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New strategy for neurorehabilitation with transcranial direct current
stimulation over the prefrontal cortex in Parkinson®s disease
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The efficacy of transcranial direct current electrical stimulation (tDCS)
for the treatment of cognitive and motor dysfunction in Parkinson®s disease patients was examined.
tDCS was applied to the frontal pole (anode) and visual cortex (cathode) at 1.0 mA x 900 s for 10
times. tDCS motor function before and after tDCS stimulation was assessed by UPDRS and TUG, and
cognitive function was assessed by MMSE and TMT were used to assess motor function before and after
tDCS. In addition, physiological changes were evaluated using neuromelanin within the dense area of
the substantia nigra of the midbrain as an index. The results showed that tDCS therapy improved not
only motor function but also non-motor symptoms and increased the amount of neuromelanin in the
dense mesencephalic substantia nigra. However, there is no established method for analyzing tDCS or
neuromelanin, and further validation is needed.



PD parkinson’ s disease

DBS deep brain stimulation

rTMS repetitive transcranial direct current stimulation

Ishikuro et al. Front Hum Neurosci 2014 PD
tDCS transcranial direct current stimulation

Ishikuro et al. Front Aging Neurosci 2018

Anodal Cathodal Sham PD
tDCS
PD = 1.50
Fregni et 2
£ 1.00 -
al. Nat Clin Pract Neurol 2007 = I

PO tDCS g
® .50 -
°
(]
N
T
£
5 0.00 . .
= Sham Anodal Cathodal

tDCS

Boggio et al. J Neurol Sci 2006; Doruk et al. Neurosci lett 2014

Beretta VS et al. J Neuroeng Rehabil 2020; Rui Ni, et al. Front Aging
Neurosci. 2022 PD

PD tDCS
NM DAT-SPECT
MIBG 3T-MRI
PD NM Taniguchi et al.
Mov Disord 2018; Sasaki et al. Neuroreport 2006 tDCS NM

NM

tDCS



tDCS neuroConn DC-stimulator Plus FPA
Front Polar Area 0z 1.0mAx 900 x1 / 5 / 2
10
30
15t week 2nd week
Mon Tue Wed Thu Fri Sat  Sun Mon Tue Wed Thu Fri
PD UPDRS
o ] A A
Unified Parkinson' s Pre-assessment Post-assessment
- - (Clinical assessments, NM-MRI) (Clinical assessments, NM-MRI)
Disease Rating Scale
STEF  Simple [:] Intervention (Rehabilitation with tDCS) [:] Ttsival
Test for Evaluating hand
Function TUG Time Up and Go MMSE Mini Mental State Examination

TMT Trail Making Test

neuromelanin-sensitive MRI

NM AC-PC
A.a, B.a
Image J Fiji
A.b,c B.b,c
X
PD 70
X+5
X+10 tDCS
tDCS
tDCS
/ H&Y
I11/111 UPDRS part 111 27/5
STEF  81/84 81/81
TUG time:3.4/12.5 step:25/19
TMT-A 60.4/54.4
tDCS
NM /
23.5 mm? 29.7 mm?

UPDRS part 111

fast spin echo

4 mm

VERIO, Siemens, Germany

MRI

mean £+ 3 SD

NM  mm?

A. Pre-intervention

B. Post-intervention

43.2 mm? 17.5 mm? 25.7 mm?)/53.2 mm?
(A.c, B.c NM
22 MCID minimal clinically important




difference :2.3—~2.7 TUG step 24 MCID:13% MCID
NM  18.8% PD
NM
NM  tDCS

MRI
NM

1. Ishikuro K, Urakawa S, Takamoto K, Ishikawa A, Ono T, Nishijo H. Cerebral
functional imaging using near-infrared spectroscopy during repeated performances
of motor rehabilitation tasks tested on healthy subjects. Front Hum Neurosci.
2014 May 13;8:292. doi: 10.3389/fnhum.2014.00292. eCollection
2014 .PMID: 24860474

2. Ishikuro K, Dougu N, Nukui T, Yamamoto M, Nakatsuji Y, Kuroda S, Matsushita I,
Nishimaru H, Araujo MFP, Nishijo H.Effects
of Transcranial Direct Current Stimulation (tDCS) Over the Frontal Polar Area on
Motor and Executive Functions in Parkinson®s Disease; A Pilot Study. Front Aging
Neurosci. 2018 Jul 30;10:231. doi: 10.3389/fnagi.2018.00231. eCollection
2018.PMID: 30104971 Free PMC article.

3. Ishikuro K, Hattori N, Imanishi R, Furuya K, Nakata T, Dougu N, Yamamoto M,
Konishi H, Nukui T, Hayashi T, Anada R, Matsuda N, Hirosawa H, Tanaka R, Shibata
T, Mori K, Noguchi K, Kuroda S, Nakatsuji Y, Nishijo H. A Parkinson®s disease
patient displaying increased neuromelanin-sensitive areas in the substantia
nigra after rehabilitation with tDCS: a case report. Neurocase. 2021
Oct;27(5):407-414. doi: 10.1080/13554794.2021.1975768. Epub 2021 Sep
10.PMID: 34503372



1 1 0 1

Koji Ishikuro, Noriaki Hattori, Rieko Imanishi, Kohta Furuya, Takeshi Nakata, Nobuhiro Dougu, 10
Mamoru Yamamoto, Hirofumi Konishi, Takamasa Nukui, Tomohiro Hayashi, Ryoko Anada, Noriyuki
Matsuda, Hiroaki Hirosawa, Ryo Tanaka, Takashi Shibata, Koichi Mori, Kyo Noguchi, Satoshi
Kuroda, Yuji Nakatsuji & Hisao Nishijo

Parkinson’ s disease patient displaying increased neuromelanin-sensitive areas in the 2021
substantia nigra after rehabilitation with tDCS: a case report

Neurocase 1-8

DOl
10.1080/13554794.2021.1975768.

2020

2020

2021




Koji Ishikuro, Nobuhiro Dougu, Takamasa Nukui, Mamoru Yamamoto, Yuji Nakatsuji, Satoshi Kuroda, Isao Matsushita, Hiroshi
Nishimaru, Mariana F. P. Araujo and Hisao Nishijo

New strategy for neuro-rehabilitation with transcranial direct current stimulation (tDCS) over the frontal polar area in
Parkinson’ s disease

13th international rehabilitation conference

2019

tDCS

10

2019

35

2019

2019

149




(nishijo Hisao)

(00189284) (13201)
(Noguchi Kyo)

(10242497) (13201)
(Nakatsuji Yuji)

(20332744) (13201)
(Konishi Hirofumi)

(30816012) (13201)
(Dogu Nobihiro)

(60401824) (13201)
(Yamamoto Mamoru)

(80816025) (13201)




