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Implanted within or used in
conjunction with the body

Designed to have
properties closely
matching that of the
biological system

Have properties stable
enough for the aimed use

Have appropriate levels of
bioactivity and

partially or completely
fulfill the functions of the
diseased, damaged or
malfunctioning tissues
and organs.

Definition of biomaterials

Fourth generation
* Dynamic response with the tissue interaction
* Smart biomaterials for self healing, drug delivery
was introduced
* Nanomaterials were introduced for targeted drug
delivery

Third generation
» Active interaction with tissues
» Composite materials were developed
* Biomaterial plays vital role in Tissue engineering

Second generation
» Improved biocompatibility
» Surface modification was introduced to have good
tissue interaction

First generation
*Biomaterial used to repair or replacement,
eg.Stainless steel. ceramics
*Drawbacks-poor integration with tissues, implant

| rejection
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Multidisciplinary N

Biocom patl bil |ty CREATIVITY IN RESIN
Bioactivity
Biodegradability

Mechanical
Thermal
« Diagnosis Thermal
» Treatment Rheological
* Regeneration Optical
Electro-magnetic

Gene

Expression

DNA/RNA \ 4 Bonding
Analysis Synthesis
Cell Analysis

Function

Structure-Property Relationship.
Properties
Applications
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|How to use?

Y BIOMATERIALS

|When to use”? “‘_f 7 BASEDON
A (NANO)COMPOSITES

|What to use?|
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Carbohydrates

Nucleic acids Lipids roteins
(DNA) (cell membrane) (Glucose) (monomer of a CRP)

We are made of polymers

We live with polymers
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S @ =Mesenchymal Iis (MSCs
- stem ce )
Articular cartilage % g;& @ = o,g.ouuv::rocumn
‘\ - @ @ = Osteoblasts

Epiphysis i m ‘
Metaphysis
Endosteum

Dlaphysls Bone marrow
Extracellular matrix (ECM)
Inorganic component (60%)

Metaphysis —| periostoum ':B = Hydroxyapatite (Ca; (PO, )];Ca(OH),.

Epiphysis { Organic component (30%) i
e, = Type | collagen ..= n“

Water (10%)
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Dental Implants

Sholder Joint replacement

Artfical Elbow Joint

/4 : Hip Joint replacement
Advantages A d &

\\

5-—° Finger Joint Replacement

Spinal Fixation

Knee Replacement

Ankle Joint Replacement
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Collagen

Intima
Endothelial cells

Internal elastic lamina

Media ¢ / Collagen
Adventitia Elastin
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Electrospinning 3D printing Hydrogels

make agiicom

(A)

Solutes Interconnected
. Ice crystals macropores

Cross
linker /\ Crogs
=3
- linking

Thawing

_/ Polymer| ——

Cryogel
(8)

3D cryogel

Hydrated macropores
before injection

Collapsed pores

Compacted cryogel
durlng injection

Restored shape 7 : ¥ "
after |"le°"°" Compressed polymer

network
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120K

Heart Valves Liver

Kld ney People (adults and children)
in the U.S. waiting for an
organ transplant

22

Number of people who
die each day waiting

Skin Connective tissue for a transplant

o/, of people on the list are
82 waiting for a kidney

1 1 _4% are waiting for a liver
3 2% are waiting for a heart
1 -1 % are waiting for lungs

2 5% are waiting for other (pancreas,
. intestines and combinations)

Lung Pancreas Intestine Bone Marrow
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Scaffold

Scaffold
biofunctionalised with
osteoinductive signals
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» Controlled Nasal g Ocuar

R I gin'mems Intramuscular Sub-cutaneous Intravenous
e ease S ) C::lt):ctlens
Inhalation " * ¥~ _Otic Intradermal
Sprays Ointments
Aerosols . Drops
; " Contact lens

» Targeted
Delivery.

Tablets
Capsules
Granules
Suspensions

» Biodegrada- .

Solution

bility A
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» Enhanced
Solubility

Nanosphere>
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Heart Valves Blood Vessel Prosthesis

Cochlear Replacements Contact Lenses Dental Implants Skin Repair Devices




Biomaterials and Immune therapy | ~

®o+——0
IZEL KIMYA

CREATIVITY IN RESIN

> Biomaterials can be > P S
. e >/ 0 ‘
engineered to enhance 8-S 7 &
Or suppress immune % " umor vaceines Jool
6?% antibody adoptive cell QOC
res p onses. @cytokinc oncolytic virotherapy
_ =N wunotheraplé
» They can be designed e ﬁ:}
'[O d EI iver % - Tiitfior liposomes ‘s,;:“\.j':}
Immunotherapies. o Immunotherapy 5 | - -7\
(AR s o microspheres
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> They can provide Y\ @ -/
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Biocompatible Signal Wearable
Substrates Transduction Sensors

Cellular Enzyme
Sensing Stabilization

Cancer detection

- Hydrogel-based biosensor
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Smart materials
and 4D printing

Multifunctional biomaterials
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