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Effect of a sensory-enhancing robot-aided rehabilitation system with tendon
vibration
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The aim of this study was to develop a sensory-enhancing robot-aided
rehabilitation system with tendon vibration for the upper limbs. The pilot study included 5 healthy
subjects. Vibration stimuli at 100-150 Hz delivered to the dominant arm pronator enhanced the sensation
of supination movement during robot-aided forearm pronation/supination exercise. Next study was performed
to determine whether vibration could change a cortical activation pattern durin? robot-aided forearm
pronation/supination in normal healthy subjects. Vibration stimuli at 100-Hz delivered to the pronator
during supination of the forearm. We measured the cortical activation of the motor area during
robot-aided exercise by means of a near-infrared spectroscopic imaging system. Vibration stimuli enhanced
oxy-Hb increases in 4 of 6 subjects in the active-assisted mode, while the enhancement in oxy-Hb
increases was observed only in 2 of 6 subjects in the passive mode.



B X C—19, F—19,.
1. WFZERRMEL IO 5
(D)F4E, WM2EhBEEDO ) BT —3 g v
(LLFU N o TaRy b3 BRI O
ERMEIN, ZOFAMENER SN TWS
U Ee Ry MITTFTRA I & B
AN THDZ Enb, = /NU—REN
BEEND Y OB TOERNMF S
T35,

(2) b4 25 H 1 0D JBRIEE D K% BE (8116 12 VR oI
MNEEREEZ R L a2, ERGIEE
BuRy b CILRERE RS oI j ik T &
TV, Fex i, vl b3 BRI
IR B & U CRE~ D IEE IS IEE L
72o LARTL V| JEIZH 100Hz FEE OHEE)#H]
Wamzx s LEHE DR & bER LA
CCWDIRE GEEEER) 2400, EBR
HEFRMRIE T2 Z ENRRESHTVWEY, =
OBEIIMEES THLHB I TWVHYe R
o 3R RIS o SEE Y A OF
% & DI EDIERT H 2 & BN HIFFS
NBHM, FEHSHENITI> TR,

2. WO BEBY

Ve ARy b3 ERIIIC WD TR~ DR
o i) Pk 3 I B RO A 2 RIS Y R S R ED
FINE D SR BRI O J8 5 5k SRENHNEL O 56
N, FIE 21T 5 TEEh) & gERE | R ET
Do BIR v MEEES CORIBEO RN ESR) A
T4 % % Bi-Manu-Track (Reha Stim,
Germany) =32 (X 1),

(2) mAy MZXDHRIBO RN OEE)
WZHEA~IRE 2 0 %, EUC X DR
e < R @ Visual Analog Scale (VAS)
(2 K 5 EBLRFEAM & N R 3R O IR 2 FHI
CEX BB F v v KA 4
(NIRS : near-infrared spectroscopy) i

W LD EBIIRHLCTH B NN T 5,

1 BRI e R > b
(Bi-Manu-Track)

3. Wik

(1) B T OIRBFA SO T E  (FHEAH)
Oxt4:  fEHEHERE 5 4

@ik BYERE ORFFE O b 5E &
DU B = EEAME IR EY 7 (N TMEEEAR A
A )E—F—) ZEE, BIELIIEEH

Z—19 (Hm

)

W AT A CIRE 2 5 2 208 5, Bz L5
ik D JEEB) 21T 5 (M #l 607 ~0° | 10°
/F) (K2), EEERE O RORRE 2 38l
BRI C 5 BRfE (0 : H9RME L ~5 : & T
LR L72) CHML L 7=,

EEBRFRATL
\ HlEPC |
I
Vs WL ES- S P
Ay F 7 B8

[ = SRARRE
iﬁﬁ]?(ﬂ"ﬁ_ﬁﬁﬁ#’flj{
ILE-2) iw-

EIESHE: CMOSL—HF F 7 =4

X 2 AREVRIRSAFORE (M)

IREHIII R D 2 S THE LT,

< k1 EBE
JEWH 25, 50, 100, 150, 200, 300 (Hz)
K2 ERE (2HRE 0. 5mm)

= 1 OJE L B+
JE e % [Hz) 25 | 50 | 100 | 150 | 200 | 300
I [V] 1.811.9] 2.8 [87]9.0/ 9.0

K1 EIRETORM:

(2) mAR v NN CORERITL S DR
& (RifEIN L)

Oxtg:  fHEHERE 5 4

@ik FHBREOF X FEREFE T 5,
(RIS ORI X BN R E8E, [BISMH O
PN ITAMA EREIC IR B 1 &2 A v & — Tl
ET H, 60 O LA, 60 B O
Bi-Manu-Track (2 X 2 BEINAMESOFREI S
5y va A 2 ERER L TITO (K3),

FNENDOE v a rOREIGEIHKLE D
BEBROFLEE % Visual Analogue Scale (VAS)
12T (0 : BYFRME L ~10cm : & THIEM L)
i35,

AR |

ﬁ:ﬁ:@m‘j’ /

1ﬁﬁmﬁgIII iIl lIl
[olFEEh A ERR

X4 3 REVRIESAEOSE (kRIS



EEREAT, WBRE SN R Y MCENE 24
W5 MENER) & IERXFTTrA Yy hoNy
KLvZzBA BN LT, FlIEFodhx 2L
RN OREF 2T A MgEnEE O 2
DIZOWTHRFET D, RFET 2 BIEEAL, il
WRAAT O iEB), PO E R OMAE DRI
F3DWEWY,

TISERLT | WA AT 5 ) | Ao ]
1P 1y

Edu e, 50, 100, 150
B 1 100
191 E

#*3 WEOEAL, EE), FEEOMEE

(3) HEEN AL IR D Fid PN e 32 Bh e
O /EF A 74
@K (2) Ry F B COIRENH]
WM ORE (RilEREINA) OFfER%Z Tz,
KR E OF & PR OBINFHIZ AL Z—T
[ & L7 REh - CRIZMEB)REZ O Z 100Hz T
FAE 52 5.y a 035 R ORE%.
Bi-Manu-Track {Z X B [BINAMES 60 5 & L A
120 DX A7 % 3 [El#RY KT, KB
a VO RBICE KT OHERORE %
Visual Analogue Scale (VAS) & CEEid %,
Fio. EEOEEBERE O Y T H K
b B DB E D BRI NIRS (ETG-100,
HN AT 4 3) OFa—T7 %4 24ch #iE
45, NIRS I v v a OB BRRT £
THGCHMT S (K4), s oR
v NERBEIFOEROELEDbEEFE 4T
RY, HEBOREITIEILT VX L E L,
S L72 Oxy-Hb OF — X5\ T, 3 [ED
v a rENEEE L, BB LS
ZhEIE Oxy-Hb (2O W CHRBIAL & © Dt
DAED BRI 22 L O SRMEDE % 517z
(CZENET K OV T > A 2B EE) ),

ESGE PRER o Ry bR
1 7oL BEl
2 L ZH)ED)
3 L 7 T A D RehER)
4 HY = B D)
5 HY 7 VA S ReEhiES)

i%iﬁﬁﬂ@kmf/hmﬁ

)4 AR
4. WIFERLE
) RSO E O B ()

EETEIC IS T 2 B ORI, i
ﬁlkwfii%:Em%A®ﬂ& Jit It et
RELZ 33U T B i = BE A i~ D il TR
Th o7 (X 3), JEBE T, MR 100,
FHE BRI 1500z (12— 27 3 o 7,

ERETH EBE TOME L REICETD
T OBITRIL, IR BRI I T i —8A
TR~ REL, o R 3T B —8H
HE~DOR CTEE Th o 7o, AR TIX
1500z \IZE— 27 "o 77,

w

== HHE
=== S dh
S

Prradﬁstti::::?

0 100 200 300
A% £ [Hal

[

E= e PR
R

—

X5 ey (i S MR R

(2) EENRLSEORE  (Fifbe=] PN EE) )
2 ARy & T AR N A6 E B R R
B T4 U 2 EBER T O RILLL T O
DN THoT,
fhEEBNREIZ 1T, (B NIEE) CIX RN ~D
RIS, [RIFMEEY TR ORI L K
LML (M6), floE KL TIE
100Hz TZ ORI FEN KX o7z

—Ji, 7 A NREEhES) T, [RISMERNIC
BWTESMH~ORIEOEHA, L0 K& By
SR L7228, [BIPNEE) CIERAEIC L DEW T
Ronienot (X7), FEOREETIE
100 (~150) Hz TE* DOHBENKZ Do 72
it DR DA, EB T &SP S
~DORENERNTIH - =H, Bl BN D
B TIIR & EE) T W O BRI
7Bt CTh o=, TORIKE LT, HlFK
AL TS Z E b HEKD—o &
Z b,

VAS (mm)

11t 4% By
50.0
40.0
0.0 )it B HD)
ms0
00 ®100
I w150
10.0 I
0.0
B | L) @518 4
wam [ @Rn | Do | @Am | B ]

X 6 ) B O SE B KT H R



VAS (mm)

BT 7 R MED
50,0
40.0
300 ) P
=50
200
A e
10,0 -
0.0 | | |
HME® | EEEL | E5ER |
mEE [ @Rk | BAE | @nk | Ba6 |

7 7 A b REENES OO MBI

(3) IEEREEF OIS ENRE D 2L
WeBRE DN 1 L4 ITE T THFZES N2 FEHE S
6 24 DEME o7,

O EBRR RO HE5R

IRENHNL AT > TVl (1 ~
3) TITEBEE OHTRIT /D> T2,

S ENEEN IR &2 0 % 7o 4 (SR 4)
TlZ, VAS TO0.5+0.4 OEIIR, 7 & ~REH)
TEENCIREIRINL 200 2 7= 5 (i 4) Tia.
VAS T 1.6+1.4 O¥RAA LT, LaL,
2 Bl CITIRENRIPLIC K 2 EBEhERE O BRI AR
Do To, IRERIES R E (RikEE]
PIEBENEF) ([ZHh, ZOHEBOBEE L/ NI
ST, ZAUTIX NIRS 7 v — 7 OiEEH~D
EESLTm ha— LV EFEOREL H -T2 FEE
Hnd 5,

VAS
{mm)

3
2
(4]
1 2 3 4 5

6 WEE
e THiEDJEY e EERT L2 EHJAED

X 8 B 58 0O H R
((3) HREYRTFIF ONGPIILEENRE D ZEAL)

@ MMNFEEEENRE

PRENHLIZ LV Oxy-Hb DOZAKIZIIE AZEN
bodz, ZEHESE T, EBHTEIEFIC LD
Oxy-Hb 28 EH- L7=Di1% 2 7 6 ], sEEhT A
N EBE)TIL 4/6 Bl Tdh o 7-, REENT o & FE
BT T Oxy-Hb @ EHPNR 5072 4 B TIHE
R HE IR OB R A (> T\ e,

9 T A MEEHEFIFD oxy-Hb (R
D IRENI I — IR BRI 2 L) R 2

BB 112 |3]4|5]|6
ZEER) R el el i
RE7 VA RER |- | 1 |~ |1
5 IRENRIIPLRE O A EB)RED Oxy-Hb _E5-

< SIH k>

DGoodwin GM, McCloskey DI, Matthews PB. :
Proprioceptive illusions induced by
muscle vibration: contribution by muscle
spindles to perception, Science
175(4028) :  1382-1384. 1972

@Naito E, Nakashima T, Kito T, Aramaki Y,

Okada T, Sadato N: Human limb-specific
and non—1limb—specific brain
representations during kinesthetic

illusory movements of the upper and lower
extremities. Eur J Neurosci;  25(11):
3476-3487, 2007
® Cordo PJ, Gurfinkel VS, Brumagne S,
Flores-Vieira C : Effect of slow, small
movement on the vibration—evoked
kinesthetic illusion.Exp Brain Res;
167 (3) :324-334, 2005

5. ERRBERmIE

CMERSRm SO (BF O )

(F2%E] GF8fF)

OfE K, H)IEHE, EiieRy bR
RIZ I 1T 2 IREY G T N IE BRI KT T 5
B—EEHETOTPMHUIZE. % 53 BIAAY
v T — 3 VERRTNES, 2016 4 06
A 10 B, RHEEESES L)

@FH K, Ry FEIEOTR, TRk
27T EPF YV NN F—a b7y Ly
AL 2016 4E 2 A 06 H, IO RSTHRAERE
v — (BHIT)

@MW K., vRy hREETDLU ALY T
—varyOBUREEY, & 36 EEARYNE
V75 —a UEFEPE - UE#GS, 2015
FE12H20 8, iy g kv g—
([l 1Lr)

@FH KX, VB YT— g VilliiEn
ANy b OREKRIGH—3R8E & BL, LIFE2015,
20154£9 H 08 A, JuMNBEEZEKRY (&)

OMERZE, filEBE, il K, EEke R
v XA~ OBEREN R OIS, 5 6 1]



HARZ 2= Y AEY 7= 5 VR
2. 20154E2 A 21 A, KA E 2—hT /L
(B )

® Futoshi Wada, Takumi Matsuzawa,
Chikamune Wada, Development of a
sensory—enhancing robot—aided
rehabilitation system  with tendon
vibration, APSOM & ISRN 2014, 2014 4 10
H 28 H~10 A 30 H, Taipei (R.0.C.)

OFHE K, BELZ, BHEI . afy
FUANEDT—va OBRERE, 5 43
[A] B AREG R AR A B s (20134 11 A 7 H.,
=2E (&)

OB, fnEBiE, filE K, B~
IRENVFIIL I K 2B SR B R O AIHIZBE T
Bk, B 55 AL LN E T340 5 &k, 2013
10 H 25 A, AETUMN EARAIFER 1 pE S s
A — (dbuM)

(XF) (o)

6. WFIERHAE
(1) WFgefks
fnE K (WADA Futoshi)
W FERIRT: - R - #e8dz
M5 - 10341512

(2) Wrge iz

fnmE  #52 (WADA Chikamune)

JUMN TEERS: - EmiK T 7e R - HEZd
WrgeE 45 : 50281937

Q)W 11

KATEEZE (MATSUZAWA Takumi)
FHJIEH (YOSHIKAWA Mari)
HrEE B8 TEI] (NAKATSURU Masataka)
H L7 (NAKAYAMA Yoko)



