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Understanding brain plasticity on body representations
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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.
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In order to achieve the previously mentioned goals of this study, we will establish ten research projects
(A01-03,B01-03,CO1-03, and X00).

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, and CO3 are those for subscribed research groups, and the research proj-
ect X00 is the management group.
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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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This group aims to elucidate
the neural substrates of body
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Research Project A01

@=Ff32{LFE#E Principal investigator
O=m284182 Funded co-investigator
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Neural mechanisms inducing plasticity on body representations

A01-1
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Neural adaptative mechanism for physical changes
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representation in the brain and
identify markers that reflect
this phenomenon.
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Adaptive embodied-brain function due to alteration of the postural-locomotor synergies
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Professor, Asahikawa Medical University
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from identification of neural correlates
to manipulation (enhancement) of
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Elucidating the neural correlate of muscle synergy and its plasticity by both
electrophysiology and non-invasive brain imaging.

Lecturer, Kinki University
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fig. A02-2
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Neural network involved in the control of locomotion and posture.
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Research Project A03
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Interpretation of Functional Dynamics by Hybrid Imaging Technique and Real-time Data Processing

S FKEE  f8)IERAS ERE K

Kyousuke Kamada  Department Head, Professor, Asahikawa Medical University
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Research for visualizing neural representation of the wrist movement using electroencephalography
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Natsue Yoshimura  Associate Professor, Tokyo Institute of Technology
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Alterations and control of body representation in the basal ganglia circuit after chronic dopamine loss
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Kouichi C. Nakamura  Assistant Professor, Kyoto University
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Neural basis of human body representation: a direct electrocorticographic recording and stimulation study
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Associate Professor, Kyoto University
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Visualization and manipulation of pathway-specific brain plasticity on the body representation
following the sensory nerve injury
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Mariko Miyata Professor, Tokyo Women's Medical University
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Body and Space in the animal model of spatial neglect
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Masatoshi Yoshida ~ Assistant Professor, National Institute for Physiological Sciences
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Body representation changes in macaque brain during motor recovery after internal capsular stroke
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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 follow-
ing nerve damage, tool usage,
and development.

fig. AO3-4
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Direct electrocorticographic recording and electrical stimulation to elucidate
neural basis of human body representation.

fig. A03-7

recovery in brain-lesioned animal.
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A brain activity change that occurs during rehabilitative training-induced
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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 rep-
resentation 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
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Hajime Asama Professor, The University of Tokyo
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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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Research Project BO2
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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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Ryosuke Chiba Associate Professor, Asahikawa Medical University
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Mathematical models of body representations in the brain (bodily conscious-
ness and body schema) focusing on their fast and slow dynamics.

fig. B02-1

BT Bfast, slow dynamicsDBE S5 EFANBcH DS v MERSHTD
EHRHERETIV

Neuromusculoskeletal model of rat hindlimb walking to investigate the neural
mechanism of fast and slow dynamics in motor control.
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Research Project BO3
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Understanding synergy generation mechanism through analyses of the recovery process of animal
disease model
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Assistant Professor, The University of Electro-Communications
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Transformation of body representations in learning process of active artificial limb control
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Yasuhisa Hasegawa Professor, Nagoya University
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Development of Brain-Like Body Representation by Constructive Approach using Muscular-Skeletal
Humanoid Robot
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Koh Hosoda Professor, Osaka University
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Bayesian generative model of latent tree structure for slow dynamics of body schema
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Tadahiro Taniguchi  Associate Professor, Ritsumeikan University

BO3

AT LTEHE. FIZIE
T—AIAZV IRV AT I
FAEICKZMABHRFTES
DOEEETIVBE, EFHEHA
RERIC KB ETIVEFHMEICEE T
BDHIZEICE Y $8E,

We will employ systems engi-
neering research such as math-
ematical 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
movements.
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Evaluation of synergy variation of rats after stroke.

Topological map (Body map)

Tree structure (Body schema)

fig. B03-4
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Inference process of body schema with Bayesian latent tree structure model.
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@=HF2e/{KE Principal investigator
Research Project CO1

O=m284182 Funded co-investigator
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Neurorehabilitation based upon brain plasticity on body representations
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Shin-ichi Izumi Professor, Tohoku University
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Tetsunari Inamura  Associate Professor, National Institute of Informatics
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Shin-ichi Izumi
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Research Project C02
This group aims to measure
the effect of rehabilitation on

motor impairment after brain/ Rehabilitation for postural/movement impairments using sensory intervention
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In chronic stroke patients and amputees, to reveal the distorted body
representation of the paretic/amputated limb by measuring bodily attention

to the paretic/amputated one and to try to correct the distorted body
representation of the paretic/amputated limb by utilizing virtual reality system
for presenting the altered body image in size and length in the first person
perspective to the patients.

Joint destruction (Charcot joint) in patients with diabetic neuropathy (left)
and congenital insensitivity to pain (center & right)

fig. C02-1
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Development of novel rehabilitation through studying the effect of sensory
disturbance on posture and gait.
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Research Project AO3
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Developing a new therapeutic application of neuromodulation
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Masashi Hamada  Assistant Professor, The University of Tokyo
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Electrical Stimulation
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Keisuke Shima Associate Professor, Yokohama National University
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Masahiko Mukaino Lecturer, Fujita Health University
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development of neurorehabilitation method
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Shu Morioka Professor, Kio University
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Muscle Contraction Pattern-Based Direct Rehabilitation Using Motion Estimation And Functional
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Elucidation of distortion of sense of agency and ownership in asomatognosia and apraxia and
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fig. C03-1
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The role of two distinct interneuron circuits in behavioural plasticity:

Late l-wave inputs within primary motor cortex are mainly involved in error-
based learning (left), while early l-waves are responsible for use-dependent,
model-free learning (Hamada et al., J Neurosci, 2014).
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Development of a clinical tool for measuring dynamic balance function

We will perform rehabilitative
medicine studies focusing on
body representation in the
brain, brain injury, and motor
impairments, using massive
data analysis and innovative
rehabilitation engineering.

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




R R

Management Group

X00

STEl - REHRDOMBEHEE
ZEXEITHIEZBHEL,
RIHDHZEHTEHDIER. %
TRERORE, ARERICH
I BN - Bh S5 5 UICHR
FURDILERZIT Do

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.

X00

HRIEE X00
Research Project X00

@=Ff32{LZE#E Principal investigator
O=m2zE518E Funded co-investigator
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Comprehensive research management for understanding the plasticity mechanism of body
representations in brain

e FEE  Principal investigator
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Jun Ota
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Professor, The University of Tokyo

359182E Funded co-investigator
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Research Manager, CiNet
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Professor, Tohoku University
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Professor, Tokyo University of Agriculture and Technology
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Hiroshi Imamizu
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Kazuhiko Seki
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Kaoru Takakusaki
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Professor, The University of Tokyo
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Director, NCNP
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Professor, Asahikawa Medical University
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Professor, The University of Tokyo
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Professor, The University of Tokyo
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Associate Professor, Kinki University
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Associate Professor, National Institute of Informatics

E e - BRERE L V2 — MRERE A A -V I 72— BE
Director, NCNP

HZEH# /1% Research collaborator
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Yoshiaki lwamura
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Part-time Professor, Ueno Gakuen University / Emeritus Professor, Toho University

KSIEVIETMEE  Advisory board member
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Yoshikazu Shinoda
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Eiichi Saito

Rk RF)

Koji Ito

Paolo Dario
Paolo Dario
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Emeritus Professor, Tokyo Medical and Dental University
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Professor, Fujita Health University
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Guest Researcher, Tokyo Metropolitan Institute of Medical Science / Emeritus Professor, Tokyo Institute of Technology

Scuola Superiore Sant'Anna #i#%
Professor, Scuola Superiore Sant’/Anna
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The management group regularly holds steering committee meet-
ings to determine 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.
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Embodied-Brain Systems

Director: Jun Ota - Professor, Research into Artifacts, Center for Engineering (RACE), The University of Tokyo
Secretariat: Toshiyuki Kondo - Professor, Institute of Engineering, Tokyo University of Agriculture and Technology
E-mail address: office@embodied-brain.org

http://embodied-brain.org






