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Abstract

Stroke is the leading cause of disability worldwide, and motor paralysis with one side of the body,
called hemiplegia, is main disabilities associated with stroke. However, many stroke survivors do not
qualify for existing rehabilitation, as it requires remaining residual muscle activity. Recent advance in
neurotechnology led to increase interest in brain-computer interface (BCI) that translates brain
activity into control signal of computer as a tool for rehabilitation in patients with severe hemiplegia.

This type of BCI often exploits mu and beta (7—26 Hz) oscillations in scalp electroencephalogram
(EEG) recorded over the primary motor cortex (M1). The amplitude of these oscillations typically
decreases during actual movements, as well as during motor imagery. As a general rule of thumb,
this motor-related EEG pattern, referred to as event-related desynchronization (ERD), is believed to
represent increased activation of the M1, while its physiological characterization related to the neural
excitability remains unclear. Furthermore, though higher motor cortices converge on the M1, which
executes motor commands by transmitting them to the spinal motoneurons and muscles, effects of
activations in the higher motor cortices and motor imagery accompanied by ERD over M1 on the
excitability of spinal motoneurons have not been examined. In the area of rehabilitation engineering,
clarifying a relationship between EEG features and the actual neural activity is an urgent issue for
enhancing the efficacy of motor recovery by the BCI. Thus, the goal of this dissertation was to
empirically reveal an association of ERD during motor imagery with the excitabilities of M1 and
spinal motoneurons and to provide fundamental knowledge for establishing the technical principle of
BCI rehabilitation.

Chapter 1 presents an overview of central nervous system involving actual movement and motor
imagery. Assessment methods of the corticospinal excitability were also illustrated. Finally, previous
studies related to ERD and neural excitability are summarized, and the purpose of this dissertation is
introduced.

Chapter 2 presents a study on relationship between M1 excitability and ERD recorded over the
M1. To examine the M1 excitability at a fixed magnitude of ERD, magnetic stimulation to the M1
was applied when ERD exceeded the predetermined threshold during motor imagery. The result
suggests that motor imagery accompanied by ERD led a significant downregulation of inhibitory
interneuron in M1, and ERD over the M1 reflects M1 excitability of agonist muscles regardless of
whether they are extensor or flexor.

Chapter 3 presents a study on relationship between ERD and spinal motoneuronal excitability.
Peripheral nerve stimulation that can examine the spinal excitability was applied at a fixed magnitude
of ERD during motor imagery. The result showed that the spinal motoneuron excitability positively
correlated to ERD over the M 1. Furthermore, comparison of the difference in the ERD topography
between the conditions of higher and lower spinal excitability suggested that the activities of both the
M1 and higher motor cortices would contribute for increasing the spinal excitability by motor
imagery.

Chapter 4 is the conclusion. The findings of this dissertation were summarized and the future
perspective was given.
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