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[HZE] HMY  WE XU M % 4= ¥) 1 (biphasic ceramic biologic bone, BCBB) | £ & %k % H ( bone morphogenetic
protein, BMP) Bt il &1 4 41 i A= K [F 7 ( basic fibroblast growth factor, bFGF) | ‘& i 3% it T 4l ifd ( mesenchymal stem cells,
MSCs) & & 7L M H U TR H 18 5 BB L IR BE (femoral head necrosis , FHN) ARLfg AE 1 5% DX B, PEANIZZH 20 TR
&5 FHN (AR . J7ik JU32 JURh =2 sUAF R A A3l 64 M BEE Sk, o T ST RO B Sk R AEA B | 4% B AL A7 R 140
N4 4 A 16 M, A ZH 2SR IRZH ;B 4H .4 A BCBB /BMP/bFGF;C 4 : 4 A BCBB/BMP/bFGF/MSCs; D 41 . 48 A [ 1A
ABTE . ARJE2.4.8.12 F-HEASESI Y , BH B IRAEIE 4 H o A7k KM B B EE X Zed i VH L0 40 5
B LA |1 A e U2 e, SR OBCE SRR R se : A 21 8 JE RN 12 Jl 25— e Sk 3R B s B 21 2
JEI LR A2 A HGUE TG IR; C D 4 12 JH AR X 5 18 £ B RRANE . @X L4512 FAF, B .C.D 41T A 41 (P <
0.05), {H B.C.D ML IT2#2£F (P >0.05) , QUL HBIE M K 4 .8 12 R C AT B4 (P<0.05),C,
D YL ITH#EF(P>0.05) . @X HHLLAEE/H1:2.4.8 R B.C A& E RSB ERF DA(P<0.05),
G2 .4 JE 8 Al ,B.C AHMEHAA T A DA, 2R EAFHITFE (P <0.05), &5 44 T H BCBB/BMP/bF-
GF/MSCs X S i Bk I FE B E R T BCBB/BMP/bFGF | 5 [ kA BT B AR AH Y .
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A tissue engineering bone to repair femoral head necrosis
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[Abstract ] Objective To explore the efficacy of a tissue engineering bone composed of biphasic
ceramic biologic bone (BCBB) , bone morphogenetic protein ( BMP) , basic fibroblast growth factor ( bFGF)
and mesenchymal stem cells (MSCs) in the repairing of necrotic areas of the femoral head. Methods The
femoral head necrosis model of 64 femoral head in 32 rabbits was induced by microwave heating and then
randomly divided into 4 groups, which were respectively implanted with nothing ( group A) , with BCBB/BMP/
bFGF ( group B), with BCBB/BMP/bFGF/MSCs (group C) and with cancellous bone autograft ( group D).
The specimens were harvested separately at the end of 2, 4, 8 and 12 weeks after operation. Four femoral heads
were taken off at each interval in every group. A series of examinations were carried out including of gross
anatomic observation, X-ray, histology, the calcium content and the ratio of calcium and phosphorus, and
blood vessel immunohistochemical staining. Results (1) Gross anatomic observation: In group A, one
femoral head collapsed at the end of 8 and 12 weeks respectively. In group B, granulation and fibrillar tissue
began to proliferate actively by the end of 2 weeks. The boundary between the grafting substance and the post
bone was unclear in group C and group D by the end of 12 weeks. (2) X-ray: At the 12th week, X-ray grade
point indicated that group B, C, D was superior to group A (P <0.05), and among group B, C, and D, the
difference was not significant (P >0.05). (3) Histology: New bone area comparison by the end of 4, 8 and
12 weeks showed Group C was superior to group B (P <0.05) , and the difference between group C and D was
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not significant (P >0.05). (4) Energy dispersion analysis X-ray (EDAX) : The calcium content and the ratio

of calcium and phosphorus in group B and group C was higher than that of group D at the 2nd, 4th, and 8th
weeks (P <0.05). (5) At the 2nd, 4th and 8th week, the area of new blood vessel in group B and C was
more than that of group A and D, and the difference was obvious (P <0.05). Conclusion The tissue engi-
neering bone ( BCBB/BMP/bFGF/MSCs) is superior to BCBB/BMP/bFGF, and comparable to cancellous

bone autograft in repairing rabbit femoral head necrosis.
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J& & 3k PR FE (femoral head necrosis, FHN) B4 3597
— A E WA — KME S, BB A K A 8 (bone
morphogenetic protein, BMP) E.A4 & 305 T 8UE 16 14 .
Bk P B 2T 4 40 B A K A7 (basic fibroblast growth
factor,bFGF) fEfE {2 3 BMP i i, 11 HJ2 — i il
BRI T S AT R R HE R o SRR ) 4 XU
Ve % H= )8 ( biphasic ceramic biologic bone, BCBB) , ¥
BMP F1 bFGF &£ & %] BCBB 4 I+, I 5 - #f L i 1
ZH Jifl ( mesenchymal stem cells, MSCs) 8658538 , TR+
A6 2 i I S Y S FHN BRSSP iZ 240 4L T AR
BCBB/BMP/bFGF/MSCs X FHN &5 & )1, ¥R N
FHAZ TR I AEARIGTT FHN 09874

1 HRE 7

1.1 48% 4274 (BCBB /BMP/bFGF/MSCs) 445 %) &

2 R Ak 4% 252 1 05 3 i 4 BCBB, LT Y i 54 i
BCBB, ¥ 10 mg/ml {¥§ BMP-2 1 1 500 U/l f# bFGF #i L1, f4
5 BCBB &4, FHZ 1 x 10" E 9 1 x 10°/ml (/%5 3 {04 MSCs
5 BCBB/BMP/bFGF & 445 5% , il % 4121 T.#2 % BCBB /BMP/
bFGE/MSCs™!
1.2 BB o

VPG 22 AR R A AR 32 O T B A B2 2% 5t 52 36 3l )
FEHL)  HEMEARRR SRR 2.9 kg(2.7 ~3.5 kg) , ARG
JRJEE 55 °C RN K] 10 min HES7 S U FHN AR 32
b 64 MBSk BENL D 4 4, R4 16 sk, A2 A
XHE; B ZH <A A OBUR P & A 0 3 P B ( BCBB/BMP/bFGF) 5 C
A AHAH L T E (BCBB /BMP/bFGF/MSCs ) ;D 41 : 45 A H
ERBE () .
1.3 HAFK

UG 8 JA, e A Y FARNA R IR 3k 50% 24
PAIRE, A 4078 (IR LA A AR RS 4 0.5 e’
ARTEIAA R, ARl — B G 18 7 0 i S 359 2k 25 F ket BR s A
AR R, BT SR HT 30 min JLERKERE 4 77 U/ H AR
JaRRAE 4 7 10/ H % 3 d,
1.4 M BILE G A7

TG 2.4 .8 JEAN 12 JE SR bk s Ak 2E 4t Ab B

B, B ] AR 4 B Sk, SEA T R AR AR AR L ER (X
LRt ALY HE et 458 B AR RS 4G
L4 1 KUK B WS LR A
To¥E b RN o W Sk e R T ) I, P AR UL S % Sk A X
BEE
1.4.2 XA L BMEHT XEER. S—HA
ZEHR 60 kV 50 mA 0. 12 s, XF X 28 5 L IEE kB X B &2
LA HEAT VAL, PEAGBRUE : 20 R R b 22 4 AN SEG0, FR
SHEN 4321 47, Hra B FEERN 25% R 2% 0 E i
TR 25% ~T5% o5 B FE 3 T BRI 76% ~ 95% Ky
BL 5 1F 6 5 00 SR T i) 95% LA R
1.4.3 L 2UY] B Rl Je 40 8008 25 31 2 43 #T T A% 1l 1%
5 wm JEY)F L HE Jefa, 685 T gL, x4 I ) A 00 4 A
AREALE I 1 Sk b0, AR5k U0 A A B (X (Eas A it
X)) BEHLIEER 3 4~ 100 F5HLEF , >R H] HPIAS-1000 1= i M 2% 64
o0 B P SRS A M R G T MR A AT, DU S B T A R
oo BB s B E 4 b = B R Gt i A x 100%
1.4.4 S5& 5 RAEE LA o 2.4.8.12 AR EUM AR
JBEH S bm AU SR TE I, e rp—2f R A XL-30 B Wi
TR BT A AL S I B X0 5 Sk T P R R XA 4
AT . 35— F L0 A
1.4.5 &AL LAY REBHT R CD34 1
AR (M H TR 7)) X 2.4 .8 JE A Sk AL
PIA AT s b et . R D) 5 JE 4 o, 3525 B ABC
BT R AR et PR AR IUNARE O, T I
Bz A0 M40, DL EVAAY BE PR G0 ol BE A X R A
SLRAALTEE 1 sk ps b Y bl F , 7E AR U R 0 D sl 4t X it
ML 3 4~ 100 F5 LT, R Al HPTAS-1000 75 ¥ b7 52 % (2975 £
B SCHR S AT R G I 1S AR E 4 H o

A A A 43 . = M4 AV S 5 x 100% .
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2.2 BBk RARAREIILE

A YITE 8 12 JH4A — DA K3 . B 41 2 JH 25 4 2%
TSR KR ER 8 12 I KB IB R, C 4 4 Fma s
LR AMEHFLBR N, 8 RIS JCHt T B A, 12 1 ) 43 3 2
BEMBEEIER . D4l 12 JERrE% 58 g a5 s £ 8.
2.3 X&RALER
2.3.1 XZRRWigE A48 A 12 Bk, B
21 12 JARP SRR IX 5 0 5 0 B, S S R R R A
TECIE TA) o C 20 2 JE i RO AR X 228 o 5 B0 5, 5 1 i R
AT L (PR 1B) 8 SR A X B B T T, S R
GRERASOR 12 IR AL X 3 5 i R, A5 T R
AW (E1C) . D 4 4 IRt B R X% AL T8 28, 516 %
LR (1 1D) 8 AN 12 J5 i1 B M IX % 1 15 18 2 A
M5 R R R

A:BCBB/BMP/bFGF #8 12 2 ; B: BCBB/BMP/bFGF/MSCs 412 J3 ;
C: BCBB/BMP/bFGE/MSCs 2112 & ;D: Bkt E 44 R
Bl JAREX&KHFUE

2.3.2 XZR1s 2 A, SAFEREDS FBEA—,E
SMEARTETE, X RN SR BI/R, SAR LR EH LR (P>
0.05), 4.8.12 g, D HIT434350 0 (2.50 £0.58) ,(3.25 =
0.50) .(3.75+0.50) , 3K T C 44(2.00 +0.82) .(3.00 £0.82) .
(3.50 £0.58) {H C.D AR LA TCBE 2425 57 (P >0.05) .

2.4 ABIpR KM LER

2.4.1 Y ML A 2R 12 EEp X R A E A
HLUE B4l 4 JE I e L LUR 2B 41 214K A BCBB fL
PN, S T A 4 R R A M 2 (T 2A) o 12 JEL B e o
AT, BCBB MU 4, B Sl R e i 3 T, R 2
XA, C 4l 4 AR ICE ALK AR ARFLIR P, 5B i 40
JLRBE B AL 2, AR DL R IE A A, 8 &I R 2 i UG A T
RI7 =T A, L5 BB S BRAR , A= 45 2, BCBB IR IO 4= (18]
2B), 2 AMFX S EEREAE, AEBHEKSEEEZ
fi] 7] I 2 /N 5, BCBB WA 4, I B S A T2 A B 4
M RE RIS, D4l 12 A od o AR, B
LT RRBARER, PF T,

B2 HFHARFBHAREENE (HE x100)

2.4.2  HABYI T R EGR S 2 JEIRT £
ToHETE . 4.8 BN 12 JE B BB T s A E 4 b, A 435
0,B L4 H(4.63 £2.48)% . (8.52 £1.77)% . (22.41 =
2.13)% ,C 44 (7.41 £1.84)% (13.36 +2.11)% (38.56 =
2.66)% D 4155353 (7.67 £2.15)% (13.61 +2.40)% (39.75 +
2.92) % 4] bL R, C D IR ST 25 (P >0.05) ,{H
CODHRFABA, HEASGIT 27 (P<0.05),

2.4.3 X SHERRBIEAS & i KOG LA DU

2.4.3.1 HEE 2.4.8 JEHF, B 4145 & &k (35.55 =
6.89)% .(36.51 £5.52)% (41.32 £4.59)% 5 C 455 &
(37.32+4.18)% .(32.40 +3.09)% . (41.18 £2.78)% ,B.C
HE S REILNE 2R (P>0.05),B.C HEBMSHRT DA
FES A (24,18 £2.89)% . (20.26 +2.96)% . (31. 58 +
4.23)% ,5 D A LR HA G2 R (P <0.05)

2.4.3.2 4GB 2.4.8 AR, B AHSBE(1.40 £0.02) |
(1.36+0.03) . (1.74 £0.04) 5 C HEGBEI (1.45 £0.04) |
(1.33+£0.03) . (1.74 £0.06),B.C 4 4EHs L LG % %R
(P>0.05) , &M S KT D H45ME L (1.13 £0.04) ((1.26 =
0.05) .(1.33 £0.04) , 55 D A LR EA G124 2257 (P <0.05) .
2.4.4 MG RPEHB ARG KBRS BT S 2.4 JE A
8 B LUk E e A HiL B T (B 3A) ,D Hikz,
B.CHZ W& M (& 3B), 2.4 F18 & i & AR UG 4 Bt
R BA(17.47 £2.12) (19.89 £1.90) .(20.47 £1.98) ,C
ZH(19.88 £2.11) (21.40 £2.41) (21.95 +1.74) [ LA 5L
TR (P>0.05);{H B .C4H5 A £H(2.69 +0.64) . (4.58 +
0.90) . (4.54 £0.59) D #1(10.24 =1.47) (14.17 £2.91) |
(14.93 +£3.31) kxS BEA G #E L (P <0.05),
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A7 & %18 48 ;B BCBB/BMP/bFGF/MSCs 48
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FHN BB RZHO P4 AT N TR EHA R
TR IFA S NG . PRI, AT S T O B e
STk DR B RSk BT ARG YT T I HA R
e A Wl Bl R AR R 0 AL A SRAEL A
al i I A REAE AR B R AE S (AT B — Bl S
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HTRERSEE, PAMEE R I LEL™ ., ERNT
AT DA i 40 B 358 A e A R, HE A
FHN &I RFSE A9 RAT BMPY!, ZEBREL45S A bFGE/
BMP 55 & [ 45 B 5 B 48 52 R B Sk SR SR PR R AL
R AR K R Bl = 2 0 500 %) P 00 06 460 R 366 T A S
PESREEANE . BRI A2 TR R B E FHN 52
WARZ  (Hiz R T 400 S 28k 2 R A K IR T4
e LA S TAEBE FEN siypts, 0
ol SR B 5T A 4] 4 T 2 F BCBB/BMP/bFGE/
MSCs, &% FHN A

MSCs J& H i s 20 20 T RE e AT s R I FH i 554 A4
F4 ", BMP Fl bFGF J2 35 S BF 5% 45 508 A 19 5
FhE A KT, BMP BEU15 S A0k MSCs [ 80CHHF
20 B R 4T 4346 BFGE S B 40K 9 MSCs EL
AR . BRI HI 4 BCBB, L T B I
&4 BCBB, ¥+ BMP Fl bFGF #1515 BCBB &4, 4%
Ja5 MSCs & & K5 5%, il % 41 41 T #2 ‘% BCBB/BMP/
bFGF/MSCs™ | FE LUK L T REEE 5 H FHN A5,

A S il 25 1Y SZ A B BCBBFH A HE B 48 e T
B, HA KIR L R G — 2 3, i 79% #5305 K
A1 (hydroxyapatite, HA) F1 17% & = %% ( tricalcium
phosphate, TCP) £H )i, HA 1) & 5 i HeRie i i Jig 2
2.4 8 JHR B4 .C S B MBI KT DA, 5D
A A B2 . [EE, A4UF KA B, B
21N C 20 12 JEiF BCBB W B A AN 52 4,1 D 41 8 Ji]
i A A B R B 52 Wi, 20 BCBB 48 [ M4 i
W% . U BCBB RS AEASTE B3k 3R 1) 7K 5
A7, BT LARE N TCP f4 5 2 DT IR A Aok ok i ok

BMP RS A 54k MSCs [1) -+ 20 it 1B
4oL bFGF % 2 431k 59 MSCs EL A7 fi 34 7 ¢
M. 48,12 JFEIS B 415 C 2 B R AR LR
HA G225 57, W MSCs fE1ARSM 48 BMP Fl bFGF
VPR R, AR DY 5 % R ) MSCs R E T
FEIER(C ), Bl SR T BMP fil bFGF FL4fifE
RN S MSCs 4L FIBE5E (B 41) , 4141 T #2F BCBB
/BMP/bFGEF/MSCs 1& 5 1% B B Sk IR FEAE Y (1) B 3%
RN T XU P s A W03 4 BCBB/BMP/bFGF

bFGF ANMHEX} MSCs HAT {2 34 58/ H , 1M H & — 5%
KA A= P 7 AT 2 4 R AN 8 JE I A
MAER: B.C AR LTS T2 E X (P >0.05);
HEBCHRFADA, ZRHEASIT¥HEL(P<
0.05) , 78] bFGF ()4 1fn & A= Wi fE FH . bFGF {i¢ 1 i
B RIS, T LA B8 5 AR TR, o ok B i
SEIE T A0M s R B, R E FHN BT,
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GF/MSCs(C 4) fi£ #F FHN &5 v iy il B i e 5 B 1k
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RZ B L 2 T #24 BCBB/BMP/bFGF/
MSCs , HFEAEAG S S0 I HEST 1) %2 FHN BIRY 3P4
A TREE X FHN B R e 1, o 45 R LW, %
HA TR 182 FHN 8 R a8 0CR 8 T BCBB/
BMP/bFGF, 5 AR B F M AH Y . 25 A Z 4b
TE TR = 20 B e 75 FIAA Y B 88 55 7 TR, A an 22
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