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Finite element analysis of interface pressure over the above-knee
residual limb at mid stance with pre-stress

MU Chen, QIAN Xiu-gqing, YAN Song-hua, LIU Zhi-cheng( School of Biomedical Engineering,
Capital Medical University, Beijing 100069, China)

Abstract; Objective  To investigate the interface pressure on above-knee residual limb at mid stance during
walking, so as to provide basis for the establishment of measurement and evaluation system for the above-knee
socket. Methods Based on CT images of the femur, soft tissue and above-knee socket of the patient with re-
sidual limb, the three-dimensional model was first built, and then to assemble them according to changes of the
hip joint in a gait cycle. The finite element model was then established to simulate the loading conditions at mid
stance during a gait cycle, and the effect of pre-stress was investigated by nonlinear large deformation analysis.
Results If considering the effects such as joint changes and pre-stress, the maximum value by calculation for
normal interface pressure distributed on the terminal of stump was 257. 66 kPa, which could better match the
maximum stress actually measured by the Mflex Sensor Distributing System as 258. 9 kPa. Conclusions The
three-dimensional finite element model with considering the factors such as hip joint change, pre-stress and fric-
tion could effectively simulate the stress condition of patient with residual limb during walking.

Key words; Residual limb; Joint change; Pre-stress; CT scans; Finite element analysis; Gait
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Fig.2 Distribution of the contact normal interface pressure (a) , shear interface pressure (b), deformation (¢) and strain (d) with pre-
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Fig.3 Normal interface pressure distribution with pre-stress considered and hip joint change ignored (a) , with pre-stress ignored and hip
joint change considered (b) and with pre-stress and hip joint change ignored (c¢) at mid-stance
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