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Functional loss of limb control in individuals with neural damage is attributed
to interruption of descending pathways to spinal network. Although neural circuits locate below and above
the lesion remain functional. We investigated that an artificial neuronal connection that bridges
supra-spinal system and spinal network beyond the lesion site restores lost function. A promising
application was to bridge impaired spinal cord lesion, as demonstrated that volitionally controlled
walking in individuals with spinal cord lesion can be restored by muscle-controlled stimulation to lumbar
spinal cord. Furthermore, we investigated the motor adaptation process to a novel artificial recurrent
connection from a muscle to a peripheral nerve. We found that participants could control muscle activity
to utilize a novel connection into the volitional control of upper limb. Thus these protocols developed
as promising neuroprosthesis for individuals who have residual neural systems after neural damage.




(Trans-Vertebral
Magnetic stimulation:TVMS)

( 1

Closed-loop — ( 2
Brain-Computer interface(BClI)
BCI
BCI

—| Stimulator

A

Decorder

Smoothing

Detection
of EMG
Waveforms

[ ] A HHEEBE OFF

B HHTEE ON

1) H—SILR
'

Superior

0.2
Postemor—i— ‘Ahterior
Inferior




RIS - RS

C 3
%S - FAlSG

L1-L2 L1-L2-
Tl A
Lefl Right
wgosa i il
O T »
GrmEs 7 N O\ k‘\\g/j"\\d//|%§
i g7
ERIES: /_\//\/ M | u;;);“
. . 1085 i T
=360 180 0 180 360 a0 180 0 180 360
Degr Degree
4 TVMS
TVNS
1 2 2
3 @ 7
TVNMS

TVMS

4

F R AEBYBAA (cm)

[«2)

ASIA A

1
3
( 9
1 1
]
(
closed-loop BCI
I ZET ATHRES ATHEES
E#® HER
n=13 n=4 n=13
s
em e Accurate
Ovefsﬂhoot sontm!

6)



6

Sasada S, Kato K, Kadowaki S, Groiss
SJ, Ugawa Y, Komiyama T, Nishimura
Y. Volitional Walking via Upper Limb
Muscle-Controlled Stimulation of the
Lumbar Locomotor Center in Man.
JNeurosci34(33): 11131-42,2014. doi:
10.1523/JINEUROSCI.4674-13.:

”»
)

. BRAIN and
NERVE.66 12 :1481-1486,2014.

”

J JOHNS 30
No.10;1483-1487,2014

13

79 , 4 :500-504,2013.

13

”

, Vol.246, No.8: 582-587, 2013.

13

21, Vol.16, No.1: 30-36,
2013.

20
. “Brain Computer Interface
” STROKE2015 26
Mar 2015

STROKE2015 26 Mar 2015

Yukio  Nishimura. “Rewiring the
Damaged-Pathway through BCI
Restores Volitional Control of a Paretic
Limb” CBMI2015 14 Mar 2015

13

”» 44
21
Nov 2014

Yukio Nishimura. “Rewiring damaged
descending pathways to  spinal
locomotor center restores

voluntary-walking in paraplegia.” 4th
Joint CIN-NIPS Symposium 5 Oct
2014 Tubingen University

”»

37 11 Sep 2014

. “Brain Computer Interface
”» 15
JSEK2014 6 Sep 2014

13

”

24 May 2014
? 20320
12 Jan 2014
»” 72
17 Oct 2013
Yukio Nisimura. “Motivational

regulation of functional recovery after
spinal cord injury” The 3rd NIPS-CIN
Joint Symposium 10 Oct 2013

13

Spinal Computer
Interface 7 77 7
Oct 2013

“Potentials of activity
dependent stimulation during free
behavior” 7 Motor Control
6 Sep 2013

. “Volitional control via an
artificial neural connection”
15 Mar 2013

. “Restoring Lost Function Via
An Artificial Neural Connection” 7
25 Jan

2013

Yukio Nishimura. “Restoring Volitional
Control Via An Artificial Neural
Connection” 2nd NIPS Tubingen Joint
Symposium 29 Nov 2012 Tubingen
University

13

”» 10
29 Sep 2012

13



“ 35 19 Sep

2012
7 31 Aug 2012
Nishimura Y. “Brain Computer
Interface
24 Jul 2012
0

o 0
o 0

eY)
NISHIMURA, Yukio

20390693




