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A study on the motor control mechanism of bilateral lower limb coordination during
pedaling exercise based on muscle synergy theory
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Much research has been done to clarify the sport—specific skills of athletes aiming to
transfer their skills to others by formulating explicit knowledge. In the field of




competitive cycling, pedaling skills need the bilateral muscle coordination of the
lower extremities, that is key to achieve high—efficiency pedaling motion with
reducing non—traumatic injuries due to localized muscle fatigue. However, most of
the researches that investigated the pedaling strategy under the assumption of that
both legs move symmetrically. A few researches support the symmetry of muscular
active mass in lower limb, however, none of them examined its mechanisms. Thus,
this study aims to understand the motor control mechanism of inter lower limb
coordination during pedaling exercise based on muscle synergy theory. In specific,
this study investigates bilateral muscle coordination that evenly distributing muscle
fatigue. This methodology consists of several steps. First, the surface
electromyography (SEMG) of both leg muscles were measured to quantify the muscle
activities under the experimental conditions simulating a competitive cycling
environment. Second, the time—frequency component of sSEMG that integrates the
physiological characteristics of muscles in the both legs were extracted by using
wavelet transform. Then, the muscle synergies were obtained from the wavelet power
spectrums via dimensionally reducing algorithms; principal component analysis and
non—negative matrix factorization, and it showed neuromotor mechanism of the
bilateral muscle coordination. The results of this study clarified that the pedaling
motion was accomplished by the asymmetric cooperation of the both legs. The
switching of pedaling motion was also confirmed at every pedaling phases, in order to
adapt to the change of cadence and muscular fatigue. The research outcomes
suggested that the switching of pedaling motion between legs could contribute to
alleviate localized muscle fatigue and maintain muscle coordination in a high
cadence, which represented pedaling skills. This doctoral dissertation consists of five
chapters. The first chapter briefly describes background, purpose, and structure of
this study. The theoretical part of redundancy problem in musculoskeletal system
introduces the neuromotor mechanisms of human’s dexterity as motor skills. The
second chapter shows the bilateral muscle coordination based on muscle synergy to
validate the hypothesis that both legs move symmetrically. The third chapter
investigates the effect of the change of cadence on inter lower limb coordination and
clarifies the pedaling strategy. The fourth chapter describes compensatory muscle
coordination to understand the switching of pedaling motion between legs. The final
chapter provides the main findings and contribution of this dissertation.
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