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Analysis on Mechanical Properties of Porcine Artery

MENG Xin, WANG Xiaofeng, HUANG Minjie, LI Haojie, JIANG Chao, JIANG Yongchao,
LI Qian

( National Center for International Joint Research of Micro-Nano Molding Technology, Key Laboratory of Micro-
Nano Molding Technology in Henan, School of Mechanics and Engineering Science, Zhengzhou University,
Zhengzhou 450001, China)

Abstract. Objective To analyze the differences in mechanical properties of arterial vessels at different sites and
the effects of different test methods on the experimental results. Methods A unique fixtures based on characteris-
tics of artery shape was designed. The porcine thoracic aorta and common carotid arteries were applied with uni-
axial tensile tests under 4 different states (tubular vessels in axial and radial direction and sheets in axial and cir-
cumferential direction) , and data fitting analysis was conducted on their nonlinearity. Results The mechanical
properties of aorta vessels under tubular state were stronger than those under sheet state, and the difference in
such numerical results became more significant with the diameter of the tube decreasing. Conclusions The ex-
periment results, provide more comprehensive and reliable vascular mechanical parameters to provide data sup-
port for constructing finite element model and constitutive relationship of blood vessels, and guide design and
manufacture of tissue engineered vascular grafts. At the same time, it is also beneficial to study and analyze the
potential pathophysiology of certain vascular diseases, which will help doctors to present better therapeutic effects
in clinical treatment.

Key words: porcine artery; tubular stretching; non-linear region; mechanical properties; data fitting
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Fig.1  Different stretching methods for testing blood

vessel samples
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Fig.2 Tension fixture
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Fig.4 Uniaxial tensile stress-strain curves of porcine thoracic

aorta
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Tab.1 Non-linear region quantification of arterial stretching %
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Tab.2 Basic mechanical parameters of the thoracic aorta and common carotid artery
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Tab.3 Statistical results of nonlinear curve fitting for the thoracic aorta
o RSl EARARE 1] JbR Al JRFR )
A B SSE R? A B SSE R? A B SSE R? A B SSE R?
1 0.025 5.386 0.014 0.9999 0.031 3.517 0.015 0.9992 0.039 5.189 0.0009 0.9987 0.011 4.875 0.004 0.9975
2 0.022 5.425 0.020 0.9932 0.016 3.674 0.092 0.9879 0.042 4.919 0.0010 0.9975 0.029 4.504 0.002 0.999 6
3 0.017 4.972 0.002 0.9981 0.009 4.654 0.028 0.9925 0.073 4.058 0.0001 0.9989 0.015 3.359 0.016 0.9958
4  0.020 4.844 0.008 0.9982 0.019 3.132 0.023 0.9967 0.044 5.133 0.0045 0.9988 0.019 4.608 0.003 0.999 4
5 0.024 5.607 0.008 0.9988 0.020 4.012 0.034 0.9953 0.087 4.879 0.0004 0.9995 0.014 3.934 0.013 0.997 3
Xy 0.022 5.347 0.019 3.798 0.057 4.836 0.017 4.256
£4 DRPHRELEMAGIHER
Tab.4 Statistical results of nonlinear curve fitting for the common carotid artery
- BRI BARAE JbR 3 1] JRFR 1]
A B SSE R? A B SSE R? A B SSE R? A B SSE R?
1 0.016 29.570 0.004 0.9988 0.084 1.263 0.005 0.9990 0.109 1.964 0.003 0.9942 0.144 1.825 0.036 0.999 7
2 0.035 27.990 0.002 0.9996 0.100 1.217 0.016 0.9991 0.268 1.545 0.007 0.9996 0.174 1.675 0.004 0.998 2
3 0.057 21.290 0.013 0.9957 0.036 2.037 0.031 0.9986 0.179 1.643 0.004 0.9954 0.156 1.786 0.011 0.999 1
4 0.025 28.590 0.001 0.9995 0.059 1.817 0.030 0.9986 0.143 1.769 0.010 0.9982 0.211 1.023 0.071 0.993 1
5 0.039 26.790 0.002 0.9992 0.067 1.324 0.010 0.9989 0.154 1.679 0.068 0.9992 0.152 1.793 0.022 0.998 9
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Fig. 5 Experimental curve and fitting curve of nonlinear

mechanics for different arteries (a) Thoracic aorta,

(b) Common carotid artery
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