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WE: BN BURAZELABEZR4EEA2 EE5 WM F KR (recombinant human bone
morphogenetic protein-2/calcium phosphate cement, thBMP-2/CPC) 3g1L- B At R L ER LY N ¥R
EHHERE. HiE BFBRUEAEX R AGXPFREAR I £ MBS NEERBTEE. N
LI-L6 HELRMR, ZAARL FIEMLEE;CPC HF , 28 5 BEHEA& N TS CPC (2.0 ml) ;thBMP-
2/CPC 4P , B HE 5 M ] HEAK N 11 5 thBMP-2/CPC (2.0 ml) , FARME1X.6 .12 24 A W48
Bl R &AL 3 HAE NHEKTERLR, S5IMNESAPHRENBKERN N (0,,) MERE
W8 (EAV) , 3 b 487 [ — B 18 A5 R () 7 8 22 ] 0 ) — 8 RO K (6] 6 R R 2 T B S S AR . R
EZR I ERAFECREELE TR ZRAEEH(P<0.05) BRARBERBREY M. R
J& % 51 [8] &, CPC 41 1 thBMP-2/CPC 411 0, M EAV M B ER TEHM(P<0.05);RfF1 X.6 AR
12 /&, thBMP-2/CPC 411 CPC H 2 Aj )2 § B4 T4 E L (P >0.05) , i rhBMP-2/CPC 41 24 [
o, BERTCPCH(P<0.05), SHAMCPCHA P o,  EMBIRZAMERY LR EH (P>
0.05) , 7 thBMP-2/CPC 4 & 24 i #) anhﬂgﬁ?ﬁﬁﬂﬁﬂhiﬁ‘ﬂ‘ﬂﬁ]ﬁ( P<0.05), &i rhBMP-2/
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Abstract: Objective To observe the dynamic efficacy of recombinant human bone morphogenetic protein-

h

2/calcium phosphate cement ( thBMP-2/CPC) on the augment of biomechanical i ity of the 1

vertebrae in ovariectomized sheep. Methods Twelve adult female sheep were ovariectomized and raised for 1
year after the surgery. Bone mineral densities (BMD) of the lumbar vertebrae were measured before and
after the surgery. L1-L6 were the experimental objects. The sheep in control group were offered no
treatment. The sheep in CPC group were injected with CPC (2. 0ml) via the transpedicular of the vertebra.
The sheep in thBMP-2/CPC group were injected with hBMP-2/CPC (2.0ml) via the transpedicular of the
vertebra. Every 3 sheep were randomly killed on day 1, week 6, week 12, and week 24 after the surgery.
The vertebra compression test was performed. The ultimate compressive stress (o,,) and energy absorption
value (EAV) of the vertebrae in every group were measured. The biomechanical indexes were compared and
analyzed among different methods at the same time and among different time points using same method.
Results BMD of the sheep vertebrae significantly decreased at 1 year after the surgery (P <0.05). The
osteoporotic sheep model was established successfully. The results of o, and EAV of the CPC group and
rthBMP-2/CPC group at any time points after the surgery were significantly higher than those of the control
group (P <0.05). The differences between the CPC group and thBMP-2/CPC group were not statistically
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significant on day 1, week 6, and week 12 (P > 0.05). However, o,, in thBMP-2/CPC group was
significantly higher than that in CPC group on week 24 (P <0.05). The differences of o, between control
and CPC group on each time point were not statistically significant (P >0.05). However, o, in thBMP-2/
CPC group on week 24 was significantly higher than that on other three time points in the same group (P <
0.05). Conclusion thBMP-2/CPC not only improved the immediate mechanical strength of osteoporotic

vertebrae, but also maintained the dynamic mechanical strength and further enhanced the lone-term

h

ical gth of

teoporotic vertebrae, which could provide an ideal mechanical condition for firm
bone fusion of the spine.
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BEEAOERICHKBRME, & RALEER
R, I K b B R B A T B HE R
Bk EEs", Hxx—FAE, BEGEK LA
BRI H R 2 K& R AR (percutaneous
vertebroplasty, PVP) ) | Bl 28 55 1% 1) #k K o 3 5%
RPERER T BB KR (polymethylmethacrylate,
PMMA) , %77 ¥ AT DASK S 4 60 180 B 0D 22 5R BE
REEH. 2 PMMA R4 R HH, & 550 HE
AL, RSP EFRREBR EEHBAMER;
PMMA sELIER K IR ETBERT A RERD
RBL,

ANEHBESREREH2 EARREFKE
(recombinant human bone morphogenetic protein-2/
calcium phosphate cement, thBMP-2/CPC ) {f b —
FRNEEREAME, RARFNEYHERM
PUIRR BE , (5] A b 3% BR 45 B /K J ( calcium phosphate
cement,CPC) A EHF KM A, HHIEC LR
RHF PVP HMEM BT RARY , £HRE
434 thBMP-2/CPC fE (K A ST HER £ W) h TR E &9
®wW,

1 #BEHEE

L1 sBihe

BEREEENEEE 12 R(ZNKEEE
ey EBRERE) ,FM(4.5~6.5)F,FH (5.0
+0.8) % ; Kk HE (52 ~67) kg, F (60 +7.8) kg,
PMMA gy X877 & Bk Tk B 38 B 4 7=, CPC #1
thBMP-2/CPC 2 ¥ R E WM B AR A 7R =
L BRI FRE, MTS £ B H LR
(858 Mini Bionix I, SYSTEM INC, Minneapolis
USA) fi B & X & W & % & X (Lunar Corp,
Madison, WI, USA) i 2 MW EX R ERLERH
LB TRt
L2 ZRF®

121 BRABMERAEY . HEHF (0.1 ml/kg,
FEARBRERBKREEFEETRHTBHE) K
BEIE, B RANEML, B X H AR R R
(bone mineral density, BMD), Bé /5% % ¥ WET
VEER ZEEVRESHABEDWPE, R
A/t B ARG LT Sk ekl 1.0 g L2 K/7H,
#3B, REEBHER1FF, BRNEHEH
BMD,Fi AR £ MEHE BMD T HE > 2.5 fhinnE =, %
HERAMN S YER R,

1.2.2 FRAF®R .- BRAAMERE L RIE, ER
(0. lmlkg) REER NG H B EMEFFFARE L,
BERES O, V)8 L9, #2550 188 B
B, BEHER BR, BRE—RSA¥6 6 MERME
425 H41 .CPC 41 1 thBMP-2/ CPC 4 ,{RE& R
BERNTARE —#, B R IEHSHEETHERF
MaE, HPZHARA TFHEMIAE;CPC A EA
FRRRLBRERRABETEE, EREEFHEAF
BEHRSRRARACHT R, EHSREREA
HEAKZ5 20. 0 mm, 4 HEH R ERTE ¥ CPC
(2.0 ml) B 5 EHEGR P, e 00 ORHBE B 5 4R 61 3k
thBMP-2/CPC 41 . i FI R B 09 77 ¥ B M 5 AR [\ HE 4K
ST thBMP-2/CPC(2.0 ml) , 75430 8E 1k 11 3 xf
BHOE. B4R, RFT2h RPRARE3I4R
BATLBMMATTER 1.0 g L,

1.2.3 FAH&E:FRE1IX6RH.125.24 A%
BEOLEERE 3 RERSHYALTE, B8 T B i A
(L1-L6) , VIBRMEAR AR J5 DU BH 1 R R RE &
B AUR BRI B A R B B4, B SIS E
BEKEA2.5 cm HRH 1.5 cm BRI A TR
., ERRZEHRRET , THHTHEMAELR,
1.2.4 EHELR -EAEYHRRKYL MTS 858 bxt
HitframmELR, WEs, BREEA®ET
BEFMEEEZME,LLS mm/min'® 08 5 B %
Wi ES AR FRERER BT, XRTA
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B KB G RRE, RFEHE, BUES-RZE
ZHWEHEIRES R KES NS (ultimate
compressive stress, ¢, ),ME T HHIESHERR
W {& ( energy absorption value, EAV),
L3 Gt

WEERASYE + REERR, FTAREYR
A SPSS 13.0 &4 ¥r. X#HE A £ B BMD
MUEBRARN R, R —aES&dPmE4
R [ B ] R R R AR L BCR A E AT
1 SNK-q %, BEERKIRER P <0.05,

2 HR

BREZIALSER) 3 RAb, KRRERHYWFAYO
BREZRE, RRKHLBRE, W LA . HERHA
%I RAE, IREIEH o
2.1 EHAEFEHS®E(BMD)

ARET4 £ EH BMD % (1.17 £0.11) g/em’ , %
#—4F J5 BMD 15 % (0.85 £0.08) g/cm’, RJE
BRI MR BMD {HFE(K 27.4%  ERAREH
(£=23.600,P=0.000) ,H BMD W FHREHHE
RF2LSBIlEE ZWBRARSFEBE TR
e
2.2 BKEHNN(oy)

R 1 FE 1 Fin 7EARJG &0t E K ,CPC AF
thBMP2/CPC AW o,  WHBH FS A4, 257
FREH(P<005);RE1X.6 AM 12 &,
thBMP-2/CPC I CPC HZ HINER LB EH(P
>0.05), 7 rhBMP2/CPC Aih 24 A 0, BEH
FCPCH,ERABEW(P<0.05), ZHAM
CPCHH o, ERAAZRAMERI TR EW (P>
0.05),7 rhBMP-2/CPC lh 24 i 0, . BEH T
Hip=AwER, ZRABEM.(P<0.05),

£1 KZ0E S RKERER (0, /MPa) (n=6)

Y 1% 6/ 12/ 24 /8
3= | 505.4 £95.3 558.8 +114.2 596.9 £108. 5 644.3 £131.6
crPcH 954.3 £132.6" 1047.5 +168.4° 1153.5 £182.7* 1205. 8 +206. 4

BMP/CPC 41 979.8 +128.3**

1134.3 £168.4°*

1353.5+170.5°* 1805. 8 £233.6° %2

5 R — i AR ETEL B P <0.05 ;5 — B (A S 69 CPC 413" P >0.05; 55 A — B (8] 469 CPC 4 3 *P <0.05; SRMA MK

B () 45t B 2 P <0. 05

®2 FHASHEHERREEEVA/N - m) (n=6)

oS4 1 X 6@ 127 24 1§
Eg=t| 0.65 £0.21 0.81 £0. 18 0.94 +£0.25 1.03 £0.24
CPC 4 1.64 £0.28"* 1.83+0.26° 1.96 £0.30° 2.05+0.37°
BMP/CPC 41 1.81+0.30** 2.02:0.32** 2.38 £0.41°* 3.26 £0.65°%4

¥ 5 R — B (B S B9 25 14 L8k * P <0. 05 ; 5[] — B (8] A5 B9 CPC 41 HL4E* P > 0. 05; 15 Rl — i 6] 4 i) CPC 4 kB P <0.05; SR A B9 i
B ] R H$%2 P <0. 05

35r — 3pa

30 —e—cpcd

g 3 25 | —— hBMP-2/CPCH
2 g 20 ./._,,,,—0———""
3 g st
& &
H € 10
X H -'___,_/l"""*d.
=® 05|
o 1 1 i — | o 1 1 A 1
1R 6/ 2R 24 1R 65 12 /4 24 A
EREA HoAA
M1 e E A B K E SRS B2 &BfEANERRKE

2.3 EHHERRKME(EVA)
&2 A 2 Fiw ERE &6 E S, CPC HF

thBMP-2/CPC i) EAV BB BT a4, 8
ﬁ.ﬂ%ﬁ(” <005);*}ﬁ 1 i\6 }Eﬁ 12 %1
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thBMP-2/CPC 1 CPC I Z M E R X B EH(P
>0.05), fii thBMP-2/CPC 41 24 1 EAV B %
BT CPCH ERHBEW(P<0.05), ZHAM
CPC 47 EAV W RN ZBMERH LR EH (P
>0.05), i thBMP-2/CPC #ih 24 J& i) EAV 8 %
BTHAE=HER,EZRREBEFE(P<0.05),

3 g

Ber PVPEEANC R ENATERE#®
WA RS ET RS R EUARER
YERBE SR, RS T B IF B R AR,
PMMA DIREH M EY N TR PVP & F
FRETY ., BRNH PMMA i — SR 5. 4
YHENEE EER ARSBEYER BARE
HEERU  BEAMNKATREGEABRAR ;73|
BATEOLEKRERHRESHEE" ; ZHEY
R B E5EKEREHBERABY, SHH
PR % 3R B T T s PMMA 3 % 9 78 BF .40 46
HER S, AR IR ERETRER",

BMP & F ¥ {k 4 & H F-B (transforming growth
factor-B, TGF-B) HIRER R , B E R FE R KL
6] 36 % 40 IS 52 1 Ak R B B AR, SR BMP-2
5 BMP4 REFHMB AR EHMNAREF, &iE
SRUBE B RHESHAE. 8 BMP EEH
RE, EAKNERRESE AR B RE QKR
KEBRE FAELPERHZELBESEH, B
W, RE% BIP 5EHEBRRGKEAE—R, &
BMPERSRFEBHRAREL B EERLREER
AMEES,

CPCHEN—MFHNABLBEFTKREFENT
FRC(DEFSEHAMMTIERS  FRIFME
MMA; () TUAEZRIEART B, R=#RR
R, BFBREILEAAR; (3) T HESBIRE
BU, 5B NREFEWHE, RAREHYKIE;
(HEBREHBREXTRES, S)BAEESHER
BEA, TS BERAENEE; (6)BREERX
BHHILEH, TUMEA LN EBERE, 0BT
FEME A, RfiEL CPC X & BMP W R IF &
HL —EENES BB RETHRENER
ERMEENEE, R T ERABREETLRE
HIBRKE , X T MG B DRz 380
BAMKE RRERNED ¥R,

BAT, A ZHRC ZiEH thBMP-2/CPC 3L
PRAGRORT (82 1 T B Y ok g IR B SR AL 1K

BEMHESHE. B, AHRELERERYLT
BRGNS LR CPC 1 thBMP-2/CPC Xt 4
FEHHETTRECLHE, HFRIARRENARF 1
X4 2AR24 AUAREA, BHERE
rthBMP-2/CPC 7 #& o4 32 1k B i i ¥ # 4 3R B 09 2
fbo SR K. B MM A CPC KB R —#,
thBMP-2/CPC W] A ZE 3 B R W AR RE, B
I B T kP R R R ML, U 3R S (R R PR, R
BB, XA REY CPC B A Wk Wt Y R B &7 &
MABIKAR X, EHEEMNE thBMP-2/CPC 7
(24 B RANBEERERA FFHBERTER
M CPC MR, X—HRBES5 K4 thBMP-2
%%, thBMP-2 7E 4k AR o R 36 B R A K A B /NI
HMEHBRE NTIE—- SRS THENZN S
¥RE HERABKRFESA4Ef CPC 4,

BRI HRRIIIA R thBMP2/CPC R LR E
BREREEK IR E, RRERFNEREEY
BENFBRENS S REREQOTHERE, HE
HAPIRBEHMARBT RN NERE, &6
RATTHEXF CPC 7E 1 P 9 BE 8 % ot 22 B e 4
WML MAR LR LB —-EHR
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