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This project revealed the potential neuromodulation effect and efficacy of the Near-Infrared Spectroscopy mediated
Neurofeedback system (NIRS-NFB) for the gait and balance impairment in neurological patients.

First, we investigated the effect of the supplementary motor area (SMA) facilitation by NIRS-NFB in healthy
subjects. All the participants received two NIRS-NFB sessions with more than one-week interval. Two sessions
including Real feedback session, in which they were provided their own cortical activity information, and Sham
feedback session, in which they were provided information irrelevant with their own cortical activity. Just before and
after each neurofeedback sessions, participants were assessed their hand dexterity and balance ability. We found
significant increase of the SMA activation only after Real condition and only balance measure showed significant
interaction between condition and time. These findings suggested the therapeutic potential for the balance disorder
in neurological patients. Accordingly, we conducted the small randomized controlled trials investigating the
therapeutic effect of the NIRS-NFB on the gait and balance impairment in neurological diseases including stroke,
cerebellar degeneration, and Parkinson’s disease (PD). In stroke patients, combined with intentional rehabilitative
intervention up to 180 min /day, 6 sessions of motor imagery based SMA facilitation by NIRS-NFB revealed more
improvement of the gait and balance ability in Real neurofeedback group with significant interaction between group
and time. Motor imagery related SMA activation was also increased with significant correlation between SMA
activation change and balance improvement. In randomized controlled study for cerebellar degeneration combining
the intensive rehabilitation and motor imagery based SMA facilitation, we also found similar result revealing the
more gait improvement with significant interaction between group and time. These findings confirmed the therapeutic
potential of the SMA facilitation by NIRS-NFB for the balance impairment after neurological diseases.

We also investigated the potential biomarker for the gait impairment in PD. Using diffusion tensor MR imaging
technique, we found the significant correlation between Fractional anisotropy (FA) values and freezing of gait
severity in the dorsal pontine tegmental area. We also found that the resting state functional connectivity between
premotor area and dorsal tegmental area correlate negatively with freezing severity suggesting the compensative role
of the cortical projection.

In addition to the diffusion tensor imaging, we also evaluate the neural degeneration and iron deposition state of
substantia nigra using neuromelanine imaging as well as QSM imaging. We compared the QSM and neuromelanin
imaging result between healthy age-matched subject and PD patients, and revealed significant neuromelanin derived
signal reduction and significant iron derived QSM signal increase in PD patients. These finding suggest the potential

usefulness of these imaging technique as a biomarker for the neurodegenerative process in PD patients.
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