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Thesis Summary

Information processing among multiple neural regions play a critical role to achieve human fine motor skills
by coordinating muscle output. The corticospinal tract, a neural pathway for voluntary muscle output,
originates in the somatosensory motor cortex (SM1) and reaches muscles. One of the neural mechanisms
involved in the control of SM1 excitability is interhemispheric inhibition. However, it is not clear how the
interhemispheric interaction is spatiotemporally involved in voluntary movements under naturalistic
conditions.

Scalp electroencephalograms (EEG) acquired from electrodes around SM1 contains sensorimotor rhythm,
a component that reflects SM1 excitability. Here, the author investigated the spatiotemporal representation of
human sensorimotor control in macroscopic neural rhythms during the execution of upper limb movements
using a high-density scalp EEG.

Chapter 1 is an introduction section. First, behavioral methods for investigating human motor control and
adaptation are outlined. Next, the neural substrates associated with sensorimotor control are described and
the neural representation of motor information they exhibit are discussed. Finally, previous findings on
neural oscillations reflecting the activity of macroscopic neuronal populations and the purpose of this study
are described.

In Chapter 2, we measured EEG signals and voluntary electromyograms during an exercise task in 19
healthy adults using a high-density scalp electroencephalograph to estimate muscle contraction patterns from
scalp EEG signals. By analyzing the machine-learning classifier trained on the scalp EEG measured during
exercise, we found that SM1 in the contralateral hemisphere to the motor hand contributed to detection of the
presence of movement, and those in the ipsilateral contributed to the estimation of the content of the
movement.

In Chapter 3, to verify that sensorimotor rhythms reflect neural information about interhemispheric
interactions, we examined the relationship between pre-movement sensorimotor interaction and motor
performance in 62 healthy adults while performing an antiphase bimanual finger-tapping task. First, we
tested whether interhemispheric phase synchrony prior to movement is related to motor performance. We
found that pre-movement phase synchrony of sensorimotor rhythms was negatively correlated with the
duration of an anti-phase bimanual finger-tapping task.

Chapter 4 is the conclusion. It summarizes the results and limitation of this study and describes future

prospects and challenges.




