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Artificial bone angiogenesis in rabbits assessed with contrast-enhanced ultrasound: an experimental
study
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Abstract: Objective To study the diagnostic value of ultrasound in artificial bone angiogenesis and provide early diagnosis
information for the growth of the transplanted bones. Methods A classic bone defect model in bilateral radius was
established in 15 New Zealand rabbits implanted with coral hydroxyapatite (CHA). The microvascular blood perfusion of
CHA was observed with conventional ultrasound and contrast-enhanced ultrasound (CEUS) examination on the 3", 7%, 11",
15", 30", 45" day after the bone transplantation. Each CHA was divided into 4 equal parts. Time intensity curve (TIC) of
CEUS was used to detect the basic intensity (BI), peak intensity (PI), increased signal intensity ( A SI), BI/PI, and time to
peak (TTP) of the 4 parts, and the measurement data were compared with pathological results. Results CEUS showed that
the peripheral CHA was slightly enhanced, while the central part was not enhanced on the 3™ day after the bone
transplantation, but the central part was enhanced fully on the 7" day. The A SI, BI/PI, TTP at the same time were compared
among the 4 parts in CHA and showed no significant difference (P>0.05), while the A SI, BI/PI, TTP at the different time
showed obvious difference among the 4 parts (P<0.05). Time was positively correlated with A ST and negatively with BI/PI
and TTP. Conclusion Microvascular blood perfusion of CHA can be displayed early with the use of CEUS, which can
provide a valuable diagnostic evidence for the growth assessment of transplanted bones.
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a: Transverse position b: Longitudinal position

E1 BIEREE 3R CHA RMBAEE
Fig.1 Gray scale ultrasonography image of coral hydroxyapatite (CHA) on the 3™ day after bone transplantation

a: On the 3" day, a little of ultrasonic contrast agent (UCA) was found in the peripheral CHA and few in the central part; b: On the 7" day, a lot of UCA
was detected in the peripheral CHA and a little in the central part; ¢: On the 15" day, the contrast-enhanced intensity in peripheral area was similar to that
in the central part; d: On the 45" day, the reflection of peripheral CHA increased, and the central part showed posterior attenuation.
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Fig.2 Contrast—enhanced ultrasound image of CHA after bone transplantation
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Tab.1 ASI, BI/PI, TTP were measured with CEUS in different days (Mean+SD)

Days after bone transplantation n ASI/dB BI/PI TTP/s

3" day 30 2.30+0.52 0.941+0.019 22.40+2.98
7" day 28 5.11£1.28 0.912+0.023 19.37£2.72
11" day 26 6.91+£1.21 0.891+0.026 17.96+2.29
15" day 24 8.69+1.42 0.867+0.027 14.5242.11
30" day 22 10.79£1.36 0.829+0.033 10.76£1.72

ASI: Increased signal intensity; BI: Basic intensity; PI: Peak intensity; TTP: Time to peak

a: On the 3rd day, a lot of red blood cells were detected in the peripheral CHA and few in the central part (HE, x100); b:

On the 15th day, the CHA was full of red blood cells, multinuclear giant cells and mononuclear cells (HE, x200).
3 CHAREEE
Fig.3 Pathological image of CHA

KAV , VA7 B S — T2 BRI IR v i X
SURPGER HATE A TR R R A PR T
— kBT S, IR TG VR 22 ()8, R R A
Pri il A8 Ak, BB RS A AR ZEAR A S 3 DRt b 512
PN IE F A 8 A A B A L
T IMEE RIS B IR, BB A A R, TR BB
H I 5 2 S A K S B0 RS 8 R 4 2L A
LT 2 2 | WA T B 1) 75 5 400 J5 ) 5 R A 7 P 1
HER o, B ST AR R 0 0 S A S A
R W BT

TGRSR M A ITAG 73k KRBy R 4 40 3
AR AR A AT Tl B R A
W) A AR (AT B, 2206 PRSZFR R T
TR ; Ja 4 e I PRAS H B AT ) o e i - B, Hovp
Xof 1M1 A8 A0 VA 4 2 38 3 A S A AR
(SPECT) .CT J¢ MRI"™'"* {EEE 75 () b2 FH H i g 2>
o=

R A 7 110 A5 S B, 214 7 3 30 o 2 R B T
B S A At 22 U R, 0P R 7 AR A O T
b, I TC S8, R R . AR SE56 R A Y CHA J2&
B LUT R D —Fh B AT ACE A TG R 0 S 28
Ak, FLIE A AR IR K Iy e B ok, BA AR AR
ZALRRGEH AR 1 ARSI v e R
WK RS & CEUS H i /8 ¥ i , {2 78 CDFI &2 CDPI
TEA v R G O 5 0 7= A T s R A

ARSI P BRI CHA 19 1L
1k, WSS R AR5 3 K, CHA J& 321 Bl ] I/
TR FEIE, e TGRS BRAE SR CHA JA]
L0 L R 2T A | v e L /D e 2T Al — B RS
7R R e FEE A CHA, AR £, g
A RJEHE 15 K, JE R 5 v Je s g n R AR B, 3%
A Bt B [ 388, 3 A8 F CHA R R A e, 5
FFLE I CHA 2T 4 R 44 M 22 4% 5 4t
e R AN AR i A R R — G ARG EE 45 K, K
B P s CHA 2R 10 S 355, s J O 7= A 5
VoK, F R R T 3 D 2 T O A R 4 R AR B R



5 P, 55 B A AT I A I SE R B ST - 449 -

o IRZE RIS 1 5 BE R K CHA (114
1%, 55 SPECT .CT A2 MRIAH LY , WL a] Rk R4
A, S AU . TR R e T, A ST T
SEHRIHEAN CHA B39 aR B, S 2T 40 i iE A CHA 1Y
B TTP S5 70 39 ot it B 2] SR 05 A %o IOz s ]
5 BUPL —HF S WRZT 41 i ifE A CHA (3R B . 7R 45 AH
[ [E] Y, CHA B 4 4 55 T 1 52 a8 S (A ST
BI/PI.TTP) L4 44 Jo 22 5 , Ui M CHA W4 ¥ S v o5
ML PR BE AR, 456 Moore™ | 4471 > 45X B e
TP AU A S8, BRI B TR s A4 L 7% >F Y2 A2 A
PRI AR R B e o X6 FAS [R) sf ) 21 19 5 s S 800, % B0
ff ] 5 A ST i 35 1IEAH G, 5 BUPLUTTP &2 i 3 i AH
K, 2 B CHA Tl ifn A7 E 1 1 Bl 4 o) () 70 B 120 T 1
T, SR A P A b

Zx L PTIR B 1 S R B AT R R CHA 7 1
T, B G R A A —E R ES
HAhFEAR 2Ok A, A U 4 ol EHE Bk
W AEAE A, S — ] LIl PRITAL A2 A8 B 1 A5 10 10 B
Trikie

SE A :

[1] FF, 5tbh AT ESEAF IR S R[] 414 5M 5 &,
2011, 13(3): 272-275.

XIN L, SU J C. Current status and prospect of artificial bone repair
materials[ J]. Journal of Traumatic Surgery, 2011, 13(3): 272-275.

[2] KNAACK D, TRAIANEDES K, DIEGMAN M, et al. Improved bone
graft: EP2295088[ P . 2016.

[3] HERNIGOU P. Bone transplantation and tissue engineering. Part II:
bone graft and osteogenesis in the seventeenth, eighteenth and
nineteenth centuries (Duhamel, Haller, Ollier and MacEwen)[ J]. Int
Orthopaed, 2015, 39(1): 193-204.

[4] MIRON R J, SCULEAN A, SHUANG Y, et al. Osteoinductive
potential of a novel biphasic calcium phosphate bone graft in
comparison with autographs, xenografts, and DFDBA[J]. Clin Oral
Implant Res, 2016, 27(6): 668-675.

[5] LIUY, LIMJ, TEOH S H. Review: development of clinically relevant
scaffolds for vascularised bone tissue engineering[J]. Biotechnol Ady,
2013, 31(5): 688.

[6] HARRIS G M, RUTLEDGE K, CHENG Q, et al. Strategies to direct
angiogenesis within scaffolds for bone tissue engineering[J]. Curr
Pharm Des, 2013, 19(19): 3456-3465.

[7] WeH, fkAE, E35, F . B TA PR b F AR ek e BT AR,
A4, 2015, 28(4): 383-388.

CHEN K, ZHANG C, WANG L, et al. Progress on strategies to
promote vascularization in bone tissue engineering [J]. China
Journal of Orthopaedics and Traumatology, 2015, 28(4): 383-388.

(8] shmy, £ 247 A Byl R A [T]. P E E AR, 2008,
30(1): 1-4.

DAI Q, JIANG Y X. Clinical applications of contrast- enhanced
ultrasound[ J ]. Acta Academiae Medicinae Sinicae, 2008, 30(1): 1-4.

[9] WANG S, YANG W, FU ] J, et al. Microflow imaging of contrast-
enhanced ultrasound for evaluation of neovascularization in peripheral
lung cancer[J ]. Medicine, 2016, 95(32): e4361.

[10] BELCIK J T, MOTT B H, XIE A, et al. Augmentation of limb
perfusion and reversal of tissue ischemia produced by ultrasound-
mediated microbubble cavitation[J ]. Circ Cardiovasc Imaging, 2015,
8(4): €002979.

[11] DU B, LIU W, DENG Y, et al. Angiogenesis and bone regeneration of
porous nano-hydroxyapatite/coralline blocks coated with thVEGF165
in critical-size alveolar bone defects in vivo[ J]. Int J Nanomed, 2015,
10: 2555-2565.

[12] 3%, Z b, Z04, F. AABR G LG FAR IR LROHR

B[], A4 FAAHE 5 06 RFF R, 2016, 13(2): 63-66.
XU J, WU J J, WANG X D, et al. Development of several biomimetic
scaffold in bone tissue engineering[J]. Orthopaedic Biomechanics
Materials and Clinical Study, 2016, 13(2): 63-66.

[13] &g, SR BT, 7o« . MR TRUARABAHRB/FRTA

EALE X RNGHRACE KBRSt o) SRt [T ], ¥ B 5
58 2 & (BT R, 2015, 10(1): 36-40.

JIN G H, ZHANG X W, SUN X F, et al. /n vivo experiments of tissue-
engineered nano-hydroxyapatite/poly-e-caprolactone scaffolds repair
of segmental radius defects in rabbits[J]. Chinese Journal of Injury
Repair and Wound Healing (Electronic Edition), 2015, 10(1): 36-40.

[14] ANGEL E, STAHL A M, SHANJANI Y, et al. Vascularization in bone
tissue engineering constructs| J |. Ann Biomed Eng, 2015, 43(3): 718-
729.

[15] CELIK T, YUKSEL D, KOSKER M, et al. Vascularization of coralline
versus synthetic hydroxyapatite orbital implants assessed by
gadolinium enhanced magnetic resonance imaging[ J ]. Curr Eye Res,
2015, 40(3): 346-53.

[16] MICHEL G, BLERY P, PILET P, et al. Micro-CT analysis of radiation-
induced osteopenia and bone hypovascularization in rat[J]. Calcif
Tissue Int, 2015, 97(1): 62-68.

[17] F K, R4, B0, 4 L AMA AR R B A TR G5 Fo e
BRI FBE S & 54 2 &, 2003, 18(3): 147-149.

YIN Q S, ZHANG Y, LI Z L, et al. Preparation of the composite
rhBMP2/CHA bone graft substitutes and clinical application [J].
Chinese Journal of Bone and Joint Injury, 2003, 18(3): 147-149.

[18] FILLINGHAM Y, JACOBS J. Bone grafts and their substitutes[J ].
Bone Joint J, 2016, 98-B(1Supp.A): 6-9.

[19] MOORE J B, MAZUR J M, ZEHR D, et al. A biomechanical
comparison of vascularized and conventional autogenous bone grafts
[J]. Plast Reconstr Surg, 1984, 73(3): 382.

[20] 247 Wy, SREFSS, AR E A . o A Aw 3R fo LR A5 AR AR S B 45
LB R[] B e E R &, 1993, 11(3): 163-166.
JINH Q, QIU W L, LIN G C. Comparison of osseointegrated process
of implant on vascularized and non-vascularized bone grafts[J]. West
China Journal of Stomatology, 1993, 11(3): 163-166.



