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Abstract

The human foot is a complex musculoskeletal structure that mechanically interacts with the
ground during locomotion. Therefore, deformation characteristics of the human foot are
anticipated to be functionally adapted to generation of bipedal locomotion. However, how the
bones constituting the foot translate and rotate and the soft tissue surrounding the bones deforms
when the foot is in contact with the ground still remains unclear due to difficulties associated
with the measurements. The aim of the present study is to clarify three-dimensional (3D)
deformation characteristics of the human foot by means of a bi-plane X-ray fluoroscopy and a
digital image correlation (DIC) method using high-speed cameras.

Chapter 1 introduces the background and the aim of this study.

Chapter 2 describes the bi-planar X-ray fluoroscopic system and an automatic model-based
registration method for direct measurement of the foot skeletal movement. 3D surface models of
foot bones were registered to fluoroscopic images such as to maximize similarity measures to
quantify 3D movements of the foot bones in motion.

Chapter 3 presents the 3D kinematics of the cadaver foot bones under the axial loading
quantified using the X-ray system. We found that the talus was medioinferiorly translated and
adducted as the calcaneus was everted due to axial loading. Furthermore, as the talus is adducted,
the talar head moves medially with respect to the navicular, inducing abduction of the
metatarsals. This characteristic coupling movement of the foot bones possibly contributes to
balance the moment actions to the body around the vertical axis during walking.

Chapters 4 and 5 describe measurements of temporal changes in 3D shape and surface strain
distribution of the foot during walking using 3D DIC. We described some characteristic
deformations occurring the human foot during walking. Information on how foot skin is
stretched during walking can be used for early diagnosis and treatment of foot disorders.

Chapter 6 presents the results of simultaneous measurements of the foot deformation under axial
loading using the two systems. Foot surface strain distribution was observed to be generally
correlated to movements of the foot bones under the skin, indicating that the surface deformation
measurement based on DIC might possibly be used to infer foot bone movements under the skin
non-invasively for clinical applications.

Chapter 7 summarizes the 3D deformation characteristics of the human foot elucidated by the
present study and discusses some limitations and future directions.

Chapter 8 is the conclusion of the present study.
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