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Abstract 
Dental implants have become a cornerstone of modern prosthodontics, providing a predictable and long-term 

solution for the replacement of missing teeth. Since Brånemark’s discovery of osseointegration, implantology 

has evolved through significant advances in materials science, surface technology, and digital integration. This 

review provides a comprehensive overview of dental implant systems, including their biological basis, clinical 

applications, surface modifications, and biomechanical principles. Complications, maintenance protocols, and 

future innovations such as nanotechnology, computer-guided surgery, and regenerative implantology are also 

discussed. 
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I. Introduction 
Loss of natural teeth is a common outcome of dental caries, periodontal disease, trauma, congenital 

anomalies, and iatrogenic factors. Tooth loss adversely affects mastication, speech, esthetics, and facial 

harmony, and significantly impairs psychological well-being and overall quality of life. Following tooth 

extraction, the absence of functional loading leads to progressive resorption of the alveolar bone, resulting in 

dimensional changes of the residual ridge that may complicate future restorative and prosthetic rehabilitation 

(Fig. 1) [1]. 
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Conventional prosthetic treatment modalities such as removable partial or complete dentures and fixed 

dental prostheses have traditionally been used to replace missing teeth. However, removable dentures often 

exhibit limited stability and retention and may accelerate residual ridge resorption due to unfavorable load 

transmission to the underlying mucosa. Fixed dental prostheses, although more stable, require preparation of 

adjacent sound teeth, which may compromise tooth structure and predispose to secondary caries, pulpal injury, 

and periodontal complications. Importantly, these treatment options do not replace the missing tooth root and 

therefore fail to prevent progressive alveolar bone loss (Fig. 1) [2]. 

Dental implants have emerged as a predictable and biologically compatible alternative for the 

replacement of missing teeth. Acting as artificial tooth roots, implants are surgically placed into the alveolar 

bone to support single crowns, fixed partial dentures, or complete arch prostheses. By transmitting occlusal 

forces directly to the surrounding bone, dental implants help preserve alveolar bone volume and restore oral 

function in a manner that closely resembles natural dentition. High long-term survival and success rates have 

been reported for implant-supported restorations when appropriate case selection, surgical precision, and 

maintenance protocols are followed [3]. 

The scientific foundation of modern implant dentistry is based on the principle of osseointegration, 

first described by Per-Ingvar Brånemark in the 1950s. His experimental studies demonstrated that commercially 

pure titanium can form a direct, stable, and functional bond with living bone without the interposition of fibrous 

tissue (Fig. 2). This discovery revolutionized oral rehabilitation and led to the first successful clinical 

application of osseointegrated implants in edentulous patients. Long-term clinical investigations have 

consistently reported success rates exceeding 90–95% for titanium dental implants (Fig. 2) [4,5]. 

Over the past few decades, significant advancements in implant design, surface modification, and 

biomaterial science have further improved clinical outcomes. Surface treatments such as sandblasting, acid 

etching, anodization, and bioactive coatings enhance bone–implant contact and accelerate osseointegration. In 

parallel, developments in diagnostic imaging and digital dentistry, including cone beam computed tomography 

(CBCT), computer-aided design and computer-aided manufacturing (CAD/CAM), and computer-guided 

implant surgery, have improved diagnostic accuracy, surgical precision, and prosthetic predictability [6,7]. 

Consequently, the indications for dental implants have expanded across diverse clinical scenarios, 

including immediate placement and loading protocols, esthetically demanding regions, and patients with 

compromised systemic or local conditions. Despite their high success rates, implant therapy remains technique-

sensitive and requires a thorough understanding of biological principles, biomechanical considerations, and 

long-term maintenance strategies. This review aims to provide a comprehensive overview of dental implants, 

focusing on their biological basis, materials, design features, clinical protocols, complications, and future 

directions in implantology. 

 

 
Figure 1. Alveolar bone resorption following tooth loss and its prevention through dental implant placement. 
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Figure 2. Concept of osseointegration showing direct bone–implant contact between titanium implant surface 

and surrounding bone. 

 

II. Historical Background 
The concept of replacing missing teeth with artificial roots is ancient. Archaeological evidence from 

Mayan civilization (circa 600 AD) reveals seashell implants used for tooth replacement [3]. However, the 

modern implant era began with Brånemark’s accidental observation that titanium chambers inserted into bone 

became irreversibly integrated. 

The first successful clinical application occurred in 1965 when Brånemark placed titanium implants in 

an edentulous patient. Subsequent long-term studies validated the phenomenon of osseointegration — a direct, 

functional connection between living bone and a load-bearing implant surface [1,2]. Over the next decades, 

developments such as threaded implant designs, surface roughening, and internal connection systems improved 

mechanical retention and biological stability. 

 

III. Classification Of Dental Implants 
Table 1. Common classification criteria for dental implants. 

Classification Criterion Types / Examples Comments 

Material Titanium, Titanium alloys (Ti–6Al–4V), 
Zirconia 

Titanium remains gold standard; zirconia 
offers superior esthetics. 

Design / Shape Root-form (screw, cylinder), Plate-form, 

Subperiosteal, Transosteal 

Root-form most common; others used in 

atrophic jaws. 

Placement Timing Immediate, Early (4–8 weeks), Delayed (3–
6 months) 

Depends on healing and site condition. 

Loading Protocol Immediate, Early, Conventional Determined by implant stability and bone 

quality. 

Surface Treatment Machined, Sandblasted, Acid-etched, 
Plasma-sprayed, Hydroxyapatite coated 

Surface roughness enhances 
osseointegration. 

 

IV. Biological Basis Of Osseointegration 
Osseointegration is defined as the direct structural and functional connection between bone and the 

implant surface without interposed soft tissue [4]. The process involves sequential biological events similar to 

bone fracture healing: 

1. Inflammatory Phase (0–3 days): Blood clot formation and inflammatory cell infiltration initiate repair. 
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2. Proliferative Phase (4–14 days): Angiogenesis and migration of osteogenic cells occur. Osteoid matrix 

begins to form. 

3. Remodeling Phase (3–12 weeks): Woven bone transitions into lamellar bone, achieving a stable bone–

implant interface. 

 

 
Figure 3: The figure illustrates the sequential biological events involved in osseointegration following dental 

implant placement. Initial protein adsorption on the implant surface is followed by inflammatory cell adhesion 

and immune response, recruitment of osteogenic and mesenchymal stem cells, angiogenesis, and new bone 

formation, ultimately resulting in a stable bone–implant interface. 

 

Surface characteristics such as roughness, chemistry, and wettability influence osteoblast attachment. 

Nanostructured surfaces and bioactive coatings (e.g., hydroxyapatite, calcium phosphate) accelerate this process 

[5]. 

 

V. Materials Used In Dental Implants 

Titanium and Titanium Alloys 

Titanium’s success lies in its biocompatibility and mechanical strength. Its spontaneous oxide layer 

(TiO₂) protects against corrosion and promotes cell adhesion. Alloys such as Ti-6Al-4V offer enhanced fatigue 

resistance, making them ideal for load-bearing implants [6]. 

 

Zirconia 

Zirconia (ZrO₂) implants exhibit high compressive strength, low bacterial affinity, and superior 

esthetics. Being metal-free, they are ideal for patients with titanium sensitivity or high esthetic demands [7]. 

However, brittleness and limited long-term data remain challenges. 

 

VI. Implant Design And Surface Modifications 
The evolution of implant macrodesign and surface engineering has been pivotal in improving clinical success. 
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Figure 4: The figure illustrates the influence of implant macrodesign and surface modification techniques on 

primary stability and osseointegration. Variations in implant shape and thread geometry improve mechanical 

stability, while surface treatments such as sandblasting, acid etching, anodization, and hydroxyapatite or 

calcium phosphate coatings enhance bone–implant contact and biological integration. 

 

Macrodesign 

Threaded, tapered, and self-tapping designs enhance primary stability. The geometry determines load 

distribution and bone stress patterns [8]. Finite Element Analysis (FEA) models show that tapered implants 

reduce cortical bone stress under occlusal loading. 

 

Surface Modifications 

Roughened surfaces increase bone–implant contact (BIC). Techniques include: 

• Sandblasted Large-Grit Acid-Etched (SLA): enhances cell attachment. 

• Anodization: creates microchannels improving wettability. 

• Hydroxyapatite Coating: promotes rapid bone bonding. 

• Laser Texturing and Nanocoatings: improve early osteoblast activity [9]. 

 

VII. Surgical And Prosthetic Protocols 
Preoperative Assessment 

Comprehensive patient assessment includes: 

• Medical history and contraindications (e.g., uncontrolled diabetes, bisphosphonate therapy). 

• Radiographic evaluation via Cone Beam Computed Tomography (CBCT) to determine bone volume and 

proximity to vital structures. 

• Diagnostic wax-ups and digital implant planning to optimize prosthetic outcomes. 

 

Surgical Phase 

The implant is placed under sterile conditions using sequential drilling to minimize bone trauma. 

• One-stage (non-submerged): healing abutment placed immediately. 

• Two-stage (submerged): implant covered during osseointegration. 

Primary stability (>35 Ncm torque) is crucial for early or immediate loading [10]. 

 

Prosthetic Phase 

After healing (3–6 months), abutments are connected and impressions are taken. Final prostheses may 

be cement-retained or screw-retained, depending on esthetic and functional requirements. 

 

VIII. Biomechanical Considerations 
Implant biomechanics depend on bone quality, implant dimensions, and occlusal forces. 

• Bone Density Classification (Lekholm & Zarb, 1985): 

D1 (dense cortical) → D4 (soft cancellous). 
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• Length and Diameter: Larger implants distribute load efficiently, reducing marginal bone loss. 

• Occlusal Load Management: Avoiding cantilevers and excessive lateral forces prevents mechanical failure 

[11]. 

 

IX. Complications And Maintenance 
Biological Complications 

• Peri-implant mucositis: reversible inflammation of the soft tissues. 

• Peri-implantitis: irreversible bone loss due to bacterial infection; managed with debridement and 

regenerative therapy [12]. 

 

 
Figure 5: The illustration demonstrates peri-implant tissue conditions at different stages. A healthy implant 

shows stable peri-implant bone and healthy soft tissues. Peri-implant mucositis is characterized by reversible 

inflammation confined to the peri-implant soft tissues without bone loss. Peri-implantitis represents a 

progressive pathological condition involving inflammation accompanied by irreversible peri-implant bone loss. 

 

Mechanical Complications 

Screw loosening, abutment fracture, or prosthesis failure often result from occlusal overload or 

improper component design. 

 

Maintenance 

Regular follow-up with radiographs and probing ensures early detection of pathology. Patient 

education in hygiene and plaque control is essential for longevity. 

 

X. Recent Advances In Implantology 
Table 2. Contemporary innovations in implant dentistry. 

Innovation Description Clinical Significance 

Nanotechnology Nanostructured surfaces mimic bone ECM Promotes faster osseointegration 

Computer-Guided Surgery Virtual planning with CBCT and surgical templates Enhances precision, reduces risk 

Immediate Loading Prosthesis within 48 hours post-placement Shortens treatment time 

3D Printing (Additive 

Manufacturing) 

Custom implants and bone scaffolds Personalized treatment 

Regenerative Approaches Use of BMPs, PRF, stem cells Enhances bone regeneration 

Zirconia Implants Metal-free, aesthetic implants Suitable for anterior esthetic zones 

 

XI. Future Directions 
The future of implantology lies in smart, regenerative, and digital integration: 

• Smart Implants: Sensors to monitor osseointegration and detect infection. 

• AI-Assisted Planning: Predictive algorithms for implant success. 

• Robotic Implant Placement: Enhanced surgical precision and reproducibility. 

• Bioprinting and Tissue Engineering: Custom bone scaffolds integrating growth factors. 

• Antimicrobial Coatings: Titanium surfaces modified with silver, zinc, or graphene to reduce peri-implant 

infections [13]. 
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XII. Conclusion 
Dental implants represent a paradigm shift in restorative dentistry by combining biology, 

biomechanics, and technology. Modern innovations have increased reliability, shortened treatment durations, 

and expanded indications. Success, however, depends on careful case selection, precise surgical technique, and 

lifelong maintenance. The integration of nanotechnology, digital planning, and regenerative materials promises 

a new era of personalized implantology with higher success rates and reduced complications. 
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