348 P E R R A 2016 AEES 26 5 4 W1 Chinese Journal of Spine and Spinal Cord,2016,V0l.26 ,No.4

P~ V5 ded
ﬁﬁﬁ%k WAKAEEG 26 o B F R4S/
PR TR IR IR T oML AT 69 BRI AR AT A

B HG 7 éé\%%&kﬂ:@ﬁ OB, LA R
EERFEHER TR 710038 THZHH)

“\

—~
}

[HE] BW . FM AR EAANBIEE LA HE A 2(chBMP-2) 1 o B2 /K B 8 45/40 K ¥ 3 8% K 1 (a—CSH/
nHA) & A 1B AR S PR . T3 - A5 0T P «-CSH/MHA/hBMP-2 & & 4 kL, BU 12 JBAE 4, 4 51
28 JE HE 5 MR TE L1~L6 MEMR I HIAE B A2 6mm 38 15mm A9 6 A IRIE B, 55 — H 40 25 i HE R S i BE AL 4> 4 3
A, HACE BOHER AR S M E AT 23 20, B 12 1S N SEUR A L1 L4 AR IR, L3 L6 A A, eI A A
a—CSH/nHA/ thBMP-2 52 & A1k % BEZH AR A TV S PR B R 45 B /K e (CPC) 5 %5 E A BRZE AR AT AT B B, R
F 4.8 12 A& AESE 4 H3hyy , BOHE AR AR 20 54T X 26 & micro—CT 148, W8 Bl 48 15 ol s 47 28 W0 1 24 4
A W0 A TR 48 5 o T 206 A5k s T A L WA LU BT AR R . B R R R 4 TR S0 41 4 5 B T 4
ffﬁ§5 CPC #1922 5 TG i B L (P>0.05) , S35 20 FGS Bt 1 W 3 Pk i T8 % IR (P<0.05) s R U5 8 JA RN
12 ) e S 56 20 R0 X6 BE 21 1 8 35 1 v 148 E6 BR AL (P<0.05) , SE 50 401 i 35 1 v 1 5 BB 4 (P<0.05) , 5218 2% K 41 41
SRR RIE 4 TR S0 241 A MR 4 T B A, 5 B AN AR A R T LR 2R A N | R SO Y
W INGE BT R R AN IR 55 X R AL CPC A A 52t v % T 30 W6 A A At oA DL T e B i WOCAE 42 b
RS SRR A . B i 2 D B g HE SN RIE N 25 O IR R AR IS LT A AN B R A
oo RJG 8 JEEE, S8 414 & bR 58 A R BB PUBTAE BN R BCR E 2 SERLAS K BT R R OE 0 Bl
*}fﬂﬂﬂz‘*i{s/}ﬁﬂf% 300 25 A0 U R e DX R D R S T T B 2 /N SRR S 9 4 D 5 A ek AR A i 45
SRR i % BOAT LA RER AR N . ARG 12 TR 52 96 21 At 58 4 BB A i /N TR N Rl
Gk 5 H*/\Wfﬁu WO H R, AR M E R X 4 X B CPC ORI AR, HER B — /N ek
R R B 3 248 55 I 0 AR e NIRRT R SR
KR S W M T UL R A AR 2>, 858 . —CSH/nHA/ThBMP-2 & 4 b RIAE 45 2 AR N B R4 i 18 175
PE & B S G A R b R
(LR EANBIEELAEE A -2; K GERES 4K 2 IL 8 K A 5 Mg M AE B 37 ; 0 s 4 32
doi: 10.3969/j.issn.1004-406X.2016.04.11
hES%EER318.08  XEIFIREG A  XE4HS.1004-406X(2016)-04-0348-06

Study of osteogenic properties of recombinant human bone morphogenetic protein—2 loaded o—hemihy-
drate calcium sulfate/nano—hydroxyapatite combined bone materials/LUO Youfu, GAO Jinjian, GAO
Haoran, et al/Chinese Journal of Spine and Spinal Cord, 2016, 26(4): 348-353

[Abstract] Objectives: To evaluate osteogenic properties of recombinant human bone morphogenetic protein-2
(thBMP-2) loaded novel a—hemihydrate calcium sulfate/nano—hydroxyapatite(@—CSH/nHA) combined bone ma-
terials. Methods: Injectable a—CSH/nHA/thBMP-2 composites had been developed first, then 6 hole defects
with 6.0mm in diameter and 15.0mm in depth were experimentally created in left pedicles of LI-L6 lumbar
vertebrae in 12 adult sheep. Defects of the first sheep were randomly divided into three groups, and which
was the standard of subsequent 11 sheep. The experimental group(L2, L5) was filled with a—CSH/nHA/rh—
BMP-2 composites, control group(L1, [4) with injectable calcium phosphate cement(CPC), blank group(L3, L6)
with none material. After 4, 8 and 12 weeks, four animals were sacrificed and 24 vertebral specimens were

taken respectively, then the followings were made respectively: X-ray and micro—CT imaging for observation of
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repairing, and biomechanical examination for testing compression strength and compression modulus, as well as

histological evaluation by comparing new bone formation rate. Results: Biomechanical results illustrated that

after 4 weeks, the difference of compression strength and compression modulus between experimental group
and control group was not significant(P>0.05), and both significantly higher than the blank group(P<0.05); after
8 or 12 weeks,

compression modulus of experimental group were higher than those of control group(P<0.05). Radiographic and

they were also much higher than the blank group (P<0.05), the compression strength and

histological results indicated that after 4 weeks, the vast majority composites of the experimental group had
yet degraded, the density was slightly lower than that of normal bone, and a large number of short and not—
the defect was full of high

the bone-material boundary was

yet—shaping new bone trabeculae were found surrounded by many osteoblasts;
density CPC material in control group, with no obvious sign of degradation,
obvious, and a small amount of immature bone formatted at the edge of the defect; while the defect of blank
where the new bone formation was barely.

group was large with neat edge, At 8 weeks after operation, the

degradation of combined materials in experimental was apparently complete, the new bone trabeculae within
the defect became larger, thicker and longer, and started early shaping; in control group, CPC began to de-
grade partially, new bone formation was shown at the edge and central degradation area, which was less than
that of the experimental group; on the contrary, the defect healing of blank group was not obvious, there was
few new bone trabeculae at the edge. After 12 weeks, the defect of experimental group was completely filled
with maturing new bone trabeculae, in which the structure and density were almost as the same as normal

bone trabeculae, it was difficult to distinguish the defect area from normal site; while CPC was substantially

degraded in control group, remaining only a small lump and some sporadic materials, and defect restoration
was obvious at the edge, new bone trabeculae grew into the residual material, which were divided into series
of island-like pieces; defects in blank group were still large, presented as clearly visible low density, with
very little new bone formation. Conclusions: The a—CSH/ nHA/thBMP-2 composite is a promising bone re-
pair material for minimally invasive surgery, which performs outstanding osteogenic properties in vertebral de-
fect of sheep.

[Key words] Recombinant human bone morphogenetic protein-2; a—calcium sulfate hemihydrate; Nano-hy-
droxyapatite; Thoracolumbar fracture; Minimally invasive of surgery; Sheep
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Figure 1 X ray images of each groups at different study period(K, Blank group; S, Experiment group; Z, Control group)

Figure 2 Two—dimensional micro—CT images of each groups at different study period

the defects direction)
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Table 1 Compressive strength and Compressive modulus of each groups at different study period after operation

S Xf HEZH 25 1 % B4
i) Experiment group Control group Blank group
o ] ()i
Time (weeks) T 25 58 S T 245 4 T 4 58 1 R4 B T 45 58 S JE 5
Compressive Compressive Compressive Compressive Compressive Compressive
strength modulus strength modulus strength modulus

4 7.31+0.53 793.85+96.35 7.39+0.64 795.18+89.5 4.96+0.29" 675.58+54.7"2
10.68+1.01 884.98+98.91 8.58+0.517 803.71+86.0" 5.27+0.4212 691.45+64.812
12 11.98+0.73 935.84+63.37 9.32+0.39" 820.45+94.8" 6.18+0.56"2 700.96+71.1"2

(D5 R I [7] 4 52 560 20 He B P<0.05 5245 R st 7] A4k 18 21 He % P<0.05

Note: (DCompared with experiment group at the same study period, P<0.05; @Compared with control group at the same study period,

P<0.05
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Figure 3 Histology photomicrographs of improved ponceau staining of bone defects ( X10) for each groups at different

study period after operation
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Table 2 New bone formation rate of each groups at

different study period after operation

I ] (&) S 2 X B2 25 AR B
Time (weeks) Experiment group  Control group Blank group
4 21.75+1.77 15.65£1.527 6.33x1.54"%

8 32.56+2.49 20.88+1.817 8.65+1.921%

12 40.96+2.16 28.87+1.93V 10.73+0.9972

D5 [ e 1 5 252 96 41 HE 52 P<0.05 )5 [ i Ii] A7 6 B 4L e
8 P<0.05

Note: (DCompared with experiment group at the same time, P<
0.05; @Compared with control group at the same time, P<0.05
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