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Biomechanical response of the pelvis femur complex under lateral
pelvic impacts during sideways falls

WANG Dong-mei', DONG Xie-ping®, ZHANG Lin-lin’ (1. Institute of Biomedical Manufacturing and
Life Quality Engineering, School of Mechanical Engineering, Shanghai Jiaotong University, Shanghai 200240,
China; 2. Department of Orthopaedic Surgery, People’ s Hospital of Jiangxi Province, Nanchang 330006,
China; 3. Shanghai Medical Instrumentation College, University of Shanghai for Science and Technology,
Shanghai 200093, China)

Abstract. Objective  To investigate the biomechanical characteristics of the human pelvis-femur complex under
lateral pelvic impacts during sideways falls using three dimensional (3D) finite element (FE) method. Methods

Based on the model database of China Mechanical Virtual Human, a 3D FE model of the pelvis-femur-soft tis-
sue complex was created, including cortical bone, cancellous bone and soft tissue capsule. A rigid plane model
was also constructed for ground simulation and constrained in all freedoms. The average hip lateral impact veloci-
ty of 2 m/s was applied to the model and the time for simulation analysis was set at 20 ms. The stress and strain
distribution on the pelvis-femur complex were obtained by the 3D FE calculation and analysis. Results On the
contact surface, the peak impact load reached to 7 656 N at 13 ms, while the maximum Von Mises stress on the
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soft tissue was 2.64 MPa. Simultaneously, the peak Von Mises stress of 142. 64 MPa on the cortical bone oc-
curred in the region of pubic symphysis, which was approximate to the yield stress on the cancellous bone. The
Von Mises stress level was higher in the region of the femur neck and greater trochanter. At 13 ms, the peak Von
Mises stress on the cortical bone of the femur neck was 76. 49 MPa and that on the cancellous bone was 8. 44
MPa with the peak compressive principal strain being 0.94% . The peak Von Mises stress on the cancellous bone
of greater trochanter was 8. 50 MPa, while the peak compressive principal strain was 0. 93%. Conclusions
Bone fractures of the pelvis-femur complex tend to occur in the region of the femur neck, greater trochanter and
pubic symphysis under deceleration impacts during sideways falls.
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Fig.1 Geometric model of the pelvis

HR 4 i 48 57 1 JLAR] 578, {E HperMesh 10. 0 Ho
Fa AT BRI ORI ki 16 A5 0 BB Sk AT
BB AL FE, IR 2 PR

2 BREM=HFRITKEE

Fig.2 3D finite element model of the pelvis
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Fig.4 Von Mises stress distribution on the cortical bone of the
pelvis-femur complex at 13 ms
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