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5—3 Establish the foundation for the elucidation of neuromodulation mechanisms
focusing on the Functional reconstruction of cognitive and physical functions, and

towards clinical applications

National Center of Neurology and Psychiatry (NCNP)
Takatoshi Hara, Shinsuke Kito, Yuji Takahashi, Masaki Iwasaki, Ayano Matsui, Tomiki
Sumiyoshi, Kazuhiko Seki, Mitsunari Abe, Fumie Arie

For neurological and psychiatric disorders, a wide range of neuromodulation (NM)
techniques are being clinically applied, including transcranial magnetic stimulation
(TMS), transcranial direct current stimulation (tDCS), brain-machine interfaces (BMI),
functional electrical stimulation (FES) of peripheral nerves, electroconvulsive therapy
(ECT), deep brain stimulation (DBS) for neurological disorders, and spinal cord
stimulation (SCS). Additionally, methods that induce brain plasticity from the bottom
up, such as prism therapy and botulinum therapy, are widely used in the rehabilitation
field. While these methods have specific indications and applications set for individual
diseases, they are reported not only to improve specific disorders one-to-one but also to
have spill-over effects improving other disabilities through the process of inducing brain
plasticity. Therefore, this study focuses on the rehabilitation of cognitive and physical
functions, investigating the mechanisms of improvement and the advancement of
treatment techniques using these NM methods. Furthermore, by coordinating between
hospitals and research institutions, we aim to develop a research foundation that allows

for the seamless development and clinical application of new treatments.

1. Establishment of neuromodulation focusing on functional reconstruction for

neurological diseases

For disorders related to physical function, it is hypothesized that a greater
improvement in function can be expected by focusing on functional reconstruction of
the upper limbs and gait reconstruction, and by combining top-down NM and bottom-up
NM. However, its effectiveness has never been verified. We investigated the
establishment of rehabilitation treatment combining NM for functional impairment in
neurological diseases. In order to implement rTMS for higher brain dysfunction, we
considered ethical aspects and building an implementation system based on past
research data. We investigated the effects and tolerability of rTMS on apathy in

neurological diseases, and conducted a systematic review of past reports. According to



this study, it was shown to be effective against AD, PPA, MCI, and stroke. In the future,
it is thought that it will be necessary to demonstrate this in Japan as well, while
simultaneously measuring changes in brain activity and elucidating the effect
mechanism.

We developed an orthosis for children with a custom-made hydraulic damper to treat
gait disorders that occur after surgery for intractable epilepsy. Regarding intractable
epilepsy, rehabilitation methods for upper limb dysfunction and gait disorders due to
postoperative paralysis have not been established. We are supposed to create an orthosis
equipped with a hydraulic damper and consider its practical use depending on the case.
It was also considered necessary to compile the progress of functional disorders after
surgery for general intractable epilepsy.

In addition, in order to elucidate the mechanism of these NM techniques, we
conducted an effort to image the activation using fMRI in the spinal cord during lower

limb movement.

2. Clinical application of neuromodulation to neuropsychiatric disorders and

development of new treatments

Psychiatric disorders present with a wide range of functional impairments and cause
significant suffering to patients. Even with standard treatments such as drug therapy and
psychotherapy, the symptoms persist and treatment becomes difficult. In this shared
research project, we developed a new treatment method using neuromodulation for
depression, bipolar disorder, obsessive-compulsive disorder, and schizophrenia. New
neuromodulation developments such as magnetoconvulsive therapy (MST), accelerated
intermittent theta burst stimulation (aiTBS), and deep TMS (dTMS) were exploratoryly
evaluated for efficacy and safety at iPNT-UB. Data collection continued for EASyS-BD
and mTMS-D, and efficacy and safety were evaluated. We will conduct a meta-analysis
on r'TMS and TBS in collaboration with other institutions. Additionally, iPNT-UB,
EASyS-BD, and mTMS-D were all approved by a certified clinical research review
board. In iPNT-UB, a total of 22 cases of depression and 3 cases of obsessive-
compulsive disorder were enrolled. We performed MST on two depressed patients in
their 80s and reported its efficacy and safety. A total of 32 patients were enrolled in
EASyS-BD. A total of 29 patients were enrolled in mTMS-D. He also submitted a
protocol paper. We conducted a meta-analysis on rTMS and TBS, and 4 papers were

accepted as papers.



3. Creation of evidence for neuromodulation in cranial nerve diseases

For cranial nerve diseases, neuromodulation is attracting attention as a treatment
method that complements drug therapy. In this study, we verified the therapeutic effects
and create evidence for the following issues. (D Effects of rTMS/iTBS on depression
and anxiety symptoms of Parkinson's disease (PD) and their influence on motor
symptoms (2 Rhythm analysis of gait disorders in neurodegenerative diseases and
intervention using music therapy. This year, in particular, we focused our research on
item 2, analyzed the characteristics of gait rhythm disturbances in spinocerebellar
degeneration (SCD), and began developing music therapy that utilizes the
characteristics. We proceeded with gait rhythm analysis of SCD and clarified that the
distribution of gait rhythm ratio is expressed by a linear combination of the Power-law
law reflecting fractal nature and the log-normal distribution. Furthermore, we found that
the fractal nature of the gait rhythm is disrupted by ataxic symptoms, and that the
power-law parameter of the Power-las law was significantly lower in SCD patients than
in normal controls. In this study, we revealed new characteristics of gait thythm and
found a decrease in gait fractality in SCD patients. It was suggested that the power
value in the power-law term could be a useful clinical index for SCD. In the future, we
will clarify the correlation with severity and other clinical indicators, and also examine
disease specificity. Furthermore, we will continue to pursue fractal changes through

music therapy intervention and continue studies aimed at optimizing treatment.

4. Creation of evidence for neurosurgical neuromodulation for intractable involuntary

movement disorders

Deep brain stimulation (DBS) is indicated for involuntary movement disorders such
as Parkinson's disease, dystonia, and tremor, and its effectiveness has been established.
On the other hand, DBS is also known to be effective for severe tics that occur in
refractory Tourette syndrome, but its long-term efficacy and safety have not yet been
fully clarified. Tourette syndrome is classified as a neurodevelopmental disorder in the
DSM-V, and is often accompanied by obsessive-compulsive disorder (tic-related). Due
to the possibility of spontaneous remission and the impact on psychiatric symptoms,
careful surgical adaptation is required, with sufficient consideration of surgical risks and
effects. In this study, we clarified the effectiveness of DBS for refractory Tourette

syndrome and considered standardization of its adaptation criteria.



From 2020 to 2023, 10 DBS for Tourette syndrome, 13 DBS for Parkinson's disease, 1
DBS for essential tremor, and 4 DBS for dystonia were performed. To date, DBS has
been performed for 39 consecutive cases of Tourette syndrome at our hospital. With
DBS, YGTSS decreased by an average of 50.6% after 1 year and by 58.7% at 3 years
after surgery, which was a significant improvement compared to before surgery. On the
other hand, device infections occurred in 10.2% of cases. We will use the results of this
research to approach academic societies and aim to include them in guidelines in the
future. When it comes to insurance inclusion and revision, new evidence and

positioning in guidelines are becoming more important.
5. Research on visualization of neuromodulation effects using hybrid assistive limbs

The robot suit HAL (Hybrid Assistive Limb) dual-limbed type (Cyberdyne
Corporation) is a wearable robot that reads and analyzes the patient's bioelectrical
potential signals and assists the movement of the lower limbs to achieve smooth
walking movements. As of January 1, 2024, insurance coverage has been approved for a
total of 10 diseases, and it can now be used in medical settings. Inclusion body myositis
(IBM) is one of the diseases for which walking exercise treatment using HAL is
covered by insurance, and it is expected to be effective in improving walking function.
In this study, we performed walking exercise therapy using HAL on patients with IBM
and observed improvements in walking function. Regarding gait parameters, walking
distance increased from 55.9+17.7m to 65.6+22.7m in the 2-minute walk test (P<0.05).
Furthermore, the number of steps in the 10-meter walk test decreased from 32.3 + 6.9
steps to 28.0 = 7.3 steps ( P < 0.05), and walking speed increased from 1.5 £ 0.4 km/h to
1.7+ 0.6 km/h ( P <0.05).

The results of this study are consistent with past reports, and in this study, we increased
the number of cases while monitoring the appropriateness of exercise load using CPK
values, and added visual evaluation such as analysis of walking videos. We will verify
the safety, efficacy, and sustained effects of HAL on IBM.

6. Research on the usefulness of transcranial direct current stimulation in the treatment

of mental disorders

Transcranial direct current stimulation (tDCS) is a simple and minimally invasive
electrical stimulation method that modifies neural activity in the brain by passing a

weak current of about 1-2 mA through electrodes placed on the scalp. It has been



reported that positive stimulation, mainly to the left frontal region, can improve auditory
hallucinations and negative symptoms of depression and schizophrenia. We have
previously confirmed that tDCS to the left dorsolateral prefrontal cortex (DLPFC)
improves positive symptoms, motor function, verbal memory, and verbal fluency for
cognitive dysfunction in schizophrenia.

We also focused on the neural network in the brain consisting of the prefrontal cortex,
superior temporal gyrus, and amygdala, which forms the neural basis of social
cognition. And we reported that tDCS anodal stimulation targeting the left superior
temporal gyrus/sulcus improved social cognitive function.

Based on the above findings, this time we examined how the improvement effects on
cognitive and social functions differ depending on the location of the anode of tDCS.

Our results suggest that tDCS anodal stimulation of the left DLPFC is especially
useful for improving daily living skills (functional abilities). The above results indicate
that it may be effective to select brain regions for anodal stimulation with tDCS

depending on the clinical symptoms of schizophrenia patients.

7. Establishment of an evaluation system for cross-disease neuromodulation effects

The purpose of this research team is to provide technical support for analyzing muscle
synergy in patients with different types of sensorimotor abnormalities at NCNP
Hospital. We will establish quantitative evaluation of movement abnormalities across
diseases and further support the development of new treatment methods using muscle
synergy feedback. We mainly use a method to extrapolate experimental results from
macaque monkeys, a species closely related to humans, to humans. This research group
has developed a technique for analyzing muscle synergy during various types of
exercise in macaque monkeys, and has reported on its neural basis. We have also
completed the development of technology and equipment to apply the above analysis to
humans. Against this background, we have been preparing to introduce this analysis to
NCNP Hospital in collaboration with physical rehabilitation, orthopedics, and
neurosurgery departments. We determined an fMRI imaging protocol for the spinal cord
and medulla oblongata in humans, and improved the imaging accuracy to a level
comparable to monkey experiments. We refined the submitted paper regarding the
creation of a tendon transplant model in experimental animals. Specifically, by
interpreting data based on findings from human patients, it has become possible to
explain in more detail the adaptation process of the central nervous system and the

process of muscle synergy change. Furthermore, progress has been made in research on



human patients, and an interesting relationship has been observed between kinematics,
electromyography, and changes in spinal cord activity. In the future, we will promote
joint research with IBIC on muscle synergy and sensory gating, as well as publish joint

research with orthopedics.

8. Identification of the neural basis of motor recall learning using EEG brain-machine

interface technology

As a preliminary step to developing a Brain-Machine Interface (BMI) treatment for
patients with motor paralysis, we elucidated its neural basis. Previous research has
investigated the cerebral neural circuits that regulate p waves. However, based on
findings from patient studies, we hypothesized that not only the cerebrum cortex, but
also spinal nerve activity is involved in p-wave regulation and proceeded with our
research. The biggest problem with BMI technology is that it has both good and bad
ability to adjust p waves. Spinal cord injury patients and stroke hemiplegia patients have
a decreased ability to manipulate p-waves. In addition, since even healthy people have
good and bad p-wave manipulation abilities, we focused on the p-wave manipulation
ability of healthy people during motor recall and verified that differences in
manipulation ability could be explained solely by spinal nerve activity. During motor
recall, not only cerebral cortex but also spinal cord neural activity was observed. During
motor recall, spinal nerve activity was observed to increase as the power value of the p-
wave attenuated. It was suggested that the larger the p-wave change rate (better p-wave
manipulation), the greater the spinal nerve activity, and the smaller the p-wave change

rate (lower p-wave manipulation), the lower the spinal nerve activity.

9. Consideration of ethical issues and ethical support in neuromodulation treatment and

research

To promote neuromodulation treatment and clinical research, it is essential to establish
a clinical and research support system. However, the clarification of ethical issues in
this field and the support system for research ethics have not been sufficiently
examined. Therefore, in this shared research, we exchanged information with bioethics
researchers from other institutions and discussed bioethical issues in neuromodulation
treatment and research.

Additionally, a point of contact for clinical and research ethics support for specific

treatments and research has been established, and a system has been established to



provide advice. It cannot be said that there is sufficient prior research on bioethics
issues specific to neuromodulation, so while continuing to research the literature, we are
working to collect information and share information with the community at related
academic conferences and international conferences.

Additionally, it has been reported that concerns about the clinical application of
neurotechnology vary depending on the region and country with different culture, but
this is not clear in Japan, so future research will be necessary. Although support is
provided from the ethical aspects of research through the Bioethics Office and the
Clinical Research Consultation Desk, there is almost no consultation specific to
neuromodulation research. Therefore, we should move forward as soon as possible to

collaborate with other organizations and share information.



