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ABSTRACT 

The development of artificial bone pins represents a critical frontier in orthopedic surgery, where traditional 

metallic implants face fundamental limitations including stress shielding, need for revision surgery, and growth 

restriction in pediatric patients. Nanocomposite materials have emerged as a transformative solution, 

combining biodegradable polymers with nanoscale reinforcements to achieve mechanical properties that 

mimic natural bone while promoting osseointegration and eliminating secondary removal surgeries. This 

review provides a comprehensive examination of artificial human bone pin development using nanocomposite 

technology, covering material selection, reinforcement strategies, fabrication techniques, and performance 

evaluation. Key developments include hydroxyapatite-reinforced polymers for enhanced osteoconductivity, 

magnesium-based metal matrix nanocomposites for biodegradable load-bearing applications, and bioactive 

glass-reinforced composites for improved bone formation. The paper synthesizes recent advances in in vitro 

and in vivo studies, addressing critical challenges such as degradation rate control, radiopacity, mechanical 

performance, and regulatory pathways. Nanocomposite bone pins demonstrate superior cytocompatibility 

(>80% cell viability), improved mechanical properties (up to 2.2 times Young's modulus enhancement), and 

successful osteointegration in animal models. Despite these advancements, challenges remain in scalability, 

long-term biocompatibility, and manufacturing optimization. This review establishes a foundation for future 

research directions in next-generation orthopedic fixation devices. 

Keywords: Pipe Design, Hold-Down Clamp, Finite Element Analysis, Stress Optimization, ASME B31.1, Power 

Plant Piping. 

I. INTRODUCTION 

Orthopedic implants have revolutionized the treatment of bone fractures and degenerative diseases, yet 

conventional approaches face persistent challenges . With an average of 6.8 million fractures occurring 

annually in the United States alone, the demand for effective fixation devices continues to grow . Traditional 

metallic implants, while providing adequate mechanical strength, present significant drawbacks including 

stress shielding, inflammatory reactions that hinder bone healing, and the necessity for revision surgeries to 

remove implants after healing . 

The limitations of metal-based implants have driven substantial research into biodegradable alternatives. Metal 

pins and screws are far stiffer than bone, which can impede the healing process and lead to complications . 

Furthermore, revision surgeries impose additional risks, costs, and patient discomfort, particularly in pediatric 

populations where growth restriction is a concern . 

Bone pins serve as critical fixation devices for stabilizing fractured bone fragments, requiring sufficient 

mechanical strength to hold fragments together, biocompatibility to avoid adverse tissue reactions, and 

adequate surface grip for secure fixation . The ideal bone pin would provide temporary structural support 

during healing and then degrade naturally, allowing the bone to gradually assume full load-bearing function . 

Nanocomposite technology has emerged as a promising approach to address these requirements. By combining 

biodegradable polymers with nanoscale reinforcements—including ceramics, metals, and bioactive materials—

nanocomposites can be engineered to achieve a favorable balance of mechanical properties, degradation 

kinetics, and biological performance . The unique properties of nanoparticles, such as high surface area, tunable 

porosity, and bioactive signaling, promote bone regeneration, reduce inflammation, and prevent bacterial 

colonization . 
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This review provides a comprehensive examination of artificial bone pin development using nanocomposite 

technology. The paper covers material selection, reinforcement strategies, fabrication techniques, and 

performance evaluation, with particular emphasis on recent advances and remaining challenges. 

II. RATIONALE FOR NANOCOMPOSITE BONE PINS 

2.1 Limitations of Conventional Implants 

Metallic biomaterials, including titanium alloys, surgical-grade stainless steel (316L), and cobalt-chromium 

alloys, constitute over seventy percent of implant devices due to their high fracture toughness, flexibility, and 

strength . However, these materials have a significantly higher elastic modulus than natural bone, leading to 

stress shielding—a phenomenon where the implant bears most of the load, causing bone resorption and 

weakening . 

Furthermore, metallic implants require a second surgical procedure for removal after bone healing, which is 

particularly problematic for pediatric patients where growth restriction may occur . In addition, corrosion and 

the release of metal ions remain concerns, with carcinogenic ion emissions documented from cobalt-based 

alloys . 

2.2 Advantages of Biodegradable Polymers 

Polymers offer a much closer match to the mechanical properties of bone compared to metals . When fabricated 

into pins and screws, polymer implants can degrade naturally within the body once the bone has healed, 

eliminating the need for revision surgery . 

Current commercial resorbable bone pins are predominantly fabricated from polylactic acid (PLA) and poly(L-

co-D,L-lactic acid) (PLDLA). However, these materials suffer from inadequate osteoconductivity and often lose 

efficacy in the late stages of implantation due to inflammatory responses from acidic degradation by-products 

and inability to integrate with bone . 

2.3 Nanocomposite Concept 

Nanocomposite biomaterials represent a new frontier in orthopedic implant technology, combining 

nanomaterials with biocompatible polymers, ceramics, or metals to enhance mechanical properties, bioactivity, 

and antimicrobial efficacy . The advantages of nanocomposites include: 

Property Advantage 

Surface area Larger surface area and high surface reactivity 

Interfacial bonding Relatively strong interfacial bonding with matrix 

Design flexibility 
Enhanced mechanical reliability compared to monolithic or microcomposite 

materials 

Bioactivity Ability to mimic natural bone environment 

Tailorability Tunable degradation rates and mechanical properties 

III. NANOCOMPOSITE MATERIALS FOR BONE PINS 

3.1 Polymer Matrix Materials 

3.1.1 Polylactic Acid (PLA) 

PLA is the most commonly used polymer for commercial resorbable bone pins . It offers good biocompatibility 

and predictable degradation characteristics but suffers from limited mechanical strength for load-bearing 

applications and poor radiopacity . The degradation of PLA produces acidic by-products that can elicit 

inflammatory responses . 
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3.1.2 Polycaprolactone (PCL) 

PCL is a bioresorbable polymer with excellent biocompatibility and non-toxic degradation by-products . The 

degradation characteristics and mechanical strength of PCL can be tuned by the addition of hydrophilic fillers 

such as magnesium oxide (MgO) and silk powder . Studies have demonstrated that PCL-based composites can 

achieve Young's modulus values 1.8 to 2.2 times that of pure PCL . 

3.1.3 PLDLA 

Poly(L-co-D,L-lactic acid) (PLDLA) has been extensively studied for bone fixation applications. In vivo studies in 

beagle dogs demonstrated that PLDLA pins with bioactive glass fiber reinforcement can support new bone 

formation due to the influence of bioactive fillers . 

3.2 Nanoparticle Reinforcements 

3.2.1 Hydroxyapatite (HA) 

Hydroxyapatite is a calcium phosphate ceramic that closely resembles the mineral component of natural bone. 

HA-reinforced polymers demonstrate improved osteoconductivity, enhanced biomineralization, and better 

osseointegration . Nano-HA/collagen, nano-HA/gelatin, nano-HA/chitosan, and nano-HA/PLLA composites 

have shown promising results in orthopedic applications . 

3.2.2 Bioactive Glass and Glass-Ceramics 

Bioactive glass and glass-ceramics stimulate bone formation and enhance implant integration . Silicate 

bioactive glass fibers (SGFs) incorporated into PLDLA pins have demonstrated increased initial shear strength 

and support for new bone formation in vivo . 

3.2.3 Magnesium-Based Nanocomposites 

Magnesium-based materials have emerged as promising candidates due to their biodegradability, 

biocompatibility, and optimal mechanical features . However, rapid degradation limits clinical applicability . To 

address this, magnesium is typically alloyed with rare earth elements and reinforced with nanoparticles . 

Recent studies have fabricated magnesium-based metal matrix nanocomposites (MMNCs) containing scandium 

(Sc), strontium (Sr), and diopside-based bioactive glass-ceramic nanoparticles . These MMNCs demonstrated: 

 In vitro cytocompatibility >80% with human bone marrow-derived mesenchymal stem cells 

 Minimal hydrogen gas evolution and fibrotic response in rat femoral defects 

 Osteointegration and new bone formation over 3-month observation 

In vivo studies on magnesium pins reinforced with strontium-substituted nanohydroxyapatite (SrHAP) showed 

the highest bone formation toward the implant periphery, with degradation rates as low as 0.1 mm/year . 

3.3 Emerging Reinforcement Materials 

3.3.1 Graphene-Based Nanocomposites 

Graphene-based nanocomposites offer superior strength for load-bearing applications . 

3.3.2 Silver Nanoparticle Coatings 

Silver nanoparticle coatings provide infection resistance, addressing the critical concern of implant-related 

infections . 

3.3.3 Biopolymer Coatings 

Sodium alginate coatings on porous nanocomposite pins have been explored to enhance biocompatibility and 

controlled degradation . 
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3.4 Classification of Biomaterials 

Table 1: Biomaterials Classification for Bone Implants 

Material Type Advantages Disadvantages Applications 

Metal and alloy Strong, tough, ductile Dense, may corrode 
Load-bearing 

implants 

Ceramic Bioinert Brittle, poor tensile strength Bone filler, coatings 

Polymer Flexible, surface modifiable 
Not strong, toxic degradation 

products 

Bone screws, pins, 

plates 

Composite Strong, design flexibility 
Properties vary with 

fabrication 

Bone graft 

substitutes, scaffolds 

Nanocomposite 
Large surface area, strong 

interfacial bonding 

No optimized processing 

technique 

Orthopedics, tissue 

engineering 

IV. FABRICATION TECHNIQUES 

4.1 Melt Mixing and Injection Molding 

Melt mixing followed by injection molding is a common approach for fabricating nanocomposite bone pins. 

PCL/SP/MgO composites have been successfully fabricated at 160°C with varying filler concentrations (0-20% 

MgO, 0-20% SP) . This method enables production of complex shapes suitable for commercial scale 

manufacturing . 

4.2 Ultrasonic Melt Processing 

Ultrasonic melt processing, combined with hot rolling, has been employed to disperse nanoparticles and refine 

microstructure in magnesium-based metal matrix nanocomposites . 

4.3 Stir-Assisted Squeeze Casting 

A low-cost stir-assisted squeeze casting method has been developed for fabricating magnesium-HAP and 

magnesium-SrHAP composites . 

4.4 Extrusion and Molding 

Twin-screw extrusion followed by injection molding has been used to fabricate PLA-based composite pins for 

radiopaque applications . 

V. PERFORMANCE EVALUATION 

5.1 Mechanical Properties 

Table 2: Mechanical Enhancement of Nanocomposite Bone Pins 

Material System Enhancement 

PCL/SP/MgO (0-20%) Young's modulus 1.8-2.2× PCL 

PLDLA/SGFs Higher initial shear strength 

PLA/S/C (15% salt, 15% ceramic) Bending modulus 4000→6000 MPa 

P-MgSrHAP Degradation rate 0.1 mm/year 

5.2 Biocompatibility 

In vitro cytotoxicity (MTT) assays using osteosarcoma (SaOS-2) cells have demonstrated that nanocomposite 

formulations support high cell viability: 

http://www.irjmets.com/


                                                                                                                  e-ISSN: 2582-5208 

International  Research  Journal  of  Modernization in  Engineering Technology and Science 
( Peer-Reviewed, Open Access, Fully Refereed International Journal ) 

Volume:08/Issue:07/July-2026                           Impact Factor- 8.187                            www.irjmets.com 

www.irjmets.com                            @International Research Journal of Modernization in Engineering, Technology and Science 

[112]  

 PCL/SP10/MgO10 composites demonstrated the highest cell viability 

 PLA/15%S/15%C composites supported the highest cell viability 

 Mg-based MMNCs showed >80% cytocompatibility with human bone marrow-derived mesenchymal stem 

cells 

5.3 Biomineralization 

Alizarin Red staining has confirmed enhanced biomineralization of optimized PLA/C/S composites, indicating 

improved osteointegration due to the incorporation of bioactive fillers . 

5.4 In Vivo Performance 

Animal model studies have demonstrated promising results: 

Study Model Material Duration Findings 

Rat femoral 

defect 
Rat Mg/Sc/Sr/diopside MMNC 3 months 

Minimal H₂ evolution, 

osteointegration 

Rabbit knee Rabbit 
PLDLA/HAp/sodium 

alginate 
12 weeks Osteogenesis observed 

Beagle model Dog PLDLA/SGFs pins 
Up to 104 

weeks 

New bone formation, stable 

shear strength for 26 weeks 

Rat femur Rat P-MgSrHAP 8 weeks 
Highest bone formation, 0.1 

mm/yr degradation 

5.5 Radiopacity Enhancement 

A critical limitation of most resorbable implants is their lack of radiopacity, which is vital for accurate 

intraoperative placement and postoperative monitoring . PLA/S/C composites with 0-15% radiopaque salt 

demonstrated radiographic visibility comparable to commercially used metallic implants . 

VI. DEGRADATION MECHANISMS AND CONTROL 

6.1 Polymer Degradation 

Through subtle interplay between crystallization and degradation, it is possible to maintain relatively steady 

mechanical properties for extended periods, prior to a sudden collapse at a specified time—ideal for medical 

implant applications . The addition of nanoparticles can modify degradation rates; for example, bioactive glass 

fibers accelerated the degradation rate of PLDLA composite pins . 

6.2 Magnesium Degradation 

Magnesium's low corrosion resistance can lead to hydrogen gas evolution and tissue necrosis . Strategies to 

control degradation include: 

 Alloying with rare earth elements (Sc, Sr) 

 Reinforcement with nanoparticles (HAP, SrHAP) 

 Surface modifications 

In vivo degradation rates for magnesium composites ranged from 0.1 mm/year (P-MgSrHAP) to 0.6 mm/year 

(P-Mg) after 8 weeks implantation . 

6.3 Nanocomposite Degradation Control 

The addition of nanofillers can: 

 Change degradation rate 

 Enhance mechanical properties during early healing stages 
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 Gradually allow bone to take on more load as degradation progresses 

VII. CLINICAL CHALLENGES AND FUTURE DIRECTIONS 

7.1 Remaining Challenges 

Despite significant progress, several challenges remain: 

Scalability: Manufacturing nanocomposite bone pins at commercial scale while maintaining consistent quality 

Long-term Biocompatibility: Comprehensive evaluation of degradation by-products and their effects on 

surrounding tissues 

Regulatory Approval: Establishing clear pathways for FDA and international regulatory approval 

Mechanical Performance for Load-Bearing Applications: Current resorbable pins may not provide sufficient 

strength for femoral fracture fixation 

Optimized Processing Techniques: No universally optimized technique for material processing has been 

established 

7.2 Future Research Directions 

Smart Nanocomposites: Development of stimuli-responsive materials for controlled drug delivery and real-

time healing tracking 

Integration of Stem Cells: Creation of next-generation synthetic/living hybrid biomaterials displaying high 

adaptability in biological settings 

3D Printed Implants: Personalized implants customized to each patient's unique anatomy 

Improved Radiopacity: Further development of radiopaque nanocomposite formulations 

Multifunctional Nanoparticles: Development of nanoparticles with targeted delivery to bone tissues for 

conditions like cancer and bone metastasis 

VIII. CONCLUSION 

The development of artificial bone pins using nanocomposite technology represents a paradigm shift in 

orthopedic fixation. Nanocomposite materials offer significant advantages over traditional metallic implants, 

including biodegradability, matched mechanical properties, enhanced osseointegration, and elimination of 

revision surgeries. 

1. Material Diversity: Hydroxyapatite-reinforced polymers, magnesium-based metal matrix nanocomposites, 

and bioactive glass-reinforced composites have demonstrated promising in vitro and in vivo performance 

2. Mechanical Enhancement: Nanocomposite formulations have achieved up to 2.2 times improvement in 

Young's modulus and significantly enhanced bending strength 

3. Biocompatibility: Cell viability exceeding 80% and successful osteointegration have been demonstrated in 

multiple animal models 

4. Controlled Degradation: Degradation rates can be tuned through nanoparticle reinforcement, with 

magnesium-based composites achieving rates as low as 0.1 mm/year 

5. Innovative Functionalities: Radiopacity enhancement and antimicrobial properties through nanoparticle 

incorporation address critical clinical needs 

While challenges remain in scalability, long-term biocompatibility, and regulatory approval, the trajectory of 

nanocomposite bone pin development is promising. As manufacturing techniques advance and our 

understanding of material-tissue interactions deepens, nanocomposite bone pins have the potential to become 

standard-of-care for fracture fixation across diverse orthopedic applications. 
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