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FLEBR AR kK 48%, L2 300~400pm, HFLEF G HE, 100nm Ze47 0 40 b4 A7 e ZE i . A4
BHEE R AW B B % A B KA FURE A A, SINBE IR A7 BB 4R bRk A i 4 ) B
B R H R TSR B X B A =245, BAGEMNLE (100~5000m) 7178 £L B
2 0L [HALBREIE 75% LA E 0 AW 35 5 0 2 Xk DA 2 SCAR BB 1 2 PR

ABFFEHY H W 7E T AW BE 5 % b 51N W] AR IO B-TCP, il & B K 40 - BER A1 /-
BRR =55 (AW/B-TCP) H & Z X RMHB, EXREASEN YL S¥FRE, HE 5-TCP
i B e, FEIR AL RGAL, SEE AR AL BR AR A 3 .
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2.1 AW/3-TCP ZZEH#I&

AW B B Fg R Bk, A IRB A TT & (Y sol-gel ¥: H 17118 1, B-TCP k% K 4
HUTIEWE BATHIE U)K AW R 8-TCP WY 12 7 1t 40 3 70%:30% 1Y B4 48 75 B HE IR il 45
AW/B-TCP & ¥k, AR CIHEEE WS, DATE S BRBUR:  BOFLAL, ¥ AW/B-TCP
A WHRLE 5MPa FEERA, §l75ER Smm | & 10mm 3 Bl 2 PR 218 A
EBAL, 1170°C #ke 2h il 15 AW /B-TCP SCHR B KL
2.2 AW/(3-TCP X ZRHRIE

X SHEATST (XRD) £iAR 738 AW/5-TCP SR S AHA BG A M B8 (SEM) M%<
X B, FLaAns H T REA B SRR ML B ST AR W R AR B HEAK I S AR
FLBR R % B
2.3 WHFERRBEELE

TN GV, 28 TOKME, TG BB SBF . SBFE gy F: %
R 5 AR MK B AL 4> =AM [F].  SBE JH =R W G P4/ 38 % v s Wi H pH
fHA 7.4, IKXFEAE 36.5°C 1y SBF M HIRFSIRIE. EARMGEE A, AASBESE
TR JE T &5 X6 (ICP-AES) il it SBF fy Ca?t Wi, HHEKEM & T2 8 ILRE. B
1 21d J5, $F3CHEN SBF HrBUH, HANERANR B 7 Kwkbe, AEEEE M. HA e
(EDS) 1 SEM 43 #1121 J5 3 22 09 FL PN 38 T8 7= 4 /9 JB 45 F0 28 R
2.4 {kIMARRIEFECIE

F F SD K BUE BER 78R T 40l (ratmesenchymal stem cells, rMSCs) fEFr -4, rMSCs
e scit 1 v TR AN 3, FHAS 4 8 tMSCs BE4x10%/cm? B M T 24 7Ll (W&
e Hs T 2 09 8 6 IR & 5N 30wt % () AW/B-TCP X ), 7£ 37°C . 5% COo MFIMEFE 414 T 1y
WEE A IS AR BUBMRAME SR Td BSEEE, FURCEER E 24h, WK RAIBOK, WA ST
i, REBIE, #15 SEM 4047
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3.1 AW/(-TCP X ZRH & ABH K

Bl 1J& AW/G-TCP 3288 XRD 3%, FIAE S, 3mSR KA. KA o-
BRER =45, R AW B 5 B-TCP MR & K35 4 1170°C Bpe A & A= 57 i [ A 55
3.2 AW/3-TCP ZZEHERE#

Bl 2 & AW/(-TCP XM R SEM B, WUEHXREFZAEM, mHFLZ HE
MHEZEEL, fL72A 100~7004m.
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B A- Apatite
W- Wollastonite

A  B-p-tricaicium phosphate
[

W A
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K1 AW/B-TCP X Z2#) XRD K%
Fig. 1 XRD pattern of AW/B-TCP composite

scaffolds

3.3 AW/(-TCP X ZEHh I8 e aE
FR1FIET AW/[-TCP ZH M EERE, Fi#E BFL A i IS BR & =ty 84 I, L3Ry 4t e

RPN RE, MR N, I ALET AR .

&1 AW/3-TCP ZREI¥MIZHAE
Table 1 Physical properties of AW-3-TCP composite scaffolds

Zowy ) - See .
K 2 AW/3-TCP X Z8f) SEM g F
Fig. 2 SEM photograph of AW /3-TCP compos-
ite scaffolds

w (Stearic acid)/% Compressive strenth/MPa Density/g-cm > Porosity /%
10 43.6 1,52 55.4
20 28.0 1.40 62.0
30 14.3 1,05 66.9
40 9.4 0.86 76.7

3.4 AW/(-TCP X ZRHY A ¥iE M FOpE B 1 AE

3 & AW/[-TCP ZHAE SBF 112 21d J5, WBTEWEEH AL R E R0 SEM B )1,
" RLE B A LR AR RS 1 85 BUR B 6 R AR X3 (B &) #E1T EDS 438, KBS
B /R H ol 1.684, 5 HA(Ca/P=1.667) (B IR {H #24r, M AR T HA Fik.

{h) Ca

B 3 £ SBF 12 21 KJ5 AW/B-TCP X 2R FLEIH) SEM M fr (a) 1 EDS B3 (b)
Fig. 3 (a) SEM photograph and (b) EDS spectra of pore surface of AW /3-TCP composite scaffolds after
soaking in SBF for 21 days

B 4 B/RT AW/B-TCP XHAE SBF H1igifi —Emf[H], SBF it Ca’* WM. 75
LAY HT 2d, Cat YR BEMGE I N, SR)5 ARG N, & T V8. AR BB E R, w@IRER)-30%
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3B (FLBREE K 66.9%) WA AR LBl 19 3L 8B ik FE (Y Ca®t
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B 4 2 AW/B-TCP 45 SBF # Ca**
e BEH 24

Fig. 4 Changes of Ca ion concentration of the
SBF solution after soaking AW/3-TCP com-
posite scaffolds for various periods

(a) w (stearic acid)-30%; (b) w (stearic acid)-0%
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Fig. 5 Changes of porosity of scaffolds after
soaking in SBF for various periods
(a) AW/B-TCP composite scaffolds; (b) AW scaf-
folds

Bl 5 R T AW/ SZBRFE SBE LB m A8, & IR I A AY e, LB 22 7 3
. FEMF GRS B, AW/B-TCP SIRRAYFLBR 3 T X A AW SR FLIR R, Rk
& B-TCP Wy REMR, JRALRAL, SEBLT STARAREFL BR 2 3 .
3.5 AW/p-TCP XRE5HBIEYMEE

Kl 6 & AW/B-TCP L5 tMSCs th 412 54557 7d 19 SEM B Jro " 0L, rMSCs B # K
Bf7EHELRE B9 SO ORR T, WRARK, ZE=AERFZ AL, WRMFEZDEREESH
BHARIE, 17 H Oy R A E S (B 6(a)). B 6(b) BoRAyRA M I LA, KB ZEFLEE |, 3&
ATLUR FIFLEE A B-TCP W fig B N eyl (<10pm).

A e TRy = =
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e T Iyim
o

DR Y T
B 6 rMSCs 5 AW/B-TCP X RE S 1+ 7 RJGH SEM M fr
Fig. 6 SEM photographs of rMSCs cultured on AW /3-TCP composite scaffolds for 7 days
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HERRBL. AW SRR L) 2 HEEHE, B8R, Bk, FRA Latm P AR
R A B LR TR 3R 4H R 1OL 5-TCP WA BRI WA, B8 A K= —Fh it
B R AR TR AR 1. AT AW 5 5-TCP E&J5, 4 1170°C P & A K 4
B AR (B 1), B AW/B-TCP 55 tMSCs (A2 5557 7d, tMSCs BEFE L IR G
B, 1 HL AR SRR (B 6), R AW/B-TCP AR EA R AT 1y YA 2 1.

2) RA =R 2450, 24 GER R (100~500um), FLEE, HFAEAMRK
Hy PR TE B ABFE P il % 69 AW/B-TCP SCRBFLIR R 55%~T6% (B 2 fI3K 2), l#H 5-
TCP [y RN, JRALAGAL, SCARAFLER AR BT . Booh, e i iy K AL L2 A
100~700pm, fL5fLZ BRA L FEA (B 2), KFLEE BA W TR4ETM 5-TCP Wi i T
AL (B 6(b)), SRR FL / AL B 454 (b1 6 P SR T AR K. X e A T 40 M A A
KRR, A AT 240 S SR 6 B N AR = 0 9 HE

(3) HA RUFay 2R &1k, A8 02 3k 240 J 00 ks R O O 20 i 7 JHG 3 i 34 7 48 1 R A7 Y B3R
Be. AW ZiEEM %A RAF 10 R E V. AE S, £ SBF A BETE MUk g KA 2 M E 3 B
R AW/B-TCP LRI FLR I AR T HA. & 6 KB rMSCs BEFE AW/B-TCP S48 L5t
BB, W H, Matsuoka H % M EGRSMTAN w1 TE AT AW BRI K K (2 MU R B,
FATH R [Ca?t] (23 ROSL7/2.8 40 ML) BB 0 Ak . Bl o 0 At 4K 7 5084 o sk V9
B (AP) MEEZE 1.6 45, M ad v OBUR! i [R] 487 2URTdm A 42 AP | B 45 R (OC) MIEEsR 4
KE T A1 mRNAs K35, F, & 4-TCP Ja, BBCERREMR Ca?t fEfE i 1MSCs
KB, AL AL, X R AW/B-TCP LR EA R AR 3R 151k

(4) BA A AR, SRFEA UL B 12 BB Mg e, 3 HLAS S me o 2 il 2
AWM INEE. /-TCP BA RAFH LW MR, AN NE R LW R, B TR Ca,
PR & i (I GHLBERAR B T, 1 HPO3 | HoPOy . POS™) #EANTEMAIEI R RIS T AL
Bk, — IS S A o R R R R, A o R e BB T AW B3
Mg B — BB N R IR AR 18 . (B, FoE s AW 08 M B2 vl B . Fujita 4%
2 AL AW S5 MG EE RN B AR A M R A L, AW L P A F R 12 Abiraman
5 DOD Y v B - BT 45 1 AW, S8 W) S8 SORL R\ B0 B JR B Y, R B LA PR
Teramoto H % 18] 3¢ AW 5 55K %5 (b o9 e B4 T @ 4o i, RSN T 55 24 74, FLEEAS
PR, JUP- 2 i O A O A ) AR IR R L2 AL AW BRI K T R BB i
20 M PR, SRS AR R A BT R AWM B-TCP Y R AR R AT, AT 58
R4 SBF i 52 30 3 B 32 AR LB X Cat S T Bt A5 ne (18 4), B 1w DL
AW A 5-TCP {1 W@l BALFR B SR § AW/B-TCP X RIFEME.  AW/B-TCP 32
BB R R T — B 5.

(5) HeAr 7 ny T, TR hn TAl i s B Ry TR, BA RS HOHLARGR B, —BELh /DR
HZ R, HPUEMREENY KT 5MPa, §f A 7E 45~100MPa 8], FEAE AR5 (1 — & i [H]
WA AR FFHIE AR, FEEHIE A AR A /& B8 SME . A8 5 Brifil 4 1 AW/B-TCP
SCRALEATINT, HyUReRE AT & B EOR. SRa R A LB R AT ZR, NI R
1 J5T 4 73 KOk 30% HISCHR AR E G 3.

5 451

LA AW SR F BB A O- BRER =45k 0 IF0RE, DARE RS ER N AL, @A, 1170°C
Fe4h il & 09 AW/B-TCP Hig ZAL LRI, &HKA . BKAM 5- BRR =F54. #5
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BRIt B 30% B9 AW/ B-TCP TR HT e 3 BE 35 14.3MPa. fLER# A 66.9%, fL42 N
100~700pm, T HALAH L300 . BRUABIR B LR, HA BBECRMRE LM, XREA
REEME. AW/B-TCP X REA LY ML, " RLES R AW fiAl 8-TCP gyt @i, 2ol
F A & TR ] AW/B-TCP SCREYFEME.  AW/B-TCP X5 rMSCs (4RI & 3557 L R
X EA R YA AW/B-TCP AR AN B 4 2 TR SO R iR 3% 11t
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Preparation and Characterization of Porous
Apatite-Wollastonite/(-Tricalcium Phosphate Composite Scaffolds

XIAO Bin', ZHOU Da-Li', YANG Wei-Zhong', OU Jun', TANG Yan-Juan?, CHEN Huai-Qing?

(1. College of Materials Science and Engineering, Sichuan University, Chengdu 610064, China; 2. Institute
of Biomedical Engineering, Sichuan University, Chengdu 610041, China)

Abstract: Porous apatite-wollastonite/ S-tricaleium phosphate composite scaffolds (AW /3-TCP)
were prepared from apatite-wollastonite (AW) glass-ceramic powders and (-tricalcium phosphate
(6-TCP) bioceramic powders, using stearic-acid as porogen. The mixture powders were allowing
compression molding and firing at 1170°C.to obtain porous composite scaffolds. Characteristics of
the scaffolds were determined by X-ray diffraction (XRD), scan electron microscope (SEM), energy
dispersive spectrum”(EDS), inductively couple plasma atomic emission spectroscopy (ICP-AES)
and so on. Rat mesenchymal stem cells (rMSCs) were co-cultured with AW /3-TCP in vitro to
evaluate the biocompatibility of the composite. Results show that: AW /3-TCP composite scaffolds
with 30wt% of stearic acid reach the compressive strength of 14.3MPa, with the porosity as high
as 66.9% and pore diameter ranging from 100 to 700um. In vitro experiments reveal that AW /-
TCP scaffolds are biocompatible, bioactive and biodegradable. The porous AW/S-TCP composite

is expected to be a candidate scaffold for bone tissue engineering.

Key words apatite-wollastonite; S-tricalcium phosphate; scaffolds; bone tissue engineering



