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Non-Linear Finite Element Analysis of Trans-Tibial Residual Limb
and Prosthetic Socket

YANG Haiyan, WU Xiao, FENG Xiaohua
( School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract. Objective To study the load transfer mechanics between residual limb and prosthetic socket, as well
as stress distributions below the residual limb, so as to provide a theoretical basis for designing and optimizing of
prosthetic socket and improving the wearing comfort. Methods Aiming at compression-release stabilization
(CRS), the finite element software ABAQUS was used to analyze the stress distribution at the interface between
the residual limb and CRS socket. The soft tissues were defined using the Mooney-Rivlin function. The interface
pressures and shear stresses between the residual limb and CRS socket during mid-stance were obtained. A
three-dimensional finite element model of the patellar tendon bearing (PTB) socket was established, and the re-
sults were compared. Results The interface pressures between the residual limb and CRS socket were mainly
distributed at lateral tibia, media tibia and popliteal depression regions, which were similar to the main force re-
gions of PTB socket. The mean interface pressures on the end of stump for CRS socket was increased by 19 kPa
over PTB socket. Conclusions CRS socket had better breathability and reasonable stress distributions. The
stress distribution of biomechanical interface was different due to the different shapes of socket. Therefore, the
optimization of prosthetic socket can help to improve the wearing comfort of prosthetic limbs.

Key words: compression-release stabilization ( CRS) socket; non-linear finite element analysis; hyper-elastic
materials ; interface pressure
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Fig.1 Three-dimensional finite element model for analysis of in-
terface pressure between residual limb and prosthetic socket
(a) Front view of bone, (b) Perspective view of residual limb ,
(c¢) Front view of model, (d) Longitudinal profile of coronal

plane
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