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1. A pen drawing of the structure of cortical bone.
original bone

Osteoid ,
Active
Osteoblasts I

Inactive . .
bioactive

(bone substitute)
fully interconnected pores network
(bone conduction)

Osteocyte
Osteoclasts
Trabeculae

Active Osteoblasts

Dsteoid hydroxyapatite  calcium phosphate
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il bioce—
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)
2. A pen drawing of the structure of trabecular or
cancellous bone.
2.
cancellous bone trabecular bone
spicule trabecule 2.1 Bone Filler
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1. Some Bone Regeneration Polymers and Properties®

Material Degradable | Compressive Modulus Porous( ) | Support Cell | Processable
Strength( ) () Adhesion | (Moldable)
Cancellous Bone Yes 5 50(Compressive) Yes Yes No
Trabecular Bone Yes NR 50-100(Young's) Yes Yes No
PLA Yes(bulk) NR NR 100-500 Yes Yes
PLGA Yes(bulk) 60+ 20 0.5(tensile) 2.4(Young's) 150-710 Yes Yes
Poly(ortho—ester) | Yes(surface) 4-16 NR NR Yes NR
Polyphosphazene Yes(surface) NR NR 160-200 Yes NR
Polyanhydride Yes(surface) NR 140-1400(tensile) NR Yes Yes
PET No NR NR No Yes
PET/HA No 320+ 60 NR NR Yes Yes
PLGA/Ca Phosphate Yes(bulk) NR 0.25 100-500 Yes Yes
PLA/Ca Phosphate Yes(bulk) NR 5(Young's) 100-500 Yes Yes
PLA/HA Yes(bulk) 6-9 NR NR NR NR
Polyactive™ Yes(bulk) NR NR NR Yes Yes
DegraPol™ Yes(bulk) NR 30-1200(elastic) NR Yes Yes
“NR indicates not reported.
calcium phosphate cement (CPC) self
in—situ setting
polymerization o8
H>0
Ca.4(PO4)20 + CaHPO, — ——————— > Cas(PO4)3OH
HAp calcium phosphate
trabecular bone HAP ceramic
5 MPa 50 MPa . CPC HAp ceramic
2 compatibility
9-12
, stress 3) HAp from CaO—SiO>—P>0s5
erosion 1 Ca0O—-SiO,—P,0s base bioactive bone glass
cement HAp 5
1 , self setting cement
2.2 Mineral Bone Filler

1) Hydroxyapatite(HAp)
Self—setting apatite (Brown and Chow,

1986b)
patite

clinical setting
6,7

(Calo(PO4)e(OH)2

hydroxya—

hydroxyapatite

2) HAp from calcium phosphate
Acidic calcium phosphate

phate anhydrous
phate (TECP)

30

dicalcium phos—

tetracalcium phos—

basic calcium phosphate

setting
13-15
source bioce—
ramic nacre powder
2.3 Bone Filler

2.3.1 Non-degradable Polymers
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Poly(vinyl alcohol)

PVA
. PVA
1 PVA
, L
PVA . PVA
, PVA , cycle
18,19
Polyacrylates
HEMA acrylic acid
, acrylic acid
complex modulus . Wis—
tar rat in—vivo
20,21
poly
(ethyl methacrylate)/tetrahydrofurfuryl metha—
crylate(PEMA/THFEMA)

22

Poly(N—isopropylacrylamide)
Injectable hydrogel 32 37
LCST
hydrogel
poly(NIPAAM—
co— Aac) LCST 32 34
) poly—
meric plug

23

Polyethylene

UHMWPE
, 3
HA rabbit
2 Hyaline
like 2

2.3.2 Synthetic Degradable Polymers

Polyesters

13 1 2002 2

Poly(a—hydroxy acids)

PGA PLA
glycolide lactide pH
PLA
PGA
PGA
PLA
1
PLLA, PLH-H,
PLG—FR, PGTMC 5
Polyethylene oxide
in—situ gel
PEO

.Alginate PEMA

barrier

29

2.3.3 Natural Degradable Polymers
Alginate
Alginate  L—gluronic acid
acid monosaccharides
polysaccharides polysaccharides

D—mannuronic

encapsulating
. alginate gel
, EDTA

chelating agent
3 alginate
3932 plginate  chondrocyte
cellular mor—
phology alginate chon—
drocyte round
shape fibroblastic
= in—vivo

31



alginate—cell suspension

catilaginous tissue
Collagen
Collagen gel

hyaline cartilage

, type |

collagen

type

Fibrin gels
Fibrinogen
fibrin

gen a-,

in—situ

supporting chondrogenesis

. Collagen
type 1l
type fibril
fiber .
structural matrix
cartilage repair
collagen

. Fibrin
fibrinogen
. Fibrino—
b—, g—subunit

,a—, b—chain

inactive fibrinogen

protective cap
sequence

thrombin

sequence
fibrinogen

pockets
network
3
hydrolytic
Fibrin
support

fibrin binding

random 3

covalent fibrin hydrogel

proteolytic
chondrocyte
chondrocyte

fibrin

, cell  phenotype

thrombin

Chitosan

glucosamine

glycosaminoglycan

32

polysaccharide

extracellular environment

hydrogel
chondroitin sulfate cartilage
chondrocyte phenotype
37,38
3.
3.1 Treatment Concept
(growth

factors),

3.2 Technology for Enhanced Bone Repair
3.2.1 Growth Factor

In—
terpore Cross AGF™(Autologous Growth
Factor), orquest rh GDF(recombinant human
Growth and Differentiation Factor), Genetic
institute rh BMP—-2(recombinant human
Bone Morphogenic Protein—2)  Biopharm GmbH

BMP group MP52
(Morphogenic protein 52), . ucC
SF (bone matrix space)

VEGF(Vascular endotherial growth factor)

(osteoblast)
AGF

( 3).
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Blomaterlals

Bioactive scaffolds

3. Concept of bioactive scaffold.

3.2.2 Cells
Messenchymal stem cell

(Bone Marrow Stromal Stem Cell)
. multi—
potential cell

Embryonic stem cell

Osteoblast

3.2.3 Materials for Scaffold
A Natural Alternative to Autograft
donor site
(recipient site)
(osteogenesis)

13 1 2002 2

bone graft

A. (Cancellous) autograft

B. (Cortical) autograft
graft
C. (Combination of
cancellous & cortical) autograft
D. (Vascularized) autograft
(fatigue fracture)
, bone (hypertrophy)
E. Nonvascularized autograft (Meta—
diaphysis), (acute trauma),
(nonunion) , (metap—
hyseal) (epiphyseal)
8 cm
Allograft Xenograft
(allograft)
(xenograft)
1
xenograft
DMB (DeMineral—
ized Bone)
allograft
Tutogen “ Tutoplast
” HIV, HBV, HCV
CJD pathogen inactivate
xenograft
1971 Hench Bioglass
. Ceravital

(46Si0,—5Na;0—0.5 K0 —3MgO—33Ca0—
12.5P,05), A—W (46Si0,—5Na0—
40Ca0—6CaF; —3P-0s), Bioverit (50Si0;—15Ca0—

33
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4 o e

Lo e "0b 00

4. ( )-IGF TCP , ()

GMgO—2A|203—5.5N&20—9.5K20—8P205)

a—Tricalcium phosphate®**°

porous tricalcium phosphate
(TCP) implant
. TCP HAp

—Bone morphogenetic protein, insu—
lin—like growth factor—I (IGF-I), fibroblast
growth factor, platelet—derived growth factor
(PDGF), transforming growth factor (TGF)—

osteoinductive proteins - : . 33
4 IGF TCP ©

5. ABS/ cellular elements and new bone. (a)
(), (). Scale bar A 270 mm, (c) MN multi-nucleated
: cells, VA vascular elements, NB: new bone.
TCP Norian Skeletal

repair System (SRS) Bone mineral substi—
tute monocalcium/ trical— poorly crystalline apatitic calcium phosphate
cium phosphate/ calcium carbonate/ liquid so— (PCA) . PCA reaction product
dium phosphate .
Apatitic calcium phosphate bone substitute* 1-2

(ABS ; a—BSMTM, ETEX Corporation, Cam— . ABS material
bridge, MA)

ABS injectable paste cal—
cium phosphate 37 : 5 ABS
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3 . Mas—
sons trichrome
ABS material

Polymer + HAP + TCP mixture
A. PLA/TCP*%

hydroxyapatite(HA) tricalcium phos—

phates (TCPs) osteoconduc—
tivity bone—bonding properties
porous form

poly(lactide)  poly(glycolide), copolymers

, osteolytic
reactions

osteoconductive ceramic  resorbable poly—

mer osseointegration
6 poly(D,L—lac—
tide) TCP SEM
matrix TCP grain

B. Gelatin/a-TCP*
inorganic calcium phosphate
organic collagen
Gelatine
collapse—type calcium phosphate

fibrous

13 1 2002 2

7.a-TCP cement paste containing 0, 3, 10, and 20
wt% gelatin gel.

TCP

5Ca(PO,)2+7H;0 - Cag(HPO,)(PO,)2+5H,0+Ca(0H), (€Y)

Cag(HPO)2(PO4)s5H0 ~ Cag(POs)e(OH), + 3CaHPO, )
3Cag(POs)2 + H:0 - Cag(HPO,)(PO,)sOH (©)
. Gelatine
TCP 7 .
7 pH74,38 tris(hydroxymethyl) ami—
nomethane buffer solutions gelatin gel
a—TCP cement
paste . Gelatin a—
TCP
C. PPF/TCP®

Injectable, in situ polymerizable, biodegrad—
able orthopaedic material poly(propylene
fumarate) (PPF) vinyl monomer (N-vinyl
pyrrolidone), initiator  (benzoyl peroxide) (BPO)

injectable paste TCP

jectable PPF
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