mm in MBL for every additional month of
follow-up. These MBL values were comparable to those observed for titanium implants (Albrektsson et al.,
2017).

3. Implant Fractures

A total of 26 implant fractures were reported among the 172 failed implants (15.1% of failures). Most fractures
occurred in implants that have been discontinued from the market, suggesting potential issues with early
generations of zirconia implants. Narrow-diameter implants (<3.25 mm) were more susceptible to fractures.

4. Implant Design and Surface Preparation

The study found that one-piece zirconia implants had higher survival rates compared to two-piece implants (p =
0.017). Additionally, implants with their coronal (abutment) part prepared by drilling showed lower survival
rates and a higher risk of fracture compared to non-prepared implants (p < 0.001).

While these findings suggest promising clinical outcomes for zirconia implants, the authors acknowledged
limitations in the available data, such as the retrospective nature of many studies, small cohort sizes, and short
follow-up periods. Additionally, the impact of various confounding factors, such as smoking, bruxism, and
periodontitis, on implant survival could not be adequately assessed due to a lack of information in the included
studies.
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Potential Advantages of Zirconia Implants for Patients with Metal Allergies

The use of zirconia implants may offer several potential advantages for patients with metal allergies or
hypersensitivity reactions to titanium;

1. Hypoallergenic Properties

Zirconia is a ceramic material that is generally considered hypoallergenic and biocompatible (Manicone et al.,
2007). Unlike titanium, zirconia does not contain metal ions that can potentially trigger allergic or
hypersensitivity reactions in susceptible individuals.

2. Reduced Risk of Adverse Reactions

By eliminating the potential for metal-related allergic reactions, zirconia implants may minimize the risk of
localized inflammation, rashes, or systemic symptoms that have been reported in some patients with metal
allergies who received titanium implants (Sicilia et al., 2008; Syed et al., 2015; Viswapurohit et al., 2020).

3. Improved Aesthetics

Zirconia implants have a tooth-colored appearance, which can provide better aesthetic outcomes, particularly in
cases where the soft tissue is thin or has receded (Heydecke et al., 1999; Kohal& Klaus, 2004). This can be
advantageous for patients with metal allergies who may be concerned about the potential for discoloration or
graying of the peri-implant mucosa associated with titanium implants (loannidis et al., 2017; Thoma et al.,
2016).

Potential Limitations and Considerations

While zirconia implants offer potential advantages for patients with metal allergies, there are also some
limitations and considerations to be aware of:

1. Limited Long-term Data

As highlighted in the systematic review by Mohseni et al. (2023), most clinical studies on zirconia implants
have relatively short follow-up periods, with only a few studies reporting outcomes beyond 5 years. Long-term
data on the survival, marginal bone loss, and potential complications of zirconia implants are still limited.

2. Implant Fractures

Although the overall implant fracture rate was relatively low (0.65%), the systematic review reported a higher
incidence of fractures in narrow-diameter zirconia implants (<3.25 mm) and in implants that had their coronal
portion prepared by drilling (Mohseni et al., 2023). This highlights the importance of careful case selection,
implant design, and preparation techniques when using zirconia implants.

3. Osseointegration and Bone Response

While zirconia implants have been shown to osseointegrate and achieve bone-to-implant contact comparable to
titanium implants in animal studies (Gahlert et al., 2010; Gahlert et al., 2012), some concerns have been raised
regarding the long-term stability of the bone-implant interface and the potential for aging effects in the oral
environment (Bosshardt et al., 2017; Cionca et al., 2017).

4. Cost and Availability

Zirconia implants may be more expensive than their titanium counterparts, and their availability may be limited
in some regions or healthcare systems. Additionally, the range of implant designs and restorative options may be
more restricted compared to titanium implants, which have been more extensively researched and developed.

5. Surgical and Restorative Considerations

Zirconia implants may require different surgical and restorative protocols compared to titanium implants.
Clinicians may need to undergo specific training or familiarization with the handling, placement, and restoration
of zirconia implants to ensure optimal outcomes.

Osseointegration and Bone Response to Zirconia Implants

The osseointegration and bone response to zirconia implants have been extensively studied, both in vitro and in
Vivo, to assess their biocompatibility and potential for successful integration into the host bone tissue.

In vitro studies have demonstrated that zirconia exhibits favorable biological properties, including low
cytotoxicity, high biocompatibility, and the ability to promote osteoblast adhesion and proliferation (Depprich et
al., 2008; Gahlert et al., 2010). These findings suggest that zirconia implants have the potential to support
osseointegration and bone healing processes.

Animal studies have further corroborated these findings, providing valuable insights into the in vivo
performance of zirconia implants. Gahlert et al. (2010) conducted a comparative study in the maxillae of pigs,
evaluating the osseointegration of zirconia and titanium dental implants. Their findings revealed no significant
differences in the biomechanical evaluation, suggesting that zirconia implants can achieve osseointegration
comparable to titanium implants.

In a subsequent histomorphometric study, Gahlert et al. (2012) compared the in vivo performance of zirconia
and titanium implants in mini pig maxillae. The results showed no significant differences in peri-implant bone
density or bone-implant contact ratio between the two materials, further supporting the osseointegration
potential of zirconia implants.
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While these preclinical studies provide promising evidence, it is important to note that the direct extrapolation of
animal study results to human clinical scenarios should be approached with caution. Factors such as the specific
implant design, surface characteristics, and patient-related variables may influence the osseointegration and
bone response in clinical settings.

Surgical and Restorative Considerations for Zirconia Implants

The successful implementation of zirconia implants in clinical practice requires careful consideration of surgical
and restorative protocols, as well as potential differences compared to traditional titanium implant systems.
Surgical Considerations:

1. Implant Design and Placement: Zirconia implants are available in various designs, including one-piece and
two-piece configurations. The selection of the appropriate implant design should be based on the specific
clinical scenario, aesthetic requirements, and the clinician's experience and familiarity with the implant
system.

2. Surgical Technique: Proper surgical techniques, including flap management, osteotomy preparation, and
implant placement, are crucial for achieving optimal osseointegration and long-term stability. Clinicians
may need to undergo specific training or familiarization with the handling and placement of zirconia
implants to ensure successful outcomes.

3. Healing and Loading Protocols: The healing and loading protocols for zirconia implants may differ from
those used for titanium implants. It is essential to follow the manufacturer's recommendations and
evidence-based guidelines to ensure adequate osseointegration and minimize the risk of complications.

Restorative Considerations:

1. Abutment Selection and Preparation: One-piece zirconia implants often require the preparation of the
coronal (abutment) portion to achieve the desired angulation and emergence profile for optimal prosthetic
restoration. This preparation should be performed with caution, as excessive grinding or surface alteration
may increase the risk of implant fractures (Mohseni et al., 2023).

2. Restorative Materials: The selection of restorative materials compatible with zirconia implants is crucial
for long-term success. Clinicians should consider the potential for chipping or fracture of veneering
ceramics and ensure proper occlusal adjustments to minimize excessive loading on the implant-restoration
complex.

3. Maintenance and Follow-up: Regular professional maintenance and follow-up are essential for monitoring
the long-term performance of zirconia implants, assessing marginal bone levels, and identifying any
potential complications or complications early.

Collaboration between implant manufacturers, researchers, and clinicians is crucial to refine surgical and
restorative protocols, as well as to develop evidence-based guidelines specific to zirconia implant systems.

Patient Selection and Treatment Planning

Careful patient selection and comprehensive treatment planning are critical when considering zirconia implants,
particularly in patients with documented metal allergies or hypersensitivity reactions to titanium.

Patient Selection:

1. Allergy Testing: Patients with suspected metal allergies or hypersensitivity reactions should undergo
appropriate allergy testing to confirm the diagnosis and identify the specific metals or substances causing
the reaction. This information will help guide the selection of suitable implant materials.

2. Medical History and Risk Assessment: A thorough medical history evaluation and risk assessment should
be performed to identify any potential contraindications or factors that may influence the success of
zirconia implant treatment, such as systemic conditions, smoking habits, or medications that could affect
bone healing or osseointegration.

3. Oral and Periodontal Evaluation: A comprehensive oral and periodontal examination is essential to assess
the suitability of the proposed implant site(s), identify any existing pathologies or risk factors (e.g.,
periodontitis, poor oral hygiene), and develop appropriate preoperative and postoperative management
strategies.

Treatment Planning:

1. Implant Selection and Positioning: The selection of the appropriate zirconia implant design, diameter, and
length should be based on the patient's anatomical considerations, occlusal forces, and aesthetic
requirements. Careful implant positioning and angulation planning are crucial to ensure optimal
biomechanical load distribution and long-term stability.

2. Restorative Design: The restorative design should be carefully planned, considering the implant position,
angulation, and potential need for abutment preparation or customization. The selection of restorative
materials compatible with zirconia implants and the anticipated occlusal forces should also be considered.
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3. Interdisciplinary Collaboration: In cases involving complex aesthetic or functional requirements, an
interdisciplinary approach involving specialists in periodontics, prosthodontics, and potentially other
disciplines (e.g., orthodontics, oral surgery) may be beneficial for comprehensive treatment planning and
execution.

4. Patient Education and Informed Consent: Patients should be thoroughly educated about the potential
advantages and limitations of zirconia implants, as well as the expected treatment outcomes, risks, and
long-term maintenance requirements. Obtaining informed consent is essential to ensure that patients
understand and accept the proposed treatment plan.

By adhering to a systematic approach to patient selection and treatment planning, clinicians can optimize the

chances of successful outcomes and minimize potential complications when using zirconia implants in patients

with metal allergies or hypersensitivity reactions.

Clinical Recommendations and Future Directions

Based on the current evidence and considerations, the following recommendations can be made regarding the
use of zirconia implants in patients with metal allergies:

1.  Patient Selection and Allergy Testing:

Patients with documented metal allergies or hypersensitivity reactions to titanium may be suitable candidates for
zirconia implants. However, comprehensive medical and dental histories should be obtained, and appropriate
allergy testing should be performed to confirm the diagnosis and identify the specific metals or substances
causing the reaction.

2. Case Assessment and Treatment Planning:

A thorough evaluation of the patient's oral and systemic health, as well as site-specific anatomical and aesthetic
considerations, should be performed. Careful implant selection, considering factors such as implant design,
diameter, and surface characteristics, is crucial to minimize the risk of complications like implant fractures.

3. Surgical and Restorative Protocols:

Clinicians should follow evidence-based surgical and restorative protocols specific to zirconia implants.
Adequate training and familiarity with the handling, placement, and restoration of zirconia implants are essential
to ensure optimal outcomes.

4.  Patient Education and Informed Consent:

Patients should be informed about the potential advantages and limitations of zirconia implants, as well as the
available long-term data and potential risks, such as implant fractures. Informed consent should be obtained, and
patients should be made aware of the need for regular follow-up and maintenance.

5. Long-term Follow-up and Monitoring:

Regular follow-up and monitoring of zirconia implants are crucial to assess their long-term performance,
marginal bone levels, and potential complications. Clinicians should contribute to the growing body of evidence
by reporting their clinical outcomes and experiences with zirconia implants.

6. Continued Research and Development:

Further research is needed to evaluate the long-term performance of zirconia implants, as well as to refine
implant designs, surface characteristics, and surgical and restorative protocols. Collaboration between
manufacturers, researchers, and clinicians is essential to advance the understanding and optimization of zirconia
implants for various clinical scenarios, including patients with metal allergies.

Future Directions and Research Needs

While the current evidence suggests promising clinical outcomes for zirconia implants, particularly in patients
with metal allergies, several areas require further investigation and research:

1. Long-term Clinical Studies:

Large-scale, long-term clinical studies with extended follow-up periods (beyond 5-10 years) are necessary to
evaluate the true long-term performance and potential complications of zirconia implants. These studies should
include diverse patient populations, varying implant designs, and different clinical scenarios to enhance the
generalizability of the findings.

2. Implant Design and Surface Modifications:

Continued research and development efforts should focus on refining zirconia implant designs, surface
characteristics, and manufacturing processes to improve osseointegration, mechanical properties, and overall
clinical performance. Advancements in areas such as surface modifications, implant thread designs, and
abutment connections could potentially enhance the long-term success rates and minimize complications like
implant fractures.

3. Bone-Implant Interface and Aging Effects:

Further investigations into the long-term stability of the bone-implant interface and potential aging effects of
zirconia implants in the oral environment are warranted. Understanding the mechanisms underlying any
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potential changes in the material properties or biological responses over time could guide the development of
strategies to mitigate these effects.

4. Patient-Specific Factors and Personalized Treatment Approaches:

Research is needed to explore the impact of patient-specific factors, such as systemic conditions, genetic
predispositions, and oral microbiome profiles, on the clinical outcomes of zirconia implants. This could pave the
way for personalized treatment approaches tailored to individual patient characteristics and risk factors.

5. Comparative Studies with Titanium Implants:

Rigorous comparative studies between zirconia and titanium implants in various clinical scenarios, including
patients with metal allergies, are essential to establish the relative advantages and disadvantages of each
material. These studies should consider not only clinical outcomes but also patient-reported outcomes, aesthetic
results, and cost-effectiveness analyses.

6. Interdisciplinary Collaboration and Knowledge Sharing:

Fostering interdisciplinary collaboration and knowledge sharing among implant manufacturers, researchers,
clinicians, and professional organizations is crucial for advancing the field of zirconia implant dentistry. This
collaborative approach can accelerate the dissemination of best practices, promote standardization of protocols,
and drive innovation in implant design and treatment modalities.

By addressing these future directions and research needs, the dental community can gain a more comprehensive
understanding of the potential and limitations of zirconia implants, ultimately leading to improved patient
outcomes and treatment experiences, particularly for those with metal allergies or hypersensitivity reactions.

CONCLUSION

The use of zirconia implants in patients with metal allergies or hypersensitivity to titanium presents a promising
alternative to traditional titanium implants. Zirconia implants offer potential advantages in terms of
biocompatibility, aesthetics, and reduced risk of adverse reactions in susceptible individuals.

The systematic review and meta-analysis by Mohseni et al. (2023) provided valuable insights into the clinical
outcomes of zirconia implants, including high survival rates, comparable marginal bone loss to titanium
implants, and a relatively low implant fracture rate. However, long-term data and evidence from large-scale
clinical studies are still limited.

When considering zirconia implants for patients with metal allergies, a comprehensive evaluation, careful case
selection, and adherence to evidence-based protocols are essential. Clinicians should be aware of the potential
limitations, such as the risk of implant fractures, particularly in narrow-diameter implants or those with
extensive coronal preparation.

Continued research, development, and collaboration between manufacturers, researchers, and clinicians are
crucial to further refine and optimize the use of zirconia implants, particularly in specific patient populations
like those with metal allergies. Regular long-term follow-up and monitoring of zirconia implant cases will
contribute to the growing body of evidence and help refine clinical recommendations.

Overall, while promising, the use of zirconia implants in patients with metal allergies should be approached with
caution and careful consideration of the available evidence, patient-specific factors, and the clinician's
experience and expertise. As the field continues to evolve, zirconia implants may become an increasingly viable
and valuable treatment option for patients with metal allergies, providing them with a safe, aesthetic, and
biocompatible solution for tooth replacement.
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