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Hyperelastic analysis for the passive behavior of fox extraocular

muscles in vitro

GUO Hong-mei, GAO Zhi-peng, CHEN Wei-yi( College of Mechanics, Institute of Applied Mechanics
and Biomedical Engineering, Shanxi Key Laboratory of Material Strength & Structural Impact, Taiyuan

University of Technology, Taiyuan 030024, China)

Abstract; Objective To determine the hyperelastic parameters of shear modulus (u) and curvature parameter
(o) of extraocular muscles (EOMs) in Ogden hyperelastic model, so as to provide theoretical basis for clinical
EOM surgery by numerical modeling. Methods The passive behavior of fox EOMs in vitro was determined by the
uniaxial tensile test, and the hyperelastic analysis was conducted using the first-order Ogden model and ABAQUS
software. Results The experimental result showed that the passive behavior of fox EOMs was nonlinear. The
corresponding hyperelastic parameters y = (6.57 +3.76) kPa and o =8. 16 + 1. 63 were obtained. When the strain
of EOMs was larger than 6% , there were no statistical differences between the experimental result and the calcu-
lation result of the first-order Ogden hyperelastic model ( P>0.05). Both the calculation result and the simulation
result well fitted to the experimental result. Conclusions The hyperelastic parameters identified in this study can
be used as the input for the corresponding numerical modeling of fox EOMs.

Key words: Extraocular muscles ( EOMs ); Hyperelasticity; Uniaxial tensile test; Ogden model; Finite
element analysis
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Tab.1 Parameters for each specimen of the fox EOMs

P Siis HRAMIL  m/mg /10/mm2 Ly/mm w/'kPa «
1 LR 297.9 17.8094 7.9327 9.73 10.03
2 MR 328.7 18.8419 7.3935 20.59 5.6l
3 LR 306.6 19.8049 6.5974 11.80 8.36
4 LR 342.6 18.8185 7.1460 15.02 7.14
5 MR 277.6 15.8551 9.4397 19.15 6.78
6 SR 227.2 13.5145 7.0206 17.62 9.31
7 IR 235.5 14.5009 6.363 1 13.09 9.60
8 MR 323.9 17.7502 7.5985 17.52 7.28
9 MR 260.0 15.2547 8.3495 13.89 9.72
10 SR 281.3 16.3024 6.8933 16.25 7.90
11 LR 225.3 14.5533 6.5083 21.08 6.74
12 MR 296.8 17.0753 7.3593 22.93 5.42
13 LR 274.2  16.9490 7.4829 16.43 10.69
14 IR 251.2 14.8674 6.2145 21.50 7.42
15 MR 267.1 19.5770 6.7306 15.20 8.42
16 IR 226.0 13.6663 7.5647 13.43 10.12
H{E 276.4 16.5713 7.2872 16.57 8.16
brifE 2= 37.8 2.0717 0.8185 3.76  1.63
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the corresponding fitting results using Ogden model and

finite element model
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Fig.4 Schematic for uniaxial tension process of EOM stripe
(a) Experimental tension process, (b) Finite element

simulation process
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Fig.5 Comparison for passive behavior of the fox EOMs obtained

by the experiment and the Ogden model
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Fig.6 Comparison of the Ogden hyperelastic parameters among

different muscles and tissues
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