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Development and Validation of the Finite Element Model of the Human Lower Extremity

Katsuya Furusu, Atsutaka Tamura, Masami lwamoto
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Abstract

In order to analyze the human properties for impacts, authors are devel oping the finite element (FE) model of the whole human body. In
this report, the FE model of the lower extremity was developed and validated to analyze the impact responses of the lower extremities.
Furthermore, the injury mechanism of the lower leg was investigated using thismodel. The results are as follows: 1) The FE model of the
lower extremity was found to have good agreement with experiments, and 2) In case of toe impact, the results acquired from the simulations
could explain one of the injury mechanismsin actual front impact situations.

Finite Element method (FEM), Human body, Bone, Leg, Ankle, Dorsiflexion
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Fig. 1  Finite element model of lower leg, ankle, and foot.
(4606 elements, 3628 nodes)

Table 1 Material properties of FE model of leg, ankle, and

foot.
Young's . 3 . . Ultimate
Modulus Poéiiog s [Ege/nr:g] TT;I;:]]]&R; Stress
[MPe] [MPe]
Tibia

(Cortical) 17,700 0.30 2000 1.0-20 140

((:F(')f’tﬁ"cz) 17,700 | 030 | 2000 | 1.0-15| 146

Talus

(Cortioa) | 15000 | 030 | 2000 10

Other bone | (rigid)

Spongy
bone 203 045 | 1000 118

Achilles

tendon | 196-980| 022 | 1100

Ligaments 300 0.22 1100 20

X,Z Free

Achilles Tendon

Calcaneus

Shaft

Fig. 2  Simulation set-up for quasi-static dorsiflexion.
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Fig. 3  Comparison of moment vs. angle response of ankle
CR between experiment and simulation.
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Fig. 4 Simulation set-up for toe impact.
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Fig. 5 Comparison of dynamic responses of axial force and
bending moment between experiment and simulation

at tibial midshaft.
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Fig. 6  Influence of the impactor initial velocities.

11

oooobooboobooboobooboobooooo
oboobooboobooboobooooboooaon
oobooboooboobooobooboooobooooo
OO4m/sDO006msO00000O000O00 (140Mpa) O
oOoooooooooooooorroooooooon
ooboobooobooboobooboobooboboooboon
oobboooooobooobooboboooooo

Fig. 70 0000000D06m/sOOO0O0O00OOODOO
obooboooboobooboobooboobooooon
oooOoO0ooOo0o0OO0O00O0rg. 7000O0O0C0ODOOC
ooboobooooobooobooboooboobooogoon
oooobooooboobooboooooboobooogoon
oobooboobooboobooboobooboobooon
oobooboooobooboobooboobooogn
oobooboooboobooboobooooboooogon
oobooboooboobooboobooboobooooon
ooooOo0ooooooOoO0oo0Ob0O0O0OFrg. 80O0D00O
ooooooobooooo30cooooogooaon
Schreiber0 000000000 OOOOOOOOOODO

3107 : :
toe impact (6mls)3

------

Stress (Pa)
8\!

. Compression

3107 oo e N gl
7 |- stress{anterior) |
-410° R T S
—stress(posterior)
5 107 i i i
0 0.005 0.01 0.015 0.02
Time (sec)

Fig. 7 Time history of cortical bone stresses at tibial

midshaft.
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Fig. 8  Schematic lower leg deformation after toe impact.
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Fig. 9 Hypothesisfor the tibiainjury mechanism.
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