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Abstract

A study of the influence of walking speed on kinematics of the
joints of the foot and on dynamics of the plantar aponeurosis

Paolo Caravaggi, PREMOG, School of Biomedical Sciences
University of Liverpool

This study addresses the main modifications occurring in the internal kinematics
of the foot during walking at different speeds, paying particular attention to the
medial longitudinal arch and its morphological support mechanisms such as that
provided by the plantar aponeurosis. Stereophotogrammetry was employed to
track the movement of fifteen surface markers placed on bony landmarks on the
leg and foot of ten subjects. The combination of force plate data and 3D marker
motion allowed measurement of the ground reaction forces and assessment of
speed-dependence characteristics of the timings of the main events of gait. A
subject-specific 3D inverse kinematic model of the windlass mechanism was
proposed and implemented, which allowed estimation of the dynamics of the
plantar aponeurosis during the stance phase of gait; the key role of this
structure in supporting the medial longitudinal arch is, in fact, widely recognized.
Modelling the windlass mechanism required estimation of the location and
orientation of ideal monoaxial hinge joints best replicating the kinematic
constraints, due to the metatarsophalangeal joints (MTPJs), between the
metatarsus and the five toes during stance. The combination of inverse
kinematics and design optimization approaches employed to establish those
axes revealed a common kinematic pattern for the two most medial MTPJs.
Model geometry was built according to the dimensions measured through
sonography and manual biometry performed on the feet of three subjects.

Increase of rotation in the saggital plane at both the midtarsal and
tarsometatarsal joints contributed to medial arch deformation by absorbing the
higher vertical forces acting on the foot at increasing walking speed, the former
making the larger contribution. Medial arch deformation was reflected in higher
tension and preloading in the plantar aponeurosis, confirming the role of this
structure in medial arch stabilization. The dynamic model predicts that a
combination of lateral to medial increase in dorsoventral radius of the
metatarsal heads, on the one hand, and lateral to medial increase in MTPJ
dorsiflexion during stance, on the other, will result in tension in the five slips of
the plantar aponeurosis also increasing progressively from the most lateral to
most medial slip. The study thus provides quantification of the spatial-dynamic
characteristics of medial arch support contributed by this passive quasi-elastic
structure, the plantar aponeurosis, during the stance phase in walking.

Analysis of inter-segmental range of motion confirmed the inference from
previous pedobarographic studies that the foot becomes stiffer with increasing
walking speed. It is suggested that a stiffer foot may benefit propulsion by
enhancing force transmission to the ground.

Adaptation of the foot to increased walking speed does indeed occur and is
reflected in significant modifications of the internal kinematics of the foot, mainly
in the saggital plane, and in the temporal profile of tension and elongation of the
plantar aponeurosis.
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