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Abstract

Severe motor disabilities due to neurological disorders such as stoke or spinal cord injury cause difficulty
of expressing patient’s intentions for external world. Brain-computer interfaces (BCls) can provide alternative
communication and control solutions to individuals with such severe motor disabilities. The BCls extract
human intentions from electroencephalogram (EEG) independently from the status of physiological output
pathways to peripheral nerves and muscles.

However, it is still difficult to realize practical BCI because a number of inefficiencies arise from the lack
of physiological points of view; the generation mechanism of EEG, difference among individuals in EEG, and
the plastic change in brain activity after long-term use of BCI. The purposes of the present dissertation are
therefore two: (1) to clarify physiological mechanisms for generating beta rhythms in EEG, which is frequently
used in BCI technology and (2) to measure the effect of BCI training for brain activity in a subject with severe
motor disabilities.

In Chapter 1, the neural basis underlying EEG changes and types of EEG used in the previous BCI studies
were reviewed. BCI technologies often use changes in the amplitude of EEG signals during motor imagery or
motor execution. For examples, hand motor imagery (grasping or pinching imagery) results in amplitude
reduction of EEG signals in the 8-13 Hz frequency range, mu rhythms, recorded from hand area in somatic
sensorimotor cortex (mu ERD), and foot motor imagery (dorsal or plantar flexion imagery) produces
enhancement of EEG signals in the 18-30 Hz frequency range, beta rhythms, recorded from hand area in
somatic sensorimotor cortex (beta ERS).

In Chapter 2, we investigated the physiological mechanism of beta ERS. It is know that beta rhythms
observed during motor execution shows synchrony with electrical muscle activity (EMG) in contracting
skeletal muscles. In our experiment, EEG and EMG in a tibialis anterior muscle, a dorsiflexor in lower limb,
were simultaneously recorded during motor imagery and motor execution tasks of right foot dorsal flexion, and
coherence function between EEG and EMG signals was calculated to determine the degree of cortico-muscular
coherence. As a result, we observed significant correlation between the cortico-muscular coherence and the
amount of beta ERS both during motor execution and during motor imagery. This result suggests that the same
neural basis is shared in both motor execution and motor imagery, and actual motor related activity in the
central nervous system is involved for generating beta ERS in BCL

Considering the results of Chapter 2 and previous studies in field of motor learning, appropriate BCI
training can produce plastic changes in brain activity involved in beta ERS generation even in the subject who
have low beta ERS. Therefore, the effect of BCI training in a subject with severe muscular dystrophy was
investigated in Chapter 3. The BCI system was originally designed for detecting hand or feet motor imagery.
Through long-term BCI training over 5 months, the subject enhanced beta ERS 150% comparing to the one
before the training. Following this enhancement, control accuracy of the BCI was improved and the subject
successfully controlled his character in virtual world using only his intention.

As mentioned above, this dissertation clarified that the neural activity related to motor functions could be
changed in plasticity by long-term use for BCI, and besides, it shows that BCI originally developed was
effective for persons with motor disabilities as an alternative operation method for an external device. These
findings show the possibility that BCI can be used as not only substitution of motor function but also a tool for
neurological rehabilitation.




