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Abstract: Based on the computed tomography (CT) images of volunteers’ lower limbs which meet the characteristic of 50
percentile male in China, a finite element model of lower limb long bones was established, and the experimental reconstruc-
tion was carried out to validate the effectiveness of the model with reference to the dynamic three-point bending test of ca-
daver long bones in this current study. Based on the developed model, the effects of geometric length, long bone type, and
whether bone marrow is considered in modeling on the biomechanical response of long bones were studied. The results
showed that compared with the long bones of the lower limbs of the 5th percentile female, the long bones of the 50th per-
centile male were found to have stronger toughness when impacted. At the same time, the two ends of the long bone are
wider than the central part for long bones, and the cross section of the middle part of the long bone is similar to a triangle,
stress concentration occurred when it was impacted. Therefore, the two ends of the long bone had stronger impact resistance
than the central part, and the femur had better impact resistance and the highest strength than the tibia. Compared with the
solid structure femoral model with cancellous bone filling in the marrow cavity, the hollow structure femoral model had
weaker impact resistance, but the femur had better toughness. In the future model construction process, the influence of bone
marrow on the biomechanical response of long bones needs to be considered.
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Fig. 1 MS50-P finite element model of long bone of lower
limb
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Fig. 2 FO05-P finite element model of long bone of lower limb
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Fig. 3 Simulation test setup of dynamic three-point
bending of long bones
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Fig. 4 Finite element model of femur with bone marrow
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Fig. 5 Simulation test results of three-point bending of

femoral center and tibial center
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Fig. 6 Contact force-displacement curve of three-point
bending simulation test of femur
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Fig. 8 Contact force-displacement curve of three-point bending simulation test of fibula
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Fig. 9 Stress-time curve of three-point bending simulation test of femur
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Fig. 10 Stress-time curve of three-point bending simulation test of tibia
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Fig. 11 Stress-time curve of three-point bending simulation test of fibula
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