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BIOINERT MATERIALS

Bioinert materials are a class of biomaterials that do not produce any significant
biological or chemical reaction when implanted in the human body. These materials are
biologically inactive and do not interact strongly with surrounding tissues. Instead of
bonding with tissue, they remain stable and are usually surrounded by a thin fibrous
capsule formed by the body. Bioinert materials are widely used in medical and dental
applications due to their excellent stability, strength, and biocompatibility.

Bioinert materials are biomaterials that show minimal interaction with biological
tissues and body fluids when implanted, producing little or no adverse biological

response.
Characteristics of Bioinert Materials

1. Chemical Stability — They remain stable in the biological environment and do not
undergo chemical changes.

2. Biocompatibility — They are well tolerated by body tissues and do not cause
toxicity.

3. Corrosion Resistance — They resist corrosion and degradation in body fluids.

4. Minimal Tissue Reaction — They produce very little inflammatory or immune
response.

5. Mechanical Strength — They possess high strength and hardness, making them
suitable for load-bearing applications.

6. Fibrous Capsule Formation — The body may isolate the implant by forming a thin

fibrous connective tissue layer.
Examples of Bioinert Materials
Common bioinert materials used in dentistry and medicine include:

e Alumina (Al,O3)
e Zirconia (Zr0O,)

e Titanium and titanium alloys
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Carbon and carbon composites

Properties of Bioinert Materials

High compressive strength

Excellent wear resistance

High hardness

Good dimensional stability

Resistance to chemical attack by body fluids

Long-term durability inside the body

Advantages

v A N e

Excellent mechanical strength
Long-lasting and durable

High resistance to corrosion and wear
Minimal biological reaction

Good biocompatibility with body tissues

Disadvantages
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Do not form a direct chemical bond with bone or tissue
May become encapsulated by fibrous tissue
Sometimes require surface modification to improve tissue attachment

Brittle nature in some ceramic bioinert materials

Applications in Dentistry and Medicine

Bioinert materials are widely used in many medical and dental fields, including:

Dental implants
Artificial joint replacements (hip and knee prostheses)
Bone plates and screws

Dental crowns and prosthetic components



ROHINI COLLEGE OF ENGINEERING AND TECHNOLOGY

e Orthopedic implants

e Heart valve components

Bioinert materials play a significant role in modern dentistry and medicine
because of their excellent chemical stability, mechanical strength, and compatibility
with biological tissues. Although they do not chemically bond with bone or surrounding
tissues, their durability and minimal biological response make them suitable for many

implant and prosthetic applications.

10. BIOACTIVE CERAMICS

Bioactive ceramics are a group of biomaterials that are capable of forming a
direct chemical bond with living tissues, especially bone, when implanted in the body.
Unlike bioinert materials, bioactive ceramics actively interact with surrounding
biological tissues and stimulate biological responses. These materials are widely used in
dentistry and orthopedics because they promote bone growth and improve the

integration of implants with the surrounding bone.

Bioactive ceramics are ceramic materials that interact with biological tissues and
form a strong bond with bone through the formation of a biologically active layer on

their surface.
Composition of Bioactive Ceramics

Bioactive ceramics are mainly composed of calcium and phosphate compounds

similar to the mineral components of natural bone. Common components include:

e Calcium oxide (Ca0)
e Phosphorus pentoxide (P,0s)
e Silicon dioxide (SiO;)
e Sodium oxide (Na,0)

These components help in the formation of a biologically active layer when the

material comes in contact with body fluids.
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Examples of Bioactive Ceramics
Common bioactive ceramic materials include:

e Hydroxyapatite (HA)
o Bioactive glass (Bioglass)
e Tricalcium phosphate (TCP)

e Glass ceramics

These materials closely resemble the mineral composition of natural bone and

support bone regeneration.
Properties of Bioactive Ceramics

Ability to form a chemical bond with bone
Excellent biocompatibility
Osteoconductive (supports bone growth)
Good corrosion resistance in body fluids

Similar composition to natural bone minerals
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Moderate mechanical strength

Advantages

e Direct bonding with bone tissue

e Promotes bone growth and regeneration
o Excellent biocompatibility

e Helpsin faster healing of bone defects

e Reduces the risk of implant failure

Disadvantages

o Lower mechanical strength compared to metals
e Brittle nature of ceramics

e Limited use in heavy load-bearing areas
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e Can fracture under high stress
Applications in Dentistry and Medicine
Bioactive ceramics are widely used in medical and dental treatments such as:

e Bone graft materials

e Dental implants and implant coatings
e Periodontal bone defect repair

« Bone fillers for fractures

o Maxillofacial reconstruction

e Orthopedic implants
Mechanism of Bioactivity

When bioactive ceramics are implanted, they react with body fluids and form a
layer of hydroxyapatite on their surface. This layer is similar to the mineral component
of bone and allows the implant to bond directly with the surrounding bone tissue. This

process improves implant stability and promotes bone regeneration.

Bioactive ceramics are important biomaterials used in modern dentistry and
orthopedics due to their ability to bond with bone and stimulate tissue regeneration.
Their excellent biocompatibility and osteoconductive properties make them highly
useful for bone repair, dental implants, and other biomedical applications.



