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1. BERFRAMEERERE (EE SRS
2. BIHRFWAHEHNETEEE (BT A B30

P8 RBAFCEEALET NS A MEKECAD OFREME LTOFHELZFMT 2720
2, 9 FRORIL - EFMERMR 2 CApEMS L CREL, BREERICRIZTEROME S
BEt L7z, i s LC, KBML7 3% 4 + (HAp), B-Y YB=ANVI A (B-TCP), %7 %
VYL ERMUEBREE(LE) VBE=H Vv 4 Mg-f-TCP), HAp:Mg-B8-TCP.REAL
(HAp-Mg, B-TCPIfERL7-EE, BIUEEHAFO - L7 L — b2V BRB I UG
REIZIZFE—& LoZEE B2 4-5 BEWistarsz 7 v b 2> SR 2555 MMM 2 30
L, SHRUI4HEEEL, 7TVH Y FRA7 7 ¥ — LM (ALPIEY), DNAR R ORI/t 2 HE
THEHANYTLARDY VERBELARIE L. /-, FEBRTMOSEMBIES X U EHBKEOEPMA
BEL O ICXBET 17V, BBEREIE L2AKILHEORE b7 /2.

¥3#% 8 HETIE, B-TCPIZCAp, HAp, Mg-B-TCP, HAp-Mg, B-TCPX Yy ALPIEMEAME
BEZRTHOD, DNARICELTIEE) VEAN Y Y AREBECRELERIIADONE -
72, LAaL, AFa— VEBIIHSR, B VBHILVY Y AREBIIALPERB X UDNAETKE R
fEERL, MlgOSL - MY VBNV DY AREBTEIPEINL I LARB TR, T/,
HNTTABEIWY VERBEOXBEKFEHIZALPENYS L UODNABROREBKER LEML, U VB
AN ARERETIIAKICHOBE R INSZ EAREN. BEUHBIZR AL, &HE
B|IZDOWTALPIEY:, DNAR, AV Yy ABL ) VRREERERT A2, AFu— VERTIE,
ERABEMHMSHICEL, UV YBRIV Y ARERETCIEMES Y 7V Y M RRBEIC R o TW
LI ENHEINL. LrLLAS, B-TCPTIZALPIENS L UDNARSMUOY Y BRA NV T 7 A
REMICHAREFIEL, T2, Mg-F-TCPTIEH IV AB LU VEREEIMEME % 7R § 18
MiZdH o7z, ZhICK L, CApldHApS X U'HAp-Mg, S-TCPE#E <, MIEDHL - s X
UCARKLHZ BCEERES R T, BMEM L LTERAZMBIE 22 2 L0 HRTE .

¥—TJ—F ! BFEMRE, RERBEAET/SY A, DNA,

-1

WRERBICE o ThbN I ElE RBEOBHEE L
THAERERLEHEM 2 L 2MEHT 2 BBHEEF A
LNTWw5h, FA#RDEE L CHRREAFEDE (Guided
Tissue Regeneration ; GTRIE) ™28 IE I & C
VA, BRIEBIBSHER/NSGEFICHEES R, X
LI, MEOWAROMRERENBS TR LH»D,
BINEHFICHHSDEDLBEETH LY. —F, BH
AL, BRBIMAAHBHAE CTHOHEHIMET
HoHrZhs, BRBHOHIREZZTICLL, BET

AFHIL O —ERI 340 H Ao B T 22540 i 18 &5 (1999
£10810H, ALED) 123 C, T - E 512413008 5 B L
£ (19994128 4 H, BER)IZBWTHEERL L.

(CFRE134E 4 A25H %8)
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TIH) T+ AT 7 F—CiENE, BREM

il

LRI TWA.

FRMEME L TEEREFRDELTVE 300,
REBRWD =D R LNAFWEBZLELL, I
ZCERNZHRIZTSE. T2, BEOBERLHROE
PROELRTVEEDRTWAY, 72, R BB,
BOR CRIKBREZREOMHIS (RESN TV b
OO HHEN T - R OMED LEFETIEZITA
nonTwiy, SIHICEFERBICTY FHOERR
KEL, BEHIIRITALZEBBMEZINTWSY. Zh
WL, ALEmMEME, Rk RelicEh, #
RO T v LR HEERE & EOMEHR
BZhrbrNBNEELLEL LI &2 LK
ICRICERITH S Z LB MESNLTWE?, BHEH



WHNTWA ALERMEMIZY VBANV VY 2LEW
ZHEMELLDDOIELALT, FORTHAEILT
X% 4 b (HAp), B-Y vB=# 1L A(B-TCP)
BT o ORABAEKIIEMEN & L CToOiiss
B, BRBLUSIGBOERODDBHVLRT
W5, HAplXAEARBMEICE L DDRINE iz
{mnn0 RIDHK R, WAROENOFRM L &
oL VMEELEBINTVWS, —F, B-TCPXE
OB H A DOBAEIIE LD 0D, ERIIZIRIL
Eh*® BEEM L U TIZHAPIZHA B-TCPOH A
BorLT2HELH 5.

WA, KA XV 2EH L2735 4+ (CAp) # &
B e LRGSR SN, ZOBEKOWRILER
HREET 87 4 MEUL, BEBRTOBEBMER
HADIZHRFELAKREL, BABET %1 bB X
B-TCPIZILET 5 Z LSS M2 &, CApDOBH
EME LTOFHAENIRBENTWE*, L Lk
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Mo, BHENE L THVSEE, WEERCHES
BEBET 2008 0o M AR R R ST,
BFREM L LTOCAPOBFHEICHE LTI A2 A
BEVOLHRTH 5,

AEFFETIE, CApDAEBNRINAES X OB IR B
WCRIZTHEEEn vitro THLPIZTAHI L2 HBL
L, BHFMRME L ORFRESYIZX 5CADDE
EERRICKRIZTHECAL RIS 21772, B,
HAp, B-TCP, =7 & ¥ A4 (Mg) 2K L BIREE
{LL 72 B-TCP(Mg, B-TCP)BX U HAp:Mg, B
-TCP% 7 . 3 TRA LBER L-3A8 (HAp-Mg, B-
TCP), avru— e LTEEHALVFSL— %
Hw, &E8 FOMBEEZ KBTS L L BT,
FMEHBRBEREFOFE X2 FEBRE, 7VH Yk
A7 7y —BHEE, ANVTYLABIOY CEEEEEH
EL, BEREFHBAMIROSL - BRI RITTHEM
DEEIZOWTHE L.

- &

1. ERFEEOER

CApB L UHApRR T H 5P D HEICHE LU TERKL,
B-TCPIZRBBAN Y DA LB ) VAN Y A
KiEE 1 D 2FENEHTT 2 b SR TH—REL
72bD%E900T T 2 BEINE L &/,
CApaEHIRHE (400C 1B/, 1T/ L72db D%
Hw /=, 72, B-TCPI20. 3weight% DBk~ 7 %
7 A (PAEEER T EE (0 ~0. 6weight%) % 1 4
2L s, 1200CCH-TCPHAM & 2 2 B/MNEME %
RO EGBML, 950CT5EERI M RIE - BKiE
300C/6050) L, MK EL LB VEE= AN T Y A
(Mg, B-TCP) b1ER L7z, & 512, 70weight% DHAp
& 30weight% Mg, B-TCPEZRAEL:DDODIERL
7. BEAMBHIXBRET TR 22 L 2R
L, 75umA v ¥ 2 2@8 LBz £ RBEE (15 X
15X 60~70mm) L, & & {Z200MPa# K T L3 (%13 X
13 X 52~60mm) L 7.

2. EBEOMER

FKELE S DOEREOIR - K& X (13%x13%5
2 ~60mm) % > FR—ISCTHREBE L - #88 L 72 (Ta-
ble 1). CAp##BHIFARERE 5 C/4T750C £ THIR

L, COmET 2 FFRERSF L TRMEAEZIERL, HAp,

HAp-Mg, S-TCP, Mg, B-TCPIZ#IR - BiR&EE

1C/43rT1200C T 2 BRERIARIF L CHERE L2 = 7 A
TAERRML T2 B-TCPIZ AR - BRIBHE1T
/53 TI50C T 5 REBIARFE L CTHERE L 72 BEME 12, R 3VB
Z2%11mm X 11mm ¥ 2 mm{ZE0HF L IEFEHE B %218,
# 800TH KA BB TR EATER, —F D IEFFERE %10
umfFEE L, RWT0.1um7 IV I FR— R T
BL7:. Bk, 7 b rhICHERB LR E—
BEREEL, AB2zfEHET7TELIY, T/ —1BX
UEBRKRCTEBERESREZ L. $/2, avbo—E
LTI, A~V F 7L — b (fER, BH0) % 3k (8
1lmmX 1lmmX 2mm) L7Z2dDGRY ZAF L »£8) %2 H
Vv, ZOREDH0.1m7 VI FR—Z NTHEL, B
Bk, =8/ -VBIUOEBKCTBEEESZ L.
VYBAN T KRB ERIF -2 L—TREIL,
b=V ELTHWERYAFL Y EBITZF L
YEAEFAL FTHARBE L TEEERICM L.
3. BN

B 3 M A1 B 13 Maniatopoulos 5 ¥ D K k12 #
TEHRI L7z, 4 ~ 5 B#iWistarst5 v b 6 PE(3 L x 2
B) OKRBEFEZR D WL, SR ERICBRZHKRL,
BFRENIC #2275 — VO EEAL, 10%FCSE
Ha-MEM (60 ug/mlh +<A4 v (Fh545FR2,
HED) Z WM 2 1 RKOKBEE Y720 smlfE A Ll

Table 1. Sintering conditions for calcium phosphate substrates

Substrate Heating Temperature  Hold Time
CAp 5C/min 750C 2h
HAp 1C/min 1200C 2h
B-TCP 1C/min 950C 5h
Mg, f-TCP 1C/min 1200C 2h
HAp-Mg, B-TCP 1C/min 1200C 2h
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M2 BRI L 72, $REUE, MIRABGHEESE THiladcz il
E, 4CTL007 5 AGTI0HMEE L THila~xL v
b 2Bz, Z0%, MRIUCHWBEBE R U
ER MR Yy PARICAR, BHEE 1 ml42) 2
X 10MEMIR L % % & 9 ICHREL 7.

4. HRRTE

2RI VFTL— b (ER, B ICEEL-EELE
IR ER A 50 uiE K, EREmMICH L 25L9
2L, 3ERRIRER A A KE#E% (5 %CO., 95%air, 37C)
WTHE L. 2ok, FNHEMBLEEL, Wio
REREEZETSL—MIImBEE, REBEVAREER
(5%C0,, 95%air, 37C)NTI2RefHIREEL 72,

5. MlaigE

KRR I W BRI, MR RIS WS
EWIZ, S5, 0.2mMY YBIAF VT AANE ¥
B (FRRE TE, KB®, 1mMB 7Y tuay YRt
k1 % & (Na- 8 GP, SIGMA, St.Louis, MO) 8 £ U°107°
M7 ¥4 24V~ (DEX,SIGMA, St.Louis, MO)* %
MMUBW. BRI 2 HEIC3SHRL, 8HB LU
OREREEL:. 2O, VUBIAFLVTAILEY
B, EBEZEBILICHEML, Na-fGPB L U
DEX!2100/% 1% & (Na— B GPIZ &g /K THE M L100mM
R, DEXIZEKT IV I — VICHERE LI MEBE) O
LD FNFNEEEBLHBBEIT LI 1 vol2eidm L 7.
BEmBECTRERTAEMEHL, 2HIE10%FVTY
v-PBS(pH7.4) B, EEETHMEL O FICEF
WA o7 I A= L7z, R S RICD
Wi, 0.25% FY T BRI HEEL, &
WA AEK T3 EYE L, BEMIZIE1mid LL
12 2ml(GE %108 DO OB AR Ko S
¥, E5ICBEEMMR TS X ORI & B —
ST B LD ITHERL7:. ShoDFABIT VA Y &
A7 7 7 —UiEE, MRk AXWICERYT SV
T AB LY VEBBBE L Eo{LESATRIEICH L /2.
7, —HOABTRIMN) TV UVRBEROKE R 1
NNaOH10mMEDTA#K W L™ (1 RERERR TR
)L, EMWEEY EALRRICBERSERL, DT
DiLESHRE L L.

6. 1L
ILESFRERZLETImAEHRAEE KR TOBREL
L7z, 2mUAERAEKICEE LHE1E 1 mifORE
BB L, MEHERY 7 b (StatView) 2 VWA BER
% (Student t) % L, BB 5 %L T (P<0.05) DFE
PHEEEL L.

7. PIVAUKRRT 74— EEHRAE
TNVHYFAT 75 —EHEEET VAV ERRT 7
B-7 A bF v b (FINMETE, KR ZHv, 0.2N
AREELF b)Y AEEEMZ G E ER &R, 9687
VFFL— Y —F—% v, 405nmD R THRILGH
Erile L7, EiEgE Lp-=ta 7/ — Lz Hwn,

BLEMNTTVAY FAT7 75 —EHEEEZELA. £
72, 7o v ERABAEKEABELRREMZ 2D
DOEFV, ZORIGREZGIN/EPL T VA Y FX
7 7 & —EiEEEL RO 7.

8. T4 ¥ UKEE (DNA) BAIE

DNABIZH A 27 ¥ b ¥ v F(CyQUANT Cell
Proliferation Assa Kit Molecular Probes, Inc ; Oregon
USA) # vy, FhiE % £480nm T520nmi% & o 8 65k
ErbBEHBLAE 20Xy M3 KXBER(DNA) B &
UF 4% 3 FEERRNA) WE 2 HERET 520,
) AR R ODNABEEZ &8 L) TR 2 08
LCDNAR#R 7z, BELEL LTy MIHE
ENhTWw5 ADNAZ v, 10°g/ml(pg/ml) B AL T
DNAB#ELL. VUFABEBEBRERLLTIRX LT —
BA(FH S A4 F A2, {EHPEES2. 5Kunitz units/mg) &
vy, 180mMIE LS FU YA, 1mMIFL I IT 3
v INEEEE B X U201 FH R o Cell Lysis Buffer# &t
#1421, 35Kunitz units/ml& % % X ) ICHEMR L. 20
) ARG B R 1 mIT R 7R R 2 10~50 ul
AN, SEiRT1RERELRABTO) RERLBEERD
LIz, 0%, 2008FRDCell Lysis Bufferz v
200fEH P & L72CyQUANT-GR dye# V) REHREEE
P DORFHIANDNAR % JlE L7z,

9. AT LBERE

AR WAL TR U 223080, 5mllc 2 NIERRO. Sml% i
MUAKDEZBRL, 1 F>y27u~xbr7574— (B
#, HIC6A)ZAL, ANy ABEZHELL.
10. U ERERE

AFrru= 7571 —JEBOBHHDOY) VB
BEEX, SRR (B, UV-150-02) 2 fEHL, Y
YEYTFVBREEVRD.

11. SEM#i&

B UBAN T AREBRIEREZBRL, 2T
O— e LTHWERYAFLVIZ TNV =V T VT
v FEEBERER L. ZOBNRTTTIALF VA
Ny ¥ —a—5 41 7 LSEMBZE L 7.

12. BFE~Y1 707+ 514 Y —(EPMA) 24k

B RIS O —EORE L oML S AKX
WK 2 &L EEEY T TERRZ GO RV X
FICHEEL, TVIFEEEDOFYZ A FF—FITH
EL, NFTIVIAAFT VAN Y —0—F 4 VT
L, IN#EBEISKV, AEERIOUATERE, HIVI T A
B VEFIZOWTCETFR<A 7uT7F+ T4 % —
(B, EPMA-8750) # Wit HEo#Z Lz, &8, 2
vhu—nE LTHW:RY)ZAFL & oMk
5 UICARKALHEN BT, TV TALF VR
Ny p—a—F4 v 7%L, 8K, IV TLIRD
Y VEFIZOWTEPMABIE L 2.
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1. PWAYKRRT 74—+, DNA, Ca, PO,

HAERELICBIT2EES HEOMBHEO T VA Y
FRA7 7 —XiEWRERT (Fig 1). &8, 7VvH Uk
A7 78 —CHEERERICHER STV 50, 02NKER
1L+ b U7 LB TIIEIERISIEE TS, 10f58RE
KT BLBEREE25ETCTELILPHRATE 720,
AREERTIX0. 2NKBRILF M) 7 2B EH Wz, a v
fo— & LTHWERYZFL VEBIZ) VBV
v LR ER (CAp, HAp, HAp-Mg, B-TCP, Mg,
B-TCPB LU B-TCPIIZHRT VAV ERRT 7 ¥ —
CIEHIIAERICEL, T4, VVBAINVY Y L RER
DHTIR F-TCPHENT A A FRT 7 ¥ —VPiENR
ERTEMICH 72D DD, CAp, HAp, HAp-Mg,
B-TCPB X U'Mg, B-TCPEBMICAHEZAITHD
bhilehoiz.

Fig. 1 L H—RE P ODNAEZHET % & (Fig. 2),
EBMODNARDZEIFig 1 IR L-EBEHO 7
NAVKRT 77 —EEEOER EREWIZFABEOHE
MERL, 2y ha— AR, KE)CBILVYY
L %R#EME (CAp, HAp, HAp-Mg, B-TCP, Mg, B
-TCPB L U f-TCP) IZHRDNARIIAHEITEKL, F
2, VYBANTY T ARKEBOFTIE F-TCPHE N
DNAB % RTEMICH > 72d DD, CAp, HAp,
HAp-Mg, B-TCPB X U'Mg, B-TCPEBMTIIHE
BLREEZEDOLN LI o7

Fig. 1 L F—#HAR P oL EE EORIKIW SRR T
B5ANY Yy ARE (Fig 3A) B X U7 ~ BEEE (Fig. 3
B)&R$. U VBNV Yy L% (CAp, HAp, HAp
-Mg, B-TCP, Mg, B-TCP3 X *B-TCP)[ T,
WTNOREICHLTOARERED O d oz
DO, 3y a—VEBOBEATRWThOBREL
BEIKL, B/ VBAN Y Y AREBICHSA NV
VOLABREBLIUY VRBEL ODNI/SRETH 7.

FRERE L TOREIMHBOMBEKDO 7 VA Y R R
775 —BEEERY (Fig 4). ¥RIU4ABICR 5L,
VM- NEREY VAN Y LRI (CAD,
HAp, HAp-Mg, B-TCP, Mg, B-TCPH & UFp-
TCP)LDTNAVFRAT 7 7 —BIEEOEEEIZR
oY, FEENFFOOLNI-DIEF-TCPLHAD,
HAp-Mg, B-TCPE X UMg, S-TCPOET, o
4 BH TR B-TCPHEBIBENT VA YRR T 7 %
—EiEEE R L.

Fig. 4 L F—RAEFODNAEZWET 5 & (Fig. 5),
Y ha—VERLFOXERETCIEESIIEDS
g, BRHREEER 1 mifhODNAZHI4ugTH -
7=.

Fig. 4 L F—RBH oA V¥ A (Fig. 6A) B
XY VBRIBEE (Fig. 6B) %78 3. AV LK (Fig.

R
1200

! 8 days ]
1000 F

800 F

. Tk
600 | NN ]

ALPase (BL)

400 F

200

|
8
QO

Mg,B3-TCP

Fig. 1. Substrate dependence on ALPase concentra-
tions at 8—day culture.
Substrates used are polystyrene (cont), sin-
tered carbonate apatite (CAp), hydroxyapa-
tite (HAp), mixture of 70wt% HAp and 30wt
% magnesium containing f —tricalcium phos-
phate (HAp—Mg, B-TCP), B—tricalcium pho-
sphate (f-TCP) and magnesium containing
f —tricalcium phosphate (Mg, f-TCP). The
asterisk indicates that the control substrate
is significantly different in ALPase from any
of other substrates.

\\7/7 1

DNA (¢ g/ml)

: £

Mg,3-TCP

Fig. 2. Substrate dependence on DNA contents at 8
—day culture.
The asterisk indicates that the control sub-
strate is significantly different in DNA con-
tents from any of other substrates and bars
indicates that two substrates linked by a bar
are significantly different from each other.

6A)EADB L, a2V bu— LERIIMg, A-TCPBL
UCB-TCPLFREETH Y, CAp, HApB & U'HAp-
Mg, B-TCPIZH L CTEWERZRTHIOD, HE
EVRDLNzDIEMg, S-TCPECApB X 'HAp
EBEHT, 2o 3FEMTIEIMg, B-TCPHAFEIZEWN
fEzR L7z, F72, ) VERIEBEICHE L TidMg, f-TCP
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Fig. 4.

Mg,B3-TCP

B 8 days

Mg,B-TCP

Substrate dependence on calcium (A) and
phosphate (B) concentrations at 8-Day day
culture.

The asterisk indicates that the control sub-
strate is significantly different from any of
other substrates.

g,8-TCP

=

Substrate dependence on ALPase concentra-
tions at 14—day culture.

Bars indicate that two substrates linked by a
bar are significantly different from each
other.

20

DNA ( ¢ g/ml)

Fig. 5.

Ca (mM)

PO (mM)

Fig. 6.

B T L N -~ P - N = &
g < < Z0 © O
S © = f5 § g
8 @ @
&l =]
= p

Substrate dependence on DNA contents at
14—day culture.

Mg, B-TCP

14days ]

*

Mg,3-TCP

Substrate dependence on calcium (A) and
phosphate (B) concentrations at 14—day cul-
ture.

Bars in Fig. 6A indicate that two substrates
linked by a bar are significantly different in
Ca concentrations from each other. The as-
terisk in Fig. 6B indicates that the control
substrate is significantly different in phos-
phate concentrations from any of other sub-
strates.
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EBIMOREBIHAREBIEKVBEELZRL. EDOSEM#ETH 5. EESHETIEI Y bu— g
2. SEMf& L (Fig. 7a) IZERIRB L U2 ~ 3 O ERIRMR 23 F %
BESHHFg NBLUMUMHH Fig D& EE ALEVICHELTWAEIZENTH 720, £

A ol & L Ty ;
Fig. 7. SEM micrographs of osteoblast-like cells on various substrates at 8-day culture.

The white bar in each figure is a scale showing 10mm in length.

Fig. 8. SEM micrographs of osteoblast-like cells on various substrates at 14—-day culture.
The white bar in each figure is a scale showing 10mm in length.
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) CEEA VY A REME (Fig. 7o) T, MRLIZRE
FREEL, SRS X R EREED b 8N
T*OBRIZERZIBOONT, ERREEWORE
BrERLFDOINE o7z, FBHEIMBETEEY v
BHNYy A RERE BT S L, CApE#E L (Fig. 8
b) T3 FRMR I A BRRE BT 2 M08 0 LS8R
B 5N72A, PR E & OHERERO BRI
BEBHTRELERIROONT, wTFhoikRi
THIHZFABELMBEEEEZ AL TV, LeLads,
B-TCP#:# I (Fig. 8e) TIZZLEMMEWHTHEK L,

MR B & ORHEIRMR S E AR E L TV 2 RER
BlLTw/.

3. EPMA s KU XEEET

R #14H B OCApES OB X O BRIREE
Wx ELI AR EY 2 M ICRIBEL, oMKz
EPMAGHT L7 RB LU, ZoORBLEARENICRL
AE 2 XBET LR EZLDAbDTH S (Fig.

9). TOFREADL, VVEFOSHIAERIH
Ny ARFOSMHERMUTHRREE LTIIRLTWE
WAL, AV ATEERCREE Y B X ORAMEIRERE
WBWTHETH Y, FRIREED B X OHHERERR
B CBANVY T AMEEY, LR VEBRAINY Y
MEEWEEATVWSL I LERT. FLBEROMMI
FHA FT—RICED 5N 5%, SEMBIZHHIE T 5 Mk
PR ETHYMIcE BB R —RICER 2 E01L
G CEBE) BB E 2L, ZOLICaT—F VD
HHEREATER SNTWAZ AR EINA, —FX
MBI, 32°/2 0 B ES 2SS Y — 7 B &
U26° /2058y a vy —bERTE, EPMATHE
RTERZ) YBH VYT AMEEWAERS RO KERL
THRIAL R THHI Edbholz. ERELTIIRL
TwHWY, 3 he—VEBETHOREOEITIDS
b DDOREBELEPMAG Y HERTE 72,

Apatite

20

25 30 35

20 [° ]

Fig. 9. EPMA micrographs of tissue scraped from the surface of a CAp substrate at 14-day cul-
ture showing calcium (b) and nitrogen (c) distribution. A secondary electron image of the
tissue (a) was included and X-ray diffraction pattern of the tissue that is essentially the
same as that used for EPMA was shown in Fig. 9d.

%

AL EBRE AT CER, HERDFHOHAE
SETRRIGHEShTWS, 24 ThH, HAp, f-TCP
BIUOIh S ORABERELEM L 35 EMEMNIET
fliasm &, BEHE, ZIHEB L CERRO D OHR
L LCIIBERIN TS, —f12, HApidAKHE

&=

MEICELD OO, EENTRINS U WD FH
BMELTORRAREZBETIMREZLL VY. —),
B-TCPIZ EAABAED A TIRHAPICETE Y, BD
RO BAEICKNMEET 500, HEAN
THRBFIICHE L ZNITHEVHETPERT 5 & O
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HHHY, BHEME L TIZHAPICEKXRB-TCPDO K
PESLETHRMBLDH B, AFETRINGY VB
ANT T DEMIIZ, CApOEBHEME LTOEH
% IR 2R CEHIE L 7.

FEFMEERRTOESMBOMTIT S & BEE ki
REETHERBICHRO SN, REH VT L%2 KEgl
TIRY L RO N4 F G ARs 6w S g
YUEEDREZOVTORRBEILERTVED
DD, KBIETRZ A b, N4 FHFAUSNDY VEE
AN AREMICOWTOREMIZIZEA LR,
BRRMBIZOWTKERILT 87 4 P L Y Y BEH
VI AOHBIER L2 BEYFHEDATH 5.
S H S HEO— B TIARAL X N7 B 3 R AT
fao Ok WL R ERTWE DD, HFED
KESEEREARZEACTYS, LALedS, B
WA v p® 80 Pry 29 p fB 20 L B
D, EHICHE—BWREIZE W TDHRIUE IR ATKB
FY, HER®, EEYERLY, TREREAD
B, A—MHEICBWTHZ0HEI RS-
T—HTRVOPERTH 72,

Maniatopoulos 5®E 7 A 2V Y, g7 )ty
YEBFPIDABIUVRBRESVE DO NFY
VONEB LA TR AV 0B RO -
MIICRIZTEHEERG L, IhOoRELEERIE
msse, EFMBOSML - BHIVMEE S, B
BOWTHKIMOXE*ELLZ 2 RH L. KBF
HTIR, o EAREMICH—&BGTT, CApd&ED,
&Y YBAN Y AREM OB SRR F MR
At - WREICRIZT B R REREE L, AL
BEEIT VAV ERRAT 7 ¥ —EiEN, DNAEB LU
Voo A bTNIY) YERBET, ARKILOEEZ7 IV
HYRRAT 77 —BEBE AN T T 2B LY VR
B2 LML, MIEBROEEIIDNAR L L. &5,
MUY BB OEE S K 521 NNaOH, 10
mMEDTABHR CRB L Z2REH» Sk, 7VvAhY 7
A7 77 —EENE, DNABBI AN Y T4 260
W2V VRIBE L D EBRBRENTRETE T, RERT
BW by 7y VB THIRRIIZE A L EEHEEL 72
bDEEZ LR, ThHOEIREMERmAMAEL T
7oRIRS I IEEERICBIR L, XS ICEMOER L EEN
CRBLTWwAb L Bbhi.
HESHHTEEMEZHETZ L, RURAFL V3
8 IZH~CAp, HAp, HAp-Mg, B-TCP, Mg, f-
TCP, B-TCP#METIZ, DNABMHEIIE L, R
GRBESFHETTD, R RAF L U EBICHHApREE
TIIDNAEDPHERICES 25 2 L HEYEhTEH
D, Thoy YBANY Y AREMNTITHROSL -
WHRMSMBEIND Z L HFTE /. 72, SEMEIE
RRICIIERY XF L v EoMBBISICLS, VOB
BN hRER FOMBBRIIBOTES T, B

DFHETIE, EOEBTMCOMMIES ICHRATE
72, RYAFL UEEETRTEIDORAITEERORE
HERTE, TOZLhHdY YBANY Y LRI
TIMEDOSL - BIEIRES N S Z LS HHERTE
oo TVAVKRRAT 7 & —BiEtEE RIRIEDBZRIZD
WTIRBHETIR 2V, ZOBEFEOLRKILICEE
REERLZLTWAIEFHOATVEY, KX
FLVEBLYVVBAINVY Y ARERET BT S &,
TVANFRAT 7 —E/®EAINT TSN
VERIREE L OMICIIHBERD O, TAAY KR
778 —BEESEVE, VYT ALRLNCY VB
BELLEL, BERTOAKILIZLT VA KRR T
7 —EERIECESLTWwEEELZORS. 7,
VOBRANY T AREBROAE BT S L, B-TCP
EBTEITNVA)ERRAT7 7% —¥iEHSB L U'DNAR
EHEL, MRRDGL - BB X ORKIE MY ¥
BRAN T ARERIETES S LARETE 1A,
TNAYHRRT 7 & —EHESE/DNAR K EARR ©%
RAFADLNT, [-TCPESE TIIHMIME NI
En7zHiz, PVAHNFRAT 77 —BEREDEL %o
CCENALP Lo LALERES, AT YA
HHOWNTY YERIBE D O FF L -G IRIL DR,
CAp, HAp, HAp-Mg, B-TCP, Mg, B-TCP, B
-TCPEBHTHBELEZRIFDOLNT, LWTEZ
I¥Mg, B-TCPH#HE T4 - T,
SEMBZETEESHEOEEBR FOMBEEL L
BY2L, RYRFL VR EOMBIERIL, FHE
BRCHALCADER LOREZE2~4HHATED LN
TAERRICEBL, 3~ 4 @BORROMBAHHE VI
FZALTRAELLIELTWAEERZEL, MR
REWICHIRYRAF L v EBRICHCApEE TIZHM
OGAL - BB HEA TV LRI N, —F,
CApREDL) VBANY Y ARER L CIIBE
ROZRIZOEL, £ BB 2R
DRFREEL, EREMBMICIE—-BOEBLE L
BEbhaEEPdbRooh, SRS & OBRR
BEWDRDO LN, ZoOBRRBEYIX, ERoA
Wy b7g bNTY Y ERIREEDSHRD TIRVMEZ R L 72
RYVAFUVVEBRETIZOEEL, VVBAILVY T A
ItEMTHDEEZ LN,
TNAYERRAT 77 —EEE, DNAR, HLiwh
O VERBEL D, AW EBOREEICERR
{, BEMHHEHTIIHESHHICKARBIIE R,
TNAVERAT 75 —BiEESB L UDNARIZH2. 58,
ANY I L ROTNIY VERBETIIBBLh 4B 2
D, COHMETIIMBBOSME - BRI, U VB
Vg MEEMDOAERPSEEI I o722 LHBFTE
2. BHTH, RIVAFLUVEETIE, COHBdT
DTNAHYFRT 75 —EEEBXUDNARD LR
PHEET, VVBANY Y AREBEOERNLL R
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A% R L (Fig. 4), #IZ f-TCPEBOHMNRY X
FLUYEBICHERT VA Y FRRAT 7 ¥ —EEEIMEN
EERTEIChotz. 72, WV ARBEIIMg,
B-TCPA & b IE\VME% /R L (Fig. 6A), KUY AFL ¥
X B-TCP& [F#2 8 TCAp, HAp, HAp-Mg, B-TCP
IZHAEVERR L. Mg, B-TCPTIFig. 6BIT/R
L72&910) VBBE LKL, CoEBbTidy VR
AN ©MEEY O AN ITBEL T2 b
AEbLNT.
LHL%AS, Figg 7 CTRLAZEDITKY)AF LY
R, BEUHETIEESHETRD LN X
37, BRRMBAEVWICHA LD TWEEEZEL
CAp, HAp, HAp-Mg, B-TCP, Mg, B-TCP, B
~TCP##& b THER TH - 2R IR L R0 8 <,
DT L HEFEITOBRLEIZ—H LT i hoz, —
HFIUVBANY T AREETE, XESHETRDSH
N7z RRHERARR, BRI ED & D EB4BE TR &
DVHEELRLDOD, KRERICDLVEFRZET
HHBHRT, VBNV Ty ARER BT
fadary 7y b RREBIZEsTWwizEBbh7.
¥/, ERLAXSC, BESHEPLUHBETO
TVAYFAT 77 —EENEB L UDNARD LA
BERRVAFLV UV EBTHERICEL, Mlkosnt -
WA Z OB EOATHAWIIHETH-o 22 8 H
5, VYEBAINTY Y LRER EOMBEra YTV
VMNRRBIOGESWTWREZ EEbRS. filgdsa
VINIY NRREBIESHE, TVAIIERAT TS
—ViEMSB L UDNARD LA D HNBICET TS
LRESIEBGTE, LBROSEME &L RD
A—FiroozntBbhs, UVBINY T LRE
BERBL RO ERDLHMADO—DELT, B
~TCPEBTIZMM & X BOMICHEEL TV B/
HEBAHEE LTI e HIFoNs, BEEI4HEAT
&, B-TCPEMETITMIM, MUERRL SRR EE
BLTWwaEREL (Fig.8e), E@BLAzL S, TN
HYFRRAT7 77 —EEEDENMEEZR L2 2D,
BEHBEICD TNV AV FRAT 7 ¥ —EiEEIHE
LTwaZ EedmmaEnie,
INFTHRRTEALIHIC, MROSL - Wi L
BBV YEBANY T MEEWPERLTWAZ EIF
ILESHORER,P SRBETE, Fig. 9 TRLALD
12, K140 B OCApHSE oMl 2 &4 A B EAM

&

Bk B EAT /85 4 POBMEM E LTOERAN
RBETT 570000, BFMEER CHRERE BIR
T5ELHIC, HEMRBEBERTOT L * ) AR
B, TVAVFRAT7 7 —EEHE, ANTTLBLY
U URRBEEARIEL, BEEFMREMROSME - 3B

ZEMKICHEEL, EPMASHTAE, #VTTLB
SO VERIREE ISR AR B L R IRBE A T
RDERALN AR BT L, FAXBBTICLY Z
DY AN T MMEEMHBT NS A MEEEE R T
B EHHLMERY, BHEERDS X A REE
WiZ7T 8% 4 MEZEL I LHHEHTE 2. 618
EohirAbl, EBE-RIIBZBROSHIFRDOND
OO, HHEMBRITIH - THEMICE L, EERiC—
HOBEZEURE, THbLEREENFEL, 20
FRBREZEUCHRERE, Tobbas—F ORI
AR ENT., BE, INVILBIVY YOS5 E
FERICERT AL, a5—F UEdTAKRIEL, MR
DHAL - WREIC L DR VWEBERE b #ELL, ERLET
BRHGIER ENTZ WG holz. ThETOFH
RIEBOBFMZ HV2RY T, MBBOMML &
Y2 AR Eh, 25—7 Y OREEFEDL
IZoh T, REMEEEN, ELICZOEHICEBLET
WAV EKRAT 77 —EBh EOFBFEMBO~—H — %5k

CRBENTLABEIICRY, HERROE#KRE LD
2, ARAESEBZ A ZEBHEINTEY, KRR
BETHREWCH AR EZRTAKIESET L. A
WRTIX, Y VBANY Y LREME LT, M
ERSL—bEYVAFL )RR, BIR, REOWE
REEZR—E Lol LAA, a7y b
RIRBIZR A DA (P2 IEREE S HE) TIERY A F L
VEBICHANRCAPEBTRTNVAYFRT7 77 —F
Y, DNAR, ANy ALY YBRRELDAE
BICEL, HMLBBIAHLZ?S, CApERITEH
MR DME - BRI E L 2 G2 REL b 2 LidE
EDEITHA.

PEF &b L, CApEEITEIF MR ER THAD
B L 'HAp70weight% & 30weight%Mg, B-TCP% #
& L7-HAp Mg, B-TCPIZ#f7 <, Mg, B-TCP
BIUVB-TCPILESL Z EARBEINTz. BERD K
TRELZERN TV ETIUE, BBOAKRNRIUED
INEELEREZRF-TLADLEZLNDD,
CApR B MM OB % 21T %3 <™, HAp, HAp-
Mg, B-TCP, Mg, B-TCPH & U f-TCPHREMIEM
RN, T VENERHEMELVES. BWERT
DFMIZRZHLER TRV OO, FHFMEE D
NA Ty MEOEBIIERD 2HERETHY, F
HEME LTOERHEDEOSBROMAERETDH .

o
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ABSTRACT In rat-marrow-cell cultures, sintered carbonate apatite (CAp) as a bone substitute was evaluated,
investigating the ability of marrow cells to proliferate and to produce a mineralized matrix on this substrate.
In these cell cultures, calcium phosphate bioceramics such as hydroxyapatite (HAp), £ —tricalcium phosphate
(7 -TCP), magnesium containing [ —tricalcium phosphate (Mg, £-TCP), a mixture of hydroxyapatite and
magnesium containing f —tricalcium phosphate (HAp-Mg, £-TCP), and polystyrene,which is a material used
as plating dishes, were compared with CAp. When compared at 8 days of culture, the number of cells, which
could be estimated by DNA content, was significantly greater with calcium phosphate substrates, irrespective
of the difference in compositions, than with polystyrene substrates. The dependence of ALPase activity on
substrates was essentially the same with that of DNA content, suggesting that bone marrow cells can prolif-
erate and differentiate similarly on any type of calcium phosphate substrates. In addition, no significant differ-
ences were observed in the morphology of cells on calcium phosphate substrates, on which they appeared to
be spread and to contact with their borders, in contrast to the spherical appearance with the control sub-
strates. With the exception of the polystyrene substrate, fibral extracellular matrix was evident on calcium
phosphate substrates. ALPase activity as well as DNA content doubled approximately at 14 days of culture
for all substrates made of calcium phosphates except f—-TCP. with which they were about 20% lower than
the averaged values. With polystyrene substrates, however, both the ALPase activity and DNA content in-
creased to an extent that was comparable with HAp, CAp, Mg, f—-TCP, and HAp—Mg, fF—-TCP substrates. In
addition, calcium and phosphate contents had markedly increased by day 14 for all substrates including poly-
styrene. The results showed that CAp is as effective as HAp and HAp—Mg, f-TCP as a material to support
cell growth.



