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In 2021, we developed a multivariate component analysis method for gait
motion data using quaternions. By applying a logarithmic transformation, we reduced the degrees of
freedom of the quaternions, making each component independent and enabling the application of
standard multivariate component analysis methods. This allowed for clear extraction of symmetric and

asymmetric components. In 2022, we modeled the low-dimensional representation of gait motion data
as a dynamical system, revealing interactions between body freedoms. In 2023, we extended the
dynamical system modeling to understand neurological disorders, particularly cerebellar tremors,
discussing how tremors result from predictive function impairments and identifying different causes
in the cerebellar cortex and inferior olive nucleus. Our results successfully advanced our
understanding of cerebellar disorders and the development of quantitative evaluation methods for
motor disorders.



SARA (Scale
for the Assessment and Rating of Ataxia)
SARA 8
(0) (8) 9






15 13 8 10
Mitoma H, Kakei S, Manto M. 11(19)
Development of Cerebellar Reserve. 2022
Cells 3013
DOI
10.3390/cel 1511193013
Hirokazu Tanaka NA
Zebrafish Meets the Ising Model: Statistical Mechanics of Collective Fish Motion 2023
HCI International 2023 NA
DOI
Mitoma H, Honnorat J, Yamaguchi K, Manto M. 20
LTDpathies: a novel clinical concept. 2022
Cerebellum 948-951
DOI
10.1007/s12311-021-01259-2
Shaikh AG, Manto M, Mitoma H. 21
Two years into the pandemic: what did we learn about the COVID-19 and cerebellum? 2022
Cerebellum 19-22

DOl
10.1007/s12311-021-01351-7




Mitoma H, Yamaguchi K, Honnorat J, Manto M. 12

The clinical concept of LTDpathy: Is dysregulated LTD responsible for prodromal cerebellar 2022

symptoms?

Brain Sci 303
DOl

10.3390/brainsci12030303

Cabaraux P, Agrawal SK, Cai H, Calabro RS, Casali C, Damm L, Doss S, Habas C, Horn AKE, Ilg W, 22

Louis ED, Mitoma H, Monaco V, Petracca M, Ranavolo A, Rao AK, Ruggieri S, Schirinzi T, Serrao

M, Summa S, Strupp M, Surgent O, Synofzik M, Tao S, Terasi H, Torres-Russotto D, Travers B,

Roper JA, Manto M.

Consensus paper: Ataxic gait. 2023

Cerebellum 394-430
DOl

10.1007/s12311-022-01373-9

Terashi H, Ueta Y, Taguchi T, Mitoma H, Aizawa H. 4732020

Clinical features of Parkinson’ s disease in patients with early-onset freezing of gait. 2022

Parkinsons Dis -
DOl

10.1155/2022/4732020

Hadjivassiliou M, Manto M, Mitoma H. 12

Rare etiologies in immune-mediated cerebellar ataxias: diagnostic challenges. 2022

Brain Sci 1165
DOl

10.3390/brainsci12091165




Shaikh AG, Kim JS, Froment C, Koo YJ, Dupre N, Hadjivassiliou M, Honnorat J, Kothari S, Mitoma 443

H, Rodrigue X, Soong BW, Subramony SH, Strupp M, Schmahmann J, Manto M.

Scale for ocular motordisorders in ataxia (SODA). 2022

J Neurol Sci. 120472
DOl

10.1016/j . jns.2022.120472

Kakei Shinji Manto Mario Tanaka Hirokazu Mitoma Hiroshi 12

Pathophysiology of Cerebellar Tremor: The Forward Model-Related Tremor and the Inferior Olive 2021

Oscillation-Related Tremor

Frontiers in Neurology 954
DOl

10.3389/fneur.2021.694653

Tanaka Hirokazu Ishikawa Takahiro Kakei Shinji NA

Neural Predictive Computation in the Cerebellum 2021

Cerebellum as a CNS Hub 371 390
DOl

10.1007/978-3-030-75817-2_18

Kakei Shinji Tanaka Hirokazu Ishikawa Takahiro Tomatsu Saeka Lee Jongho NA

The Input-Output Organization of the Cerebrocerebellum as Kalman Filter 2021

Cerebellum as a CNS Hub 391 411

DOl
10.1007/978-3-030-75817-2_19




Mitoma, H., Yamaguchi, K., Honnorat, J., & Manto, M. 12(3)

The Clinical Concept of LTDpathy: Is Dysregulated LTD Responsible for Prodromal Cerebellar 2022

Symptoms?

Brain Sciences 303
DOl

10.3390/brainsci12030303

Sawano Yoshihiro 7(2)

Elementary proof of Funahashi®s theorem 2024

Constructive Mathematical Analysis 30 44
DOl

10.33205/cma. 1466429

Yokoyama Rei Ago Yukio Ilgarashi Hisato Higuchi Momoko Tanuma Masato Shimazaki Yuto Kawai NA

Takafumi Seiriki Kaoru Hayashida Misuzu Yamaguchi Shun Tanaka Hirokazu Nakazawa Takanobu

Okamura Yasushi Hashimoto Kenji Kasai Atsushi Hashimoto Hitoshi

(R)-ketamine restores anterior insular cortex activity and cognitive deficits in social 2024

isolation-reared mice

Molecular Psychiatry 1-11

DOl
10.1038/s41380-024-02419-6

10 1 7

Shinji Kakei, Masaya Watanabe, Toshiyuki Kondo, Hirokazu Tanaka

A Quaternion-Based Analysis of Joint Rotations in Whole-Body Gait Cycles

Neuro 2022, Okinawa, Japan.

2022




Hirokazu Tanaka

Zebrafish meets the Ising model: statistical modeling of collective motion

Neuro 2022, Okinawa, Japan.

2022

Zebrafish meets the Ising model: Inferring the interactions from group-motion data

16 (NC16),

2022

J. lversen, H. Kim, M. Miyakoshi, H. Kambara, H. Tanaka, T. Kagawa, M. Sato, S. Makeig, N. Yoshimura

Mobile Brain/Body Imaging of three-ball juggling: Dynamics of neurobehavioral interactions between motor execution and
perception

Neuroscience 2022, San Diego, U.S.A.

2022

H. Kambara, W. Cho, H. Kim, R. Oya, Y. Kitami, M. Kobayashi, S. Saetia, T. Kagawa, H. Tanaka, M. Miyakoshi, J. R. lversen,
S. Makeig, M. Sato, N. Yoshimura

Juggling skills trained in VR transfer to the real world

Neuroscience 2022, San Diego, U.S.A.

2022




T. Kagawa, H. Kambara, M. Miyakoshi, S. Saetia, H. Kim, H. Tanaka, J. R. lversen, N. Yoshimura

Effects of head movements on EEG while wearing VR goggles

Neuroscience 2022, San Diego, U.S.A.

2022

Hiroyuki Kambara, Wanhee Cho, Hyeonseok Kim, Rikiya Oya, Yusuke Kitami, Makoto Kobayashi, Supat Saetia, Takahiro Kagawa,
Hirokazu Tanaka, Makoto Miyakoshi, John lversen, Scott Makeig, Makoto Sato, Natsue Yoshimura

Juggling on the Moon: A VR Yystem for Complex Motor Skill Learning

The 30th International Display Workshops, Niigata, Japan (IDW *22 Best Paper Award Winners).

2022

Atsushi Noritake, Hirokazu Tanaka, Masaki lsoda

Subspace interactions between cortical and subcortical brain regions in social reward processing

100

2022

Tanaka, H., Watanabe, M., Kagawa, T., Mitoma, H., & Kakei, S.

A Quaternion-Based Analysis of Joint Rotations in Whole-Body Gait Cycles

15

2021




2022

2022

Kakei S, Manto M, Tanaka H, Mitoma H. 2023

Springer Nature -

Mechanism and Emerging Therapies in Tremor Disorders

Hidehiro Mizusawa, Shinji Kakei 2021

Springer 564

Cerebellum as a CNS Hub (Contemporary Clinical Neuroscience)

(Mitoma Hiroshi)

(20453730) (32645)




(Kakei Shinji)

(40224365)

(32618)




