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Biomechanical analysis of plantar pressure of heel pain based on 3D
knee-ankle-foot finite element model

ZHANG Hao-wei, SUN Yang-yang, LIU Ying, LI Lei(College of Medical Instrument and Food
Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: Objective To investigate the effects of insole parameter changes on biomechanical mechanism of heel
pain by finite element methods. Methods The 3D finite element model of foot, crus bones, gastrocnemius mus-
cle and knee joint was reconstructed based on CT images. The plantar pressure distribution and peak pressure
were calculated by changing the shape, thickness and hardness of the insole. Results The distribution of plantar
pressure calculated by the finite element model was generally consistent with that measured by the pressure
plate, and the values were very close. Compared with the barefoot standing, the peak pressure of the heel was
decreased by 20.5% , 59.2% and 38.4% , and that of the metatarsal head was decreased by 9.9% , 18.1% and
46.7% , with flat insole, half-contact insole and full-contact insole, respectively. For patients with heel pain, the
pressure peak of the heel and the metatarsal head at plantar surface decreased with the conventional thickness of
insole increasing and the hardness of insole decreasing. Conclusions The changes in insole parameters have a
significant influence on the plantar pressure distribution. Finite element analysis can contribute to discovering the
etiology and pathology of heel pain, so as to provide the theoretical basis for clinical treatment.
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Fig.1 3D FE model of the knee-ankle-foot of the patient with heel

pain  (a) Intact FE model of the knee-ankle-foot, (b) FE
model of the knee joint, (c¢) FE model of the ankle joint, foot,

insole and ground
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Fig.3 Plantar pressure distributions (a) By TPScan measurement,
(b) By FE simulation
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Fig.4 FE models of insoles with different shapes (a) Flat insole,

(b) Half-contact insole, (c¢) Full-contact insole
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Fig. 5 Plantar pressure distributions on insoles with different
shapes (a) Flat insole, (b) Half-contact insole, (c¢) Full-

contact insole
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