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1.1  Introduction 

A biomaterial is a natural or synthetic material specifically designed to 

interact with biological systems for medical purposes, such as repairing, 

replacing, supporting, or enhancing the function of tissues and organs, as well 

as enabling drug delivery and medical device operation. Because the human 

body represents a highly complex environment—characterized by aqueous 

conditions, high ion and protein content, and continuous mechanical 

loading—biomaterials must provide not only suitable mechanical performance 

and manufacturability, but also long-term stability, biocompatibility, and safe 

interaction with cells and tissues. 

1.2. Importance of Biomaterial Classification 

The systematic classification of biomaterials is essential for both research and 

clinical practice. It provides a framework that: 

1-Links material composition and microstructure to mechanical, chemical, 

and biological performance. 

2-Supports rational material selection based on clinical requirements such 

as load-bearing capacity, wear resistance, corrosion or degradation 

behavior, tissue response, sterilization compatibility, and expected service 

life. 

3-Helps identify common limitations and failure mechanisms including 

corrosion, fatigue, wear debris generation, inflammation, and mechanical 

fracture. 

4-Biomaterials are commonly classified according to material class and 

biological origin. 

1.3. Classification by Material Class 

1.3.1 Metallic Biomaterials 

Metals are widely used in applications requiring high mechanical strength and 

load-bearing capability. They exhibit high tensile and compressive strength, 

good fracture toughness, and excellent manufacturability. 



 

Common biomedical metals include: 

 316L stainless steel, used in fixation devices and surgical instruments. 

 Titanium and its alloys (such as Ti-6Al-4V), used in orthopedic and 

dental implants. 

 Cobalt–chromium alloys, commonly used in joint prostheses due to 

their high wear resistance. 

 

 

 



Despite their advantages, metallic biomaterials may suffer from corrosion in 

physiological environments, leading to ion release and potential biological 

reactions. In addition, the mismatch between the elastic modulus of metals 

and natural bone can cause stress shielding, which may result in bone 

resorption and implant loosening. Wear debris generated in joint applications 

may also trigger inflammatory responses. 

Typical applications include bone plates and screws, hip and knee joint 

components, and selected vascular stents. 

 

1.3.2 Ceramic Biomaterials 

Ceramic biomaterials are characterized by high hardness, excellent wear 

resistance, and chemical stability. However, they are inherently brittle and 

sensitive to impact loading and surface flaws. 

Based on biological behavior, ceramics are classified into: 

1. Bioinert ceramics, such as alumina and zirconia, which exhibit minimal 

interaction with surrounding tissues and are mainly used for structural 

stability and wear resistance. 

2. Bioactive ceramics, including hydroxyapatite and bioglass, which 

chemically bond with bone tissue and promote osseointegration. 

3. Bioresorbable ceramics, such as calcium phosphate compounds, which 

gradually degrade and are replaced by newly formed bone tissue. 

    Ceramics are commonly used in joint bearing surfaces, implant coatings to        

enhance bone bonding, and porous bone substitutes. 

 

1.3.3 Polymeric Biomaterials 

Polymers are extensively applied in biomedical engineering due to their low 

density, flexible mechanical behavior, and ease of fabrication. Their properties 

can be tailored to match soft tissue mechanics or to achieve controlled 

biodegradation. 



Common polymeric biomaterials include: 

1. Ultra-high-molecular-weight polyethylene (UHMWPE) for joint liners. 

2. Polymethyl methacrylate (PMMA) for bone cement. 

3. Polylactic acid (PLA) and poly(lactic-co-glycolic acid) (PLGA) for 

biodegradable sutures, scaffolds, and drug delivery systems. 

4. PTFE and PET for vascular grafts and membranes. 

While polymers offer high design versatility, they may experience creep under 

long-term loading, generate wear particles, or produce degradation byproducts 

that affect the local biological environment. Some polymers are also sensitive 

to sterilization processes. 

Applications include catheters, tubing systems, absorbable sutures, implant 

coatings, and controlled drug delivery devices. 

 

 

1.3.4 Composite Biomaterials 

Composite biomaterials consist of two or more distinct phases combined to 

achieve superior mechanical and biological performance. Typically, they 



include a matrix material reinforced with fibers or particles. 

This approach is particularly valuable because natural bone itself is a 

composite material, composed of collagen fibers reinforced with mineral 

phases. 

Examples of biomedical composites include: 

 Polymer–ceramic composites for bone tissue engineering scaffolds. 

 Fiber-reinforced polymers for orthopedic fixation. 

 Bioactive filler-modified bone cements. 

Composite biomaterials allow tailoring of stiffness, strength, bioactivity, and 

degradation behavior. However, their performance strongly depends on the 

quality of the interface between the different phases, and they may exhibit 

complex failure mechanisms. 

 

1.4  Classification by Origin 

1.4.1 Natural Biomaterials 

Natural biomaterials are derived from biological sources and often contain 

biochemical signals that promote cell attachment, proliferation, and tissue 

regeneration. 

Examples include collagen, gelatin, alginate, chitosan, and silk fibroin. 

These materials offer excellent biological compatibility but may suffer from 

batch variability, limited mechanical strength, and potential immunogenic 

reactions if not properly processed. 

 

1.4.2 Synthetic Biomaterials 

Synthetic biomaterials are engineered with controlled chemical composition 

and reproducible properties. They provide consistent performance and 

compatibility with large-scale manufacturing. 

Examples include titanium alloys, bio-ceramics, and synthetic polymers such 



as PLGA and PTFE. 

Although synthetic materials offer superior mechanical reliability and 

tunability, they often require surface modification to enhance biological 

activity and improve cell–material interactions. 


