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h1~5<:tL ---C, {;4~0)/l/f q=i *!~;bgij5t~fin (hip joint) ii*-1v:)3,1/~0)ct5 i~ § EE Bfil~cbVJ, 

~{PJ$S"JfttAmt '¼t=*- /V1/3-1/H~ili:v \0 

:=_O)ct5 ,~~{PJ$S"Jft%ii~itn i~ctVJ~v \/i;bgi!~, ~{PJ$S"JfttAmliil/I'-!5cL ---Cv \go 

~ 1.1 !~ij5t~fi'jO)ff:it~~~Ta ~ftmHi~itn,_x~ (articular cartilage) !Ulbh ---Cv \go=. 

O)~fi'jlji_x~ ~f"PJ?J•v \cb5 ~fin1'i.X~ii~fft~TgiJ~, -=c_-0) Ff'l9 /~~itni~ (synovial fluid, ;bgv \/i 

synovia) il~¥fifilf:.~h ---C:t3VJ, /l~h,;~''O) ~itnJ);lh/i=.O) ~fini~~)r Lf:.~fi'jlji_x~O)}rt~J); 
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§/i~itni11?:~MC~66---C:t3< {IJJ~bfiI--'Jo ~fi'j§O)P']ffi}i~/i¥~ijf (synovial membrane) ~P¥ 
li:h,gj,§Jfiltii~cbVJ, :=_0)1~ijf{f,aJij§0)5 i:j 0) B ~{f,aJij§il•G ~itni~O)¥-f1JS"JftP>G½'--Cibg t:7 1v 

P/ffi~ (hyaluronic acid) il~5ti~~hga 
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~itn,.X~liij5t~itn, ijt~itnftt'O)*~ft~itn---c\ ~v \P>GA --C~~ff,1 4mm --CcbVJ, =-0)~ 
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sftE!iB!ID?J~Jt:i., \a -=c.- L ---C~ ~O)J.K5t~'6"~L ---C:t3VJ, ,_x~r1m._m~O) 75'"'--78%1i7K--Ccbg[2]a 

:=_O) 7K ii$.X~ N jf- i~?J•ftVJ 0)~11JJ3f ~~L ---C:t3 VJ, {f1J :z_ li$_x~ ,~-") 66 ~ "il---C g~-t:O)if~½

lifih,;--C-=c_-0) ft!D !ID 1~7K5til~i~Jj. t±J ga Jl\~liilit lifi]j.lit:. t:=:i:j l~@Hi L, i~Jj. t±l f:.7K Ii 

¥fVP&v \~'¼hga :=_O)ct5 ,~,.X~?J~sft1~%L~Tv \=.~ii~fln0)1~1~fit1ii1~.m~ft~ 

i:it~t0---Cv\go 

~fi'jlji,X~li*aJij§P>G5t~,_x~£W (cartilage matrix) ?J•Gft0 ---Cv \go {f,aJij§P>G:5tli$_x~{f,aJij§ 

1 flll--C, {t!!O)j,§_*-llJU~.t:1::.r-::---cff,aJij§W Bf liftt<, ~ i;ft$.X~£Wi~.l& VJ IID'¼h ---Cv \go *aJij§ 

jf-£ff O)*if~5tli=z7-,1//r;ij*l--CcbVJo ft!! l~.:r. 7 7-. 'T/~Y ~'2i' h,; --Cv \go ~itn,_x~O) 

~~Ji l~;bg=z7-,1//r;ij*lil~, ,_x~~ iiil~rleli~Jjcµrn, t:°o/'T 25µm 0)[1!]8~-9-;z_ga --Jj, 

~%P>G5tli7.k~7°P7;:d-::7''!Jn/ el!J=z-ij-:3:J)''!Jn/ (A=z~ffi) n~¥-f~0)?7/ /"::7W~~~ 

Lf:.tO)) --C, ~itn,_x~ q=i ,~'6"'¼:hg)''!)=z-ij-:3:J::7''!) JJ / ~ L ---Cli, =z /FP-1'T/-4-wttffi3t, =z 

/j--:'P,{7 /-6-wtt®, Jr7?7 /wtt®iJ~ ±f:.gb O)c'&)g 0 :=_0)7°PT::J-)''!} 7J //ilji,X~*aJij§ P'J 
--C~P>G~h, *aJij§j}-1~t±l---c,_x~£W~tAJJx:Tg[3]a 

t±l *J:il~0 t:.7°t:1T::d-)''!J JJ /Ii, ~fi5*,§_*-filt~¥-¥1f-0 ft g)''!J=r-iJ-:3:/ )''!J JJ /--C;bg t:71v 

P/® (5t--r .m: ff,1 100 75) ~q=i 1L}~L ---C§*ft<M~%i~ftVJ, ~ 1.2 ,~~T ct5ft7''71/0)ct 

2 



,.•·· .·,, 

C,6~al bone ( ( 
t( ~ 
\ .. ,i 

Synovial 
fluid 

Articular 
cartilage 

Synovial 
membrane 

Articular 
capsule 

Fig.1.1 Schematic view of a hip joint 
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Fig.1.2 Schematic view of aggregates of a proteoglycans 
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Fig.1.3 Schematic view of the distribution of proteoglycan, 
collagen, and water in articular cartilage [31] 
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Table 1.1 Transition of materials for artificial joint 

Date Artificer Materials 

1890 Gluck Ivoried knee joint 

1938 Smith- Co-Cr-Mo alloy cup 
Petersen 

1938 Wiles Metal/Metal( stainless steels) 

artificial hip joint 

1943 Moore Co-Cr-Mo alloy artificial cup 

1946 Judet Acrylic artificial cup 

1951 Mckee Metal/Metal(Co-Cr-Mo alloy) 
artificial hip joint 

1952 Haboush PMMA bone cement 

( for artificial hip joint) 

1957 Leventhal Ti artificial cup 

1958 Chamley PTFE/stainless steels 

artificial hip joint 

1962 Chamley UHMWPE/stainless steels 

artificial hip joint 

1970 Weber- Polyester cup artificial hip joint 
Huggler 

1970 Boutin Alumina/alumina artificial hip joint 
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Fig.1.4 Schematic view of Charnley-type total hip replacement 
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Fig.1.5 Schematic view of PVA-H/TFM system for the repair of 
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Table 2.1 Classification of bioceramics 

Class Application 

Hydroxyapatite (HAp) Dental implant, artificial bone, 
Bone filler 

Tricalcium phosphate (TCP) Biocement, artificial cup 

Tetracalcium phosphate Biocement 

Bio active (TTCP) 

• ceramics Calcium phosphate glass Auditory ossicle, biocement 

Calcium phosphate 
Artificial bone, artificial crow, crystallized glass 

Multicomponent Artificial bone, joint cup 
( containing Ca,P) glass 

Alumina (Al2O3) 
Dental implant, artificial bone, 
artificial cup, bone filler 

Zirconia (ZrO2) Dental implant, artificial cup 

Bioinert Zinc oxide (ZnO) Dental cement base material 

• ceramics 
Silica (SiO2) Filler (for dental repair resin) 

Carbon (C) Artificial heart valve, dental 
implant, artificial tendon 

Silicon nitride (Si3N4) Filler (for dental repair resin) 

20 



J11~~f!Jffl Lt:.~{*ttf--rffl O)~:fLW7k®1~7 /'\?' ,{~O)i?i-nx:ic-01,, \'-C*1a-L --Cv \0[21]0 

"t:"O)~fL'ff!J:,,;®JJ /V1/':J AO)fp~1frtti, * 2.2 /C~T J::5 /C(l) TT :::i. 7 Jv'/-7-.?' -17\ 

(2) 7;t-:3:/':~l?'-17°_ (3) #.7J.-JJ-~-17\ (4) /'\-7,1/;J;'vV::.r:..-17°7'-17°_ (5) v7° 

!J :b?' -17\ (6) 1/!J o/F7!J-7;t-A?' -17\ (7) -t:"O){fil, /;::5J'ffi~~00 .8 r-Z-ti-t:"hGO) 

1'1=~1frtc:%'1tic-01,, \--cii~m ic~.r-:::.00 

(1) -J-7.:i71v1/-7.~-17°[21-25] 

~:fLW!J:,,;®JJ;'v"/'17 A0){'!=~1frtc:L --c~tfJJ~7'.PGfflv \Gn --Cv \01frt-Z-ib00 tJ*4c: 
L tti-lj-:,,;:::f (77:::f-J--1~) ~;t.=:.1:: ~-r' (:b 1v-1j--1~) ~7J<~J11~L, '.l:tnx:T 01ftt~, ?V 

O)#iffi~~'.ktnx:i""01fttiJ~-1,J~1¥J-z-ib00 1k1AJ11~tc~fflT0!J:,,;®:t_gJkmi~O)tlJ.t~ 

'.l:tnx: r1a.J.t ~:1£ x_ 0 =. c:-ZS, *J3.nx: ~:1£ x_ 0 =. c: iJ~ -ZS~ 0 o L7'.P L, =. n G 0) ~ ft;j:J*4 Ii ~ {ffii -ZS ib 

VJ, ~f:_-lj-:,,;:::f O)~-@j-/;:ti'.1:lnx:f& /;:m®JJ J'v"/'? AiJ~1!t'iiT 0, ?VO)#iffi~O)~-@j-/ct'i 

7Fit~ (m®-1;&-:,,;~-y/;J''*y? A,{;t:,,;, T ~!J? A,{;t:,,;~) ~-a-tf c:v \5F1=1~MiJ~ibVJ, ~ 

f*tt*-fc:L --c1tffl-t0~i?i-ic,i=.nGO)-:.c:~~•i;:An0~,~il~ib00 

(2) 7 *-:3:✓ /;/''?' -17°[26-30] 

!J:,,;®JJ ;'vV? A7.7!J-~56¥§, ~t:./i 2 fjffiO)!J:,,;®JJ JvVrJAO) ufilt§B:Ut-ZS~C:0 

r t§J ~ r 'AfLJ c:L --Cf!JfflT0~:fL'ff!J:,,;®JJ1v"/'':J A0){'1=~1fit~ib00 %'/ci@J®1~7l<* 

(H202) ~fflv \f:_~:fL'ff!J:,,;®JJ J'vV? AO){'l=~:nrtil)~t-i1J9'.i¥J~ib00 ¥A:½'~~c:'.l:tff.si@J 

l~~~ a~i::1±L>l~nrf~t~itttf'l=~:nrt-z-ib0il), -t:"0)5Bf§O):::z:,,;~ o-1vt'i~~-z-, ~ 

~T0'AfL1~~'AfL$0)~:fL'f{!J:,,;®JJ ;vyi:'.7 A~1t0=.c:/i~Lv \o ~t:.~fL f*~fA:nx:T 
0W: (t L< l'i'AfL~) 7'.J)"ff.<, 5i'3tiJ~~~v \c:v \5 F1=1~M,~il)ib00 

(3) ,j{7j.-fJ-?'-17°[31-35] 

'A fl~ nx: 0) t:. 61) 0) "i:iT ~,~1 ~~~ O)~'./:t ( 17 o/ /;17-., ~ ½'~ t:'' - ;<', "i:iJ ~-~i ~~~) ~ !J:,,; 

~7J/vy17A~5K~!J:,,;®JJ1'vV?A7.7!)-t::1Jox_00 =.nG~nx:~Lt:.f&, 1Jo~-t0=.c:-z

~~~7'.))}J,x:~f*iJ~G:l?'lJtT 0c:v \51ftt-Z-ib00 _:_O) 1fit--c:i?i-nx:Lt:. ~:fLW!J :,,;®JJ 1vV17 

AO)'A:fU~/'i1JOx_f:.~t~~O):k~~/::~1'¥T00 ~t:., _:_O)jjit~t'i~t~~O)~'./:tf&, '.kt 

ff.s1*/cv-Vil)A0, -li~~T0c:v \5F1=1~Mil~ib00 

( 4) /~ -r -1 -!7 ;v-$/;:c:.-17° ~ -17°[36-40] 

~~O)~ft0!J:,,;®JJ ;'vV? A~5K~ffl v \'"()J,x:~L,, -t:"h~~~L, f\.:L~~±O)mJJ.i?i'v \ 
t::J::0 --c ~ c0~rf'l,~'AfLc: L --cf1Jffl--t0:nrt-z-ib00 %'1::it~f\1-1-~ ffl" \0c:, .n:*rmfJ 

21 



;o~*~<, ~=FU:I:½-1ffil~~].; \, OO~=FLt:!:--Cib0cv \5f1J,¢,(;o~ib00 l,;o~L,, :_O)nit:--C1~Gh 

0~=FL13Hi 0.01-lµm br-lBH§iJ~jjgA T0f.:J;t1J-..~<, {fil0)'"'<':7t:1~7~%J1XT0{t~nit:O) 

*fMs"Jtt~=FL~Anit:cL---c ffl 1,; \0:.cil~~*L-v \0 

(5) v:1'!Jn?7-1'7°[4t-45J 

~!)'"'7-j'.§. {;ifs: (~!J?v:?71/7-.~1/1/, ~!) .:r..7-,7 /vi:i*1t ~!J7°0l::0 v1/ ,t::, !--, --e;vo-7-.7-. 

~1/"S/~) tc!J:,,,®iJ 1v"S/7 A7-.7!J -~:::r--r -11/f, t L-< tirirlL-, -thG~tiJ1XL---C, ~ 

=FLW!J1/®n Jv"S/1:'.7 A~1~0nit:--Cib0a £0)~!} '"'<'-clW1C%:lxcft00)iJ~ f ~-sP-r -17":7-1 

7°J, £0)~!J'"'<'-c~tctt00)iJ~ r -tJFr-1f:7-17°J --c:ib00 ~=FL$~~=FL1:Iil~{tffl--t0~ 

!J '"'7-}_§_ {:~q;: ~ ff T 0 0) c' § S3 ~Ji fit V \ 0 

( 6) 1/!J o/ F7 !J --7 *--A?' -1'7° [ 46,4 7) 

CAD ~CT-r--:7~£{;:L, --C, 1Fi~T0~=FL1:I~~=FUf~~~!~itL---C, {t~L-t::~~1Hc!J 

1/®n Jv"S/7 A7-.7!J-~irrEL-~J:f., tii'fflT0nit:--Cib00 AI 1ar cl---C{iffl--t0mii-tc/-;l:, 

,,!, #~O)*~~ tcii-:bit--C!~Hil~c'~ 00)--C, ¥~~ q::i O)jJO IO) .:f-fi.i il~&ft<--C;itf tf cv \5fiJ 

}(~U'iib0il~, IOC1:I 50µm 0- r0)~7~{t~--t0:.b'i~f:EO)#_Mft.XO)ffi~--C/'il!lffl--Cib00 

(7) -t0)@.[48-50) 

JJ,J::fc~Hff;:,~:fLW!J 1/®n Jv"S/7 AO)ft~nit:0-Yi-fC/'i, !rlf~ft~~~ ffl v \--Cic'.i':Jl! 

im =FL --c ~ 53i~tt ~=FL {2fs:~ft0 nit:, ~i'ffl1rzJ*~fu ffl L---c~iffic 1P1 tt 0) ~=FL {2fs:~ft0 nit:, 

bi<IJJ~fi!fit:~ ffl v \--C~=FLW:::r-7 ,{1/:7''~--t0nit:il~ib0il~, -th-th::k.m1:.£--C~ftv \, 
-JtnlPJ 0) J.J tc5J5J v \, /'\Jv:7{2$:0)ft~il~l!lffl'c'ib0, cv \5MlfR:T ~~FJ:l~Jm,¢.(;o~ib0a 

:.O)J:5 f;:, -th..:fhO)~:fLW!J1/®n ;v"S/7 AO)ii-J1Xnit:fc/-;t-*-ffiil~ib0a !rlftc '*Ill 
H§J1X * f ;:~ L, f;:_ ~=FL WV 1/®n Jv"S,/1) A J c v \ 5 li, --c dj-Q c, *~ f t:t$J-O)~ =FL ti~, P'1 #~JI! 
im=FL, ra11,; \~=FL$~~A --t0:.cil~PJ~--c, tJ~----:)1t~nit:il~?G£ --c:ib017:t--~1/::7-·:7-1 

7° J il~:llit~L---Cv \0c~.:t0a 17:t--~1/::7'':7-17° J O)FJ:l~ffi,¢.(--Cib0, 136f?J.O)ffiiJ1!PO) l!lffl 

~ J cf ~=FL{;ifs:O)~~v \53i~J/i, -tO)ii-J1X:nit:~I~--t0:.c--Ccjc~c'~0c~;t0a 

i/i:if-, Imura G/'i~r'?J.JflJ~'2i'tf~!J7~1/-.:r..~q:-"S/*O)-tO)mmii-~fiJfflL-td~JrL-v\~:fL 

'ft/'--1Foq:-"S/7 /~?7-11--(HAp) O)-@j-J1X~¥~'ffl---Cv \00 :.O)nft:c'ii-J1XL-f;:,~:fLW HAp /j: 

P"l#~Jl!imO)x~tt~=FL~~~, -tO)J:t*rmfl/j: 0.lm2/g c'ib0k[29]a 

-t :.--c, #:-'-d'i Imura GO):JJit:~£f;: l, --C, ~tllil.~JE~O)a~O) !J 1/® - jJ Jv"S/7 A 

(a-TCP)- ~!J '"'<'-36¥?1. {$:~-@j-J1XL.,f;:,a .:_0)36¥?1. {2fs:~*11Hfl q::i "071'~:m~~T 0 c, -tO) 

22 



J;i::* jjjfj/j: l l.13-15.37m2/g O)iji\11ffi--C&:,0 ko _::0)7](~Jl1:f]! L,f:.JJxJf~f*~*i~T 0=-~ (CJ:. 

0 --c' 0.34-0.52m2/g O)wlffiO) iWjt, \j;i::*ffifl~~--:)~fLW!J✓MtjJ /V1/1/ A~1~t:.o 

""'<'1/ .7A.~~fFIIIJl§t* MC3T3-El *-IIIM?J~ ffl v \--C, 1~G.nt:.~JL {;$:q:i--C ~~yet{F~:a:-1-r0 t:.a t-% 
~~ MTT 7 ::rl?-1 ~ ALP r!•~1:iJlU7EiJ:i\,~~Jc.h-t'.h1Tv \, ~~*-OOM?JO)*-IIIJl§f:~rnttm& V*-111 

M?J~1~1m~~.r<, 1~G:h,t:. ~JLJ{!J/'~jJ Jv'S/7 AO) MC3T3-El *-IIIM?JO)*-IIIM?JJJx::fHc&tI'-t 
Ji!? fflB-i: > ~P:I .r< +-
Hv ff'<:!:. P/~J I '-o 

23 



Table 2.2 Preparation methods of porous calcium phosphates 
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IOH200)7lm'.i,£-~;t--C;fJD;t t, ({~ffl HAp/TCP/NaCaP04-cL t (199 
1JD~T00 T0? TCP/NaCaP040)*].lfti,£-},J-'J lJY~;iJ 9) 

:,/0)1f Jv:/17 Ai,£-{t~ t'~ 00 [24] 
t:. 1ft 
1¥) 

le. -:r-J-.::i.71v1/-7,.,:7,,-(7°: 17 HAp ""?:71=1 1~Gtt,t;:HAp/'iCO/·, Mg2+, --c Lt Hin 
:/O)#lJlii1f1£'tllftL --C, 1f~ (+lwt ~7: Na+-a:'2i" Iv --Cit ,f;:_o 'if;:, %.:fLO)%lf: get 
~ 1i.'11Hi--t o r.5 J1Q~ : % *~ i)~fit!x---C /'if t 1t , f ;:_ {h /:. --c 0) J±ffi5im'. al. 
Endobon®(Merch GmbH) CaO) 500µm l'ifJ i,£-;1Jo;t0:1f fRJ---CBVt0 tit ,f;:_o (199 

~:71=1~ 9) 
7:;%~ [25] 
3µm 
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tJL ~UH£ X f'F~1fft (%.:fL !r~1~ JJx: i¥ik *) 
2a.7T--3:_:,,-7''-7,,(7°:HAp~ HAp mt#-t- RyshkewitchGO)~fL1i.fs: (Al20 3~ . Klei 
*r=-~9 t:''.:::.;J,., 7 Jv::Z - Jv:a- 0~1* Zr02) O)fp~JJ'rt:a-~fLWHApO)fp net 
1JO;;t -C, -t :=_ "'-H20 2:a-1JO;;t -C 1::::.~:(f ~/;:::.J;tffi Lf:.o %.:fU::ft03ef§.O)ffilJ al. 
m¥-n.,, 3ef§~1±-, ,t0)3ef§ (5- 1!Pil~~Lv \ %.:fLO) )E] vJO)~iJ~1'v \ (199 
1i.fs::a-~JHffiT 00 60%) tc.'d> 1::::.J]fe;t, \0 4) 

[26] 

2b.7 ~-~:,,y,·-7,17: HAp~ HAp 100- f~m T 0.I =f-Jvt JvP-7-7.K~i-& 0) Engi 
*1::::..1=r 1vt1vo-7-7ktii-& 250µm r~JJom:U~J!L -tL -C!ffltt-t-0~-lf net 
:a-JJo:z -c, mt#-t-00 (60- ?Et 0) ~iJl'. il~ %. :fL *:a-m1Hij T 0 0) I::::. :m al. 

,tO)~, ~-lf?Et!ffltt:a-L -C3e 90%) ~o 17'1i~J.lijHLt-Pt~~ntc.o (199 
¥§~,±-, ,t0)3ef§1i.fs::a-~l~T 9) 
0o [27] 

2c.7T--3:_:,,-7''-7,,(7°: JMli'ffi P- 200- ;:t9:,, ,1-_;:z_~~~t±iJ,G~7e~tt, -C Don 
·tiO)P-TCP~*l::::.ir,lH1.k:a-1Jo TCP 400µm v \01 ::t7-7x.9;:t:,,J cL -c:mGh -C get 
;;t -C7-79-:a-~~T00 ,tO) (75%) v \00 ;:z_7!J-O)r.fJl'.cWffiM-•ti1flJO) al. 
A 7 9-1::::.w oo m·t11ru :a-JJo ;;t m::a-ffi'HiE!l-t-0:=.c-c, ~:fU£:a-mrHij (200 
-C, mt#L, 3B¥§.~it-C, fr: "t:~00 ~tc., 17'J~Jiimfl (100- 2) 
1:Jk1&1::::.1050°C, lh0)~1tJ::-C 2ooµm) :a-W"t-00 [28] 
~t~:a-"t-00 

2d.7T--3::,,y•-7,17°:HAp~ HAp 150- ¥§.t7"3:o/-7 7'¥!1::::.,,(-3:_:,, c.::i::.-7 JvO) Imur 
*l::::.~9.::i::. ==J-v:,,, ,{-3:_:,,,7k~ 300µm ~tli:m'Ei'N.r,t ( ,t0)~£'Ei') :a-J&fJ J... a et 
i-&:a-JJo;;t, 7-79-:a-~~T (75%) htc., ~:fL'ltHApO)fp~JJ'f!o ~:fL al. 
00 -t:=.", WooM-tt:1rlJ, 1·9 ~17'10)%.fLM~:a-~--t-0:=.c~m (199 
to-;1,,:,::y-·91/:,::;1,,x.-7 "t:&>0o 9) 
1v:a-1Jo;;t, ,t0)~:m'Ei'T00 [29] 
,tO)f&, ~li'ffi"t-00 

2e.7T--3:.:,,,tl-7-17°: HAp <2µm CaHPO 4 cCaC03:a-850 °C£,l. J:.-C N. Arit 
CaHPO 4 cCaC03~ 0) ~ f§ N. (8- r,t ~ it 0 :~JH::::.J:: 0 -C, 3B 1:. T 0C02;Ji a et 
J;t:a-flJffi L -c, ~fl*:a-m1H!P 62%) 7-0)f§.:a-%.flcL -CflJffiT00 t~Gh al. 
L tc. ~ :fL1i.fs::a-:Y-- 7°:t ~ 7- tc.HApti{~~:mfiiiti-C&>00 *fc., (199 
'r "1:.-,y··tt:a-fflv \-Cf'r~T00 N.J;tf.ffi!.Jl'.il~ 1200 °CfAJ:. -C/'i~!&;{~ 5) 

T00 [30] 
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tJI. 'AfLfi Jc. fp~JJit ('A:fL tr~1, fJx: MX $) 

3a.~7}-}J-7,{7":--/ Jv- HAp 160- JJD.:t g~!J t:''.:::.1vf f7-JvO)S:c:.'¥.i'l Liu 
if 1vrt-C--§i-f& L tcHAp;ffi * 200 1f?t1'lfa.·f'11J1ij--t9=.c:-C-, HApA7 et al. 
/;:~!) t:''.:::.;Vf 77-Jv ( 188- µm !)-O)v;d"-P1/-~tl:n~~V9a 4Hl (199 
420µm) 'a:'JJD;z.. '-C A!):;,7° (32- ~#-C-1t~Lkf&%~'a:'~mT9=. 7) 
::\'--\7A7--{/'::7''f!---C:JJx:%T9a 78%) c:---c: § s~1=.r,tt-fc5lJi'.c:5ijiti$'a:'¥-J [31] 
{liU1H&, 1200°c, 3hO)~{tf: ---:,~:fLJiHAp0){1p~n~-C-~ 9a 
---c:tlm'a:'T9a 
3b.~7}-}J-,7,{7°:HAp HAp --- µm 1~~1lli&If&%ftc:v \)f&%ft'a:' fflv \ Iwat 
ffi*(:.PSf\.:'l ~, PMMAfl.:'l ~, (40- -C, 'AfL$'a:'!¥~:75[R)---C:{~ffet*Jlf&O) a et 
t L< /:tfflti~;j(i.:'l ~'a:'JJD.:t, 70%) !5t%~'a:'1t~ L, -f:O);f&, tlm'a:'1T::> al. 
1~ ~nli&If&%ft-C-f&%1&, =.c:---c:, 'Afl$:5f :;fffnq'Vtg~:fLW (199 
}J7°t1v7!J-HINlm HApO)it~n~-C-~ 9a 8) 
(1000-1200°C- 120MPa) 'a:' [32] 
T9a 

3c.~7}-}J-?7,{7:HAp HAp 300- HApffi*c:T7?7v/'-tL-C, PMMA Li et 
ffi*(:.-t-7 ?7v/' c:PMMA'a:' 800µm 'a:'JJ□ .:tgc:v \5 r =t~r~-§l-ltt# J c:v \5 al. 
JJD.:t-C, .m-§l-L, f&%T9a (< :75¥!-C-~fltfHAp'a:'it~Ltca (1) (200 
JJD~tL, 1f~~'a:'tMlL tn• 60%) 'A fl 0) 80% 0- J::n~300-800µmO)fi[i 3) 
Gtl~T9a 1ffl-C-ib0ka (2) i~----c:~J5·~10)5c [33] 

:i:ftN'lf~Ji@fl'a:'¥-J-0-Cv \go (3) 'A 
:fL$/:t60%0-J::-C-ib9a ( 4) if-f!IH~:t:.g. 
i€0):J=J::I. {;$:c: L -C O)~tffe:~5tli'.'a:'fl0a 

3d.~7 }-}J-7,{7: £tl 13- ?::7P it%f&?7✓ /'\::7W (BMP) 'a:'ll&!f~-1±" Mie 
~fiO)j3-TCPffi*t:.it7f/' TCP ~7: g:}=J::J.{2$:c:L -C1t~~:h,fco %:fU:t250- ki et 
fGi~c: Sf:1$Jfl.:'l1f 700µn0) V1/ 250- 350µm0)?::7P~7C:2-3µm0)~::7P al. 
/'t:''-;('a:'JJD.:t-C, <.t~f&% 350µm ~7 0) =il/fji0)~7'a:'fl0a (199 
L, l 100°C , lhO)~{tf:-C-tl ~::7P~ 0) 
~T9a 7:2- [34] 

3µm 

3e.~7 }-}J-7 ,{7": HAp HAp 300- .mf'O)p_1f g r{R-f: L -ctt~rl=l ~ 11,,\'0 2J _m." :)J_ ::±:: J\l=J .Illl~ Sato 
~*'a:'{f.\;~9!,1:,,:? ::;::7 A(;::.JJ□ ;t 750µm 'a:'~ ;t Q=-C:---C:'A fl$' 'A :fLff 'a:'f'1!J et al. 
-C~~ L f=A 7 !J - ( =. ~ ifi 'a:' (5- fijTg;:_c:;;j~---C:~9a ff.\:;m,~?:;,::7.A'a:' (200 
JJD;z..-C, 1200-1400°C O)~{tf: 80%) ffl v \gf&%ftl:tif-;v~Jv'a:' ffl v \fc 2) 
---c:tl~T9a r~-§l-::iYrtc:1:tA--c, t.W:n~Tv \f';jf2fi: [35] 

---c:t.'¥.i'l%'a:'t.WT =.c:lt< r~-§i-T 9=.c: 
n~---C:~9a 
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tJi ~ffLff X 11~:nrt ('AfL !r~1t 
~ ~ $) 

4a/"-T-1-7 Jv:/.x.-17°?1 -1 HAp 0.1- ~~*~50µmO)CO3Ap;¥Jt,!~~1150°C Kin 
7°: **~ fflt, \k_t'5)-f;t~1~ lµm 5hO)~f4:-Ctlfffi-t'6c:, 'AfL$39% oshit 
-C-@;-JJx: L t:.ii*-tUf:~ N~~1f ( 10- 't''AtLffil)0.1-1 µmO)/ill':iEffi:B-1t1 a et 
HAp(CO3Ap) ~1100-1300°C 43%) f~tif?~fLWHAp~-@;-JJx:--c:'~00 al. 
O)~f4:-Ctlfffi-t'6o (199 

4) 
[36] 

4b/"-r -1-7 Jv":/.x.-17° ?7-1 HAp 0.1- JJx:%Jf.fO)Ef.jJ (20-40MPa) c:tlfffitlfrl. Aiza 
7": **~ m 1., \t::.t'5J-rx~t~ lµm ~ (1000-1300°C) ~~;t6::.c:-c, 'A waet 
-C-@;-JJx:Lt:.*i*-l:lx~N~~1f (17- fL$,ffiM@~-tL--C~*~M~~ al. 
HAp (CO3Ap) ~JJx:%atO)Ef. 55%) Jn-t0:.c:il)-C~t:.o *t:., 'AfLO)~~ (200 
fJc:tlfffltlfrl.~~;t tW~-t c:'il)OO'AtL 't'd'J00 0) 
0o [37] 

4c/"-r -1-7 Jv:/.x.-17°?7-1 HAp 0.01- m 1., \0HApt1:5Ktft rO) 7 :;7..A.) 1--.bt, Nak 
7° : f.:fttf:, o o/ F:!x, -t L --C 7 -1 lµm ~!¥180)~~/~J::--:::i--C~fLWHApO)'A ahir 
A jJ-:Ix 0) HAp~ * ~tlfffi (40- fLO)•~i:!x C*~~, %, .:CL --COO'AfL a et 
tml.~ (900& -en 000°C) ~~ 60%) O)f1J-@;-) O)ffi1H!nil)-C~00 w:1~7,1:;;z.. al. 
;t --cttfffi-t 00 ;b-:jxO)tftr~fflt, \--Cft~Lt:.~tL (200 

WHApO)'AfLff½' :ffi fi~t, \o 0) 
[8 

4dJ"-T-1-7 Jv:/.x.-17° ?7-1 HAp, 0.01- 1J7°t1v71J-H1Ptlfffi~ ffl 1., \0c:, Tam 
7°:ft:ix, Oo/F:ix, -tL--C?-1 HAp/ lµm ~ JJ•ti 0) 5i 1., \*'1 r -ct'i, ;W Ef.tlfffi ai et 
:;;z..jJ-:jxO)HAp~*~tlfffi P- (30- 1i.$:c:lill'~ C'AfL$~1fT 6~fLW al. 
JJl~ (;WEEtlfffl& V1J7°t1v TCP 64%) tlfffl1i.$:/~ft6il), OO'AfL'~iil) ~ J: L, (200 
71J-H1Ptlfffi) ~~;t --cttfffl 'A tLff il Hffi * L t:.o * t:., -t tt/:, 0) t'& 0) 
T00 ff-lMJi§:l'i~Ef.jJ:;;z..f~J::6/Jx:~ Lt:. [39] * o/'7il):pi~~nt:.o 

4e/"-r -1-7 Jv:/.x.-17° ?7-1 HAp 300µm :.O)~:fLWft:ixHApO)'AfL!'i-ttl,-t Tera 
7: l%71v:¥Y~-j-J--1)7A (---%) nltitiHLil)001., \--c1., \60)-C, :.O)tft oka 
HAp7-.71)-~J:§1., \""(, ltim r -Ctl /Jx:~ --lt 6.:i.:::. o/ H'i:f.! ii l¥J t~ etal. 
:fL~~itt:.~:fLWft:ixHAp !'iic~P'-1 tr~Jtim :fL~~---:):.c: t~fti5o (200 
*'1r~1t~L, 12so0 c, 1.sh 2) 
O)~f4:-cttJJx:~Ti5o [40] 
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*~ 'Afl1£ X. 11~771'£ ('A:fL ~1~ fiX ~ ¥) 

5a. v7°!J -JJ 7 -17° ( ~ :/7 -1 HAp < HAp-7-7 !J -0) ill~ :a-~ ;t 6:. c: c', Tran 
7'') :;f-!)1:7v7:1/7;t-Af~ 2000µ 'Afl¥:a:-fli!Jfi!Jc'~0o f~fflc'~Q~ et al. 
HAp-A 7 !J-:a-'2i"ti L, m :fL't(;f-!J?v7:1/0)'A:fLfil'i2000µm (200 
1200°c--crl~-t 60 (58- £'-P"J~c'c'&J.go (-{-tl,£'-J:J~ft.gC: 1) 

80%) 5l~il"~~<tt~, ~ffl s~--C/'iftv 'o ) [ 41] 

Sb .v 7° !J jJ 7 -17° ( ;f-:/7 -1 HAp 200- ;f-!)7v7:1/7;t-Ac:1/~~~AT-1 Ram 
7'') : ~!J?v7:1/7;t-Ac:-=E- 400µm :1/'.l''ft:a:-*.§.;t;.i;-tHttcJJfto ;f-!) ?v ay et 
/-?-:a-'2i"tf HAp-A 7 !J-:a- (70- 7:1/7 ;t-Af~'2i"ti LtcHAp-7-7 !J- al. 
'2i"tlL, :l:i;-ff, 1350°C, 2h 77%) :a:-:!$J-f~L --C .:CO)~:l:i;--t6:.c:f~J: (200 
0) ~flf--Ctl~-t 00 ~, J±ffi5ij.•tl,$: 8GPa, ~lf*5l~: 3) 

5MPa (50wt%HAp7' 7 !J-f~ffl P'if) c: [42] 
5l~ii'>&~~htco 

Sc. v7°!J -JJ 7-17° (;f-:)7 -1 HAp 49- 'AtL%:JxO)JVt63fl:iJiO);f,!J-y- Cha 
7°) : %::fL%:JxO)~ft63;fiffi 250µm t.§. ft ( 1/!J :1/ 7---~[;f-'!J x.A 71v~I ng et 
( 1/!J 1/ 7" -~, ?-;f-'1/:/~, (42- f-l], A~1/:/JJ'![~!J?v7:1/], .:CL --C al. 
.:CL--C+*~~) O)~!)-?- 84%) +*~~[;f-'!J7°Pl:::0 v/Z-o/r ]) :a:-{~ (200 
f~HAp-A7!J-:a-"2i'tlL--C, fflLtco ~300µm0)1/!J:1/7°-~0)~ 0) 
1300°c , 2hO)~flf--crt~-t RWHApil'>5l~~,& -cJ'Ft{ii•·tiO) [43] 
0o fffi*, t.§.{,,Js:c:L --C~Jic'ib0tco 

5d. v7°!J jJ 7-17 (;t-JJ7-1 CO3A 100- t1vo-A?-;f-':1/:)::a-co3Ap-A7!J- Lan 
7°) : i?JvP-7'-A;f,/:)::a- p 200µm f~tirtL, ?-;f-':1/:)0)'A:fL:g:~:Sf~-7-7 di et 
C03Ap-A 7 !J-:a-titJfL, (45%) !J-:a:-%:tl-t6:1Jfto ff-~3wt. %0)ER al. 
560°C , lhO)~{lfc'1ft~~:a- !fi-1::t-:1/il'>'2j"1fl, --Cv 'fco J±ffi5iffi'. (200 
~ /'iL --C, CO2'}J A::a-triELft l'iff-~6MPac'ib6o 3) 
il'>G, 900°C , lhO)~{lfc'tl [44] 
~T6o 

5e.v7°!J-JJ7-17° (;t7J7,1 HAp 1-30µm 'AfLfil'i{~ffl T 6ijf!J AT v :1/1:::'' - Kan 
7°) : ;f-!) A TV/!::''- _::;(O) A (---%) .A.O)fl.:'l1lf~~1r-t60 1~Ghtc~:fL amu 
I::t-,r~-1v~la"r:1/7°v-!-- iiHAp:a:-~ff). f*i& (SBF) f~tifJfT 6 ra et 
:a-3?X5c~ f~~c.JIJL, .:t:.""' c:, 'Ft ffi ff). 7 / ~ ::$<{ f--0) fffi la P¼ ~ ::a-iJl al. 
?FleW!J:1/®-JJ /V1/1/ A ~Ltco Lil~L, ACP::/;vO)*..§.P¼iJ'>- (200 
(ACP) /1v::a-"2i'tlL, 900°C JE-ltf, tl~f&O)HAp0)*..13.P¼fU'iG 2) 
--c rlfffi-t 60 "'.)~;;j'>iti).go 

[45] 
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*Ji ~=lHI X ftEMJJi~ (~:fl !r,f1~ Jix: lYiX $) 

6a.1/!h;,F7!J-7;t-A!/-{ HAp 366- .:r.M:t-1/V1/✓~CADc:CT_T'-!1~ Chu 
7°; .:r.M:t-1/V1/✓~*~0) 986µm fflt, Y-C' *~O)~:jxJJOIToo ;j:J~ et al. 
~:jx(;:JJ□IL t~/'-HAp.7-. (26- ilif~50µmJ2J17'JO)fflJl'.O)~:fL~~A (200 
7!J-~iriEL~h-, JJx:~{*~ 52%) -t0:.c:i6~-Z0'2'.00 1) 
ft~Too 800-1350°CO)~ [46] 
{,tt*l~Too 

6b.Y!J::,F7!J-7;t-A!/-{ HAp ?,;IP IBD¥t~ ffl v '-C*~O)~:fL~~~T- Tab 
7°; ,{ }-1/~-.7-.-r'~ -1✓¥:ft M7: ~-1✓T00 v7°!Jn✓l--!1-17°0)M1/ oas 
(IBDft) ~fflt, '-C*~O)~ 500- T~7&U*ffr~7!1-{70)~~G et al. 
:fL~~0)7-~-1✓~T00 -t 800µm O){t~i6~-Z0'2'.oo HAp/M!J~U[tfl-@;- (200 
:. f'-..HAp.7-. 7!}-~mf L~JJ-, ~7PM {*O) J:? f t"t-7~::, 7 7,./ rWi :51'-rtJ ,@;-{* 3) 
nx;~{*~ft~L, 1300°CO) 7:50- O){t~t RJ-{rutdi)00 [47] 
~{,tt*l~-t 00 l00µm 

7a.-tO){tf!: 1ri:JH;:HAp.7-. 7 HAp 80µm -:1rrtl<M~~f1Jffl-t60)t, §1-1=:~f;: Kato 
!J-~Ah, 1i'z:~O)r~-~ (---%) ~~2rt)f10):$-:fLWHApO){t~i)fRJ et al. 
fOfi-!DL, -:1rrtl<M~~~-tt fru'"Z°dtJoo L,i6,L, ~~~Jl'.i6~~1,, ,c1:: (200 
00 -t0)1&, ~~fz:j:*L-C, ~:fL0)~2rtltt./;:tLni6~1:.t-6o ~t;:., 2) 
7.k~~~LiF>G, *i~Too ~:fU;:7.1<4-JrrtJ 0)5lJl'.f:t5:~1,, '?J~, fil [48] 

00:Jrrtl 0)5lJl'.iJ~~!5v 'c:v '? FA~~,~t 
dtJoo 

7b. -tO){fil: ¥-f:1Jldt1ri:~ (;: HAp 50- x:1rrtl, y:1rrtl, t L -C z:1rrtl (;:17')#f)J!E Lan 
HAp~*~1ri:~7°v .7-.nx;~L, 380µm im:fLil~dtJoo LiJ,L, ~-Ct'ilffl~:fL t di et 
1170°C, lhO)~{,tttl~T (58- ~1,,~ff-~Jl'.~~✓~~*0)$:fL al. 

00 64%) ifHApc':: !R.lf~Jl'. 0) 1 OMPaJ;JJ: O)fiil~ (200 
~Lko1ri:~~~fflTo0)~*•1:. 3) 
~~~:fL:f~O)ffiiJ1ij!'il2El~~dtJ00 [49] 

7c. -tO){fil: 71](~mffft (EPD HAp ?,;IP ~JJD~~ /{.-{✓!1° -O)~,~i6~ft<, Ma 
lt)~J:§1,,,-c, m:fii~O)J:/;:$ M7: l7'J '€f~ J!E im :fl ~1c\to:. c: 7J~~'2'. 0 o pH et al. 
:fLWHAp~tlr/±:1~-tt, fz:j:*f&, 100- ~l=fJJJ□mff ~~x.0:.c1::-zo~:ru~~ (200 
1200°c , lhO)~{,t~*l~T 200µm ffi!J1~P~'2'.oo LiJ,L, :J.7-./--i6~~<, 3) 
0o ~7PM :J-7 ~✓;~7"(;:/j:Ji-toil~, /{.Jv,;7{* [50] 

7:0.5- ~1c\t0:.c'::l'ii2El~tdi)00 
lµm 
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a-TCP ti::t3¥-{[::~i!g~f5KA~t±~~ ffiv \f::_a Bl 2.1 t~-{-0) SEM '.g:~~Sl 2.2 t~ X iJJt@J 
tfr /'\'.)"-✓~~Ta -{-0)3¥-:i:>J;J:iz:1:f ti 5µm t''tt>0 t::.a 50wt%~V .:r. -J-v✓ -1~✓ti7 1vFV o/T 

~~ J=l=n \t::.a Wrnil!'~1:1riJ /i;ft3:.t5KA~t±~O) fMOREJ ~ ffi v \f::.a :7''Vto-1v:):7''V 1/1/ 

;v.:r.-7 Jv/i1/:7,'?t±~0)1t)O)~{iffi Lt::.a ?r) 7-. al *O)'ft~if-lH~§tiff-arn§ MC3T3-El if-lH~§ 

/j::J_!{[::~,p}f~P,JrO)if-lfl~§!ffl-JEjJH'rzr-GJ\-=¥-Lt::.a =.O) MC3T3-El if-lH~§ti, Kodama G!~J:0 

tffl-5I_ ~ht::. t 0) --C-1t ~ff-lH ~§ O)fi1m~~ffiJm5tlti ,~ ~ b0,tiJf ~ i~fy:$ < flJ ffi ~ h --Cv \0 ff-lH 

~§t''tt>0a a-MEM i~{;t:t:.g.t{!!, 1/1/~6'9c.1foj~ (FBS), 0.25% r-97°1/✓ /'J: GIBCO t±~O)bO) 

~{iffi Lt::.a Ca/P J::t~xt6b0f::.bQO) 17J Jv1/? A E-T 7-.)--1:7::r- J ::fo/ r-& V 1 *7-.77 C-77' 

r- 1:7 ::r - J ::f o/ r- , MTT 7 o/ t -1 ~ fi 5 t::. 66 0) MTT 

( 3-{ 4,5-dimethyl-2-thyazolyl }-2,5-diphenyl-2H tetrazolium-bromide) ( 25mg/ /'\ -17 Jv) , 

ALPase l!1~'.t~iJ!IJAET0f::.d)O) 171vnV7::t-7-.77 K-7°"7-.r- 1:7::r-J ::fo/HifoJ'tff-tJHt:rt: 

~t±~O)bO)~{iffl Lt::.a 

$=FL{;$:O)'E!'JJx:iii~t7~o/:77'Yt~7.k,~~:l:_!y!~*Ji7:f.'E!'bitt::.:15"it--C-it~Lt::.a 

100ml O)-j-7-.~777-.::r/~ 8g O)a-TCP ~5K~J\ht::. 0 -t=."" 12g 0) 15wt%~V.:r.-J-v✓-1 

~✓7.k1~i~~JJ□ ;tt::.a -{-O)-j-7-.~77 7-,::I ,~/'\-~Jv~O)}tf#--1-~J\h --C, -;7:7'';z._-J-o/:7A?7 

-7-t' 30 :51'F~itttt#Lt::.a -{-0):fj, ~ifi~*-r:)-f--1-!f---C- 30 51'F~ii~'Ei'~~~ifi~:51'Wz 
Lt::.a =.O)t~'E/'¥,o ,~ lg O)Jr-rnil!'~1:1riJ~ 0.968g 0):7''Vto-;v:):7''V 1/1/ 1v.:r.-71v~JJ□ ;t --C, 

3 :51'F~i-;7:7'';t-J-o/:7 7-.?7-7---C-}tt#Lt::.a 36¥~ Lt::.7-. 7V-~:$t;~-s}J0t::.7°77' To/:7~ 5ml 

1/V✓:}(~.m'Ei'ZJ~~ T-t0·~,H~imL~lvt::'a =.0)1/V✓:)~ 60°C O)~t*t~,~ 30 :51'F~iAht::.a 

30 51'1&, ~V .:r.-J-v✓-1~✓ ~fVto-;v:})''V 1/:) ;v.:r.-7 ;v;a~~tl.m'Ei'l~J: ~Hil{l::L --C 

v \0=-~~t~t'i&tt L t;a,G, /Jx:~ {;$:~1/V ✓:};a,GJ& ~ t±:1 L t::.a /Jx:~ {;$:~n o/?7-0) JJ t' 

<j>12xlmm !~-s}Jl$i-L, 60°C O)~t*t~t' 24 S~F~i~t*Lt::.a ~t*Lt::.-!J-✓7°Jv/i7-.T✓VA~ 

0) ;t- r- :7 v - 7° $ ~ ,~ J\ h, '/!!( 0) 4 :fl ffi 0) 1~ i~ ~ --t h-f' h 50ml JJo ;t t::. a (1) 

Na2CO3/NaHCO3 *i1iri~ (pH=8.5, -!J- ✓7°1v!fi: CaPl-HT), (2) Na2HPO4/NaOH *iiiri~ 
( pH=l 1.7, -lj- ✓ 7° Jv !fi : CaP2-HT) , (3) ~ iJ 7.k ( pH=7.4, -!J- ✓ 7° Jv !fi : CaP3-HT or 

CaP4-HT) t''tt>0 0 =.=.--c-ti{j!'.ELJ:..:CO)fjO)~:E_!i@Jf.¥;0)=.~~~ ;t --C, !6 M~ 2 :fl~JH~:51'/t 
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Fig.2.1 SEM photograph of a-TCP powder 
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3 10 20 30 40 50 

20/(CuKa.) 

Fig.2.2 XRD pattern of a-TCP powder 
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t~ELt::..o ~t::.., !J:1/~ff&11Ji-0tO)l,§.JvG& V pH O);®v \i)~1k~~f.!l!~& V:tt1Ac~<*l~~ 
O)l,§.JvG,ct'O)J:5ftJ.&IM~;b:Sil•~WWJr-::.0t::..llb ,c (4) !J:1/~ff&1iri-0t Na2PO4/NaH2PO4 ff&:fij 
i-et (pH=5.7, -if':1/7°Jv~ : CaP5-HT) tffl v \f::__o :t:n-=f:h,O)mi-et~JJ□ x.td&, ~~ l.., 'tiPG, 

121 °C, 24 a~rl"t,O)~f4t'7k~~f!l[~{r--::d::..o 7.k,A~JJl!L,f::..-if-:1/7°/V~ 60°C O)~t*~-z: 24 

a~rl"ti~t*L, :CO)ff, *~EEr, 11so0 c(tL<1:t 12so0 c), 3 a~rl"t%~fifO)~f4-z:*liffi~ff 
--::d::..o *iiffifi0)-if':1/7°Jv~ /'i CaPl-SI (CaPl-HT ~ 1150°C, 3 a~rl"ti{~tif-Z:*liffi), CaP2-SI 

(CaP2-HT ~ l 150°C, 3 a~rl"li{~tif-Z:*liffi), CaP3-SI (CaP3-HT .~ 1150°C, 3 a~rl"li{~tif-Z:*i 
~), CaP4-SI (CaP4-HT ~ 1250°C, 3 ff~Fl"li{~tif-Z:*liffi), CaP5-SI (CaP5-HT ~ 1150°C, 3 

a~rl"l,*fif-Z:*l~) -Z:&>00 

r-&it: ff 0)-if' :1/7° J v 0) tt iffi ~:t* Ii .m:JR fJI! f4 ~ffe_\H±~ 0) FD-1 000 ~ 0) ~ii:~ ffl v \ f ::..o tt iffi 
~:t*T0-if':1/7°Jv/i, -20°C 0)7!)-;_f--z: 3 a~rl"ti-=tfim1%tt~L ttPG, ttiffi~:t*fjO)-if':1/ 
7°Jv An,c;\:h,, -45°C, 2 ~rl"t,O)~ftj:-z:-if-::,,,7°;v{~1fO)f::..ll6,ctt~~t*~1T·'::>f::..o 

f''p~L,f::..$=FLf*O)f.JvGf§O)~~/i, ;ffi* X iMl@ltfr~ii: (PXD; !)jj:7~ Rint-1200) ~ffl 
v\'t1T0f::..o X ;%ljlim(/i CuKa1 ---C;b'J, t±:ltJ/i~ffi:J± 50kV, ~ffi:ifiE 150mA 't:'&>00 tJ!IJ~~ 
ftj:/:t, JE~Jfilra'. 2.000°/min, -if-:1/7°9:1/:~l~i 0.010°, §BWl:7-!J::,,}- 1/2°, Wc!L-7-!)::,,}- 1/2°, ~ 

3/(;7'!}::,,}- 0.15mm 't:'&>00 

4:JvG!lo/J0)1~ff.lBfffiiIO)·~~HUiJE~~ffi:-=f~Jl~ffi (SEM; 13 :s'r.JH'fm~ S-2150) ~fflv \ 
t::..o -if':1/7°Jv~}J-;f-::,,,7-7°~~S0t::..-if':1/7°Jv*Jvjl-,c~S'Jft~t' 2 )J" 40 t)rl"I, Au/Pt 

mUf~1-r0f::..o i!!U~/iJJDJfilffi:J± 20kV ---c:•~l.,f::..o 

fp~L,f::..$:fLf*O)J::1::~oo.flHi, Micrometripics f±~ 70-y--;f II2300 ~O)~j'i:~ffl 
v \""(, BET rt,c£--5v \""(i~U~Lt::..O iJlU~/i, 0. 1 ""'0.2g O)-if':1/7°Jv~ 200°C, 30 5'J-rl"tiO)~ftj: 

---c:-t::,,,7°1v~-=tfimJJ□,A L, -if':1/7° 1v q=i O)Jk5'J-~%~,=~~ L tiPG, l!&~r.llll.ltlii-&lf*~* 

O)f./la.11'. (77K) -z:~~-"'!J? Ai~it~ f*~l!&~T0:nrt-z:1-r0 t::..o 

~ f-+ 0) $ >1} lJit I!& ~l ~ ti: Ii , 7 - !J .:i:. ~ ~ $ >7} 5'J- ft~ ii: ( FT-IR ; JEOL f± ~ 
WINSPEC-100) ~ fflv \""(tJ!IJ~l.,f::..0 ttiffi~'.,t*l.,f::..-if-:1/7°Jv (ff,~ 1.0mg) ~ffi:--r:Rfi!Z---C~,ffl., 
f::..o -t _:_ ~, KBr ;ffi*~-if':1/7°1v: KBr O)J::l::il~ 1: 100 [Cft.:SJ:5 [CJJ□ x.f::.. 0 -if':1/7°Jv~ KBr ;ffi 

*~~-§irJl:l::'t:'7-F~f ;:z. 7~ fflv \""(f~,frl.,f::..o ff,~ 2.0mg 0)7~,fr;ffi*~ffl v \tiJlU~ffl 0) KBr 

~v::,,}-~f1=~Lf::..o i!!U~ilal!Hi 4000-400cm- 1 ---C;b'J, :C0)5'J-~lfri~/i 2 cm-I 't:&>0o 

ffi:--r7'~7l--Jv/'i~$~f1=m~ BioSpec-mini ~fflv\--C 190-ll00nm O)rl"ti---c:i!!U~L,f::..o 

ALP r!•~!iJlU ~~1T? t::..llb O)-if':1/7° 1v;ffi1i"tj!:tc /'iffl if ~*-=E-1/T-1-f- (Heidolph f±~ 
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DIAXlOO) ~ fflv \fco *fc - ~J"Ct.g.•1&, ~=FLif!J::,,,,®iJJv1/? A(;: MC3T3-El ff-00~§;6~~ 

fif L --Cv \0fi--r~ffl~T0kl9') (;:, 7'1/?1 Jv"?-1 )i::z;:z.::::r-7° (Keyence f±~ VH-6300) ~{~ 

fflLtco 

ff-i 1.0mg O)--if"/"7°Jv~ 15ml Jit;t~(;:)\h, -t2:./'-,,,. lN-HCl ~ 10ml JJ□ ;:t, t~fgfL,fco jJ 

Jv1/? AO) .m/iJf Jv::\=-1/v /-Jv-;lJv-rt~ ffl v \--C;E'.Ltc[51] 0 ~fj!)::,,,,0)./j: p-Jf 

Jv7=::./7 x./-Jvifil7Crt--c;t•Ltc[52]o -th-th 10 @JiJ!U;tLtctO)O).ljZt>;ff~jJ Jv1/? 

A~!J::,,,,O)fj~L --C, -tO){[«ZJ:.G Ca/P .l::t~Hjf Ltco 

~Ghk~Rif!J::,,,,®iJ~1/f7AO)~R$~YTO)~$--C*l9')~ 

--if"/"7°JvO)fi~£· (Ws) ~7J!U;E'Lko -tO)--if-::,,,,7° Jv (<j>12x 1mm) ~7-T/"v7-~0)~~(;: 

J\h, -t--::./'-,,,.m~tLtc/~77 4✓ (m.p.=48-50°C, .l::t.m=0.89g/cm3) ~JJo;:t, t~~~~~--:dco 

-th~ 10°c --C 24 a~Feii-~Jm~7Lb:l:_!~f'f--:,fco -t0)1f~r.ffil.*--Cl{ttPLtco --if"/"7°Jv~~%% 

7J"'Gl&~>i-L, ~/JJft_/~77 4/"~iJ-;;?1-0) JJ ~-uJf mffJl:--CI&~ ~v \fc1&, -tO)fitJk:m• 

(Wsp) ~mW7k9=1--Ci1m..m• (wWsp) ~iJ!U;tLtco ~~:fL$/iY rO)~~fflv \--CHjfLtco 

2-4 MC3T3-El ~)]E!O)~)it.g.4 

~ir-eHit¥L--C:t3v\tc MC3T3-El ff-00~§)\~0)7/"7°Jv~ 37°C O)'~!~].ffil.ffi--C/gf~L,, :7!)-::,,,, 

~::,,,,fr,kj(;:~{;ffiL --C:Bv \fc 50ml Jif;t~(;:J\htco 2:.2::_(;:a-MEM ?11dis:t.g.±{!!(;: lOvol. % (~ 

fis:fjfO) 10%) FBS ~-atJ>J:5 (;:w!J~Ltct.g.•Hl (a-MEM with 10%FBS t{5-•f~) ~JJO;:t, ff-00 

Jffl!rlli'.~ 3.0x 105cells/ml (;: L-tco 2:.0){f-f!l~?J~-@;"tJ>t.g.•f~~il[1£ 60mm 0)7'4-;;1/:i (Yr, 
60mm 7'4-;;1/:i~~To) /;: 5mlJ\h, !t~L --C7J:.G 37°C, 5%C02 /;:i~;tLtc C02-1/"::\=-:i 

~-?1-(;:J\htco t-tt•i~li 2 13 m/;:~~L, H 4 13 Fe1it-tt=i:~1i--:>tco {ftt§~~~---c 

90%::::r::,,,,7 Jv.:r:.::,,,,H;:i¥Lk2:.~~i&I-NL --CZJ:.G, t-tt.~1Yl~ll& i:JI L, 2ml O)!J::,,,,®*i1ir1:::!:_!~ 

:1][7]( (PBS)--C 2 @JlJtrtLtco Bft..lf/;:, 7'4-;;1/:i~{is=;o~::::r::,,,,7 Jv.:r:.::,,,,~ (90%) (;:j¥L, --C;o:.6 

t MC3T3-El ~~§O)~}it{5-•a~O){f-f11~§%~0)~{r:~{1zJ§~lml~il--C 336 a~reii*--cffl~L 
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t::.o 1ml 0) 0.25% HJ7°·:,<./f~ra:a:- 60mm -r'-1o/1/.:::z.[CJJO;z., ~f*[C1T~illGit---Cir-G, !1& § I 
L-t::.o -t_-0)1f 5ml O):f:{Fi:ra:a:-JJo;z., *ffi~§:a:- 60mm -r'-1o/1/.:::z.7J~GilJ7J~L-tc.o -t_-O)*ffi~§~~ra 

:a:- 50ml ~f_tfg[c~L-, lO0Orpm, 3 :51F1a1iO)~{l:j::--c:~1L'?J~:a:-1'f0tc.o -tO)J:~lj.ia:a:-!1&§1 

L-, MC3T3-El *ffiH§:a:-~obt::.o 

2-5 ~:fljf!]:..,,ijeftiJ1v"1/'?AJ:--C:O) MC3T3-El ~~O).=.lXJCj,ff,. 

CaPl-SI_ CaP2-SI_ CaP3-SI_ CaP4-SI O)-lj-:..,,7°1v:a:- 121°C, 30 :51F1a1iO)~{l:j::-C;;t-j--:7v-

7''~ffi:a:-1'f0 t::.o =-O)~ffiL-t::.-l}-✓7°1v:a:--tn-F:h551JO) 24 :fl-:? /VT? .:c.Jv7°v-HCAtL 

t::.o 2-4 --c:1~t::. MC3T3-El *ffi~[Ca-MEM with 10%FBS :f:{fit:ra:a:-JJO;z., J&~*IBH§flJ.Jt7J~ 

I.Ox 105cells/ml ~L-t::.*IBH§~~ta:a:--t:h-Ftl,O)?.:c.1v,c 1ml f0JJO;z.fc.o $:fljf!J:..,,~::IJ Jv 

1/TJAJ:O) MC3T3-El *ffiH§:a:- 37°C, 5%C02 ,c~n:Ltc. C02 -1'/':\=-.:::z..r<-?7-q:i--C: 14 13 F1a1i 

:t-&4: L-, -t 0) ~-J-:a:-{ft ;t§ ~fil!JH~it-Ci! ~ L-t::.o 

2-6 MTT Yo/'°e-1 

MC3T3-El *ffiH§O)(£*ffiH§fjc:a:-iffiJ.r-:::0t::.ob ~c, Wan GO)f~1a-:a:-~,~L-, MTT 7 o/t-1':a:-1'f0 

t::.[ 53 ]o MTT 7 o/'°e -10) iJlrJ n:fflUJUi, *ffi ~ ~ J--::z:..,, F7!J 17'1 ijf O) Jm7J<~ M* 0) 00 ~·~HcJ:: --:i ---C 

$~@0) MTT itJv-::?y/'7]~(£,Bx;L, ::_O) §@)xr,tiJ~1:.1fT0*ffiH§tj(tc.bt{J'iJT0~v \5=-~ 
0)£-0t, \fc_i:i0)-Cilt.J00 MTT mtat-t 7.5mg O)~{ffifiJiLt::. MTT ~*:a:- 50ml ~ttfg[CA 

;h,, -t=.""'- 30ml O)a-MEM with 10%FBS j,ff-4:iai,r-JJO;z., m~;L-, 0~~ffi{r-L-tiffiJ~L-tc.o 

14 13 F1a19:f:-&it:~, -t:h-F;h,0)17.::c.1v1J~G:t-&•ta{r-!l&§IL-, 1ml 0) MTT 1~ia:a:-JJ□ ;z.t::.o -t:hl,r-

370C, 5%C02 ,~~n:L-t::. C02 ,1/':;\-.:::z..r<-?7-q:i-C 4 H~F1a1i:ti{ii:Lko MTT mrai,r-!1&§1 L, 

0.5ml 0) DMSO (Dimethyl sulfoxide) :a:--t:h-Ftl,0)17.::c.;HcJJ□ ;z.tc.o -t_--0) DMSO i~iaO) 

570nm O)!J&:Yt;)l'./,r-7-A:.;7)--Jv7 ::tr 7-?7-{r-ffl v \---CmlJn:L-t::.o ::z::,,,)--o-Jv~ L- ---C MC3T3-El 

*ffiH§:a:-!J :..,,®::IJ Jv1/TJ A{r-J]Q;z_ftv \-C 24 :fL-:? JvT? .:c.Jv7°v-l---C ~}i:f:{fit: L-tc.tO):a:-ffl v \ 

2-7 7 Jv:/J!l*?-7::t?'-i± (ALPase) ffltt 
7 Jv:/J !Jit?-7::t?'-'E (ALP) li{i-fs:17'1~~'§' [C!.t <51-~L-, -t_-O)~r}j/imifff,§Ji,c S3 * 

T0tO)iJ~$v \c:v \b:h ---C:td~, :71vwL ~itHiir~, J:.EuJ,f*tj~Jtjigfff- Paget m, ti 
~'tiir~, ir,.x 1t:!1iUt t' O)~if ffJI.KiO)*,i!UcWJ L-, fff :t,k:O)fflgr tcM[1'f L ---c lfn.ii,j ~ 0) 7' 1v 

::IJ!Jit7-7;t-?7---efis-'tiO)J:~iJ~J!GtL0::.~iJ~~Gtt, ---Cv \00 ~tc.. MC3T3-El fFIBH§~~:td~t 0 

7 J v ::fJ !J it?-7 ::t?'- --e (ALPase) fis-'ti 0) ~ JJ□ f i , -t_--0) 1:1 Ek 1t 0) ffllt /,r-* Tt 0) 0)-0 --C: i1t.J 

0o ~@J ALPase 1i·t10)miJAE[Cfflt, \tc}J/tdi 17.::c..::::.Jv!}::,,,~£WrtJ--C:ilt.J00 ::_O)jJllJn:JJr:t 
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0) m'O:JIH::t, 7 ::c..:::; v !J ::,,, ~ :a:--a D' ~ ~tt[~fmU-0Z g::r---c-~;f-1-:a:-{t ffl ~ it 6 t, ~*~" g::r 0) 7; v 7J !J 

*A 7 *?7-~f;:.J: 0 -C7 ::c..:=.Jv!] ✓~i'.J~7 ::c./-Jv t!J ::,,,~fc½"Ml?~h6o ::_O) Jx~j,0Z ,c3B 

is~~t L--C7 ::c.!l "S/7::,,,{tn !Ji) A:a:-1Jox.6t, M*&.~ilq~ 1.1: --t6tlpJa~fcJai~Lt;:.7 ::c./ 

- ;viJ~ 4-7~/7::,,,=J- l::0 !J::,,, tAEii:139 ,c~{tffiif L-, ~ts:\="-/::,,,{s*:a:-1:. C6o ::._O)~ts:\="--/ 

::,,, ts* 0) I.!& :3/tJl'. :a:-i.llU AET 6::... t f ;:.J: ~ ~;f~ g::r 0) AL Pase r!t!:fl :a:-3f< ~ 6 t v \ 5 t 0) ---C-&:> 6 o =. 

O)iJlUAEJJi~f::t, 7::c..:::;v*.A7::c.-J--:a:-£WtL -C fflv \6&&~ Kind-King r~f;:.£-"51,, \kt 

O)---C-&:>6[54]o 

$:fLl(!J::,,,~jJ/v"S,/l)AJ:---C- MC3T3.:.E1 ff-lBJl§:a:-tff.L, ,cO)ff, ~{FPfi;~L,f;:_-if"::,,,7°;v 

ffl:-f-};:f-f---C-~f-fl,f;:_ (15.0mg) ~ 15ml ~tt~,c,7'ti,, ,c =. ~ 0.5ml 0) J--!];7.tt[~*i~ittti1k 

(TBS):a:-1J□ x., ffl-tr~*-=E-"S/T-1-lf----C- 1 ½"r1c19~-1#Lko ,c0)~¥1ii11l:a:- 3000G, 15 ½"r1c190) 

~{!:f::---C-~,r,,:$j-~:a:-1-r1t \, J::ffi:li-711l ( 0.2ml) :a:-7 ,1::,,,t:0 ~o/ !-----C-1~f;:_o ALPase i!tl:J::t::...0)1~G 

ti, f ;:_J:: ¥~ lj.j,0Z 0)-tffi :a:-ffl 1t "-C7JlU AE :a:-1T 0 f ;:_ [ 5 3 ]0 pH= 10 .2 0) 5 0mM ~ ~tti*&11U11l ( 2ml) :a:

l 5ml ~¥X~fc,7'ti,, ~~L -c 37°C O),tEff.llll.ffi---C- 3 ½"r1c19-=ffJmjJDf~~L,f;:_o ,c::._~ 0.05ml 0) 

J::t~li-i-0Z:a:-7,1::,,,t:0 ~o/!-----C-1JDx.ko ~:a:-L -c 37°C O),tsr.ffil.ffi---C- 15 ½"r1c191JDf~Lf;:.o ::_O)mf11z 

,c3Bts~~t L -C 36mmol/l 0)7 ::c.!}y7::,,,{tn!J7 A (2ml) ~JJ□ x.f;:.o 3613 Lt;:.mf-0Z:a:-ffl:-f-;7. 

~::71--Jvi.llUAEffl O)~~-t;vfC7,1✓l::0 ~o/ 1--:a:-ffl 1t \-C~lJtl,, \~ 5- @JL, -CiJ'>G, 100µ1 ,Atl,f;:_o 

~ ~ 500nm 0) l.!&J't}l'.~ ;7.~::7 J--1v7 * 1--~-?"-~ ffl v \ -Ci.llU AELf;:.o £$i,l)l'. O)~ .m.fJ?JiH::t, 

71vjJ!J*;7.7*7'-~i3"·ti{l (K-A *{ll) 10, 20, 30, 40, 50, 98.8 O)mf11liJ.,G{tfflGLf;:.o * 
f;:_::_O) K-A •11l,c 7.1 ~iJ.,,ttdliJ~OOri*{ll (IU/t 37°C)---C-&:>~, ::_O)~{ll~{~fflL-f;:.o 

2-8 7~7' Jv-Y-1 ::70:::z-7°11.~ 

~{FPfi;~L,f;:_-if-::,,,7°1v,c 0.05% l--1v--{"S,/::,,,7'';v-mt-ez:a:- 5ml 1JOx., ¥t.llll.---C- 30 ½"r1c19~ts L 

f;:_o ~-§.~, ~JIJO) l--1v-1-s;::,,,:1·1v-mt-ez:a:-I.!& 5 IL, 5ml0) 95%:r:?7 /-;v---C-19- 5 t.J;r1c19f-'J 
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Fig.2.3 XRD patterns of the porous calcium phosphates after 
hydrothermal treatment 
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Fig.2.4 XRD patterns of the porous calcium phosphates after 
sintering 
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[a] CaP2-SI 
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[b] CaP5-SI 

[c] CaP3-SI 
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40 

Fig.2.5 XRD patterns of the porous calcium phosphates after 
sintering· 
[a] CaP2-SI (Na2HPOJNaOH buffer [pH 11.7~11.0]) 

[b] CaP5-SI (Na2HPOJNaH2P04 buffer [pH 5.7~5.7]) 

[c] CaP3-SI (Distilled water [pH 7.4~5.5]) 
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Fig.2.6 FT-IR spectra of the porous calcium phosphates after 
hydrothermal treatment 
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Fig.2.7 FT-IR spectra of the porous calcium phosphates after 
hydrothermal treatment 
[a] CaP2-SI (Na2HPOJNaOH buffer [pH 11.7~11.0]) 

[b) CaP5-SI (Na2HPOJNaH2PO4 buffer [pH 5.7~5.7]) 

[c] CaP3-SI (Distilled water [pH 7.4~5.5]) 
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Fig.2.8 FT-IR spectra of the porous calcium phosphates after 
sintering 
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Fig.2.9 FT-IR spectra of the porous calcium phosphates after 
sintering 
[a] CaP2-SI (Na2HPO4/NaOH buffer [pH 11.7-11.0]) 

[b] CaP5-SI (Na2HPO4/NaH2PO4 buffer [pH 5.7-5.7]) 

[c] CaP3-SI (Distilled water [pH 7.4-5.5]) 
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Fig.2.10 SEM photographs and a digital microscope image of the 
green body after hydrothermal treatment in distilled water 
[a-1] Surface structure (SEM,xlOO) 

[a-2] Surface structure (Digital microscope image,xlOO) 

[b] Microstructure (SEM,x5000) 

45 



ffr1/7r- Scion Image~ ffl v \--C)f(c/)f:-_g*, -=tO) :::k~~/:t 121 ± 42µm ---C-cb··:::if::o 7.K1A7l!:f_!1& 

0) !5X:~{;$=0)* rn:H:t, a-TCP O)JJQJ.K:51~*/::::.~0, t,&J,k~it;Jttft--1-ti~tfr tl:l Lt::[61 ]a 

[2{] 2.11 /;:::. 1150°C, 1250°C ---C-ttgLt:: 1& 0)$fLW!J ✓®jJ Jv'1/'? .b.0)-p&'.ffi:i 0) SEM iJl~O) 

g*~~T o ~--CO)?P-fLW!J ✓ffif£jJ /V1/f/ A ---C:, f,&:;jt~jt:Jttft--r/:JJtg /;:::_~ ~, flL--r fRJ ± 
titZ.o/:7 !5X:-R L, t&:Jt~it:JtO)tft--1-i:tiJl~Lft7'.P0 t::ti~, -=thGO)tft--1-/::::. EB *T 0 llil 80) 

260* ffi:i---C-260 f:-_o 

3-4 ~•11:alU~ (Ca/P !t, !t~rn:ifft ~:fL:¥) 
* 2.3 /;:::.~ ~Lt:::fJ Jv1/? A& V!J✓O){[i[~~ L, * 2.4 /::::.J.k1AJL1:E_!~{!:f::~J.k1AJL!:f.!1&0) 

$=FLW!J✓ffitfjJ1v1/?AO) Ca/P .!:t, lt*rn:ifffO){j~~To * 2.5 /::::.ttg~{!:f::~ttg1f0)$ 

fLW!J✓®jJ1v1/?AO)J::l:*rn:iljliO){f~AfL2¥~~To -=th-Fh0)~✓7°1v0) Ca/P J::ti:t 

1.77 (CaPl-HT), 1.57 (CaP2-HT), 1.45 (CaP3-HT), 1.45 (CaP4-HT)---C-260t::a 

4 -rJO)?P-fLW!J ✓ffiffjJ Jv1/? .b0)1J<.1AJL1f.!1& 0) J::t* rn:ifff i:t l l.13-15.37m2/g O)j[i@E---C-260 

t::a ttg1&, -=th GO) J::t*rn:ifffO){fi:t 0.34-0.52m2/g O)j[ilffir--.imx;& Lt::a AfL$i:t-=th-F 

h 90.2% (CaPl-SI), 80.0% (CaP2-SI), 82.2% (CaP3-SI), 81.7% (CaP4-SI)---C-260t::a 

3-5 MC3T3-El *IB~O)~)i:f:{f~ 

[2{] 2.12 /;:::. MC3T3-El frlB~§O)~JitfHlB~O){.U:t§ ~lmJHJ~Hti!~O)g*~~Ta MC3T3-El 

frlB~§/j: 6 B~fFl91f /;:::./j:7',{o/1/.1J1£rnJ/;:::_*~L, -=t0)1f:l:~:7@:Lf::0 96 B~fF191f /;:::./j:, 9Q%::z ✓7 

/v.'.I.✓ f':Jtfl& /;:::.j¥Lf:: 0 :J! /;:::_:f:ffit:B~fFl9 iJ~-R< ft0~, frlB~§tJ~~ ~{M~ L, frlH~§O)%;jttJ~tJ5fil@ 

%7'.PG~%~ ..=.J£3%/;:::.~{~Lf::-_o 

3-6 ~:fLW!J✓~jJJv'1/'?AJ:---C-<l) MC3T3-El *IB~O)..=.~nJff~ 

[2{] 2.13 7J>G[2{] 2.15 /;:::.7'.),ft--C, MC3T3-El frlB~?2~4fl~O)$fLW!J✓ffieffjJ;v1/?AJ:---C- 14 

S FF19:f:-&~-t0FF190){.U:t§~lmJHl~Uti!~O)g*~~To ~--C<l)~✓7°1v/::::.:Bv \--c, :1:.g:~ 3 s 
1& /::::./:t, -=th-Fh0)$fLW!J✓®jJ Jv1/? A*rn:i/::::.frlB~§ti~t¥tEL, *~L --Cv \0fi--r~il 

~Lt::a -=tO)B~/;:::.*~L --Cv \0frlB~§jj{/:t, ~7'.),ft J:, CaPl-SL CaP2-SI, CaP3-SI ---C-/:t~~ 

ft~/:tftn,0 t:: 0 Lti, Lftti~G, CaP4-SI <1)~✓7°1v---C-/'i-=t<l)frlB~§jj{/:t&ftn,0 t::a 

3-7 MTT 7o/t-1 

[2{] 2.16 /::::., MC3T3-El fr00~?2~4fl~]O)$fLW!J✓®jJ;v1/?AJ:---C- 14 S FFl9:f:-&~Lt::t0) 

~' ::Z ✓f'O-Jv~L --C~!i:f:-&~~11:0td&/::::.1t0t::MTT7o/t-10)g*~~To -=t<l)g*, 

CaPl-SL CaP2-SL CaP3-SI 0)~2ib'tfti:t~!i:f:-&~ Lt::t<l)~~~ft~/:tft?J>--:::it::a :_O):_~ 

46 



Fig.2.11 SEM photographs of the porous calcium phosphates after 
sintering 
[a] CaPl-SI 

[b] CaP2-SI 

[c] CaP3-SI 

[d] CaP4-SI 
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Table 2.3 Amounts of calcium and phosphorous, and Ca/P ratio of 
the resulting samples after hydrothermal treatment 

Sample Ca (mgldl) P (mgldl) Ca/P ratio 

CaPl-HT 

CaP2-HT 

CaP3-HT 
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Table 2.4 Hydrothermal treatment conditions and characteristics 
of the resulting samples after hydrothermal treatment 

Sample 
Hydrothermal treatment conditions Ca/P S.S.A* 

Solution Temp.(°C) Time(h) (molar ratio) (m2g-l) 
Component 

CaPl- Na2CO/NaHCO3 

HT 
buffer 121 24 1.77 11.13 CO3Ap 
(pH=8.5) 

CaP2- NaiHPO4/NaOH 

HT 
buffer 121 24 1.57 15.37 Ca-dHAp 
(pH=l 1.7) 

CaP3- Distilled water 
121 24 1.45 15.19 Ca-dHAp 

HT (pH=7.4) 

CaP4- Distilled water 
121 24 1.45 15.19 Ca-dHAp 

HT (pH=7.4) 

* S.S.A. = Specific surface area 
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Table 2.5 Sintering conditions and characteristics of the resulting 
samples after hydrothermal treatment 

Sintering conditions S.S.A* 
Total 

Sample 
Starting sample Temp.(°C) Time(h) (m2gl) porosity Components 

(%) 

CaPl-
CaPl-HT 1150 3 0.52 90.2 

HAp 

SI (+ CaO) 

CaP2-
CaP2-HT 1150 3 0.44 80.0 

HAp/~-
SI TCP 

CaP3-
CaP3-HT 1150 3 0.46 82.2 

~-TCP 
SI (+ ~-CPP) 

CaP4-
CaP4-HT 1250 3 0.34 81.7 a-TCP 

SI 

* S.S.A. = Specific surface area 
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[a] Oh 
[b] 6h 
[c] 48h 

[d] 96h 
[e] 168h 
[fJ 336h 

t--1 
IOOµm 

Fig.2.12 Phase-contrast photographs of monolayer-cultured 
MC3T3-El cells 
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CaPl-SI 

CaP2-SI 

Cell (adhered) 

CaP3-SI 

CaP4-SI 

Fig.2.13 Phase-contrast photographs of the samples after culture 
for 3 days 
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CaPl-SI 

CaP2-SI 

Cell ( adhered) 

CaP3-SI 

CaP4-SI 

Fig.2.14 Phase-contrast photographs of the samples after culture 
for 7 days 
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CaPl-SI 

CaP2-SI 

Cell ( adhered) 

CaP3-SI 

CaP4-SI 

Fig.2.15 Phase-contrast photographs of the samples after cultun: 
for 14 days 
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Fig.2.16 MTT assay of the samples after culture of MC3T3-El 
cells for living cells 
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7.3 
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7.1 

CaPI-SI CaP2-SI CaP3-SI CaP4-SI 

Fig.2.17 ALPase activities of the samples after culture of 
MC3T3-E 1 cells 
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Fig.2.18 Light micrographs of the samples stained with toluidine 
blue after culture of MC3T3-El cells 
[a] CaPl-SI 

[b] CaP2-SI 

[c] CaP3-SI 

[d] CaP4-SI 
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c~;tGh00 id::, CaP2-HT--C:/'i::.0)1/3Jvl:J''-iJ~i]~~h f, Ca/P J:tiJ~ 1.57 --C:&>0:=.ciJ, 

G-r-r'1v 1 /.:.~-t0c~;tGh00 

CaP2-HT c CaP3-HT O)l[JJxA~-t-h-f::"hO)-r3/';v/.:.j@ffl L --C, Ca/P l:f::iJ,G~t-T0c?XO) 

J:5/-=:.ft00 

CaP2-HT Ca9.42(HPO4)0.ss(PO4)s.42(OH)1.42·(H2O)o.ss; x = 0.58 

1~Ghk $:fl 'ftV :,.,,~jJ !vY'i) AO)*JiJJxi'ilk~:M::FJl!~~O)/~i~ /.:.J: ,:)--c::z :,.,,]"-- ;viJ~ PJ"§~ 

--C:&>00 ~/.:., fflv\td~j~O),,(;t-:,.,,f~J3t(CO/-, HPO/-, PO/-, H+, Off)/'i, V :,.,,§~JJ 

!v1/? A O)*JiJJxO) ::z:,.,, r o -1v/.:.5Zj]*13'-]ft1El-1---C: &> 00 CaPl-HT --C/'i, CO{0),1 ;t

:,.,,f~)3t iJ~ HPO/- c l:t .r-:: --C ~ v \ 0)---C:, Ca-dHAp q=r /.:. &> 0 2 /) 0) Off 0) ,f- ,1 r /.:. HPO/-
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O){~;b t:'.J (CA'?, C03Ap iJ~1:~T0o CaP3-HT -c-ri, pH=ll.7 O)~j~q=i--c- Pol-iJ~il 

7ti¥JICtH± L --C:t3 '? [65], HPO/-il~~lt •-a1Ff-C-;b 0 Ca-dHAp ilq~ Ght.:.o 

CaPL CaP2, CaP3 O)lf~S'-J&)tfi, f'XO)J:: 5 ,c~~h00 

CaPl: 

Ca9_19(P04)s.19(C03)0.s1(0H)1.19 ➔ m Ca1o(P04)6(0H)2 + n CaO + [x CO2]+ [y H20] 

CaP2: 

Ca9.42(HP04)0.ss(P04)s.42(0H)1.42·(H20)o.ss ➔ m' Ca10(P04)6(0H)2 + n' P-Ca3(P04)2 + [ x 

H20] 

CaP3: 

Cas.1o(HP04)1.6o(P04)4.4o(OH) ·(H20) ➔ m" P-Ca3(P04)2 + n" P-Ca2P201 + [x H20] 

C03Ap :a:1A~f:!T0c, {t~.m!mitt HAp c®{tJJJv:,,'f/AiJ~1:t-00 CaPl-SI 0) XRD /'\!:J 

- :1/iJ~G®1tft Jv:,,'1/ A0)1:~fiiff~N--c-~ftil~0 t.:.o .:.nt'i, 2~= 32.3°0)l:::0 -:7il~®1tft Jv 

1/1/ AO)~ft:1¥Jftl:::0 -:7 c HAp O)l:::0 -!JO)---:>c:i:ft0--CL:i5t.:.11J--c-;b0[66]0 FT-IR A~ 

:7!--Jv--C-t'i 1420cm-l C 875cm-l tC-t":h-t:h co/-O)v3 & rJ.v2 t!zi1J/C1wliiiT0~~3u'\✓FZJ~ 

r~~L --Cit •ko .:_O).:.ct'i CaPI-HT 7J~J:.~/C~LkJ::5/c{t¥:~lltti HAp c®{tJJ Jv:,,'f/ A 

,c:n-M¥Lt.:..:.c:a:~L --Cit '00 

CaP2-SI--c-t'i, J:.tc.,c~Lt.:.J::5,c HAp cp-TCP 0)1:~:a:i]~Lt.:.o .:.;ht'i XRD /'\!:J-:1/ 

c FT-IR A~:7!--1viPG"b:Xff6h0~*--c-;b00 

-==E-7';1,,, 2 ,c):ii T 0 Ca-dHAp t'i, ~s'-J (c:½'M¥Lf3-TCP cp~O) l:::0 0 !J :1/®JJ Jv:,,'f/ A 

(f3-CPP) :a:1=j.;;z:_go -::e-3/';v 2 ,c~T0 CaP3-HT :a:~~~Lt.:. CaP3-SI 0) XRD /'\!:J-:1/iJ~G, 

P-CPP 0)1:pjU:t1itiN-c-~ftiJ~0t.:.o .:.nt'i 2~= 29.6°0)l:::°-:77J~f3-CPP O)~ff:s'-Jftt:0 -!J 2:: 

P-TCP O)l:::0 -!JO)-"Jc:mft0--CL*5f.:.11J--c-;b0[66]0 FT-IR A~:71--Jv-C-t'i, 875cm-l 0) 

HPO/- (c;tt fitT 0 ~ ~)l/'\ :1/Fil~m ~ L t.:.o :_O).:_ c t'i, CaP3-HT 7J~ J:. ?c. /C~ Lt.:.J:: 5 ,c 

P-TCP cp-CPP (c:½'M¥Lt.:..:.c1J~~~:h00 

*k, CaP5-SI --c-t'i, XRD /'\!:J-:1/lk.rJ. FT-IR A~:7!--Jvil~Gp-CPP cf3-CPP 0)1:~7J~

~6ht.:.o CaP3-SI c.1::1::,--.:::-z-, P-CPP 0)1fffi1J-€i'il~*~lt •.:.c:a:~L --Cit '00 .:.ht:17.k~~f:! 

a~O) pH i:t,9Jf~t-(pH=5.5'"'-'5.7)--C-;bgiJ~, CaP5-HT O)jj7J~1~i~,c;(f,(£-j"-g!J:1/®0)-1:;;t 

:1/flltll'.t'i~v •0)--c- CaP3-HT c.1::1::,--.:::-z-, HPO/-il~ ri'\1J v •-a1cf$ft Ca-dHAp :a:1:~ L kc~ 

;;z:_ Gh00 .:. 0) CaP5-HT O)~~~a~O) HP0/-0)1i-\:½'A¥,c J:: 0--C 1: t-t.:. P2014-:a:-atf !J :1/ 
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®n Jv:/ '7 A O)J3-CPP Ii, CaP3-HT 0)~:51-A¥.f::::. J: 0 --C (£. C Q. J: ~ t ~ v \ c: ~ ;z_ Q:. 

C: 7)~ -c ~ Q 0 

t~iffi1fO)~:fLW!J✓®n Jv:/'7.Ali 8O%£'-J:.O)rm v \'A:fL¥-~:J9:i::>, *~ft'A:fL1~ (I[~ 

100 µm £'- J:.) ~ ~ L --C v ' f :::_ o -th f;: no ;z. , * tii f_§_ ~ t {~ :J9: L --C v ' f:::_ o .!=t * tii fJf 0) fl~Ji 

O.3m2/g YJ:.-C;b~, :.n1i~(:E..5x:fJEj1gf::::.fl<F7o/::~i'O)llJk~f;:£,:~/t O.2m2/g O)f@:[67]~+ 

:51-f ::::.rJlilJf:::._ L --Cv \Qo 

ti{ffiLt::if-/'7°Jv (CaPl-SI, CaP2-SI, CaP3-SI, CaP4-SI) q=i-C MC3T3-El *-!BE§~ - fX7C 
t{r• L t:.{ffi *' ~ --c 0)-1}- /'7° Jv f ;:.:Js 1,, \ --c' t{Hf I[ 1& Ii MC3 T3-E 1 *!BE§ li:Fl~-C ~ :fLW !] ✓ 

®n Jv:/'7.AO)*tii{iili:(::::.:(.¥;(:EL, --Cv \f:::_o l_,,7'.):-.l,, tf§-• 3 131& i::::.1i*!BE§O)%~li:&.:f<~iPG 

tJi~~;::::.~b~, -th--"f;h,O)~:fLW!J /'~jJ 1v'S/7 A*tii (;:f1€~Lf:::._o L-7'.J:-.L, -tO)*IHEt~ 

Ii, CaPl-S1_ CaP2-SI, CaP3-SI -CtiJ!iJ:-.vt J:.[AJC-C;b0f:::._iJ~, CaP4-SI *tiifiili:O)*!BEtJJc 

li{-tIT.O) 3---::,0)tO)c:.!=t~L --C1.PftiJ:-.0f:::_o 14 l=l F1oit.g.•1&f::::.!--1v~:P✓::i1v-~-§.Ltd&O)-r' 

:P~N~~Yo~~-~-c-•Lt:.[ffi*t*•q=iO)&ffi~■-•O)··O)Jffi*c:M~L--C 

v 'f:::_o :.nli, CaP4-SI O)f.Jli:AA±AAJ1' 7J~ !J ✓~jJ Jv:/17 .A 0) r:p-ctm:f4¥-J.t 0)# 'm (;: i@i 1,, \ 

a-TCP -C;bQf:.'lf> f;:, tf§-• q=i f;::_O)a-TCP iJ:-.Gt?Gvt tl:l Lf:::._jJ Jv:/17 A~::t"/'~!J/'®~::t"/' 

iJ~ MC3T3-El *!B~O)*!B~Mfi:~~ll ~Lf:::_f:::_bf)-C;bQc:~ X.Qo :_O){ffi*li, ALP M"•t'±i!!U!E 

c: MTT 7 :;;-t~ O)iJ!IJfEJffi*iJ:-.G, CaP4-SI 0)-1}-/'7°JvO)fjl[iJ~{-tIT.0)-1f /'7°1H::::.lt~--C1fi:v \fl 

-C;b0 t:.:.c:7'.J:-.Gtx:M=~hQo -f,J5tl¥J f::::.li, a-TCP li-tO) rm v ,mA¥.J.lO)f:::_bf) f;:, {:ftl;z./'f 

J3-TCP c:l=t~f:::_~if, #'m(;:ffi:1,, '*-!BE§,Gx;fi:-C;bQ:.c:iJ~ Yuan GfcJ:0 --Cfji75~;h, --Cv 'Q[68]o 

L,iJ:-.LftiJ~G, 4-@J O){ffi*-CliiJl~ft*-!BE§JJx:fi:0)~£1. ~li·~~;h,ftiP0 f:.o :.nli, a-TCP 

0)(£.,Gx;.JJ¥t0)~1,, '(CJ:~, -tO)t?G711l 'f'-CO) lx~•t'±iJ~-ftQf:.'lf>-C;bQC:~ X.Qo Duracan G 

Ii, a-TCP O)'Ei'AAJJitfcJ: 0 --C1kf&i~q=i-CO)JJQ1k:51-A¥-N~·t'±iJ~-ttQc:¥1i'ff L --C::Jo~ [69], 

4-@JfJ::~Lt:. CaP4-SI O)a-TCP O),/x~•t'±li{fi:iJ:-.0f:::_O)-C, *IB~,Gx;fi:O)~Lv '~ll ~iJ~ftii:-.0 

f:::._c:~;;{_Q:.c:iJ~-C~QO 

CaPl-SI, CaP2-SI, CaP3-SI -Cli, $}itf§-.Lt:.tO)(Cj21ffl(TQ*!BE§M°•t'±-C;b0f:.o -th 

-{'';h,fC-1}-/'7°/v~f.Jli:AAL --Cv\Q HAp, ®{~jJJv:/17.A, J3-TCP, J3-CPP li(:E.{i.fs:~fp•t'±~t---::, 

;t;tf--}-C;bQ:.c:iJ~JO Gh --Cv 'Q[7O-73]o ~l?i !C-tht''hO)-if"/'7° ;v~ ffl v '--C~~~fi0 t:. 

{ffi*fc.:t31,, \--C, MC3T3-El *-!B~O)*-!BE§JvG*li~ll~~;h,ftiJ:-.0 f:.o 

£'-J:.O){f,e*iJ:-.G, CaPl-SL CaP2-SI, CaP3-SI Ii MC3T3-El *-!B~O)*-!B~Jvt*fcxtL --C~ 

ffltt~:fLW;tJf4-C;bQ:.c:il~biJ:-.0f:::._o 
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::k~tt~:fLf:l, rWJ 1t \~:fL:$.~fA]a~~z:~1,, \l::t~ffiifli,r~~~:fLW!J::,,,ijttJ 1v:/? AO)fJrL-

1,, \-&-JJ,tn}k ~ L-t, t§ t7~ o/:7 7-tt ~1k ~~:FJ!! rtt,r*ll.li--&-:b-ttt:.-&-JftJJrtt,r 00 35 L, f:.o 1k 
¥A~:FJ!!(CJ:§v \0mt-&/,r~;:t0=.~c-, 1~Gh0~:fL'f(!J1/~jJ /V1/1/ AO)lJiJft{r::r:1/}-D~ Jv 

-t-0=.~n~ 1:1::l*f:.o tt;mL-t:.~:fLW!J 1/~JJ Jv:/17 Ati, AI it~ L, t~:1t~h0'A:fL$. 

(60%0-J:.), 'AfLf:l (@:f:l 100µm0-J:.) & V~oof.li~/,r~L, tit ,f:_o ~tc, -{-0) J:t~ffiifl 

f'i 0.34-0.52m2/g C-6)(9, =.nt'i Imura GiJ~-&-JftL-t:.~:fLW HAp 0) 3 {-&0-J:.O){@:i,r~L,f:.o 

~t:., tt;mL-t:.~:fL'f(!J::,,,~jJ Jv:/? A (CaPl-SI, CaP2-SL CaP3-SI) c-t.g.!t L,f:.it~*flrn§ 

MC3T3-El ff.!HB§O)*!IJB§rttl:t'i, MTT 7 o/t-1, ALPase hS"'~~L *!HB?JW jl'.O);m:!Jl~Jc.tov \'"(, 

~}iJ.g.itO)lJ 0) (C ~Fi/&T giffi *{r~ L,f:_o 
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( 4) § Bit M: lffl •* *IB JJ@ 
t.Xit, it, Mi~, ij~}W, Jltft t'<D7dCft0 r1c19•* ~iff-lDJt~Hcili:v \ff.lDJl§c:~ ;t Gh --Cv \00) ;o~, 

1tffm:F1c19•**-1DJl§t\b00 t:]---0)1ffmF1c19•**-1DJl§'t'lh in vitro 't':l:-&lt~f't~~;t0c:, 1t' ,.x 
1t, Jl~Jl15, Mi~ ~cf~0=.c:n~~o Gh --Cv \00 L,7'.r,, L,, t: J---7'.r-G~J& L,fc1ttmF1c19•* ff.lDJl§ fi~ ~N 

~c:1:ffl7i[L,fcc:v \5ffli!r~, F1c19•*0);bGvg>01fll~iO)ff.lDJl~Hc5}{tL,tcc:v \5ffli!rfif~v \0 
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0) ff.ID Jl§ J!{;o~~ +51--c ib0 tc b6 c ~ ;t Gh --C::fo ~, -{-O)ff.lDJl§ ~:1:~Jf L, --c~tlT 0 JJit n~ ~ ;t G 

h--Cv\00 
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~RWY ✓®:JJ Jv1/'7 AO) rkl, 1::fi.ts:1to1>a1~;: ~n,, ~fi.ts:it J::O)t1€3ftJ~;itJH~-r:-~Q r ~=FLW!J 
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1/1/; v .:r. -y-; v t:t, 1/ :7'' -Y t±~ 0) t 0) 1r'ft ffl L tea f_x it-tt*IB R'rl ATDC5 *'IB ~ t:t, flE ft #,liJf 
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J:: 1 %::17,1/7--f:/:t, ~ 133-f:77✓-ttrt:~t±~O)'f_)O)~ ffl v 'ka 10% q::i•~1*11ir*,v-Y!}✓ 
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--lj-✓7JvO)~{m~t*t:t, J!:t~f:!f4.ffffit±~O) FD-1000 ~O)~ffi':1r'ffiv'--C1-r0tca ~m 
~~TQ--ij-✓7",v,:t, -20°c 0)7!}-;f--r:- 3 a~ria9-r-Oml%~1r'L --cti~G, ~m~~O)--ij-/ 

7°/v Aht;:A:htca -=t-L --c' -45°C, 2 a~ria90)~ftt't:'~m~t*1t'1T0fCa 
ft~Lk~::fLf;$:O)~PXfi30)[fflJEf:t, ;ffi5R X .i%!@Jtfr~ffi': (PXD; Y jj :7~ Rint-1200) 1t' ffl 

v'--C1-r0fca X i%JJljJijJ:t CuKa1 't:'~".J, tl:11Jf:t~ffl:)± 50kV, ifffl:mt 150mA 't:'~9a jJIJJE~ 
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{l:j::f'i, jE:1J:j!Jl'. 2.OOO°/min, -l}--::,,,7°!}::,,,:~i'~j 0.010°, Je~A!lo/r- l/2°, ~!LA!lo/1-- l/2°, st 
jt;A.!] o/ 1-- 0.15mm c'£bgo 

1::Jft~O){J'.tUmtJ~O).~f'i, jE:1J:~ffl:-1-fil!]~· (SEM; S :s'.z:IHtm• S-215O) ~,,E§ v \ 
t=o -l}--::,,,7°1v~jJ-*::,,,-r-7°~~S·-::>f;:_-lJ-::,,,7°1v*Jv~''-t::.~S~{ttt, 2 5J- 40 f')Ft'19 Au/Pt 

~~:a-1-r·-::d=o rJ!Utf f'i, 1J0~ffl:EE 20kV t-i!~Lt;:.o 

ft.Lt=~:fL{;;is:O)J::t*irof.t/'i, Micrometripics t±• 70-1/-f II23OO ~O)~i'i:~ffl 

v ,--c, BET ltt::.£---5v ,--ciJ!IJtfLt=o rJ!Utff'i, O.1 '""'O.2g O)-lj-::,,,7°1v~ 2OO°c, 30 5J-Ft'l90)~{4 

--C-lf ::,,,7° J v ~ -r1im 1J0 ¥~ L, -it ::,,,7°, v i:p 0) 7.K 5J-~~~~::.~"ft L --C ii, G, !'& ~ ii.J.i'. f 'i i-0t {i.fs:~ * 
O)ti.ll'. (77K) c'~~~!J? Af.i'Ei'%. {i.fs:~!'&~TgJJftt-rr0f=o 

ll'-\ ;f-.j- 0) iffi 71-~ !'& l& ~ ·ti f'i , 7 - !J :c ~ ~ $ 71- 5J- 7't ~ i'i: ( FT-IR ; JEOL t±. 
WINSPEC-10O) ~ J=§v Y"(ijljtfLt=o ~1f-eftJ*Lt=-it✓7°Jv (*1 1.0mg) ~ffl:-1-J;:f'-=JZ--CffiffL 

f=0 ..:c::.~, KBr~*~-lj-::,,,7°Jv:KBr J::t;o~ 1: 100 t:=.ttgJ:'.5[:=_jJQ;tf=o -lf::,,,7°Jvc KBr ~* 
~~1~JELl::c'A/~T.::z.7{E-ffl v ,--cri.~Lf;:.0 *12.0mg O){i.'El'~*~ffl v "--C?J!ljtf,,E§ 0) KBr ~ 

Vo/r-~W-Lt=o ¥J!U7i:firilffif'i 4000-400cm·1 --Cib~, -{-0)5J"fgirnl§t'i 2 cm·1 c'£bgo 

'm:-1-A~:71--Jv/'i, t6i$.1tm• BioSpec-mini ~fflv"--C 190-ll00nm O)Ft'19--C-iJ!IJ7:E:Lt=o 

ALP ffi•tiiJ!IJtf ~1T5f;:66 O)-lj-::,,,7° 1v;ffi--ut:a-1-r5t;:.6b t:=.fi:Hf~*-,:-1/T--!f- (Heidolph t± 
• DIAXI00) ~J=§v,f=0 ~t=ti•1&, ~:fLJ{!J::,,,®.1J1vV?At::. MC3T3-El *ffi~§;o~f1€~L 

--Cv ,g~-J-:a-li~Tgf=6b [::., T,1/~ Jv'7' ,{ :J'O;A.-:J.-7° (Keyence t±• VH-6300) ~{!J!,,E§ L 

ko ATDC5 *ffi~O)J5x:-RO)ffl~~Tgf;:6bf::., {:V:t§il§:!w]~· (Olympus t±• BX40) ~{!J!,,E§ 

Lt=o 
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100ml O)-j-;A.~77;A.-:J.[::. 8g O)a-TCP ;ffi-*~}\;h, 12g 0) 15wt%~!J:c7v::,,,,{~::,,,71<f?§ 

i-0t :a-1Jo ;t f ;:_o -t 0)--j-A~77 A -::J. t ::./, - ~ Jv ~ 0) ffl t-f-1-:a-Ah --C, '7' lf *To/ :7 A~ - 7-

--c 30 5J-Ft'l9fflt#Lf;:.o -{-0)1&, ~if-~*'1:"1/T,{-!f---c 30 5J-Ft'l9¥i.'El'~~~ifr£t5J-~Lt=o 

::_O)fi.'El'~t::. lg 0)3'f-iroi3''ti~Uc o.968g 0):7''!J~o-1v1/f!JV1/ 1vx--r 1v:a-1Jox. --c, 3 

5J"00'7'f*To/:7A~-7-t-ffl#LkoJe~LkA7!]-~,~{E-~0k7°7ATo/:7•5~ 

:/!J::,,,1/f::.:m'El'iJ~~ T--tgMf::.rrrEL~lvtio ::_O)v!J::,,,1/:a, 6O°c O)~t*~t::. 30 5J-Ft'l9J\.:ht=o 

30 5J-1&, ~!J:c'1-v::,,, ,,r~::,,, c:7''!J~o-,v1/:7''!J V1/ 1v.:c.--r ,1.,,73~~tffi:m~t::.J:~11,!{tL --c 
v 'Q::.c~}~--C1itwg L --Cil•G, J5x:~ {i.fs:~V!J ✓1/7:l•G!& ~ tfj Lf;:o J5x:~ {i.fs:~.:fJ o/~-0) JJ--C 
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<j>l2xlmm ~,:"W)~l,, 60°C (7)~f*~--C 24 a~F1c19~f*L,t~0 ~f*L,t~;J-:-,,7°1vti, 7-T/'v-7-~ 

(7);t- l--~v-7''$~~,: 50ml (7)mfl?lkc~~.:Jd1,t~o ~~L, --ciJ,G, 121 °c, 24 a~F1c19(7)~f4: 

--C7k1?-\~~~1T"'::d~a 7k~~~L,t~;J-✓7°Jv~ 60°C (7)~f*~--c 24 a~r1c19~f*L,, -{-(7):ff, 

:k~EEr, 1150°c -tl,--C 3 a~F1c1%i~(7)~f4:--Ct!ff.s~1-r--:)t~o 

2-4-1 ATDCS ~H§(7)ttf4 

~ffis{fird'fl, --C:J:3v \k ATDC5 *IH~§)\t:)(7)7/'7°/v~ 37°C (7)fst.ful.ffl--Cfg~~L,, ~!)-✓~✓ 

'TN ~.:$fool, --C:J:3v \t~ 50ml5ii,t{g~,:- liJ\nt~a :.2:J.: D-MEM/F-12 i~f*:l:{fj:-fpJ,: 5vol. % 

(~f*fj(7) 5%) FBS ~-@;tfJ::j~,:jffij~L,t~:l:{f·j~ (D-MEM/F-12 with 5%FBS :l:{f·i~) ~JJD 

;t, *IHH§tf~~ 3.0x105cells/ml ~,:L,f=o :_(7)*!11H§~-@;tf:l:{f·i~~00:1f: 60mm -r'-{o/Y'.:i(Y 

r, 60mm -r'-1:>1:/.:ic~T) ~;:. 5ml J\n, ~~L, --ciJ,G 37°C, 5%C02 ~;:.~'.iEL,f~ C02-1✓ 

::f-.::i.~-!1-~;:.)\nf~o :t{f•r~ti 2 13 ~f;:.3'.tffi:L,, it 7 13 F1c19:l:%.~1'f--:)ko {tJ§~lii!JH¥.&~i 

--C 90%:::r/'71v.:r:./'H;:.itL,f~:.c~:ptiiL---CiJ:c.G, :l:{f•t~~!l& 51 L,, 2ml (7) !,J/'~ffi1Jr1:.~ 

-ittwi:7.k (PBS)--C 2 @J79c~L,f~a 'f;jft;J;.~;:. 90%:::r:-,,7 Jv.:r:./'H;:.itL, --CiJ,Gt ATDC5 *IIIH§(7) 

~Ji:l:{f•a~(7)*1HH§%~(7)~{1::;~{llJ§~fil!JH¥.&~i--C 168 a~r!'l9*--CiJJ~lL,f~o -{-L, --c 1ml (7) 

0.25% I--V7°Y'/'/&i~~ 60mm r -1:>1Y'.:if;:.1Jo;t, ~f*~;:.:f'f~7ltG-1±---CiJ:c.G, !1& § I L-f~o -{-(7) 

1& 5ml (7):1:{f·i~~JJO;t, *IIIH§~ 60mm -r'-1:>1Y'.::z.iJ,Gi1Jt,~L-f~o -{-(7)*!11~§~i;ji11l~ 50ml 5i 

tt{g ~;:.~ L-, 1 000rpm, 3 :51 F!'l9 (7)~f4:--C5i 1L'71~l~1T--:) f~o -{-(7) 1::i~Jf.i1Yl ~!1& 5 [ L,, ATDC5 

*111~§~~0',)f~o 

2-4-2 :::z7--1/✓m~(7)Wffl~ 

:::r7-7:-,,f~i~ti, ¥1Fa-~n --Cv \0JJ¥ti~~!ffiL---C[5], Cellmatrix type I-A (7) Ai~, Bi~, 

-tL---C C ?11l~f*f1J:t A: B: C=8: 1: 1 --Ci!l-@-L---CW!J~L,t~a :.:.--c, A i~ti 0.15%7'-17° I :::z 

7-,:1/✓, B i~fj: lOxD-MEM/F-12 i~f*:bff±fu, -{-l,--C C ¥1Yl/'i:::z7-7:-,,ij1vfi}t1Jm<:J:fH&1tr 

?~--C:(V)0a 

2-4-3 ttr•~1t-~:fLfll3-TCP (7){1p~ 

2-4-1 --C~0'Jt~ ATDC5 *IIIH§~;:. 2-4-2 --CfffiJ~L,f~:::z7-,3//'~?~~jJO;t, t:°~:>1!----C ATDC5 

*!11H§~:::z7-ij:-,,7~i~ ~C:l:>j-(C71W(L,t~o 121 °C, 30 :B-F1c19 (7)~ftj::--C;t-1--~v-f~ffiL-t~ 

$-:fLWl3-TCP ~ 35mm -r'-1o/Y'.:i~.:;\n, -{-(7)$,:fLW(3-TCP ~%~~;:.~SJ::S~.: ATDC5 *Ill 

H§-@;~:::z7-ij:-,,7~i-fl~ 5ml JJ□ ;tt~a (:.(7)c~(7)*!11H§rllli]'i 7.0x106cells/ml --Cib00 ) :_(7) 
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35mm T--1:>1:/.::i{r 37°C, 5%CO2 !;:!iYELt:. CO2-1/'::\=-.:i.r-:::-?"-!;: 30 ½'Fi.9.A.h --C, if 1v 

{tLf:.o -{-0)1_&, D-MEM/F-12 with 5%FBS :1:-%4?-&{r 2ml JJ□ ;t, ~t} CO2 --{/';\=-.:i.r-:::-:?7-

,;:m:Lf:.o :l:{f-iU&ti 2 13 fiH;:~tlL, ~t 21 13 F1o9:1:-ff4{rfT0f:.o 

2-4-4 tff·~it-~:flfl~-TCP O)jlj'.}E~{rm 

-YEMF1o9 (3, 7 -tL --C 21 S Fi.9) :1:-ff4Lt:.Y/'7°1vti-t.ht''h, 2ml 0) PBS mr&-C 2 @Ir% 

t1i-Lt:.o -tL --C 5ml 0) 10% q:i•~~IJ&1lr*;v""?!J/'?&{r1J□ ;t 1 13 F1o9ufilYELf:.o ufilYELf:.y/'7°1v 

ti r-1v,{-s)/'7''1v-~i!)::::z7 if j----1±~:f:!O)f:_bb !;:ffi v \f:_o 

'it:.31JO)y/'7°1v~L --C, PBS mr&-Cr%t1i-1.&, 61Ht~~{rfT0f:.o {t~~t.ff'i-50°C, 

lOMPa £,l rO)~fl:J:-C1T0f:.o {t;'fflfzJ,f{rl,f:_y/'7°/vf';:l: FT-IR fjiJYE, SEM iJ!~, -tL --C 

ALP i!flJJ!iJYEO)f:_6')!;:f~fflLf:.o SEM jJ!.~fflO)y/'7°1v~L--C-JJ:>1?"-0)YJ-C 2x1x1mm 

!;:WlWrL, Au/Pt *!f{rfT0f:.o 

2-4-5 1'1v-1-s)✓:t ;v-~{s 

10% q:i•~1J&1lf*;v'"? !J /'7&-Cufil YE Lt:. y /'7° Jv{r 5ml O)~i? 11(-C 10 fJ>F1o9 O)f)'ct1i-{r 3 @I 

1-r0f:.o -tL --C 0.05% }-1v--{-s)✓7-';v-mi&{r 5ml JJ□ ;t, ¥:tllll-C 30 ½'F1o9~§Lf:.o ~§1_&, 

~JljO) }-;v,{1//'7 Jv-mi&{r':& 51 L, 5ml0) 95%.::r.?" /- /Ve'~ 5 fJ>Fi.9T"J 3 @lr%t1i-{r 

1-rv \, 5ml O)~J,k.::r.7' J-1v-C 10 fJ>F1o9r%t1i-{r1T0f:.o ~§Lt:.:1:-%4,xittrn½-{r{.V:t!H~ln!J[W: 

ii-CJJ!~Lt:.o 
~§Lt:.:l:{f41j[)Z1f{r 2 tX0)1:i"~t&:-Ct~Jj.-:_Jj., ;:v,7}-;v}-7'-{rfflv\--C, ffi:--rA-"7r-

Jv{rfjlj YELf=o fjiJ YE'!i'BIID f'i 400-800run -Cib6o 

2-4-6 7 Jv.:iJ!htA7;t?"-'it (ALPase) n§-•li. 

ffi:--r :Rff{rfflv \--Cfflf.¥Lt:.{t;'ffl~t.f Lf:.y/'7°Jv Or-114.5mg) {r 15ml Jittff ~;:,7'.n,, -t 

:. _,.,___ 0.5ml 0) lxTBS {rjJQ;tf=o -tL --CfflifrBl*-=E-1/T-1-lf--C 1 ½-F1o9;ffiir-f:Lt:.o -{-O)fl$.J 

i1jl{r 3000g, 15 ½-F1o90)~fl:J:-CJi,t,:5t~{r1Tv \, J:.m]j.i& (0.2ml) {r7 ,1/'l:::°-":>1 r--C1~f=o 

ALPase i!•~1J'i2:.0)1~G.ht:.J:~Jj.j,&O)-i~{rfflv \--CfjiJYE~1T0f:.[6]0 pH=l0.2 0) 50mM 

~®:l:iU&1lri& (2ml) {r 15ml Jittft!;:,7'.n,, ~{rL --c, 37°C O)fsr!l!At-c 3 ½-Fi.9-=tfooJJD~{r 

Lf:.o -tL --C, -{--:_.r--.. 0.05ml O)J:.11t]j.f,&z{r7,1/'l:::0-":>1r--CJJ□ ;tt:.a -tL --C~{rL --C, 37°C 0) 

tsr.llllffl-C 15 ½'F1o91JD~Lt:.0 -:_O)mi&!;:5e§~~~L --C 36mmol/l 0)7.:c.!J:/7/'{t-JJ!J?A 

(2ml) {rjJQ;tf:.o 5e§ Lt:.mi&{rffi:--r A-"7r-Jvfjlj}E'.ffl 0)1:i~t;v!;:7,1/'l:::0 -"o/ r-{r fflt, \'"( 

~j)'ct,\{r 5 @IL --C7'.Pt:i, 100µ1 .A.hf:.o tBl!f 500run O)i:&3/t~{rA-"7r-Jv7;t}-}-?"-{rffl 

v \--CiJ!iJYELf:.[7]o £~¥1~0)~:l,:iH'i, 7 Jv-JJ!l*A7;t?"-i±ffitt1il (K-A ~{.v:) 10, 20, 
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30, 40, 50, -tL- ---C 98.8 O)mj~;a::.G1tJJx:L,f;:o 'i.f;:::_O) K-A ~{vJC 7.1 :a:-:o::.fttd~il)OO~~ 

fll (IU/L 37°C) 't'i!bl?, ::_O)~fll:a:-1!i!ffl L,f;:o 

~ 3.2 tct.tmM1&0)~::,,,7°1vO) x *}jt@Jtfr,,."IJ-:;,,,:a:-~To 7.k,A5llb:E11!1&0)JJx:~fis:O)l::°-:7 

!'iJJ Jv"S/'7 A.?Zffl~r-v(Fo:\-"S/7 /"IJ ,{}- ( Ca-dHAp) 't'i!b--:::i f;: 0 800°C Jk a 1150°C --r:-t_tm 

L, f;: ~:fL{is: ti i!::'~ Gt~-TCP 't' 6b l? , -t 0) t:0 -:7 5:(1V.iJiJJx:~ 1is:O)'b 0) ~.It~ ---C 5si < f ,t--:i f ;:o 1~ 
Ghf;:~:fLW~-TCP O),p)tffii0)-r'1/IJ Jv?",{ :7o;z.::z-7°,ll~ (~ 3.3) &-a SEM lJt~ (~ 

3.4) 0) ffi *:a:-~T O -r' 1/ IJ /VY,{ :7 P,7.::Z-7°¥~--r:-ER 13 (C¥0 f;: tfB~i'.J)y'.7 P~7 ( > 
100 µm) 't' 6b l? ~ 13 , c ¥ 0 f;: tfB ~ f ::t r"J tfB il im :fL 't' i!b0 o -t 0) ?" :7 o ~7 (7) -¥:1::>J 'A :fU~ 0) :k ~ 

~:a:- Scion i±~0)7!]-@11~:f§lftfr1/7r- Scion Image :a:-fflv '---C3it6bf;:m*, -tO):k~~f'i 116 

± 46µm 't'i!b--:::i ko 1150°C -et.tmLf;:~:fLW~-TCP O)~frlBt~~f'if!lltfi'ilHiJ!:lx't'i!b--:::i f;:o 

7k¥A5llb:E11!1&0)J:t~ffiiflf'i 24.46m2/g 't'i!b--:::if;:iJ), 800°c & tJ 1150°c --r:-tlmi""0~, -tO) 

f~f'i-th-th l.61m2/g, 0.46m2/g 't'i!b--:::iko 

3-2-t {ft;f:§~JJHJ'ii•1t~ 
~ 3.5 tc ATDC5 ff-lBJ1§0)~Ji:!:i•a~O)fllt~HJ1::lwl~ii,ll~O)m*:a:-ffii""o ~* 168 a~r~9 

'i.'c':ti•:a:-1t0f;:o -tO)m*, 6 a~r~91& (Cf'i ATDC5 ff-lBBEH'i-r'-1o/"S/.::z.~ootc~f{L,, -tO) 

1&JtML, ---Cv '0::...(:i'.J):b;a::.0 f;:o -t L, ---c' 96 a~r~i1& (Cf'i, 90%::z::,,,7 ;v.::r:::,,,}-:lx'fi!HcilL,f;:o 

J! tc:1:i• a~ r~i il)* < ,c "".) h ---c, ff-lB BEJ iJ):l:f M L,iJf~ T 0~-1-:a:-iJt~ L, f;:o -t L, ---c -t 0) ff-lBBEJ 0) 

%:lxf'iirJ5~%il::.GA~%,c~11::L-ko 

~ 3.6 ,c:1:i•,.x1tq:r (~:fLW~-TCP O)'A:fLO)r"Jfj!Jj(:~fJllJ) 0) ATDC5 *IBBEJO)fllf§~~]~ 

ii,ll~O)m*:a:-~i""0 ATDC5 *IBBEJ/'i:::z7-,3/::,,,,3/ ;vq:r,c:f:0-,c~if(L, ---Cv 'f;:o ATDC5 *IB 

J1§0)%:lx'l'i:!:i•@:i&'t'l'i'A:fLO)r"JfJIJL ~fJllJO)~--~G~tfl:lx''t'i!b--:::if;:o :1:i• 3 13 V-J:.'t'f'i, 

'A:fLO)r"JfJIJL ~fJIJHctftET0 ATDC5 *IBBEJO)%:lx'f'i~:lx''c'f'if,t<itJ5~:lx''c'i!b0f;:o 

3-2-2 SEMI!~ 

~ 3.7 ,c 21 13 r~i:1:i•L-t;:m.,.xiar-~:fLW~-TCP O),p)tffijO) SEM ¥~&-~To ~:fljf 
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11so0 c 

800°C 

10 15 20 25 30 35 40 45 50 
28/0 (CuKa.) 

Fig.3.2 XRD patterns of porous products before and after 
sintering 
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Fig.3.3 Digital micrograph of porous ~-TCP with hydrothermal 
treatment after sintering 
*Sintering temperature: 1150 °C 

Sintering time: 3 h 
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Fig.3.4 SEM photographs of porous ~-TCP with hydrothermal 
treatment before and after sintering 
*Sintering temperature: 1150 °C 

Sintering time: 3 h 

[a-1) Before sintering (xlOO) 

[a-2] Before sintering (x2000) 

[b-1) After sintering (xlOO) 

[b-2] After sintering (x2000) 
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[a] Oh 
[b] 6h 
[c] 24h 

[d] 48h 
[e] 96h 
[fJ 168h 

Fig.3.5 Phase-contrast photographs of the monolayer-cultured 
ATDCS cells 
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(a) At the beginning of cultivation 

(b) After cultivation for 21 days 

Outside of porous P-TCP Inside of pore porous P-TCP 

I Joµ~I 

Fig.3.6 Phase-contrast photographs of ATDCS cells in collagen gel 
inside and outside of porous f3-TCP 
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Fig.3. 7 SEM photograph of the fractured surface of the cultured 
cartilage/ porous f3-TCP system after culture for 21 days 
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P-TCP O)=tRjij/jJ~*l~O)!jwjff~tibn ---Cv \f:_o :_0)--1j-:.,,7°1v~ 1 %:::z7,1/--r-ii--C~f.!~ 

1T---.::d:_fffl*, *~*l~O)!jwjf /i:5t~~Lf:_ (~ 3.8) a ~f:_, $-RWP-TCP f~:::z7-ij:.,,ij 1vt::'tt 

~jJQ;z__, 21 13 F1c19,1:.,,~_::z.-,-<-rLf:_--lj-:.,,7°1vO) SEM i!~O);'ffl*, -{-O)~jijf~~ 3.8 --Ci!~ 

Lf:_J:..5f,d~*l~O)~tJW~ll~~nft1J,0f:_o 

3-2-3 FT-IR nlUJE 
~ 3.9 !~ 21 13 F1c19:tifi:Lf:_:tiHi1'i.kit-$-RWP-TCP O),µ~jijO) FT-IR-7.~Jriv~~To -{-0) 

fffl*, 1200,...___,800cm-' O)P-TCP !~1wliiiT09&~3U'\/'F!~~1t:/'iftZJ,0f:_o ~ 3.10 !~:::z7-ij 

✓ ij Jv ( 0.15 % ) t 21 13 F1c19 :ttit: Lf:_--lj--:.,,7° JvO):tt:!t,.kitif~)j-0) FT-IR -7.~'.7 r Jv ( 1800,...___, 

800cm-') ~~To 1T/'7°1v0):ttlt,.kit:ff~:5t0),7.~Jr1v1J:.G, 1550cm-' t 1250cm-' O)JJ2k~3Z: 

/'\:.,,)--:';o~ 0.15%:::z7-ij:.,,ij 1v0)-7.~Jr1vtJ::r:r-::---c:ttnoL ---Cv \f:_o 1550cm-' O)JJ2k~3(/'\/'F 

/'i7°PTi"'J''!) jJ:-,,0) C-N 1$il@.J:Jjiu, N-H ~~ .J:Jjiu (7:3: FII) f~1w Jiii T0JJ&~3Z:--C&)0[8-l l]a 

~t=- 1250cm-' 0):-,"3Jv?7''-0):ttno /'i7°PTi"'7''!) jJ /'O)WJtffi~£0) Vas(S03-)[~1i Jiii T 0t0)--C 

cb0[12]a J!,~ 855cm-' [~7°0-ri"'J''!)jJ:.,,O)q=iO):::z:.,,)--:'o,1'f-:.,,WJEffi~O) C-0-S f~xtJ;t--t0JJ& 

~3(/'\/'F~i!~Lf:_o 

3-2-4 }-;v,1-y:.,,71v-.fM:,§, 

~ 3.11 ,~r1v,1-y:.,,7'·1v-~,§,~Lf:_:ttlt,.kit-$:fLWP-TCP (21 13 F1c19:ttlt) 0):3/t:'¥:fillJHt.& 

iliJ!~O)fffl*~~To -{-O)fffl*, ATDC5 *BJ~?I/'i$-RWP-TCP ~f$:[~:!$j-f~tt=i=EL ---Cv \f:_o 

~f:_, ATDC5 *BJ~~l'iARP"H~f~J\.L, AfLP"Jif~t~t¥±~L---C1t\0tl-rtll~Lt:_o riv,1-y:.,, 

7''1v-5* El f;$:0)5/'ii!Utt5--C&)0il~, ~5:ff 0)--1j-:.,,7°1v--C/'i;W5f~~1l::Lf:_o :_0)50) 

~ 1 r: /'i I J. 5 7 o? -y- ( JHJHi) J t P¥ /:f h0 t 0)--C cb 0 o J. 5 7 o ? -y-0) JJl'iJ!I! ,i , 7 o :.,, ffi~ 

(-:ff~jJ7Jr--7.) t~~ ::;--!j-=3::.,,;;5~~1i ,~:&iJ!i~,~~2.Ju Lt=-mi;-1r:i;-!lw1:cb0A:::z $~:o~ 

-{-0)') o :.,,~:ff~:5tf~:J9:""J-COOH, ~~ ::J--1j-=3::.,,g~:5tt L< /'i')o :.,,§~t~~ ::J--1j-=3::.,,g~:5tf~:J9: 

""J-S020H O)~ ffl~l£tIE f~WffflLf:_ r1v,1-y:.,,7'';v-5* ;o~{ffli;-:.t--c, r1v,1-y:.,,7 Jv 

-O)~j(JJ&~3Z:t~ :&il~:.nJ:.. ~mt~ :&fffeJJ f~~iu--t 0:.t t~J:.. ~ ~:.00 :.O)t~ :&tiO)~iu l'ifffl 

i;-t~ 1t 1,., \, (1)5*:o~mi;---t 0:.t,~J:.. ~~-=-0t0), (2)5*:5t-r0) 1i~•,~11i-1J~1: t-0:.t 

f~J:.. ~~:.0t 0), (3)_m_ -r'¥:s"J#~,O) ~ -9-T 0:.t--c~:.0t O)~O)fJl:0~&)0:0~, *t=' ,~~ 

~f~/'i~~~~n, ---Cv \ftv \0 ~ 3.12 t~-{-h,-F.hrJv,1-y:.,,f 1v-~5~Lf:_, :::z7-ij:.,,ij ;v, 

:ttltt.kit, -{-L ---C 1.0mg/ml O):::z :.,,)--:'o,1'f-:.,,WJEffi~ CT r !J? .b.~~,tr:::z7-ij:.,, -1/ JvO)ffl-r-7. 

~Jr1v~~--t O -{-O)fffl*, ATDC5 *BJ~?I~~,tr:::z7-ij:.,,,1/ 1v~ 3 13 F1c19:ttlt Lt=-:ttit:,.kit 

/'i 593nm & -cf 530nm O)Jl&~3Z:iJ~::r7-ij:.,, -1/ 1vt::'tf O)t O)tJ::r:r-::---c:ttnoLf:_o :tt1ta~F1c19 O):J:I 

not~/~ 530nm O)l:::0 -Js~Jl'./i:tlJJOLf:_o 21 13 F1c19:ttlt Lt=-:ttlt,.kifO)JJ&~3Z:l:::0 -JO)~/'i 
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Fig.3.8 SEM photograph of the fractured surface of the cultured 
cartilage / porous P-TCP system after collagenase treatment with 
1 % collagenase 
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[b] The cultured cartilage / Porous 
~-TCP (21 days) 

•········ ... ·•. . . . . . . . . . . . . :· . 

4000 3000 2000 1 oomoo soo 100 600 soo 400 
Wavenumber (cm-1) 

Fig.3.9 FT-IR spectra of porous f3-TCP [a] and the cultured 
cartilage/ porous f3-TCP system (21 days) [b] 
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r 
C-O-S 

(855cm-1) 

" "-- C-N stretch v asCSO3-)(llS0cm-t 
N-H bend combination (1550cm-1 

1800 1600 1400 1200 1000 800 
Wavenumbers (cm -l) 

Fig.3.10 FT-IR spectra of the lyophilized gel part with the cultured 
cartilage / porous J3-TCP system 
(a) Collagen gel (0.15%) as reference 

(b) The gel part of the cultured cartilage / porous (3-TCP system after cultivation for 21 

days 
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3 days 

7 days 

21 days 

Fig.3.11 Digital micrographs of the cultured cartilage / porous 
~-TCP system after toluidine blue staining 
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(e) 

b) 

400 500 600 
1(nm) 

700 800 

Fig.3.12 Electronic spectra of the cultured cartilage part outside of 
porous B-TCP with toluidine blue staining 
(a) 0.15% collagen gel 

(b) The cultured cartilage (3 days) 

(c) The cultured cartilage (7 days) 

(d) The cultured cartilage (21 days) 

( e) Collagen gel with 1.0mg/ml sodium chondroitin sulfate C 
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l.Omg/ml (7)::r ✓j--:'P,{'f-✓WTC~ C T r-V 1~7l,_~J]p;z_f:::_::r7~ij✓ij /v~~JHf.l L --z:iv \f:::. 0 ~ 3.13 

(:::. ~ T {ft tlH~ !lil]JW,Ht lJl ~ (7) {ffl * ' 21 s :tiHl 1& (7)--lj-✓ 7° I H:::. :t3 V \ -c j. 17 ;7 p y 1/ ~ ~ ~ L, 

f:::_o 

3-2-5 :t-&4:,,Xit-~ILilf3-TCP (7)7 JvfJ!hK':A.7;:t-17-~ (ALPase) ffitt 
ATDC5 *al~~(:=:_:J:3ft 0 7 ;vjJ!,Jit7-7;tl7----!? (ALPase) l§-•~1:(7):1:~JJP/:t, Jf:(7) ATDC5 *al~~ 

(7)/Jt* (511r:~~~:!:~1l~~) (7)f£1i~$:Tt(7)(7)----:n:cVJ0[13]o ~ 3.14 t:=:.iV)0-7EWrn~9:t-& 

l€Lt::.:tifl€1'i)z1t-~RWf3-TCP ~::r✓J--o-;v~L -C~ILWf3-TCP (7) ALPase l!·~ii!!IJ7E(7)iffl 

*~~To ALPase l!·~i/:t:t-&l€S~FJ'l9i'.l~*<tt0/:=:.~n -C:l:~JJPLf::.o 21 S Fl'l9:1:ifl€Lt::.-if-✓7° 

;v(!) ALPase l!tl:/:t 3 S Fl'l9:1:ifl€Lt::.t(7)(7)ff,~ 15 {.g:.(!)fj~~Lt::.o 
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3 days 

7 days 

21 days 

Fig.3.13 Phase-contrast photographs of the cultured cartilage part 
outside of porous P-TCP with toluidine blue staining 
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1200 

1024.5 
1000 -Qj ;« -

Q. 
5 800 ~ ,,, --;;i .... --c 600 
:~ .... 
i:.i 
~ 400 

Q..; 
....:l 216.6 < 

200 
65.3 

d* n, •.. 
0 

Porous ~-TCP 3 days 7 days 21 days 
(control) 

Fig.3.14 ALPase activity of the cultured cartilage / porous j3-TCP 
system 
*n.d. = not detected 
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{llt§~lfilJ[1~j§tjj!~O);'f,j!f* (~ 3.6) i:J,G, :1:.g:.,_xit-$-.JLWl3-TCP :/AT Aq=iO) ATDC5 

*alE§fj::f:.g:•s~Fl'l9 i:J~:f:~JJDT 0 /;:.-'J;h tA.JLO) P'JfJIJL ~fJliJ 0) ~,,~ G f;:.:t31,, ,--cttft-R L --Cv ,t:.a 

*:/AT Af;:.j:31,, ,--c, ATDC5 *alE§fj:, A.JlO)~fjJJ't'fj:jm~O) - ?x7C:l:.g:.---c:J;;i0i:J~, A.JL 

0) P'J{Jl1J't',j::::z7-ij:,,,ij ;vO) Jel VJ.:a:-j3-TCP iJ~t¥1:ET0~v ,5!jfj:fJtdt - ?'X7C:l:.g:·O)~~r f;:. 

ib00 im~, :::z7-ij:,,,ij 1vq=i't'O) - ?x7C:t.g:.,j:, *Ji:1:.g:•~.l::t/'•t, tit1:f(P]t::it---c:tt<, 

R@t1:f(P] f;:.t*alE§½-~--t0:.~iJ~l±l*00)'t', -{-O)*alE§:f:~7f,j:Jp1,, \ -{-O)t:."tt>, :1:.g:• 21 S § 

f ;:.:t31,, ,--c, A.JLO)~fJl1J---c:,j:*al~§--".)--".)0)%~.:a:-!25jJiJ't'~ftv ,ff, *alE§,j::f:~JJD Lt:.a Li:J, 

L , A .JL 0) 17'1 fJliJ 't' ,j: ~ fjJJ ~ .l::t: tJ Lt *al E§ 1;o:i ~ Jr t t iJ ,0 t:. a :. h ,j: 'A .JL PTff~ f;:. f~ A Lt:. *al E§ 

iJ~&ftv ,t:."tt> ---c:ib00 *al~§i:J~'A.Jll7'1#~ f;:. ~---c:f~A T 0 t:."tt> f;:., $-.JLW13-TCP O)* mi f;:.J;;i0 

'A=fL ( lOOµrn ~J:.) & VP'J#~ifim.JL (20,--.,30µrn) 0)-fjO)" b0v ,".:a:-im:i&JT0£'.,~iJ~;bV), 

-t 0) t:. "tt> f;:. A .JL 17'1 #~ i;:. iiJ Ji 't' ~ 0 *al E§ f j: 'A fl 0) ~fJl1H;:. .l::t: A. t jd t < t t 0 a L iJ, L, - It , *al 

E§ iJ~ A .JL 17'1 #~ f;:. f~A Th f-£, 'A.Jl O)~fjJJ ~ 17'1 fJl1J 't'*alE§tft-R f;:. {f 5 *al E§ 0) %~ 0) ~{~ f;:. ~ 
fj:fti:J '0 t:. 0 

Sugaya Gfj:, :::z7-ij:,,, ij ;vf;:. HAp :ffi*.:a:-i.EE:ift:.tO).:a:-,15?:0)ffi Jel it JCtiH;:.:l:JI!}\. Lt:.~ 

i;- , HAp ;ffi * .:a:- :1:11! AL t:. ~ i;- ~ .l::t: A. t , 1P < it% !ft iJ~ ~ G ht:.~¥& "5 Lt v , 0 [ 14] a 

Lossdorfer Gfj:, P20s "2:''6°fi/'\,{;;t:JJ'7 AJ:.'t'it~*alE§'t'ib0 MG63 *alE§.:a:-:t.g:• Lt:.~,&, 

-{-O);b0-~0)i!t/t (6%) O)S~f;:.t0~t*alE§J!{iJ~:f:~,1J□ Lt:.~¥&"5L --Cv '0[15]0 ~t:., Fujita 

Gfj:, ATDC5 *alE§:t.g:•s~f;:.~fjV :,,,§eft.:a:-1¥1:E~it 0:.~---c:, typeX :::z7-ij:,,,0)5E~~::S-ER 

{~i'ffiw 0)1:_Jft.:a:-~5E~ht:.~¥&"5 L tv '0[16]0 ::_O):_~fj:, :::z7-ij:,,,ij 1v ~~tlV :,,,®.:a::

'6"fiV:,,,®:JJ Iv:/'/ AiJt::lt:t¥--t0:.~/;:.~ V), *alE§tft-RiJ~~G/;:. {IE:Ji-t-0::.~.:a:-~ L --Cv '00 

:1:-&.,tit-$-.Jli{j3-TCP :/AT A/;:.j:31,, ,--c, 'A.JlO)P'J#~O) ATDC5 *alE§fj:~f~V:,,,§ft.:a:-'6 

tfj3-TCP f;:.@fl~h --Ct¥1:EL --Cv'0a *alE§iJ~tft*L, :1:.g:•j-ezO) pH iJ~imx&T0~, j3-TCP ,j:,$) 

ms"J f U~~~L, V :,,,®,{;;t:,,,.:a:-;ij: 1±:l T 00 :_O) V :,,,®,{;;t:,,,iJ~ ATDC5 *alE§ f;:. {t ffl T 0:.~ f ;:.~ 

VJ, A.Jl17'1#~0) ATDC5 *alE§O)Jft-Rfj:{/EJi~h0~~;;t0::.~iJ~'"t:'~00 

ATDC5 *alE§,j:A.JLO) 17'J{JllH;:.tJ€~L --C:t3VJ, SEM ~~ (BJ 3.7) i:J,G:!:-&.1f f;:.,p"tffii f;:.r~it 

~O)~Jf.:a:-i!~Lt:.a 1 %:::r7ijj--~'t'JL1f_lT0~, :.O)r~it~O)~jffj::5-f~~L (BJ 3.8), 

$-.JLWl3-TCP f;:.:::z7-ij:,,,ij 1vt::tt.:a:-JJ □ ;;t, 21 S Fl'l9,{:,,,::\=-~.,-z-J--Lt:.-tt:,,,7°;vO)*ffii1;:.fj:, 

::.O)r~it~O)~Jf.:a:-ffl~~ntti:J,0t:.a :_O):.~i:J,G, :.O)r~ittkO)~Jffj:~1JJ/;:.,1Jo;;tt:.:::z 

7-ij :,,,/~115€ g;i * 0) t 0) 't' ,j: t t < , ATDC5 *-al E§ iJ ~ :1:.g:• q=i i;:. :rJI: 1±:l L td~it tk :::z 7-ij :,,,---c: ib 

0~~;;t0:.~i:J~'t'~ 00 :_0)$,.JLi{j3-TCP *rni.:a:-:::z7-ij:,,,tJRitiJ~~0 --Cv '0fi-r(j:, Chen 

GiJ~¥&"5 L --Cv '0[17], PLGA-:::z7-ij:,,,:rJi;-A~✓"/"2:' ffl v ,--c, -r'/:/O)~~wi:J,G~I& 
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L t::Jt 1t *!lljj§ ~ 6 uffl FJcli, -=- tX7Ct-tt4: L f= --!j- /7° JvO)ifJl.~.lii ~ 0) ;r,g * tiJH~ L -Cv 't =o ::.. 0) 

~irt19!ffl Lt=,t1t*!lln§O)fjffii)~~ft6.t=liJ ,;:_, .ijl.*iH!:t~fJ:--Z:2-"ftv '7J~, *1/.A -r A,;:.to 

v ,-c, :::t7-if/tlmO)~~fi, PLGA-:::t7-ij/~-€r.:7.~/"S/--Z: -=.tX7Ct-tt4 Lt=~ir J:: ~, 

fr~ 3 ill!! FJclit1P v ,:.tiJ~:b7J~0 t=a ::__O);r,g*7J~Gt, :::i7-ij/ if ;v & Vl3-TCP O)[fJl.Jj.ir:bit 

iJ~ *!ll Jj§ JJx: * 0)1,@ 51!H;: 1f ffl--r ib0::.. .t ~7F L -C v '0 o 

FT-IR iJ!U7EO);r,g*, t{fl€,t1t-~:fL'ffl3-TCP "S/.:7.T A~ 21 S FJclit-tt4:Lf=--!j-/7°1v,;:::t31;' 

-c' C-N 1$~t.ilt N-H ~~t.im/J (7~FII)' -lilrt~£0) Vas(S03-), C-0-S O)i?&~3U~/F~i1 

~Lf=o t}l:l±\~hk7°PT7-J-:7''!J 7J /0) 93--Z:t' ~,;::::z/FP-{7/1ir,t~7J~~< -a1fL -Cv 'f=o 

:.O):::i/Fo-1-r/wff~O)ftffitl:::z/Fo-1-t-/ 4-li/rt~--rib~, ATocs *run§~ s2 s rJcli.iji.Jit-ff 

l€ Lf=--!j-/7°1v--Z: J!Ghf=;r,g*,tJ::v ,-ifc~7F Lf=[l3]a "J~~, ATDC5 *!lljj§fl, :::i7-ij/ 

if 1v.tl3-TCP ~-atf*"S/.:7.T A---C:ib-0-Ct, -th--'f';h.,i)~ ATDC5 *!IJ}j§O)*!lln§P>t*~ml ~itT, 

.iji.Ji:bffl€ff~.t IP] c 7°07;t:7''!J n /~t}I: I±\ T 0=..tiJ~:biJ~0 f=a 

)---;v-{"S//7'';1,,-~~1fO){v:t§~JJH~~l-~O);r,g* (~ 3.13)---C:fJ:, /7':7P?"S/-fJ:7 

S FJclit-ttl€Lf=--!j-/7°Jv--Z:fii!~LftlJ~0t=iJ~, ffi-1-7--"":7r-Jv--Z:fi, 3 S FJclit-ttl€Lf=--!j-/7° 

Jv--Z:tl7':7P'?"S/-~-~Lf=o Tft:b~, 7°PT:::t:7''!}jJ/O);j:jpl±\flt-tt4 3 s §--Z:fl.&H;: 

fr-&~0 -Cv '0::...tiJ~:biJ~-0 f=o 

Shukunami Gfi, ATDC5 *!IJ}j§O).iji}it{fl€,;:::}3t, '-C, ALPase 73"'11:0)~Lv ,JtjJO~, t{f4 

30 S 1&£JJ~d;:M,~Lf=[l3]a .:tn,;:~L -C, *"S/7-T A--Z:fi, t{f4 7 S f&iJ~G, ALPasd!•~1: 

O):k~lft~1JD~ii®Lf=o :~J;: ALPase fr§-tiO):l:i1JD~tfJ:f!'IP]~0)1jn§J~7FLk::..tiJ~G, 

*"S/7-7" A(;:::}3tt6 ATDC5 *!lln§O)*!IJ}j§~*fJ:, .iji}it{fl€t!:t~L -C, *!ll!lli!JJx:*0).:7.l::0-F 

fj:~1JOL, JJx:* (;: 110-Ct)I: I±\ ~;h.,6 7°PT7-l-:7''!J 7J /O)fjffi~*!IJ)j§:l:i1JD~fj:.iji)it{fl€0)t 

O),t IP]fi--Z:ib0::...tiJ~:biP0 f=o 

*1/.AT AfJ:, § v ,~;:t,'5,t, ~:fLW/3-TCP ~-atf:::i7-if/if Jvq:1---C:O) ATDC5 *!lln§O) 

:::z7-if/'21:l:..lt{f4:---c:ib-'5a :::i7-ij/ij ;vfl, ATDC5 *(lln§O)*!IJ!lli!~*';:~Ltdl~--Z:ib 

~, !l,;:~JLW/3-TCP ti, *!lljj§JJ>t*~1JE::i1t,;:1f~j)ft~ffi!J/~~~<-ati>a "J~~, *"S/.:7. 
T Afi, .iji}it{fl€~:::z7-7/'2].;lj!t{fl€tJ;tr:::-c, ATDC5 *!lln§O)*!lln§JJ>t*f;:~Ltdl~7J~ 

fil0 -C::}3~' .if Lv 'AIOOftn~1f-=E-7';1,, .t L -c' #'m f;:1f ffl--rib0.t~ ;t -Cv '00 

~Lv 'AIOOftn-=c-r';vtL -C ~1iff..--rt-ttl€,t1t-~:fLWl3-TCP 0)1-'p~~1-r0f=o ::..O)"S/.:7. 

TA (;:::}3 v '-C ATDC5 *!lljj§ /J:t-ttl€T0::.. .t f ;:J:: 0 -C:::z7-ij/~tl& V7°PT7-J-:7''!J 7J /~f)I: 

l±\T0::..tiJ~:bi6~0 f=o -{-O);j'jpl±\~ht=:::z7-ij/~m& V7°PT:::t:7''!) 7J/,;:_J:: 0 -c' t{f4 
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AA cJ::t.r-::tt-&it:,.k* ti$JL1tf3-TCP ~::.5t<t1€ff-L --Cv ,t:. ( ~ 3.15) 0 =-n~"t:t-&it:~* ,::. 
ti"'.i:f** ct1€ff-Lftv '-"cv ,5rp~M,~il~cb--:d:.a *•"t:1~~Ltd-&it:f.X*/$JL1f'3-TCP :/ 
7-T A "t:t:t, 1:f*!l&~JJit::f~h, 1:f** cO)tJ€ff-t AJfJl§ft$JLWf3-TCP ct-&it:,.k*il~5l< 
11€ ff-Lt:.=. c ,::.J: 0 J: 1c 0) Fp~ M ,~ <l)-0 O)flj'i:k: ::1Jrt:a:-~ L t:.a 
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Fig.3.15 Photograph of the cultured cartilage / porous ~-TCP 
system 
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*IBJ}§:fi,l~-1-~fljffi Ltc:1:-ff~~'it-~:fV~!J 1/~=jJ Jv1/? A 
~~1/.AT A~;:i£---:5v \f~~Lv \AI~fm~'jt-=t-y';vO)qfc,li 

ffi3.--Cti, ~ 3.1 f;:~-t J:5ft*JrLv \AIMrui-=E---r',v t L --C ~ f2fs:>i---Ct-&•t.X'Ft-~:fLW 
P-TCP 1/AT AO){f:~'8:'1T0f:::.[l]a =.0)1/7.T Af;::t31,,,--c ATDC5 *IBE§tit-&4-t-0=.tf;:J: 

0 --c,_x1t£W-8:';J°;1p/±l -t 0=.til~:biP0 t:::.o t-&:i!H&' t-&4,.X1tti~fLWP-TCP f;:si<~~ L 
--Cv '0=.t-8:'1&~Lt:::.a lli.X1t£jf O);J°;1p/±lt-tO)iffl*t L --C0)~~-8:'~fflGLt:::.=.tf;:-.J: t?, fx;k 

il~1'Ji':~L, {1=~Lt:::.-=E---r',vtit-&41'i.X1t-~:fLWP-TCP 1/AT Af;::t3ft0t-&4lli.X1ff;:)<-t-t0 
£*1¥Jft~3f<-8:'¥F,iijf:::_ L --Cv \0t~.:t0a LiPLftiJ~h, lli.X1t t~{i.$:1t tO)~~sm~ f;:J;t~, 

t-&4lli.X1t t~:fLWP-TCP O)F1c190)~~sm~fi~~v ,f:::.'d>, i:!f(~T0~,~iJ~ib0a 

ATDC5 *IBE§ti, -tO)*!HE~rf*O) 133 *il~~1itft*IHE§--Cibt?, -tO)½'{l::~f~-8:'tJJ~.§lfY'&il•G~ 
~m:!Y'& (:P-ER11::~f~) 'i--C~~5=.tiJ~ l±l*0*!HE§--Cib0[2]a -tht;:JJo;t --c, ½-11::~ffit;:& 
ft-t*IB~:ft7tiEl--rO)m1J00)5c"jJ*f;:--:Jt_,, \--Ct~~< 0)$[¾i!ril~ib0[3-8]a !l?Jf;: ATDC5 *!Hfl§O) 

:P-ER11::i&Jf~t;:ti, BMP-6 O)m1Joii~5i"JJ*s"l--Cib0[9-11]a t-&4lli.X1t-~=FLWP-TCP tc~-tL --C, 

:P-ER11::'8:'JiffiT0=.ttcJ:0--C, t-&4~1t t~:fLWP-TCP O)Fl'l90)s§iv ,;mfi-t~ft--Cft<, Mrui 
*Jl.•0)---:) --C &)Q PX* ti 0) J: 5 f t{IJl#411:: Lt:::. ffim[ 12] 0) r1€fi-J!Hm ( ~ 4 .1) '8:'i9'"J, J: t? ~ {i.$: 

MW,_x1tf;:jli1,, "*JrLv \AI~W,.X1t-=E---r',1,,tcft0=.til~~1~--C~00 

-t=.--C, 'i-f 2ft~O)*!HE§Jf/7tiEl--r(BMP-6 t PTHrP)-8:'-th-t'h-atf*--C ATDC5 *!HE§ 
0) ~Ji t{f 4 & Lf :::r 7-,1/ :1/ 'e1J~:t-g:4 -8:'iT v \ , -t 0) *IB fl§ PX* 0) ii v \ -8:' ~ftll ~ t:::.a ffl v , t:::. *IH fl§ 

:1:l~iEl--rO)P"J, BMP-6 tip-TCP ~*tcg&~~it--C, -th~ ATDC5 *1Hfl§O):::r7-,1/:1/,1/ Jv 

§ :!j!t-ff 4 a~ tcjJQ ;t --C, -t 0) *IB fl§JJx: * 0) fi--r -8:'M~ L t:::.a :J! tc=. 0) iffl *-8:' £IC, ;ft k iJ~ ffi 3 

•--cfl::~Lt:::.-=E---r',1,,0)~:fLWP-TCP tc~-tL --CJiffiL, t-&4'8:'1T0f:::.a *•--Cti, t-&4lli.X1t

~:fLWP-TCP 1/AT A~O) ATDC5 *!Hfl§O)*IB~PX*fc~-t0*1H~:l:i7tl!Jr0)~·'8:' 3 m: 
~iO)~~il•G~~T0a 
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Fig.4.1 Schematic view of a growth plate with gradient structure 
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a-TCP /i::k-5¥-{l::~@:~ttrt~t±~~fflv \f:_o ~ 2.1 /;::.-=tO) SEM '.g:3[~~ 2.2 /;::_ X tJR@J 

tfr / "'.7- :,,,~7f;T O -=t0)-5¥-:t1J¥1tf£/i 5 µm --C'tt:>0 f:_o 50wt%iF'!J .::r:. T v:,,, ,{ ~:,,, /17 1v F!J o/T 

~~ ffl v \f:_o ~ 00¥3"-r':tJllJ /-;t:ffi3:.ttrt~t±~O) 1MOREJ ~ ffl v \f:_ 0 :~i!] to- lv"/::7''!] 1/1/ 

1v.::r:.-71Hi:/::7,-?t±~O)l)O)~{~ffl Lf:_o tJZ~tt*'aI~§ ATDC5 *'a!~§/i~{l::~,p}f~p]rO)*'a! 

~§!ffl3ei.tt1i'i6:.GJ\-¥Lf:_o D-MEM/F-12 i-&{,$::1:.g:±,lli, 7:/MtYr.rfu.Y'A' (FBS), 0.25% r-97°://' 

c:-lJ-77:,,,,/-;t, ~7''::rt±~O)l)O)~{~ffl Lf:_o ~%ift'.7:,,,, /'\::71{ (BMP-6) /-;t, /'\,{7-f"/x.:Z-:/ 

7-t±~O)l)O)~f~ffl Lf:_ 0 ;1J ff! ik1~*1v-=E-/'~ilm S (Parathyroid hormone-related Protein; 

PTH-rP)/-;t, ,{:,,,t:''r-01/x./'t±~O)l)O)~fflv \f:_o Cellmatrix type I-A (Ai-&, Bi-&, -tL t C 

i-&) c: 1 %::r7ijj---!±/-;t, ffdE -!±7-'f-:,,,ttrt~t±~O)tO)~ ffl v \f:_o t:''7 ;t/-:; • :::i'1vFT

~f!:.,O)f:.'dJ 0) TJ ,{ 7 Iv r-&)~ ?' r-::\=-:/!J /'1?G{-& 1,& 'Cf 2, iF/'1/-7 ::7://'{,&/-;t, ft\ilJ{t:~ft 

rt~t±~O)t 0) ~f~ffl L t:.a 10 % q=i 1ritJHlr*1v? !J :,,,j,&, o.os % r-1v,{ 1/ ✓ 7,'iv-i-& 

(pH=7.0), 7lv:/7/'f1v-i-&(pH=2.5), }--!]?-tl[~t&1lri11dTBS), j-7}---1vf!J-✓B, 

MTT 7 o/ t ,{ ~ 1T 5 f:_ 'ti) 0) MTT ( 3-{4,5-dimethyl-2-thyazolyl}-2,5-diphenyl-2H 

tetrazolium-bromide) (25mg//-o;,{7 Iv), ALPase 73"'f'±~iJ~JJYE--t.:St:.'dJO) 171vjJ!}7:;t 7-77 

K-7 7' r- ?::r-J ::\=-:;; r-& tf-tO)ffilO)~~/-;t, flJ::/t*ll!~ttrt~t±~O)tO)~f~ffl Lt:.a 

{t~Lt:.$-JL{,$:O)rlfiftt§O) [P]YE/ii)t";R X tJR@J;j'fr*ti: (PXD; !J jf::7~ Rint-1200) ~ ffl v \ 
-C1i'--:::d:.a X tJRj)Jj(/-;t CuKa1 --C'tt:>".J, l±L1:Hi 50kV, 150mA --C'tt>.:Sa ±.Jft~O)W:ff-alrlflliO)fi~ 

Ii, Au/Pt~!l~1T0f:_1&, 5:E~~~-1-fililW:ii(SEM; S :st~{tpJr~ S-2150)~fflv\-C, JJ□ 

~~J± 20kV --Cfi~Lt::.a ~f3}0)jffi7l,-tJRPJk~>l!f,fti/-;t, 7-!,J .::r:.~~jffi7!--717't*fi: (FT-IR; 

JEOL t±~ WINSPEC-100) ~fflv \-C, KBr %Er~/;::.{tf:0-C ~v:;; r-~{t~L ti✓ijlJYELf:.0 iJ!IJYE 

i'i'ilffl /j: 4000-400cm-l --C'tt:>".J, -=t0):51~~~~/-;t 2 cm-I --C'tt>.:So ~T A~::7r-lv/i, ~$~{tm~ 

BioSpec-mini ~fflv\-C 190-ll00nm O)Ff'19--CiJ!IJYELt:.a ALP r!·riiJ!IJYE~1T5f:_'d)O)-lj-:,,,7°1v 

~~c:L -C~1ift~*-=E-1/T--!f- (Heidolph t±~ DIAXl00) ~fflv \f::.0 -t L -C ATDC5 ff-al~§ 

O)jft*O)fi~~--t.:St:.'dJ /;::., {v:t§~lfilj~- (Olympus t±~ BX40) ~{~ffl Lt::. 0 -t L -Ct:"7 

*/'\. :::f1vFT-~a1f O)y/'7°lv~M~--t.:St:.'dJ /;::_, T,1/'.7 Iv?",{ ::707-::r-7° (Keyence 

t±~ VH-6300) ~{~fflLt::.a pH iJ!IJYE/i, AA£~ pH J-'.7-(:iftll~~ftffl~ B-211) ~ffl 

99 



2-3 ATDCS ~~(7) ~Jiitf•& '(J::z7~,3//' -3/ Jv§~~· i:.1o ~t Q~~if ~jzg r(7)~1J 
2-3-1 ATDCS ~~(7)j:ff. 

ffi 3 fff_O) 2-4-1 ~fp'J~O)~/l~'t:' ATDC5 *-!!1n~Hr1¥Jitff~L-tca ji{.,)tliJi~i'fv\, *-!Hn?l~~ 

?f>tco 

2-3-2 ::z::,--:Y✓mr-rxO)w\'iJ~ 

::z7-ij/'m?~fi, ¥~1a-~h --Cv \0::7Jtt~~JffiL, --C[l3], Cellrnatrix type I-A (7) A?~, B ?~, 

C ?~1r{*flJ:t A:B:C=8: 1: 1 't:'i!t"EJL---CifirJ~L,tca ~ttJ;;.[;:_ A ?15lfi 0.15%?7-17° I ::z7-

'7/', B ?~fi lOxD-MEM/F-12 t~{*tfftlli, -{-L, --C C ?~fj:::z7-,3//',3/ ;v~f-1i\:JJx:J=IHi1lU~-C 

6000 

2-3-3 ~~if~lz§r (BMP-6 & V PTHrP) (7)w\'iJ~ 
BMP-6 mt~~ PTHrP mt~li-th..:fn 50mg A'IJ&T..J 0.5mg A'IJ0)7/'7°1vl;: 121 °C, 20 

:5tr1a9;t-}-:7v-f~ffiL-, ¥:WU;:.f%~L-td~~ir-it!.7k~ 1ml JJa;ttc0 -:.0)7/'7°1v1e 37°C (1) 

C02-1/':::¥-.-i.r-Z-?7-[;:. 120 .:5tr1a9Ah, 1JiU~L-tco -{-0)1_&, 0. 20mm 0)7--{Jv?7-~fflt,Y·c 

6i&l~ffi~{Tv \, 15ml iitX~l;:.Antca BMP-6 mt~& V PTHrP mt~O)i!tJlJi, -th..:fh, 

50rng/rnl & V 0.5rng/rnl -Cib00 

2-3-4 ATDCS *IB~(7)}¥Jit1f.&'CJ::z7-,3//'§~:l:%.l:.1o~t0*1B~if~jzg-1-(7)~t§ 
2-3-1 -C~llbtc ATDC5 *-1Bn?lt;:_ 2-3-2 -c:ifirl~L,tc::z7-ij/'mt~1eJJa;t, l:::0 ~o/r-C ATDC5 

*-1Bn?2il~::z7-,1//'mlf1d;:.:f$J-l;:.)t~~ittca 121 °c, 30 :5tr1ai O)~{!:f:'t:';t- r:7v-7'-~ffiL, 

tc$:fLWP-TCP ~ 35mm T,-1o/1/:il;:.An, ..:t0)$:fLWP-TCP ~~~l;:.~5J:5f;:. ATDC5 

fFIB~'2i"'A::z7-,1//'mt~~ 5ml JJa;ttca (-:.O)~~O)fFIJrn?ltlffl]i 7.0x 106cells/ml -C:&>00 )-:. 

0) 35mm T,-1o/1/:i~ 37°C, 5%CO2 [;:.~n:L-tc CO2 -1/':::¥-:i.r-Z-?7-f;: 30 :5tr1aiAh --C, 

ij Jv{tL-tca -{-0)1_&, D-MEM/F-12 with 5%FBS tff~t~1i: 2ml JJO;t, ~V CO2 -1/':f-:i.r-Z

?7-[;:m:L,tca 'J:.k, *'!!1n?2i!tli'.1r 3.0x105cells/ml O)±if~i~1i: 35mm T,-1o/1/:i[;: 2ml Ah, 

ATDC5 *'IB~~}itif~O)-t1-/'7°1v~L-tca :t.g:•t~ti 2 S ~t;:~~L-, -th~IP]~it;:fF!lln?ltiffi 

1Elr~7-1/'l:::0 ~o/?1-~fflt,\--C, 100µ1 f"'J}JO;ttca -tL---Cft 21 13 r1a9t-%.1r1i0ko *'IB~ 

0)~-1'~-n:~r1a9 (3 13 r1a9& V 21 13 r1a9)-CiJi~L-tca 
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21 B F1,19!ffl:Lt;:~:1/7°Jv!:l, -t:h;eJt, 2ml (J) PBS mi-&--C 2 @]]J'c¥$-Lf;:o 2ml (J) 10%'tl 

·tif&1if*1v?!J:1/i-&& VJ.17 /-Jv,a.>1JO;t 1 B F1,19 ufilJELf;:o ufilJELf;:~:1/7°1v!i-t:h-F:h!--

1v-1Y:1/f1v-~-§.c!:'.71v'S/7:1/:1'1v-~13-a_>nflILka 

~td~IJ (J)~:1/7° 1v c!:'. L --C, PBS mt-&--C¥5t:¥$-1&, ltff-e1rzJ*,a.>:{r-0 f;:o ltff-e~t*!J:-5O°C, 

lOMPa 0- r(J)~14=--Cff-0f;:o =.(J)ltff-e~t*,a.>L,f;:_~:1/7°Jv!i, FT-IR iJliJJE, SEM iJU~l, 
ALP r.:§-•tiffilJJE!;:.1~fflL,f;:_o 

2-3-6 7 Jv'S/7:1/f 1v-!4;g€, 

/.17 /-1v--CufilJELf;:tif4~~(J)~:1/7°1v (t-1 50mg) ,a.> 5ml (J)~-\¥i77.k--C 3 @1¥5t:¥$-Lf;:o 7 

Jv'S/7:1/-::t';v-1~i-& (pH=2.5)-a_> 2ml1J0;:t, ~t.llll --C 30 ½-Ff,19~€. L,f;:_o ~€.1&, ~jiJ(J)7 Iv:/ 

7::,,,,f;v-mi-&,a.>!1& 131 L, 2ml(J) 95%.:r..-!1 /-1v--C~ 5 tJ>Ff,19f0 3 @IrJ'ctt,a.>1-rv \, 2ml (J) 

~ J.k.:r..-!J /-1v--C 1 o f'J> Ff,19 ¥5t;¥$-,a.>1-r -0 f;:_o ~ 13 Ltd-&• $,k ~ ifB½-,a.>{v:t§ ~lil ~--CD.~ L 

~ 13 L f ;:tif • ,.x ,;:t ,a.> 2 t5C (J) ~~Ji-Ct~ .7;;-=. .7;;- , _;;z_"" :7 !--1v J.-17 - ,a.> ffl 1., \ --c, ffl --1-.A-"':7 !--

1 v ,a.> lJ!IJ JE L ka i!!iJJElrilHH:t 400-800nm --Ccboo 

2-3-7 1'1v-1"1/:1/f1v-~€, 

10% i:p•tififir*;v?!J:1/i-&--CufilJELtd-&4$,k~(J)~:1/7°;v (ff-1 50mg) -a_> 2ml (J)mfil7.k--C 

3 @IrJ'crtLt;:o 0.05% /--1v,1'y:1/f1v-mi-&-a_> 2ml 1J0;:t, ~t.llll--C 30 ½-Ff,19~13 Lf;:o ~131&, 

~Jlj(J))--1v,1'y::,,,,7''1v-1~¥-&,a.>!12k5IL, 2ml(J) 95%.:r..-!J/-;v--C~ 5 f'J>Ff,19f0 3 @lfJ'ct=fr,a.> 

1-r v \, 2ml (J) ~J.k.:r..17 /-1v--C 10 f'J> Ff,191J'c¥$-,a.>1T-0 f;:o ~13 Ltd-&• $,k itifB ½- ,a.>{s'[;t§ ~lil1~ 
~--C-~Lf;:o 

~13 L,f;:_j:.if.~,;:t,a.> 2 ,t,5C(f)~~ti--Ct~J;;-=.J;;-, .A-"':7/--Jv j.-,!1--a_> ffl v \'"(, ffl--1-A-"':7/--

Jv,a.>lJliJJELf;:o i!!iJJElriltti!:l 4OO-8OOnm --Ccboo 

2-3-8 7 JvjJ!J*.7-.7;:t-~-~ (ALPase) fi:§"fi 

lt~~i*Lt;:~:1/7°1v (!fiJit-&•: ff-1 1.0mg, :::r7-,1/:1/§i_lj:.if.: ff-15.Omg) ,a.> 15ml Jif,t 

~!;:.An, -t =. .r-... 0.5ml (J) TBS ,a.>1J□ ;tf;:o ~ifrBl*-=E-YT-1'~---c 1 51F1,19!~-,c~~H-~Lf;:o 

-t(J)~¥1jf,&-a_> 3O0OG, 15 ½-Ff,19(])~1!:f:--CJiiC.-½"/!l-a_>fiv \, J:.i~J;;-i-&,a.>1~f;:[14]o ALPase r! 
ti!:t=.(])1~6:ht;:J:.f~J;;-i,&(J)-*B-a_> ffl v \--Ci!!IJJE,a.>1-r-0 f;:o iJliJJEJ5"rt!:t7 x..:=:.;v*.7-.7 x -!-

,a.>£ji~ L --C fflv \oc!jc~ru Kind-King rt[l5)!;:.£--:5t, \f;:t(J)--Ccboa .7-.-"':7/--Jv;J.-~--a_> ffl 

v \ --C, ¥Bl* 500nm (J) P&~>l ,a.>lJllJ JELf;:o 
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2-4 ATDC5 ~IH.IJ@(l)::z7---ij✓ij /v-§ffi!!ff!'t~;:;t-Ht-3 BMP-6 ~!JlkffLt;:f3-TCP ~* 
(l)~IH.IJ@$:~~;:,&ft-t"~W 

2-4-1 ~IH.IJ@!ffiMl~Ff (BMP-6) (l)"3~~f3-TCP ~*.,.,,_(l)!Jlkjjf 

f3-TCP ~*t;:t, ffi 3 jfi(l) 3-2-3 c'{'f~Lt::.$-:fL{:$:~~L~c'~,litpL,f;:t(l)~ffl1,,\f;:_o BMP-6 

mi-en:t, 50mg J-)J(l)7✓7°1v,;: 121°c, 20 :Sr1c19::t--t-:1v-7"~ffil-, ~r.llU;:145-~L-t;:ffl 

*4!7.K~ 1ml 1JD;zf::.0 :..(7)7✓7 ;'v~ 37°C (l) CO2 /f'✓::\=-.::z/'Z-?7---f;: 120 :½'r1c19J\h, {!fj9'L 

f;:_o -t(l)f&, 0.20mm (l)7,11v?1-~ffll,.,Y'C0i&I~ffi~1tv\, 15ml ~r;t~{;:_7'.:h,f;:o :_(!)~ 

rt~,;: 160°C, 4 a~r1c1iirz:,~~lil-f;:B-TCP ~ 5mg J\nt::.o :__(l)~f;t~~ 37°C (l) CO2 /f'✓ 

:;\=-.1.r-:::-?7-f;: 120 :Sr1c19J\h, {~:J:¥Lf;:o -t(l)1&, irz:~~~liL-t;:-r'V7-?1-,;:~~iMHtt;: 

15ml ~r;t~~.A.:h, 3 a~r1c19~mirz:tjkl-f::.o 

2-4-2 BMP-6 ~lllkff Lt;:f3-TCP ~*~11□ x.t;: ATDC5 ~IB.IJ@(l)::z7-ij✓ -3/ Jv-§ffi!;l:g:~ 

2-3-1 ---c:~lrbt;: ATDcs *IBH§t= 2-3-2 ---c:wm~L-t::.::r7-3/✓t$i~~1Jox., l::0 A-o/r----c: ATocs 

*IB~iJ~::r7-7✓mi~,;::t>J-,;::S~Lt::.o :__(l) ATDC5 *IBH§13ff::r7-,1/✓t~?~~ 24 :fly' 

1v'f-1)::i:.1v7°v-H;:..:t:n-t'n 1ml 1Jox.t::.o (:..(l)c'e'."(l)*IBH§f,t)l'.f-;t 7.0x106cells/ml c'~ 

-3o ) ..:t:.. .,.,,_B-TCP & V 2-4-3 ---c:wm~Lt;: BMP-6 ~~~Lt;:f3-TCP ~-th-t';h,(7)1)::r:;H;: 

lmg f---=:ijJQx_f;:o -t(l)7°v-]--~ 37°C, 5%C02 f;:i9'.JELf;: CO2 /f'✓:;\=-.1.r-:::-?7-f;: 30 :½'r1c19 

J\n -C, ,1/ 1v{~L,f;:_o -t(l)f&, D-MEM/F-12 with 5%FBS tffiU&~ 1ml 1J□ x., WV CO2 /f'✓ 

:;\=-.1.r-:::-?7-f;:~L, 21 13 r1c19t-&f€~1t-:Jt::.o *IBH§(l)~-1-~-JE~r1c19 (7, 14, 21 13 r1c19) JE,~ 

iUl!IJ L t;:o 

2-4-3 pH ffllj JE 

t-&ft?~(l)~~a~f;:t.g.¥€1& (l)t-&t-lf!~ ,1~7-o/-1vl::0 A.o/ r-~ ffl It \-C, 15ml ~r;t~ f;:,7'.:h,f;:_o 

-t L -C :71)-::,,,,.r-:::::,,,,7(l):9i--c', ffii£~ pH :J.-7'-~ ffl It \-C-t(l)t-&t-lf! Ci{] 1ml) (l) pH ~fJ[IJJEL 

f;:_o 

2-4-4 FT-IR fflU~ 
~mirz:t*Lt;:-l}-1/7 J'v (ff,{] 1.0mg) ~m-r~Wc'~fSJZL,, KBr~*~-l}-1/7°/V :KBr (l)ltil~ 

1 : 100 f;:ft-3J:5 f;:1J□ x.f;:o -l}-1/7°/v c KBr ~*~~,fil~J!:1:: c' 7-,1~7 .17~ ffl It\ -Cfl;,@;-L,f;:_o 

ff-{] 2.0mg (l)fl;,@;-~*~ffll,, \-Cn!IJJEffl (l) KBr A-Vo/r-~{'f~L,f::.o -t(l)$fi..tJR~J&!l'ifft.~7 

-1J.:r.~~$:9i--0.3/c~§: (FT-IR;JEOL f±~ WINSPEC-100) ~ffllt \'"'(, fJ!IJJEL,f;:o jIJJEia 

lffi fj: 4000-400cm-1 c'~~, -c(l):½'jg~~fj: 2 cm-1 c'~-3o 
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2-4-5 7 Jv.iJ!J*A7~?1-~ (ALPase) ffi•ti 
~fffl:irz:~Ltc~/'7°Jv (ff-~ 1.0mg) ~ 15ml ~i,tff/;:}\.tt,, -t'::.~ 0.5ml 0) lxTBS ~jJ□ .:z., 

~"tfiBz*t:,,i--J--1-lf--e 1 ½'Fl'l9t~-/;:;ffi,uipLfco -t'O)MflH~~ 3000G, 15 ½'Fl'l90)~ft:j::--C~ 

1t.,:5tM~1Tv ,J:z!th-i~~1~tco ALPase ffi•~':Eti, ::.0)1~~ntc.l::z!th-i~O)-!m~ ffl v •tmlJ 

JE~1T-:dco iJ!IJJE1f¥:t1'i7.::r:..:::.;v*A7.::r:.-r-~£WtL tfflv•0c5C&~ Kind-King rt/;:£ 

~v •tct0)--Cdb00 A~:7}-Jv/-::$7-~ ffl v •t, 7Bt* 500nm O)!Qit~3( ~miJJELfco 

2-4-6 't''7*/~•::f1vF--J--~{g 

l:''7 */~. ::i';v)-t--j--~-@ --C1!1!ffl T0i~i~O)~fllj~/'i, £,1_ r O)-=f-)IW[--Cfi0 tc[16]o 

e &Jc~Y['::\=-'S/!J/'7~?1~ :2.5ml O)TJ,11/ Jvr-&J~"?['::\=-1/!J✓mi~ 1 (;: 2.5ml 0)17,11/ Jvr-T 

o/~"7}-::\=-'S/!J/'mi~ 2 ~1JO.:t t, H 5.0ml tLtco 

e !}/'::$7/':~i'AT/'® I !}/'t!l7''-r'/'®i~i~: 1.25g O)!J/'7'/':7''AT/'® n Jkfo!Jwt 1.25g 

O)!J/'t!l7''-r'✓® n Jkfp!Jw/;::x,tL t 50ml O)~-\¥l1k~1Jo.:t t~Jli1~Ltco 

e -j-7}--;1.,:7''!]-✓ B mi~:0.5g 0)--j-7}--;v;,''!}-/'B;ffi*/;::x;j-Lt, 50rnl0) 1%~'1:® 
r,-h ~ "'11Effi1JL,+-
'<'f..lJO.:Z. --C, P/JIJ~ t~o 

• ~77/'7~{1~: 0.2g 0)~77/'(C 20ml 0)~7j(.:r.::$7 /-Jv~1JO.:ttco ,:.O)f~i~~ 65°C, 24 

H~Fl'l90)~ft:j::--C:::?J--7/'(C]\.tl,, -t'O)tffit±li~~~77/'mi~tLtco 

~Jk.:r.::$7 /-;v--C~JELtc~/'7°Jv~ 1ml O)~-\i1k--C 3 @J7Jt~Ltco ~~"7}-::\=-'S/!J/'i~i~ 

~ lml 1JO.:t, 10 ½-Fl'l9~-@Ltco ~JljO)@J~"7r-::\=-'S/!J/'7~?~~1Qit§IL, 1ml O)~-\i1k--C 10 

½-Fl'l97Jt~~1T0ko imv •t 1ml O)iF/'1/-7 :7'S//'?~~1Jo.:t --C, 90 ½-Fl'l9~-(gLfco ~JIJO)iF 

/'1/-7 :7'S//'?~~!Qit§I L, 1ml 0) 1 %ffi'l:®--C 5 @JrJ'c~Ltco J!1C 1ml O)!J/'::$1/':7',AT✓® I 

!l/'t!l7-r'✓®mi~~1Jo.:t, 5 ½-Fl'l9~-@Ltco 1ml 0) 1 %~'1:~--C 1 ½-Fl'l9¥5t~Lko '¼.tc, 1ml 

0)--j-7}--;v:7''!]-✓ B i~i~--C 15 ½-Fl'l9~-@Ltd&, 1ml O)~-\ilk--C 3 @Jt 1ml 0)~1.k.:r.::$7 

/-Jv--C 1 @JrJ'c~Ltco ~1& !C~77✓mi~~1Jo.:t, 15 ½-Fl'l9~-@Ltco ~Jlj0)~77✓mi~ 

~!Qit §I Lfd,&, 71/7' /VY ,11/'P.A:::I-7°~ fflt, •--C, jjl~~1T0f::.0 

2-5 ATDC5 i11J~(l)::17-,1//'-:1/1v§:tit-g:.•,;::to~t0 BMP-6 ~!Qit~Lt;:~:fLW~-TCP 

(l)illJ}}@)3.x;£,;:&ft-t":e:&e 

2-5-1 ~~m?l~-r (BMP-6) O)wlo~~~:fl,fl~-TCP ~(l)!J&~ 

$=FLW~-TCP 1'i, ffi 3 .0) 3-2-3 --Cft~LtctO)~fflt, •tco BMP-6 i~i~t'i 50mg }\.11)0)7 

/'7°Jv/;: 121 °c, 20 ½'Fl'l97-J--}-:7v-7''~ffiL, ~ii.!Ct%~Ltc~~YH7.K~ lml 1JO.:ttco ,:.0) 

7/'7°Jv~ 37°C (1) CO2 ,1/'::\=-.:z.-"-::$7-!C 120 ½'F1'19An, f*¥,fLfco "'t'0)1f, 0.20mm 0)7 
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,1;v~-:a:-fflv"-C0i&J~ffi:a:-1t1t,, 15ml Jittfg!::Jd1,t:.a ;:O)Jii,t:fg!;: 160°C, 4 a~r1c1i~ 

¥~~ffiLt:.~1lWl3-TCP :a:- 5 f@l(ftJ lOOmg)Ahf:.o ;:.O)Jifxfg:a:, 37°C 0) C02--1:1/:f-.::z.~ 

-~-!;: 120 :½'r1c1iJ\..n, {~J~Lt:.a -t0)1f, ~~~ffiLf;:7':/&--~-!::~:a:-IJJHtt:. 15ml 

Jiixfg:a:-J\.h, 3 a~r1c1i1~~~tffkLt:.a 

2-5-2 BMP-6 :a:-!l&JifLt:.~:fLf{j3-TCP ~JJo;tt;: ATDC5 *f!I.Jffl!O)::z7-,3/:1/,3/ Jv-§:l:lt-fr4 

2-3-1 -C-~bl)f;:_ ATDC5 *-flllmA-vo/H;: 2-3-2 -C-~ffiJ~Lf;:::z7-ij:1/mr~:a:-JJo;t, l:::0 A-o/t'-C

ATDC5 *-fllE§iJ~::z7--7:1/mr~!;::t~-!;::5tfi'j(L,f;:o ;:O) ATDC5 *-IBE§'2i'~::z7-,1/:1/f~j~:a:, 

24 :fL '"?Jv'T?.:i::.Jv7°v-H::-th-th 1ml JJox..t:.a (;:O)~~O)*-IBE§flliJ;t 7.0xl06cells/ml 

---c:'&J00 )-t;: /"'..,!3-TCP & r.J 2-4-2 ---C~ffi]~Lt:. BMP-6 :a:-~2Vf Lt:.$:fLW[3-TCP UtJ 20mg) :a:-

-th.:f,h,0)7.:i::;H;:JJo;tt:.a -t0)7°v- t':a:-37°C, 5%C02 i::i~JELt:. C02--1:1/:f-.::z.~-~-

!:: 30 :B-r1c1iAh "C ,1/;v{r:Lt:.0 -t0)1f, D-MEM/F-12 with 5%FBS :t-&•r~~ 1ml JJOx.., ~ 

r.J C02--1:1/:f-.::z.~-~-!::*Lt:.a -tL --cit 21 13 r1c1i:t-&.~1t0f:.o 

2-5-3 ~* X ~@]tfi (PXD) 

{t{ffi~~ Lt:.-it:1/7° 1v:a:-:¥L&*-c-;ffi~Lko ffl 1,, ,f:.-it:1/7° 1v*1v~'--f:t:/!J ::z :1/~&Mti 

(<j>5mm) -C-Ji)00 -t L --C11fpxJ§ 0) IP] JE:a:-f51* X ffl@Jtfr~tti (PXD; !J jj ::7~ Rint-1200) :a:-ffl 

v"--C1t0f:.o Xf#J!IU:t CuKa1 -C-ib'?, t±liJf:t 50kV, 150mA ---c:'&J00 

2-5-4 FT-IR ijtlJE 
{t{ffi~tffkLt:.-it:1/7°1v UtJ 1.0mg) :a:-ffi:-1-:::Rf-¥-C-fflf-¥Lt:.a -t =. /"'..,, KBr ~*:a:,-it:1/7° Jv: 

KBr 0) J:til~ 1: 100 !::ft0J:5 !::J:m;tf;:o -it:1/7°Jv ~ KBr ~*:a:,~'e2,ffJLl:::---C7'/"T .::z. 7:a:, ffl 1t' 

--CilBif Lf:.o ft-1 2.0mg O)flE:if~*:a:-ffl 1t ,--ciJ!1J'.itffl 0) KBr A-Vo/ t'~{t~ Lt:.a -t L --C ,f:O)i}fr. 

:>1Hlllliz!tiUl'ij''~i~7-!J.:r:~}l$~:r.)-:1/t~ffi (FT-IR;JEOL f±~ WINSPEC-100) :a:-fflv ,--c, 

iJ!U'.itLko iJ!U'.itf1WIU:i 4000-400cm-1 ---Cib'?, -t0)7tf4ffi~f'j: 1 cm-1 ---C<b00 

2-5-5 pH ijtlJE 
:t-&4f~O)~~a~i:::t.g:4ff O):t-&±-t!!:a:-/"A o/-Jvl:::0 A-o/ t':a:-ffl 1t ,--c, 15ml Jifi:fg ~;:}\.,hf:.o 

-tL --C ::7!}-:1/~:1/':f-O)~ ---C, fffi£JM pH }-~-:a:-fflv "'t-tO)t-&±-t!! (ff-1 1ml) 0) pH ~i!!U'.itL 

f;:_o 

2-5-6 SEMl[~ 

{t~~tffkLt:.-it:1/7°/v (ft-120mg) O)~ff-Bl1-1fmO)M,~t:t, Au/Pt~~~1t0td&, jj§:~~ffi: 
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2-5-7 ~-7*/" •=t1vr'T-~~ 

t:''7 */'\ •:i'JvFT-~a ---Cf~fflT07~7-0lO)!J~t;:t 2-4-7 t: !AJ~O).:¥JIIJ[---C1t0 tco 
~Jk.:r..jt/-1v---Cufil5ELtc'"if-:1/7°1v~ 1ml O)mii1k---C 3 @JfJ'i:;ff!"Ltco ~.r-...?r~'S/!l:1/mi-et 

~ 1ml JJO:t, 10 ½'F1c19~aLtco #JIJO)j~.r-...?)--~'S/!l:1/mi-et~!J&§IL, 1ml O)mii7.k--C 10 

½'F1c1971cff!"~1t-:::itco iWcv \-c 1ml 0)~:1/1/-7 :7'S/:1/i-0l~JJ□ :t -C, 90 ½'F1c19~a Ltco #JIJO)~ 

:1/1/-7 :7'S/:1/i,0t~IJ& §IL, 1ml 0) 1 %g'F~--C 5 @J71cff!"Ltco ]!~;: 1ml 0) !J:1/jt:1/:7''7-7:1/~ I 

!J:1/.::i:-!Jf-r':1/~mi-et~;JJ□ :t, 5 ½'F1c19~aLtco 1ml 0) 1 %g'F~--C I ½'F1c191J'cff!"Ltco '¼.tc, 1ml 

O)j-7)---1v)''!J-:1/ B i~i-et--C 15 ½'F1c19~aLtd&, 1ml O)mii1k---C 3 @It: 1ml O)~Jk.:r..jt 

/-1v---C I @JfJ'cff!"Ltco ~1&f;:y77:1/7~i~~;JJ0:t, 15 ½'F1c19~aLt::.o #JIJO)y77:1/7~i~ 

~!J& § I Ltd&, -r':,ijt Jv?-1 :707,:::z-7°~ ffl v \-c, i!~~1t-:::it::.o 

3-1 ATDC5 ~}]§ 0) ~Ji :f;g:i€,& V:::r 7-,1/::,,, -1/ Jv§:11Ufri'€ ~;:13 ~t 0 ~J]§ffi,f ~-'.f-0)~-

3-1-1 {ftffi~~H~--~ 
-ntMF1c19, ~Ji±-&it& V:::z7-,1/:1/§j;j!_:l:-&itLtc ATDC5 ir-lHH§O){vJ§~/iil]~~-~O)ra 

*~~ 4.2 (3 s F1c19) ,;::ff----t o -th-i''hO)'.lJ~f;:j:31,., \-c, ii:fJ!.IJti~Ji±-&it, ::t"flllH'i:::z::17--1/ 

:1/§j;Jl!:l:-&itO)'bO)--C:&)Q0 J:.fJ'. ,;:i'f-lHH§tffljfi!lzg-f-~fiiJt;}]p;,z__fJl,., \ ( :::z :1/)--P-Jv) bO), 9J ~f;: 

f'i:l:-&±lli3'.t~P~f;: 50µg/ml 0) BMP-6 ~ 100µ1 f0JJ□:t-C±-&itLtctO), r~f;:f-;:t:l:-&±1:B3'.t~ 

P~f;: O.lmg/ml 0) PTHrP ~ 100µl f0JJ□:t -C:1:.-&itLtctO)~ff--To ATDC5 ir-lHH§O)lji}i:1:.-&it 

(;:j:31,., \-C, BMP-6 !'i 200ng/ml & 'a PTHrP !'i 10-8 M 0)/,llll'--C-th-th:fiERff::O)fJE:jjg]k V 

:ftptlJ f;:01,., \-c, 7!J-!f!J:1/vo/F~aO)m*iPG1f#fJ~tJ~iil56Gh -Cv \g[3]o *~~--C/'i, 

-tO):fi ER f f::0)~1,., \~!'Yi~f;:fi.~T 0tc156 f;:J:.!c.O) .m. :a:-;JJo :t0=.t: f;: Ltco 

~Ji±-&it-a:- 3 S F1c191t0tct0)0),;:01,., \-C, 8 ;j:5e0)'.1J~iJ)G.S:V.:l:~i'f-lHH§Jj(~ Scion t±~0)7!J 

-@Jf~fg,;j:Jr1/7r Scion Image -a:-fflv\-C~li)f::_ffi*, :::t:1/rP-Jv--C: 1728 ± 38 (1WJ/mm2), 

BMP-6 -a:-JJ□ :ttctO)--C 3602 ± 54 (f@l/mm2), PTHrP :a:-;JJo:ttctO)--C/'i 1049 ± 23 (1Wl/mm2) 

--C:&)~, 1f~fJ~ti~itl56Ghtco -t.hGO)i'f-lHH§O)%:(k!'i, :::t:1/)--o-,v&V PTHrP -a:-JJ□ :ttc 

bO)--C/'i/r!~%0)tO)tJ~*-'¥---C&)-:::i f::_iJ~, BMP-6 ,a:-;JJO:ttctO)--Cf'i, 1'jEJ %~ft:(k,;:jji:1,., \ 

i'f-lHJi§iJ~$-<1¥1:ELtco LiJ)L, ::17-,1/:1/,1/ ;v§:li!!:1:.-&it LtctO)--Cf'i, JiiJ)tt J:.O)i'f-lHH§Jj(~ 

*IH H§%:lk f ;:~1,., \ /'if JiJ )-:::> tco 
±-&it 21 S 1& (~ 4.3)--Cf'i, BMP-6 -a:-JJO:tf::.y:1/7° Jv--Ct'i, *~fJfi:(kO)i'f-lHH§0)1f1:E-a:-i! 
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Fig.4.2 Phase-contrast micrographs of monolayer-culture and 
embedded culture in collagen gel of ATDCS cells with cytokines 
after culture for 3 days 
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Fig.4.3 Phase-contrast micrographs of monolayer-culture and 
embedded culture in collagen gel of ATDC5 cells with cytokines 
after culture for 21 days 
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,~:}31., \-c' ilwei~~B Lt:.:g:~:51'i)~:::Z/j--P-Jv & a PTHrP ~jJp;tt:.-l}-✓7°JvJ:'JtJl7'.J,ft 

J::, ~-<ifi=ELt:.a L,7'.J,L,ft7'.J~G, {:V:t§~!lil]~~ifl*O)ir,5*7'.J,G:::z✓J--o-;v~ PTHrP 0)-lj-/ 

7°1vO)~eO)e0)@1t \/~~~tt~i'iM*~:hfti6•--:::it:.o 
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Fig.4.4 Phase-contrast micrographs of monolayer-culture and 
embedded culture in collagen gel of ATDCS cells with cytokines 
after alcian blue staining (21 days) 
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Fig.4.5 Electronic spectra of collagen gel containing ATDC5 cells 
with cytokines after alcian blue staining (21 days) 
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~;:~13---C~ Q~B::iJft---C;b~, 7 Jv:/7:1/7° Jv-~ec:{Jf: ffiT-o-:.c:---C7°P7:T~l!J j:J :1/0)1f 

1:Eil~ct ~ WHit~;:-t:otc&l> t;: f~ffl L,tco 

r-1v-1"S/:1/7"1v-~e~0)~:1/7°1vO){:vJ§~liijHJ!&~tiJ~~O){f-i!f:~{r@ 4.6 t;:~To ~lit-% 

·~' ~~L,tc~:1/7°Jv~;::t31., Y"(" BMP-6 {rjJQ.:z.tc~:1/7°Jv---C-r'-1o/1/.::Z.~{;.$:il~~e~;:~13 
~:htc~~i)~-~~:htco *'IB~~:l:imfEl--1-{rjJQ;t --Cit ,f~v '\::Z:1/r-P-/v~f-t---Cti, ~~ ~;:~ 

@~htdfB:$:ttib-oil~, J--;v,1"S/:1/-;t';v-e~O)W-@.tfµJa~t;:fi.~L,tc 0 PTHrP {rjJp;ttc~ 

:1/7°1v---Cti~eO)#B:$:ttifi.~-lt-f, T-1o/1/.:i~{;.$:il~-We---Cib0tco BMP-6 {rjJQ;ttc~:1/ 
7°Jvi)~::z:1/j--P-Jv Ez tJPTHrP {rjJQ;ttc~:1/7°/vt:.bttx:L, --C~b5ilt '7:7° ::7P?"S/-{r~L, --C 

V ,f;:0 

::z7-!f :1/ !f Jv'el.i_!t.g:• L,tc 1&, ~e L, k ~:1/7°1H;::Jo1., "-Ct, fftt§ ~ro!Ji1¥.&il---Cil~ L, 
tc{f;!f*, $)it%.c:IAJ~O){cj[ti]{r~ L,tco -:_O)::z7-Jj-:1/Jj-Jv~J_!t-%•~, r-Jv,1"S/:1/-;f';v 

-~13 l..,f;:~:1/7°Jv{r;V~::7r-Jv7 ;;t- r-}-?7----C7J!lj~L,tcfffl*{r@ 4.7 ~;:~TO -:_0)'1:--j'.-7-

A-::7 J--;viJ:\6 570nm ~;:~:kl:&J1t1t:a:-fi.iJ!UL,f;:::::r :1/r-P-Jv0)~:1/7°1v{rl;~ ~;:~ .:t6c:, 

BMP-6 {rjJQ .:ttc ~ :1/7° Jv---C ti l:::0 -::7 {ll oo= tiffi]Bt-R:{JIJJ (570nm-560nm) h:. :/7 r- L,, -=t 0) l:::0 

-::7si1tti:l:i1JDL,tco '¼.tc PTHrP {rjJQ;tf;:~:1/7°Jv---Ctil:::0 -::7{llii':ti-R:~-R:1JIJj (570nm-

580nm) ~;::/7r-L,, ,tO)l:::0 -::7siltti7'm!Z:PL,tco 

3-1-4 7 JvjJ!Jit7-7;;t:7'-~ (ALPase) ffl•li. 
~ 4.8 ~;:*lfl~~:l:i7lfEl-1-{r1JO.:t--C ATDC5 *'IB~~{r 21 B Fi.i, $Jit%.1'r0t;:ff0) ALPase 

ffl•l1:iJ!U~O)fffl*{rffeTo ::Z:1/j--P-Jv0)~:1/7°Jv0) ALPase ffltl:fli{r 1 t:T-oc:, BMP-6 {r 

1J□ .:ttc~:1/7°1v---Cti 1.225 ,tL, --C PTHrP {rjJO.:z.tc~:1/7°Jv---Cti, 0.971 ---Cib0tco 

@4.9 ~;:*lfl~~~7llz9-1-{r1JO.:t --C ATDC5 *'IB~{r 21 B Fi.i, ::z7-Jj-:1/~i_!t.g:•1T0tdf0) 

ALPase rt•tii.f!U~O){ffl*{r~To ::Z:1/r-P-Jv0)~:1/7°/vO) ALPase rt·ri{j{r 1 t:T-o~, 

BMP-6 {rjJO.:z.tc~:1/7°1v---Cti 1.393 ,tL, --C PTHrP {rjJQ;ttc~:1/7°Jv---Cti, 0.595 ---C;b0ko 

-:_O){fi!f*ti~]it:g.•O)tO)c:fµjt,fcj[ti){r~L,tco 
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Fig.4.6 Phase-contrast micrographs of monolayer-culture and 
embedded culture in collagen gel of ATDCS cells with cytokines 
after toluidine blue staining (21 days) 
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Fig.4. 7 Electronic spectra of collagen gel containing ATDCS cells 
with cytokines after toluidine blue staining (21 days) 
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Fig.4.8 ALPase activities of monolayer-cultured ATDCS cells with 
cytokines after cultivation for 21 days 
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Fig.4.9 ALPase activities of embedded culture in collagen gel of 
ATDC5 cells with cytokines after cultivation for 21 days 
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3-2 ATDCS j1B@O):::z7-ij::,.,,ij;v§:lffi.:l:-%4,:::t3~t0 BMP-6 ~!J&~Lf.:!3-TCP ~* 

O)j!B}}§,5,x;ffe:,::&~!-t~• 

3-2-1 {1Z:;f§ ~~ ~-•* 
~ 4.10 (::, ATDC5 *@~§O):::z7-ij::,,,,ij Jv§j:Ju.g.•a~,:: BMP-6 ~JJ&fgLt:.!3-TCP ~JJp;t 

t:.-tf-:1/7°Jvc:, BMP-6 ~JJ&fgl.,, ---Cv ,ftv '/3-TCP ~J]p;tf:.-tf-:1/7°Jv~J]p;tf:.1t.:>O)O)*@~§O)fjft 

--1-~{:j_'zJ§ i§:fillJHJ!&ii---C. ~ Lt:.~*~~ TO :1:.g.. 7 s f& O)jj ~ c' f j: ' c:'' ½ GO) y :1/7° / V ':: :t3 

v ,--ct ATDC5 *@~§;6~!3-TCP :¥ft--1-0)* ooili:< (::t¥tE, *fgl,, --Cf$~ L ---Cv '0fl--1-iJ~ll~~.:h 

f:.o L,;6,L,, -{-0)*@~§%~/j: BMP-6 ~JJ&~L ---Cv ,ftv '/3-TCP ~J]p;tf:.-tf-:1/7°1v---C/i*@*v, 

*@~§---C~,50)(::xtL ---c' BMP-6 ~JJ&~Lt:.!3-TCP ~JJP.:tt:.-if:1/7°Jv---C/:t::k~ftft~O)*ffi~§ 

75~W~L ---Cv ,f:.o :1:.g.• 14 S ffO)f!~---C/:t, c'½GO)-if:1/7°1vf:=.:iov ,---ct:1:.g.•7 s O)'bO)c:lt 

~---C*ffi~§fX/:iYE,iJ•tt J::J~JJPL -Cv ,f:.o L,;6,L,, -{-0)*@~§0)%~/:t BMP-6 ~JJ&fgL ---Cv ,ftv, 

13-TCP ~J]p;tf:.-tf-:1/7°/v---C/:t*m*v '*ffi~§---C~,50)(:=_x;j-L, ---c' BMP-6 ~JJ&fgLt:.!3-TCP ~JJp 

;tt:.-tf-:1/7°1v---C/:t::k~ftft~O)*@~§---C~--::d:.a ~t:., BMP-6 ~JJ&~Lt:.!3-TCP ~J]p;tf:.-tf-:1/ 

7°Jv---C/-;t:l:.g..7 s ffO)y:1/7°/vc:J::l::~---C, 13-TCP f'.i--1-0)-g~,:: ATDC5 *@~§;6~{~-ftL ---Cv\ 

0ct·:Jltfi--1-~fi~Lt:.a :1:.g.• 21 S ffO)fi~O)~*' BMP-6 ~JJ&fgLt:.!3-TCP ~J]p;tf:.-tf

:1/70Jv(:::Bv ,---c' :1:.g.• 14 s f&---Cti.~Lt:. ATDC5 *@~§0)!3-TCP tlL--1-f'-..O):i:ftV'.)O)j!'iift)iJ~ 

tJt::kLt:.a 

3-2-2 pH rJliJJE 
~ 4.11 ,:: ATDC5 *@~§O):::z7-ij::,,,,ij ;t,,§j:_tj:.g.•a~,:: BMP-6 ~JJ&31lrLt:.tO)c: L ---Cv ,ft 

v '/3-TCP ;ffi*~JJp;t:1:.g.• Lt:.lfiO):l:#.1& 0):1:.g.t{!!O) pH ~1r:~~T o ffl v ,f:.:l:&tlli0):1:.g.•M 

0) pH !:t pH=7.4 ---C~00 :1:.g.•7 S § ~---C/:t BMP-6 JJ&fgl3-TCP ~J]p;tf:.-tf-:1/7°1v, &T.J 

BMP-6 JJ&fg75Vtv '/3-TCP ~J]p;tf:.-tf-:1/7°1v---C pH /:tlmx:& Lt:.ii~, -{-O)i§:/i1fBft1t.:>O)---C/:t 

ftiJ•.--;;f:.o L,;6,L,,ftii~G, :1:.g.•7 S § 0Ji---c1:t BMP-6 ll&~l3-TCP ~J]p;tf:.-tf-:1/7°Jv0) pH 0) 

lmx:&1:t BMP-6 JJ&~;a~ftv '/3-TCP ~J]p;tf:.-tf-:1/7°/vc:J::l::~---C::k~<ftV'.)' ~~s'-)1::,:t pH= 

6.4 c:§1Hi~~Lt:.a 

3-2-3 FT-IR rJliJJE 
~ 4.12 (:: ATDC5 *@~§ O):::z7-ij::,,,, ij Jv§j:_1:1:.g.. a~,:: BMP-6 ~JJ&fg L t:.t 0) c: L ---Cv ,ft 

V '13-TCP ;ffi*~JJp;t, 21 s rFli:1:.g.• Lt:.ff O)-tf-:1/7°/vO) FT-IR jj!lj7EO)~*~~T O ,{-0)~*' 

BMP-6 ~JJ&fgL,,f:.-tf-:1/7°Jv---C/:t, 1120cm-1 & T.J 1080cm-1 !:=.ll&~>U~:1/F75~j:~JJPLf:.O :_0)2 

*O)Jl&~3U~:1/Ff:t, !3-TCP & T.J::r7-ij::,,,,ij 1v(:=.ct0t0)---C/:tftv 'a ~t:., BMP-6 ~JJ&fgL, 

---Cv ,ftv '/3-TCP ~J]p;tf:.-tf-:1/7°/v---C/:t, ::_O) 2 *O)JJ&mv~::,,,,j--:'/j:fijJ!IJLt:.;6~, ,{-0)5~Vl'.f:t 
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Fig.4.14 Observation of ~-TCP in collagen gel with ATDCS cells 
stained with Villanueva's Goldner method after cultivation for 21 
days 
(a) J3-TCP 

(b) J3-TCP adsorbing BMP-6 

(T: J3-tricalcium phosphate,*: osteoid tissue) 
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( c) The cultured cartilage / porous J3-TCP with BMP-6 (21 days) 
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Fig.4.16 FT-IR spectra of the samples 
(a) Porous f3-TCP 

(b) The cultured cartilage / porous f3-TCP (21 days) 

( c) The cultured cartilage / porous f3-TCP with BMP-6 (21 days) 
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Fig.4.18 Scanning electron micrographs of the samples 
(a) Porous f3-TCP 

(b) The cultured cartilage / porous f3-TCP (21 days) 

( c) The cultured cartilage / porous f3-TCP with BMP-6 (21 days) 
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Fig.4.19 Digital micrographs images of the samples after 
Villanueva's Goldner staining 
(a) The cultured cartilage/ porous J3-TCP (21 days) 

(b) The cultured cartilage/ porous J3-TCP with BMP-6 (21 days) 
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-=fO)~•-trJJ.r<g£,~n~cb.:So 

.:t.::.c', (1) 2 ;J:jffiO){f-[H~:l:i~IEI+ (BMP-6 c: PTHrP) i,r-{-tl,.:f.h-atr*c' ATDC5 ft-WE§ 

O)~}i:1:%4:& L}::z7-,3/1/§:l:Ji:t:l:%:i:-'!r1fv ", -{-O)~W:a:-iJ.r-::.00 (2) BMP-6 7,rj3-TCP ~ 

*(;:g&fg~it--C' -{-0)~*-tr ATDC5 ff-WE§O)::z7-71/7 Jv'§~:l:%i1€ff~(;:JJ□ x..0.::.c:r;:J:0 

---C, ff-lBE§JJx:*O)~-=f-'!ri!~T00 (3) :fx-'-< il~!ffl3eLfc-=c--r'1v0)$:fLWf3-TCP r;: BMP-6 -tr 

?&ff L, :1:%4:T .:Sc: v ,5 -=-~~J--z:~~-'!r1f 0 fco 
-{-O)fm*, ATDC5 ft-WE§O)!:Ji]i:l:-&i1€& L}::z7-,3/1/'§~:l:--&:i:O)t'i":JGO)~%t;::fot, "--Ct, 
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P m_O){f-lflH§:l:~rntiEl--1- (BMP-6: 50µg/ml (100µ1), PTHrP: O.lmg/ml (100µ1)) ~JJO;;tf;:.S:.~t;: 

J: ~, 1f-lBH§O)%~, 1f-lBH§JvG* UM:,c1f-1BH§½'{~i~), .:t L --C1f-lBH§JvG*';: ff 57°P-r;;1-:7''V -JJ '/0) 

#l:1:±Hc~~t~~iJ~'.:!:.C0S:.~iJ~:biP0f;:_o ~tc, BMP-6 ~JJD;;tf;:.tO)"C:'t:t, ATDC5 1f-lHH§O) 

{f-lflH§JvG*tj:{.@Jil,, $~0)7°P7;;1-:7''V jJ',/~;J=)pl±:I L,f;:_0 

S:.O)~*~Jac, ATDC5 1f-lBH§O)::z7~,1/'/§:l:Jl!tif:i:H~tcB-TCP ~*';: BMP-6 ~i.!&.~L 

f;:.tO)~;JO;;t --Ct-%:i:~1"'f0ko .:tO)~*' BMP-6 ~i.!&.~Lf;:.B-TCP ~*~fflv \f;:_-Jf-'/7°Jv 

"C:'t:t, B-TCP tft--1-{tm:O) ATDC5 {f-lflH§O)JvG*iJ~ BMP-6 ,cJ:-0--C{JE:iiL, :£Ek{~.&Vffi~ 

{~L --Cv \0-:.~~it.YJf;:_o 

J! ,c.:tO)~*~t~,c, t-%:1:$.X~ -$JLWB-TCP AI$,X~1/7-T A-=t:--r'1v,ciiffl Lt;:.~*' 

B-TCP ~*~fflv\f;:_~~~!PJ~t;:, BMP-6 tcJ:-0--C ATDC51f-lBH§O)JvG*iJ~{.@:iiL, :£Ek{~ 

.& lfffi~f~ ,c {f5 HAp 0)1:.JvGiJ~Jl~~n, ~~O)'.:!:. f*~W,.x~ffiff-l O)*JHi~¥-f-'JS:.~iJ~ 

:biJ~-0 f;:_o 
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1:J.mffi•~~1fT Q{It5tr1f~1~,g-.~~~,g-.1~Lt~!J/'~ 
~NV~A~,g-.~~~~-~~~tt 

ffi 4 •--cti, tff~ ,.x 1t -$ =FL W !J ✓~jJ /v:,/ r:; A f.£'Ei'1/ 7-TA I c :}31,, YtJW n§ :!:Im !El--r ~ L ---C 

BMP-6 ~$:fLW!J✓®;iJ Jv1/? A(C5i~ (C!J&5g~-lt0::.~,cJ:--?---C$)(1f;J:,t*-Wn§ ATDC5 *-Wn§ 

0)-1iEk11'.:i6~1..IE~T6::.~~~0dP,;:Lf:.o Lil~LftiJ~G, ~WiO)~Wfitffl ~~;tt:.~f;-, ft 

Jttei0*-W~:i:lm1EJ--r,ctitlJ~N:i6~ib~, ~Wit;: BMP-6 tim:f:EO)~::_;s, ii!~~~&i~~}mO) 

*ii~1~---Cv ,ftv \0 'i.t:. BMP-6 O)J::)ft*-Wn§~ffl!El--rti-~(C~{ilii--C' $:SJ;:~ffl-t0::. 

~tifflEL<, :CO)if-ftr1ii:@i6~G, rJ:@cp O)~'O)~~{ftiJ~*-Wn§JJx:ffe:'C~-9-T 07J~~!f.f7E-t 6::. 

~tifflEL1t 'o -t ::--c, ::.n'i.--CO)*-Wn§~m!El--r,;: fi:b0fi:wttmWO)ftffl i6~d2'.,~cft00 

:c ::.--c, 1::t!!!rt·rt~~L, tJ:@i6~1li~ttif~½---r~~1tfi-~~tlfi-1tLt:.!J ✓®;iJ 1v1/? 

AO)ftffl ~~ ;tt:.o *•--ctiJ:~EO)~f!:f::~r~t:. T~~~~ L ---Cti, 7 7'/~7=¥✓®-t-1--!J? 

A& T.f.7 7'::::z;ve'':.,,®!J:.,,®.::r:.7'7 Jv?:~'.l;¥. 1/? A~~:t,R Lt:.0 77'/~7=¥/'~T l--!J? Ati, 

1::f*P'l ,c1r:t:ET0 7-3:/®0)-fffi--Cib~, 'i.t:.77'::::r;ve--✓~!J:.,,®.::c.7'-y-1v?(f:f :/? Ali, 

:i:f*P'J--CO)::::z7-7:.,,0)f;-)Jx:,cm~ft~!1J~*t= -t=-~i'.)~*IJt>;rL --Cit '0, 7 ,A::::ZJve''✓® 
(e--;;,7-3::.,, C) 0)-y:7'';¥.:/r:;A:tgcL, ---C~Gn ---Clt'0[l]o 

~.~/i, (1) -th-t'';f'L0)2fjffiO)~fj~~?ifi~?~~tff~?~,cjJo;t ---C ATDC5 *Wn§O)!ji 
JitiHl~:f'f5o (2) :C0)7')!}-.:::.✓~lO){ffi*, *-Wn§~ffl~f.@~Lt=~fj~(C---:)1,, ,---c, .:f_:O) 

~fj~~?i~Lt:.!J ✓®;iJ Jv:/? A;¥5J5R~fi-JJx:L, :C0);¥5J5R1f1:Er--C ATDC5 *-W~~::::z7-

1/:.,, 'El :l:!Ui'f ~ L, *W n§.OX: ffe: 0) ~--r ~-~ T 00 ~ 1t '5 2~ !9'JO)-=f. Jill --Cff--? ko ( 2) 0) ~~ /;: 

:}31,, ,---c, ~r~~~!J✓®;iJ /V1/? A;¥;J5R,;:?i~~-lt0J;ft~L ---C, ~imll&~~~Ji r~,I&~l6 

Jj.~O) 2fjffiO)jyft~ ffl It 'f:.o ftffl Lt:.!J :.,,®;iJ Jv:/? A;¥5J*ti~ffiill&5'~,:: ftfflT0t 

O)~L---C, ffi 3 -0) 3-2-3 --C{1:~L, ¥L~--C;¥5J:Pq!!Lf:.~-TCP ~, JiF~9!&~J6Jj.~tcftfflT6 

t 0) c L ---C, Ji :/:krJ:@--Cib0 !} /'®J\.ft Jv:/? A ( Octacalcium phosphate;OCP) ~ftffl Lf:.0 
OCP ii 17 /~?7-11--Ji Jc 17.kflJJi J ~11¥tin02---:)0)~ft0Jii6~ffl:Jj.mft--?t:.Ji:/xt1':©~r!f 

"J[2]o 7Kf1J)i cp tCtf1:ET02fiffiib0 HPO/-O)P'J, ----:)0) HPO/-ti::::z/,)®~7:)e0✓®, 

7? 1v®O)J:5ft:);iJ 1v*✓®c?&£ tc§J~L, ~tj-~~Ji:tk1tfi-~~%.ox:-t 0::.~i6~ 

Monma GtCJ:--?---C¥!i'5"~h --Cit '0[3-5]0 :c::.--c, :)jJ Jv*✓®~~~r!f---:)7 7'/~7=¥✓® 

(lk T.J:CO)T 1--!J? A:tg) t fRJ~,c)i F~9 tC!& ~~tr::.~i6~AJfil3--Cib0::ci6~-=ft~~h00 :=_O)J::) 

,cJi r~i tc~~~~ !&~l6tr::.c,cJ: "'.) --c, *rnill&5' ~ti~ft0~tfc~f¥.i6~WH~--ri00 
*•--cri, ::.nG0)2WJf0)~~7J~G, ATDC5 *-Wn§O)!Jx:ffe:~{..IE~T0~~~0)~:},R, lk 
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-cf-{-:h, G :a:'2( ~ ~ itt~ !J :1/®7J; v"1/'17 A #tE r--C 0) ATDC5 *al H§ 0) JJx: fi= 0) ~-=f :a:ii ~ L, -z:.
O) ~ft~ O) *al H§JJx: fi: t c & t l' T ~ ~ t;: "'J 1; \-c~~TQo 

a-TCP t::t.:t:3¥{~$~~fi:i:t~t±~:a:fflv\f~o S] 2.1 [C-{-0) SEM ~1'!:a:sl 2.2 (;: X it#Jt@J 

tfr / '\ ?7-✓:a:lF TO -z:.-0) 3¥:f:>Jt1.:'l1£ ti 5 µm '"C&:>-'J t~o ,x itf**alH§ ATDC5 *al~ t::tf:! { ~ $1i]f ~ 
ijyO)*alH§lffl~iHriJ:.G,7'-¥Lt~o D-MEM/F-12 i~{;;fs::f:-ff!-1!!, 17"1/'Hi:t!,~lfn.iw (FBS), 0.25% 1--!J 

7°"1/':1/t'i GIBCO t±~O)bO):a:{iffl Lt~o Cellmatrix type I-A (A?~, Bi~, C j~) ~ 1 %::z=J,1/ 

-r--et::t~ B3~7'T:1/f)K:i:t~t±~O)b0):a: ffl v \f~o L-7 A/"7:¥:1/®T J--!)17 A-7J<flJ~, 
L-7A::zJvl::'':1/®!J:1/®.::r.AT Jv'"?:7''-t-1/? A±j[ n 1.kf1J~, ::Z/,:7®, 10% ~•~iffilr*;v'"?!) 

:1/?~, 0.05% J--;v-{:):,,,f;v-j~, 1 xf-!)A/'\o/77-f~j~ (IxTBS) t::tflJ:J'tMHlf*:i:t~t±~ 
O)bO):a:{iffl Lt~o 

iJ!UJE~il:t::tffi 3 :$:0) 2-2 --C{3e:fflLt~tO):a:fflv \f~o ~tc, ~:i:~O)fJ!UJEtC~i$~11=:m~ 
DTG-50 :a: ffl v \, ER* & V~*0)'2(~1iti Perkin Elmer t±~O) CHN '"? ,{ :707-j-7-{1.f
:a: ffl lt \ t~o iwj :51/4f ff!§ 31 P ~ {;;fs: NMR JU JE f;:t JEO L t±~O) NMR ~ ii: GX-270 :a: ffl lt \ -C, 1T 
-'Jt~o TEM j]~t::t JEOL t±~O)~~Wffl-=f1u!JiW:il JEM-3000F :a:fflv \-C1i--:>f~o 

2-3 ATDC5 ~ 8§ 0) !ji)i :f:{f 4 ,cto ~t -3 7 ;v'\7:¥:1/Nt-r 1--!J? Alk V7 A::l Jv t'':1/Nt!J :1/Nt 

.::I.AT Iv'"?~ *1/? AO)~W 

2-3-1 ATDC5 ~~O);i:ff4 

ffi 3 :$:0) 2-4-1 ~ IRJ~O)-=p/111--C ATDC5 ff-alH§:a: ~Ji:1:-ff~ Lt~o ~ 1C..,:n-m:a:1ilt \, *alH§:a:~ 

'd)f~o 

2-3-2 7A-''\7:¥:1/Nt-rl--!J?Am~&V7A::iJvt'':1/Nt!J:1/Nt.::r.AT/v'"?::7""*"1/''7Am~O) 

WM~ 
L-7 A-"~7:¥:1/®T 1--!J 7 Amr~~ L-7 A::zJvl::'':1/®!J :1/®.::r.AT Jv'"?:7''-t-1/17 Ami~t;:t-{

:h,-t.'':h,O);f7J"5K:a: 250mg T"'J, 531J.J..- 0) 15ml ~ttfft;:]\:h,, ~*JH7.k:a: 5ml fJO.:z..f~o -z:.-O)fj, 
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0. 20mm (7)7-11v31-~ ffl v v--c 6il~hJiffi~1'rv '\ 15ml lfilttff ~cA.hko 7..7-/~7::¥:1/®-t-t

lJ ?Affl~JJt..V7..7-~ ~~:1/®Y :1/®:r...7-7~7~*1/?Affl~(J)-~ ~. -th~h. 

50mg/ml "C&.)00 

2-3-3 ATDCS ~J]@(l)}Ji)i:btf.~:::ta~t0 7..7-/{7:¥:1/fi-j-t-lJ? A]Jt.. 07..7-::r;ve'':1/fi!J:1/f:!it 

:r...7-71v?~ *1/'7 A(J)i3-W 

2-3-1 --C~6bt~ ATDC5 *IHH~Hc D-MEM/F-12 with 5%FBS ti~iiJ:z~JJ□ ;t ---C, *IHH§fJ~~ 

3.0x105cells/ml (J)*ffi}]@~r!l)i~~~ffij~L. -th~ 35mm r'-1::;1/.::d:: 2ml Ah, ATDC5 *IIlH§ 

lft}it.g.~(J)~:1/7°1v~Lt~o t.g.~iiJ:zti 2 S m~c~tlL, -ch~~at,c 2-2-2 --C~ffil~Lt~. 7 

..7-/~7::¥:1/®7 r-lJ? AffliiJ:z~7..7-~;vl:::'':1/®lJ :1/®:r.)\7 Jv?:1/"'* 1/? Af?&ii5:z~7,1:1/l:::0 A-o/ 

31-~fflv\---C, 100µ1 f---::,JJo;tt~o -cL --CH 12 S r~it.g.~~fi-:)f~o *IIlH§(J)~-=ffi{vJ§~fil\Ji 

~it--rM~Lf~o 

2-3-4 ti~~✓7Jv(l)@l}E1t (}liJi:btf•) 

12 S F~it.g:~L,f~~:1/7°/Hl, -th~h. 2ml (J) PBS ffliiJ:z--C 2 @Jf5tr$-Lf~o 2ml (J) 10%4' 

·t1Jl1irit1v?lJ ✓i~JJt.. V/31 /-1v~JJ□ ;t 1 S r~i ~'.ii:Lt~o ~'.ii:Lt~~:1/7°1vti-ch-t'h!--

1v-1:J:1/7'·1v-~-@.~M!Lt~0 

2-3-5 t-1v-1:J✓7 iv-~~ (}liJi:btf•) 

10% 4'·r1*11lrit1v7 lJ :1/ii5:z--C~ '.ii:Lk -r·-1::;1/ .:i~ 2ml (J)~{j 7k --C 3 @]j_$tr$-Lf~o 0.05 % t-

1v-1 :J:1/701v-ffli~~ 2ml JJO;t, ~r.lffi.--C 30 ½'F~i~13 Lt~o ~131.&, ~Jlj(J) )--1v-1:J:1/7°1v 

-ffliiJ:z~Pk §IL, 2ml(J) 95%:r.3' /-;v--C~ 5 f.J;F~if---::, 3 @]1J'cr$-~1Tv ', 2ml (J)~7j(:r.:7 / 

-1v--C IO f.J;F~9&c¥$-~1'r-:)f~o ~13 Lt~~:1/7°Jv~{llJ§~~~---ca.~Lf:.o 

2-4 7 ,.A/{7::y✓flit-a"ff!J ✓fiJJ Jv1/'7 A~*#1'£r--C(J) ATDCS ~}j@(J)::z7-J/✓ J/ ;v 

§:1:i:btf. 

2-4-1 7..A/{7:¥✓flit-a"ff lJ ✓ffltJJ Jv1/'7 A~*0)~,5x; 

7..A/~7::¥:1/fMt@;"~lJ:1/®JJ Jv1/? A~L ---C, 2 fj!ffi(J)~:1/7°1v~i;-~Lt~o ----::,fj: r Ji F~9 

J&~i6J/-7MJ (l)lJ7..A/~7::¥:1/®13~1J:1/®A7J Jv1/?A (Asp-OCP), t5----::,/j: f~jjjg&lf 

7MJ (J)7.A/~7::Y✓®13~B3MlJ:1/®-}JJv1/?A (Asp-B-TCP) "C&.)0o 

Asp-OCP ii, 100ml (J)T..A3M77A~~;: 2.0mmol (J)a,-TCP ~*~Ah, 4.5mmol (J) L-7 

..7-/~7::¥:1/®-t" r-lJ? A-7kfo~~13tr~'l:®l@"i:®-t-r-lJ? A~1irii5:z (pH=5. 1) ~ 18ml JJ□ ;tf~o 

-c(J)T ..A3M77A~ ,::fit#-=f~Ah ---c' 7-7''*To/-7.A;1-7---C' 37°C (J);t .,{ Jv/.Z.,7. 4'--C 
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144 RtF1c19tlt#Lf;:o ffl It \fd['F®l~®-J-1--!J? Air-l1lJi~O)IDllJJ}J;t~flf O)jjft-r:IDM~ Lf;:[6]o 

~0)1&, :':tpjt~~!l& 5 I 0i&J L, ~ii'Jk-r: 5 @J?'5tftl"Lf;:o ~0)1&, 5O°C 0)1rzJ!it1-r: 24 atr1c19~ 

t!iL, ¥L~-r:m11¥:Lf;:o 

Asp-B-TCP f::l:, 100ml O)j-7)J!I7:J7-:::rh:ffi 3 'if-0) 3-2-3 -r:11:~Lf;:~JLWB-TCP ~¥L~ 

-r:m11¥:Lf;:B-TCP m* (2.Ommol) ~An, 4.5mmol 0) L-7?-/{7:¥✓®-rl--!Jr)A-JkftJ~ · 

~'6"tf~i77J<~ 18ml JJ0;:z.f;:0 ~O)j-7-:gt!777-:::r,;:.fitf--1-~A:h --c --ylflf.To/-77'~-7 

--r:, 37°C O);;.r -11v /'\7- i:p-r: 30 :51'F1c19tl:Jf Lf;:o ~0)1&, :':tpjt~~!l& i:t 10i&J L, ~ii'Jk-r: 5 

@J?'5tftl"Lf;:o ~O)~, 5O°C O)~t!iti-r: 24 RtF1c19~~L, ¥L~-r:m11¥:Lf;:o 

.l:l:J~;J--✓7°/v~L -C, OCP, :=rr,-7®-e;-~ OCP (Suc-OCP), B-TCP ~~pjtL,f;:o OCP t::t=. 

:h ~-r:,;:.fffl5E~:hf;:jjf;t~c!1( N. Lf;:jjf;t-r:~pjtl,f;:[7]o 100ml O)j-7-:gt!77 7-::=r ,;:_ 2.Ommol 

O)a-TCP m*~A:h, ~®l~®-rl--!J?Air-l1lri~(pH=3.3) ~ 18ml JJ0;:z.f;:o ~O)j-7-:gt!77 

7,::=r ,;:_tJt:Jf--1-~ An -C, --ylflf.To/-77'~-7--C:, 7O°C O);;.r -1 Jv /'\7' i:p-r: 3 atr1c19tlt#Lf;:o 

Suc-OCP fj: 100ml O)j-7-:gt!777-:::r,;:_ 2.Ommol O)a-TCP m*~A:h, 18ml O)g'f®l~®T 

1--!J? Ail1ifi1jl (pH=5.1) ';:_ 6ml 0) lN-NaOH ~JJ□x.td?Gi~~JJ□ ;z.f;:o ~O)j-7-:gt!777-::=r ';:_ 

tlt#--1-~A:h -c, --ylflf.To/-77'~-7--C:, 50°C O);;.f-,1Jv/'\7,J:P--C: 3 atr1c19tl:JfLt;: OCP 

& tJ Suc-OCP O)flt#1f O)Jl!J!lH::t Asp-OCP O)~~~[j§']~--C:ib00 B-TCP f::l:, ffi 3 :$:0) 3-2-3 

-r:11:~Lf;:~:fLWB-TCP ~¥L~-r:m~Lf;:bO)~{~fflLko 

2-4-2 ::i7-if✓~O)wm~ 

:=r7-,1/✓1?Gi11d::tffi 3 :$:0) 2-4-2 ~[j§'J;j:iO)-=p)l~'""t'IDllJ~Lt;:o 
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§:00.:1:&~ 
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*1Blmil~:=r7-,1/✓m111d;:.:t~-,;:.:51'1txLf;:o =.O) ATDC5 *1Blm-e;-~:=r7-,1/✓m111l~ 24 IL'? 
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x,A r Jv'? :7'* 1/'7 AO)feW 
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~*:a_,~ 5.1 ZPG~ 5.3 (;:~-to -t"tL-f:.h0)¥~f;::Jot, ,--c J:ffi1ti{PJt1Jo;ttJl., '1:::11/r-O

Jv, 9='ffi~r±7A::::iJvl::::'':1/®!J✓®xAT Jv'?~-;t-.1/? Amiit:a_, lO0µm jJp;t tt{f~ Lf=--l}-:1/7° 

Jv, rffi~fi7.A/~7::¥:1/®-t-HJ?Ami-ez::a_, lO0µm 1Jo;t tt{f~Lt=--l}-✓7°/v~~To 

!ji}it-ff~ 1 13 §--C:-fi, ::::i::.,,]---o-;v, 7.A::::I/vl::::'':1/®!J:1/®X.7-TJV'?'.:~l;t-.1/?A7~?11l, 7 

.7-/~7:¥1/®T r- !J? Af~i11Z:a_,1Jo;tt=--l}-1/7°1vfi-r'-1::;1/.::z.jg:ffi';:*-ffinfilil~*~L --Cv ,f=, 

!ji}it{f~ 5 13 § &V 12 13 § --C:-fi, 7A::::iJvl::::''1/®!J1/®x.7-7Jv'?7'';:t-.1/?Ami11Zlk.V 

7.7-/~7::¥:1/®-r J--- !J '7 Af~i,fjl1J□ ;tt= --l}-1/7° 1v c:t*-fllnfilntii7itL::::i 1/7 ;r,,x::.,,H;:5¥L, *'lllJJ§ 

i171tf:t::::i ✓ J---o-1v0)--l}-1/7°1v c:Jin~~t J:O)~f:ttin~0ko 

12 13 fl'l9t{f~f_&, f'Jv-41/1/7'';v-~-@~1T0f=~*~~ 5.4 f;:~To :::11/j---O-JvO)--lj-:1/ 

7°1v--c:-ti-W-@,;:~-@~.ht=nt, 7A::::iJvl::::''✓®v✓®xAT Jv'?f;t-, 1/'7 Af~i11Z& V7 _A/~ 

7:¥1/®Tr-!J? Am1-ez:a_,j]p;tf=--l}-::.,,7°;v--C:-/i, ~-@,;:~-@~.h, }?7 70'?1/-~~Lt=o ~ 

-@M--C:-1:t, 7.A::::i;vl::::'':1/®!J :.,,®x.7-T Jv'?:7'';:t-.1/? Ami,fjllJz r.J.7.A/~7:¥1/®T r-!J? Af~ 

?,fjl~JJo;tk--l}-:,,-7° 1v--c:-t:tnn~~t J:O)*-fllnfil~f:tf lltfAJf~~--c:-ib0 t=nt, ~-@~ ,· -t"O)*-ffiJmO) 

:51-1!::~~1i~f.to=.c:ntb7J~0 t=o -0'if'J' 7.A::::I/vl::::'':.,,®!J 1/®X.7-T Jv'?;:7''* 1/'7 Alk V 

7.7-/~7:¥/'®T F!J? Af~i11i~1J□ ;tt=--l}-✓7°Jv'""C:'/i, 2::'i:>Gt::::i 1/r-o-;v0)--l}-:.,,7°1v c:J:t.r-:: 

t7°07;t-7''!J ,1J:.,,::a_,~•f;:f:1l:t±I Lt=::c:::a_,~L --Cv 'Oo 

Nagata Gfi, ~~O)fl'l9:W*-fllnfil--c:-;b0 Leydig *-fllnfil::a_, 200µM 0)7.A/~7::¥1/®1fffr'c'tif 
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Fig.5.1 Phase-contrast micrographs of monolayer-culured ATDC5 
cells with organic solution after culture for 1 day 
(a) Control 

(b) Ascorbic acid phospholic ester magnesium salt 

(c) Sodium aspartate 
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Fig.5.2 Phase-contrast micrographs of monolayer-cultured 
ATDCS cells with organic solution after cultivation for 5 days 
(a) Control 

(b) Ascorbic acid phospholic ester magnesium salt 

(c) Sodium aspartate 
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Fig.5.3 Phase-contrast micrographs of monolayer-cultured 
ATDCS cells with organic solution after cultivation for 12 days 
(a) Control 

(b) Ascorbic acid phospholic ester magnesium salt 

(c) Sodium aspartate 
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Fig.5.4 Phase-contrast micrographs of monolayer-cultured 
ATDCS cells with organic solution after toluidine blue staining (12 
days) 
(a) Control 

(b) Ascorbic acid phospholic ester magnesium salt 

(c) Sodium aspartate 
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:,.,,0)1:_AA_;,_,:t~iJ-.,t 1::, !W]f~&---ClV>0 t~o -'J ¾ ~, 7.:7./{7:¥:.,,®7 ~ !J 1/ A,:t7.:7.:::r Jv l::'':.,, 
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~ 5.5 ';:_ Asp-OCP lk.V OCP 0) XRD /{?7-:1/~~To Asp-OCP O)l::0 -:7f:t OCP O)l::0
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:7 c:J:t~---c -'{-O)l::0 -:75i&t:tf.ff;iJ-.0f~o OCP !r,f~O) (100) 00~11"'Tl::0 -:7f:t OCP 0) 20=4.7° 

c:J:.t~---c, f.ff:ftJ&fJUH;:.:/7~L, 20=4.2°,;:.1::0 -:7~M.~Lt~o ::..nt:t a lMliJ~ 1.87nm iJ-.G 

2.14nm ,;:.:1:~1J□ Lt~::.c:~11"'L -Cit '00 OCP 0)7J<;f0Ji q:q;:_f¥ffT0 HPO/-O)f--\;:;b~ ,;:::.7.:7./{ 

7:¥:,.,,®,{;t:.,, C-OOC-CH(NH2)-CH2-COO-) iJ~J& ~~ ¾.ht~c:~ ;z_f~~,frO) a '11J0):1:~1JOc:J::: 

1t ,-iS(~~T o 

* 5.1 ';:_ CHN f~~~tfr, TG-DTA i!{Jj~, 1it1c X ~~tfr---C>i<~t~ Ca/P J::l::iPG~tffLt~ 

Asp-OCP, OCP, Suc-OCP O);f:Jf~:it~11"'To -'{-O)~tff:nr:tt:t Monma GO)ffi5-Lt~:nr:t~ 

ffl V' t~ [10] o -t 0) )f,5 * , Asp-OCP , OCP , Suc-OCP 0) ;f:JJ ~ :it fj: , 

Cas(HP04)1.2s(C4HsN04)0.n(P04)4-6.3H20 , Cas(HP04)2(P04)4-4.4H20 , 

Cas(HP04)i.06(C4&04)0.94(P04)4-5.3H20 ---ClV>0 f~o 7.:7./{7:¥:.,,®,{;t:.,,,;:_J:::0 HPO/-c:O) 

fi:{l,$.fj: 72% ---C:lV>0 f~o 

~ 5.6 ';:_ Asp-OCP, OCP, Suc-OCP 0) FT-IR .:7.~:7~Jv~~T o OCP 0).:7.~:7~Jv---Ct:t, 

!r-f1tHi"Jft11&r1>v~✓F~ 863cm-! (HP0/-0) P-O(H)O):x,fftf$~/~✓F) c: 910cm-l (HPo/-0) 

0-H O)jjjl7'J~ftJ~iJJ,;:_l±I *T0/~:.,,p-) ~M,~Lt~[ll]o Suc-OCP 0).:7.~:7~Jv---Ct:t, 
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Fig.5.5 XRD patterns of Asp-OCP obtained at 144 hours and OCP 
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Table 5.1 Elemental analyses of OCP, Suc-OCP, and Asp-OCP 

Sample name 
Chemical analyses 

C*l N"'l Ca/P ratio 

OCP - - 1.34 

Suc-OCP 
inclusion 4.29 - 1.58 

compound 

Asp-OCP 
inclusion 3.93 1.94 1.51 

compound 

* 1 All values of mass % 

*2 General formula: Ca8(HPO4)i_z(RC2O4)z(PO4)4-mH2O (z=0-1) 

*3 "m" is calculated from the result of the weight loss 
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Formula"'2 

z m>tS 

0 4.4 

0.94 5.3 

0.72 6.3 



(a) 

v 2 Hpbend 

d 

\ 

e: P-(OH) [863 cm-1] I 
.A.: P-(OH) [910 cm- 1] 11 

• ... ,\ 
\

-(OH) stretch 

V I PO4 
stretch 

symmetric COO stretch, 
CH2 bend 

CH2 wag,twist 

1800 1600 1400 1200 1000 800 600 
Wavenumbers (cm-1) 

Fig.5.6 FT-IR spectra of OCP, Suc-OCP, and Asp-OCP 
(a) OCP 

(b) Suc-OCP 

(c)Asp-OCP 
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863cm-1 (J) ~ J.i>l /-{ ✓ F ii~ m ~ L, tc o ::. h ti 7k f P Ji q::i I::. &i) 0 HPO/-iJ~ :::z /, 7 ®-1 ;&-✓ 

(-OOC-(CH2)2-COO-) t:ti:~L,tctclli)--C&i)0t:~x.Gh00 Asp-OCP (J);:z_~7]--1vl:=..:J:ov \--C, 

OCP t:!t.,-,,::.-c 863cm-1 <l)~J.l>l/-{✓]-:'(J)5i~iJ~7mJtlr L,fco Tft:b~, OCP (J)7kfp}i q::i(J)fii 

~ P]"ru§ft HP0/-;6~77'/{7:¥✓~-1;&-✓1::.J: 0 --Cti:~L,fct(J)t:~ x.0::.t:iJ~--C:~00 ::_(J)~ 

*ti, 7C * :5t fJr <7) {f-s *ir-G xt Iii) tc f1' ~~t:t J: t, \-!fc 7cr /J'T o 
~ 5.7 {::.~:5t~,m§ 31 P ufilfis: NMR jj{IJJE'.(J){f,s*{r~To OCP 1:=.t:t 3 *(J):,/7''-j-Jv{rfl*L, 

t=.o ::_(J)p-g, 2 *(J):,/7''-j-;v(3.4ppm, -0.lppm, 5i~!t 2: 1) t:ffi:r.ffil.--Ct5-*(J)1/:~t'7;viJ~ 

&i)~[12,13], 5i~.lt, CP (Cross Polarization) (J)71Jm~lfj:iJ,G, 3.8ppm (J):,/7''-j-JviJ~7 /{?7 

-11---Ji q::i (J) Pol-(!) !J ✓, -0.06ppm (J):,/7''-r 1viJ~7,kfp}i q::i (J) HPO4-2 (J) !J ✓, 2.1 ppm (J):,/fT 

1vt'i 3.8ppm t:IRJt-<7 /{Jl-11--Ji q::i(J) PO/-(!) !J ✓--C:&i)00 -jJ, Suc-OCP (J)-0.06ppm (J):,/;:1' 

T Jv5i~ /'i OCP t:l:~~L, --C ffi: rL,fco ::..n/'i HPO/-t::::I/,7®-1;&-✓iJ~ti:~ L,fcfcoi), 7,kfp 

Ji q::i (J) !J ✓iJ~tmx& L,fctcoi) t:~ x.-5::.t:iJ~--C~ 00 Asp-OCP --C/'i, OCP ~ Suc-OCP t:l:t.,-,,::.--C, 
31 p (J):,/7''71viJ~7''0- F--C&i)0 t::.. 0 ::.:nt'i Asp-OCP (J)ffi:{f-s ~tE--C&i)-5 tcoi) t:~ x.-5::.t:iJ~--C 

~ 00 -0.06ppm <7) e°-::7"/'i Suc-OCP <J)~i;-t:IRJijH::.~y L, --Cv \0::.t:iJ•G, Asp-OCP f:=_.:J:ot, \ 

-Ct Suc-OCP t:IRJCJ:)f;: OCP (1)7,kfo)ilq::i(J) HPO4-2 t:77'/{7:¥✓®-1;&-✓?J~ti:t~L,f=.t: 

~ ;t 0::.t:il~--C~ 00 L,iJ, L,, -0.06ppm <J):,/7''-r 1vt:t1E~f;:r}!:j ~ L, --Cv \ft v \::.ba,G, t~:5tl¥J 
ftti:~iJ~~=-0--Cv \gt:~ ;t.:S::.t:7J~--C~ 0o 

~ 5.8 I::. Asp-OCP (J) TEM ~-t:~(J)ffl-f--@Jr)T/{Jl-✓7cr~To ffl--r~@Jr)T/{?7-✓{r 

il*L,tc::.t:iJ•G, ::_(J) Asp-OCP t'i7 ~ 1v77 7---Ct:ttt<, ffi:{f-sl=l,'~i--C&i)0::.t:il~:biJ,0 t=.o 

jdc, {f-s ~ ~ -1 ;q-;t .:J:3 .:J:3 J: ~ 100nm --C &i) 0 ko 
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Fig.5.7 The solid-state 31P magic angle spinning NMR spectra of 
OCP, Suc-OCP, and Asp-OCP 

(a) OCP 

(b) Suc-OCP 

(c)Asp-OCP 
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200nm 

(a) (b) 

Fig.5.8 TEM photograph (a) and its electron diffraction pattern 
(b) of Asp-OCP 
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*:wL --Cv '0tl--r:a:-ffl~Lt:.o 
t-&it 7 S § --C/'J:, ~--CO)-lj-/7°1v--C{$*Lt:. ATDC5 *-a!~§:a:-iJ!~Lt:.o ~I:: Asp-OCP ff 

B:r--Ct-&it Lt:.;J-/7°1v--C/'J:, ATDC5 *-a!~§?J\ Asp-OCP tll--r*tm:a:-115J::5 l:=.f¥;(£L --Cv '0 

tl--r :a:-~< O)fJ!lf--CiJ! ~ L t:.o 

~ 5.12 1:::. ATDC5 *-a!~§O)::z7-ij/ij;v§:l:_l±-S:itS~t:=. 4 fj,ffiO)!}/ffi~jJ/v1/?At¥1=ET 
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Fig.5.9 Phase-contrast micrographs of ATDCS cells in collagen gel 
with calcium phosphates at the beginning of the culture 
(a) Control 

(b) ~-TCP 

(c) Asp-~-TCP 

(d) OCP 

(e) Asp-OCP 
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Fig.5.10 Phase-contrast micrographs of ATDCS cells in collagen 
gel with calcium phosphates after culture for 4 days 
(a) Control 

(b) ~-TCP 

(c) Asp-~-TCP 

(d) OCP 

(e) Asp-OCP 
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Fig.5.11 Phase-contrast micrographs of ATDCS cells in collagen 
gel with calcium phosphates after culture for 7 days 
(a) Control 

(b) ~-TCP 

(c) Asp-~-TCP 

(d) OCP 

(e) Asp-OCP 
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Fig.5.12 pH change of culture media after culture 
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Fig.5.13 Phase-contrast micrographs of the embedded culture in 
collagen gel of ATDCS cells with calcium phosphate after toluidine 
blue staining (7 days) 
(a) Control 

(b) J3-TCP 

( c) Asp-J3-TCP 

(d) OCP 

(e)Asp-OCP 
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Fig.5.14 Histogram for blue color of the embedded cultivation in 
collagen gel of ATDCS cells with calcium phosphate after toluidine 
blue staining (7 days) 
(a) Control 

(b) f3-TCP 

( c) Asp-f3-TCP 

(d) OCP 

(e)Asp-OCP 
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Fig.6.1 Schematic view of the pH imaging sensor 
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~ 5 {I (fr-~ lOOmg) Ahf=o =.O)Jitt~~ 37°C 0) CO2 .-{:,,,,q=-.:i-"-?-1-,:: 120 :51-Fl'liA.h, 

f;~~Lf=o -{-0):f_&, irz:~~ffiL-f=r'1/7-:1-,::~~~~tf= 15ml Jitt~~A.h, 3 S#Fl'l9~ 

~l~iJ*Lf=o 

2-3 ATDC5 *IBJ]§O):J:{f~ 

~~f;~:(fl,,--C:J:3v"f= ATDC5 ff-lHR§]\_~0)7:,,,,7°1v~ 37°C O){st.llll.tl--CM~~l,, ::7!J-✓-"✓ 

'TP'H::$,fjffil, --C:tov "f= 50ml~tt~t;:-iiA.hf;:o =.=.,:: D-MEM/F-12 ii3z{*:t.g.:L:ttH:: 5vol. % 

(~1*~0) 5%) FBS ~~tfJ:::5 t::!JJ~Lf=:t.g.ltfi5€ (D-MEM/F-12 with 5%FBS :t.g.ltfi5€) ~JJD 

;z_, *'HIR§f,l)l'.~ 3.0x105cells/ml (;:Lf=o =.O)*'HIR§~~tp:t.g.itf11(~il'H:l 60mm 7',{o/1/.:i[;: 

5ml Ah, ~~L --CiJ,G 37°C, 5%C02 (;:!~~L,f;: CO2 .-{:,,,,q:-.:i-"-?-1-t::A.hf;:o :t.g.ltf11( 

/'i 2 13 Ut::3'.ttlL, H 7 13 Fl'l9:t.g.4~qT0f=o 1~1JIH~~~tt--c 90%::r:,,,,71v.:r::,,,,H;:JtL-t==. 

~~wii L --Cn•G, :t.g.ltf11l~g& 5 IL, 2ml 0) !J /'~r&1ir4:fJE1lt:lj[7J< (PBS) --C 2 @J~¥t Lf=o 

1ml 0) 0.25% r-!J7://'t~ii5€~ 60mm r'-1o/1/.:i,::JJo;z_, ~f*t;:fj-~t.JlGit--Cn•G, I!& 5 I Lf=o 
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-{--0)1& 5ml 0):1:tf:IJr~~jJp;t, 77o/1/✓(l~l., --C*IBn?l~ 60mm T -1o/1/.1:ZPGjljZ,\l,t::.o -{--0) 

*1Bn?l~.ffi¥~i~~ 50ml iii.tit tc~L,, l000rpm, 3 :SFl'l90)~{lf"c'ii{,vf)-lilt~1T·-::d::.a -{--0) J::~ 

Jf.i~~l?lz 51 L,, ATDC5 *-a!Afl~~bbt::.o 

:::r7--1//'mi~t:t~1a\~tl, --Cv ,:s.1fr:t~~-lfflL, --C[9], Cellmatrix type I-A 0) Ai~, Bi~, C 

i~~ftfl!:t;o\ A:B:C=8: 1: 1 !Cft:SJ:51::rEd?i-L---CwliJ~L-t::.a 1::)ft]f.1:: A i~t:t 0.15%7'-1 

7° I :::r7-,1//', B i~t:t lOxD-MEM/F-12 i~ft:bff:1:-1!!, c i~f-;t:::r7-,1//' -3/ 1v~t.pJfiJtJ¥Hl1ifi~ 
"c'&)0o 

2-3 --C-~liJt::. ATDC5 *IBn?l!C 2-4 --C-jffi}~ L,f::_:::r7--3//'7~i~~jJp;t, t:°-""o/ r-"c' ATDC5 *-IB 

n?2n\:::r7--1//'mi~!c:t.0-!c71W(L,f::.a :::_O) ATDC5 *IBAf2'2(~:::r7--3/1/mi~~ 96 IL'? ;v 

'1-r)x1v7°v-H:: 150µ1 jJp;tf::.a (:::...O)t:~O)*!Bn?lr.lJtt:t 7.0xl06cells/ml --C-&)00 )-{--:::._""' 

2-2 "c'jffi}~L,k BMP-6 ~~lfL,t::.~ILff~-TCP Or:{_) 20mg) ~r)x.;v!cJJo;tt::.a -{--0)7°v-t

~ 37°C, 5%C02 1::i~JEL,f::_ CO2 -1/'~ .1.,--:::-?"-!C 30 :SF1'19Ah --C, ,3/ ;v11::L-t::.o -{--0)1&, 

D-MEM/F-12 with 5%FBS :1:ffi\:i~~ 150µ1JJO;t, ~V C02-11/~.:z..,--:::-?"-!C~L-ka :1:-S:i\: 

iHd:t 2 13 ~!::~~L,, 21 lJzV 63 13 Fl'l9:1:ffi\:~1-r·-::d::.a 

2-6 pH ffltl~ 

:1:ffiti~O)~~H~!C?rfi\:1f O):f;g-:l:{!!~/~;;i_o/-;vt:0 -""o/ }-~ fflt, ,--c, 15ml iittit!CAht::.a 

~1)-::,,,.,--:::✓'T0):$1-"c', AA£~ pH }-?"-~fflv ,--c -{--0):1:tf:1:lli ({~{_} lml) 0) pH ~iJlUJEL-t::.a 

2-7 ~~f:;$:1/!J ::r 1/t1/~-~ ffl v ,f;:J1tjg~~11::$1JH~i't~::J:0~~~1t-~fLWP-TCP 
1/ A 7 AO)~ tml!~ 

3/cjg~~{l::$)lffi~-O)jJllJJE~ii:~~~ 6.2 !C~Ta 10-2M KCl mi~t:*:::R~*~f!E;i±\ 

-{--ti,~ 121c, 20 :SFl'l90)~f4--c:::t-t-~v-7''~~~L, --C l.5%*S'(mi~~1~t::.o -{--O)*"Jc;. 

mi~~~t.ffil.--C: 30 :SFl'l9:h"5Cii:L-, -3/ Jv{l::L-td&, 7Jo/?"---C: 10xl0x3 mm !CW)~L,f;:o :::_ti,~~ 

~l.,f::.*"Jc;.-3/ Jv~~1/7°Jv*Jv7'''-fcii:v ,f::_0 *:::R-3/ JvO) i:p ~J::fmt:: S :fri~~wL,, 1J77 
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Fig.6.2 Photograph of light scanning chemical microscope 
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V✓AO) 1-V f[l~iJ=!IJfE'.Lt:.o -{-O)iJ=IIJ!E'.ir-6i*!E'.Lt:. I-V fj~F~::/::i✓/.:.,7'1JL, !J77V✓AO) 

®ftiJ=!IJ!E'.~1"T·'::d:.o ®ftiJ=!IJfE'.O)~f!:f:l:t, mr~ix: 10 KHz, iJ=!IJfE'.irilffi: 10.24x10.24 mm, 001 
*ix: 512x512, iJ=!IJfE'.~Jt: lOms, Y✓7°JV/~/VA~: 64 -ebgo !)77V✓AO)@JfliJ=IIJ!E'.1&' 

[gl 6.3 1-=.~-t J:5 /.:. (P]j,~ --etc fJIJH.:. 21 S F1a9:t-&4 Lt:.--it✓7°1v, :;tfJIJH.:. 63 S F1a9:t-&it Lt:.--it✓ 
7°/v~il:v \t:.o V77V✓ 7,0) OOJft!J=!IJ!E'.~ [R] C~f!:f:-C--lj-✓7°/vO)@Jfl!J=!IJ !E'.~1-r~ t:.o 

3-1 ~~~v!J ::1 ✓t✓-lj--~ ffl v 'fcJ'bg1!t?J'!fr:~~W:ffi1~J:.:S:t-ff4*-kit-~:fLWf3-TCP 
:/AT AO)~Hm.fi.~ 

!J7yv✓7'0) I-V f[lO)iffi*~[gl 6.4 /.:.~To :_O)fffi*7J'6, I-V f[l0)!~7i::ftl~-0.80V ~iR: 
!E'.Lt:.o [gj 6.5 /.:.!)77v✓A~ BMP-6 ~rl&~Lt:.2---:)0)--lj-✓7°1v~il:v\t:.1fO)@JfliJ=IIJ!E'.iffi 

*~~To 21 s F1a9:t-&it Lt=---it✓7°Jv~il:v \t:.tc{IIJJ(x)i:t!J77V✓A~:7~t'~{r:/:tft?J,~t=-7J~' 

63 s F1a9 :t-&lH., t:. --it ✓7° 1v ~ii: 1,, \ t:.:;t fJl1J (y) 1:t--lf ✓7° 1v ~ii: 1,, \ t:. ~ m 1.:. xt r,t-t-5 g:~ ½-?J~ ~ is 

7J,6~JJ{s/.:.e?J~~{r:Lt:.o :t-&it1f0):t-&r-li!O) pH /:t 21 S F1a9:t-&lt:Lt:.m-€i--c- 6.6, 63 S F1a9:t-& 
lt:Lt:.m-€i--c- 6.3 -C-'t0~t=-o :_O) 63 S F1a9:t-&4Lt:.--it✓7°JvO)@JfliJ=!IJfE'.O)iffi*-C-l1~Lt:.~ 

fs?J,6'.~JteO)~{r:l:t, :t-&r-11!0) pH O)ffi:Tt.:.x-tr,tL, ---tttA:t,o:t~ Lt:. ATDC5 if-@~?20)JJ¥g& 

_;,_ O)±iJJ□& a1)p t:fj Lt:.,xit£W O)±i JJ□ 1-=.J: ~ --c 1:. ct:.7°01--✓ _;,_ O)±i1m ?J~DR !El-z:-'t000 

Ki tasako 6 0) tli-rr 1.:. J: 0 ~, ~ ~ ffi ~ Ea ffi ~ :7't :;t:]t ?J'! {r: #lfilJ'.HJ~Hi-C-iJ! ~Lt:. m-€i-, -c n.:.-f 
tl,O) pH /:t-{-tl,-{'';h 7.3 ~ 6.9 -C-'t0~, -{-0) pH 0)~~11JHit1.:.JE,5t/t0:.~?J~-C-~t:.~¥1i-rrL 

t:.[10,ll]o ---:)~~, 0.3'"'-'0.4 f~&O) pH ~-C-'t0;h/j:_ -'tn~MiJ=!IJL, PJtJ!{r:-C-~0:.~~~L 
--Cv \00 ~t:., 63 S F1a9 :t-&it Lt:.--!f ✓7° 1v /.:..:k,v \--C, --it ✓7° ;vO) l:. g:~½- (:t-&itt.XitfJ!JJ) 0) pH ?J~ 

Tg:~:51- ( $:fLWJ3-TCP fJl!J) J: ~f§xts1-J /~ ffi:j,~f:.o ATDC5 if-@~?20)/Jx:-;&iJ~, mU~~i@Jf~?J,6~ 
ER{r:i@Jf~t.:.51HiT0~, ATDC5 if-@~?IiJqjpt:fjTglj[_kit£WO) m/:tj~y L, -tn/.:.J: ~ t 1:. C 

07°P1'✓ mil~Y~YT.:So -{-O)iffi*~L --c pH O)t~&/:t:j:.CpffilJ~;hgo ---:)~~' BMP-6 ~JJo;tt:. 

$:fLWJ3-TCP ~:t-&itt.Xit~~ ;tt:.~-€i-, BMP-6 il&iJ~ ~ v \$fLWJ3-TCP O)ili:< 1~1¥tET 
0 ATDC5 if-@~?IO)~ER{t:~'6D'if-@~?2/Jx::&l:t, :t-&itt_xitg:~5t~J:tr-::.t -'F-v \~~;t,5:.~iJ~--C~ 

0o 

165 



Fig.6.3 Photograph of the sample folder and samples 
(x) The cultured cartilage/ porous P-TCP with BMP-6 (21 days) 

(y) The cultured cartilage/ porous f3-TCP with BMP-6 (63 days) 

166 



-3 -2 

,:.. 
~❖-

0 
.... 
,;;, 

❖ 

-1 0 
Bias Voltage (V) 

1 

Fig.6.4 The I-V characteristics curve 
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Fig.6.5 pH images reference (a) and sample (b) 
(x) The cultured cartilage/ porous J3-TCP with BMP-6 (21 days) 

(y) The cultured cartilage/ porous J3-TCP with BMP-6 (63 days) 

168 



:;$:1':c-li, 7t/E~~{t:'.¥fillJiW:iJl~:-fflv\f::_ BMP-6 ~~tf:1:%l€tX1t-$:fLW~-TCP ':/7--=J

Af:::.:Btt0*-ffi~§JJx:¾O)PJtJ[{r:~~Jf.t::.a -tO)iffi*, 21 S F~9:1:%l€Lt::.-lf:,,,7°1vl: 63 S F~9:I:% 

l€ Lt::.-lf :,,,7°1vF~9 f:::.:Bv \'-c pH O)~~UID{t{r:-t-0:.ciJ~c-~, --t0):l:%l€1f O):l:%l€i~O) pH 

0)~7'.J•G 0.3""'-'0.4 '"Z:'&J0:.c7'.l~:b7'.l•--:it::.a id::., 63 S F~9:1:%l€ Lt::.-lf:,,,7°1vc-li:l:-%l€tX1tif~::B

l:$RW~-TCP if~::B-c- pH O)~iJ~&J0:.c;6~:b7J•~, -t.h~UID{t{r:-t-0:.cf:::.J: ~, [P]C:':/7--T 

A P"J C'&J--:i tt*-ffi~§pjt ¾O)fiJl'.i'.J~~ ?Jr f :::.J:--:i --C ~f t0:.c;6~ :b7'.J •0 t::. 0 ~ 1&, ~ti: O)ffi° Jl'. ~ 

J::tf0:.c f :::.J: ~, ':/ 7--T A P"10)--t,n.:C',tl,O)if~::B- (:l:%l€,X1tif~::B-c$tLW~-TCP if~::B-) 0) .P 
c-0)*-@~§pjt ¾O)~v \~ PJtJ[ {r:--t 0:.cii~ PJ~~'"Z:'&J0 c ~ ;t 6h00 
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oow,x*r;:1:-:cn § ~i::f~~!~n)~<, 1 ~fflS1i:"st~t--cL¼5c.OOtmffi~~::*~ti~•~ 
iJ)~t>5tcbb i::, ~~s"Jti~f4s"Jrt•c L --c, AIOOrlrHrril)f.4 <:frbn --cv '{>O)iJ)-f.15ti¥J 

1:ib0a ,:-_O)J::5ttAIOOirHi:~1'iit-i~~~$;5<°:JJ*iJ)~L<, ffiittJdi!:t 15 '¥f.¥.ib{>iJ), *ti 

t::if,flJJE:ftiit.:1Jit73)ftv 'a ~{t*t:::l:.lbb~*tLtcAI00FiP7-T .b.O)fffli-~ UHMWPE (~ 

~~~~:)x-J-v:,,,) Mf'§~t::J::0~1.1ERJ~7J)~c, 1:l=~vltriJ)~,~(::f,tQO -t:O)f-::_bl), ffl~ 

Ltc OOi1i,X*O)ifB½'s"Jtt{~~73)~1~1:~ 0~ {tff,§Jf I ~~it1i:" ffl v 'fdit.:1Jitc. Lt, ff-Ill 
n§O)@J1€~ffit::J::0:1Jit~ Ait3&.,X*~ffit::J::0:1JftiJ)j['¥ff § 1i:"mVtv '{>0 LiPL 
ttiJ)G, -:.tt,GO) :1Jtt---c:t:t, ( 1) ~ffiLtc*-Wn§~:l:-&.,X~ c.~ffi,@J ill $0) mlfn"1Z*¼tc/:t 

~{** c~!f Lftv ', (2) ~tlLtc*-Wn§~:l:-&.,X* q:i O)*'llln§:½'1t:1i:"ffiU1&11Lft~tntiftG 
ftv ', cv '?200)7(~ftF1=1~M}~7,))&)--:JfCo 

-:c-:.1:, #-hJf~---c:t::t, ¼f'Mlf- (1) O)F1=1~M1:ib0:l:-&.,t~ c~f** c0)~1f1i:"~~T{>fc 

6b t::, $:fLW:J :,,,®JJ ;v·S,/f:'.7 At:::1:.g:•~*1i:"~IS'" LtcffrLv 'AIOO~ri,t*-=c7'1v1i:"~~L, 
{'F~Ltca -:.-:_ 1: ffl v ,f:-_$:fLJ(:J:,,,®}J Jv1/? At-;:t, r-filt7:3:.o/:77'ftc7.K~~~f:!ft7cr"ffJili-13'" 

b-lttcffr~/t!S'" 15x,:1Jft 1:{'F~ Lka ,:-_0){1p~ Ltc$:fLJ(:J:,,,®JJ Jv1/? A/:t~ {t~fo•~it:: 

{~n, *-WJJ§15x,~t::JILtc~:fLt:!Jf: (*~tt~:fL~ (IJr1£: l00µm J;(J::), ~v '~=FL$ (60% 

J;(J::), -t L --Cf.llv '* oo) 1i:"Ff00 ]! t:: (2) 0) F1=1~M1i:"/gf~T Qfcbb t::, :tfr•~~/$:fL:W:J:,,, 
®JJ 1v1/? A~'i3'"1/AT At:: q:i0)$:fLW:J:,,,®JJ 1v1/? AO)ftb~ i::, *'wn~:1:tffilE!r0)-

01:ib0*%15x,31:,,, /~:7:W-6 (BMP-6) 7ci:"5:4iufil t::!1&!f Ltc$:fLJ(!J:,,,® ~ JJ Jv1/? A1i:"fflv ', 

:1:.g:•,x*c$:fLW:J:,,,®-JJ1v1/?AO)J#ifil1tj[O),X**-Wn~O)~fR1~1i:"~li-ka 

m1•1:~,00frjO)-~c-t:O)~-,-t:L--CfflSLk00frj~*O)m•:1J$0)~-cOOM 
,~ t:: 0 v '--Ct!Ui L ka 

ffl 2 •1:1:t, :l:-&.,X*-$:fLJ(:J:,,,MJJ Jv1/? A~13'"1/7-T A1i:"fflv 'fcffrLv 'AI00r$,X 
*-=c7';H::ffl V 'Q, $:fLW:J ✓MJJ Jv1/? AO)ffrLv 'IS'" JJx::1Jftt:: 0 V ,--c~ "'-fCo ,:-_0)13'" PX, 

:1J it /:t f-eJ. t:J:3:. o/ :7 7-ft c 1k ~~f:! it1i:"ffJili-lS'" bitk t 0) 1: &) 0 a ¼f 1-eJ. t:J:3:. o/ :7 7-ft 1: ~ 
illil3z:'.iE~O)a~O):) :,,,® ~ jJ Jv1/? A (a-TCP)- ~:J '"'<'-55¥§ f:ifs:7cr"IS'"J5x,Lfco ,:-_0)55¥§ {t7cr" 

fflfri~ q:i1:1k1~~:i:!1!7cr"T 0c, a-TCP 7J)1JOJk:5J'/gf6tL, it~~ti~O);fi.:'lriJ)55f-eJ. {t* iID 
t::tff 1±1 Ltca -:CO) .t:l::*iilfl/:t l l.13-15.37m2/g O)fffilfflO) ~v '1~1:(9.)--:Jfca ,:-_0)7_,K~~:EJJ!Ltc 
JJx:%f:ifs:1i:"tlfg-t" 0-:.c t::J::--:J --c, 0.34-0.52m2!g O)filffl 0){~1:(9)--:J tea -:_O)at1k~~:Ell!t:: {!J! 
m--t0mz~O)fm~1i:"~x.0-:.c1:, 1iGn0$=FLtf:J:,,,MJJ 1v1/? A55f-e1, ftO)ffJiJJx:7cr"::r:,,,f' o 
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-1v-t0:.c:75~-C~t:.o ~[::., J:§1,.,,fd~7~0)-1~✓itli (CO{, HPO/-, PO/-, H+, -{

L, ---C OH-) t::t V ✓• jJ ; v -s,, 7 A 0) ffJiJJx: 0) :::r ✓ r- r:z - ; v I::. t)J * S'J ft IEl-1- -C ;b 0 :. c: 7J~ :b 

;o-:.0f:.o co/-0)-1 ~✓illi75~rW.iv' Na2C03/NaHC03 fflilfi~ (pH=8.5) ~J:§1,.,,f:.~~, 

jJ Jv-S,,? A_xffi~r,,1 P' r:z =\=--S,,7 _,." ?7 -1 I-- (Ca-dHAp) ~ [::. ;b 0 2 00) OH-0)-if'-1 r
f::. HP0/-0)1-t:b IJ (::.A IJ, ElZ.?i'f:f7 /'\?7 -1 I-- (C03Ap) n~1:.JJx: L,f:.o PO/-0)-1 ~✓ 

ill3t75~~v' Na2HP04/NaOH ff&ilfr-& (pH=l 1.7) ~ ffl v 'f:.~~, pH=l 1.7 O)mi-&~-C PO/

iJ~{if~s"J(::.;(.ftE L, ---c::t31J, mil11< (pH=7.4) ~ J:§1,., ,---c71<~~:F]!~ L, t:. t 0) J: 1J Po/

ii~ r@J v '?i'f:f$.ft Ca-dHAp ~{~t:.o 

7.K~~f]!{jO)"if- ✓7!vO) Ca/P J::l::t::t, -=t-h-th, l.77(Na2C03/NaHC03ff&1lfr-&), 1.57 

(Na2HPO~aOH fflilfi-&), 1.45 (m-W1.k) -CibtJ, -=t-h-thO)"if-✓7°1v~ l 150°C -C*lfffi-t 

0 c:, -=t-h-t h HAp ( +CaO) , HAp/J3-TCP, J3-TCP ( +J3-CPP) [ a-TCP ( 1250°C) ] 0) ~ft 0 ff Ji 

JJx:~~0$RWV✓®jJN-s,,7A~~ko-~Lk$RWV✓-1JN-S,,7A-C~4Lk~~ 

*IBHfil MC3T3-El *IBH§O)*IBH§ts'tit::t MTT To/~-1, ALPase ts'ti-tL---C*IBH§~).iO)fffi*, 

~Jitif40)t0)(::.~~-t0*1HH§i!'ti~~L,f:.o 71<1A~fJl!a~0)-1;d-✓illic:*lfffit.ffil.lt~:::r✓ 

t-r:z-1v-t0.:.c:-c, AI~ c: L, ---C~:s:Jt~hQ~R:$ (60%.J;I_J:.), ~:flt~(@:~ lOOµrnf,I_ 
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