v PHEIRESRE
Chinese Journal of Comparative Medicine
ISSN 1671-7856,CN 11-4822/R

(PEHEERESZRE) MEERIRX

A - BUERLAR T~ B Bl ik 712 5 R4k

= FE e, XIRES, SHEMH, L0, RZEHE, B, Bk

WA H 4 2026-04-19

Mgk Hil:  2026-08-24

51 R ey, XIBRFS, BAEHL, MERSC, ARZEHE, AR, SATME. BUBLR R

BNk /1% 5 25/ AR [IIOL] . H FE ELER R 2 2k 6
https://link.cnki.net/urlid/11.4822.R.20260824.1638.018

@NKit s

www.cnki.net

PEER: (EgER TAERRE T, FtENF B R ER T S E R Hoefa. B0 e
B EAERBNAECSHE, HIBSRTITL EmAd TR R HERe e e i i
TRl CRIEM LS LI HEUGE R, AT AR . WIS . B e R R
FRAFE 45 W1 DUIL8) O e (0 ED R Sl Hh AR A B T S 1 o S e R X 468 1 R R N 2 L 2B & (il
SR FLAG) A T H B EE ) e FARI AR BA QIR RHEERGEE, FF 6
BRSO R, AAETE S AR AT g S HARZ AT s R ) 28 BB A & [ 5 R T
HAR R AR R, ERE MG —HEIE S 7 f9 87 AU BE 1R E T AL Mo B AR S
DR T E R 2% R i, SRR — kAT, MBSO SO H & . WU AR AR N 2%,
AL BT R R AT A B S B L

HERBA: 400 g 5 (P ESART OefBo) BraELGRARZY, £ (hHE
FARIAT (WD) R & LA S 40T T P9 25— B 4 i, DLE RS B A O 20, 7 B
W /TR SO s i HERCE R B e Ae . R R E AR (2RO ) 2 [ 58T H
PG FEL R TR 1) R 2% S S R H YD (ISSN 2096-4188, CN 11-6037/Z), Ft LAZS LI 3T (1 44 i J4 4 1
KRS IE AR



o PR Ak

PEHECAL I ) A Sy AR

BGER Y, KA 2, RS, MY, RERHL, B RS, B

(LR AR X B B 1A A, TN 5100105 2.7 ARBORIE R 295 4 15 28 TR Be, )M 5104505 3.1l il DXk = e O W A1k
J7JN 510010; 4.5 ARHL DR EEBEBEARE, TTIN 5100105 5.8 A DR S B SR B2 928 %, )TN 510010 )
*EEIEE  RME(1987—), o, ML, RIEER, WL, BESTUTm . AW L, R A R E-

mail:cairenye@gpnu.edu.cn

WE AM BTRIESK (FPA) BRI 4514 8 1 5ma iy 2 ZLE5 0 28 A A M R R AR AR . 71 BEIR 144
JA . KBRS 40 kg BYTLHE LM N R RS ik (FA) FIIEBHIK (PA) REAS, SR FH - A AUk i S 56 R IR -
BEARKCE , R4S AT Y5 A (EVG) Yefn . Masson 260, o FHMUILEIE A (o-SMA ) Sy 414k 2E g (o R
BT AR ( TEM) SRR G MBS 1h; T XU SC U080, R P cak (%) DU 4 4 22 33 = 0 28 e %% 5 bR
RIS FA 1 PA HHATARMSEIUG . 4558 FA 5 PA 7EXUHIINER T2 80 BARLPEN SR AR SE 5, 7655 DU 2%
ST YRR R R R 7 5 TR /1. FA PR)S, a-SMA BAPETAR 5 ol 85.55%F% & 54.16% ( P<0.001) , FA B
PELFE T AL E ) 42.61%F% & 33.67% (P<0.01) . PA i 43.07%% % 36.94% ( P<0.05) , FA Fll PA I JFET 4 i
o Bl 39.94%FF & 40.72% (P>0.05) . 25.96%FF & 31.63% (P>0.05) . [F]IF, 952 1 45 B -3 UM S 4540 1 2k A=
LA, MRS AR DA S MR 2R R S b ta % . TEM B/x, FA 5 PA ZERLAPRT BRI AF A 68 i 4l hy 22
5o AMPIAEEREEN, SWARAN FA B SCREEDG T PA, Hd FA B AR REEK RZ510 0.874 4 1
0.871 6, i PA JEMBIAAEEANEAR, 4518 FA 5 PA TEXUMPLM A TR BUR ARLRE ST # 4R 0E, IF 01 R il 5 BE
SV LANAE | S 2 2 R I AT AR AR S S A AR s B W IR A NS R IR 25 S RO R R S A R, T AR [ R i
JEE 15 m N, H PA JE 10 J) 2 AT 0 B A K FRAFME R B

KR Sk, sk SRR AW 2R HEE AEIE

RE A2 E  R318.01; R543.5; Q66 CEFRERS A

Mechanical behavior and structural alterations of femoropopliteal artery under
biaxial stretching
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Hospital of Southern Theater Command, Guangzhou 510010;4. Department of Pathology, General Hospital of Southern Theater Command,
Guangzhou 510010;5. Basic Medical Laboratory, General Hospital of Southern Theater Command, Guangzhou 510010)

Abstract  Objective To investigate the mechanical responses, structural alterations, and constitutive characteristics of the
femoropopliteal artery (FPA) under biaxial stretching. Methods Femoral artery (FA) and popliteal artery (PA) specimens were
harvested from the lower limbs of 144-week-old female Wuzhishan minipigs weighing 40 kg. Planar biaxial tensile tests were
performed to obtain stress-strain data. Structural changes in the arterial wall before and after stretching were evaluated by
Elastic van Gieson (EVGQ) staining, Masson’s trichrome staining, immunohistochemical staining for a-smooth muscle actin (o-
SMA), and transmission electron microscope (TEM). Based on the biaxial mechanical data, an improved four-fiber
polynomial strain energy density function was employed to identify the constitutive parameters of FA and PA. Results FA and
PA exhibited pronounced nonlinear stress-strain behavior under biaxial loading, with circumferential stress exceeding axial
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stress under equibiaxial loading. After stretching, the a-SMA-positive area fraction in FA decreased from 85.55% to 54.16%
(P<0.001). The elastic fiber area fraction decreased from 42.61% to 33.67% in FA (P<0.01) and from 43.07% to 36.94% in
PA (P<0.05), whereas the collagen fiber area fraction increased from 39.94% to 40.72% in FA (P>0.05) and from 25.96% to
31.63% in PA (P>0.05). Meanwhile, smooth muscle-related structures in the vessel wall of both groups underwent
morphological alterations, and elastic fiber-related structures showed reduced continuity with a tendency toward localized
discontinuity. TEM revealed that ultrastructural differences between FA and PA were already present before stretching.
Constitutive fitting results indicated that the polynomial model provided a better overall description of FA than of PA, with
overall R2values of 0.874 4 and 0.871 6 in the axial and circumferential directions of FA, respectively, whereas the fitting
accuracy in the circumferential direction of PA was relatively lower. Conclusions Both FA and PA exhibited nonlinear
mechanical characteristics under biaxial stretching, accompanied by structural alterations related to smooth muscle cells,
elastic fibers, and collagen fibers in the arterial wall. Initial differences in tissue architecture, together with load-induced
structural rearrangement, may jointly influence their subsequent mechanical responses, and constitutive characterization of the
circumferential mechanical behavior of PA appears to be more challenging.
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Tablel Geometrical parameters of specimens for planar biaxial tensile testing ( X +S ,n=3, mm )
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Artery typeWall thicknessEffective loading-zone dimensionCircumferential unfolded lengthOuter radiusInner radius

FA 0.387 5%5 6.17 0.982 0.595

PA 0.290 3x3 3.47 0.552 0.262
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Figure 1 Biaxial tensile testing machine
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Figure 2 Schematic illustration of histological characterization and TEM observation of FPA
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Figure 4 o-SMA Immunohistochemical staining showing the distribution and arrangement of smooth muscle cells in the arterial media in the
non-loaded control group and the mechanically loaded group (100X, 400X )
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Figure 5 EVG staining showing the lamellar distribution and morphological changes of elastic fibers in the vessel wall in the non-loaded control
group and the mechanically loaded group (100X, 400X )
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Figure 6 Masson staining showing the distribution and arrangement of collagen fibers in the vessel wall in the non-loaded control group and the
mechanically loaded group (100X, 400X )
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AR I VLA AR 5 B4 BN 63.27%F0 64.74%, ER TS %E X (P>0.05) . B 7 B &K,
HAPET FA 5 PA 34T e A G b 2 A K, Fif A 2 TR&ES, Hb FA B 42.61%/% %
33.67% (P<0.01) , PA H 43.07%[% % 36.94% (P<0.05) . B 7 C &/r, hiffij5 FA 5 PA MK 2T
AR S EE A TN, Hd FA B 39.94% T E 40.72%, ER LS FE X (P>0.05) ; PA H
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Note. A, Smooth muscle cells area fraction. B, Elastin fiber area fraction. C, Collagen fiber area fraction. Compared with non-loaded control
group, *P<0.05, **P<0.01, ***P<0.001.

Figure 7 Quantitative analysis of area fractions of smooth muscle cells, elastic fibers, and collagen fibers in the vessel wall of FA and PA between

the non-loaded control group and the mechanically loaded group ( ; 1S , n=10)
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Figure 8 TEM observation of the ultrastructure of the vessel wall in FA and PA in the non-loaded control group (4 000x)
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Table 2 Material parameters of the FA and PA in equation (8)
MRS H
Material parameters a3 ay as a6 a7 ag a9
FA -655.21 87.27 65.72 59.69 -13.57 -6.35 23.70
PA -384.08 185.66 -260.36 49.70 476.63 785.35 489.57
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Table 3 Coefficient of determination (R?) for longitudinal Cauchy-stresso,,(equation (9)) and circumferential Cauchy-stress 6y,(equation (10)) of
the FA and PA

piliE=a=a ]
by 1))
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M
1:1 1:2 2:1 WAERLE T

. K Overall (fitting optimization results)
circumferential)
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PA
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