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I Building a clinical research platform for upper-extremity multi-joint compound movement recovery

1) We conducted a case series study of a brain-machine interface (BMI) intervention that supports
upper extremity (U/E) elevation movement (shoulder flexion movement) via an exoskeleton robotic
device. A high-density electroencephalogram (EEG) was recorded over the scalp in chronic post-stroke
survivors with hemiplegia, and motor-related responses following attempted U/E elevation were
detected. We targeted cortical region X, which is known as an origin of compensatory motor pathways,
and we monitored its excitation level in real-time. A somatosensory stimulus, a combination of
neuromuscular electrical stimulation to the prime mover and exoskeleton robotic action of U/E
elevation, was only given if the excitation level of cortical region X reached the pre-determined
threshold. A total of n participants were assigned to this study, and we conducted daily T-hour BMI
training over D days with these participants. Data suggested both electrophysiological and
kinesiological improvements as follows: focal facilitation of motor-related cortical responses on EEG,
increased electromyographic signaling of a prime mover in U/E elevation movement, and
improvement of a clinical motor assessment score (Fugl-Meyer Score) beyond the minimally clinical
important difference. With proper risk management, we safely conducted all experiments without any
incidents. With this experience, we achieved proof-of-concept of target-specific neural conditioning by
BMI, its clinical relevance, and safety.

2) We have tried to find a possible EEG biomarker that predicts BMI efficacy in motor recovery, but
no statistically relevant components have been found so far. Further study will be needed over the

next year.



3) As for a reaching assessment scale (RAS) developed for patients with hemiparetic stroke, we
prepared evaluation manuals and conducted training for evaluators. Three synergies that are
particularly related to the Fugl-Meyer score were extracted as indicators representing the
characteristics of the reach movement of hemiplegic patients.

4) The exoskeleton robotic device for BMI intervention was designed to be clinically relevant. We first
identified two main risk factors (dislocation of shoulders and impingement of musculo-tendon organs),
and the following three mechanisms were embedded into the devices: (1) loose-coupling attachment
to the paralyzed limb; (2) memory-and-play of therapist’s manual assistance of U/E elevation
movement; and (3) pneumonic actuation of the robot that smoothly adjusts its driving force to the
time-varying impedance of spastic shoulders. The designed prototype was used in the clinical
environment, and we confirmed its relevance and safety in both healthy individuals and post-stroke
hemiplegic patients.

5) Neuroimaging assessment of BMI efficacy on structural and functional neural plasticity was
conducted as a case series study. Compared to the control group, we found a significant increase of
tissue density in several motor-related brain regions on voxel-based morphometry. Resting-state
functional connectivity also showed significant strengthening of sensory-motor connectivity after BMI

intervention. These results support the neurophysiological relevance of BMI intervention.

II Building a clinical research platform for a locomotor function recovery project

1) We simultaneously monitored the electroencephalogram during walking and the electromyogram
during movement. It was found that the walking cycle can be estimated from the ignition timing of
the electromyogram on the foot of the healthy side.

2) Three healthy volunteers and two stroke patients were fitted with an exoskeleton robot, and a
balance control experiment was conducted to show that the tibialis anterior and gastrocnemius
muscles interlocked with the measured values of load transfer.

3) Voluntary contraction (VC) could modulate the plastic changes in spinal reciprocal inhibition
induced by patterned electrical stimulation (PES) in 12 post-stroke patients with hemiparesis. PES
combined with VC has the potential to modulate impaired reciprocal inhibition, and it may facilitate

functional recovery and improve locomotion after central nervous system lesions.

ITI Integrative promotion of the entire project

We facilitated sharing and exchanging results and know-how on the research project among
researchers through e-mail and cloud services. Regular internal meetings were also organized for this
purpose. Regarding the bioethics of this research, we understood and handled the present situations

and improved the management policy through peer review and regular activity monitoring.
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