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Development of a Finite Element Model for the Pedestrian Lower Limb
— Development and Validation of Bone Models —
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ABSTRACT

A finite element model for long bones of the human
lower limb that accurately reflects their anatomical
structure has been developed. The average values of the
mechanical properties of the bones as well as their strain
rate dependency were determined from an extensive
survey of the literature and were reflected in the model.
The model has been validated against published quasi-
static and dynamic 3-point bending test results,
confirming that it accurately predicts the peak impact
force. In addition, it was found that the strain rate
dependency of the mechanical properties has a
significant effect on the accuracy of peak force
prediction.
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Fig. 1 Distribution of AIS2+ pedestrian injuries by
body region (Source : PCDS database)
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Fig. 2 Distribution of AlS2+ lower limb injuries by
injury type (Source: PCDS database)
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Fig. 4 Typical stress-strain curves for bone and parameters specified in the model
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Fig. 5 Tensile and compressive property of femoral cortical bone as a function of age
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Table 1  Difference in mechanical property of cortical
bone between femur and tibia (age 20-89,
average)

Mechanical property Femur Tibia Ratio
Elastic modulus (MPa) 16843 23843 1.42
Yield stress (MPa) 114 129 1.13
Ultimate stress (MPa) 132 157 1.19
Ultimate strain (%) 2.8 3.1 1.09
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Fig. 7 Mechanical property of trabecular bone for femoral head and other region
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Table 2 Mechanical property of bones used in the model for quasi-static validation (for age 20-39, average)

) Elastic Yield Yield Poisson’ Ultimate Ultimate
Material Name Densgy modulus stress strain O'Sf.o S| stress strain
(kg/m) | (MPa) (MPa) (%) ratio (MPa) (%)
Femur cortical 1850 14317 1141 0.80 0.315 123.3 2.0
Tibia cortical 1850 20033 129.0 0.63 0.315 138.1 15
Fibula cortical 1850 17406 103.2 0.59 0.315 107.0 0.9
Trabecular 600 295 3.7 1.25 0.315 3.7 13.4
Femoral head trabecular 600 792 9.1 1.15 0.315 9.1 13.4
Femur Tibia Fibula
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Fig. 15 Comparison of load-deflection response of bone in quasi-static 3-point bending
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Table 3 Test results of dynamic 3-point bending

Speci Impact plane Age Peak force
pecimen pactp (Average) n (kN)
L-M 71.0yr 21 | 5.48 (SD 1.17)
Femur
A-P 69.2yr 50 | 5.70 (SD 0.46)
L-M 74.3yr 33 | 4.07 (SD 1.22)
Tibia
A-P 69.9yr 95 | 4.85 (SD 2.08)
Fibula L-M 72.5yr 21 | 0.57 (SD 0.28)

* A-P : Anterior to Posterior / L-M : Lateral to Medial
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