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Abstract: Obective To explore the clinical value of contrast-enhanced ultrasound ( CEUS) in evaluating the early
vascularization of bone grafts. Methods Ectopic bone formation models were established in 25 male SD rats and implanted
with recombinant human bone morpho genetic protein-2 ( thBMP-2) and calcium phosphate cement ( CPC) composite
material in the left posterior leg proximal femoral head muscle space (rhBMP-2 group) and CPC grafting material in the
right posterior leg proximal femoral head muscle space (common group). At 3-,7-,14-,21- and 28-day after operation,
ultrasound examination were carried out, and samples were taken in 5 rats at each time point. Results  Pathological
examination showed that the number of neovascularization increased with time gradually from the outside to the inside after
modeling. The percentage of new blood vessels reached the maximum on the 14-day after modeling in thBMP-2 group and
on the 21-day in common group. On the 28-day, the peripheral new bone formation was more mature in thBMP-2 group than
that in common group. The time-intensity-curve (TIC) analysis of CEUS showed that arrival time ( AT) and time to peak
(TTP)in thBMP-2 group were earlier than those in common group on the 21- and 28-day after modeling, peak intensity
(PI)in rhBMP-2 group was stronger than that in common group on the 7-,14-,21- and 28-day after modeling, and there

were statistical differences in them at the same time point between two groups( P <0.05,P <0.01). In thBMP-2 group,PI
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was positively correlated with the percentage of neovascularization {Em a:.#-'ﬁ o

correlated with time (r = —0.839, —0.902,all P <0.05). In evauaung e earty vascuiarizauon ol pone grais, Grud

results are consistent with pathological diagnosis. Conclusion

Neovascularization of early bone regeneration can be

dynamically displayed with CEUS which can provide a valuable diagnostic evidence for early non-invasive evaluation of

vascularization of early bone regeneration with different bone grafting materials.

Key words: Contrast-enhanced ultrasound; Vascularization; Calcium phosphate cement; Recombinant human bone

morphogenetic protein-2; Rats; Ectopic osteogenesis

Fund program: Scientific Research Project of Agricultural and Social Undertakings in Jiading District,, Shanghai ( JDKW-
2017-W14) ;Scientific Research Project of Health and Family Planning Commission in Jiading District, Shanghai (2018-

QN-06)

1 RI5 R R BT O R R A
AL P 5 S 10 B R A5 AP 2 I R T A 14— 30 Pk
W RS RIAORER: BRTA YT B i — o RO
5 B NERE R A EH 2/ B 55 H /K JE (recom-
binat huaman bone morphogenetic protein-2/calcium
phosphate cement, thBMP-2/CPC) &4 M B 7EIR K _E
RN T R L B R B ke T 0 B
PRI B A A AR BES Y i B (contrast-
enhanced ultrasound , CEUS ) 7 A& 7] SZ i} & 7 3 I &
L VAE T T 17 B0 I € fE 2 A, BT TG D00 B 8 i
BT ARG S AR AR SR CEUS g
L] CPC I thBMP-2/CPC A4 A i % B i 10
BT CEUS 76230 A4 i3 A o T R4S AN ()
H AR R E L AN (E

I RS

L1 S8z 5XA  SD 9 25 1, ek, 4
W R 5 150 ~ 200 (173.80 +12.92) g, I H B AT
(TR M) B 25 B 58 o0 A BR A |l 3 52 0 ik
SonoVue( Bracco /A 7)) , thBMP-2 & & B [ 1k #5 iz 45
N TAEME R SR AE DA B BRI 4L

L2 #AEs S sh¥) T 205 RO 6 , R I
B, BHTCH TR, ZEM 5 RS AMUDI T, 28 B ik e
T FENLA L B &6 5 4519 thBMP-2/CPC &2 & 41
PR ZE O 5 JBC e Sk AR LR B, %38 CPC A
AL AR R KCF LA TR BRI, 72 248510 1, IE
ISR

1.3 SEEesRabiEE AR5 3.7.14.21.28 d # 47
PR TEIObE, A ] 2 5 Ko RAZE M) i
thBMP-2/CPC A8 A Ak B BUbt 5 thBMP-2 240, DL A il
Je B CPCAB AL K JBObA Ay a2

1.4 REEE [IHRZE Aplio 400 F (@ 5 12 W
1, BEFLIC % CUES AR B, 14 — 15 483k, A
14 MHz, HLAAE 50 0. 1, RARTREE 2 om , fE S0 TAEA
FBET 75, CEUS K], SonoVue {5 I Aif [ i A T A

5 mIAEHERK, O IRE E 2R T RS20, 1
SRR 0.1 ml/kg, i@ E#FIKTRGET A, Z
JEES 1 ml ARPRERAK . T S A R s
i A PR SR R Bl i 22 SR 2 min, I 17iE 3h
BB o UG KA IR SRR R % £
RPE AR R R bR, 4R S WA
KN JEA GO NEBRE . CEUS 4351 i%% thBMP-
2 2] A 2 RSB P I T I 00, 43 BT B T — 5
FENZR AR IR IR [R] (AT) AU ] (TTP) F13k 1
SR EE(PT)

1.5 smESFHN AR5 3.7.14.21 .28 d BUHHE
T SR WL AL 20, BUM 5 & A 10% H i W
i, A U (JB29 3 um) 4T HE 34, T
T RS AR B BT AR LA e B I 0 o TR
A S E A8, YR TR A i A8 ) TETRR 5 U R BT
U E 7 R

1.6 itF a4 (] SPSS 19. 0 3 {47501t
ST TR v £ 5 TR, 20 5 4 [ RS A
A kE] He A R FH BEAILIX 2H 7 22 53 A7 s Pearson A &1k
SATEHE S AT TTP #95¢ & MR A 48 | 4340 Pl
BXFR. P<0.05 hERAGITFEL,

2 5 R

2.1 Bpkd

2.1 1 THEHEE YRR R 45 I TR 2 AP A A
HIRR/N ISR WL B . RJE 3 d, R
R AR R L7, N T UL 22 % LR 45 4, i FLAE
LERVE M, AR A RS T 14 d AP RS A AR
a1 7 i R, (EL 0 LA S5 A AT 3 I T DL s R 21,
28 d, PR ASAE 5 B4 R} ] A5 1G5, I 7 R
H N LA S5 R BT

2.1.2 CEUS CEUS /R, #4&)5 3 d thBMP-2 4]
KA 7 d 53 2 1 nT D SR R R E T S
JoPH i rE R A AR S 14 d, PR RS A B A
PRI D 38 5 70 W S o 5 SRS 21 d B 28 L, A



PRI PRBFSE 2020 457 4533 %457 1 Chinese Journal of Clinical 1 H] Foxit PDF Editor dgdg

FE A B 20 B P9 38 7500 T 4 o I S AR AT, P L 45t
[ i B ) LA g 22 5% o DI 1o BFIR) — 58 R 4R 5
Bras 5] O, AT [ TTP {15 [ s (8] 1) #E 7% 1 0/ )s , A
Jii 21 .28 d thBMP-2 4 AT %5343 2 $12 dE 05 7 .
14 21 .28 d rhBMP-2 25 PI % 3% i 4 3% 3% , TTP #3%
WA, [ —B SR 2 R A ST (P <
0.05,P<0.01), W3 1, Pearson #H&VEHT B/,
thBMP-2 4118 AT TTP {5 5 A [6] 5 8 & f A 2e (r =

iR i (<) by Foxit £2@], 2003 - 2010
- RATF i -

WAL L 0> A kA R (r = 0888, P <
0.05) .

2.2 BmEHF  HE Jfa @5, 885 3d thBMP-2
2H AR T d 3 AR AR R 0T DL /D i R PR A
JHI 1 R /0 B4 3 A L4 5 I A ) ] A 4R , 9 2H (1]
A I RS AR B SR 132 40 ) s A LA 4K
R Z B A S A 4k chBMP-2 413815 14 d

#£1 CEUSHHMAABEEBRMPMAFENEZRSH (n=5x%s)

BHEME B s S5 3d4 7 d4 14d4q 21d4 28 d 4]
thBMP-2 4] AT(s) 4.22+1.10 3.24 £0.90 2.44 0. 40 2.06 +0.05 1.46 £0. 11
37 20 AT(s) 5.16 £0. 67 4.12 £0. 46 2.80 £0.23 2.42 +0.27 2.32+0.28
F/P B gy 4.218/0. 045

F/P ffiy 21. 596,/0. 000

rhBMP-2 £5 TTP(s) 20.74 +3.92 16. 88 +1.09 13.12 = 1. 07 11.62 + 1. 04 9.22 +1.10
s 4 TTP(s) 25.18 +4.18 22.48 +2.39 18.06 +1.93 15.10 +1.74 12.88 +2.33
F/P AB gy 10. 984/0. 002

F/P {fky 23.798/0. 000

thBMP-2 £ PI(dB) 0. 46 +0. 06 2.18 £0.26 3.08 +0. 40 1.01 +0. 16 0.56 0. 11
ST 24 PI(dB) 0.34 +0. 06 0. 64 +0. 09 1.26 +0. 19 1.63 £0.42 1. 00 +0. 20
F/P {8 g 4.214/0. 046

F/P Al ey 71. 156,/0. 000

F2 rhBMP-2 AfNELiEA HE L EMENER S
(n=5,% ,x +s)

B[] thBMP-2 4 i

3d 5.40 +1.82 3.00 1. 58
74d 20.00 £6. 12 14.40 £2.70
14 d 37.00 £9.75 23.20 +4. 87
21 d 17.60 +2. 51 31.60 +3.78
28 d 6.00 =3.08 15. 60 +3. 84

Y+ La:hBMP-2 41, B AR Rl 00 K oA 0 4 790 L e 30 41t
355 1 WPSE AL, B JA 00 B 0 R R U
I MR RS 14 d CEUS E#%

) &g A ®
7 :2a: thBMP-2 21 B A J& i1 B PR 359 AT AL K o AR Il 4 5 2b -
M3 2 RS A AR I AR B rhBMP-2 4170

B2 AT 14 d 6E FREEE (HE Jefh, x 100)

s e R AR, @ 4 21 d ik oRAE, Z 5, P
1 ZHE R B AN Z AR I B, B 2 ML RO /), 28 d
i} thBMP-2 2417 A= 1 W S A 0 8 Al e DLk
2.[82, CEUS PGSR GBS~ 2 R —2

34t g

FHRFAR B R A8 5 R — R
PRI —A BB, 75 Z R BRI R, CPC i T
HS5H T WA R A R B0 A MR
Ve i S AR AR R S P05, BLICTs 0 TR Al 5
13 52 ZR BT AATREAR, A 5 32 00 1) B A, {ELOG
HESRENARY . BHERESE D (BMPs) 25
AR R T - B BRI L5 , DR AT B0 ) R
EVETT) 2 TSR . o BMP-2 A i i
B VR R R S BRI I, 2 S R A K
A2, E T, chBMP-2 332 137 1 T 48400 B B4R
WIS T CPC NIz 26 19 thBMP-2 #5 {4
A B TAE B A I S W BT 1) thBMP-2 {ifi 5 9F
AN RE RS T B% X B, HHBE AL

HIE RSB RE FEMEN SRR E
BRI, A BR T 70 B e F P A 4% F s
FWTHN B AEH G4BT 4 08 T R AR . B
P MU B P A TR, e A AR T & T
TR, B S L AR s 8
FFE T HR I R 7 HE AR A
MFFIER A AR EATS . Fik, i s



878 PG RRIFSS 2020 457 A%533 %557 8 Chines B Foxit PDF Editor S35

A R D DA B A B 0 P I S A AE B P AR R
I NEEL, BHAT AT TR i A& A i 518 2 0 vk
AL A% CT HEVE S Bk HERE s  wif 2L R %
Horp s e AR e CT WE 1 % th TR S e K,
REL T A I R (9 B o ARG PR H, X L 3 5% MRT
B2 N TS A A 105 1L, (H X FpG A5 4 —
SE YR BRE , A ARG 2R A

CEUS ZEifFRBEREN —THEAR, C ) Z N H
FRBEWMA IR . AW CEUS 2h 2%
WM< CPC Jz CPC/rhBMP-2 #4545 i - 10187 AR 145 B
B I 5 B BT, 45 R R, 85 S 3 d, rhBMP-2
RS B SR A /0 B il S SRV T3 4 7 A S
7 d B R A B v R s S 14 d
thBMP-2 ZH B AR 15 JR 340 S R 14 D i 5% 351 B S v 1
PLE RS . 5 PR S IRV RE Sl s, Bt 25 I ) A RS,
114 d thBMP-2 ZH B A B Jo] 300 Ko P9 &R0 A2 148 2% 12
e BB AE, B 4 T RS 21 d iR KAE,
FER thBMP-2 417 1fiL 45 A 50385 38 4 3G K, X 5 Yang
xS % BMP-2 ] i S 45 P R A= K PR T 1Y
Ik I AR 2 B AR i A B A5 R A A . B
21 d thBMP-2 2] S fE B J5 28 d 3 41, Bl B il i
e PRS2 7 E v o B S B A1, RIS AT TTP B B
[ R /N . R BE 5 RS AR PN R 40 B 22
AR 5, T 4E 8 75 7R S AR P9 RT 75 1 i
Ji 77 3 DR T I Sk, PN O FLAE 45 A B TR, R
R H N CA B A BIE , 55 BEAS R R P4 ]
220 R B A% A T8 A, B A 1 R b — B
MG 28 d i BRLE SR, thBMP-2 41 4 & 3 A
W S el 4 R . X5 Lin 261 ORIFSE K RS 4%
4ty CPC IR Y7 # tb , CPC/thBMP-2 &7 B Pr i & B
[ESF2 4556 0.5 ~2 A H S5 RARFT . b ot 25 5
B, CEUS 7] ) 2% WL 28 AS [A] B 4 CPC/rhBMP-2
CPC I & fb it 2, & 3 CPC/rhBMP-2 114 k% CPC
ML T A 76 8K, FL45 5 5 20 200 B2 4G I v 3 —
3, CEUS B HLER 7 mT LI A [ B B R 4 9 i Ak
W FE, (B CEUS AN B 7 I 0T 28 35 i % 1
B AT, DA 3 s A A AR R

25 |- fiik, CEUS A 81 Z5 W88 CPC/thBMP-2 J%
CPC WRSHE 4 5501 P93 2B 145 T A, ol A I R
BITCRIIPAGAS (RIS AT AA L P 1001 P A 1 I A 1
DLERHEA N E A2 WK P . Bl 75 B R 1 R R,
CEUS $ A¥s 761 40 21 T 82 v J B HE o i L 2 19 i
PRI T

Bei® i (c) by Foxit £4&], 2003 - 2010
» AT

[1] Garcia-Gareta E, Coathup MJ, Blunn GW. Osteoinduction of bone
grafting materials for bone repair and regeneration[ J]. Bone,2015,
81:112 - 121.

[2] Zheng YX,Wang J,Lin HT,et al. Reconstruction of orbital defect in
rabbits with composite of calcium phosphate cement and recombi-
nant human bone morphogenetic protein-2[ J]. Chin Med J,2010,
123(24) :3658 -3662.

[3] Zhao MD,Zhou J,Li XL,et al. Repair of bone defect with vascular-
ized tissue engineered bone graft seeded with mesenchymal stem
cells in rabbits[ J]. Microsurgery,2011,31(2) :130 - 137.

[4] Alan H,Farahani E,Tunik S, et al. The histological study of osseous
regeneration following implantation of various bone graft biomaterials
[J]. Niger J Clin Pract,2016,19(4) :517 - 522.

[5] Miiller S,Gosau M,Strobel D, et al. Assessment of bone microcircu-
lation by contrast-enhanced ultrasound ( CEUS) and '8 -positron e-
mission tomography/computed tomography in free osseous and os-
seocutaneus flaps for mandibular reconstruction ; preliminary results
[J]. Clin Hemorheol Microcirc,2011,49(1/4) :115 —128.

[6] Luo GM,Huang YL,Gu FF. RhBMP2-loaded calcium phosphate ce-
ments combined with allogenic bone marrow mesenchymal stem cells
for bone formation[ J]. Biomed Pharmacother,2017,92:536.

[7] Seeherman H,Wwzney J,LI R, Bone morphogenetic protein delivery
systems[ J]. Spine (Phila Pa 1976) ,2002,27 (16 Suppl 1) :S16.

[8] Leunig M, Demhartner TJ,Sckell A, et al. Quantitative assessment of
angiogenesis and osteogenesis after transplantation of bone ; compari-
son of isograft and allograft bone in mice[ J]. Acta Orthop Scand,
1999,70(4) :374 - 380.

[9] Kang ML,Kim JE,Im GI. Vascular endothelial growth factor-trans-
fected adipose-derived stromal cells enhance bone regeneration and
neovascularization from bone marrow stromal cells[ J]. J Tissue Eng
Regen Med,2017,11(12) ;3337 —3348.

[10] Harris GM, Rutledge K, Cheng QS, et al. Strategies to direct angio-
genesis within scaffolds for bone tissue engineering[ J ]. Curr Pharm
Des,2013,19(19) :3456 —3465.

[11] Parmar R,Redfern DR, Hill JC. Comments on;role of bone scintigra-
phy[J]. Ann R Coll Surg Engl,2006,88(5) :516 —-517.

[12] Miiller HF, Viaccoz A, Kuzmanovic I, et al. Contrast-enhanced ultra-
sound imaging of carotid plaque neo-vascularization ; accuracy of vis-
ual analysis[ J]. Ultrasound Med Biol,2014,40(1) :18 - 24.

[13] Mouterde G, Aegerter P, Correas JM, et al. Value of contrast-en-
hanced ultrasonography for the detection and quantification of en-
thesitis vascularization in patients with spondyloarthritis[ J]. Arthri-
tis Care Res (Hoboken) ,2014,66(1) ;131 —138.

[14] YangY,Jin GL,Cao X, et al. In vitro evaluation of thBMP-2-induced
expression of VEGF in human adipose-derived stromal cells[ J]. Int
J Clin Exp Med,2015,8(1) :222 —230.

[15] Lin D,Zhang J,Bai F,et al. ,Fabrication and clinical application of
easy-to-operate pre-cured CPC/rhBMP-2 micro-scaffolds for bone
regeneration| J . Am J Transl Res,2016,8(3) :1379 —1396.

Wi EHHE.2019 -10 -25 {&EIHH#H 2019 - 12 -01 4RiE. Fig3E



