21

4

(Bioceramic)

21

21

(Biologically Inactive)

(Bioactive)

(Fibrous  Tissue)

(Hench, 1998)



. Bioinert AID 3 Zr02
. Microporous

Porous HA, HA-coated
porous metals

. Bioactive

Bioactive glasses,
Bioactive glass-ceramics, Dense HA

. Resorbable

Calcium sulfate, Tricalcium
phosphate, Calcium phosphate salts, Bioactive glasses

Microporous

( 22 ()
Resorbable
2.2(B)
Resorbable
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2.2

(Eye Implant)

L (Buried) 2
] 2
Integrated)
2

(Buried-Non-Integrated)

(Non-buried Integrated Implant)

1

(Buried-



2.3
(Hydroxyapatite, HA)
Bioactive
(Biocompatibility)
HA
HA  CaD(P046(0H)2
HA
3.13
HA 2.3 Ca®2 1
Ca® 6
a-axis  Ca®?2
c-axis c-axis Tetrahedral
HA
Phagocytosis
pH HAp (HAp
Powder) (Dense HAp) (Porous HAp)
HAp ,
1 (Bovine Bone)
2. (Carbonate Skeleton)

3. (Chemical Process)



Ca (1)

Ca()
A ped

OH

2.3
(Crystal structure of Hydroxyapatite)

13
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231 (Bovine Bone)

HA (Pongkao, Kositamongkol, 1995)
2 MP (Morphogenic Pore) TP (Treated Pore) — MP
700 TP
MP , MP
NH4OH TP HAp
Bovine Hydroxyapatite (bHA) 24
2.3.2 (Carbonate Skeleton)
(Coral) (Invertebrate Skeleton)
(Echinoderm)
(Hydrothermal Exchange) (100-600
1500-75,000 ) 1 2

21 (Roy DM, 1975)

10 CaC03+ 6 (NHAHPO4+ 2HD => CallPO4GOH)2+ 6 (NHAZ 03+ HL 03
(2.1)

(HAD)
Whitlockite Calcite  Aragonite



24

(Bovine Hydroxyapatite, bHAp)

MP

15



233

16

(Chemical Process)

2
(Dry Chemical Process)
(Wet Chemical Process)

2331 (Dry Chemical Process)
HA

(Solid-Solid State Reaction)

HA 2
HAp !
22

4 CaC03+6CaHPO, = Ca(PO4AOH)2+4C02+2HD (22

(. .25%)
1: 2039

(Hot Plate)



(Solig-Decomposition Reaction)

HA

(Hydrothermal Reaction)
23 24

CaC03 => Ca0 +C02 23)
2 CaHPO4 => CaPD7+HD (24

2332 (Wet Chemical Process)

HA
I3
L (Hydrolysis Method)
2 (Hydrothermal Method)
3. (Precipitation Method)

(Hydrolysis Method)

HA
(Metallic Compound)
(Inorganic Salt) 2.5
HA , 1

10 CaHPO4+ 2 HD => CallPO4GOH)2+4 HP04 (25)

17
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(Hydrothermal Method)

HA

00°c  100MPa )

2.6

2Ca0 +4CaPDT+4HD => Ca(PO4EOH)2+ HPO4 (26)

(Precipitation Method)
HA

10Ca(NO32+ 6(NH42HPO4+ SNHZOH

> CallPO4GOH)2+ 20 NHANO3+ 6 HD

27)
10 Ca(OH)2+ 6 HP04 => CallPO4GOH)2+ 18 HY (2.8)
HA HA (Filtration)

HA
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24
(Porous Materials)
(pore)
241
, 3
L
2
3.
2411
(Powder Pressing)
3 @
Uniaxial Pressing (2) |sostatic Pressing ~ Hydrostatic Pressing  (3) Hot
Pressing Uniaxial ol '

2.5



|sostatic Pressing

(

(Sintering)' 2.6
(@)

(0)

Hot Pressing

(Neck)



2.6

2.5

Uniaxial

‘ruina
21



2412

(Coral) ' (Invertebrate Skeleton)
(Echinoderm) (Bovine Bone)

2.4.1.3

(Pore Former)



24.2

(Porosity)
(Modulus of elasticity)
(Flexural Strength)

2421

2.9

E=E0(1- L9P+09 P2

EO

2422

2.10

= 0eN

(2.10)

23



24

+ Roy DM. (1975)

(Hydrothermal Exchange)

275 1 ( 15,000
) 24
114
(Hydroxyapatite, HA) Aragonite
Whitlockites ,
X-ray

 Wanna Kositamongkol (1995)

2 MP(Morphogenic Pores) TP(Treated Pores)
TP sintering MP

TP 1 '
19-27
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TP
* Dujreutai Pongkao (1995)
MP TP
MP
37 - 140
01 (Simulated Body Fluid, SBF)
90 MP TP
30
MP TP 90
* Rodriquez-Lorenzo LM. (1998)
tarch Consolidation (Starch) 55
80 1 500
intern 1100
2 80
45-69
4 (4-points bending test)
45-60

15-2 MPa



* Raynaud (1993

1.6316

* Ribeiro AS. (199)

Interconnecting

20

(Bending Strength)

(Polyurethane, PU)

)

0.3

@

315

(

600-1,200

100-500
04-0.7

1.6667
pH
' Bioactivel
2 ()
7
10-50
1200
5-



+ Vargas G (1999

(Ultrasonic  Vibration, UV)

v
10

w
745 507

o LuJX (19%)

(Interconnections)
Viro  Vivo
(Hydroxyapatite, HAp)
TCP)
50

Vitro 12 24

50

21

w

10
22.8

2
(Beta-Tricalcium Phosphate, P-

100-300 300-100
14 28
Vivo

20



»  Supachal Wongpichedchai (19%9)

bHA (Bovine
Hydroxyapatite) 500
800 8 1,200 8
XRD
cHA (Coral Hydroxyapatite)
bHA SHA (Synthetic
Hydroxyapatite) ~ cHA
TCM 99-MDP 3
112
» Thomas ME (1999)
3 (Foam Method),
Fugitive (Fugitive Method) ' FugitiveiJ (Modified Fugitive
Method) Sinter 1,200
2 1,260 4
" FugitiveiJ
(Compressive strength) 5.7

463 MPa
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Orthophosphoric

*  (olden DC. (1999)

(Slow-release Fertilizer) 4

North Carolina
Fe Zn Cu Mg Mn

* Aizawa M. (2000)

Sinter
Ca(N032(NHAHPO4(NHQZLO  HNOa (Precipitation)
(Urea)
2030 40 MPa
1,000 1,100 1,200 1,300
(Porosity) 16.7-55
(Total Pore Volume) 0.04-0.36
(Median pore size) 280-780 (Specific
Surface Area) 0.29-2.9
(Open Pore)



900

0.88-1.25

' (.

(Solid State Reaction)

(CaHPOJ
30 KPa

(Isostatic Press)
1,200

GPa 1.01+0.15 MPa.m22

30

(.. %%

55-60

1100 1250

60-74

. 25%)

(CaC03
1,200 6
(Uniaxial Press)

250 MPa
6
Indentation
96.55+4.78

148 + 0.07 GPa
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