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Understanding of functional roles and formation rules in cross-modal inhibition
from motor cortices to visual cortices
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Neuronal inhibition that occurs between functional brain regions is believed
to allow one area to engage in a specific function without interference from unrelated regions, but
the underlying mechanism is less understood. In this study, we investigated the functional roles,

action dynamics, and formation process of cross-modal inhibition by focusing on the negative BOLD

signals (inhibition) observed in the visual cortex during motor tasks that do not require vision. We
found that inhibition in the visual cortex is related to reducing interference with other sensory
information processing, that it varies depending on the activity state of the visual cortex, and

that it is formed in dependence on the experience of using the visual cortex. These results suggest

that during development, while the responsiveness of one sensory region increases, a system that can
inhibit the area may be also formed simultaneously.

MRI Negative BOLD



BOLD
MRI
BOLD
MRI
1
2
1 21
69 75 1Hz
MRI
2 14
1
V1
0.5Hz
V1

1Hz 2Hz

MRI

Negative
Negative
1,2
1,2
29
20, 40, 60
0.5,1,2Hz
2
32
12 15 20 24
16 1Hz
MRI
14
BHBRBS|C
0.8 MBI eEV2

§ EV3d _—
£ e BNOCOR 34 g ®EV1
& wvaa o BV
@ 41 ¢ ®%h0c
! HhOcdy,

V1 £ 02 : i.V.FVZA o5V
i~ ‘EhP01 ® \3v
& aEG2 ZhOcdv
g o ¢ "thﬁ_—EhPOw
= ®rai

" @kFG2 r=0762
-0.2

Vi V2

1.5 -1 05 0 0.5 1 1.5 2 25

1.

EREFSOERNE (BRR vs. PRRR)
REEFFITH I HINHIE & LHEEE) L UL & OB



2
.0.2
—-200, —100, +100, +200 ms 0 ¢
-0.1 ~0.05 0 0.05 0.1
){ﬁé \.‘. > ':.-
8 ® LY
P £
g a6 ° » [
001 g ‘. ® e EL e
| B ® e,
5 *08 <
2 e
§ T
MRI ) i
pEe KEL
Vl REICEZFHEOZFPTE
E2 R EBTFHOTH T T e, BRGEED
DI TES DET & ORIE
3
1
? e
Vv 3 .
o i
o R L. O T
< ok ¥
A i -\* = //¢
o SR
= L N
g 2 N5
> L]
-3
U 0 10 20 30 40 50 60 70 80
05 (%)
0 i
Bs 1
U 0.5
4
/ 45
®3. BAT & OFEBFRICH BE—TREST (V1)
OEENE J I —T T EOFEETE
2 (B) 2
1 . .‘
-
A " .
@ 1 < Tee e
"
o 2
> 3
-40 16 26 36 4b 5‘0
4A BEEELE ()
20 R4, (A) BEEEICHANTREERE CEHAERICED o588

V1 V2 (B) V1 RU V2 DFEEN SRR ERE L THSDHAR & DEIR

20
4B



8 6 0 5

Morita, T., Hirose, S., Kimura, N., Takemura, H., Asada, M. & Naito, E.

16

Hyper-adaptation in the human brain: Functional and structural changes in the foot section of
the primary motor cortex in a top wheelchair racing Paralympian.

2022

Frontier in System Neuroscience

780652-780652

DOl
10.3389/fnsys.2022.780652

Morita, T. & Naito, E. 12

Facilitation of hand proprioceptive processing in paraplegic individuals with long-term 2022

wheelchair sports training.

Brain sciences 1295
DOl

10.3390/brainsci12101295

Naito, E., Morita, T., Hirose, S., Kimura, N., Okamoto, H., Kamimukai, C., & Asada, M. 1

Bimanual digit training improves right-hand dexterity in older adults by reactivating declined 2021

ipsilateral motor-cortical inhibition

Scientific Reports 22696
DOl

10.1038/s41598-021-02173-7

Naito, E., Morita, T., Kimura, N. & Asada, M. 1

Existence of Interhemispheric Inhibition between Foot Sections of Human Primary Motor Cortices: 2021

Evidence from Negative Blood Oxygenation-Level Dependent Signal.

Brain Sciences 1099

DOl
10.3390/brainsci11081099




Morita Tomoyo Asada Minoru Naito Eiichi

35

Examination of the development and aging of brain deactivation using a unimanual motor task

2021

Advanced Robotics

842-857

DOl
10.1080/01691864.2021.1886168

Naito Eiichi Morita Tomoyo Asada Minoru

Importance of the Primary Motor Cortex in Development of Human Hand/Finger Dexterity

2020

Cerebral Cortex Communications

tgaa085

DOl
10.1093/texcom/tgaa085

Miura Gen Morita Tomoyo Park Jihoon Naito Eiichi

Younger adult brain utilizes interhemispheric strategy of recruiting ipsilateral dorsal
premotor cortex for complex finger movement, but not aging brain

2024

bioRxiv

DOl
10.1101/2024.05.26.595953

Furuta Tomoya Morita Tomoyo Miura Gen Naito Eiichi

Structural and functional features characterizing the brains of individuals with higher
controllability of motor imagery

2023

bioRxiv

DOl
10.1101/2023.10.11.560970




43

2020

Morita, T., Asada, M. & Naito, E

Developmental and age-related changes in brain deactivation during a unimanual motor task.

27th Annual Meeting of the Organization for Human Brain Mapping

2021

Takemura, H., Kimura, N., Morita, T. & Naito, E.

Tissue properties along the corticospinal tract of the wheelchair racing athlete: a case study.

27th Annual Meeting of the Organization for Human Brain Mapping

2021

Morita, T., Asada, M. & Naito, E.

Promotion of cross-modal and default mode network inhibitions in young racing car drivers

45

2022




Naito, E., Hirose, S. & Morita, T.

Bimanual training reactivates interhemispheric inhibition and improves hand dexterity in elderly

29th Annual Meeting of the Organization for Human Brain Mapping

2023

46

2023

Morita, T., Furuta, T., Miura G., Park, J. & Naito, E.

Brain structural and functional features of individuals with higher controllability of motor imagery

30th Annual Meeting of the Organization for Human Brain Mapping

2024

Naito, E. & Morita, T.

Facilitated hand proprioceptive processing in paraplegics with long-term wheelchair sports training

30th Annual Meeting of the Organization for Human Brain Mapping

2024




Miura, G., Morita, T., Furuta, T., & Naito, E.

Ipsilateral premotor cortex complements complex finger movement in young but not in aging brains

30th Annual Meeting of the Organization for Human Brain Mapping

2024

(Asada Minoru)

(60151031) (14401)

ICT

(Naito Eiichi)

(10283293) (82636)




