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Measurements of foot motion in shoe using multi-segment model of foot
and insole formed pressure measuring system

Fumiya NARIGASAWA™, Chizuru FUKUYO™, Kentaro M1ZOI" and Takeo MARUYAMA™

“I Tokyo Institute of Technology. School of Environment and Society Dept. of Social and Human Sciences
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There are many study to measure shoe motion as foot motion. However, these may not measure exact foot motion.
It is known that insole formed pressure sensors are useful to measure in-shoe foot dynamics, but relationship between
in-shoe foot kinematics and plantar pressure is unclear. The aim of this study was to examine relationship between
in-shoe foot kinematics by using multi-segment foot model defined by jig-attached cluster markers and plantar pressure.
Two males were recruited for this study. Foot kinematic variables and plantar pressures collected during static, walking
and running inserting a foot arch support insole in shoe were compared to not inserting insole condition. Foot arch
support insole reduced plantar pressure acting in medial part of foot bottom and pronation angle of each segment during
static stand position in each subject. Moreover that insole reduced pronation angle of rearfoot in subject A during
walking and running. Nevertheless, there were not so much change between subjects for hallux plantarflexion angle
during walking and running, plantar forces were changed. In conclusion, this study suggests that there is relationship
between in-shoe foot kinematics by using multi-segment foot model defined by jig-attached cluster markers and plantar
pressure.
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Figure.1 A: Cluster Marker / B: Customized footwear and cluster markers attached directly on the skin.
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Figure.2 Typical case of the time course of planter force and 5 regions of insole.
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Table.1 Supination angle of rearfoot and forefoot during stance phase
Subject | A B
Insole with without with without
Rearfoot supination (deg.) | 26.6 106 125 14.3
Forefoot supination (deg.) | 40.7 325 4538 429

Figure.3 Pressure distribution during static phase.
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Figure.4 Time course change of supination and plantarflexion angle and planter force during walking.
(Black line: Supination angle of rearfoot and forefoot and plantarflexion angle of hallux( solid line:
with insole / broken line: without insole )/ Gray line: Planter force acting on each area during ( solid
line: with insole / broken line: without insole ))
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Figure.5 Time course change of supination and plantarflexion angle and planter force during running.
(Black line: Supination angle of rearfoot and forefoot and plantarflexion angle of hallux( solid line:
with insole / broken line: without insole ) / Gray line: Planter force acting on each area during ( solid
line: with insole / broken line: without insole ))
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Figure.6 Sequential photographs of right leg of each subject during running
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