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Mechanical Properties of Typical Thoracic Aortic Bare Stents

MAO Pengzhi', SHEN Jingfeng', GE Shuchen’
(1. College of Mechanical Engineering, University of Shanghai for Science and Technology, Shanghai 200093,
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Abstract; Objective To study mechanical properties of two thoracic aortic bare stents ( stent Ze and stent Fa) ,
so as to provide the theoretical basis for the design and clinical selection of bare stents. Methods The finite
element models and experimental models of two bare stents were constructed. Finite element analysis ( FEA)
on bending, radial force, simulated use of the two models were conducted. The accuracy of FEA was verified
by experiment result and the vessel stress and strain after stent implantation were predicted. Results The FEA
indicated that section flattening rates of stent Ze and stent Fa were 3. 83% and 18. 83% at 90° bending (8. 57%
and 14.27% in test results) and 12.02% and 23.72% at 180° bending ( 14.37% and 23.35% in experiment
results). The maximal radial forces of stent Ze and stent Fa were 33 and 429 N/m in systolic phase (31 and
433 N/m in experiment results), and 27 and 146 N/m in diastolic phase (29 and 179 N/m in experiment
results). The maximal stresses, strains, and diameter expansion rates of vessels implantation of stent Ze and
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stent Fa were 4 and 18 kPa, 4.17% and 13.92%, and 1.03% and 8.98% , respectively. There was no
significant difference between the FEA and experiment results ( P>0.05). Conclusions After implantation of

stent Ze and stent Fa, the maximum stress and strain of vessels were within the allowable range. Stent Ze is

suitable for curved vessel implantation with a better bending performance. Meanwhile, stent Ze has a lower

radial force, and it can provide intimal support as the Petticoat stent with a lower radial force. Stent Fa has a

higher radial force, and it can enhance its stability in vessels and reduce the risk of spinal ischemia, thus being

suitable for restrictive bare stents.

Key words: thoracic aorta bare stents; mechanical properties; aortic dissection; finite element analysis
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Fig.2 Diagram of bare stents at 90° bending ( dashed
line) and 180° bending ( solid line)
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Tab.2 Section flattening rates and end expansion rates of two bare stents at 90° and 180° bending
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Fig.3 Finite element analysis and experiments of two bare stents at 90° and 180° bending (a) Stent Ze, (b) Stent Fa
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Fig. 6 Results of simulated use for two bare stents

4 tig

BT, Ze SATEASINTHT , B 1A i - 2R /0N, 3
HAEY RRBUN, KW Ze AR M VERERAL &
FHMADHMIME T, 5 Ze LM, Fa LHK
BB 5 e B S5, /NS ) S ZR AR G E S X
SR A PR N A 22, B AT, TR e
B I SRR S B A P L P 38 30, 7= A Bl D o
e, Fa 4 e g Al e, g0 YIIER T 1, ULEH i

£33 AMRIBREHENOLERTHEEH

Tab.3 Radial force of two bare stents at the size of sheath and

vessels B N/m
B Hir R~/ Ze Fa
mm HRIT S ARG SE
RRF 26 33 31 429 433
6 152 173 765 892
COF 26 27 29 146 179

H1.03% 5 I 45 A S5 KN g A% 4303 R 4 kPa
4.17% AL T 5XTREE Al A RS I, Fa SCHRHHE
NGRS U W RE R G5, B bR 4 42
P5K 2. 80 mm, ¥ KM B 8. 98% ; I Y 55 K N
T3 BEZE4Y N 18 kPa 13, 92% , {37 T 5 Sz 4R ER42 ik
PIPRREE b S e, S 40 R kT A S RS A o8
WA TARIC I 45 R, Ze SCHRBEFEL MRS it
MR/, HAL R ROE S S A RT s v &
(W 6),

g

n

b

i

bl

H

PR

Ju

ix

r
t}% 4 p=31.18 mm 4 D;=33.98mm
]
i
J&

+1.779¢-02 9
i) 3 Sl ]
ik : e +1T65c01 ¢
33 +1.048¢-01 \
& 9 +9:340¢-02
% +8.195¢-02
£y ARy
I3 16039603 13762607 |
7] 10060 B0
B 11632003 Fse0
ﬁ +1.622¢-04 +1.836e-03
(b) Fa 34

(a) Stent Ze, (b) Stent Fa

180° ] Fa 372 248 1 I vy 8 47 5k d 25, “ MBSk B8O
S, Mwipatayi 25" W58 R 00, < 0 B3k 7 800 2
P05 S Bty B b 118 PN, S 30D S A 5 5 | I A
JeE AR

FEFRIRIE A 5 1, 8% R 48 2858 R s, iFp
B IRI R 3Y 2BA SCR R AR T 28 G =2
IR EARIG N AE . Ze LA ELINE L T BES
FELASHCTE 5 [9] 3 . Hofferberth 25" 4RIE T 1 &4 8
BAERESZ Ze TURR T B0HE AR, 323045 76 B 3 30 ik



B, &, BRI BR T 2R N1 E R
MAO Pengzhi, et al. Mechanical Properties of Typical Thoracic Aortic Bare Stents 931

T2 Ui I BEFF T A e VR T 9 4], 3 TT g 2 4k
BLBFIEAE SR 3R 18] (1) 220 PET 28 75 41 4 2% ok 4 4
THARPTEL, Ze S HMWEIR T, PET LR 45 5 5 i
B, 302 T BOR A S S 4R 1 A K U 4 st v R Ak i
1A, Lombardi 25 4[58 T 2 il T e b 8 4y
SUAEL, BT E R T Ze BB SCHE A0 5
(R, RIS, PET 220 BEPE 22 2 140 5 22845 11
Hrak T Fa SZHRAY NiTi 28 3% $5 48 4800 #4347 7
Jo  FasE PSR 25 2R BFIE R AR 1 A e
AT AR I, LRI A AT o A 3
AY0T RSO IR, BT P R B, R
STHRERE I L BT R AR TR RS Fa AR
SRR B RN AR L 28 Y NITi B4R 8% A9 JiE Al
A5 UL Fa SEHRERAE B AR 5 & & AR W TR AR |
FBEUG Fa SZERTGHESE M 21010 R T,

A A s P LS AR EE COF 4 [ F i
RE L YO IR B, 3 Sl bk A RE S 2 7 A
W s S5k BR S ZET I AE BE 1Y S VR 1 #E RRE I
COF W RhFAE 2 8] 28 %, Canaud %' B 97 %
Wl 5 BB Ze BB A 6 MHIE,
PRI s, YR E R, ASCEPL, Fa
201 RRF 1 COF 73 Bl Ze 2421 13.0~13.9 %
FI5.4~6.1 1%, Ze LHEMIFR N J1 8855, i A AR
A A P S P ) Petticoat S ZRV) {H 3 /N
COF 2> 5 SO A K 0 00 1f 45 30 v e A2 B8 7 L Y
R Fa SRR 1) RS, XA B T s e
A5 P RS P | 8 I B R I IS, i Fa S 03
BYAE N BRI PR 5

PP BR S ZAR 1) ) 02 15 38N 75 B 0N 4 T g
HRZIIBEST . Freeman % BF 55 ANy, 8 32 o0 ik
M BEY 42 42 % F1/NTF 0.6 MPa, % 4 [ 248 /N T
15% o ASCEESRRIA WD R S 20 X (ke % o 5 1 i
BRI F7 W AR SA A F e Y LN {H 437 Fa S48
FELA T LA AR e %) RS 82 300 9% , 35K 2 i J) P s
A USR] R A P G A R R R I A BE A 4
WEHT AR T FLEE A E R i 8
ik B ELA Gy Wk e 22 4 0 9 g AR a7 /N T it BRE i
B Fa SN R I8 RE i R I A I I
SR, W Fa S48 AT REXHG 728 A0 1M 45 RE i i 405

A BRICHT EUR S0 25 5 () 22 S vk g/ U
PR G RT AL FH I A B I PR T A o R S 0 i A

37 AR TN (EL A T AR R v, AHLP R R 2 R AT AR
ZE5E RN R

(1) ARRICO B R &, 543
REACHORE Y 30 57 25 P RN 20 AR, SR FH AR g A6 7R
AT AIASADUA L (4 SRR AT, 7 L5 S 2 R AN
FEe—E,

(2) S AP RSN R, 2 i Sei rh Joik T
B XY T D 6 1 T R S 2R K P U T =
HANYEXPAT A R DR 22 . A2 1) Ty S v, R SE
DRI THTHLRE BE AN YR AL 1Y) ) B BE 4R 2 1 20
WA S5 ASAUE TSI o | B A s HRChE 0 22 B2 TR
BECRBIREHOE 2, 4 RR W, J5 e 1 AR Ze 32
DTN B LA AR R W . 3 A, SR K
B S PRIE Rde oR A | R Ak B A 2 R S
IE R BT HATE

5 it

ARSCHERL T PR RR S AR i A% 1) AL
FHEA BRIT A3 AT, TR s 328 45 % 7 A S 40 45 760 300 3,
FEGEA A I AR | X5 Ho 0B 4 2 SR 25 A0 1Y
4, ARCHFFELERFE

(1) PR =2 20 R 5 b B 1M 455 R s o A1
I 7 NP AR HIA A A YR 22 PN Fa S 400 feke B
A5 B s B G I 2 LI ST 22 4, Fa 23847 W] REX
3R 735 P 00 A i BB

(2) Ze SZHIE T4 ML L4 dSINE 1) BG5S
IBYT B A PR AR AL I Y Petticoat S22,
A R RE RO, A2 1 Ty 55, (AR 55 A2 1)
FITTRE 2 B Ze SCARAE K W M 5 45 s vh & AE B
B PHE, Ze UK PET JESLLR NG BEE 2 FaE bk
22 VRS IEL, TTRE SIS IR FAR T

(3) Fa SZHGEABAE R BRI SR S48 R
Tl Sy ik, 3 A Bl e H A i A5 PN i RS E
RV A et JXUBSS: , (Lt 5 ofe T 5 g 1) = g ik B 45
PR o 25 i Fa S48 0 A B 25 10 3k
B, %2 T8 Sk MR sh, Fa L 489ER
Ja 2 KA VBMEIEAR Tk ot e g B RIR R ST,

ARSCHMT Ty 5 45 SR TT L2 ) 3 Bl kR Sl e
AT RITIG R 226 42 B L IR Ik Ol . IS S AR 52
BN IRITRISTIPIE SO W S S5 -2 TN 3=
A BRICA M R



932

EREMANE 378 $£5H 2025104
Journal of Medical Biomechanics, Vol. 37 No.5, Oct. 2022

S Xk

(1]

[2]

(3]

[8]

[10]

[11]

[12]

[13]

FBkIZ LW 5 Ry IE T E L K IR [J].
1MAEFME L, 2017, 33(11) : 641-654.

RIAMBAU V, BOCKLER D, BRUNKWALL J,
Editor’s choice-management of descending thoracic aorta

A

et al.

diseases: Clinical practice guidelines of the European
Society for Vascular Surgery (ESVS) [J]. Eur J Vasc
Endovasc Surg, 2017, 53(1) ; 4-52.

ZHA B, XU G, ZHU H, et al. Endovascular repair of type
B aortic dissection with the restrictive bare stent technique .
morphologic changes, technique details, and outcomes
[J]. Ther Clin Risk Manag, 2018, 67(1) : 1993-2002.
ZHAO Y, YIN H, CHEN Y,
distal graft-induced
endovascular repair of type B aortic dissection [ J]. J Vasc
Surg, 2018, 67(1): 93-103.

ZENG Z, ZHAO Y, WU M, et al. Endovascular strategies
for post-dissection aortic aneurysm ( PDAA) [J]. J
Cardiothorac Surg, 2020, 15(1) . 1-10.

CANAUD L, FAURE EM, OZDEMIR BA,
Systematic review of outcomes of combined proximal stent-

et al. Restrictive bare stent

prevents stent new entry in

et al.

grafting with distal bare stenting for management of aortic
dissection [J]. Ann Cardiothorac Surg, 2014, 3(3) . 223-
233.

DEMANGET N, LATIL P, ORGEAS L,
bending of two aortic stent-grafts: An experimental and
Ann Biomed Eng,

et al. Severe
numerical mechanical analysis [ J].
2012, 40(12) ; 2674-2686.

SANTOS AD, VALDIVIA AR, ALGUACIL SG,
Symptomatic aortic  bare-metal
PETTICOAT technique for complicated type B aortic
dissection [ J]. Ann Vasc Surg, 2019, 59 311. el-311. e4.
DEMANGET N, DUPREY A, BADEL P,
element analysis of the mechanical performances of 8

et al.

stent fracture after

et al. Finite
marketed aortic stent-grafts [J]. J Endovasc Ther, 2013,
20(4) . 523-535.

WEISBECKER H, PIERCE D M, REGITNIG P,
Layer-specific damage experiments and modeling of
aortas  with
J Mech Behav

et al.

human thoracic and abdominal non-
atherosclerotic intimal thickening [ J ].
Biomed Mater, 2012, 12. 93-106.
AURICCHIO F, TAYLOR RL. Shape-memory alloys:
Modeling and numerical simulations of the finite-strain
superelastic behavior [ J]. Comput Meth Biomech Biomed
Eng, 1997, 143. 175-194.

GOMIDE LC, CAMPOS DO, ARAUJO CA,
Mechanical study of the properties of sutures used in
orthopedics surgeries [ J]. Rev Bras Ortop, 2019, 54(3) .
247-252.

BEIE, WO, TYL, SF. PREIR SR A RN T

et al.

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

b [J]. BEREY 2%, 2015, 30(5) ; 410-415.

GU XL, HU FQ, YU K, et al. Biomechanical comparison
for two types of nitinol stent-grafts [ J]. J Med Biomech,
2015, 30(5) : 410-415.

HOLZAPFEL GA. Determination of material models for
arterial walls from uniaxial extension tests and histological
structure [J]. J Theor Biol, 2006, 238(2) : 290-302.
MCKENNA CG, VAUGHAN TJ. An
evaluation of the mechanics of bare and polymer-covered

experimental

self-expanding wire braided stents [ J]. J Mech Behav
Biomed Mater, 2020, 103 103549.

ZHOU X, YANG F, GONG X, et al. Development of new
endovascular stent-graft system for type B thoracic aortic
dissection with finite element analysis and experimental
verification [ J]. J Mater Sci Technol, 2019, 35(11) ; 2682-
2692.

RS, Fl2E, mlik, 55, JLAISEOT Z B8 IS B R i
PERgsZm [J]. BERIZEY 1%, 2019, 34(1) : 7-13.

ZHAO YW, YAN SJ, Sl Y, Effects of different
geometric parameters on flexibility of Z-shaped stent-grafts
[J]. J Med Biomech, 2019, 34(1) . 7-13.

MWIPATAYI BP, THOMAS S, WONG J, etal A
comparison of covered vs bare expandable stents for the

et al.

treatment of aortoiliac occlusive disease [ J]. J Vasc
Surg, 2011, 54(6) : 1561-1570.
HOFFERBERTH SC, FOLEY PT, NEWCOMB AE, et al.

Combined proximal endografting with distal bare-metal

stenting for management of aortic dissection [ J]. Ann
Vasc Surg, 2012, 93(1) . 95-102.
LOMBARDI JV, VAMBRIA RP, NIENABER RP, etal.

Prospective multicenter clinical trial ( STABLE) on the
endovascular treatment of complicated type B aortic
dissection using a composite device design [J]. J Vasc
Surg, 2012, 55(3) : 629-640.

ATKINS MD, MARROCCO CJ, BOHANNON WT, et al.
Stent-graft repair for blunt traumatic aortic injury as the new
standard of care. Is there evidence? [ J]. J Endovasc
Ther, 2009, 16(suppl 1) : 53-62.

FREEMAN JW, SNOWHILL PB, NOSHER JL. A link
between stent radial forces and vascular wall remodeling .
the discovery of an optimal stent radial force for minimal
vessel restenosis [ J]. Connect Tissue Res, 2010, 51(4) .
314-326.

SULTAN |, DUFENDACH K, KILIC A, et al. Bare metal
stent use in type B aortic dissection may offer positive
remodeling for the distal aorta [ J]. Ann Vasc Surg, 2018,
106(5) : 1364-1370.

UCHIDA T, KOBAYASHI K, NAKAI S,
removal in open thoraco-abdominal aortic repair after
endovascular treatment with the PETTICOAT technique [J].
Interact Cardiovasc Thorac Surg, 2020, 31(2) . 271-273.

et al. Bare stent



