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DA BT [R] AR TR 4838 BE , P17 X RATAT AP, &8 HE6ALEWELRRIYEEE &
AR L BB 18 o, ) B TR N B R R A AE S, VR LA 1 g ¢ 0.2 L BRI BEAT E] N (4.6 +1.3) min, A YEATH]
H(13.1£2.9) min, E5ATHKEHPURBREZE AL 1 d 353 7. 86 MPa, 4017 848 B-TCP HFAHE ) 1 4%, XRD
A6 [ Ab J5 B B i = A, R 2 o-CSH 7E [ 443 72 B B 4k S —K i iR 45 (CSD) , 49 i i 45 7T AL [k JE ML R
CSD B ARG E RTELZ LR B-TCP R, i #id A% B-TCP/o-CSH #y [ Hb FT LA 18 5 H [ fe i
[ EGERR I

KET : B-BIR =SS - PKBRBRES; R SHB MR Bl H#RE

HESES: R3 MHERIRERE: A

Study on the setting property and compressive strength of B-TCP/
o-CSH combined bone graft

MAO Ke-ya', LI Jiang-tao®, YANG Yun’, HOU Xi-jun', LIANG Mao-hua', WANG Ji-
fang', DU Ming-kui', WANG Zheng', WEN Ning', WANG Yan' (1. Department of Orthope-
dics, General Hospital of People’ s Liberation Army, Beijing 100853, China; 2. Technical Institute of Physics and
Chemistry of Chinese Academy of Science, Beijjing 100091, China)

Abstract: Objective To investigate the setting property and compressive strength of B-TCP (g-tricalcium phos-
phate)/x-CSH ( o-calcium sulphate hemihydrate) combined bone graft. Method B-TCP/o-CSH combined
bone graft and distilled water were mixed with different ratio. 1 g: 0.1 mL,1g:0.2mL,1g:0.3 mL,1g:0.4
mL.1 g: 0.5 mL, respectively. The initial setting time ( 7,), final setting time ( 7:), compressive strength were
recorded, and the X-ray diffraction ( XRD) and the scanning electron microscope ( SEM) were examined. Re-
sults The initial and final setting time of combined bone graft increased along with the increase of solid/liquid ra-
tio. The T, and T. were (4.6 +1.3) min and (13.1 £2.9) min respectively when the solid/liquid ratio was 1 g:
0.2 mL. The average compressive strength was 7. 86 MPa in one day after setting, which was about two times
higher than that of B-TCP alone. The XRD results showed that no other materials were produced except that «-
CSH was transformed to CSD in the setting process. The SEM results indicated that thick CSD granules were ad-
hered to the porous surfaces of B-TCP granules after setting. Conclusions The setting time and compressive
strength of B-TCP/x-CSH combined bone graft could be adjusted by the different solid/liquid ratio.
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A BRI AR B B R IR LIRSS, (BB = Sy 2
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1.1 SEIHRFEE

o-CSH 35K - RS 1R R il £ «-CSH, ¥ 20
mL 187K 5 200 g “KBRERES FAHE A, S
Ja B TZRIRIESIN 0.13 MPa (¥ %54 GSHA-2 BRIk
R, FHEEE 5 °C/min, IIAZE 123 C,fiE
FHEIRAIEA T h, SRS B Bl £ AR B AE 120 C
FIEPGERN TR T 4 b A5 BAR N EEHR,
AT A P Fe 4 i I 1L 180 Bfis o

VTHAH B-TCP: Z IR SCHR[ 5] ik, R WE N
8 mm [FIFPEE BB AE BBk 8 mm x 12 mm [FIAE
ViD= O B Y S = Tl e g
J& , "PIEIRA 1 mol/L [y (NH, ), HPO, 5 RALTE 24 h,
T 2 T B AH B-TCP, g Fi il 45 A1 6} 43 B P9 36
4, — Wb R RN S EER TAEY
SEREI , 55 A0 4> F TR BURLIR , 3 24 H (d
=0.85 mm) F1 10 H (d =2 mm) §fi, FiE ERH
0.85 ~2 mm [{J3E 2A4H B-TCP Wik: I F 14 4¢ B-TCP/
a-CSH &5 AN TH,

B-TCP/a-CSH B4 AN T & (CO) : AT R VA5 H
FrREAH A R E A AH B-TCP Tk AT o-CSH #Y K,
#5 o-CSH B RIZMENVR LN 1 g 2 mL [ HLBIRA
ToK ZBEP TS HE B A B-TCP BURLEIA o
CSH-TG/K Z iR AR B R 5 4 6t 30 min, fifi
R FEAMR A, -CSH AR BURL R M ZE B IR = 45
Bk R LB . B EIRIRBIBA 37 C i
W TRFET FIOKZEAREE 2EE, FRH
#470.85 ~2 mm KRR B-TCP/a-CSH HE4 AT
BB
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) s 3afWsE (HAL/AH] S-3500N A, HA) ;X 5
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HEeANTEPN 5K MR 1 g:0.1
mL.1g:0.2mL1g:0.3mL.1g:0.4mL.1g:
0.5 mL MENR LLAIE G , 2 8 1S0 3107 BERREFKI]
TT IR ik T 3 FE AL Bt [, R 400 ¢ 4ETE 4
R HEE (Vieat Needle) ,5REZEN 1 mm, FIHERT
(6] (initial setting time, T,) MR 4T A BEZEIE 2 mm
JE BRI 8], R [E] (final setting time, T ) Sl
A BREAR A R TR U B R R B ] . 4
6 ™MrAs,37 °C . 100% 18 FEA L #1T

a-CSH #yR 5ZEBKRIAIER 1 g+ 0.1 mL,
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SRR 15 0 AT B A A oA
S 3 L IR 1 min 5 B B0
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2.1 [E{LAtia

BEHENTEHM o-CSH HE 4L HT E] Yy & F b
YRS TITTI G 0, 70 S5 ) 4 S5 I i) 7328 ¥ S <
(E~2)  BEATHFERBIL K1 g: 0.2 mL
AR 8] A (4.6 £1.3) min, ZEERSE] R (13.1 +
2.9) min, [ «-CSH ZEFEW LR 1 g: 0.3 mL B4
BEMFA] K (4.4 +1.1) min, KEEME R (11.5
3.4) min,
2.2 ELEE

BHENT B a-CSH 54 1.3.7 d 5%
EwR R, 781 d EE ALE R ER
FEHPRI X% 7. 86 MPa, 3055 540 B-TCP A F R4y 1
% T a-CSH Jy5i k3] 14.22 MPa,7 d 5 #E 8

SR BERIA TR o

F1 3IMIRBHBFPEHELEE(MPa, X £5d,N=6)
Tab.1 The compressive strength of three samples in different

setting time
1d 3d 7d
CO/MPa 7.86 +1.11 8.56 £1.52 8.95+1.43
CSH/MPa 14.22 +1.02 17.30 +0.96 18.12 +1.13
TCP/MPa 4.47 £0.63 4.47 £0.63 4.47 £0.63

T 45 B D £ 40 [ [P B BE LL Rk P < 0. 01

2.3 XRD R

XRD Ej% 5 JCPDS #rf K At B, & A TH
BRSSO A7 5 1 3 5 11 4k 7l 19 1 3% A4 X b (L
3), EfLE B B S B B K B R 4 (CSD) A7 4 0
{H, 7 o-CSH 7 51 0§ AT 2%, ] E L /5 o-CSH
Ak CSD, T b J5 Bl B-TCP & B3 S 4l b4 BHAH
Lk TCP A7 5T A BT RRAR , BB BT A7 S e 1y 38,
Ut B 5 bS5 38 HoAth i 7= A=, R o-CSH #5462
CSD,

---- CSH 40r | * - CSH
20 |——co g M g 12 000
=15 =0 £ 8000
E o = 20 =
k) = 24000
H s E 10 =
0 i ] 0 1 1 1 ] = 0 1 L 1 1 1
01 02 03 04 05 01 02 03 04 05 15 30 45 60 75
B/ (L - g™ R/ (mL - g7 20
1 S&AIBM oCSH RRERKE B2 SAAISMCSHARERE B3 SEALBEWLE XRD B
A0 P B TR 4K BSOS B TS Fig.3 The XRD of combined bone graft af-
Fig.1 The initial setting time of com- Fig.2 The final setting time of com-  ter setting

bined bone graft and «-CSH with differ-
ent solid/liquid ratio

2.4 FHEBENURER

S NTEELEAMEE( LA 4) KA R
ARG A HLIK CSD BURLIE 1A AR 45 4 7 5 7F
ZALRUT A B-TCP kL L T, B-TCP 5 ) 2 £l
REMT LK, IR HIE AR, B AWy mE
TR I/ NLBR AT 7E o

3 iFig
3.1 BHEWHERECHENESR

HA B EARENTEEM B RBEEEETR
REE B, HHE S BA — a2, Juk
WRE B S 22 5R B, BAE E MR — A
HEHER R AR B Z IR S T LU

bined bone graft and o-CSH with differ-
ent solid/liquid ratio

E4 SEMERESGATHEENGEEEB-TCP Bhi R B EHE
 CSD Bk

Fig.4 Short columnar CSD crystal adhesion on the surface of p-
TCP granule showed by SEM results
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AT HURE B-TCP kL, BAA OR BE WA BT B R AR AL PR
254, Bl TA SRR & g LR, 1% mER
2%, MBI EIE R A . o-CSH A B B [ s
PR 139 B , (HTE IR P P s B P, [RIARE R
LG PRIV A o A< B 55 1] R B A B-TCP JSURLIK R AR
GG HEMREREE, BHY «CSH 25,
T E AR HEL R R, I BRI S 275REE, A
T H BEA 18 52 A BTR AR I B B4R, 32 1 HL i PR L
AR AT EAE B R BOR .

& PR [ A ]2 B B B8 AR R Al
P —EZERE R, R8RS ERER R
T M Ty B BB, T BIZKIB TR & BIA
WHESH L TC I H IR B[], T KRR &
N0 & B A &k A 2T W) E], T ( cohesion
time ) HEGA B E], BIK e MIF 1R TR & 3 5 i ik sl f&
WA KA B AR A] . Khairoun 251774
AL [ BB DA LA 5

3 min < T} < 8 min
T'—T; = 1 min
Ty < 15 min

HoEearE 2S5 Eed B ERLE
K, M EL S e, AL RIBE 2 2 . IASHFIT
GERWTUUEL, EWIL N1 g0 0.2 mL RS AL
FHT, 79(4.6 +1.3) min, Ty 5(13.1 £2.9) min,
ECIE st 1] R AR 2036 R W PR A a2 b kLG BB B i
PRAEZOR
3.2 EEENER

FEEATRL B ) 0 B DA e m PR L Y L
bRz — . AU B B 45 1K PR A B-
TCP BURLALBR 5 , /AR B KA R B M ALBR 45
¥, {HH g 20 B B BRI, JUHAE R PR T
PIMEARAR, y—Fh B A et ), A BER T AR
SR BB 2, SEH IR PRS2 20 RR I, IR
SRS Re I IE: A Y iy - S

a-CSH M FRE 38 0 8, H B L5 B 4558 ] ik
%130 MPa A |, W] @05 TR B (M5R B A
TR o-CSH 1R ARG 855 2 & BIMETE B B-TCP i
B, o-CSH i 73 BUAE B-TCP UKL FLBR I,
FHVIFRE R s A LR AR, HI & E A AL
F G5B KIBE G o-CSH 5K & 4K AL,
Wk 372 4K 4FHE B CSD, B CaSO, + 1/2H,0 +

3/2H,0 = CaSO, - 2H,0, CSD Z#i FILTE E 2,
FEE b FEH CSD 1B —F R 45 70% B-TCP ks
K E—i&, B-TCP FikiE 1 — /K 5 BR 45 & AE —
B, R A AR & AR BT A . AT
AIEE A B 16 E M R B b1t 72 o T 1 9 5 7=
A FEASEI P A M RHE LS B XRD 25 R 3KA51UE
A FE B PR AR AR R T AR SR W A A R
Rt T BE (1 25 5, PR -CSH o5 fife 338 JBF 0 B 1)
A BB TERE AR R P A K . B-TCP M Z LR
Z5M), Yang % FESTUG R A5 A LR BRI 07
AR HA 5I0KBRIRE (CSA) IR & FE7E 1000°C 4%
P R A P+ kL, F R CSA 87K 1 B i TE
CSD F+Z Wi REfR AR B B FLAT AL, BRI 2 4L,
WORE I 72 58 BE MU AR LR R 4B, T Prokop
L2V ARAR AL A b SR 2 B 1) ) RS [ AT LA
HE R, F PDLLA 5 B-TCP & & Wil 4 TH i
P 8 &, 78 3h ) 5L 56 P IE S, X4 B-TCP il 4
30% B , B e 5t 5 BE AR, A 5 W (4 Ao 3 Mk
AW T B-TCP HL B RE Ky 10% ) 258 B B
WIETR, A B e s P T — B R BT, AR FE
PRI «-CSH M B-TCP Wi 01 o} e i o 5 ) 22 57
ST R T LI A B, (R L M B P R fot ok I
B S IR R T N R — BT .
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