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Development of neuro-rehabilitation device with synchronized Kinesthetic
Illusion and motor imagery
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The goal of this study was to clarify the effects that motor imagery ability
has on the mechanism of generating a kinesthetic illusion and to clarify the functional differences
between the two. A further goal was to also produce a therapeutic system for effective cerebral

neuro-reorganization that improves sensorimotor function while enhancing movement visualization
ability during a neurorehabilitation intervention. We analyzed cerebral neural activity microstates
during a vibratory stimulus. As a result, motor imagery ability was shown to affect the inducement
of the illusion of motion. In addition, as a result of implementing an intervention using a brain
wave frequency pattern recognition system that we developed in patients with hemiplegic stroke, we
found an increase in neural activity in sensorimotor brain regions and an improvement in the sense
of agency. These results suggest that this system is useful as an intervention method.

BCI



(Goodwin GM, et al.
Brain 1972)

(Kodama T, et al.
2011, , 2014)

(Ehrsson HH, et al. 2003; Naito
E, et al. 2002)

Microstate

10

10

Illusioning duration; ID

Neurofax
10-20
19
Microstate segmentation
LORETA
Japanese MIQ-R
(IMIQ-R)
ID JMIQ-R
2017-102504 BCI
10
Microstate
Microstatel 4 SMA  BA6
1 Microstate? primary
sensorimotor area M (BA4)
2 Microstate3 Inferior parietal
lobule (IPL)(BA39) Microstate5
Ventrolateral prefrontal cortex(VLPFC)
(BA45)
1D JVMIQ-R
JMIQ-R SMA
ID
SMA VLPFC M IPL
ID
JMIQ-R



top)|sLORETA back||SLORETA 1 left|

sLoreTA bottom||sLORETA 1 front||sLORETA 1 rght|

10 60
FMA
NRS HADS BPDS
LORETA

22

8

Imai R, T Kodama, et al.: Effects of
illusory Kkinesthesia by tendon
vibratory  stimulation on the
postoperative neural activities of
distal vradius fracture patients.
Neuroreport. 28(17), 1144-1149, 2017.
( )
http://doi.org/10.0.4.73/WNR.000000
0000000874

T Kodama, et al.: The association
between brain activity and motor
imagery during motor illusion
induction by vibratory stimulation.
Restor Neurol Neurosci. 35(6), 683-

692, 2017. ( )
https://dx._doi.org/10.3233%2FRNN-170
771

https://doi.org/10.1589/jpts.28.419

7(3), 133-137, 2017. ( )
https://doi.org/10.9759/hppt.7.133

7(1), 29-34, 2017.
( )
https://doi.org/10.9759/hppt.7.29
Katayama O, Osumi M, Kodama T, Morioka
S: Dysesthesia symptoms produced by
sensorimotor incongruence in healthy
volunteers: an electroencephalogram
study. J Pain Res. 9, 1197-1204, 2016.

( )
https://doi .org/10.2147/JPR.S122564

6(3), 123-126, 2016. (

)
https://doi.org/10.9759/hppt.6.123
Kodama T, et al.: Effects of vibratory
stimulation-induced kinesthetic
illusions on neural activities in
patients with stroke. J Phys Ther Sci.
28(2), 419-425, 2016. ( )



30(5), 759-764, 2015.

( )
https://doi.org/10.1589/rika.30.759
12
( ), 2017, 11.18-19
( ), 2017, 11.18-19
, 22
( ), 2017,

9.30-10.1

Katayama O, Kodama T, et al.: The
influence of sensorimotor incongruence
on dysesthesia and motor control, The
10th Congress of the European Pain
Federation EFIC, Copenhagen, 2017,
9.6-9

), 2017, 9.22-24
Ohsug H, Madoba K, Kodama T: DO
COGNITIVE TASKS AFFECT BRAIN
ACTIVATION DURING THE RESTING-STATE?
32nd International Alzheimer®s
Association International Conference,
Kyoto, 2017, 4.26-29
Katayama O, Osumi M, Imai R, Kodama T,
Morioka S:  Neural network of
dysesthesia symptoms produced by
sensorimotor incongruence in healthy
volunteers. A functional connectivity
analysis. Society for Neuroscience
45th Annual Meeting Neuroscience 2016,
San Diego, 2016, 11.12-16
Katayama O, Osumi M, Imai R, Kodama T,
Morioka S:  Neural network of
dysesthesia produced by sensorimotor

incongruence: A functional
connectivity analysis. 16th World
Congress on Pain, (
), 2016, 9.26-30
EEG
51 s
, 2016,

5.27-29

BCI . 51

, 2016, 5.27-29

18

. , 2016,
3.07-08
Y Sato, T Kodama, et al.: Neural
mechanisms of body language: Does body
language share common neural
mechanisms with vocal language?
Society for Neuroscience 44th Annual
Meeting Neuroscience 2015, Chicago,
2015, 10.17-21

3
Takayuki Kodama, Hideki Nakano (2017),
Chapter 9. Neuroscience-based
Rehabilitation for Stroke Patients,
Toshiaki Suzuki(ed.), Neurological
Physical Therapy, InTech, London, pp.
137-156.
Hideki Nakano, Takayuki Kodama (2017),
Chapter 1. Understanding Neural
Mechanisms of Action Observation for
Improving Human Motor Skill
Acquisition, Phakkharawat
Sittiprapaporn(ed.),
Electroencephalography, InTech, London,
pp. 1-10.
Hideki Nakano, Takayuki Kodama (2017),
Strategies and Underlying Brain
Mechanisms of Motor Learning, Kathryn
Bell and Corey Russell(eds.), Motor
Learning: A Review and Directions for
Research, Nova Science Publishers, New
York, pp. 109-126.

http://www.tk-lab.net/

KODAMA  Takayuki

80708371

MURATA  Shin



00389503
NAKANO Hideki

C
60605559

©)
MORITA Kiichiro

20140642



