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BIOMECHANICAL EFFECTS ON BLOOD VESSEL WALL PRODUCED BY
OSCILLATING MICROBUBBLE IN ULTRASOUND FIELD

. * . . .
LIU Wen-yi, HU Ji-wen, LIU Ya-tao, LEI Wei-rui, CHEN Xue-kun
(Institute of Mathematical, University of South China, Hengyang, Hunan 421001,China)

Abstract: The biomechanical effects produced by oscillating microbubbles confined in blood vessel play an
important role in medical applications such as targeted drug delivery, blood-brain barrier opening etc. Based on
the biomechanical mechanism, a bubble-fluid-solid coupling model was constructed. The interaction between a
microbubble and vessel wall was investigated by finite element method. We calculated the stress distribution of
the vessel wall produced by oscillating microbubble at different parameters. The results showed that the stress of
wall decreased with increasing of frequency from 1.0 to 1.5 MHz. There was a shape of a half sine wave as the
frequency changes from 1.5 to 2.0 MHz. The stresses tended to reach a stable value after 2.0 MHz, when the
frequency and initial micro vesicles were determined, the stress showed a trend of first increase and then decrease
with the radius of microvascular. The thicker the vessel, the smaller the stress and deformation got. Microbubbles
with three different initial radii could produce corresponding maximum stress in different vessel radii, and the
microbubbles with smaller initial radii had the largest stress. The model can be used to calculate the
biomechanical effects at different acoustic parameters, vessel sizes and initial microbubble radii, which provides
reference for vascular injury assessment.

Key words: ultrasound; microbubble; microvascular; stress; finite element method

WA HIW: 2020-10-09; & HI: 2020-11-17
FATH: ER BRREERAI H (11747121, 11904161), 51 &HE T 3SR H (14A127)
VEF A XI3C—(1995-), B, WM, Bk, 3 SHE BT 5T (E-mail:260740055 1 @qq.com);
SAASC1971-), T, WIMEEEHA, mIEE, WA, AT, M GE Y EFSY(E-mail:hu_sanping@163.com);
XEH(1994-), 55, WR AN, fid:, F2E AP Y351 (E-mail: 1526243685 @qq.com);
W A(1998-), 53, WimEA, fidt, FEAGIE YT (E-mail:leiweir@] 63.com);
MReEi(1987-), %, IR, mIEdE, M, Bl SIE, FENTHE S YRS (E-mail:813112490@qq.com).



H LKA AR (A AR R) 15

G RO PR A AR N SR PR RN T i, B
AR 27 A ) B P B ke sz Oy, U A
BT A RE T = A I 2B W) 380N, i A LR
A5 AT EL A ) 25904 3o 55 DR 24 0 ¥ 9 A A AR
TR R RN, B SzI R W], A A
Ty A A R 11 BRI R 9 o LR L AR U
Vs P IAAE AR RE T = A R BT g n] A 40 A B Al
2, I M R R RG I, AR R R T
SEANRIIEPEFLER, TR B F LA,

H A O¢ T8 75 b o A A P R 52—
SEWES A, R S T SR I Z4 P | E 2 4 v A
TR, AR R AR R mEILS, X4
TERSA T, RS, B S ErE
VA AR A R S I A v, ERL i 4 MR X T e
A N . BRI, B A il A £ LN Y P £
ARG ST A, AU I AR S O A A A R
THT PR30 5 35 I 56 BE T B 4 IR ) 3L . LA 1958
F Nyborg 45 H T #35% FITGEARE Tt fkift = A2 BY
P e . B TiZ P8, Rooney T4 T
FE IR 32 7 AR B O AE A0~ T BE T ) B 5 )
3R, Nyborg 5 BT R D 55 W A= 1 B T 1%
O, AHSEPR BRI A Y RE T 2 TR A7 A — o B ER
o At Krasovitski FIl Kimmel #) F i S8 531k 11
BT BY) A EHAE I B U D) ) S ) o A
T 0L . Wiedemair 251155 1 LR Py P 3 5 A A0 2L
TSR I I A B by A N T WA, 3 B0l A R
U Miao %A I OGS T A5 A A2 1M
ERE RURE 75 SO T IR 35 A28 Y S i
AL, AR SR AT BR G T T
B NI IR Z RO AR S AR I RS K LA A
R, HE 9 3 Pl A R [T R o Y ) i
IS (8] AR AL AT T #5A ). Bahrami 2545 B4 FRAAFR
VLAY AT IS P I R 35 ) I B P T JG 7 s )
A B JUE ARG B A Miller 254 S8 vh
)R v 5 1R 5 AR AT Bk i P B0 R AR 9 5
I AE W A I, TR] A U 2 B 7= A R ki i 4
B BEA R A5 B R A 2SN, Nove
A5 Mo U P 1 5 v 2 AT S A i o ek R
gt FRRSLIG R, AN, AR
SR AN [ Bl 0T i A B A FH R A7 7 A [ E 1)

SN .

S AL PY Bl i v 0 I A B 43 475 ] 7
(RIBIE S P A A s A P RN #5 %1, HEAA S M
W FEIMSA o s 1o BV SR AT PRI
FAFRIUAN [ 26 11 9 3 Tl il xo i e B A1 P aod A
RIPLH . H TRV I, Ok P Rt £ A R
AT AR 0 2 38 BT SR 2 4R b X A 5 %2 )
BETTRISEM 0 AT, 6 SRR I/ PN ) A i 5 DS o
ETCAR KN 43 A0 T3 T T SRR b o AR SCHE T
YRR B, AR T A - Y- [ AR SR
Mo ARBE R ERIE I LA BE N B AT ) 4% i) [F]
PERERSAERRL, FIIATBR ek, E9E 7 A 1
A P L BE IR o T T AN [ A
PR A AR LA B 5 Dl xl BT I e e
MR N F ) T DA R R ST R S e

I #R57E

SRR T, BIPRS00
$i % 5 10 RE TR 1] (R AH ELAE F o AR MR
IRLARFFIRIE AR, I RE S LA R EE .
SEANIEL T BRI AR AR A R . A
RUOARCAOR B L, Ron U RERK S,
R, WM, d FRMAEREERE, R, NI
WA, O AN AT 4 .

4 L, 2
| M2 |
mE
TR T
& L
e d

Bl 1A - - T AR S B R ]
Fig. 1 Schematic of the 2D geometry of the
bubble-blood—vessel model
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Fig. 2 Contour profiles of peak stress on vessel wall near a single microbubble at different wall thickness
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Fig. 4 Curves of maximum jet velocity caused by oscillating

microbubble with initial radius of 2 pm due to ultrasonic
frequency and vessel radius
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