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Mechanical analysis on treatment of vetebral stenosis by stents with
different links
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Abstract; Objective To investigate the mechanical effect of stents with different links on the treatment of verte-
bral artery stenosis, and provide scientific guidelines for the design of stent structure and clinical procedure of
stenting intervention. Methods Models of three kinds of stents with different types of links (namely, L-stent, V-
stent and S-stent according to the shape of links) and vertebral artery with stenosis were established by using
Pro/Engineering, then the same boundary conditions were exerted on the three models to simulate the stent de-
ployed in the vertebral artery by finite element analysis using ABAQUS. Results Compared with L-stent and V-
stent, S-stent had a better compliance, generating smaller stress in the arterial wall, causing relatively weak vas-
cular straightening. Due to smaller stress and axial shortening generated in the stent strut, S-stent made less le-
sion on the arterial wall. The therapeutic effect of S-stent is the best among the three kinds of
stents, which could reduce in-stent-restenosis, and has good prospect in clinical application.
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Fig.1 Models of the stent (a) L-stent, (b) V-stent,
(c) S-stent
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Fig.2 Stress contours in the arterial wall (a) L-stent, (b) V-stent, (c) S-stent
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Fig.3 Stress contours in the stent (a) L-stent, (b) V-stent, (c) S-stent
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Tab.3 Axial shortening of the stent

S BURKRIE, Ly/mm KR KEE, L/mm  JE4ER, C/%

L-34m 11.5 9.37 18.5

V-3am 11.5 9.82 14.6

S-F4n 11.5 10.04 12.7
3 itig

TEASCH, 3225 |6 A AR 9 g WAL HE B I
BRI IAMIL, X5 Wa 251 RBIIZE SRR . E
W S5 (9 RCELASE DL S 50 v, 25 oL A ) 7 g e
BAEZ A, XF A SCE Wu SR BUE RS 56
AT, R BTN 120 SR AR LA R SR B B AL i
RESAIFEASKALL, 1A R IC 70 A 07 A0 i A A 280 DU A
Al Wu S52R HI B4 FROC 0 B 4R F 9 ANSYS, A 5L
KA BROC T F 9 ABAQUS . BE RIS 55
MAR S LB INZ A [FA FRIC I 0 52
Wi, SR T A 4 S B A SR AR AR S o PR, mT L
X ALK 55 3 T ST B AN [ B I T DA G
W S5 S P LA TR Ay ] B ) 257 LA T AR S
HRHE S B I AE A TR AN S g B0 ) 25 AL 2 A6, T
HIRHEIN T B2 21 3 SOMEFRAL . SCARAEY K11
AR 5 A I A A A AR, MBS R AR
A i) R K 7 A AL S 45 DA T (g 72 e 2 F8 0 1L
YRIZ W , T EL ML ) S B A A4S 1) B2 KA BELAS 1 1
PNIB IR B e R e N CIE RN -2 SN |k - e L]
AR R A EAE S DR LA B RN I E WA B
[l DT, £ Wu S )RR S S6 BT 5009 25
A5 SR A B P 3 S S 2R 55 b P 1 BRE R
Z IRV ELARE PR BE A O, DT g WAL H B 7 I
RN FEAS SO RIS g v, SRR
Yok R AR A 2 A 70 3200 A8 R UL 5
SCHAEYT 5K B A R NS 2 g A e A A A
A 7r SO AL A AR EARE T A IR XU



ER4HMA% $28% HF1H 20135£2A
48 Journal of Medical Biomechanics, Vol. 28 No.1, Feb. 2013

FHELAE T 2 1 SCAR 525 i MO A BESRAH B A AR
JE B, AT g WA (L ) B I A8 0 25 th A 52
ZRAEREAT 25l S 2 SR A PP A TR 5014 25
BRI SR E I 2R, W EEA RN ES E
SC PR ASSUHE 0 ik 11 &b 5 F 2% A il e s 1
it FL 43 Sk th 5 g

SCORY AL AR 25 005 R L 1T HL 3
TR SR A 7 LA 5 PP e 14 1 LA =2 T B
IR PEANDE L o AR o A BREBR AL B A 22 1L A8, S22
AR Ak 4 ML AN ZRAR o PRI, 76 SC R Sk, S48
5 1A SR 2 8] % I i)™ FE, SR OR i Ak ) 1 A
AR AR A B, B AL R sl pg N S R it
A, BT SR A RIE B G I, T i A4 S 2R i
LA 7™ A 9 A, LA ) R 3R SRR i e AR 57
TED3 A , B8 A9 S 2R S AP SR 40 ) LA S S0 )
JEE R AN— B30, DRI sk Ak 1t /85 32 381 ) O Ak TR
5 TR AN PR A o RIS il i A bk
PIEL 32 3R 5 A8 PR R T, 35 5 SR 3¢
IR DIARSG o PR, FE it SO, W 5800 25 1852
RAR M , 4R 501 2 S SR S (4 SR DU o AN {EL AT LA
25 8 I P Ta] 30 94 s S 240 ) 4 64728 Ak, i L ads ml
AT BT (R SR S, R ) — SRR B
FES AR S5 BT (AR &, (A5 S A TR ]
1) 194 i PO S MU R 08 B - Ml 328 ¥ B, BT FE 8 B
AR 1E SR R AR Y A

SRR Bl 1) JEL 4 R MR 1 T SR il i T2 R
BRI SR AR R, SR I A SR 2 1) A
Az AR A% AR, AT 52 200 1L A7 PR B i £
BT AT REVEBOR . AT, FEARAI R /N 22 TE R Y
BEHCHITE AR R I O P RE 1 A8 A R A
BE L BEHR R ARSI AR N o (R SCORS IAE
SCARZ B KR AR X 32 Bl Y i A v, X 46 BB AT g
DRI o SRS A SR Z A A R RS
PRSI, RE A S 2R 22 3817 1 m] BEMEBOAS , 2 rp X
5 IR 5 i EL BRESR U4 ) BB 22, DT o i A i
IR D AR , A A SR DA PR A 14 AT RE A Al
o FHEE L-SCRA V3208, SSE B A AL A A
IITRCR , DL T BT SN B2 B R

OB 12 20N IE B PEAE AR R B B IRSE T A
FROGH AR A A Rk . HSL A BE B A AR Lk
5 1) bk ELREA 25 18] AL AR AL AT RHE . 7

ARSCrf BEH PR T BAE BRI A5 ) R P R A
R YE 5 A 12 S B0 AT TR, R 25 IA
—EMIRZE . [BARZ DI FEEIRHAT T S ALY
PR, TR HI i BE e L5 T A P RE B A1 R R
PERIRIESE I EEAT Hil . a] DL Y, R F TR AL B A1k
R AT — T B BRI R S, T L S SRR ) g~ A T
VUARMERE ST, A 15— BT

4 g

X HE 3 AN [ Rl A5 A4 (1 SRR T HE Bh
R ZE B F1 570, ] AR A R 4598

(1) FHEE L-SCA8H0 V-3 58, S-S R e
b, HL S-SR Ry B G I A A I g 3
No SEORBI RS, UHS B P R3CR T

(2) 3728 H 7 1 I 20N 1l A8 1 5 i) 4
/AN (ELIILAES B PRV 055 S R R SR E A DA 5
SCHRB R L, 5 13 32 2 PN PR Y AT RE 1
/N

(3) 3 FofiAS [ 32 42 1913 04 S R R, S-S 2R il 1)
FAR RN B AT X, W] LA SO 32
DR (Y 1) L4 R AV SR N AR e A By T RE

ARSCREALL T SR 1 A8 BE =2 8] A ELAR A Xt
JE SEHEATAE BE- SO R = FH RS TR BA S M
{H.

SE 3k

[1] Colombo A, Stankovic G, Moses JW. Selection of coro-
nary stents [J]. J Am COLL Cardiol, 2002, 40(6): 1021-
1033.

[2] Gu LX, Zhao SJ, Muttyam AK, et al. The relation between
the arterial stress and restenosis rate after coronary stent-
ing [J]. ASME J Med Dev, 2010, 4(3) ; 0310053.

[3] Wholey MH, Wholey M, Mathias K, et al. Global experi-
ence in cervical carotid artery stent placement [ J]. Cathe-
ter Cardiovasc Interv, 2000, 50(2) ; 160-167.

[4] Wehman JC, Hanel RA, Guidot CA, et al. Atherosclerotic
occlusive extracranial vertebral artery disease [ J]. J Interv
Cardiol, 2004, 17(4) : 219-232.

[5] ZR4reE, sk, AW FETABRITBHIY SRy K iR
B IR ST e [J ] BRI = J]. 2012, 27
(2): 178-185.

Li HX, Zhang YH, Wang XC. Analysis of stent expansion,



KihAE, % NEIERHEMN R TENIRERN NZS R

ZHANG Zhan-zhu, et al. Mechanical analysis on treatment of vetebral stenosis by stents with different links 49

(6]

(7]

(9]

blood flow and fatigue life based on finite element method
[J]. J Med Biomech, 2012, 27(2) . 178-185.

T, B4, WG E, % WEhKCCER 55 A R
JelksrprJd]. BEHAY F%%, 2010, 25(1) : 68-73.

Li JJ, Luo QY, Xie ZY, et al. Fatigue life analysis of coro-
nary stent by finite element analysis [ J]. J Med Biomech,
2010, 25(1) ; 68-73.

BACHE, S0P NITG U8 SRR 55 Wi b e i [ J ]
B A4 F1°%, 2011(01) : 16

Zhi YH, Shi XP. Fatigue and fracture behavior of Nitinol
cardiovascular stents [ J]. J Med Biomech, 2011, 26(1):
1-6.

Auricchio F, Conti M, De Beule M, et al. Carotid artery
stenting simulation. From patient-specific images to finite
element analysis [ J]. Med Eng Phy, 2011, 33(3). 281-
289.

Gijsen F, Migliavacca F, Schievano S, et al. Simulation of
stent deployment in a realistic human coronary artery [ J].
Biomed Eng Online, 2008, 7 23.

Wu W, Wang WQ, Yang DZ, et al. Stent expansion in

curved vessel and their interactions: A finite element analy-

WETERERERERETE VLR TR e %

(E#5% 24 W)

[12]

[13]

[16]

[17]

[18]

Weschs, 2R, AR, A5 T AR B E R AT SR 3
r[J]. RGeEA, 2009, 21(3) : 651-654.

Herrmann G. , Liebowitz H. Mechanics of bone fractures.
In; Fracture: An advanced treatise [ M]. New York: Aca-
demic Press, 1972 . 772-840.

Von Békésy G. Experiments in hearing [ M].
McGraw-Hill, 1960.

Kurokawa H, Richard L. Sound pressure gain produced by

New York:.

the human middle ear [ J].
1995, 113(4) : 349-355.

Tao C, Rong Z. Mechanical properties of stapedial tendon
J Biomech Eng, 2007, 129(6) :

Otolaryngol Head Neck Surg,

in human middle ear [J].
913-918.

WO AT 4B B & [ M.
Tl s pit, 2007,

Gan RZ, Feng B, Sun Q. Three-dimensional finite element

Jemt: fez

[11]

[12]

[13]

[14]

[15]

0

[21]

[22]

sis[J]. J Biomech. 2007, 40(11) ;. 2580-2585.

Lally C, Dolan F, Prendergast PJ. Cardiovascular stent
design and vessel stresses: A finite element analysis [ J].
J Biomech, 2005, 38(8) : 1574-1581.

Zhou ZM, Yin Q, Xu G L, et al.
and tortuosity on in-stent restenosis after stent implantation

Influence of vessel size
in the vertebral artery ostium [ J]. Cardiovasc Intervent Ra-
diol, 2011, 34(3) . 481-487.

Glagov S, Zarins C, Giddens DP, et al. Hemodynamics
and atherosclerosis. Insights and perspectives gained from
studies of human arteries [ J]. Arch Pathol Lab Med,
1988, 112(10) ; 1018-1031.

Wentzel JJ, Whelan DM, van der Giessen WJ, et al. Cor-
onary stent implantation changes 3-D vessel geometry and
3-D shear stress distribution [ J]. J Biomech, 2000, 33
(10) ; 1289-1295.

Lee SW, Lee S, Fischer PF, et al. Direct simulations of
transitional flow in a patient-specific carotid bifurcation with
stenosis [ C ]// Third International Forum on Strategic
Technologies. Novosibirsk-Tomsk, Russia: [s.n. ], 2008 .

475-479.

D tan 0 tan

modeling of human ear for sound transmission [ J]. Ann
Biomed Eng, 2004, 32(6) : 847-859.
R MGG E SN AIMI]. duat: B Tk R

#k, 2009.

Weschy, 25, SEHE. BT B I B S A HT )
WE R [ J]. BERAY 115, 2012, 27(1) :58-64.

Yao WJ, Li B, Hu BL. Effect of partial ossicular prosthesis
replacement on hearing restoration of human [J]. J Med
Biomech, 2012, 27(1) : 58-64.

T, WoRk, W7, % BT BP MEMKN CT ERE K
FAEI[J]. EREY A2, 2012, 27(2) ; 227-232.

Wei J, Dai KR, Lan N, et al. Bone cortex segmentation of
CT images based on BP neural network [J]. J Med Bio-
mech, 2012, 27(2) ; 227-232.

Fffﬁ* BRI, VROLRR. BRI AL b R I 2 A A TE
HARG R pg R[], BrAah 5 S5 45 B 40 2, 2010, 33
(8); 148-150.



