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Type of Fixation Type of Attachment Examples
Morphology Dense, nonporous, nearly inert ceramics AlO,
attached by bone growth into surface (single—crystal and
polycrystalline)
Biological AlO,
(porous polycrystalline)
Bioactive Bioactive glasses
Bioactive glass ceramics
Hydroxyapatite
Resorbable Dern | Calcium sulfate hydrate

T

|
il | ; - . )|
d l olution rates in vivo and so ultimately

are ‘;ﬂe by bone &

Wt dVit

Tricalcium phosphate

Calcium phosphate salts

3
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gﬂ ﬁ 2194 f ¥anwdszin NA14 9 (a) bioinert/biotolerant (b) bioactive (c) bioresorbable
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2.2 msiszneunnaseuneaua (calcium phosphate materials)
Tunquanssiiniinm unadouremla 1aSuanuaulslumsiwidnyuaz
Waruune 195 Teniiduedianin iesnniosndszasuniuail (chemical composition)

=) @ L4 A 1w 9/ a o
MUBUNUNIZANNHBY llﬁz’C'T’UJ']iﬂL‘lf'r]lmﬂﬂﬁﬂiz%ﬂ‘lﬂiﬂﬂﬁiiﬂ‘lﬂﬂ ﬂﬂllﬂﬂﬁiﬂﬂ'ﬁw 2.2

M3 2.2 Msnquuaassuneamayiagiyg Nusinglusienie (7]

Calcium
Occurrences
phosphate
Apatite : tinga, bone’, dental calculi,
» calculi, soft — tissue
Octacalcium and urinary calculi
phosphate (OCP)
Dicalcium ) i = “-\ 5alculi, crystalluria, chondrocal —
phosphate : inosis, decomposed bones
dihydrate v
(DCPD) LY — X
Tricalcium (Ca, h“ J(PO,), Dental m rinary calculi, salivary stones,
phosphate (TCP) ‘o ‘f" dentinal caries, arthritic cartilage, soft —
AUE" NENIWELILLS
Amorphous (Ca,Mg)7(PO4,Y’) ¢ - Softs: tissue calcifications
QAN AN TUNANIN A Y
Calcium 9 Ca,P,0,.2H,0 Pseudo — gout deposits in synovium fluids
pyrophosphate
dihydrate
(CPPD)

'Z=Na,Mg,K Sr,etc.;Y =CO, ,HPO;X =CLF:Y  =P,0_,CO,




b4
msdsznounquuaasuemvamaniy Juinuionatestianudaaiuszning

uRa¥e (Ca) wazWoanesa (P) [3] Awanaluaisne 2.3

M3199 2.3 Msunareupaa¥AA1e 9 SWUNMUBATIAIU Ca/P[3]

éa/P Formula Name Abbreviation

2.0 Ca, 0(PQ); osphate TTCP

1.67 Caw(PO4)6(OH . HA

8, Hy, (PO )@ / \ ACP

1.50 Ca (PO, , . ? \\‘\\\ N TCP

133 | CaH,PO,),5 l I ‘ ; 'w}é& OCP

1.0 CaHPO,.2H,0 e DCPD

1.0 CaHPO DCPA

1.0 Ca,P,0, (W4 | Calcium pyrophosphét CPP

1.0 Ca,P.,0, 21 CPPD
dihydrate

0.7 caftiobd € d VI EKEadi ¥ bdndd | d | uce

B . 7 (Tromelite) s, v/

oo A RABNTT T TS
phosphate

0.5 Ca(H2P0O4)2.H20 Monocalcium phosphate MCPM
Monohydrate

0.5 Ca(P0O3)2 Calcium metaphosphate CMP

o.By




Tumamstesunadoueamantaiiu 4 nqu [7)

Taunrslnuaadouroaiva

a - z ~ a o d
(ceramic), HoU-k¥31UAUAATIUNOAINWA (non — ceramic), AT sUNDTIWG INHARA BN

FITUNIA vaz uAuEIINn taalunisien 2.4

MInh 2.4 msunasonroamanlgiuluilegiu (7]

CaP materials

Commercial Products

Calcium
Phosphate

Ceramics

-
! Ql
If\" ‘

| I‘J Triosit (Zimmer)

and [3-TCP)

ﬂ‘LlEl’ VIEJWﬁWEﬂ

o

Calcitite (Calcitek, Inc.);

| Periograf, Alveograf,

Durapatite (Cook-Waite);
Oséograf (Coors);
_OrthoMatrix; Allotropat
(Heyl, FRG); Bioapatite

(France)

Synthograf, Augment

Miter, Inc., distributed by

son & Johnson)

Approx. 60 HA/ 40 [3-TCP

11P]

Calcium

R WANT

Material,

JUNAIIN

Non-ceramic

Osteogerh(ﬁBD, Impladent),

Y s
deficient apatite + small

amounts of DCPA

Calcium phosphate materials Coralline HA : coral (Porites)

from natural products hydrothermally converted to
HA Bio-oss (from sintered

bovine bone)

Interpore 200 (Interpore)

Glass ceramics

Bioglass; Ceravital (FRG)




2.3 laasendueilna (hydroxyapatite)

lunquanswsinyszinniaqdin 1w (biomaterial) laasonduailng 18uwn1s
961903199919 nazuteenaInund IR Adia (source) iy organic hydroxyapatite L8
inorganic hydroxyapatite Hasaulunus oz Indyszianwite (8] c?ati‘luuﬁ'mﬁqr?iacﬁuﬁuﬁﬂﬁ
(igneous rock) T UAZNDU (sedimentary rock) LA AUl (metamorphic rock)ﬁ q Gli‘VlNLﬂﬁ'fi"J :
d 1 udu d2u BO, Aie PO,”, Vo7, si0,",
d lsasenduei Indvaegludszian
éﬁé’mwdau Ca:P=16711A59

Y = A~ - = - 4 .
asnanilu e InueaEhgetad) iiln aRawWa T THMBS (lattice parameter) a = b = 9.431

1 A, (B0, X, 1at A fi® Ca, Sr, Bayk

SaaAToN Uz C = 6.88 0T Radt LA B g1/ 00 -

U9 2.2 Tnssadawanvosasleasenduei 1ng

&N

. §1U c-axis

V. ®Y a-axis
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4 4 o ; F AT T | e e i
MWUAINUUIA (stiffness) 1AL ,;.‘-.:-u o1 1na ugﬂinmtﬂuuummu

3 T 4
(plates) W30 1T U311y (needles) iy 404 a5 1319 20 W TwwAs wagnun
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Macro- and microatructure of human cortical bone.
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Periodontal
) membrane

4\\\
>0

Camentum

\
s

JUN 2.4 dmsznevvediy

f ‘ - ra y
wasuAwdunanvuia IHa Gt 251 AT N9 40-120 W1 TUIAT 817 160 —
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J LT e
F1esusu vedlna T J a0 2maiiosne launaidoy
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1%&1«{ ’J‘VLEJ‘V]EWEI'Wﬂ‘E P

nai uwamﬂ‘mmwwnmwa"uﬁuawmuawﬂiuaﬂumzmiUfm

bioactiv wwjﬁﬁqwﬂ Q&Hnm? aj daunlaasen
Fuoih1lngs N 1M e laasengtiot Tnandosidanis 1dau
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Applications Forms of Hydroxyapatite
Artificial bone Dense, Porous
Artificial joint Dense, Porous, Coating
Bone filler )

anule Porous

Bone formation promo er U / ,4 19108 stal

Artificial blood vess ‘""*--_ n Detisep@omposite

Artificial trache

'ﬁﬁ A
S

Percutaneous de

Drug delive

Clinical testing

"t,

1Smm

e
wwaﬂﬂnba

e

l i@

d‘ o =) a -4 ]
;U 2.5 msih laasenduoih Indsiiantondu U140y
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31U 2.8 MWeY X-ray lef50

A

AN 2.6 180T 0N TSR M AR 3

W '1]1”1,17197711@

paaamaun i lunszanmiuda (tbia)

'I-j e
i ]
R K
Applications Commercial Names
Tootlipaste (Dentiffice )™

ApadentyApaqudrd, Apato

Dental’¢ément

Bioment, Apament

Robf ¢anal”

W Apatité RoGsealer, Fihabide

Bone Filler (granule)

Apaceram, Actceram, Bonfil

Bone Filler (porous)

Apaceram, Bonetite, TBC

Tooth root

AQB, Apaceram, Sumisicon

Crown

Cera-Pearl
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2.4 MIYUINOT (sintering)

241  MIFumed HarMIlAveUNTH (sintering and grain growth)

' v
Tusgninenszuaumsmawsiniag 1 eyn1ana crystalline 15o olycrystalline
ry polyery

a

v @ W 1 3’ 4‘ o :‘ 4' 1Y wva ydé‘_
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3 N 2.9 solid state material transport
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ﬂ1ﬂﬂﬁﬂuuﬂﬂdﬂmﬂﬂui”ﬁ?WﬁﬂiWﬂﬂ ﬂUﬂU muwwuazgﬂ%mmemn5u

JUI9v0I3NIU

YHIAVBIFNIU

Initial stage

Green body
Density < 65%
Final stage
Intermediate stage
Density > 90%

Density 65-90%

- solid state sintering

ﬁUEJ’JWEWT‘?PWBEIﬂ“f p)

- reactive llquld phase sintering

ARIAIDIAUARITNA,

UARZIUADU A9%l

5

g Haﬂﬁtﬂéuu"lﬂiu

Fuusn - mgmﬂﬁﬁ'yuﬁaﬁun
- 1AANS form 11U neck ?iyumwamﬂsusxwdwaqmﬂ
= (e open Pore
- ANUNTUMARITIN 12%

Autaaslugdi 2.11
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Tugame (1) 9163 WiHelose Pore) Tnnmumuiniulszana 92%

"”J @_ﬂ' ]

gw’qﬁﬁ’ﬂﬂfn

-uuzmma @) j

swsumq‘lumiapwmﬂiwmmw THARID1IH )

ﬂ‘UEJ’W]EJW‘EWEJ’]ﬂ‘E

|th densnfcatlog\ Without densvﬂcatlogj

AR

Grain boundary

[P msLﬂauuuﬂmmlmuwmswmIwuqﬂmwmmwumm (final stage)

16



17

P a L4
MINN 2.7 ﬂﬂv[ﬂﬂﬁ"]iuﬁ’lﬂﬁ

a a J o o Y a % :; a Y
BHAVUDIMIVUINDY ﬂiﬂﬂﬂ‘nﬂ“lﬂﬂ NAINUHNUNSIVUDY
Vapor phase MTTZINY, MIAIVLUY ANULANAIIYDY Vapor
pressure
Solid state MILNT ANVLUANANYDINAIITULET
-~ @ 4 a
NI WAINUIAUNMIUAY
Liquid phase , w, N1 __a capillary pressure, 45 IR
Reactive liquid phase 1S ow solufic UIIAIAD
5

2.4.3  solid state sigferi FS .ﬂ;
hydroxyapatite 3115t AuNAINNA INITLUNT LAy

a - 4 ' o
inamsasunlaavuseyifn £
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d e BN,
- WHUNAIA ’
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a 4 ] i a J 1 a 4
A13197 2.8 MINADUNVDINIA (matter transport) MAAVUTENINIMITUNDS

Mechanism Transport path Source of matter Sink of matter
Number
1 Surfacce diffusion Surface Neck
2 Lattice diffusion

urface Neck

3 Vapor trans Neck

4 Boun ary d it Neck

5 Neck

6 Neck
nalnmsindouMm

A o Y a 1 OB < Y
1. nalnfivhlviAan TWYBLINTHIAUNTHIUKER TAuA

¥
A v

2. na'lan i vinans I Tuneusam I wuR TNy e
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- y
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mannin @148 TNBNINYINT
ARAASUNBYINNY o
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i - Surface energy (:.3rgs/cm2 or J/m’)

a = atomic volume of diffusing vacancy

t = 1991 (min)

T = guugiduyse K)

B SANYBIBYNIANBUNITHAGD (um)

k = A1 'IJiN Boltzmann ;1.38X10.23 K
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a o a d 13
2.5 YeyanIduMITumeIHalansenduerthlng [5,9,15]

101l 1994 AJRuys uazamziwaud leasendusitIndeglugimalansa

é d' ! o s ' i)
(Hydrated phase) ¥33zi1/aouloglugduoulansa unaidouomma wu lasunafoy
Woawa (TCP) Ngaungidszua 1200°C -1450°C  Tavinmsilasunilasesdisznouna

ad i : 1 9 = s X4
1A (decomposition) 3L AINA THAIINT 1] msazmtmm'1aﬂmﬂ=maﬂ1"lﬂmwmuma

° [l 1 wva a 3 B L4 a o =
150 dawadeaui@mznavgelensonfilidud ey msldouilasesddsznoumanil
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e anniin U AT lan Tonasaty (de LoINUYAINGA (critical point) N
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auniidiiniigaings lsaeen@ioaina 411505 180 ehydrates) 145738147 (cool

Ped)

1 a 3 = ] L4 aaa
down) UANINIAYYAINGS Mmadwesauysel uazfulgnse
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: \ 2
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senFarunAunaula
’4\\ [419MTAUNGY aIUATINGATL

n \\ a0and laasonduel lne
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043 HYDROXYAPATITE
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