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An Experimental Study on Circumferential Mechanical Properties
of Porcine Descending Thoracic Aorta

CHEN Lingfeng, LIU Baimei, LI Fen, AN Meiwen
( College of Biomedical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract; Objective To study the mechanical properties of porcine descending aorta. Methods The porcine de-
scending aortas were divided into 5 groups by the distance from the heart, and tissues in each group were subdi-
vided into ventral-quadrant part and lateral-quadrant part. Stress-stretch curves were obtained by using uniaxial
tension test. The moduli of elastic and collagen fiber and collagen fiber recruitment parameter of tissues in 5
groups (Position 1-5) were first analyzed by a classical mathematical model. Then the mechanical differences
between tissues of ventral quadrant and lateral quadrant were compared. Results The modulus of circumferential
collagen fibers increased gradually away from the heart. The modulus of circumferential elastic fibers had the
same trend except for tissues at Position 5 (the most distal one). The elastic fibers modulus of tissues decreased
at Position 5. At the most distal position, the circumferential and axial elastic fiber modulus of the lateral quadrant
was lower than that of ventral quadrant by 19% and 33% , respectively. The axial and the elastic fiber modulus of
the ventral quadrant was similar with that of tissues at Position 4 and 5. For the whole descending aorta, the cir-
cumferential collagen fiber modulus of the lateral quadrant was higher than that of ventral quadrant by 26% and
the circumferential elastic fiber modulus of the lateral quadrant was higher than that of ventral quadrant by 16% at
the proximal 4 positions. Conclusions The circumferential mechanical properties of porcine descending aorta
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were related with regions. The ventral quadrant of the most distal aorta showed abnormally soft trend. The

research findings can be used to better understand the mechanism of aorta and improve the spatial accuracy of

computer models.
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Fig.1 Schematic diagram for grouping the descending aorta
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fiber modulus and stress-strain curve
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Tab.1 Parameters for the tissues at 5 positions
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Fig.3 Stress-stretch curves in the five positions (a) In cir-

cumferential direction, (b) In axial direction
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Fig.4 Stress-stretch curves of ventral and lateral quadrants (a) Position 1, (b) Position 2, (c¢) Position 3, (d) Position 4, (e) Position 5
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Tab.3 Mathematical parameters of the ventral and lateral aortic quadrants

. LG Al
frE > 0
K/(MPa™") A B /MPa K/(MPa™") A B /MPa
1 M (n=12,16) 0.228 +0.075 0.673 +£0.078 0.143 £0.031 0.223 +0.093 0. 443 +0. 069 0.047 £0.013
MM (n=6,9) 0.267 £0. 123 0. 659 £0. 050 0.113 £0.029 0. 141 £0. 019 0.458 £0. 047 0. 054 £0. 007
2 M (n=11,14) 0. 188 £0. 079 0.650 +0. 103 0. 146 £0. 048 0. 189 £0. 055 0.420 £0.031 0. 050 £0.010
JEME (n=5,8) 0.223 +0.058 0.645 +0. 101 0.126 £0. 044 0. 147 £0. 035 0. 438 +0.020 0. 052 +0.007
3 Mg (n=11,16) 0.161 £0.033 0.671 +0. 082 0.163 +0. 051 0.253 £0. 065 0. 445 £0.042 0.063 +0.011
MM (n=5,9) 0.211 £0. 046 0. 695 £0. 052 0. 138 £0.023 0. 140 £0. 036 0.4442 +0. 027 0. 0545 +0. 008
4 i (n=11,16) 0. 148 £0. 046 0. 601 £0. 093 0. 147 £0. 034 0.221 £0.058 0.619 +0. 087 0.081 £0.018
HEME (n=6,9) 0.219 £0. 096 0.598 +0. 133 0. 138 £0. 058 0. 149 £0. 047 0. 552 +0. 050 0.080 +0.015
5 M (n=11,12) 0. 141 £0. 038 0.538 £0. 064 0.099 +£0.033 0. 198 £0. 029 0. 600 £0.078 0.049 £0.015
MM (n=6,6) 0. 165 £0. 048 0.528 £0. 056 0.116 £0.038 0.320 £0.043 0.746 £0.093 0. 101 £0. 042

T o FORKEARSR BT HEAR R >0.99
x4 FEENESNEAESE RFETHEES
Tab.4 Elastic fiber modulus and collagen fiber modulus of the
ventral and lateral quadrants
]

BPELTgE RRAGE

1 i/ MPa 15/ MPa
0.201 £0.024 4.72 +1.88
0.212 £0.040 6.01 +2.55
0.235+0.055 6.29+1.70
0.238 +0.054 7.16 £2.23
0.176 £0.042 7.36 +1.85

S AR A SRR, 28 1 ~ 4 iR
JELZT AR A IR TR v £ 33. 3% , (o B S
P4 2 S £ A A g T 00 T £ 40% o FE
1~ A0 8 A 2T AR i R T, S
N T £ S5 £ A AR T IR M T 37%

xS HEAENES NS R SRE

Tab.5 Elastic fiber modulus and collagen fiber modulus of the

200
BTSRRI
HEbE/MPa  HEHE/MPa

0.164 £0.036 4.17 +1.62
0.185+0.040 4.57 +1.24
0.190 £0.029 4.77 +1.27
0.217 £0.059 5.17 +2.24
0.210 £0.058 6.30+1.93

(AL

[ N O S

ventral and lateral quadrants

L]

JB I ET 4
15/ MPa
4.96 +1.93
5.55+1.44
4.04 £1.02
4.75 £1.51
5.04 £0. 65

Ji )

T2 I 4T 4
FiH/ MPa
7.07 +1.02
7.03 £1.67
7.43 £1.93
7.15+2.34
3.05 £0.52

B kLR
FiH/MPa
0.104 +0.016
0.117 £0.016
0.137 0. 016
0.127 +0. 023

0. 080 =0. 022

WL 2
FiH/MPa
0.114 +£0.014
0.115 £0.012
0.120 +0. 015
0.143 +0. 023
0.127 +0. 040

[ N O N

3 iFig

EBNKAY J 2 R S R i L WA 3 FR e )
SR — , NI A9 104 BE 2 3 S0 T B

(i ek A, L 78 2 B R O IR Y B0, SR
8 BRI WL A8 5 N AR B e, RO 4G
¥ 5 N2 22 AR /N, HLZH 2RI B T LA A ik N 2%
AR T RHATRE R R, SR o ik 5 A
RSN IR L2, 58 TT AR g A R0 Sl Wy A B R B4
NPT ARy <60 ) o ASSCHFST T 3 W £ 3h ik ak
(] R4 1) 1) g e . FR T AR AR I 0 R I A BE 1Y
IR A — B 0 S TR 6 77 1 1 SR R A
ABIFFEAR 75 JEFR AR N 7 5l 1) (R SR, SR BR
OB D0 A R 2 Bk 5 AL B Y ) AR E,
PG B B, I 38 2ok B 2R B3 AH DG 3
PE BT 27 G s A g, [R) BS 000 T R T )
B 35 3y 45 SR W, A 1] B v S AT A A
Bt I o M P P 25 39 DT 28 2 b T, i 3 o )
PELT YA G I 1 BT [ 4 s Al ) ) 50 2T 4B A5 1
B T 50 IR T B AP BT, BB AT SRR B LA
K, B 76 i 1) R M RS D T AE AR B AR L BT BE
.,

Pefia %*V 48 3 8l ik 43 Shy 30T 0 s LG A s
T4 SRAF5T , Sokolis 251! 55 Kermani 251 4>y
b R =R RS . G RARR W, 3 i Y
R sk B S AR GRS 3 TR O e, BB A
Lo IR P B 2 398 o T 328 0 A K o e S B Bk A i
TG, A IRSE AT I 1) e e s 0 3 (2 S)
AFEE FIR A, B S R D 21 4 B i 7
SRR TR RRA A E X RIS A A i E , TR
ST I O i R o — R

W) A fHAERLE 4.5 BRAK, 75 20 ] i J5t 41 4t
BERLEA S A T B T R ) A A AR AR




FRi&IE, %. EEEKINENFERHTHERR
Chen Lingfeng, et al. An Experimental Study on Circumferential Mechanical Properties of
Porcine Descending Thoracic Aorta 549

4 STEE, 2 il i) I T 4 kN S A AR g
JRE I AT A A = 3l ok b LSS IR R 45 4 A7 1, e 7
AL S ARG B 1.2 R EE R 35

A 15 A T X FEAIE S R R B, AR 1 ~ 4
A TR P A o) 6 D 2 A B v T AN TR 2 16%
1 26% o Kim %51 5% FHE 0 (0 i 48 0 25 90 9 0
BBk AR o> A B R AN T - 0 T A BE S35 A
R ORI A i R 3R 73 (P A e it =222 5% ), Ml
DRI TR, G RN T R 0 T 4 2 A A X L
JRGE T A 22 5 A R R, AE & BE RO 8,
12 kPa ihf, M 17 A9 #4 F BE MU 1D 13..87% Al
21.63% o JX-HASCEH R B — B, BUE 1Y 25 =
ATHESE R TR 7 A [ i A i ) 4 00 T
JEANTET A %) L85 2R s, AL 1 ~ 4 A T A R
PR R T 33.3% o R, B 2 Sk 2
PEFRAEALE 1 ~4 P/,

T3 A1 A i -5 4000 i JE D T A A U B ) 2% Ak
RS o FERE SRR 5823, AL E 4 B4
S RN T ZH 2 S S T A A e bR b T A T
10 T A 7 3 B8 4 Pl BTV, e
T3 07 B S AU ) i 6 2T ZEASE /N T R A
T2 19% il o) 1) S £F eSS /N TR AN TED 37%
YT 4 JEANTE ) SRR LT AER i S ALE S 22
RORELY S% Rl 2 11% ), fr 8 5 ARG E2F
YL B R h PIINAEBE RRES 1R . BRI,
Bl BRI A R B IR A S £ AR S5, B PR A
RIRR KA, FLR R AR iR E S
LAY Ze A 9 00 2 2 7 AR A [ AR Y 15 20 n]
REE 2B KR & LR B0 TN, 3 4 AR B kO, LR
M0 T 1) 52 Dt T A A BT IR 4155 O 1T BB BOZ AL
B TR . PEIIZH Uy BT G827 22 57
(I PIALREAS (1 PR3 A SCER RE MG T2 £
JE b UL P BLAT 28 S e, (ELH 2 22 [ 2 0 22
ST T A,

4 ZHiE

SRR R R Sl DK RE AL AR B A — DN R Bl
AT B K I 3 TR 8 0 2 o AR SO 5 M
EB KA R T X G, R AL T A B Bk T 2
o SRS I i -5 00 i 25 2R B 18 FY) g 22
PERA —E 2R, M3 B, 5 By o5

Y GG UK g e VR O R A A 2O B XA e, A
B T2 — 2 B 2 3h Bk O A ek DR A
A7 BROGAR Y, S FoUn) et B A e A 3= 30 ok ) 3 i)
TIEARFAEAR B o L0 v 5 A e i N 1k 5 4
AT B4 8 30 = g 7 25 A S B T e Al e
JE B PEAG B , S B TR P i R I e P
PEAE R o AR SCHR AL A R AY S HRT Sy g Ny
HEA FROCHRR B2 sk it PRIG T T B
SR T

SE Lk

(1] E3 REW, THE, & CPELC MR 2012) 2
[J]. PEFEFZE, 2013, 28(6) ; 408-412.

[2] GARCA AA, PENA AE, LABORDA A, et al. Experimental
study and constitutive modelling of the passive mechanical
properties of the porcine carotid artery and its relation to
histological analysis: Implications in animal cardiovascular
device trials [J]. Med Eng Phys, 2011, 33(6) ; 665-676.

[ 3] HAN HC, FUNG YC. Longitudinal strain of canine and
porcine aortas [J]. J Biomech, 1995, 28(5) : 637-641.

[ 4] SOKOLIS DP. Passive mechanical properties and struc-
ture of the aorta; Segmental analysis [ J]. Acta Physiolog-
ica, 2007, 190(4) : 277-289.

[ 5] ROVERI N, RIPAMONTI A, PULGA C, et al. Mechanical
behaviour of aortic tissue as a function of collagen orienta-
tion [J]. Makromol Chem, 181(1): 1999-2007.

[ 6] SOKOLIS DP, BOUDOULAS H, KARAYANNACOS PE.
Segmental differences of aortic function and composition.
Clinical implications [ J]. Hellenic J Cardiol, 2008, 49(3) :
145-154.

[7] EMMOTT A, GARCIA J, CHUNG J, et al. Biomechanics
of the ascending thoracic aorta: A clinical perspective on
engineering data [ J]. Can J Cardiol, 2016, 32(1) ; 35-44.

[ 8] PENA JA, MARTINEZ MA, PENA E. Layer-specific resid-
ual deformations and uniaxial and biaxial mechanical prop-
erties of thoracic porcine aorta [ J]. J Mech Behav
Biomed, 2015, 50(1) : 55-69.

[ 9] KERMANI G, HEMMASIZADEH A, ASSARI S, et al. In-
vestigation of inhomogeneous and anisotropic material be-
havior of porcine thoracic aorta using nano-indentation tests
[J]. J Mech Behav Biomed Mater, 2017, 69(1) : 50-56.

[10] KIMJ, BAEK S. Circumferential variations of mechanical
behavior of the porcine thoracic aorta during the inflation
test [J]. J Biomech, 2011, 44(10): 1941-1947.

[11] CHEN Q, WANG Y, LI ZY. Re-examination of the me-
chanical anisotropy of porcine thoracic aorta by uniaxial
tensile tests [ J]. Biomed Eng Online, 2016, 15(2): 167.



550

EREMAE $£33% F6H 2018F128
Journal of Medical Biomechanics, Vol. 33 No. 6, Dec. 2018

[12]

[13]

[14]

[16]

[17]

HEMMASIZADEH A, DARVISH K, AUTIERI M. Charac-
terization of changes to the mechanical properties of arter-
ies due to cold storage using nanoindentation tests [ J].
Ann Biomed Eng, 2012, 40(7) . 1434-1442.

T, B, B, . 58N 3 3 Bk A 1 R P 2
TERe R SLsmpF L [J]. BE AW Jr %, 2015, 30(3):
215-219.

WANG Y, WANG WJ, CHEN Q, et al. An experimental
study on anisotropic mechanical properties of porcine tho-
racic aorta [ J]. J Med Biomech, 2015, 30(3): 215-219.
RAGHAVAN ML, WEBSTER MW, VORP DA. Ex vivo,
biomechanical behavior of abdominal aortic aneurysm:
Assessment using a new mathematical model [ J]. Ann
Biomed Eng, 1996, 24(5) . 573-582.

GEEST JP, SACKS MS, VORP DA. The effects of aneu-
rysm on the biaxial mechanical behavior of human abdomi-
nal aorta [ J]. J Biomech, 2006, 39(7) : 1324-1334.
SALSAC AV, SPARKS SR, LASHERAS JC. Hemody-
namic changes occurring during the progressive enlarge-
ment of abdominal aortic aneurysms [ J]. Ann Biomed
Eng, 2004, 18(1): 14-21.

RAHMANI S, ALAGHEBAND M, KARIMI A, et al. Wall
stress in media layer of stented three-layered aortic aneu-
rysm at different intraluminal thrombus locations with pulsa-

[18]

[19]

[20]

[21]

[22]

[23]

tile heart cycle [J].
239-245.

HIRATA K, TRIPOSKIADIS F, SPARKS E, et al. The
Marfan syndrome . Abnormal aortic elastic properties [ J].
J Am Coll Cardiol, 1991, 18(1): 57-63.

HWL DB, FERRARA A, CONTI M, et al. Comparative
analysis of porcine and human thoracic aortic stiffness
[J]. Eur J Vasc Endovasc Surg, 2018, 55(4) : 560-566.
HAN HC, FUNG YC. Direct measurement of transverse
residual strains in aorta [ J]. Am J Physiol, 1996, 270(2) :
750-759.

VORP DA, SCHIRO BJ, EHRLICH MP, et al. Effect of
aneurysm on the tensile strength and biomechanical be-

J Med Eng Technol, 2015, 39(4):

havior of the ascending thoracic aorta [ J]. Ann Thorac
Surg, 2003, 75(4) ; 1210-1214.

HASKETT D, JOHNSON G, ZHOU A, et al. Microstruc-
tural and biomechanical alterations of the human aorta as a
function of age and location [ J]. Biomech Model Mechan,
2013, 12(2) ; 413414,

W, X, k. iR AR S Y ) S R
HEE [J]. EAEY S, 2016, 31(4): 319-326.
HAN HC, LIU Q, JIANG ZL. Mechanical behavior and wall
remodeling of blood vessels under axial twist [J]. J Med
Biomech, 2016, 31(4) . 319-326.





