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Repair of large segmental long bone defect in goat tibia with heterogeneous

deproteinated bone

JIAN Yue-kui', TIAN Xiao-bin' , ZHAO Zhu-chuan', LI Bo', ZHOU Zuo-jia' , ZHAO Wei-feng' , ZHANG Yi', LI Qi-
hong2 (' Department of Orthopaedics, Guizhou Provincial People’ s Hospital, Guiyang 550002 ; *Center for Joint Surgery, Southwest Hospi-

tal, Third Military Medical University, Chongqging 400038, China)

Abstract. Objective To evaluate the feasibility of heterogenous deproteinated bone modified in repairing

the large segmental long bone defect in goat tibia and to investigate its biomechanical changes. Methods

Eighteen goats were randomly divided into 3 groups (6 goats per group): normal control group, autogenous
bone group (AB) and heterogenous deproteinated bone group (HDB). The middle or distal right tibia of the
goats in groups AB and HDB was made into 20% periosteum and bone defects and repaired with autogenous
bone or heterogenous deproteinated bone. The two broken ends of fractured bone and periosteum were be fixed
by half-ring sulcated external fixator. The injured side was subjected to biomechanical examination 24 weeks
after surgery, and uninjured side was used as normal control. Results The biomechanical examination results
showed no significant differences among the three groups 24 weeks after surgery (P >0.05). Conclusion

Heterogenous deproteinated bone composite used in tissue engineering shows similar biomechanics with autoge-

nous bone, so it can be used in clinic trials.

Key words: heterogeneity; bone; defect; biomechanics

F A 7 SRR P8 5 D DR 3 A4 R B A 1
SO BEPHMERL, A RS R SRS R B A

EEWMA  SUMAREE AR IS (20063053)

Supported by the Sci & Tech Project of Guizhou Province (20063053 )
BRI ZE, 5, BN i A i, IR B, BN F AL TR
FAE AN T TWFSE . E-mail; jianyuekui@ sina. com

BIEIEE Z5EMG, 1 : (023)65340297
W% B #A.2007-11-29 ; f& [E] H #f :2008-02-28

FAEA R4 —E B JRBRYE . ZH TR ROR A2 Ty
B RIE SR TR A B, SRR A TR
ISR A H RIS AR TEREDL R
SCIRARE B IR A P 22— I ARk [ P A
BIREVFZ SR F T8 4180 TR SRR B9
40 Keil | Bio-Oss 45" | {0 B A7 58 4 fift e 52 Fh 7 14 2
PESRUE N HE ) ) PERE SR MR, S EURCH RE T 22, HUAE
52N BB AR sl N S ) AR, A G S Bl B R



5518 1) fil 3 248,45, A E e

2

KA KRBT S SR AT TS 1747

KNP K B B A 122 RS OB D o A
S LA R 3 A 1 S B 2R 11 (deproteinated
bone, DPB ) 12y 2H 21 T A% S 28 b4 R}, 78 il 48 1 72 v
ANE TR 5 thBMP2, {525 Y A A= Y
e B S, R EE SR A K
B 6 (8] 35 55 T 4H M2 ( mesenchymal stem cells, MSCs) 4
W DPB 59, JF LG WE R LR B KB
SR, Sy S B AR S (AL S AR

1 #REFE

1.1 FZZMEFRAF

TR %, B AR IR 7K A ( H A< NUAIR A F]) , AMRAR-
1000 F# B 4% (£ E Amrar A 7]) , RGT-5A J7 REAE M) J1 24K
AL CERYIHA® A ] ), thBMP2 (SE [ Sigma 23] ) .

1.2 ®# DPB #4) &

Sk Bk A O SR I, R LU R
HAE 35 mm x 3 mm x3 mm KA, KK Lt 20% H,0,3
48 h,5 mmol/L NaN, ¥l 12 h, ¥ 1% Triton-X 100 (¢} NaOH
(1 mmol/L) &1 10 h, FEHEHZL 6 h,1: 1 FEE/ EI5 R A&
24 h, Z B2 12 h, 2, —JeiZ i 24 h(Soxhlet $£HLZF N ) , 781/
R R 12 h, TEoK LR 12 h, ZEAR/KIZ i1 48 h( 4 12
B ZEAE K 1 ¥R) L, 50 C LT HET. B4 89 DPB Jit A
-80 C EBARIE KA % 3 A /I, #84 DPB B A &
thBMP2 Y&k 75 ng/ml™ @5 2 h ¥4 i/ DPB 1 — 700
mmHg* B2 F A%, % Co IS B -20 C %, XS e DPB
AT BT T, IF ) Labwrrks™ FUR 4047 2 G HiAL A2 K
INFIFLBR R AT RE
1.3 Zmshyaia

PEHULAE 18 H (i = 4B K se i s b $243E) , 10
~12 Ak KRR (22.5 £2.5) ke, MEMEARKR, 43 B SR, SR
SEAMHLIE W TR 8 3 A, A 6 1, 4 5ok IE & B X
MRZH (A 4) AEE, IR L BARE 4 (B 41) B it ab
A BAHE; SIA (C 4 - H b A DPB + H {£& MSCs +
rhBMP2
1.4 ¥ MSCs 34 & 5 74 DPB & &3 4%

Bi g% e MSCs, A ARMIEN 1.0 x 10° ml ™" 26 2 ml 4
Jf B W 42 T 5 Fh DPB/ 5 Fl DPB + thBMP2 [, it A 37 C |
5% CO, RN 1) CO, 85348 h¥% 5% 6 h; TN & 15% FBS 1)
DMEM £ 7736 1 ml,2 ~3 d J5 % BB . K3 5 d IE A
FH 3% 1% RERE G, AR L B EE
1.5 FR7&*

Y FARBIHOSUM RS & X 28 7, 8 B I e TR
TN BURETR, TR SR AR R 1Y 45 5 A R R A
[f)—2H A 5158 e LT AR 0. 08 ml/kg 5 G Ml 2 mg/kg
ST ORI, A e S TR A LA B T D IR A AL
IF 5 A ] 5, e % A MR RE AR X 2 S R R K
JE 7R FULE A O b T B B 20% 1 0B I B g

(AN Bl KR/ S B B x 100% ) , e [H) 2 158 4
Ak 2 i) FH 2 0 WAL A, KR A0 20 2L 15 D0 AR A AS (R ) B
B, Ho MSCs 72k [ B3, 22 5G], TR R B fis BT
BRI . ARG R AR A IR X 2 IR
R L O R RS R A RV NN Rk R W I E IR IN G STER NS 3E
WAL LA T 85 K 160 J7 U/d |, 3 s 4 FLRDRHE 9%, o5
WIRHR, A HiEE .
1.6 A#AhFnE

ARG 24 AL FERUNAE B BCT , S 2L HT 1
AT REM UKL TR ST A AT A I Ff e
P AR 6 em B ERYBERL 52 , & T Um - & 1,
TN AL ShE R 1 mm/s , B P EORTE S 1N AR JE 0 o
£ 0.005 mm, BRECC SRAGC R - ML, DLTA 1L
I X BEAM I (B IOV S A AN B v , 15 55 0 00 ) (L A 7
e
1.7 %itFom
THEGORHA x =5 %R, 2R SPSS 13.0 Geit i xf 454 71
SRS R AT 7 2200, AT g Kol

2 HR

2.1 KL FUR

SIS ARG 05 0 TEBRs e, TEIET, RIG 2 ~6 h
SRR, IRl S e . BERERA SIS B I 5, TE AN I 5
BN, B R TGIRBE . 2 d N R RE VR M, (H R BB A L2 H S
AT LAY R 3 SRS A R AT 4 JRS BB B B, BT
2.2 AMphFmE LR

2.2.1 W E4RE RJE 24 N3 4UREHUE SR B
2 W 5 7R 52 T I R BT S AR T HY B0 R B I gt £ it &
BRIk, Bt S th &g A T 0, I B —
S £330, B A S SR A B R AR B S 3 ) A R R
J5 L ERITEL, Ry — BRI . 3 2RI R B s b i A
oL, 470 % 40 W% FR 58 40 551 oA A 4 (10.74 £ 1. 23) MPa, B 41
(10.11 £1.35)MPa .C 41 (10.22 +1.32) MPa, W% % 45 o4y
WA A2 (26.82 £0.87)% B #H (27.17 +0.75)% .C 2
(28.22 +1.12)% (& 1) o 3 L1404 4% BRI o B W7 2 TR 47 1L
M E R TR EE(P,, =0.415,P, =0.494) ,

11.26 ¢
{ S—
v B
9.02} ;'ﬁc
Fy i
i 1
£ 676}
= /J
451 i
- ya
"c_/__{ff'
0 6.60 1220 1881 2441 3001
%

A PP ;B AR ER;C. b
B 1 fELHEREER-T LR



1748 E—

O N

430 %

2.2.2 = HEBEMRE O RJE 24 FrE,3 R EHE
RN EAT-ARTE N ih 2 R AR 0GR, O B v (R —F
3, IO B b T B B s i N B A, 5 S RO PR AT 5
FEIG , B, —BEE TR, 3 dEEIR KA fb i 340
L, Pras i i R 77439 A 41 (481.52 £12.45) N B 4
(478.34 +14.68)N C 41(475.62 £ 13.41) N, WiZL7s 524350
A 4(2.62£0.12)mm B £4(2.61 £0.15) mm .C 41 (2.81 =
0.13)mm( & 2) o 3 LHHTE MR B g S T 425 il A EL e 2%
SRR (P,, =0.7,P, =0.448) .

54531
g i
436.25f F et
A A
B
» 327.18L / C
A -
218.12 "'f"r !
g
;'
109.06L .
..s’;?""
0 'p'-. [} 1 1 (]
0.64 1.29 1.93 2.57 3.22

mm
AR B: AR C R
B2 HTilRse- TR iKE

2.2.3  Hr R KRG 24 JEE,3 R B PR
- L, M2 B LeM 06 &, JOWI i 5 0, Bt AL 38 m , it
BILT- 2 HERMAE, 35 B B Sl SR S5 o Bl Y, Bl 2k &
Boh—BEE A HEER 3 ARDEAR A BAa L, Pri e
BRAHAE /MM A £H(6.55 £0.25)N « m B £H.(6.34 0. 18)N « m,
CZ1(6.42 +0.21)N - m. WiZLHLM 4P 5N A 4 (29. 51 +
1.64)° B41(28.88 £1.46)° .C 41(28.81 +1.33)° (& 3), 3
AP R FI W M LR 2 R B W E M (P =
0.123,P,. =0.346) ,

6.951 A
e '_, 1
5.56 T
g A ,-"HT A
. L s it
4.17 ;_,;:'.r; e e
2.78 P i
. P
F ||
1.39 ﬁ-"’,‘:—:’f
NSl \ .
6.56 13.13 19.69 26.25 33.82
A AR B: AR C R
B3 i nEE-THRlLE
3 it

S IR RN TR 1% etk 2 A, EER A
JEET RUBCR RE FTo LR RE D A VPR AR A6 5 R
RS IS BB (0 R A S A B AR
FROCR, S S R R AR R Y, I HLEUR AT RE M

AR o B R AE il 5 od B v R i R B R R A
LBRAEM AR RS SRS A A BEAIC T B
R OR B 1220 B R A T RARIIMIRFLBR R 5,
LAY ZE BN B TR N o A BRI RGP Y = A2 (Rl 454, OF
TINAE 5 AR 7 thBMP2  fEAE ARTE A 1L A
& MSCs i 52 G YRR EA B4 Tk, EAEHFE,
BB BT MOl B KK . 20t — R A kR R
Rar | 22 Ak K/ N sl ) He 9 D Ak KR B AE A ) B Al
B AR S A48 A e AR P S T R
WAL Sy e T NN SR I T S N i b iy
K4 M, TOAETT . 5 MR AR b, SEER Al BTl 5 X
HEZH 70 i 0 B e 56k B DBr 24 e 4 Eb e 25 B B R T
N W45 M B HUHH e Wb IR 6 R Dy 4 AR 7 TR 46
liWA U AR St A il ialge v A b A 22 5 00 W 2
X, U5 DPB 4 WE R KWK & KBk
PO I LB B B S E A A 2, il R
B8 KB S 036 7 S gt U . ¢ T 50 DPB
BEYM AN A TR R 1 sh 1 52 56 vh e 4T 60T
GEo VR Gedse A M B 5 45 S0 0 1Y) 22 4 PR REAS B
—DUESE, WA BB I DR B i e 2 b gl iz i H

SE k-

[1] Valentini P, Abensur D, Densari D, et al. Histological evaluation of
Bio-Oss in a 2-stage sinus floor elevation and implantation procedure.
A human case report[ J]. Clin Oral Implants Res, 1998, 9(1): 59 -
64.

[2] Liu L, Tang K L, Yang L, et al. Study of biological safety of scaffold
material with heterologous deproteinized bone[ J]. Chin J Traumatol ,
2006, 9(4): 234 -237.

[3] Shea C M, Edgar C M, Einhorn T A, et al. BMP treatment of
C3HI10T1/2 mesenchymal stem cells induces both chondrogenesis and
osteogenesis[ J]. J Cell Bio Chem, 2003, 90(6); 1112 —1127.

(4] fiHZE, B M0, 2500, 55 RIRORTAME & 28 227 1L S 1R it
T[T, 2B =B R4, 2007, 29(4) : 287 -289.

(5] ZEiflus, WoEm, AT, 4. 2ERRAN [ E 25 0 B 55 i RS
[J]. e Rldek, 1984, 4(6) : 332 -334.

(6] B M, 2R, L. & HME E RITICH S X B i g A6
ISR SEER T[], thARSMRIRE , 2000, 38(2) : 145 - 147.

(7] XBEG, Hidte, PR, 55, A BB -9 R B A A
WRAERTE (1], AR R e, 2004, 6 (11): 1265 -
1268.

[8] x| &, &g, FERDk, &5 SR BLE O & WA AEE R
[J]. =% R, 2006, 28(22) ; 2227 -2229.

(9] ) &, 25k, BHDE, 55 SR AU TR SR Y
g B BT IR [ T]. 58 =25 K224z, 2007, 29(1) : 12
-14.

(%% K %)



