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Thesis Summary

Human voluntary movements are provided when motor commands from the motor area in the cerebral
cortex activate spinal motoneurons and cause muscle contractions. It is well known that a characteristic
oscillation of 15-30 Hz (beta-band) is observed in the electroencephalogram (EEG) over the motor cortex
and electromyogram (EMG) recorded from contralateral contracting muscle during isometric contraction.
Such a correlated activity, named corticomuscular coherence (CMC), has been considered to reflect not only
the efferent signal flow from the cortex to the muscle, but also the afferent feedback from muscle spindles to
the cortex. CMC is therefore a possible physiological sign of the integrated sensori-motor activities.

It has been reported that CMC magnitude is changed by various factors such as motor learning, sports
experiences, attention and ages. In addition, there are individual differences in CMC among healthy young
adults; the greater the CMC magnitude, the more remarkable beta-oscillations are observed in EEG and
EMG. Such differences of neural activities in the corticospinal system are supposed to be associated with
motor function. In this research, the behavioral impacts of CMC and the neural circuitry behind CMC
phenomenon were clarified.

Chapter 1 is an introduction. First, the nervous system related to the voluntary movement and the
previous findings concerning CMC were summarized, and its functional meaning was outlined. Second, the
potential influences that CMC and beta-oscillation in the corticospinal system have on the motor function
were explained. Third, the neural circuits in cortex and spinal cord considered to be involved in generation of
beta-oscillation and its assessment were explained. Finally, the purpose and importance of this research were
described.

In Chapter 2, the influence of CMC on motor function was investigated by kinesiological approach
using reaction time task. Fifteen healthy adults were instructed to perform ballistic contraction in response to
the auditory stimulus from maintaining constant contraction level. As a result, there was no significant
relationship between CMC magnitudes and reaction time among the participants. However, the obtained
EEG and EMG showed that the beta oscillatory activities were changing from moment to moment within the
same participants. As a result of classifying each trial based on beta-band muscle activity before reaction,
reaction times were significantly longer in the trial group with stronger CMC. This suggested that CMC
prolongs the initiation of new movement.

In Chapter 3, cortical and spinal circuits, which can be involved in CMC, were quantified by two
electrophysiological approaches. In the experiment of transcranial magnetic stimulation, 11 healthy adults
were recruited, and intracortical inhibition (ICI) was evaluated from motor evoked potentials induced by
paired stimulation during isometric abduction of index finger. Although there was no significant correlation
between ICI and the CMC magnitude among individuals, a significant correlation was observed between ICI
and cortical beta-oscillation. This finding means that although ICI is involved in the generation of cortical
beta rhythm, the oscillation is not necessarily transmitted to the muscles through the corticospinal tract. In
the next experiment, 12 healthy adults were recruited, and recurrent inhibition (RI) in the spinal cord was
evaluated from H-reflexes induced by paired peripheral nerve electrical stimulation during isometric
contraction of soleus muscle. As a result, significant correlation was obtained between Rl and CMC. This
result means that the stronger the RI, the smaller the CMC. These finding suggested that the beta-oscillation
descended from the cortex was weakened by RI in the spinal cord and transmitted to the contracting muscle.

Chapter 4 is conclusions. The results of this research are summarized, and their importance and future
prospects are described.
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