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Understanding brain plasticity on body representations
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Purpose of
| the research program
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As the Japanese society ages rapidly, we are experiencing a sharp increase in the number of patients of
motor paralysis and other dysfunctions resulting from motor dysfunction, stroke, and neurodegenerative
diseases. Thus, establishing effective rehabilitation techniques to overcome these motor dysfunctions is
of paramount importance. The key to achieving this is to elucidate the mechanisms by which the brain
adapts to changes in body functions. However, abnormalities in somatognosia can occur even in diseases
that do not cause motor dysfunction. This indicates that we create and maintain a model of the body in
the brain (body representation in the brain).

The purpose of this program is to elucidate the neural mechanisms of the body representation in the
brain and the mechanism of the long-term changes in this representation and to apply these findings to
rehabilitation interventions. In order to do this, we will attempt to combine brain science and rehabilita-
tion medicine by using systems engineering (Fig.1, P5). We thereby intend to gain an integrated under-
standing of motor control and somatognosia in order to create a new academic discipline that is known
as embodied-brain systems science.



KSEHOAS

tent of
research program
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In order to achieve the previously mentioned goals of this study, we will establish eleven research proj-
ects (A01-03, B01-03, CO1-03, X00, and Y0O).

In research projects A01/02, we will conduct experiments on humans and monkeys by using methods
that are based on interventional neuroscience in an attempt to understand the neural mechanisms of the
body representation in the brain and the process by which it changes with respect to somatognosia (sense
of agency, sense of ownership) and motor control (muscle synergy control, anticipatory postural control).
We will use neural decoding and virus vector technology to investigate markers that reflect changes in
the body representation in the brain.

In research projects BO1/B02, we will create dynamic models of the differing time constants of the fast
dynamics and slow dynamics of the body representation in the brain based on neurophysiological exper-
imental data and clinical data from patients undergoing rehabilitation.

In research projects C01/C02, we will attempt to quantify the rehabilitative effects with the markers.
By integrating this with a model of the body representation in the brain, we will implement model-based
rehabilitation and create predictions of prognosis for intervention.

The research projects A03, B03, CO3 are those for subscribed research groups, the research project X00 is
the management group, and the research project YOO is the international activity support group.
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Expected research achievements and scientific significance
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Organically combining brain science and rehabilitation medicine by using systems engineering can be
anticipated to yield the following three results:

1) By identifying the markers that reflect the moment-to-moment status and long-term changes in
body representation in the brain, which govern somatognosia and motor control, it will be possible
to quantitatively evaluate the effects of rehabilitation intervention.

2) By elucidating the slow dynamics of body representation in the brain and developing techniques
that can be used to intervene in those dynamics, we will work toward developing innovative model-
based rehabilitative techniques that permit predictions of prognosis.

3)  We will describe the mechanisms of the important brain functions that are essential to the existence
of somatognosia and motor control and pursue the computational principles of the brain that are
shared by these functions.
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Neural mechanisms inducing plasticity on body representations
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Hiroshi Imamizu Professor, The University of Tokyo
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Akira Murata Associate Professor, Kinki University
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Shinji Kakei Project Leader, Tokyo Metropolitan Institute of Medical Science
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Adaptive embodied-brain function due to alteration of the postural-locomotor synergies
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Kaoru Takakusaki  Professor, Asahikawa Medical University
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Katsumi Nakajima Professor, lwate Medical University
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fig. A02-1
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Elucidating the neural correlate of muscle synergy and its plasticity by both
electrophysiology and non-invasive brain imaging.

fig. A02-2
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Neural network involved in the control of locomotion and posture.
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Research Project A03: Subscribed Research Group (2™ Perlod)
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Visualization of brain functional dynamism by hybrid functional
analysis with real-time feedback
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Neural basis for the reference frame and the functional synergies
in controlling eye-head coordination

Kyousuke Kamada
Department Head/Professor, Asahikawa Medical University
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Development of assistive technologies for rehabilitation by visualizing
neural representation of muscle synergies using electroencephalography

Yuriko Sugiuchi
Associate Professor, Tokyo Medical and Dental University
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Human fronto-parietal network for embodied-brain system: A combined
electrocorticographic decoding, stimulation and lesion study

Natsue Yoshimura
Associate Professor, Tokyo Institute of Technology
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Understanding the interaction between tactile and nociceptive
information in the somatosensory cortex and controlling of nociception

Riki Matsumoto
Associate Professor, Kyoto University
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Body representation changes underlying motor recovery after internal
capsular stroke in macaques

Hironobu Osaki
Assistant Professor, Tokyo Women's Medical University
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Noriyuki Higo BRI A THZEA
Senior Researcher, AIST ARIEERIAZCERFY T(EZEE

fig. A03-3 (upper left)
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Brain activity synergy analysis using EEG cortical current
sources could reveal neural representation of temporal
transitions between intrinsic (Int) and extrinsic (Ext) coordi-
nation in relevant motor areas during finger movement tasks.

fig. A03-4 (upper right)
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Human body representation in fronto-parietal network:

Comprehensive study from electrocorticography,
stimulation and lesion-symptom analysis.
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We undertake brain science
research such as manipulation
of bodily awareness and the
physical body, and neuronal
decoding of the brain following
nerve damage, tool usage, and
development.
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fig. A03-5 (lower left)
REREZAICEDSMANSFHRTORIRIL S RFEMIRE
BEOBRIEICK S EEHIE

Visualization of somatotopic map of nociception and
control of nociception by optogenetics.

fig. A03-6 (lower right)
}IETIVTHEOSNI GO RIBGRU/NEY DEZLE
ZRIMEENEL

A brain activity change that occurs during rehabilitative
training-induced recovery in brain-lesioned animal.
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This group aims to construct
a mathematical model that
can simulate adaptation (fast
dynamics) and plastic change
(slow dynamics) of body repre-
sentation in the brain based on
knowledge of brain science and
rehabilitation medicine.
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Research Project BO1
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Modeling of slow dynamics on body representations in brain
@FE —  RRAYAFRIFRWRN 803
Hajime Asama Professor, The University of Tokyo
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Toshiyuki Kondo  Professor, Tokyo University of Agriculture and Technology
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Hirokazu Tanaka Associate Professor, Japan Advanced Institute of Science and Technology
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Shiro Yano Assistant Professor, Tokyo University of Agriculture and Technology
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Jun lzawa Associate Professor, University of Tsukuba
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Research Project B0O2
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Modeling of motor control that alters body representations in brain
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Jun Ota Professor, The University of Tokyo
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Shinya Aoi Lecturer, Kyoto University
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Ryosuke Chiba Associate Professor, Asahikawa Medical University
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the brain (bodily consciousness and body schema)
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fig. BO2-1
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Verification process of hypothesis from physiological knowledge
through modelings and simulations in postural control.
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muscular activities

Mepsurements of
Center of Pressure

Vibrated
stimulation at
Tibialis Anterior
Tendon




H7eIEE B03 (A HR[ZH S VATLIFHR) | nE I
Research Project BO3: Subscribed Research Group (2 Period)

NEIIH
Subscribed
Research Group

2nd Period

B03-1 iR &kE L ENEELIRICEID DT T — DB DfZER

Elucidation of the synergy reformation mechanism for neural
function recovery

Tetsuro Funato
Assistant Professor, The University of Electro-Communications
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Transformation of body representations in embodiment process
of active artificial limb

Yasuhisa Hasegawa
Professor, Nagoya University
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Emergence of fast/slow dynamics of body image in muscular
skeletal humanoid robot

Koh Hosoda
Professor, Osaka University
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Investigation of adaptation process of the upper limb by
artificially-disabled healthy participants

Natsuki Miyata
Senior Researcher, AIST
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Evaluation of the effect of ataxia
on synergy and motion control
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We will employ systems en-
.ﬁ gineering research such as

mathematical modeling of body
representation in the brain by
data mining and system iden-
tification techniques, or model
validation studies via measure-
ment and analysis of human
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movements.
fig. BO3-1
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An approach to the construction mechanism of
synergy using animal and dynamical models.

fig. B03-4

Substitutive observation with an artificially disabled hand
« Posture estimation of disabled hand for inclusive product design
+ Understanding and building grasp strategy database

When disabled

Typical grasp strategy change

using a d'r:%n'ng' cgsrnera )
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Neurorehabilitation based upon brain plasticity on body representations
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Shin-ichi lzumi Professor, Tohoku University
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Tetsunari Inamura  Associate Professor, National Institute of Informatics
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Research Project C02

This group aims to measure R _ o
the effect of rehabilitation on @R BREANNDNAZREWZER - H1ITUN\EYT—2 3>

motor impairment after brain/ Rehabilitation for postural/movement impairments using sensory intervention

nerve damage using bpmarkers OEH £ AR A EE SRR %S
for body representation and Nobuhiko Haga  Professor, The University of Tokyo
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tion. Takashi Hanakawa Director, NCNP
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Dai Owaki Assistant Professor, Tohoku University
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fig. C01-1
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New rehabilitation method for bodily self-consciousness using crossmodal
illusion and Virtual Reality.

Stroke (Tohoku Univ., Ibaraki Prefectural ! !
Univ. of Health Sciences), CIPA (The Univ.
of Tokyo), Parkinson Disease (NCNP) Foot Pressure, Muscle Synergy

fig. C02-1
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Development of novel rehabilitation through studying the effect of sensory
disturbance on posture and gait.




M3RIEE C03 (RMEFRRICLDUNE) T—Y 3V EEME) : LB
Research Project C03: Subscribed Research Group (2" Period)
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The relationship between body consciousness and motor control
aspects of body representation in the brain
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Motor skill training/analysis of brain plasticity through muscle
contraction pattern-based direct rehabilitation

Arito Yozu
Associate Professor, Ibaraki Prefectural University of Health Sciences
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Development of comprehensive measurement system of balance
function to monitor the effect of rehabilitative interventions

Keisuke Shima
Associate Professor, Yokohama National University

Study on kinesthetic illusion induced by visual stimulation under
the mixed reality and brain functional connectivity

Fuminari Kaneko
Associate Professor, Keio University

REIIHA
Subscribed
Research Group
2"d Period

COo3

JNE) 7= 3 VEZHH
75, BIZIEBA S AFRIRICREE
D5 BEREE - MEDH
BSPEFHBROEREERER
WD HFE KIRE T — 2 #RAR.
EEESEMAEESGIHLLY
INE ) EDRZEICE Y #8E5,

We will perform rehabilitative
medicine studies focusing on
body representation in the brain,
brain injury, and motor impair-

Masahiko Mukaino
Lecturer, Fujita Health University
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ments, using massive data anal-
ysis and innovative rehabilitation

engineering.
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Effect of “Hybrid-Neurorehabilitation to improve Sense of Agency”
for patients with stroke hemiplegia
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Shu Morioka
Professor, Kio University

fig. C03-2 (upper left)
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Human-human interface based
on motion estimation from EMG
and electrical/tactile stimulation.

Monitoring and evaluation of wrong muscle contraction patterns
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fig. C03-3 (upper right)
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Analysis on functional brain
connectivity after repetition of
kinesthetic illusion induced by
visual stimulation.

Realization of ace
and jol

fig. C03-4 (lower left)
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fig. C03-5 (lower right)
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The delay detection threshold of the visuo-motor integra-
tion in apraxia was significantly extended. Right: Muscle

activity and movement speed decreased with visual
feedback delay (Osumi et al., Hum Mov Sci, 2017).
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Management Group
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This group aims to lead the
research program by planning
research policy, managing re-
search projects, and working on
assessment and publicity of the
outcome.
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The management group regularly holds steering committee meetings to de-
termine research policy. At the end of each fiscal year, this group plans to have
annual meetings to evaluate the progress of all research projects and enhance
mutual collaboration among the researchers. To promote internationalization of

the program, the group holds international workshops/symposia occasionally.
With regard to outreach activities, the group organizes public symposia, issues

newsletters, and updates the website.

HZRIER X00
Research Project X00
U RS GRIBROESESIEDER S HIEICE T HEME

Comprehensive research management for understanding the plasticity mechanism of body
representations in brain

@=FHf7e{t&K%E Principal investigator
O=Hmze9382E Funded co-investigator

EH%'{‘%%% Principal investigator
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Jun Ota Professor, The University of Tokyo

EH%ﬁ;ﬂ% Funded co-investigator
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Eiichi Naito Research Manager, CiNet
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Shin-ichi lzumi Professor, Tohoku University
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Toshiyuki Kondo Professor, Tokyo University of Agriculture and Technology

E%Eﬁ;—rﬁ% Co-investigator
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Hiroshi Imamizu  Professor, The University of Tokyo
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Kazuhiko Seki Director, NCNP
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Kaoru Takakusaki  Professor, Asahikawa Medical University
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