H L KBS ES l Bl 5 SRR 2 SR o]

%, 2

1

Bk A mEZm My kuag]

oo o
RHH

B HEARECESAERE HENAFREESRE - EEMNEBE—4HME
B AIEACPRBEEBHRERE > WAHHEAERAN - R aERRESREREBEN
HER o WHE MR IR MR - MEREBEEREBLMER X REREEREY - BRIEEH
IR AN R A M O BRELE R DT 2008 FF 885K » (B AT MR 2R 1428 B B A A8
BAR IR 2 » AR 2006 2l 2009 G #28 SH BN A S RIEI TAREE - UL RRIRERAF 5T
2% o 5k 1 #5H PubMed ~ Mediine ~ Scopus & X ERIE = 5|2 » & ABISES : robotic
training/robot assisted training, stroke/hemiplegic, rehabilitation » A28 & B A B A RE LR A
TR BETERGM - 22009 5 3 BALE - 28 42 BHEESNE - BR 1 AENNREKSEE
HARME - BFAHIERESE (ERIFI%R - /I - SaERIFMERAIFIE) ~ 3l
AL (FHE ~ T~ BN - G BNMFETMIIR) - mEEIHRHEEE (X5 - #E) -
HETENEEFIR) ~ BEEREMACIRIEEREE (AaIEERERNRER
A~ EENABEREGIAR) S8 - #BREaEEERSENARIREXES BEUN
=& HRPEEEFXIEREAINESES AR  BREMFES - BIfFI6E - BifFRA -
PLAOFIETE M » BN AIHERFE 3~4 @A » BIEEEERPEMEIRN—E - &l © #Hasm
BaEAFREBEAIERSEC—  ERRFIGEXNTEANRARSENRE  EEH
BREBRS > WEBRAWS - RKEZRAZBFERENERS A HMD

EREFE  YRNARFEERCERMN - LERERERZ2E -

BT 2009 5(2): 128-144)

(RERRE AT

RASRE | MAREBAE - A - FARE - TER

=]

HEEBERA KR EERR . — » H530%
F| 66% 18 M Jalfm BB I LK THEE - T
B EFRBC HEAETREMAERRE - BT
UER R LR RETET - HRTC# R &S
MG - AP EERIRG S EE TR
Braik  CHEEREZMEEEWIRET LR
Bitensky, Salter, & Teasell, 2005;
Bonaiuti, Rebasti, & Sioli, 2007) o [t FifE F1=(E

FITIREMERBAIBR A - BoE G EFZARREER

(Bayona,

KmE - BT R ThEEBEEE ; £
TR R R R — H— AR R - ERSE
AT

TR E RS IIAER - KRR B E
PREREEE | - AT Z R R RRATRL
R HIRR AR FEEEEZIRE] - IR
BIREiEERA T - BABAS G - HAERRA
feftErRfE - RN - EHFE—EER - BHE
SEERRRER - ALEAMEZIRIIER A
FE R IRFHE - HRERRTHR BB
IR o

ERKSBAGRER AL EWRPELEMELRER

WA H 3k D RFEE BB B LB 259 FREREMAERER -

#3163 5 ETF1E4 © cywu@mail.cgu.edu.tw

128 | GEIRAEIGRERIFCELEES 2009 5(2)

E3E 1 03-2118800 »#% 5761 3 1% H : 03-2118800



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

Kwakkel, Kollen, & Krebs (2008)% -] 25 i
BIRGIER TEAT A0 [ B B 12 3% 9 At (K wakkel et
al., 2008) » HAFEEEH 10 R ERHIEh AR 2 AUE
R AEREIE R o TS B AR B A R E R
W5k % » Kwakkel Z5(2008)f£E 552 2006 4
ZOCRR - ORI 2006 £ 2009 4.2 B 2REH
BIREESURR - MRS ERERBINA R & B ami ] B b
FGTATERIR BRI 5% -

PR BB AR Z IRtk

RIRENFERE M » BRI RERE R ER
BEEEH rI BB RS » (REEF 2 HE
o BEREIEMAE RIS TR R ENEERTMR
H 0 FEHEE ~ EE - ZIREVEI EAIARS R ]
i K REEEE A ES R 2 SRR BT
FAEHAECEE - REEE R B - W REET
TR B E R ERETE - FITEEGEIER
RIS EVRY CUR(E et S

PRI EE R R L B R G T B
BENERE - BV A 1 BB 28 28 (use-dependent
plasticity) o fR357EHi%E(Hebbian rule) » Y8 s
5% SN LSl (postsynaptic )Y S T [R]FF
ST > ZRHE 5 28 i T EE S (Boroojerdi, Battaglia,
Muellbacher, & Cohen, 2001) o HAE iR DL i feE
HREEBE - (KB FEZRE G B
ZEfiE b I8 5H (long-term potentiation) ~ 2
TR (long-term depression) 12 £ B
B o (b)ZeiBRURE B R RS
ZeoySIENN ~ SNk AR < B B A A T
HYZEfERERS o DHREMERIIRE RS » AR E—E
AIEH R ERRVERE . - SEE R ERE (R gk
o WA} B - BRI T EEBI R
TS A& RS L IR B BB EDRERI AR -
B 1 E S BI85 (Schaechter, 2004)

Ji ik

e PubMed ~ Medline - Scopus 25 3RS
=i |25 BAESEES © robotic training/robot assisted

training - stroke/hemiplegic - rehabilitation » &F 35
TR sEH (DZAERFEREE - QLIS
WEIRRE R LN AT ER - EESURFERR
2000 F-2 2009 £E 3 A o ARHIALIEE 73 B
g R TR G - ZAE ABERL
PRER IS E TR  RR AR R TR
o

R

M7EE

HH 42 B BEERWE2RE - B
ZREMIEERET 1R iEREGH 157K - #E
BpaGt 12 WK EERRGT 120/ EEEERRGT
EHEEERRRGTT - AHHEAE ABEAE 4 F 20
A ER—REARL 20 A - #EFZE 2000 £
5 HZE 2009 4  WEZERRET ~ HREEME ~ BEIRT
[ R B AT R SR 1 -

AR SRR HBHNR - &
GEERRATLRIMEERR—R RIS
IBRENRRATS T HE IR B =0 HEes
EARERSE R NR (BAITEMHEES L
DFFiHBEFEE) ZHBH=R  EREE
BRaRGT ;s R HEE R A A RIBE R LB
t—R  BEEREERGT B—EREZH
SRHENARNTRE RS A R B
[ExmsEmR - BE—XF AR - niERERR
TR AR EZ 2 RS R
Z It - EREERRGT ; RS
BREARZ EBIIUR - RaBERRGT=R
FHEEERRGTAR

ZHE

FH 1090 {3 2 85T > A BEE
mY 2N &% 56 A o ZAERIEEIEMEER
BEH » Flin ML 60 70 pRZfH - BifERGE
EhEERERES  BRIRZAERAR
Ao RIE AR S R IR RITT AR
ZENEIHREESR - BEERESLITIMERR

BEIREEIG IR FEIE S 2009 502) | 129



«(Juownnsur Jojour)

NI (321 [onuo) YuniL, oY) LOL ‘SVIN QL Y UHFIEWE W ST : T [k
“+(8d021q % PIOIAP) YN * « ([EwIXOId) N 4 ) AR I0GYON Y[ A F BV W S FHEF LT : B3 E  (LOOT) oIseN
I ‘s« dN 97 : Wlg
‘(HM ~ « dS) SSIN “(H/M ~ 1d/4S) A (li 2 ) SONVIN-LIN 3% i+ £ 8 FS 0€ : &. g‘um 88@&?
FEWEE «  (0msodxo10qor “SA [V )T M =43 G 5 88 Wi ok 9L g 2 S
sIsATeue Suryoeax
a1 “(JND)IRISEINDIA -o¥opay) ‘Uonoung AL E
Ioddp) jo 1591, [euonOUN SO OYoUEY (li2r ) opinD NV T :9[edos ojons WD /Fl &l 01 : Wi (9007) uyey|
AKrwanxyg 1odd) 9y Jo 189) [eUOnOUN,] L E [
4 SSQUUIOOWS ‘SSAUYSIENS ‘DFULI FUIOLY (lig g ) opmD NIV 98 lif) = 3£ B b/ FI & L:EEE  (qroog)uyey
v H g%
9[e9s IAISEIAPIN-SYOPAYD) (ly ) opmO NIV WY [ 3 F @)W & FE 9: WY (e1007)uyE

Bl . (SOS1010%0 BUIYOLDI POUTLSOIUN “PIISISSEUN “SA LV 3 O 2345 12 i L1 by 3 2 398 3 2 i g 52 3k

CREE = HRESERBIE R B U R Rk

e

8

fests

=

oEssi]

gt Mol RS

(oxeo-Jas) NI “(Wre) VI

“x (UOTXA[} MOQIR)INOYYV “« (S10X2[] MOq[o
29 S10)00ppe 1p[NoYs) SVIN “« (IH/4S)INA
NI ‘s« Aiqess utof . JN 4«

/S SSIN 21098 yuoMysy « ured ‘. q/S N
(CILEN

joedw] 9)0nS)SIS ‘(3S9L WY YoIBIsay
UOnIV)IVIV ‘dN ‘(H/M  Td/4S)INA

* LA “Xopu] [oypieq

¢ sonewauny Suryoear ¢, PIUdLS 4 NI

HHOWHE « ¥FE

SHET LTI D « NI (19mod 10j0w)
dIN "5 5 SSIN “ ,, (Teastp ‘Tewrxold) N
WIA 1AV [Pyeg

* «(19pmoys) y3uans ‘(H/M ~  [4/YS)NA

(I g5 ) waskg

(%) WdD

(g5 ) guonowuy

(8% /lgd) ININ

Q1 g1 onnoderdy GOAVHTY 384 g 4 YW 4 F Bl

W EW - 0d
/SINA ~ ¢>dIN /HE

YT EWY B
< €e>1aMS IW-A / FEL
(3 WO ¥ XY « 3%
Yl £ b FE

gt
T INOY = e dd i 5 « 3¢

(183 /g ) ININ %mjfw@i%\ﬂ?

(ld ) TINTIN S+ B b FE

ST : B[t
Sl : WY
ST : B[t
L] : B Y

01 @ T[4

I Bl

AT At

€1 B¥Y

9 : B [%I

(Wl +d) OB d
S: (WidH) dwmeHl

6: (Whd) VHHE

01 @ T[4

Y

(L007) sespezeg

(5007)ad1oA

(8007)adoA

(z007)mnT

(9007)wnT

(0007)1e3mg

HEHEL . (LD 'SA IVY) BN (LD ‘AdeIoy) [BUOLUSAUOD) KK L %5 &) 1f B 5¢ 1 i 82 %

()

3k B ALY (MF/ &) 82 TR E T [ S0 h WY EFHYS Fid)—
VR R W ERW - %l TR

BEIRGEIR T FCELIE S 2009 5(2)

130



CREE = HRESERBIE R B U R Rk

e

1

AR
=

fests

oEssi]

gt Mol RS

+ Xopu1 uonoeNu030d HINY “+ SV “+ INA
« sonb10y (uorxoryy

AIejunjoA OITOWOST WNWITXEW ) J AT

« (UOISUQ)Xd ATBJUN[OA OLI}OWIOST WINWIIXBUT)
AAIN ¢ x (10110 o1enbs ueow 3001) 7SI
onel Xew\/xewy ‘(osuodsar
Jojow)xew A (Xo[Jol UUBWJOH )XewH
1S9, TeuOT}OUN,]

oyouey « (3L ¥o0[g pue X0 g .« N
+(Juowssassy

I010JA] PEOUWLIDATY YN VINY “x SYIN

+ PpSuans yourd ¢, yp3uons

dus ., H/M SSIW ‘H/M dIN “+ H/M N

* SVIN DU .« NI

% SSIN “x dIN “x SVIN “x INA

* DU+ SSIN “x A
« ssouyjoows ¢, Aoeanooe 30318} ‘(H/A

“x H/S7LVINV) 1891, KN[IQY I0I0JA WY ‘]

qedIl

qa¢dAl

qedIl

qedIl

qedIl

dSEdAI

(ligpd)

WoJSAS JOSUIS-10j0U
(I g5 ) woIshs
9110q0I PI[OI}U0D
A[1eo100190Aw
(ld) NN
(ld ) XTIM
(I

Wm v yoel] [enuew-1g

(g ) (GSUM)ND

S¢ VN (ldFH) 9ariS-vHAI

9 d Al

q¢VvII

qedIl

(liyd ) SOINVIN-LIN

(liy 2 ) cuonowuy

(g5 ) guonowuy

Bl LB b FE

A L b FE

¥>(1pMoys)SYIN ,/F 2

9S> H
FHHFWE
WHEEGZ G T

e e+ L EE b T

&1

!
&

oy

&

S

&

&

[100

DU ~ 8T>INT /H S5

¥ WOI HF « S/p>

S/IZSAN /HE

TOUN R Er s o «
Sl X B b

Al
¥
E|
£

&

0T< N4 « (19pe1D)

SR F U U FE

!
&

% (9007) nH

¢ (9007)3uos

61 (9002)191ed

S (9007)zeyoueg

4! (£002)9ssoH

¢ (5002)ad1oA

C (8L00T)3ssoH

01 (#007)s9ary

(44 (Fo0)1I0SEL

(2 MU) 9 B SNI

9: W IVY GSNEE

(W& W HY¥) ST,

HEFEHRWHM, (VDX >y o b LWL HE T —

(g Kronseds Gy 4 v 0C : B SA
+ DU ‘SVIN “x VINL qedI &) MORIL-NURN-1 ¥ 4 « 8I>NA /FHE R 61 : B IV (S007) essoH
FHEW IV« (SH 'SA IVY) ¥ M 2 4k $L(SH ‘uonenwns [edtnod[ o) ¥ ik B b U i 14 51 i ik 58 %
x (1oj0w) NTA (I AL
‘% OMIN “x SSIN -+ (IA/US)INA Q1 dl %) 90IA0(Q 10gOYON Ul H £ W 4 FE wWEE  (L007) nesoy
(Yr)
¥ B Wa e (WH/w) 8% TR X 0 WY EHE Fih—
YR B (M B - Xl T2

(panunuoo | 9[qeL)

BEIREEIG IR FEIE S 2009 502) | 131



CREE = HRESERBIE R B U R Rk

e

1

AR
=

fests

oEssi]

gt Mol RS

VAL “4/S SAN “(H
/M “x F/S)SSIN “SYIAL “(M/H “x A/S)INA

avSSI ‘g L

NI “OINA “, 3B « , EHEFE « N

WRE G o T R AL« (FW
W) 1du’ (HFHPE) AN (¥
YEAUE) TNV ‘g SAN ‘g SSIN ‘g NI

qzdn  (lg#) SONIN-LIN

oedIl (%) WdD
qedI (%) ININ
qzdn (4 ) SONAN

Y )£ L& b FE
Y¥WuEw W
Yl FE B b FE

W X b FE

HOI<¥HE
%,:,_m mﬁm%& Y FE

6:

L1: (BYEEE)d
€1 : (WYYHEH)V

(H210A9S) g

v1: (B 9RIPON ) V
L: (B [9ASIMO]) g
9: (B PAYSIY) V

€l

(HHE) g

(¢007)0reIID ]

(5007)adoA

($007) wng

(HWHZE -« FWE) Vv (8007)0quoo)

BUB YV HEERYHY,

Wyl i g,

FEHYMHNT vV,

ST Kl

w« AAIN ‘s AAIIN ¢ (30110 parenbs ueow

(I g5 ) woIshs
9130q01 P3[[0NUOD

100D)FSINY “« SSIN “x SVIA “«(d/S)INL qedIn AJ[eoLOd[o0AW  Hik W i)+ B 4 FE 3 (8007) Suog
(lig
« SONBWOUDY SUIYIRAI ‘SYIN “x N QEdIl 7 ) oo Ip oodrIg MY A X B £ FE 01  (6007) orpese)
(lig
* SVIN “x N QT Al %) WSAS S/TTINAD 8% i 4 X B o F Bl 0T (8002) @100
+ (XOPUI JUSWOAOW JANOB)INY 4 (A100[0A ( Iy 25 ) Jorendruewa
UBQW)AJA * 5 XOpul 9dueuniojtad ¢, 21008 Jopnoys-moqe joq ey
10901 ‘4 NOY ‘dIN “x DN “x SSI “x INA P¢dIIl  -OML % ISUM Joq-ou) HFAJUEE T HT S FHE 91 (S007) oquiojo)
IA ‘5 HSINY (lig2)
% IVYV ‘s SVIN “(x H/M "+ ‘d/S)INA QeI  WoISAS JOSUSS-IOJOIN  H8 & i)+ 3£ )W b/ Fl B Sl (8007) nH
QL [10 0 =D ~ 81 >
+ DN+ NI Qed Al %) Yoei [enuew-1g quij rddn-Ng FE T 01  (9L007) asseH
(lig [EEIEN
* SVIN “x N QedI @) ooeiqiuiofoAnoe UE-F ¢ ¥f (/% 3T /FEl 9 (L007) ug
p3uans 4 qnd <, ysnd °, N86 0<% Tk
dun “(3s0) we Aeqoudr]) IV ‘SVIN “« INA q¢dIn () INVIIE FE < SSSINA>9 /Tl 0z (L007) Suey)
O WHURT  (WFE) SR HHEW W 4 WY RS o
VRS B (R MR . feeX e T

(panunuoo | 9[qeL)

BEIRGEIR T FCELIE S 2009 5(2)

132



CREE = HRESERBIE R B U R Rk

e

1

AR
=

fests

oEssi]

gt Mol RS

9 : W% o

k! o1 : (W i3+ %)O
FEFFEGEHG VEE D, L INOY o Wk dd [ % « 3¢ S : (Wl H)d
NI ‘dIN ‘SSIAL “(x , Tesstp ‘Tewrrxord) N qzdn (g lgd) ANIN Y +X W FEE 6 : (Whg#)v (9007)mng
9010} o1RWOoS! yead Guourasour
MOoq[o a1ssed 0) 90uB)SISAI ‘YYTUAIS ST > 2IMmoenuod (vYET : g
a[osnu sdaodLI) “paYoLal RIUBISIP ‘SYIN qzdl  (l#) Wy VIS MoqP « ¢-1 DI / Fl & 01 : (W wns-DNA+IVI) V  (8007) Iodjreq
p>1omod ST: (WHEIHBAPESEH) d
(s g H/M ‘5, /SN qcdil (ldr ) zuonoNup oposnur>| : YN /FE (WG E4) vV (8007) sqa13
0€T A
(g2 ) 10901 JOA + 0 (MOQIP)SYIN « T WIY 6 (B U/E¥)d
+ y (Kroedes uoneydepe) (7 3¢ 3 B QedIl  WOpay-j0-22I130p ¢ Jo dTeig Mopay) F E 8T (W H® Y )V  (q9007) uoned
(2 ) 10901 JOa 6: (WUHEW) 4
« y (Kioedeo uoneydepe) £ 38 YT NA Q1 gl  WOPARY-Jo-22I3p 7 Hk Ll 4 YV b F B tl: (WYEY) VvV (e9007) uoned
S: (WlegWEHUET) a
S: (WlesgWy
YT Wl EUET ) O
6: (Wylesem
UEF<pleRWHrnYTHE) 4
awoay DI SSIL ‘SVIA * gy WA qcdil (ligr ) uonoug T O4N S HE 6: (BWHEY¥TE) vV (+007) uIg
(lgd) %ST<+4MU LdH6 « ¥
av INF ‘g DINA g, G294 001Ad( UOnEN[IqeyRy  0T-C INA « ¥ 01 <NOI (B U EF<(HEF) d (8002)
“x y 1SAL WY [OIB3SOY UONOY .5 V NI Q7 dIl  OAnsISSYISUM pueH  JON B+ /Tl & (BYHBEF<EYUBT)V Iyseyese],
[REeX: 1A\ L: (WBKE) g
av DI “x g SSIN ‘SVIN ¢, INH ezdll (lgd) SONVIN-LIN MLy HE €1 (WH®mH )V  (€007) 1osed
61 @ (WWleME<—FY) g
+g+v SVIN ~ WA Qed Al (lgE) SONVIN-LIN S/7>"% S/TZSdN /F &l LT: (BWletyEr<2E£) v (L0O0T) S9oT
WELGHHY £TYITV ., IWUHV  FZFEWYTHY,, FFEWYWYNTH T, FFEWYWHNT vV, U0y LW [
O WHURT  (WFE) SR HHEW W 4 WY RS o

e U &

(o WHEW - ¥l T

(panunuoo | 9[qeL)

BEIREEIG IR FEITE S 2009 5Q2) | 133



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

8 #% 1 71 &) {F #F fl & 5 (Fugl-Mayer Upper
Extremity Motor Performance Section Test, FM) -
B 5T & 3 2 WL /7 E K (Medical Research
Council scale, MRC) ~ & /& Il 77 & = (Motor
Power Scale, MPS) ~ {£3T .2 A HTNE X LA &
Z<(Modified Ashworth Scale, MAS) o FM 528
WEZENEES  Baahm (B - Fh - §i
B hoEimbRgh (Fhi~ F) - o 0 5F
66 73 ; MRC £it MPS £ 8 I8 — B —FEILA T
BEEK 05 (JefEkdE) 255 (IEF
WL73) + MAS il B ALAREEE » 72 0 43 (AL
WiERT1) B S 4 (EEERS - BEE) -

SRR R B AR B2 A E L BT REE
SREEFRANT -
1.FM >10 433558 5 6-60 433L 4% ; FM for
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(Root Mean Square Error, RMSE) ; &1{FZFIREI L
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(Functional Independence Measure, FIM)ZM o

BT ERR

RIS - PEA e RE ST
ek =R BB R - BIfFLIRE ~ BhTERI ~ L
JIRLARETE - A AT RHRERGERr 2 3~4 (8 H -
15 B e i ER A I AS— %€ (Burgar, Lum, Shor,



CREE = HRESERBIE R B U R Rk

e

8

fests

=

oEssi]

BEIREEIG IR FEITE S 2009 5Q2) | 135

gt Mol RS

(wre TIVINS) wry oy

2% Jo Sururel], uoneI[IqeydY

BEY e 1= T Uk EFx Mo & 800 Iovreq 9A1OY 10JOJN-LIOSUSS

(@IvVMH)

B C¥ 901A9(] UOLBI[IqRYY

BmY S Y g UBHuT Ex £« BF L iy 25 800¢ IyseyedeL QALSISSY ISLIA PUuBH
WYY C®WYS 7 L00T

X MT B 007 BEGE S BYW 24 *3 de bl & iy 25 ‘1jesoy ! L00T ‘0ISISBIA 201A3(J 10gNYON

T3
EYEEERTE A A Y EW—UEE ULapdall « & iy T ©/00¢ 9SS9H (SW) aaris-vHId
WY WY L2

S ¥ /TN /BYor BEE - EY By, BE u{ £ fig 2 $00Z o0quio[o) Joje[ndiuew JSLM JOJ-SUQ

¥ WX i (OWHAN) 1oyendiuew

X MT B 007 BEGE S BYW L2 4 *3 de bl & iy 25 800 ‘S00T 0qQWIO[0)  ISPINOYS-MOQ[d JO(I-OM]

Wy W (OYVHTY)

STE— ~FTY 0c-0c— W gy de bl B lig g LOOT Seydzeq ¢ LO0T eSOy WoISAS UOHEIIqRYSI 0130qOl

N T (NdD) sad149p

S ATEYE NE A AT # L2 sz lifh 2 §00z adjop  uopow aatssed snonuuo)

apmn (YY) JUOWRINSBIA

WS¥ W/ B gy g (=1 T Uk WHEE /GF SN iy 900T ‘9100T BI00T UYEY Ppue UOHEN[IqRYSY PAISISSY
800T ‘sqory]
WIIEmOH (& ¢ $00T WIS ¢ 800T 2d[oA

R AR V4 N EAa! UgF liyd ¢ v00T osed ¢ S00T Aled T uonowu|

HEh1 ¥ 0/ g 900 ‘€00T ‘TOOT ‘W (ANTIAD) 101qeud

Y SI-TI ¢ % E ¥ 09-0C

WM EE EE

¢ 000¢ tesing ¢ 9007 [9ed
€007 ‘oIeld

JUSWIdAOW AT eIl JOLITIA

BECIEE9 ¢ €00T 110sed ¢ 000¢
CEW m,s\ﬁé B,/ @WHEF 6 F ML by Y ligd  d[OA ¢ L00T 00T SqI SNNIA-LIN
FEEE F
TR RVN2 - W BHMTEW
pANE N

EEHVEW 2

K



CREE = HRESERBIE R B U R Rk

e

1

AR
=

fests

oEssi]

gt Mol RS

(= 10qoI1

LEWWL¥) M1 /8 LLS # (wm) BF IS/~ g 25 q900T < 89007 UoNed O WOPISL-J0-32139p 7
YOI ¥ <&

SN ¥ SEYE G109 Y la Hu EF TN lig) 2 600€ ‘otpese) 0113, Ip 01001

BE 8 ¥ (XTUM) u0R[Ys0xg

CEBME M STE Sy W GF del ME - b lih g 900 * Zayoues o1}0qOY UOIIUIIIA

BECH (L) Jouren

WS ¥ Y 05T W OBW-BTE G EF U B W3 9L00T ‘S00T ‘€00T 9SSOH  ULIE O1J0QOI YORLL-NUEIN-1
B¢

CEESWE W 0C BEREY W WWEE BT B iy 2 800 900D wIsAs s/FTLINAD
(4
[l 81) T 6-9 ¥ ¢ B

SR T RN T R s =F sl b lif) 25 L00T uIS  (d[V) eoe1q jutof oAnoy

(LAVIID)

BF Q¥ & Sulures; wie oAU OS]

Y R A A eEw W UEWR—GFT GEF defl o ) L00T * Suey) PodNpUI-9010] [eIIRI[Ig

B ¥ ¥ Tl B b wsAs o110qo1

S WGt T W W E Y Y iE=E 2 lig) g 800T ‘900C Su0oS  Po[[ONUOd AJ[BILIOS[O0A

By W WE WR MW WY E= UL By iy 45 8007 ‘9007 "H Wo)SAS JOSUAS-I0JOW

WHES B HEUY Thide ¥ e B
SRV - - Wx BHWTLW
pANE- -
WHEBUEW %

(panunuoo | 9[qeL)

BEIRGEIR T FCELIE S 2009 5(2)

136



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

& Van der Loos, 2000; Lum et al., 2006; Volpe et
al., 2000, 2005; Fazekas, Horvath, Troznai, & Toth,
2007; Masiero, Celia, Rosati, & Armani, 2007,
Rosati, Gallina, & Masiero, 2007) o 3FI[BESCR S
LB HAMERAL - RIFIBRBERAIF - HERkE
BRIAEZEML RT3 E % R FREGHEE
B > RIS R B BRR
RE - (BN ESHHE B 2 B 2T
i H SRR LR B FE G EEE R
o

PEEREEA R EE RN A LCEE » RSB
P NE BRI IR AREEEE ZBIE
1815 ~ BifEThRE ~ NOFEEEIWERIE > MHEE
A VS TIREFRI AIE AN A 72 F(Burgar et al., 2000;
Lum et al., 2006; Volpe et al., 2005; Fazekas et al.,
2007) o iR SR EHBIE I SLIG AR AT AR 4t B
B RS - R EBEEIERE - BifEh
REAHFE B EFRIRRE B A EY - EEEEER
(Kahn, Averbuch, Rymer, & Reinkensmeyer,
2001a; Kahn, Zygman, Rymer, & Reinkensmeyer,
2001b, 2006) o 5541 » F Rk 2R B BING R Bk AR
RIS FE R e R RE S
FHZEHEE - BIfEDIRER H I 435 ThEE(Volpe
et al.,, 2000; Masiero et al., 2007; Rosati et al.,
2007) o

PRES B AR BN B RS LR » Hesse
£5(2005)# F SR IG R BREGE m a1k ~ B
TER EIR W BB EHREGINLT] - R DA
7R o

B A IR R RIENFRHIRE /1 R
R Et#E » Lum, Burgar, and Shor (2004)Z R
B EDRE BB IR B B R GE - T
BARENEThRE B IR A M E BRI B A AT
= ; Ferraro ££(2003) & Volpe ££(2005)HI] Z$FH 4%
SEHENEEHEPAREE T ENEE > HEE
BEEESCERERIRGEE S o S} - Ferraro
Z£(2003)RIZEBAE H ' A3 Thae A RIERAERL
R BRI NE R B FE AR B
FRORENIGEARZR -

Ptk - BRSNS R R e R AR R
ERERSGER - R BEHEWHIERAEE(FE
15 ~ BEDIRER B ERIE A UE o (B3
Fis R B HEGNER S - (FEEEF
RN - TS EZRA S SCE B FiE

(‘EIEENEAREE BLEEE ) #5453 (Colombo et
al., 2008)

R AR ER N R RRE R - g
PRET B (BT & BT B (AR ~ FEhEfE
SR BRI - R EFIBRER AR ~ ANFEE
PR A A BRI o (28 Lum &
(2006)— % 3 HE.(H i ety & BR (R R EE (R U A
R RERBTRENS SRR AR (35
i B s AR IR A —2 ) BiRElER
S o (BIEGE R AR (WEERER
EREAEAGIR) M > HE FrREdcE
FER% o BRI T B - HEMFBEGIE
TEEERE I @a e &% - B
RENEREE LIRS o RGBT H -
Krebs £5(2007) 3 FLoeHE 32 sl 7 3l e F 252
JERTERALANIR . B > HE MR REIRS RAg b=
ITURBRAERRIREST - (BRI RIRER AR A
BRSNS > HEGRSURATR © Krebs £5(2008) H,
AR O AR =R - AR ER
TR BB T 3 R ED E A BB 28 T Bk
T BB i G DIRE T - TEBIFIRG
HERSRRIRE S - (BB » S THE
ARENE 2 AR H BRSNS L B F RS
% » MR TOIREMH TR R MR BRI ER E
e - B e B Ik RE A A B 3 A2 B2 o Barker,
Brauer, and Carson (2008) bt 2stipiaEis &
WA R R R B G LR 2
s o TR A R 2 R o

BERRLE
FEE SRR - B EERRGTHSURED ~
NI E B R T AO SR % ~ SR 5 2 A B

BEIREEIG IR FEIE S 2009 5Q2) | 137



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

b BRZEERGT RSSO BE - %
A [FIIRF B SRS MR IR TG IR DA SR T AR 71
e - EESURTE R TR - EECUR
ZEBENEREE - BESERR - HHh - BX
RIS ZATYE ~ SEHRRIER < IR ~ Pl i BRI
(EFHEE S - HECURBEHEAHERICR L
ZINEE o R EEBRRG T EAIRSH - SETH
FEZRE ©

AOBHEE

ZAA PR R St ~ RS MR
EH - LEMHExRES - BEAZ e
fEZE o B FRESITR REIRIREF e R (IR R
15 ERGARURRAD ~ F05E ~ R BB R ERE AT
G o IR EBE R P He 2 3 [
R+ BCE R ERERE L - SEEEIFRE IR
KA » A EREEENEIRHIRE IR R EFIR £
BB FRE /TR KM - B S HEREEH)
SEEGHEER AT TR L2 B ERIA] S8 e R © & SURHR
EZRARZD » TEIRERATE B HUIRI N 22 58
BIAHR - BUNEERENARE LS - AR
EIERIRTTE -

HIRER D =23 E % - REMFRGTE
HEBEEER R P E B MR - W H
NI LR BN FRG T EEEERE - H
By Casadio, Giannoni, Morasso, & Sanguineti
(2009)HIEHFEH - HAZHE THE WAL RS EhE
BEEE - HRERKERGEEH M HE
HREEES D » BB SR A R B B 1
B HEAARE - RSB aR A i E
J& BB AN BB RO LAdeE H B ERE
{EEAICE BEAE > FIRETR IR m A BRI
R S IRIAER > DIE BB ESRE
2B o

HR =R e AN AR B RE R

PEERIE R R EA R T AREUERE Z
BITEIRGG - BITEDRE  DUDRHEBIERSA - (8
e HiRERATE B BRI - (LR AR -

138 | BIEBIREEIGTEITEEIETH; 2009 5(2)

PRI F R T - Ttk EghaER 2
ISR R R (IR - B 2 =R
ZIRRAREE R AR BN R o
SRR BIG R BAR A R B A L - R AT
BB RREENL - (BFIBRNAAE « SRS
SHERRBRELCE B ZEF - BT REEREEY
BEELFER—EEIENAET » AIHEERER
FEZR BRAEIRING 2 25 BIREREEhaRE <
M BRI B AR SIS R AT S fR Ut Bt
AFSRAE LS - FIE IR BB TR AR E > 7
TRAZABIL - FE R BT RIE H A= - BT
AR F Rl 2= 5 TR REEE
o

PEEREHB G HUGE HE TG TIRE B
BASE > AlRERAE = - HEAEIEEZL A FIM
BRI - R E B M E R AT
e BIE - A REESHE HE AR
7] 5 HAY - HENFEREEERE - ERHENaRE
R F B R LB ARBERTS - AlREERH S H
ARG DIREAVIALAZEEANE] o AR AT B
K &l /E Ih B I Eg(Wolf Motor Function Test,
WMFT) k18 # F 1 5€ I Bz (Jebsen Hand
Function Test)SGEENEL 317 ATk MBI T ThREAN
HENWEREH - i BIERChREEERS AR - DISgHE
TR ZREALRE ST ©

KRB aRRREERCREER
REBST RN ZHE R FRGHEEE - (£
7 Ferraro ££(2003) k. Volpe Z£(2005) L BI{ESZ
BEETENEENEE ZENER » a8
BRI R G ELE - EEFHEGH
HAEEDRE LUCEREERE S - BREEIEG
EEIE 2 E - BIfFIEREBRAR » fak
BIHERGE D o Mol - DEEREIRES NG
FRICEEIFEGEZ - £ Lum Z(2004)4%5
B A RENEThRes B E B ERRGE R
TR R S BN ERER (FE B E R I -
BREEIREE BRI o (HARESE)
TR R ENE DI REAH R 2R B a2\ S



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

A5 BEFIREEENREN AR [ BB
tRsr | - B HETHRERERIR [ BB R
BAF | o AIREMERRIR 2R o HILAT R > HE
TERHEEN ETREEZ ERE SR B e R &
Ui BT KR il S Z8ETT ° RARAT St
HHECEEHHIRGEZE - femtkasdIREERE - 40 -
FEEEEIEZ AR ~ i as s IR - FH =R e
PR

FES MR S MBS M B AR B R A S TE
_E > Colombo <5:(2008) 2 F Itk A A+ 2 i A 3
RS WENARE  HRURERE AR - &
T~ R A FRENFE B B dE
BISMRE S BER BRI E B R E L
SEEBS - ARt AREME - B ERAE
RIAE - HRD BRI EME - EEEEAE M
IR Z AR BA IR CIRBGE R - WEEBE
B

FEiEHR T FAEER 2 BENER

EAHEA Lum S5(2006)E8 5 B ik &
BRI HFIRIE N FRSGE R - R R
{ELhREd & it i = R o BERNIUGE
b+ BRI AR AR S S AT AR R
% » FoEE G BEARTE AR AR A A R
277 o (BRI BRI EE SRR TR i R A
R > AR BB ANR] > PIREERCE:
TR B R - AR A E— P PR T B B
AR RS o

R B RCE R EEE - RIRTBEA B
B 3\ - Fasoli %§(2004); Takahashi, Der-
Yeghiaian, Le, Motiwala, & Cramer (2008)Z$27 [it,
KR R A B FiRE (B RE R
Hor Fasoli £5:(2004) £ 3 E EhRH /1A= =03 skm
B BINERAL » Al HFhiE FleEE S o /]
RESR KR ERE IET - R AL & [RIRHI
HE B SR BEEE TR IR BAPEE -
(EF BRI/ TGN o RN » BRI 4= B 9B
R EEEIEENFA RV IRRE B R E S
1B¥ghn -

SFREB ALz BB IR

PRI BRI RIB A ERL - HRssair g
AL ZEFREE0 7 > B Krebs Z(2007)A115 52 2
2 aAE et 2 T ER AL IR 5252 18 I AR AL A
R AR AR R R R R D © ATEElR
IR B2 Tl AAIRA - BRI mfpa B8 R
FER R b (ESTImRAET AT RE Rt G Rl -
HEERSEB AR - KETIA A —REER
[FEIRIBREN A AR R » B AR A ARG
ENAETIEIIRFIBREALZ 7 - DIERGHEEE
BRI

wEUARFZ

HesE IR R A IS Rt EE R nET
& AASRIFIBRIESS ~ WLARERIEL © Krebs <&
(2008)/KF =HHZ 3 HE 73 A Z AR B R RS &
DIREVERNREHS BB 2R S AR H LU -
BIREMEAES AR5 2R AE R B R R RN
OIS - S FRERIFER 2 FM 73
BEESW S B ERIREA AL B ARy
FM P EGES RS o NG G DhRetE T8 < M)
TER g - KB ERBEER EE
PRAELAID - A REXERUL RSB MR ES B 2
JRIAl o Barker <5(2008)7% /L A1 76 1 5 SR 25 %
G AR BRI RSGER  fER M
ANEREE 222 o W] RElR AR L A FE R =T
REGE FANIEREZ 75305 [ as A BRI ~ TR
RIS e B A G D o

RIRIRETE R

TR ARG IR AR B2
HEE R s R Z I S - SRR
FER TR ERI S IR - DieT
FELRE o

&R A A R AN E = A E M
% o (HAEBAA TR - HERRSCR AR © AR2EH]
HENRRANER R E HBESrE R - D —
BT IR EREIRERR I - A - TR SRR R
P o R S B RE MRS IR AT T H S

BEIREEIG IR FEITE S 2009 502) | 139



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

Bhfgilic i o EBGEZ ATH A EERG
DIFIREEES - 1R EE SR B a R R AIREHEZR &
R o WIS HANRETE - a0 HSHLA
BRI ~ (RIREEE L L EERIEERIR - DAdks
B EIENEDIRE » SRR SRR R ©

At BEERERBAE TR R LR
A EE RN » R A AR BE 3 A
(Cost-effectiveness analysis) » 43 #{ AR 22 EH B
EEAIEMANATTE » (RER A E—E R AR
TR RRRUEE ©

AR SCRNEIER B B9 R R R TR A R R 2
R - R E B ENRRIER 2 2%
18R o BEARERBA AR AR E B ER G B
TmEE RS B RERIESS - T EASEERE
T > BIEENEIR - BIfFLIEE - B ERIUN
W35 > RISCRRA ZEase HRRHIATER Z I AERSS T
ENE - HRHEERFFIBEAIA H 5 4G LIRE
R e A IR » TSR B a R HE S R
BRI FRIEA AR AZE R - [ - 5%
IR ER T REE B RUR/E TR » A
[EIRIsRAE m] s A A R E 2 - (e HED
TELIRERIIRIE

=
[=f
&}}

& R 4 W gE Bt (NHRI-
EX98-9742P1 ) W78 E & &H) -

25300

Barker, R. N., Brauer, S. G., & Carson, R. G. (2008).
Training of reaching in stroke survivors with
severe and chronic upper limb paresis using a
novel nonrobotic device: A randomized clinical
trial. Stroke, 39, 1800-1807.

Bayona, N. A., Bitensky, J., Salter, K., & Teasell, R.

140 | BEBIEEEIGTIIFCEIEH; 2009 5(2)

(2005). The role of task-specific training in

rehabilitation Stroke
Rehabilitation, 12, 58-65.

Bonaiuti, D., Rebasti, P., & Sioli, P. (2007). The

constraint induced movement therapy: a systematic

therapies. Topics in

review of randomized controlled trials on the
adult stroke patients. Europa Medicophysica, 43,
139-146.

Boroojerdi, B., Battaglia, F., Muellbacher, W., &
Cohen, L. G. (2001). Mechanisms underlying
rapid experience-dependent plasticity in the
human visual cortex. Proceeding of the National
Academy of Sciences of the United States of
America, 98, 14698-14701.

Burgar, C. G., Lum, P. S., Shor, P. C., & Van der
Loos, H. F. M. (2000). Development of robots
for rehabilitation therapy: The Palo Alto VA/
Stanford experience. Journal of Rehabilitation
Research and Development, 37, 663-673.

Casadio, M., Giannoni, P., Morasso, P. & Sanguineti,
V. (2009). A proof of concept study for the
integration of robot therapy with physiotherapy
in the treatment of stroke patients. Clinical
Rehabilitation, 23, 217-228.

Chang, J. J., Tung, W. L., Wu, W. L., Huang, M. H.,
& Su, F. C. (2007). Effects of robot-aided
bilateral force-induced isokinetic arm training
combined with conventional rehabilitation on
arm motor function in patients with chronic
stroke. Archives of Physical Medicine and
Rehabilitation, 88, 1332-1338.

Colombo, R., Pisano, F., Micera, S., Mazzone, A.,
Delconte, C., Carrozza, M. C., et al. (2005).
Robotic techniques for upper limb evaluation
and rehabilitation of stroke patients. [EEE
Transactions on Neural Systems and Rehabilitation
Engineering, 13, 311-324.

Colombo, R., Pisano, F., Micera, S., Mazzone, C.,

Delconte, M. C., Carrozza, P., et al. (2008).



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

Assessing mechanisms of recovery during robot-
aided neurorehabilitation of the upper limb.
Neurorehabilitation and Neural Repair, 22,50-63.

Coote, S., Murphy, B., Harwin, W., & Stokes, E.
(2008). The effect of the GENTLE/s robot-
mediated therapy system on arm function after
stroke. Clinical Rehabilitation, 22, 395-405.

Daly, J. J., Hogan, N., Perepezko, E. M., Krebs, H.
I., Rogers, J. M., Goyal, K. S., et al. (2005).
Response to upper-limb robotics and functional
neuromuscular stimulation following stroke.
Journal of Rehabilitation Research and Development,
42, 723-736.

Fasoli, S. E., Krebs, H. 1., Stein, J., Frontera, W. R.,
& Hogan, N. (2003). Effects of robotic therapy
on motor impairment and recovery in chronic
stroke. Archives of Physical Medicine and
Rehabilitation, 84, 477-482.

Fasoli, S. E., Krebs, H. 1., Stein, J., Frontera, W. R.,
Hughes, R., & Hogan, N. (2004). Robotic therapy
for chronic motor impairments after stroke:
follow-up results. Archives of Physical Medicine
and Rehabilitation, 85, 1106-1011.

Fazekas, G., Horvath, M., Troznai, T., & Toth, A.
(2007). Robot-mediated upper limb physiotherapy
for patients with spastic hemiparesis: A preliminary
study. Journal of Rehabilitation Medicine, 39, 580-582.

Ferraro, M., Palazzolo, J. J., Krol, J., Krebs, H. L.,
Hogan, N., & Volpe, B.T. (2003). Robot-aided
sensorimotor arm training improves outcome in
patients with chronic stroke. Neurology, 61,1604-1607.

Hesse, S., Schmidt, H., Werner, C., Rybski, C., Puzich,
U., & Bardeleben, A. (2007a). A new mechanical
arm trainer to intensify the upper limb rehabilitation
of severely affected patients after stroke: Design,
concept and first case series. Europa Medicophysica,
43, 463-468.

Hesse, S., Schulte-Tigges, G., Konrad, M., Bardeleben,
A., & Werner, C. (2003). Robot-assisted arm

trainer for the passive and active practice of
bilateral forearm and wrist movements in
hemiparetic subjects. Archives of Physical Medicine
and Rehabilitation, 84, 915-920.

Hesse, S., Werner, C., Pohl, M., Rueckriem, S.,
Mehrholz, J., & Lingnau, M. L. (2005).
Computerized arm training improves the motor
control of the severely affected arm after stroke:
a single-blinded bandomized trial in two centers.
Stroke, 36, 1960-1966.

Hesse, S., Werner, C., Schonhardt, E. M., Bardeleben,
A., Jenrich, W., & Kirker, S. G. B. (2007b).
Combined transcranial direct current stimulation
and robot-assisted arm training in subacute stroke
patients: A pilot study. Restorative Neurology
and Neuroscience, 25, 9-15.

Hu, X. L., Song, R. K., Tong, Y., Tsang, S. F., Leung,
0. Y., & Li, L. (2006). Coactivations of elbow
and shoulder muscles in hemiplegic persons with
chronic stroke during robot-assisted training.
Paper presented at the 28th IEEE EMBS Annual
International Conference, Chicago, USA.

Hu, X. L., Tong, K. Y., Song, R., Zheng, X. J., Lui,
K. H., Leung, W. F., et al. (2009). Quantitative
evaluation of motor functional recovery process
in chronic stroke patients during robot-assisted
wrist training. Journal of Electromyography and
Kinesiology, 19, 639-650.

Kahn, L. E., Averbuch, M., Rymer, W. Z., &
Reinkensmeyer, D. J. (2001a, April) Comparison
of robot-assisted reaching to free reaching in
promoting recovery from chronic stroke. Paper
presented at the 7th International Conference on
Rehabilitation Robotics, Evry, France.

Kahn, L. E., Zygman, M. L., Rymer, W. Z., &
Reinkensmeyer, D. J. (2001b, October). Effect
of robot-assisted and unassisted exercise on
function reaching in chronic hemiparesis. Paper

presented at the 23rd Annual EMBS International

BEIREEIG IR FEIE S 2009 5Q2) | 141



Paie ModR BRER BREHR BRI WMAR REE @ EESERE R e ek

Conference, Istanbul, Turkey.

Kahn, L. E., Zygman, M. L., Rymer, W. Z., &
Reinkensmeyer, D. J. (2006, June 21). Robot-
assisted reaching exercise promotes arm movement
recovery in chronic hemiparetic stroke: a
randomized controlled pilot study. Journal of
NeuroEngineering and Rehabilitation, 3, Article
12. Retrieved June 20, 2009, from http://www.
jneuroengrehab.com/content/pdf/1743-0003-3-12.
pd.

Krebs, H. I., Ferraro, M., Buerger, S. P., Newbery,
M. J., Makiyama, A., Sandmann, M., et al. (2004,
October 26). Rehabilitation robotics: pilot trial
of a spatial extension for MIT-Manus. Journal
of NeuroEngineering and Rehabilitation, 1,
Article 5 Retrieved June 20, 2009, from http:/
/jneuroengrehab.com/content/pdf/1743-0003-1-5.
pdf.

Krebs, H. 1., Mernoffd, S., Fasoli, S. E., Hughes, R.,
Stein, J., & Hogana, N. (2008). A comparison
of functional and impairment-based robotic
training in severe to moderate chronic stroke: A
pilot study. NeuroRehabilitation, 23, 81-87.

Krebs, H. 1., Volpe, B. T., Williams, D., Celestino,
J., Charles, S. K., Lynch, D., et al. (2007). Robot-
aided neurorehabilitation: a robot for wrist
rehabilitation. /EEE Transactions on Neural
Systems and Rehabilitation Engineering, 15,
327-335.

Kwakkel, G., Kollen, B. J., & Krebs, H. 1. (2008).
Effects of robot-assisted therapy on upper limb
recovery after stroke: a systematic review.
Neurorehabilitation and Neural Repair, 22, 111-121.

Lum, P. S., Burgar, C. G., & Shor, P. C. (2004).
Evidence for improved muscle activation patterns
after retraining of reaching movements with the
MIME robotic system in subjects with post-
stroke hemiparesis. IEEE Transactions on Neural

Systems and Rehabilitation Engineering, 12,186-194.

142 | BEIBEEIGTIITCEIEH; 2009 5(2)

Lum, P. S., Burgar, C. G., Shor, P.C., Majmundar,
M., & Van der Loos, M. (2002). Robot-assisted
movement training compared with conventional
therapy techniques for the rehabilitation of upper-
limb motor function after stroke. Archives of
Physical Medicine and Rehabilitation, 83,952-959.

Lum, P. S., Burgar, C. G., Van der Loos, M., Shor,
P.C., Majmundar, M., & Yap, R. (2006). MIME
robotic device for upper-limb neurorehabilitation
in subacute stroke subjects: A follow-up study.
Journal of Rehabilitation Research and Development,
43, 631-642.

Masiero, S., Celia, A., Rosati, G., & Armani, M.
(2007). Robotic-assisted rehabilitation of the
upper limb after acute stroke. Archives of Physical
Medicine and Rehabilitation, 88, 142-149.

Patel, S., Ho, J. T., Kumar, R., Lai, K., Ahangar, B.,
Burgar, C. G., etal. (2006). Changes in motoneuron
excitability in hemiplegic subjects after passive
exercise when using a robotic arm. Archives of
Physical Medicine and Rehabilitation, 87,1257-1261.

Patton, J. L., Kovic, M., & Mussa-Ivaldi, F. A. (2006a).
Custom-designed haptic training for restoring
reaching ability to individuals with poststroke
hemiparesis. Journal of Rehabilitation Research
and Development, 43, 643-656.

Patton, J. L., Stoykov, M. E., Kovic, M., & Mussa-
Ivaldi, F. A. (2006b). Evaluation of robotic
training forces that either enhance or reduce error
in chronic hemiparetic stroke survivors. Experimental
Brain Research, 168, 368-383.

Rosati, G., Gallina, P., & Masiero, S. (2007). Design,
Implementation and Clinical Tests of a Wire-
Based Robot for Neurorehabilitation. [EEE
Transactions on Neural Systems and Rehabilitation
Engineering, 15, 560-569.

Sanchez, R. J.,, Liu, J., Rao, S., Shah, P., Smith, R.,
Rahman, T., et al. (2006). Automating arm

movement training following severe stroke:



gt Moo BEEE BCSEm RES MMafE REE

Functional exercises with quantitative feedback
ina gravity-reduced environment. /EEE Transactions
on Neural Systems and Rehabilitation Engineering,
14, 378.

Schaechter, J. D. (2004). Motor rehabilitation and
brain plasticity after hemiparetic stroke. Progress
in Neurobiology, 73, 61-72.

Song, R. T., Tong, K. Y., Hu, X. L., & Li, L. (2008).
Assistive control system using continuous
myoelectric signal in robot-aided arm training
for patients after stroke. IEEE Transactions on
Neural Systems and Rehabilitation Engineering,
16, 371-379.

Song, R., Tong, K. Y., Hu, X. L., Tsang, S. F., & Li,
L. (2006). The therapeutic effects of myoelectrically
controlled robotic system for persons after stroke-
a pilot study. Engineering in Medicine and
Biology Society, 1, 4945-4948.

Stein, J., Krebs, H. 1., Frontera, W. R., Fasoli, S. E.,
Hughes, R., & Hogan, N. (2004). Comparison
of two techniques of robot-aided upper limb
exercise training after stroke. Archives of Physical
Medicine and Rehabilitation, 83, 720-728.

Stein, J., Narendran, K., McBean, J., Krebs, K., &
Hughes, R. (2007). Electromyography-controlled

PR AR SR S U R Rk

exoskeletal upper-limb-powered orthosis for
exercise training after stroke. Archives of Physical
Medicine and Rehabilitation, 86, 255-261.

Takahashi, C. D., Der-Yeghiaian, L., Le, V., Motiwala,
R. R., & Cramer, S. C. (2008). Robot-based
handmotor therapy after stroke. Brain, 131,425-437.

Volpe, B. T., Ferraro, M., Lynch, D., Christos, P,
Krol, J., Trudell, C., et al. (2005). Robotics and
other devices in the treatment of patients recovering
from stroke. Current Neurology and Neuroscience
Reports, 5, 465-470.

Volpe, B. T., Krebs, H. 1., Hogan, N., Edelstein, L.,
Diels, C., & Aisen, M. (2000). A novel approach
to stroke rehabilitation Robot-aided sensorimotor
stimulation. Neurology, 54, 1938-1944.

Volpe, B. T., Lynch, D., Rykman-Berland, A., Ferraro,
M., Galgano, M., Hogan, N., et al. (2008).
Intensive sensorimotor arm training mediated by
therapist or robot improves hemiparesis in patients
with chronic stroke. Neurorehabilitation and
Neural Repair, 22, 305-310.

World Health Organization. (2001). International
classification of functioning, disability and health.

Geneva, Switzerland: World Health Organization.

BEIREEIG IR FEIE S 2009 5Q2) | 143



= Review Article =

Effects of Robot-Assisted Therapy in Stroke
Patients: A Literature Review

Chieh-Ling Yang, M.S. Keh-Chung Lin, Sc.D.? Hsiang-Yu Chen, B.S. !
Huei-Yu, Chen, B.S."  Pei-Chun Chao, B.S."  Po-Chou Lin, B.S." Ching-Yi Wu, Se.D.”

Objective: Robot-assisted therapy providing high-intensity, repetitive task-specific and labor-
conserved intervention has been developed recently for stroke patients with a wide variety of motor
deficits. Robot-assisted therapy refers to the use of machine for training hemiparetic arms of stroke
patients. A systematic review published in 2008 demonstrated positive effects of robot-assisted
therapy. However, studies investigating the effects of robot-assisted therapy grow rapidly in recent
two years. The aims of the review were to synthesize and analyze the most recent studies on
intervention effect of robotic training. Methods: PubMed, Medline, and Scopus databases dated to
March, 2009 were searched to identify relevant studies. The criteria for inclusion in this review were
the inclusion of robot-assisted therapy as an intervention approach in the empirical study. The key
words were robotic training/robot assisted training, stroke/hemiplegic, and rehabilitation. Results:
This review identified 42 trials. Due to diverse forms of robots, interventions were classified according
to number of training limbs (unilateral/ bilateral/unilateral coupled with bilateral training), involved joints
(finger/wrist/shoulder and elbow/shoulder, elbow and wrist), levels of patient’s participation (active/
passive/active coupled with passive training), and sorts of sensory input that combined with device
(visual input/neuromuscular stimulation). Characteristics of patients and intervention modes exert
different effects on stroke patients. We found that the use of robot-assisted therapy may improve
body structure, including motor impairment, motor function, muscle strength, and muscle activity for
3 to 4 months on moderately to severely affected patients. However, benefits on activity level were
uncertain. Conclusion: Our findings indicate that robot-assisted therapy was applicable to most
participants, beneficial for body structure, and cost-reduction. Further research should use well-
designed experimental designs to evaluate benefits of robot-assisted therapy. Future research may
differentiate the effects of robot-assisted therapy among various characters of patients and focus
on the effectiveness of coupled protocols. (Journal of Taiwan Occupational Therapy Research and
Practice 2009 5(2): 128-144)
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