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In this research project, after establishing a method to consistently

measure somatosensory functions, we identified highly reliable biomarkers for objectively evaluating
somatosensory functions, and explored perceptual learning methods to effectively and efficiently
enhance sensory functions. As a result, we developed a method for measuring two-point discrimination
thresholds that yields stable outcomes, and identified three biomarkers that correlate with
somatosensory functions. Specifically, individuals with superior somatosensory functions exhibit 1)
smaller grey matter volumes from the inferior parietal lobule to the medial temporal gyrus, 2)
weaker inhibitory functions within the primary somatosensory cortex (S1), and 3) stronger functional

connectivity in the beta band (15-29Hz) between S1 and the superior or inferior parietal lobules.

MEG MRI VBM connectivity



2)

30
Brain stim, 2012

(S

(S1) (PPD)
(ERD)
S1
3)
( PD)
36
PD ( ) PD
PD
(D 9
(0.5mm 1.0 45mm 8
1 )
1
PD
4 (1.0, 5.0, 10.0 20.0mm/s)
0.5mm 3 5
9
PD 2 PD
3 (0.5, 1.0, 2.0mm)
5 9

Dinse ( )
( 1)
(
(
a)
b) . -
I~ >
R §
\:/ 10-50mm
T 0 il
1 (a)
(b)
10.0mm/s
2PD



42
2PD 3
MRI ( )
T1
Voxel based morphometry (VBM)

TIEEG [y 98t D) RusnmEr Dy Tk
BE, KEHE HMEHEE EYalb—vav

(GM) ( 2) 2PD BEEIHE
GM 2 VBM
306ch
(MEGIN)
(SEF) ( 100 )
( 3) SEF
S1  PPD 2PD
S1
3
VBM GM
VBM GM
GM C )
GM
( BDNF ) 41
T1 3 MRl ( ) 4 2
VBM 47 GM
)
1 2PD 15
2
10 2PD
24
12 12
2PD
2 200 400
51 200
400 (Sham) 30
24
3 (S1) (PPC) o
(tACS) 2PD 21 PPC
S1 o-tACS 2PD
4 tACS o(8-15Hz) v/ (60-80Hz)
15 S1 10Hz 70Hz

tACS



1 PD
2PD 5.0mm/s
10.0mm/s
( )
4a 1.0mm

2PD
(. 4b)
Yokota & Onishi et al, Neuroscience letter,
2020

2

2PD (n=42)

5a 50%

5b
2PD 2.58+0.54 mm
(Mean =xSD) VBM
GM

2PD ( )
(IPL) (TR GM

( 6 Onishietal, Cerebral
cortex, 2023)
s1

(2PD

( 7.8

S1 (SPL)
(LPL) B
( 9 Sasaki &
Onishi et al, Cerebral cortex, 2023)
VBM GM

(IPS)

46 45 VBM

1 « )
(ICC = 0.694)

46 5
2 BDNF
Val66Val Met
-Val66Val
-Met 3

a) FIBREOE b) RISREDRE

p<0.01 4
s z p<0.05
E £
E 4 5 35
z 2
S 35
2 g
£ = 3
s R
8 25 3
3

2 25

1.0 mm/s 5.0 mmis 10.0 mm/s 20.0 mm/s 05m 1.0m 20m

Stimulus speed Stimulus penetration depth

4 2PD

a) 2PD b) 2PD

Correct response
°
T

distance of two points (mm)
N ow
1 1
@
3

00— t—t—t—t— 11— o
00 05 10 1.5 20 25 30 35 40 45 50
50%

Distance of two points (mm)
Correct response

5 2PD

18 sP 5
L8 PP .
1
£ g N20m §2 ¢
S/ 08 £, stm Y 3
N | Eos i @
‘00 1 £
=z i § ol
00 92 H H
No units ) H A
o w0 o 10 @ ® w n - e
i P35m
i Y 1 &;
1 ]
£ 14
- 3 2
I} 0 g . fy il
o8 i
2 L, | ER
02 P LS
0.0
Nounits 5. 1 4

10 2

1, ¢

Nounits

P60m
i
<«
<
i P60m amplitude

7
g %]
[=]
3 4
e
£,
8 157
'® 2]
N20m 'E
2PD &'
:E n.
=0 T T T 1
-50 0 50 100 15

Gating ratio of N20m (%)




GM
(BDNF)

(Watanabe & Onishi et al, Cerebral B)
cortex, 2022)

120000

80000
40000
0

TFCE
MR ? LsPL . LIPL . L_sTG.
Sl gs .o s P=0.008 : ; E P=0.017 4 5 .: . P<0.001
MRI i < ! s
9 2PD
3 3
1 10 ( )
( 10 Watanabe & Onishi et al, Front Neurosci, 2020)
S1 (Kojima & Onishi et al,
Eur J Neurosci, -
ANTIT4782yF B) Nyv TRy F C) arvra—un
2021) 100% 1 100% 1 100% 1
90% A 90% A 90% 1
2 200 o 80% 1 80% A 80% -
Z 0 - 70% 70% A
400 £ 6% | 6%6 | 6% |
S 50% - 50% A 50% A
% 40% A 40% A 40% A
S 30% - 30% A 30% A
20% A 20% A 20% A
10% A 10% A 10% A
0% - 0% = 0% -
1 2 3 4 5
30 24 Width of two points (mm)
10 3 1
200 400
Sham 259 o )
200 T =
E ?]
&l
. L _ B 154
( 11 Sakai & Onishi et al, J Clinical B
oR
Neurophysiology, 2021) & 1
3 PPC o-tACS 2PD | B os-
=
S1  a-tACS T
2PD (YOkOta 200 trials group 400 trials group  control group
Onishi et al, Front Neurosci, 2021) 1 S 2
4 S1 o-tACS S1 a
a-tACS

(Saito & Onishi et al, Brain Behav, 2021)



39 39 4 39

Sasaki R, Kojima S, Otsuru N, Yokota H, Saito K, Shirozu H, Onishi H 33

Beta resting-state functional connectivity predicts tactile spatial acuity 2023

Cerebral Cortex 9514 9523
DOI

10.1093/cercor/bhad221

Saito K, Koike K, Takeuchi K, Otsuru N, Onishi H 452

The effects of transcranial electrical stimulation of the left dorsolateral prefrontal cortex 2023

on tactile spatial discrimination performance

Behavioural Brain Research

114600 114600

DOl
10.1016/j .bbr.2023.114600

Shiga K, Miyaguchi S, Inukai Y, Otsuru N, Onishi H

459

Transcranial alternating current stimulation does not affect microscale learning

2024

Behavioural Brain Research

114770 114770

DOl
10.1016/j .bbr.2023.114770

Maruyama Y, Kojima S, Onishi H 25
Discrimination of the moving direction is improved depending on the pattern of the mechanical 2024
tactile stimulation intervention

BMC Neuroscience (in press)

DOl
10.1186/s12868-024-00855-2




Yokota H, Edama M, Kawanabe Y, Hirabayashi R, Sekikne C, Akuzawa H, Ishigaki T, Otsuru N, Saito 59

K, Kojima S, Miyaguchi S, Onishi H

Effects of transcutaneous auricular vagus nerve stimulation at left cymba concha on 2024

experimental pain as assessed with the nociceptive withdrawal reflex, and correlation with

parasympathetic activity

European Journal of Neuroscience (in press)
DOl

10.1111/ejn.16305

Onishi H, Nagasaka K, Yokota H, Kojima S, Ohno K, Sakurai N, Kodama N, Sato D, Otsuru N 33

Association between somatosensory sensitivity and regional gray matter volume in healthy young 2023

volunteers: a voxel-based morphometry study

Cereb Cortex 2001-2010
DOl

10.1093/cercor/bhac188

Shiga K, Miyaguchi S, Inukai Y, Otsuru N, Onishi H 437

Transcranial direct current stimulation over the right intraparietal sulcus improves response 2023

inhibition

Behav Brain Res 114110
DOl

10.1016/j .bbr.2022.114110

Kawakami S, Inukai Y, lkarashi H, Watanabe H, Miyaguchi S, Otsuru N, Onishi H 100

Transcranial direct current stimulation and transcranial random noise stimulation over the 2022

cerebellum differentially affect the cerebellum and primary motor cortex pathway

J Clin Neurosci 59-65

DOl
10.1016/j . jocn.2022.04.003




Pham MV, Saito K, Miyaguchi S, Watanabe H, lkarashi H, Nagasaka K, Yokota H, Kojima S, Inukai 16

Y, Otsuru N, Onishi H

Changes in excitability and GABAergic neuronal activity of the primary somatosensory cortex 2022

after motor learning

Front Neurosci 794173
DOl

10.3389/fnins.2022.794173

Watanabe H, Kojima S, Nagasaka K, Ohno K, Sakurai N, Kodama N, Otsuru N, Onishi H 32

Gray Matter Volume Variability in Young Healthy Adults: Influence of Gender Difference and 2022

Brain-Derived Neurotrophic Factor Genotype

Cereb Cortex 2635-2643
DOl

10.1093/cercor/bhab370

Saito K, Otsuru N, Inukai Y, Kojima S, Miyaguchi S, Nagasaka K, Onishi H 494

Effect of Transcranial Electrical Stimulation over the Posterior Parietal Cortex on Tactile 2022

Spatial Discrimination Performance

Neuroscience 94-103
DOl

10.1016/j -neuroscience.2022.05.010

Sasaki R, Watanabe H, Onishi H 56

Therapeutic benefits of noninvasive somatosensory cortex stimulation on cortical plasticity and 2022

somatosensory function: A systematic review

Eur J Neurosci 4669-4698

DOl
10.1111/ejn.15767




Kamii Y, Kojima S, Onishi H 16

Transcranial direct current stimulation over the posterior parietal cortex improves visuomotor 2022

performance and proprioception in the lower extremities

Front Hum Neurosci 876083
DOl

10.3389/fnhum.2022.876083

Yokota H, Edama M, Hirabayashi R, Sekine C, Otsuru N, Saito K, Kojima S, Miyaguchi S, Onishi H 12

Effects of Stimulus Frequency, Intensity, and Sex on the Autonomic Response to Transcutaneous 2022

Vagus Nerve Stimulation

Brain Sci 1038
DOl

10.3390/brainsci12081038

Miyaguchi S, Inukai Y, Mitsumoto S, Otsuru N, Onishi H 424

Gamma-transcranial alternating current stimulation on the cerebellum and supplementary motor 2022

area improves bimanual motor skill

Behav Brain Res 113805
DOl

10.1016/j .bbr.2022.113805

Nagasaka K, Otsuru N, Sato R, Watanabe H, Sakurai N, Ohno K, Kodama N, Onishi H 772

Cortical signature related to psychometric properties of pain vigilance in healthy individuals: 2022

A voxel-based morphometric study

Neuroscience Letters 136445 136445

DOl
10.1016/j .neulet.2022.136445




Sasaki R, Miyaguchi S, Onishi H

420

Effect of brain-derived neurotrophic factor gene polymorphisms on motor performance and motor
learning: A systematic review and meta-analysis

2022

Behavioural Brain Research

113712 113712

DOl
10.1016/j .bbr.2021.113712

Watanabe H, Kojima S, Nagasaka K, Ohno K, Sakurai N, Kodama N, Otsuru N, Onishi H inpress

Gray Matter Volume Variability in Young Healthy Adults: Influence of Gender Difference and 2021

Brain-Derived Neurotrophic Factor Genotype

Cerebral Cortex inpress
DOl

10.1093/cercor/bhab370

Miyaguchi S, Inukai Y, Mitsumoto S, Otsuru N, Onishi H 424

Gamma-transcranial alternating current stimulation on the cerebellum and supplementary motor 2022

area improves bimanual motor skill

Behavioural Brain Research

113805 113805

DOl
10.1016/j .bbr.2022.113805

Kojima S, Miyaguchi S, Yokota H, Saito K, Inukai Y, Otsuru N, Onishi H 11

The Number or Type of Stimuli Used for Somatosensory Stimulation Affected the Modulation of 2021
Corticospinal Excitability

Brain Sciences 1494 1494

DOl
10.3390/brainscil11111494




Sakai S, Saito K, Kojima S, Otsuru N, Onishi H 93

Grating orientation task trial numbers for short- and long-term tactile discrimination learning 2021

Journal of Clinical Neuroscience 195 199
DOl

10.1016/j . jocn.2021.08.026

Sasaki R, Kojima S, Onishi H 15

Do Brain-Derived Neurotrophic Factor Genetic Polymorphisms Modulate the Efficacy of Motor 2021

Cortex Plasticity Induced by Non-invasive Brain Stimulation? A Systematic Review

Frontiers in Human Neuroscience 742373
DOl

10.3389/fnhum.2021.742373

Hoshi H, Kojima S, Otsuru N, Onishi H 414

Effects of transcranial random noise stimulation timing on corticospinal excitability and motor 2021

function

Behavioural Brain Research

113479 113479

DOl
10.1016/j .bbr.2021.113479

Sasaki R, Watanabe H, Miyaguchi S, Otsuru N, Ohno K, Sakurai N, Kodama N, Onishi H

412

Contribution of the brain-derived neurotrophic factor and neurometabolites to the motor
performance

2021

Behavioural Brain Research

113433 113433

DOl
10.1016/j .bbr.2021.113433




Sasaki R, Otsuru N, Miyaguchi S, Kojima S, Watanabe H, Ohno K, Sakurai N, Kodama N, Sato D, 11

Onishi H

Influence of Brain-Derived Neurotrophic Factor Genotype on Short-Latency Afferent Inhibition 2021

and Motor Cortex Metabolites

Brain Sciences 395 395
DOl

10.3390/brainsci11030395

Hoshi H, Kojima S, Otsuru N, Onishi H 148

Corticospinal excitability of untrained side depends on the type of motor task and degree of 2021

improvement in motor function

Brain and Cognition

105691 105691

DOl
10.1016/j .bandc.2021.105691

Saito K, Otsuru N, Yokota H, Inukai Y, Miyaguchi S, Kojima S, Onishi H 11
a - tACS over the somatosensory cortex enhances tactile spatial discrimination in healthy 2021
subjects with low alpha activity
Brain and Behavior €02019
DOl
10.1002/brb3.2019
Kojima S, Otsuru N, Miyaguchi S, Yokota H, Nagasaka K, Saito K, Inukai Y, Shirozu H, Onishi H 53
The intervention of mechanical tactile stimulation modulates somatosensory evoked magnetic 2021
fields and cortical oscillations
European Journal of Neuroscience 3433 3446

DOl
10.1111/ejn.15209




Yokota H, Otsuru N, Saito K, Kojima S, Miyaguchi S, Inukai Y, Nagasaka K, Onishi H 15

Region-Specific Effects of 10-Hz Transcranial Alternate Current Stimulation Over the Left 2021

Posterior Parietal Cortex and Primary Somatosensory Area on Tactile Two-Point Discrimination

Threshold

Frontiers in Neuroscience 576526
DOl

10.3389/fnins.2021.576526

Pham Manh Van, Miyaguchi S, Watanabe H, Saito K, Otsuru N, Onishi H 15

Effect of Repetitive Passive Movement Before Motor Skill Training on Corticospinal Excitability 2021

and Motor Learning Depend on BDNF Polymorphisms

Frontiers in Human Neuroscience 621358
DOl

10.3389/fnhum.2021.621358

Kawakami S, Inukai Y, lkarashi H, Watanabe H, Miyaguchi S, Otsuru N, Onishi H 100

Transcranial direct current stimulation and transcranial random noise stimulation over the 2022

cerebellum differentially affect the cerebellum and primary motor cortex pathway

Journal of Clinical Neuroscience 59 65
DOl

10.1016/j . jocn.2022.04.003

Watanabe H, Kojima S, Otsuru N, Onishi H 14

The Repetitive Mechanical Tactile Stimulus Intervention Effects Depend on Input Methods 2020

Frontiers in Neuroscience 393

DOl
10.3389/fnins.2020.00393




Sasaki R, Otsuru N, Miyaguchi S, Kojima S, Watanabe H, Ohno K, Sakurai N, Kodama N, Sato D, 11

Onishi H

Influence of Brain-Derived Neurotrophic Factor Genotype on Short-Latency Afferent Inhibition 2021

and Motor Cortex Metabolites

Brain Sciences 395 395
DOl

10.3390/brainsci11030395

Kojima S, Otsuru N, Miyaguchi S, Yokota H, Nagasaka K, Saito K, Inukai Y, Shirozu H, Onishi H 0

The intervention of mechanical tactile stimulation modulates somatosensory evoked magnetic 2021

fields and cortical oscillations

European Journal of Neuroscience 1-14
DOl

10.1111/ejn.15209

Saito K, Otsuru N, Yokota H, Inukai Y, Miyaguchi S, Kojima S, Onishi H 11

a - tACS over the somatosensory cortex enhances tactile spatial discrimination in healthy 2021

subjects with low alpha activity

Brain and Behavior 3
DOl

10.1002/brb3.2019

Yokota H, Otsuru N, Kikuchi R, Suzuki R, Kojima S, Saito K, Miyaguchi S, Inukai Y, Onishi H 714

Establishment of optimal two-point discrimination test method and consideration of 2020

reproducibility

Neuroscience Letters 134525 134525

DOl
10.1016/j .neulet.2019.134525




Yokota H, Otsuru N, Saito K, Kojima S, Miyaguchi S, Inukai Y, Nagasaka K, Onishi H 15

Region-Specific Effects of 10-Hz Transcranial Alternate Current Stimulation Over the Left 2021

Posterior Parietal Cortex and Primary Somatosensory Area on Tactile Two-Point Discrimination

Threshold

Frontiers in Neuroscience 576526
DOl

10.3389/fnins.2021.576526

Yokota H, Otsuru N, Kikuchi R, Suzuki R, Kojima S, Saito K, Miyaguchi S, Inukai Y, Onishi H 714

Establishment of optimal two-point discrimination test method and consideration of 2020

reproducibility

Neuroscience Letters

134525 134525

DOl
10.1016/j .neulet.2019.134525

Otsuru N, Miyaguchi S, Kojima S, Yamashiro K, Sato D, Yokota H, Saito K, Inukai Y, Onishi H 433

Timing of Modulation of Corticospinal Excitability by Heartbeat Differs with Interoceptive 2020

Accuracy

Neuroscience 156 162
DOl

10.1016/j -neuroscience.2020.03.014

57

53

2023




14

2023
2024

2024
2024

2024

28

2023




28

2023

28

2023

28

2023

28

2023




28

2023

28

2023

28

2023

28

2023




28

2023

28

2023

28

2023

28

2023




28

2023

MEG

28

2023

28

2023

53

2023




29

2023

29

2023

Shibata S, Takahashi H, Miida Y, Mima T, Onishi H

Priming effects of transcutaneous vagus nerve stimulation on the inhibitory effects of transcranial static magnetic field
stimulation on the human primary motor cortex

46

2023

27

2022




27

2022

27

2022

27

2022

27

2022




27

2022

28

2022

28

2022

Active Touch

28

2022




The effects of tonic locus coeruleus output on forepaw-evoked response of the primary somatosensory cortex in anesthetized
rats

45

2022

Neural response in the posterior insular cortex evoked by stimulation of the basolateral amygdala in central post-stroke
pain model rats

100

2023

2021

27

2021




-Voxel based morphometry

27

2021

Paired-pulse depression

25

2020

—MRI

functional connectivity

25

2020

25

2020




10Hz

25

2020

25

2020

50

2020

Sato D, Yamashiro K, Kodama N, Otsuru N, Yamazaki Y, lkarashi K, Onishi H

Involvement of choline metabolism in short latency afferent inhibition: A magnetic resonance spectroscopy and transcranial
magnetic stimulation study

Society for Neuroscience 2019

2019




Yamazaki Y, Yamashiro K, Onishi H, Otsuru N, Kojima S, Saito K, Sato D

The effect of acute aerobic pedaling exercise on the inhibitory pathway in the primary somatosensory cortex and
somatosensory function

Society for Neuroscience 2019

2019

Tsubaki A, Morishita S, Tokunaga Y, Hotta K, Kojima S, Qin W, Onishi H

Correlation between cortical oxyhemoglobin and physiological changes after moderate-intensity exercise.

Brain and Brain PET 2019

2019

Tsubaki A, Morishita S, Hotta K, Tokunaga Y, Qin W, Kojima S, Onishi H

Changes of Prefrontal Cortex and Premotor Area Oxygenation Laterality During 20 min of Moderate-Intensity Cycling Exercise

47th Annual International Society on Oxygen Transport to Tissue meeting

2019

24

2019




24

2019

24

2019

24

2019

paired pulse depression

24

2019




24

2019

24

2019

74

2019

74

2019




Lab
https://ww.nuhw-pt. jp/neurophysiology-lab/
https://ww.nuhw.ac. jp/ihmms/

http://www. ithmms. jp/
http://www. ithmms. jp/

SHAIN
https://ww.nuhw.ac. jp/shain/

(Tamaki Hiroyuki)

(40253926) (17702)

(Otsuru Naofumi)

(50586542) (33111)

(Sato Daisuke)

(60544393) (33111)

(Taguchi Toru)

(90464156) (33111)

(Kodama Naoki)

(50383146) (33111)




(Maeda Fumiatsu)

(00341157) (33111)
(Yamashiro Koya)

(20570782) (33111)
(Inukai Yasuto)

(20757801) (33111)
(Yamamoto Noriaki)

(30445902) (33111)
(Kojima Sho)

(10780330) (33111)
(Saito Kei)

(80707315) (33111)
(Miyaguchi Shota)

(60780343) (33111)
(Yokota Hirotake)

(20827472) (33111)




(Nagasaka Kazuaki)

(70833812)

(33111)

The University of Adelaide

Hai Duong Medical Technical
University




