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WE:. BHY K1) A% 82 (Contrast Enhanced Ultrasound, CEUS){EH AR i3 2 i #AE A4 L5 18 i 3 40 170 B2 AR 8L
FIERE AN RGP 2EEE. BE K 25 RNk B4 2 % (Sprague Dawley, SD)MEME KR, T 72205 K
BB S AR UL TR] B AR N TR 5 B /K e/ B 40\ B TE 4S8 [ 2(Calcium Phosphate Cement / recombination huaman Bone
Morphogenetic Protein-2, CPC/thBMP-2), HLKRMARALMERA . ARG 3. 7. 14, 21, 28 d 7 AT S
7. CEUS KSR A . WEEA RN [E] CPC/thBMP-2 A I LAEEVE 16 10 B B AR G L, 5 345 SR AT R I
53R CEUS B/R, ARJG3d, CASMANDVR mORIEREFIERE, BN EI9H, G008 [ R afi7n,
-5 JE MR EE AT RN, WE{E S E (Peak Intensity, PI) A 4% 1 #(Area Under the Curve, AUC)ZHI L7t AJ5 14
Wi d, PIFI AUC ¥iABIHRAME, ARJG 21, 28 dIEFIM PI. AUC FE€. & 4EZEFRE G248 L(p < 0.05), %
2H [] 55 U B[] (Tine To Oeak, TTP)Z R GHARSTI 2 L (p > 0.05). FHANGH L (Hematoxylin- Eosin, HE) 448 87,
ARJG 3. 7 144 21, 28 d XA WARRREIHENERK, K5 14d AEE, 5 CEUS mAMKF. 451 CEUS
AR SR CPC/rhBMP-2 [T AR MUVE T RUAE L, B BRI A KAl & B A RIS IL2 Wik .
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Evaluation of early revascularization of bone regeneration by
contrast enhanced ultrasound
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Abstract: Objective To study the clinical value of contrast enhanced ultrasound in evaluating the early vascularization of
bone grafts during regeneration process and provide early diagnostic information for impaired bone regeneration.
Methods An ectopic bone formation model was established in 25 male Sprague Dawley (SD) rats with Calcium phos-
phate cement/recombination human bone morphogenetic protein-2 (CPC/rhBMP-2) in the left posterior leg proximal
femoral head muscle space of the rats . High frequency ultrasound, CEUS and pathological examination were performed
at 3, 7, 14, 21, 28 days after operation. Blood perfusion and osteogenesis in CPC/thBMP-2 were compared with
pathological results at different time points. Results 3 days after operation, CEUS showed a small amount of stellate
contrast media perfusion on the periphery of the stent. As time went on, CEUS showed that the contrast medium was
filling gradually into the center, and quantitative analysis of time intensity curve showed that the peak intensity (PI) and
area under the curve (AUC) gradually increased, PT and AUC reached the maximum value at 14 days after operation.
Later, the PT and AUC of the contrast medium decreased at the 21 day and the 28 day after operation, the differences
among the groups were statistically significant(p<0.05), while there was no significant difference in peak time at each
time point (p>0.05). Pathological examination was showed as follows: different degrees of neovascularization occurred
in the grafts at the 3, 7, 14, 21, 28 days after operation and the number of vascularization at the 14 days after operation
was the most obvious, which were consistent with the CEUS examination. Conclusion Neovascularization of
CPC/rhBMP-2 can be displayed early with the use of CEUS, which can provide a valuable diagnostic evidence for the
growth assessment of transplanted bones and impaired bone regeneration.
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SANEYIR T, Hoh f g2 s AR 1 2R
A, EEXTE A BEE W AR A T
P, WK, MAbe s EANTR, BF
PReE ALK, B AR ERY, Kk
LIS W o A PG AN RS CE T R T
Ja A EEME . #75i&ER (Contrast Enhanced Ul-
trasound, CEUS) R SI2A ¥ 75~ 2H 23 A A It A8 % I
FIEOL, TR E AT LN SIS ER . EE
SINT, UREN TR 2 i A A DN R T 1)
AR, CIEIRR SR 2z R, (A3
TIPS S RIS R R e, B NS
DERIEY . ARHFTCE T AR, R
CEUS W %2 & A A AT g, BIER
¥} CEUS 7t 5 H1 8 B Az i 2 H T Il A A a1 )
MAEWERIE, DU E IR, B AEEEREE
FR I R I P it T S B s AR 2 A

1 MRSk

1.1 SIS

SRS EhY N SD KR 25 H, MM, 4 A,
KR 200~250 g, (F¥ 225g). HEAEERAIN
Bracco Sono Vue( & 75 F AL I A& 59 mg),
CPC/thBMP-2 & A W48k i Ff B 0 AR 0t kA R
NI
1.2 Fh4ER

SIS RRAM G RRE. HE, SRk,
KR, 2P, K CPCAhBMP-2 AE K ZE M)
WURIBR Y, B2 6 0, ARG IEFRIE,
1.3 KIG45reA

BRRIEAE 3. 7. 14, 21, 28d 7379 5 4,
fH 5 H
14 EWHE

KF 7R 2 Aplio 400 ZLR 25 Bl 75 12 Wi,
BENLEC % CEUS g8, 14-L5 #13k, HRKMIR
N 14 MHz, EHUMFE% 0.13, AR SHK
B — 8 YR PR S EE AR AE R RS AL
B it MENEREE S, W KR &
R, FHERBIBIVIT B e, 0 A DL 5 L A
AELP, AP B L ULEIBR, % CPC/thBMP-2
TN KR AU RN . EE & CPC/
thBMP-2)[) R/ B RIEAS o B 30 75 52
BB I AE VI, JEAhIE A MT R . i
71 SonoVue(59 mg) Ml 5.0 ml AEHE /KBS, AL

BRGIREA B A AFURTOR B M, MAREN
0.1 mlkg" M aE, ZREEMKEN, G LEN
1 ml AFEERK, JEGHERFIFEIN S S 2, AR
I ORFFRR AN, WLEE ST S0 )30 e PR 5 77 e 4
SRORFE, LWL 2 min, IETEMEEIAMAL. R
SCERR/NFITEAR , 1200 5y 1 8 B % [X (Region
Of Interest, ROI), 3222 f FEl L4124 ) 75— ROI
YENZ X, B B [E] -5 BE i 28 (Time-Intensity
Curve, TIC)ZHHTi&# AR S4, MAHIAKE PI.
TTP. AUC.
1.5 RIBZEN

RJG 3. 7. 14, 21. 28 d MHRLNEAIEUM,
AL ) B LA — FIERCHE o 10%48 2R S AR i [
e, AWM. UK, YIREREANSum, HE 4
t, WERSCEL T AE BN B Bl B, A
IR R A A AR & U R B TR E o b,
SR A L 4
1.6 GeitEatn

KH SPSS 17.0 ¥ AFHATSRIT 01T, THEH
W FH B AR 2 (xts) Ron . RABRR R T E
Frib & u e Sl E RS RN ER, DL
p<0.05 BEGIHEE .

2 g5 B

2.1 WBAEZLR

YRR RN, SNSRI TA] S 5RO/ N AR L
B, RfE 3d, BEEREBEFE, N7 LFLERg:
s RJE 7d. 14d, CZREIFBEFTHINGE, BARK
FEE, AEFLBRIEMT A WL ARG 21, 28d, SCHEM
7RI, TR KEN], FLEZRETE .

CEUS 78, RJF 3 d, AT W ARG 50 e
., NETEHEEAEFEOLE ) AE7d, M
11 Je R3] W& s A HEE(ILIEL 2), PI K& AUC #5¢

Bl 1 ARjE 3d XBEUSE B2 RE 7d, XHHILIEY
IERTIEE (SR FTR) T A A
Fig.1 CEUS imaging on the Fig.2 CEUS imaging on the
39 day (indicated by 7" day
the arrows)
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3dINHEME 1); RJF14d, LA
BRI S HEVE, PI M AUC i RE(LE 3); R
J& 21d J 28 d, SCHRJAIA S R IE RS R EVE =
F#{%, PI M AUC BARJG 14 d A%, 28 d i 22k
DOLE 4), Z4A PI. AUC Z7E g0 m X3
B4 &E F=104.50, p=0.000; F=223.99, p=0.000),
{2 TTP &7 LH B4 & L(F=1.760, p=0.177).
%1 #&HBfE CEUS Frill CPC/thBMP-2 [ PI. AUC. TTP & (#=25)

Table 1 PI. AUC, TTP in CPC/rhBMP-2 was measured with CEUS
in different observation days (#=25)

CPC/thBMP-2

HOS I i PI/dB AUC/dB s TTP/s
3" day 0.33+0.09 8.40+1.61  8.98+0.75
7" day 2.08+0.34 43.56+4.21  7.94+1.69
14t day 2.86+0.39 94.50+£5.79  9.82+1.85
21% day 0.82+0.08 37.10+£5.92  9.48+1.22
28t day 0.44+0.10 24.60+£5.36 10.36+1.98

F 104.50 223.99 1.760
p 0.000 0.000 0.177

K4 Rjg28d, ZHELR+H R
¥ WK B AGRFIRE L TERGIREE X HA kb,
Fig.3 CEUS imaging on the 14" EIFRR T ARG 14 d
day Fig.4 CEUS imaging on the 28"
day

B3 ARJE14d, LD RN

22 FRIBEFLER

KAEFFAMEL, KRG 3d, SZAAMER WL
U, WALBUEM RS 7d KBEAME A EL
MV, WALBRIEWTT L, K5 14d, X35
JA BN & 5%, SNEANHLGIE L, FLEBOR,
THEHFRCEE, R 21 d, STERAMNE BRI,
WA ER AL R)F 28d, LAAMNENIA
LR RF AL L, AR BN Sas it 7,
PRI /IN R & A B B AR

HE (0 2ox, RJE3d, XEEHBFNER
PEYHHFET AR MU 2F, R AT WL AR 7 Ab ) 1]
F0 TR 20 AN S A RN AT 3 ALEH 43 2 i) 438 4 (O IS
5); RJa 7d, CHFE AW WAL I E
0 Ia] Th LT, AN A AT WK R AR 1 [R) 78 A0 B (L
K 6); ARJ5 14d, SCHEAME K AT WLETAE B40
HFREEMLZ, KB EAKT, SN EAHEEDE
HFEAL, AEBEEPAEIELBRE 7); RE

.}t‘k"’ o)
B 6 ARiF 7d, WA M

A

Bl5 ARiE3d, YDA

AR HlRZ, BB RSN KA
Fig.5 Pathological image on Fig.6 Pathological image on
the 3@ day the 7" day

21 d, CEENFA M ZETR D, Em s, JEia
S PSR LA ) 7 o 4T R A, R L R
A HLE P E BN KN RJE 28d, S48
JEV B B P e A LA s, 1 R A T s (O
K8, %&2).

X b¢ R 87
27 A W a4

B8 AJg28d, nILHAME
HA D R s W]
T BRI A AL
Fig.8 Pathological image on
the 28" day

B RIIPN =% YN I K=
A LB R B R
Fig.7 Pathological image on
the 14™ day

2 #BAE HE $EHEMER
Table 2 The number of new blood vessels with HE staining in dif-
ferent observation days

CPC/thBMP-2 18\ Ji b ] M E0%
31 day 5~10
7t day 20~35
14t day 40~55
21 day 15~20
28 day 10~15
30w

HERAERK. BEEMEEER — R IR T
BB RE A KA S, I RS
ARG RE R IR ACE TR . KT WK, Al
MR T AR T, TEERARET A, IR RAE T
W S HA L WER, Ak EEERH
2, e, LA AN A K BRI TR 5 5
AU, IRV E R &5 AR
A RYE AL RS ML oS BB R 1T
2, Dk, PRSI A e AR R B AT
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NEE . H AT 2R S T V2 ELAR TR A
B CT MEVE R K 1 3t 9k B A& (Magnetic
Resonance Imaging, MRI). A, JdfHa B4R
SR S FR R LB, A Bl T TR R A ) R
FEs CT HEVERAG W AE BN IS KT EHERh R WL
H O L A Y, E R TR ROR, IR T
HAEWGIRAISH; MRI AR R 73 5m. Jofil
To AR A A e R VA B R B RN S I A
MrEETE, Hig KA RAET, BA Ot s,
N T 45 s i B A7 Al P R ARLAE 9 S AN R 2
MRI f &, Hisgnt g, =2k A,
i KA 5 4%

CEUS M H A g s 1M 82 H AR XN sl
FRIBC R T o B A U B AR BRI 0, RN LA
BRHBUF I HEI . ARHEFERIH CEUS A8 M
2¢ CPC/thBMP-2 -5 {17 A= M8 T i 00 0 72 &
o, @RER: RE 3d, XEMLFDEGY
FRET:, WESTCHET:, B SE RR R S AR AT
AR A M AR BEAE I TGN, &SRS )
SCHENERAESR, RJG 14 d WEERA PI. AUC ¥
b 5 41V o S B LA il e AT s B e B
A L R R v, U S R P A Ik B T
i, 5 Rabie 55" FAE A GG MLE N R AEK A
“F(Vascular Endothelial Growth Factor, VEGF)/K*}*
Mg AR, ARJE 21, 28d, LR M NG
FIREEEWR TR, ERGOEEEEL TXRA
5, PI. AUC BB FRAK, 7T R85 5048 N B 4 i
ZIMIME R I, T 4EH s BoR BRI
W, A LB MR, IRl SO R AR, JE T
W, RSB NCHIAEEN, S5
BN SCHRAI R R BT Ll LA K B N R
B8 BB AL A LN E 8T, S
MR —3, X5 Wang SN S48
NI BB A I B 1A B R OB 2 A SC AR A
LB a) T RHERE Y — AN AR . 7E CEUS & &
SHT IR R PSS W] TTP [HIF 2R, Spsd
MM CEUS MEHHFFERE KA (CHA) N LB AL 1)
W RIU(TTP L[] 2 82 AAH)ART, &2
H T SR MR ML B R YRR 5% . Rk g R &
W, CEUS AMUATZhAM AR I 1] CPC/rhBMP-2
MG, 5L B2k W i FE— 8 T LB
5 H R PO AR (2 CEUS IEEARN 2
R A, R P IOV T 3 e A P ST T
JR A PR AE o

% LTk, AWFER CEUS S8R SC 48N

BRI AR, RS B s B L6 )
A —8 SEHAFHEREDIMR. CEUS B
ENAS LI 2R 1A R I
IRUERY], T HARR R AR T, i R
RS R AR N L AE A KB AR AN R BT T
RUTET L. B2, BRI PR ISR
AR SE, CEUS BOARMGAE T A TRE PRI 5
T e 64 8P BT
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