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Abstract: 
Background: Dental implantology has emerged as a transformative modality in oral rehabilitation, offering a 

durable and predictable solution for edentulism. Central to implant success is the choice of material, which 

significantly influences osseointegration, mechanical strength, aesthetics, and long-term clinical outcomes. Over 

the decades, continuous innovations have taken place in metallic, ceramic, and polymer-based biomaterials used 

in dental implants. A clear understanding of these materials is crucial for clinicians to select the most appropriate 

system tailored to individual patient needs and clinical conditions. 

Materials and Methods: This comprehensive review examines various dental implant materials by evaluating 

their historical evolution, mechanical and biological requirements, classification, and physico-chemical 

properties. The article discusses the core materials used—primarily titanium and zirconia—highlighting their 

development, modifications, and performance in clinical use. Contemporary advancements in nanostructuring, 

surface treatments, and bioactive coatings are reviewed alongside the limitations and future directions of 

biomaterial science in implantology. 

Results: Titanium continues to dominate due to its exceptional biocompatibility, corrosion resistance, and 

mechanical reliability. Zirconia, as a metal-free alternative, offers superior aesthetics and biocompatibility, 

though with some limitations in fracture resistance. Emerging polymer-based and composite materials show 

promise, particularly in load-sharing applications and patient-specific customization. Innovations in surface 

engineering have notably enhanced osseointegration and soft tissue response across materials. 

Conclusion: The evolution of dental implant materials reflects a convergence of clinical demands, material 

science, and technological innovation. Titanium remains the gold standard, yet zirconia and hybrid materials are 

gaining traction in specific indications. A detailed understanding of these biomaterials will empower clinicians 

to make evidence-based decisions for enhanced patient outcomes. 
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I.Introduction 
The pursuit of suitable materials for dental implants dates back to ancient civilizations such as the 

Egyptians and Mayans, who used ivory, bone, and shells to replace missing teeth. However, modern implantology 

began in the 1950s with the discovery of osseointegration by Brånemark et al. [1]. Defined as the direct structural 

and functional connection between living bone and the surface of a load-carrying implant, osseointegration 

revolutionized implant materials research.Modern dental implant materials include metals (e.g., titanium and its 

alloys), ceramics (e.g., zirconia), polymers (e.g., PEEK), and bioactive coatings. The ideal material should exhibit 

biocompatibility, resistance to corrosion, favorable mechanical strength, and promote osseointegration [2,3]. 

 

II. Historical Development of Dental Implant Materials 
The journey of dental implantology traces back thousands of years. Archaeological findings from ancient 

civilizations such as the Mayans and Egyptians reveal attempts to replace lost teeth using materials like carved 

stones, shells, and animal bones [4]. While rudimentary, these early prostheses were significant attempts at oral 

rehabilitation. 

It wasn’t until the 20th century that dental implants began evolving through scientific principles. Early 

modern implants like subperiosteal and blade-form implants were crafted from materials such as cobalt-chromium 

and stainless steel [5]. These systems, though moderately successful, were prone to failure due to poor 

osseointegration and inflammatory reactions. 
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A pivotal moment occurred in 1952 when Prof. Per-Ingvar Brånemark accidentally discovered that 

titanium, once inserted into bone, could not be removed due to a direct structural and functional connection with 

bone—a phenomenon he later termed osseointegration [1]. This discovery led to the first commercial use of 

endosseous titanium implants in the 1960s and 1970s. 

Subsequent decades saw modifications to titanium surfaces, including acid-etching, sandblasting, 

anodization, and coating with hydroxyapatite (HA) to enhance bioactivity [6]. New ceramic materials, particularly 

zirconia, emerged in the 1990s to address the limitations of metallic implants, especially in aesthetic zones. 

Today, the development of novel alloys (e.g., Ti-Zr), polymers (e.g., PEEK), and functionally graded 

materials continues to shape the future of implant dentistry, offering personalized treatment options tailored to 

clinical conditions and patient preferences [7].     

 

III. Parts of Dental Implants 
A typical dental implant system consists of three major components, each designed to fulfill a unique function: 

A. Implant Fixture 

Also referred to as the implant body or endosseous component, this is the screw-shaped structure that is surgically 

embedded into the alveolar bone. It provides foundational stability and must be designed to withstand 

physiological loads while promoting bone integration [8]. 

B. Abutment 

The abutment connects the implant fixture to the final prosthesis. It can be prefabricated or custom-made using 

materials like titanium, zirconia, or PEEK. A precise fit between the abutment and implant body is crucial to 

prevent microleakage and peri-implant inflammation [9]. 

C. Prosthesis 

The prosthesis is the visible component, such as a crown, bridge, or denture. It restores form and function and is 

typically fabricated from ceramics, metal-ceramic combinations, or zirconia [10]. 

The interface between these parts must ensure structural integrity, prevent bacterial infiltration, and allow for 

biomechanical compatibility under mastication. 

 

IV. Ideal Requirements of Implant Materials 
Dental implants are subjected to complex biological and mechanical environments. Therefore, the materials used 

must meet several stringent requirements to ensure success over the long term. 

A. Biocompatibility 

Implants must be biologically inert, meaning they should not elicit immune or inflammatory responses. This is 

vital for promoting proper healing and integration with the surrounding tissues [11]. Materials such as titanium 

and zirconia are widely used due to their excellent track record in clinical and histological studies. 

B. Mechanical Strength and Fatigue Resistance 

Dental implants must resist masticatory forces that range between 200–900 N. They should exhibit high tensile 

strength, compressive strength, and especially fatigue resistance since implants are load-bearing over extended 

periods [12]. 

C. Corrosion Resistance 

The oral environment is hostile, with fluctuations in pH, enzymatic activity, and exposure to food and beverages. 

An ideal implant material must be resistant to corrosion to prevent the release of potentially harmful ions and 

maintain structural integrity [13]. 

D. Osseointegration Capability 

Perhaps the most critical feature is the material’s ability to integrate with bone. Surface topography, chemical 

composition, and roughness all influence osteoblast attachment and differentiation, facilitating strong and lasting 

bone contact [14]. 

E. Aesthetic and Functional Compatibility 

For anterior restorations, materials like zirconia are preferred due to their tooth-like color. The material must also 

be machinable and compatible with prosthetic components for precise restoration [15]. 

 

V.Classification of Dental Implants 
Implant materials are classified in multiple ways to aid selection based on clinical scenarios. Broadly, they can be 

categorized as follows: 

A. Based on Material Composition 

1. Metals: 

o Titanium (cpTi, Ti-6Al-4V) 

o Titanium–zirconium alloys 

o Cobalt–chromium 

o Tantalum 
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2. Ceramics: 

o Zirconia (Y-TZP) 

o Alumina 

3. Polymers and Composites: 

o PEEK (Polyether Ether Ketone) 

o PMMA (Polymethyl Methacrylate) 

4. Bioactive Materials: 

o Hydroxyapatite (HA) 

o Bioactive glass 

 

B. Based on Implant Design 

1. Endosseous Implants: Inserted into the alveolar bone; most commonly used today. 

2. Subperiosteal Implants: Placed above the bone but beneath the periosteum; largely obsolete. 

3. Transosteal Implants: Pass through the entire thickness of the mandible; rarely used due to surgical 

complexity [16]. 

 

VI.Properties of Implant Materials 
The success of a dental implant also relies heavily on the inherent properties of the chosen material. These include: 

A. Mechanical Properties 

• Titanium and its alloys possess a high strength-to-weight ratio, corrosion resistance, and low density, 

making them ideal for intraoral use. The elastic modulus of titanium (~110 GPa) is closer to that of bone compared 

to other metals, reducing stress shielding [17]. 

• Zirconia is known for its high compressive strength and stiffness but is more brittle, making it less 

suitable for long-span prostheses [18]. 

B. Chemical and Surface Characteristics 

• Titanium forms a passive oxide layer (TiO₂) that enhances corrosion resistance and biocompatibility [19]. 

• Surface treatments like sandblasting, acid-etching, and anodization improve surface roughness and 

energy, promoting osseointegration [14]. 

C. Biological Response 

• Titanium is inert and well tolerated by peri-implant tissues. However, rare cases of hypersensitivity or 

allergic reaction have been reported [20]. 

• Zirconia shows excellent tissue compatibility and may exhibit lower bacterial colonization than 

titanium, making it advantageous in aesthetic zones [21]. 

 

VII.Materials Used in Dental Implants 

• The success of dental implants is intrinsically linked to the materials used in their fabrication. Here's a 

breakdown of the most commonly used materials and their clinical implications: 

• A. Titanium and Titanium Alloys 

• Titanium (commercially pure, cpTi) remains the most widely used material in implantology due to its 

unmatched biocompatibility, corrosion resistance, and mechanical properties. Titanium alloys, particularly Ti-

6Al-4V, are favored in high-load-bearing situations for their increased tensile and yield strength [1,12]. However, 

concerns regarding the release of aluminum and vanadium ions have led to the exploration of newer titanium 

alloys, such as titanium-zirconium (TiZr) [16]. 

• B. Zirconia 

• Zirconia, particularly yttria-stabilized tetragonal zirconia polycrystal (Y-TZP), offers an aesthetic and 

metal-free alternative to titanium [6]. Its white color and low plaque accumulation make it suitable for anterior 

restorations and patients with metal sensitivities. However, its brittleness and low flexural strength limit its use in 

posterior multi-unit applications [18]. 

• C. Tantalum 

• Tantalum is a newer biomaterial characterized by excellent bioactivity and corrosion resistance. Its 

highly porous structure mimics trabecular bone, promoting vascularization and faster bone in-growth. Tantalum 

is also radiopaque, facilitating post-operative evaluation [22]. 

• D. Polyether Ether Ketone (PEEK) 

• PEEK is a high-performance thermoplastic known for its radiolucency and elastic modulus similar to 

bone. While not bioactive by nature, it is used for abutments and temporary implants. Surface modifications like 

titanium coating or incorporation of HA particles are often required to improve its osteogenic potential [19]. 
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• E. Bioactive Ceramics and Coatings 

• Hydroxyapatite and bioactive glass are often used as coatings on titanium implants to improve early-

stage bone contact. These materials are osteoconductive and bond chemically with bone, accelerating healing. 

However, delamination of coatings under stress remains a concern [20]. 

• F. Emerging Materials 

• Recent research has turned toward graphene oxide coatings, magnesium-based degradable implants, and 

functionally graded materials. Graphene offers antibacterial properties and supports cell adhesion [21]. 

Magnesium, while biodegradable 

 

VIII.Current Status of Oral Implantology 
The field of implantology has matured significantly, now offering highly predictable outcomes with long-

term success rates exceeding 95% [24]. Technological advancements such as CBCT imaging, CAD/CAM 

prosthetics, guided surgery, and digital impressions have enabled personalized treatment planning with higher 

precision. 

• Surface modifications continue to evolve, with research focusing on nanostructures, bioactive peptides, 

and hydrophilic surfaces to accelerate osseointegration [14]. Additionally, zirconia implants are increasingly 

favored for aesthetic concerns, and Ti-Zr alloys combine strength and osseointegration advantages. 

• Immediate and early loading protocols, once considered risky, are now standard in many cases, thanks 

to improved implant stability and prosthetic accuracy. However, peri-implantitis, systemic health factors, and poor 

oral hygiene continue to challenge implant longevity [25]. 

 

IX.Discussion 
The material composition of dental implants remains a cornerstone in the long-term success of implant-

based rehabilitation. As this review demonstrates, multiple material systems—including metals, ceramics, 

polymers, and surface-modified composites—have been studied extensively for their mechanical integrity, 

biological behavior, and prosthetic compatibility. 

Titanium, both in commercially pure and alloyed forms, continues to be the most widely used implant 

material owing to its high strength, corrosion resistance, and reliable osseointegration [1,11]. Its passive oxide 

layer plays a vital role in promoting biocompatibility and inhibiting corrosion in the oral environment [10]. 

However, rare cases of hypersensitivity or allergic reactions have encouraged exploration into alternative 

biomaterials such as zirconia and tantalum [17,22]. 

Zirconia has gained traction particularly in aesthetic zones and in patients sensitive to metals. Its tooth-

colored appearance, excellent tissue response, and reduced bacterial adhesion are significant advantages [6,21]. 

Nevertheless, its intrinsic brittleness limits its application in high-load areas, and long-term data on full-arch 

zirconia implants remain limited. 

PEEK and other high-performance polymers are currently being studied for their lightweight properties 

and bone-matching elastic modulus [19]. However, their biologically inert nature demands surface modifications 

or composite integration to induce osseointegration. Similarly, bioactive ceramics such as hydroxyapatite are 

valuable as coatings but not as standalone implant materials due to brittleness and poor tensile properties [20]. 

Recent advancements have shifted focus toward biofunctionalization, where implants are not merely 

passive structural components but active participants in the healing process. Techniques like nano-roughening, 

protein coating, and incorporation of growth factors are now being developed to stimulate faster and more 

effective bone regeneration [14]. 

Another key area is the development of functionally graded materials (FGMs) that mimic the natural 

bone-implant interface with varying compositions across layers to enhance mechanical compatibility and reduce 

stress concentrations [21,23]. Although promising, such technologies still face manufacturing and clinical 

validation challenges. 

Furthermore, digital dentistry is changing the paradigm of material application. CAD/CAM, 3D printing, 

and robotic-guided placement allow for customized implant design, better load distribution, and improved clinical 

workflow. These innovations enable clinicians to optimize both material and structural selection per patient-

specific anatomy [24]. 

Despite these advancements, complications such as peri-implantitis, mechanical failure, and implant loss 

persist. These are often multifactorial—linked to patient habits, implant material, prosthetic design, and surgical 

technique [25]. Thus, interdisciplinary treatment planning remains essential. 

In summary, while titanium remains the benchmark, materials like zirconia, tantalum, and advanced 

polymers are expanding clinical possibilities. Future trends will likely include smart biomaterials with 

antimicrobial and osteoinductive properties, combined with AI-driven diagnostics and regenerative adjuncts for 

fully customized treatment protocols. 
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X.Conclusion 
Dental implants have revolutionized modern prosthodontics, offering a durable and functional solution 

to tooth loss. The materials used in implant fabrication are central to clinical success, influencing everything from 

mechanical performance to biological integration and patient satisfaction. 

Titanium remains the most reliable material, while zirconia offers promising results in aesthetic and   

metal-sensitive situations. Novel materials like PEEK, tantalum, and graphene-enhanced surfaces are expanding 

clinical options, especially with the help of digital workflows. 

As the field continues to evolve, future dental implants will likely integrate smart materials, improved 

surface bioactivity, and customization through 3D printing, leading to faster healing and better clinical    outcomes. 

For clinicians, understanding the properties and applications of these materials is essential for making evidence-

based decisions that ensure long-term implant success. 
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