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Finite element study on spatial distribution and mechanical proper-
ties of cancellous bone from femoral head

MA Xin-long'*, FU Xin', MA Jian-xiong', DONG Bao-kang', SHEN Min’, WANG Zhi-
bin2(1. Department of Orthopedics, General Hospital of Tianjin Medical University, Tianjin 300052, China;
2. Tianjin Hospital, Tianjin 300211, China; 3. School of Mechanics Engineering, Tianjin University, Tianjin
300072, China)

Abstract. Objective To study the effect of different loading intensity and off-axis angle on changes in spatial dis-
tribution and mechanical properties of cancellous bone from femoral head by using three-dimensional (3D) finite
element method. Method The same size cancellous bone specimens were selected in accordance with the
main pressure trabecular direction at 0°, 15°and 45° off-axis angle from 3D model of proximal femoral bone struc-
ture based on primary study. The 3D structure parameters of the specimen were calculated, then the finite ele-
ment analysis was used to simulate the uniaxial compression test, and the stress and strain distribution in different
model was observed. The influences of different loading intensity and off-axis angle on biomechanical properties
of proximal femoral cancellous bone were investigated. Results Based on the established finite element model
of cancellous bone of human femoral head, the uniaxial compression test was simulated. It was found that there
were significant differences in the proportion of cancellous bone with =5 000y strain in different mechanical
strength or off-axis angle on cancellous bone specimens( P <0.05). Conclusions Distribution of femoral head
cancellous bone is closely related with the mechanical adaptability. The incompatibility between structure and
function decreased the biomechanical properties of femoral head cancellous bone and the subsequent bone re-
modeling caused by repeated negative stimulus may play an important role in femoral head necrosis.

Key words : Femur; Cancellous bone; Biomechanics; Finite element method; Bone remodeling; Stress distribu-
tion
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Fig.3 The results of finite element analysis (a) Displacement dis-

tribution, (b) Von mises distribution
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