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Human foot three-dimensional finite element of modeling and its
biomechanical applications

ZHANG Ming?, CHEUNG Jason T.M.%, YU Jia?, FAN Yu-bo. (1.Department of Health Technology and Informatics,
The Hong Kong Polytechnic University, Hong Kong, China; 2.Department of Bioengineering, Beihang
University, Beijing 100087, China)

Abstract: Objective To develop a three-dimensional (3D) comprehensive finite element (FE) foot model for studying
the biomechanical effects of different parametrical designs with various foot orthoses, soft tissue stiffness and loading
conditions. Methods Based on the accurate anatomical structures including the encapsulated soft tissue, ligaments
and plantar fascia, and taking the nonlinear properties of material and foot contacting into consideration, a 3D FE mode of
foot was developed. The reliability and validity of the FE model to quantify the biomechanical response of the foot and
ankle under different simulated pathological, surgical and orthotic conditions were investigated. Results The FE
analysis showed that such a custom-molded shape was more important for relieving of the plantar peak pressure than
the stiffness of orthotic material as far as the design is concerned. Increasing soft tissue stiffness would lead to
decrease the total contact area of the foot-support interface and then make the increases in plantar peak pressure of the
bony prominences. Either reducing the stiffness of plantar fascia or surgical releases of the partial or the entire plantar
fascia could decrease the arch height, increasing the strains of the plantar ligaments and intensifying the stresses in the
midfoot and metatarsal bones. The FE predictions showed that both the increase of weight on the foot and achilles
tendon loading resulted in an increase in tension of the plantar fascia with the latter showing a two-times larger straining
effect. Conclusion The established FE model, which allowed prediction of plantar pressure distributions as well as
the internal stress and strain of the bony and soft tissue structures, can be an effective tool to study different clinical
questions and for footwear design.
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Fig. 1 (a) Surface model and (b) FE meshes of the
encapsulated soft tissue and bony structures
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Fig. 2 The attachment points of the plantar fascia, spring
ligaments, long and short plantar ligaments of the FE model
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Fig. 3 Procedures for creating the foot orthosis model
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Tab 1 Material properties and element types defined in the FE model

ok LUSTve Spit] W IR FELVN=A HRIAR
E (MPa) v (mm?)

HHE 3D-Tetrahedra 7,300 0.3

AR 3D-Tetrahedra Hyperelastic

WE 3D-Tetrahedra 1 0.4 -

B Tension-only Truss 260 - 18.4

JELJER Bk J5E Tension-only Truss 350 - 58.6

E ol 3D-Brick Hyperfoam

i I S 4 3D-Brick 17,000 0.1
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Tab. 2 The coefficients of the hyperelastic material model used for the

encapsulated soft tissue

Cup Ca Cx Cu Ce D, D,
0.08556  -0.05841  0.03900 -0.0231  0.00851 3.65273  0.00000
R3 HEMERMBRERE
Tab. 3 The coefficients of the hyperfoam material model used for orthotic materials
B R H H (2 [22) B B
Poron_L24 0.213 -0.062 10.3 -3.349 0.32 0.32
Poron_L32 -0.337 -0.087 7.272 -2.391 0.32 0.32
Nora_SLW 0.975 -0.291 8.87 -2.884 0.32 0.32
Nora_SL 1.037 -0.304 7.181 -2.348 0.32 0.32
Nora_AL 8.874 -7.827 2.028 1.345 0.32 0.32
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Fig. 5 (a) The FE model for simulating the foot-support interface and (b) the FE predicted plantar
pressure distributions in contact with flat and arch-supporting foot orthoses
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Fig. 6 Loading and boundary conditions for simulating the physiological loading on the foot
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