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V Biocompatibility

V Mechanical property: crystalinity, elasticity

V Durability: degradable, nondegradable

V Scaffold structure: membranous, porous

V Easy fabrication 

V Geometrical structure: porosity, pore size

V Interaction between cells and scaffolds 

V Biomaterialôs composition
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: stainless steel, Co, Cr, Ti, Ni, Ir, Pt

(alloy) : Co-Cr, Co-Cr-Mo, Ti-6Al-4V, Ni-Ti(nitinol)
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Any material, natural or synthetic, which become a part 

of the body either temporarily or permanently.

Their primary goal is to restore, augment, or replace 

natural functions.

They can also be used in diagnostic and therapeutic 

applications.

They are in contact with tissues, blood, and biological 

fluids.

Humans with More Biomaterials than Natural Organs: 

BIONIC MAN

Ex) Six million dollar man

Bionic woman

ROBOCOP

Demolition man

Polymeric Biomaterials ï
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The latest study
Lancet 2008 Dec 13

372(9655):2023-30



kidney

liver

heart

recipientdonor

Immediate

transplantation

is not

always 

possible.

Artificial tissues 

& organs are 

needed!!

Introduction ɬtissue engineering for transplantation

Á Importance of tissue engineering
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Hot issue ɬTissue Engineering & Regenerative Medicine

Á Tissue Engineering    &

ï artificially making/creating tissues

or organs with cells and biomaterials

tissue cell biomaterial

skin

epithelial cells

keratinocytes

fibroblasts

collagen type I

fibronectin

hyaluronic acid

blood vessel
smooth muscle cells

endothelial cells

collagen type I

elastin

bone osteoblasts
apatite (CaP)

collagen type I

cartilage chondrocytes

glycosaminoglycan

collagen type II

hyaluronic acid

Á Regenerative Medicine
ï therapeutic strategies for replacement,

repair, maintenance, and/or enhancement

of tissue function

Engineered 

tissues

Regenerated 

tissues



Tissue engineering ɬbasic concept

Á Typical Methods of Tissue Engineering
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Regeneration of Tissues/Organs

appropriate

environment

Cells 

Åfibroblasts

Åosteoblasts

Åendothelial cells

Åchondrocytes

Åhepatocytes

Åetc é

Scaffolds

īpolymers 

īmetals

īceramics

īcollagen

ībone mineral

īcomposite

īetc é
Temp, CO2/O2,

humidity, media, 

growth factors



Tissues ɬartificial skin 

Á Porous Collagen Sponge as Artificial Skin 

Bi-layered collagen membrane mimics 

the epidermis/dermis layer of skin

human epidermal
keratinocytes

dense membrane

porous membrane

Artificial Skin

human dermal
fibroblasts

+

SEM image
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type I atelocollagen

(extracellular matrix)

rabbit esophagus 

smooth muscle cells

porous tubular 

polyurethane scaffold

extracted  collagen

rabbit  esophagus 

epithelial cells

implantation

into nude mouse

teatment

with triton -X100,

RNAse, DNAse

Artificial Esophagus
without immunogenic factors 

implantation

into rabbit

Tissues ɬartificial esophagus 

Á Porous Tubular Scaffold as Artificial Esophagus 
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Tissues ɬartificial bone

Á Hybrid Membranous Composite as Artificial Bone 

implanted PLLA+CAp -AtCol 

hybrid composite

porous PLLA scaffold
carbonate apatite

+
type I atelocollagen

hybrid bone substitute

+ =

implantation into

rabbit calvaria

membraneous Artificial Bone

6 weeks after

implantation
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Tissues ɬapplications of artificial cartilage, ear and nose

artificial ear implanted

into rabbit ear

Artificial Ear

īmade from biodegradable 

polymer scaffold & 

chondrocytes

Artificial Nose

īmade from biodegradable 

polymer scaffold & 

chondrocytes
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Cells ɬcardiomyocytes

Á Beating of Cardiomyocytes (heart cells)

cardiac muscle
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Tissues ɬartificial blood vessel

Á Porous Tubular Scaffold as Artificial Vessel
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̋
˾Collagen, fibronectin , gelatin, chitosan ,  alginic acid, hyaluronic

acid 

˾Collagen: RGD sequence

̋
˾

˾poly(lactic acid), poly(glycolic acid, PGA), poly(D,L - lactic - co-
glycolic acid, PLGA) ,  poly( - caprolactone ), 
polyanhydrides , polyorthoesters



Fluorocarbons 
Hydrogel 
Polyacetal 
Polyamides 
Polyamide elastomer 
Polyester 
Polyester elastomer 
Poly(methylmethacrylate) 
Polyolefins 
High crystallinity polyolefin films 
Polysulfones 
Polyurethanes 
Poly(vinyl chloride) 
Silicones 
Ultra high molecular weight polyethylene 

, , 

, wound dressing 
, angioplasty balloons 

Bone cement, 
, angioplasty balloons 

Angioplasty balloons 
, 

, , wound dressings 

poppets, wound dressing 
(acetabular cup), 

, 
, , . 


