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Fig. 1 Short opponens hand splint (A) and long opponens splint (B).

4, Hybrid assistive neuromuscular dynamic
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The patients wear a wrist-hand splint and carry
the IVES for 8 hours in 21days.

VES : : Sl
CA kmd of closed Ioop EMG oontrolled NMES .
. IVES can change its stxmu!at:on intensity in :
propomon to the amphtude of voluntary EMG
: Usmg this ass;stlve stlmuiatton pat;ents
who cou dn t extend the r affected fingers voluntar;!y,
 were able to extend thelr fmgers at theu’ wril :

" Electrodes placed at EDC and EIP

Stimulus intensity

Muscle activity

Fig.2 Hybrid assistive neuromuscular dynamic stimulation (HANDS) therapy. HANDS therapy consists of using IVES and
wrist-hand splint. The patients wear a splint and carry the IVES for 8 hours. Using this system, patients were asked to encourage
to use their paretic upper extremity in their ADL for 3 weeks.

[Abbreviations] IVES: integrated volitional control electrical stimulator, EMG: electromyography, NMES: neuromuscular

electrical stimulation, EDC: extensor digitorum communis, EIP: extensor indicis proprius
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BMI &%, B &M% EB S5 v AT L e
DZERVY, AFTIE, BEZORIMET2A
B35 BEHTOWDLWY 2 HEEMREL BMI OB5
DFFMSAT DO AIL T2, T4 BMI % B E R
BEEOEEIRREOHE LY B & 7 5 sk mIE R
BMI 28 H &N Tw 5,

Buch 5 IZMHEE % Vs 7- 4% e E 15 R BMI %
BUIOMEFREZEICHCTWS, FRERED A
A—TVRO u BEOELERE L CREMFE
WEEE L RELZEI» TR E T o7, BRILE
BOI Y O UIdekE L7208, ERORMERE
EMRREDOWEIIRRD o7z, LM LEDS,
REEER O BMI 2 F V7291812 L b, BiEEo
Mg, EEeMEEYET I LIcL s, ERER
BEOTEEOFEDOT M ORI S, FFIC

EEMEEEO FEREEEICBWT, ZOTH
S SN, BERBRFETEROFY S
I L7 R B BRI B BMI % Fiv>C, Shin-
do & I KREEMIZ L AR E VT, EBjA X
— VB E BN IR C BT A B 5B E B F A
(event related desynchronization : ERD) % B4 L T
BEEEICL ) FRMEEZIT) BMI I % iz
R RGE BB 1T, HERREE 4 b IS T A
OB OB Z #HE LT\ 5,

EEOI, MERAIFBEHECHE RO
WEHHIEEREREICBWTD, BMI BT
AT EICE VB OREERD, Bl L&
HANDS EENOBAITAT R & 72 o 7ES] % 125
LTwab, EERFREREIZBWVWTDS BM],
HANDS FiEA A EHLEL I LK, R
BoNeho-BEOEELZEONL LIk o
TETWA5,

m = &8

T, BERMICBIT A TTENEL T FHET LT
LY, HREELEESE, FEEEOER
BrRESIFL)ETAINEY T IO —FH%
CHEINTWS, LrLadb, ThFNolb
BIIZBEEAH D, BEINGS RERECD
PRELEBYDBHLOPHIRTH A, FNENDIE
EOBIE 7 W 57201203, EBIFM S5 72
FI/ZT T, MEEHZENZFHMEIEETH
B, F7z, EEEFEEAEILALUANE)IIEOE
FEMIIEDLLZ IR, BERELRBZYNEDF
A = 2l 4 OB OFHE, T VEREICE
DEEA DF LIHELZMICHNS L v A
FYAWLETHA.

X #®

1) Bastani A, Jaberzadeh S : Does anodal transcranial
direct current stimulation enhance excitability of the
motor cortex and motor function in healthy individuals
and subjects with stroke © a systematic review and meta-
analysis. Clin Neurophysiol 123 : 644-657, 2012

2) Bolton DA, Cauraugh JH, Hausenblas HA:
Electromyogram-triggered neuromuscular stimulation
and stroke motor recovery of arm/hand functions : a

No Shinkei Geka - 41 % 8 & - 2013 4E 8 A 667



3)

4)

5)

6)

7

8)

9)

10)

11)

12)

13)

14)

668

meta-analysis. J Neuro Sci 223 : 121-127, 2004

Buch E, Weber C, Cohen LG, Braun C, Dimyan MA,
Ard T, Mellinger J, Caria A, Soekadar S, Fourkas A,
Birbaumer N : Think to move ! a neuromagnetic brain-
computer interface (BCI) system for chronic stroke.
Stroke 39 : 910-917, 2008

Cauraugh J, Light K, Kim S, Thigpen M, Behrman A :
Chronic motor dysfunction after stroke : recovering
wrist and finger extension by electromyography-
triggered neuromuscular stimulation. Stroke 31 : 1360-
1364, 2000

de Kroon JR, van der Lee JH, IJzerman MJ, Lankhorst
GJ : Therapeutic electrical stimulation to improve motor
control and functional abilities of the upper extremity
after stroke : a systematic review. Clin Rehabil 16 : 350-
360, 2002

Fujiwara T, Liu M, Hase K, Tanaka N, Hara Y:
Electrophysiological and clinical assessment of a simple
wrist-hand splint for patients with chronic spastic
hemiparesis secondary to stroke. Electromyogr Clin
Neurophysiol 44 : 423-429, 2004

Fujiwara T, Kasashima Y, Honaga K, Muraoka Y, Tsuji
T, Osu R, Hase K, Masakado Y, Liu M : Motor
improvement and corticospinal modulation induced by
hybrid assistive neuromuscular dynamic stimulation
(HANDS) therapy in patients with chronic stroke.
Neurorehabil Neural Repair 23 : 125-132, 2009

Hara Y, Ogawa S, Muracka Y : Hybrid power assisted
functional electrical stimulation to improve hemiparetic
upper extremity function. Am J Phys Med Rehabil 85 :
977-985, 2006

Honaga K, Fujiwara T, Tsuji T, Hase K, Ushiba J, Liu
M : State of intracortical inhibitory interneuron activity
in patients with chronic stroke. Clin Neurophysiol 124 :
364-370, 2013

Hummel FC, Cohen LG : Non-invasive brain stimula-
tion : a new strategy to improve neurorehabilitation after
stroke? Lancet Neurol 5 : 708-712, 2006

Kakuda W, Abo M, Kaito N, Ishikawa A, Taguchi K,
Yokoi A : Six-day course of repetitive transcranial
magnetic stimulation plus occupational therapy for post-
stroke patients with upper limb hemiparesis : a case
series study. Disabil Rehabil 32 : 801-807, 2010
FRET, BEGRZ, NEER, & #H, Resk
En B R R RE O LR EIIN T 2
RERES MBI BRI & TR EEREHRRED
A, U NS 43 1 353-357, 2006

Khaslavskaia S, Sinkjaer T : Motor cortex excitability
following repetitive electrical stimulation of the common
peroneal nerve depends on the voluntary drive. Exp
Brain Res 162 : 497-502, 2005

Lotze M, Markert J, Sauseng P, Hoppe J, Plewnia C,

15)

16)

17

18)

19)

20)

21)

22)

23)

24)

Gerloff C : The role of multiple contralesional motor
areas for complex hand movements after internal
capsular lesion. J Neurosci 26 : 6096-6102, 2006
NREER, BWARED, BEFE BRERZ, AR W,
WHESE @ BB BB SRBEEE O fFE & &
FRELEE ~ O AR, BESEES 81 0 29-35, 2004
Shindo K, Fujiwara T, Hara J, Oba H, Hotta F, Tsuji T,
Hase K, Liu M : Effectiveness of hybrid assistive
neuromuscular dynamic stimulation therapy in patients
with subacute stroke ! a randomized controlled pilot
trial. Neurorehabil Neural Repair 25 : 830-837, 2011
Shindo K, Kawashima K, Ushiba J, Ota N, Ito M, Ota T,
Kimura A, Liu M : Effects of neurofeedback training
with an electroencephalogram-based brain-computer
interface for hand paralysis in patients with chronic
stroke : a preliminary case series study. J Rehabil Med
43 : 951-957, 2011

Suzuki K, Fujiwara T, Tanaka N, Tsuji T, Masakado Y,
Hase K, Kimura A, Liu M : Comparison of the after-
effects of transcranial direct current stimulation over the
motor cortex in patients with stroke and healthy
volunteers. Int J Neurosci 122 : 675-681, 2012
Takeuchi N, Tada T, Toshima M, Chuma T, Matsuo Y,
Tkoma K : Inhibition of the unaffected motor cortex by 1
Hz repetitive transcranial magnetic stimulation enhan-
ces motor performance and training effect of the paretic
hand in patients with chronic stroke. J Rehabil Med 40 :
298-303, 2008

Takeuchi N, Tada T, Toshima M, Matsuo Y, Ikoma K :
Repetitive transcranial magnetic stimulation over bilat-
eral hemispheres enhances motor function and training
effect of paretic hand in patients after stroke. J Rehabil
Med 41 : 1049-1054, 2009

MEAT, £B—& @ MEPRE IS 2 2IESE
O ESRE KBRS B T EE) & & ONER
R AE L Y B A2 5- 2 5 48, Jpn J Rehabil Med
48 : 341-351, 2011

Ushiba J, Masakado Y, Komune Y, Muraoka Y, Chino N,
Tomita Y : Changes of reflex size in upper limbs using
wrist splint in hemiplegic patients. Electromyogr Clin
Neurophysiol 44 : 175-182, 2004

Wolf S, LeCraw DE, Barton LA, Jann BB : Forced use of
hemiplegic upper extremities to reverse the effect of
learned nonuse among chronic stroke and head-injured
patients. Exp Neurol 104 : 125-132, 1989

Wolf SL, Winstein CJ, Miller JP, Taub E, Uswatte G,
Morris D, Giuliani C, Light KE, Nichols-Larsen D ;
EXCITE Investigators : Effect of constraint-induced
movement therapy on upper extremity function 3 to 9
months after stroke. The EXCITE randomized clinical
trial. JAMA 296 : 2095-2104, 2006

No Shinkei Geka - 41 % 8 % - 20134E 8 A






