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RET LB TIE, MR E SR & 2 E BB E L~V oK E R SRS R L
THWH %2 Z I HERE, D% 0 ZBIHENELKKREOSRMEIC LT, REfIES AT
52 TCRBMEZED S, MOMEP TRy b 2=V 2T 58 TIEALH
NPE—REFEDT 7 FaL—RIZEIHMEEHOFMIZ DD, RETHHEEIZL
THEHEEBSGOHEEERNIC X 2FMAMEE 2 5. HENHEE) O TIEKO T M %
KOMBEMICHETE, MREBKOEIERX D Z BN TE S, MRS SR (6]
FEFEICDHETERVHRNONMEZL ER I LD, DUEZ2 MRS, REREE, W
AEED LD MREWENIF L A EHEKLS, HHNORIZ 90-100 [He) 12 O #HE I %2 5 X
% & AR MEHRE) ST K o THIPNIZIAE A A U 2 [25]. & ¥, HRE)fI 03 5 6 8 D &
DR R TIN A EBNE R DMED B A%, BN~ O B K HIE R IR E B
BENME 0 2 EENRERIER Y. UL L, FBIHE 2 M S sk 8 S ik s
Bl GE B~ O N I B 0SB BE Y MRI 72 & CTHEGR S T B 0 [26][27], MIEEHTIZ I~
BT Z(EA DRI H S, WA EEZ B - BT 5720 EHEH LR
REICHEBEANEBEED 74— NNV IR fToNB I eAEETH Y, REHFEP
BB 2 b Fr ks O BB RERIE I L THEAITH I e EALNTVS. K
WFSE T Id, e A 7B SRR & 2 S B RRAE L~V o K 8 % ST S A L T H
% G IWHIRTE, DX D BN E KRB O SRMEIC LT, IRBIHBHHIT LI T
RBEMEEZED, SHIHHE WA OMBEEB ORHRZ M 5. L FICEKHEK
RHRBHIZOWTH L BRR B

E S RE (Electrical Stimulation, ES)
EEHWCHHAINIBESABITIEHNIZES>TUTOLS IZEELRDITOENS.
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1. {6 E KR (Therapeutic Electrical Stimulation, TES) : & ¥ o Il il X° $55f#,
AlG R, MEES) O @, BEEHRMEPHZERO T, HhlEmsEoHlE
U TRREEAS X 2 O JA BH O #i ke - s USRI % 175 FETH 5 [37).

(a) R AHE S (Neuromuscular Electrical Stimulation, NMES) : (K2R IZ
AP U722 A LTV AEREZRS 2 L THZINM S E 25, BB
XA & D BHREIIE DTN I W2, BiTlda < fhi% Lhid 9 % EE)
AR, MROBEELH LD THPINMET 55D TH B [30].

(b) fhE KR E (Electrical Muscle Stimulation, EMS) : KA MG % & Z
U 72 Wi # #% fl D ZAG N D 72 D12, R\ b AR X 0 ARSR IR U 72
B Z AU TNV AERZMT Z & CTHARAZ IS 5. KEMEAR
B2 U TOWRWEARER I 5 — &0 7% EMS 138 % 12 8T8 O
K DR OB T Z D o THIANUHE S % 72 NMES T % [30].

(c) Rz HYE S AR (Transcutaneous Electrical Nerve Stimulation, TENS) :
FIZHFEMREIIG U TR ZINZ 2HBBEIETDH O, KEBRBERDZ NI
&7z % . Melzack & Wall & 23 KA GRS R B &\ 13 HF fill 12 58 O SR
SR 2B e 2F AL, TENSZER L. £ O#yEOFEITK
WA 2 RS S e MW R S oW ES eiflTE s 2k
ZE2. HWADDHDHTH D \WNE, I h oA EFHKICIEZ DKM
O REO I — X OBEM A E T 10-100 [Hz] O HB ) & 56 E T 8 KMl
WIS 2P TE S, RMRIZHEKELD 28 MERIZIZAEHTDH S [31].

2. BEREMI B LML (FES) : KM R DEEIZ X > Thb 7z e % &SI
Ko TR EZENIES X, ERBELZRIT - REL, SHRBEEZMHS Z
YEHMELTED, DIER—AA—H—bZD—FTH5. FHEEREZ N
KelLzINE)TF—vaviZetHwohTE b, RuEMZHW7- FES 134
MEZEBOBBIINETH D, 1980 FEMRICREAMIEDIAABBE H W2V AT
LAMBEFEINTWED, REENRESVE Woz S MEE 20, K LTS
IR E-TWAW, EFETE, REEOBKWERHREMZ H\\Wz, FES Ut
T—YavBBRNPZKHERINTEY, TORBENRVEHEEZED TS, A
FRE B N ) =2 a iz B B FESICE T 5%t & L ClX, Thrasher 5
DEREOY —F v JEEE EREEICH LU TFES 24 A UZEEMERD D,
TADOEEMMAETERE UL TOAFESZ N ALz IToCTW5. &
SRR D G 1 73 OV 28 0~300 [us], J& 40 [Hz], 2B SRR & % KPR O
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g2 ©& 72569 £ 51210~50 mA] THE I, 1HI 707 % 1ARIZ3H
DAl % 12~16 W17\ o 7258, FMA-UE 128\ TN A b A o B3 o5t U
TN E BB RE O AR B2 R L 722y, BIEHER B W TIEREH
CHEBREER S NG o7z L HE L TWw 5 [28).

3. 2 WUHE 1Y & <13 (Shrinkable Electrical Stimulation, SES) : RO WE XL /- 8E
SJANMFETH S, EHEME LD S5 WEBREIC X 0 #EBME NMTEg O MEE %
HOTHE, FOWERESTEHREZNHM LY T IR0 H 5. 5 IR
Beld, BRAEIZL0HPRERITIH UEE L ZREBOIHBEEDO L ETH
D, TOREBOKHED I NEVIIMPRERIBOND EEZX SN TS [32].

R MIRE X &4 (Tonic Vibration Reflex , TVR)

SR ME IR B S8 & IR X 12 20 [Hz] A2 5 200 [Hz) RE ORI %2 5 2 5 &, ik
BRI % 32 =AU & 5 S 2 & R ISP AR L i 2 5 Bl R AT
C kB REERTH D [33]. IRENC K D HHESH ORI L MERHEEDE/IZ LT
NZEBHT 5L CHMENPFERKTRE, ZOLERKLUEZRLMEZTZZDES
WEBEL NV CEZEIBGO o« E#i—a—n v 2EKkSE5. T0xD, K#z25
Z 7 E R DU & 2 U, RIS ORI 2SR 3 5 [34]. % < O#FER4E
FANHIZ Lo TRBRMERI KA Z2EZ U X9 WHRE) O B B E0X 90-100 [Hz) F2E T H
5 WEIN TV S [35).

1.5 FMELFEYNEYICEATIREOHRE

HEHGOMBEEFHIZEI 2 I NEVIIMTRTNEMEDH LY N NE ) T—Ta
VIZRE oW FRRE RNV EBEBOREOME L LTIE, #lZIX, E&KE
TANTHZBALZTRY N7 — ZEER RAFHKERY bz & 2 REEH D <
T—T7VANERDL., ATHAZFMALZYNE Y EBIZATHOZEEE (fh
FEHE) I2X5b0THY, MEEHOFHXPXE LN OLFEH O DEEIZ DO WTIE
ZERINTVARY., BEEEHONNT =T VA NE2FIEBEICODVWTIIHBESIC X
Lm0, HEAREOIMMEZLEL I N TELN, HAEHZ20H T2
DIFFHERZToNL ., LAEFHO I L ERT 2 LEHOKEL LTI,
Yu 512 &2 ERGEB) B RERIE IR E 22] 8D B 2%, THIFE—XIT KD EHERM
EAIOBONHIMALETDH D, IWOSMEIMZ EB T 2R E X EFAIEL RV,

9



B1E S
1.6 FREYNEVICHIT S LRCEENHEIRIREE O W
24

ARIFZETIZIRE T 5 L By PO s RS 12 K > TINEAZ D IR B Iz Ko T L
BeaTEICE ET DI TREKOEN 2B L, JHEEE) 2 BB R A L7258
SHWAOEE 2 H# K U CHWOMEES) O A, HLEES O D Z S
=&, BLRABECCIRE M A AL, S5ICHMMREADIES R ZED, HEdh -
A D 4y BN SOE B &2 LRI EB T 27202138 - B BRES A0 H
HE G~ ERWHRL, BNES 2N T8 ENDHD. RETIHEIEREH
HOHBEHIZ X BIMAMRETH D, HENEB O CILETH R & EE)ERFE O
T4 =Ny DA T 57280, KOMRMITHOMREEOFE - mlzX2Z &0
TE5%. b, FHREOEMEG OB WT, BEEGIXESHAHENZV L &,
HFAESZEOREZLVHEBOENIIALETH D720, METZO BB
REDA TS OAHERRFENERIEC K> T Z 2 B 0 50 MR & 0E 2 B 1k
THEBRERDY, TNoDBA» S EEEIERNAEBEELELETH .

1.7 LEFEREFBRBRERE AW -EFEEHE IR
DNRNAMEBIZCDOWVT

PR D EBGEF ERBEEEZ BRI A CRERSREWEZES Y e
ToYvarveEryR-ZEWVWTHRERESHE (NMES) 2 FEITHAALRMT ST
Al 2 15 N DG PEI I A= p &I U TS U 7z BHEIE 2 NI D 1 HIZ 11,
BEMIZHLTEL102MT 217o7-. BEASIZOWTIXEiIES %2, NI
W REE) 2 NMESIZ Ko TR@REEL 2. £ DR, Fugl-Meyer Assessment
Upper Extremity (FMA-UE) O & NIZBEE T A2HEIZEWT25 K1 >~ b (+7.5%,
p<0.01) AEITWE U 72 [16]. T R PR A 2% T 13 8 Bl B A2 oD 2 S R i B 12 3 %
LTwan, BMEOEMELZHEECHESTSIEATETES Y, Kl EKH
WMREDOREIZETIEE->TWVWRW. ZTUT, B & N&%DE &N 722l 51 5E 2
TERVWILHFBETHo72. T I T, AWHZETILFNHREEHE O &) L0,
HIE 2L, @RS A GIE T 572008 - I Bh i E B F 0 - 4 8 ) ]
VAT LEHZICHEAEL .
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1.8 HEDEMW

AR TG E K EREO RIS, IRETIHBIC L0 FREMNOE - I
e i S By D L RLEF O AR EE) 2 BN IR LA’ S, HINOMEES O
AEHFTIELTT 7 FaT—RIZKDMENVN R MERK G 2 R 12 B Z 2
WL, T 50T SR e R B R ESE O £ R AL R R D C AR 2 R E L TR

WS Z e CHEEB OS2I O KEDOHAEZED ., TOREIZLD, &
JERX MZAMETTITEBEOKEIMS L 20, &R P REE O E
WarlAatbEs Il T, KOMRMITHRERIEOMELFTES. £/, £

BRI DX A IV 72 HEHIMT 52 & T, REREO s, B3I 6
5. UNICAMEDOHN ZZ 2D 5.

1. 8 i dh & e oD 2 (7 5 B o> 43 e Ak 2 SEBL 9 % | i e B g R gt SROBEAR OD B
2. ERMPEM Z FHBL I 5 EFEH > AT L DR T
3. REBR R A I v e Rk TIOERIE 2 HE S AT B G Y AT L DR

4. BRIRWEZEIZ 81T 2 % B D B\ GIR T ik O G
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28 EROEFERRBREBDORSE

AVl
JdiT

2.1 [FUL®HIC

ARETIEE S LIRS D H I DWW T EIEFIHER o 8 B i & I BY &
D S [F B > S D 53 e D s B & R TE BRI B 1 2 L EEB) O 53 i D o E

IZ2WTiR R, EFEEE) 2 RS S T EIRO TR 2SI L, bBo#E )
RATRBERE D ZRAERRIZOWTHAR S, £ LT, TOEMEEIZOWTHL, 2
FREZ AW GECOWTER, SMELZREIZDODWTHRRDS., &EIZ,

PELUEEEBEORHBOREBAIZDOWTHERR S,

2.2 LERRAlEEOERBROEM

FrikBEE NN e BOEEGER 2R/ 272012, T IHFEEE» S H4
OEMfioFE 20T CIMTE2MEPLETH D, NEH DR - MHE %I
T 27201, TAUAOEBIEHME A2 MR L T, N RO &
TEH2HEVRBLETHD. £72, BEHIIIHT 2V ANV TF—2av0RaEOH L
SLTREHHBEOZL IR H T o, HLFAEE R DOREIZ % B H E D ik
BEOEB I ALETHD. Lh-oT, BEHHEOKRED R +0 I P AHERIAE
MEREIC Ko TilE Z 2 B E i X MR & E &2 B 1k U, T B o0 i il - (R % S
T5720120%, TAYNOEBEHEE2MRL T, BB O & Mg AT
ORI BLETH D.

2.2.1 EFEASHOEHESIEICOWVWT

BRI Edh - B 2EHEOEE N D L. FRMEERENADL DX EIZ K E L
WETS EEE LEE2RETS-OICIBORIESOIFHELRBLETH 5. K,
BEHOBHEEI AR DORBIIEWT EEeERZEHICE S bR TN

12
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BoT, BRBEICEVHMEL CWAHTIE+oRmINMEE S S NR W, (HEES
FOBHEIIIRS.

BOBHEEIZOWTIZEEHMHE UTEMAMmEEE (M) (Fig. 2.1 &%
DI 1T KM EEE, Lh _HEBAFEFICNET 22 TilERIIND
[17]. UZehioC, B OMEEBOFEE 2T 70121, EEHO =M MG
AR E B R N A R T X S AR .

= A EAEEE BB (RSP HFE)
(Anterior fibers of deltoid)

#AA Eéigﬁ

“
>

&

HATS 4

TR B

3SR AL &
ARE XRE — LR¥DB
Front *— RRRO%

Fig. 2.1: Muscle of shoulder flexion [17]

222 FEEHHEHOEEREREDEFIRFIR

T FAHIZ B 5 Fr kR e dh O @ AR IC DO W T T 5. MEALTDJE S+
LA OEZ DZOBPHNRMIZIRE ZENE WD, f VY EV IRV MNERE
Cedwv. £9, I COREOEE - AMRIZE AL FEEBIE W OFERVES T,
EERE A5 0 K 15 D R D IR W INZ & o TIXE iz & O L FEGEB O D #E & E D S 7z
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5 27 1RO Bl E U R R D 1R %
O DEAFFEE NNZ —>TH 5. BEM O - HEVFERTES 25, RIS 5
fii e ZAFHERICEEE, BREMIZAEZICERSI NS, J8OE ) 48 72 L [F &
Hochsrse bz, EHNREKBHIZIEETHLDT, ERNIIKET S
BENDH L. BOMMENIENFHRTE2S, B NEzMlAGbLELET, &
FlEE o DM U7 BN X — > Th L gl - NisfE - iz KETL. 2ok
&, B OMIZEM U2 RED X A >. BOHFEES D #IHTH 2 Nk z M
AEOELEMAFE O T & Fig. 22127, T OREMXERETFIHIZOWTIND
EOWCHWAT S, BEZMAMIZLT, HEERIRF TFORMEZ EH&EHIZ, 2 L
BilZE <. FFOFETHHZBES DA, BEIIEAITRETT 5.

L R 2 B - SRR <5 &, BREMHOMBRZ D 5.
2. WEECTEZAMmITEE 2y L, ZAHBEEHERET 5.

3. MERESZNC X o EEh - NEEE FIX AT 2 B MYl 5 A, =AHE
HES D RR 2 MFFEE 5.

4. Bl WX o725, BME - AREEAE 5.

DA E @ik % 4 b 3K U T 100 FIFEELT 5.

2.3 HEASHOHMEEHNRICOWT

IN B I - RO 2HEBEOEH N DH L. FHMEEE D ADLOWHFIZKE L
Hozd)—F U @iz RET LD NOMEESHOIMLLETH S, FiT,
Fr R B I3l XN B BHENEZ 0, Bl AAABEM U2 VHRENEZ S
72, HHEEH XD S MEEBOIMIAEETH 5.

INOMEEHICOWTIEEHHE U CINEE & BREGO 2B TH 2 L=
g (Fig. 2.3) L Z DM O TH D2 NHARKICNMET S & THIEEIINDS
[17]. L7zh T, NMBOMBEEB OFERKZME T 720121, EBHO =
fESE R 2 A 22 e & 2.

231 HEHHFEROEEREREDEFIRFIR

fEFAMI B D 7 B R D8 R AERIEIC DO WTHM T 5. FlokkT 2
Fig. 241ZmR 7. ZOREXEEETFIEIZOWTUTFTO XS ITHHAT 5. BHZ AL
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Fig. 2.2: Repetitive facilitation exercises for shoulder flexion [19]
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LAY EUNIIULRA

KB

LaiNzive s

INEWH

BACHR:&A

WAZIR:( i ﬁi
Lhpiah [Ezgﬂﬁ - BhZ3
=5 | ks il
Z A 0 84
BTH
-
\ \\&—’ ILAER
/\\x@/ e
: = PN
Em% TIbREAEIEE

(Triceps brachii)

TSRS

Fig. 2.3: Muscle of elbow extension [17]

ZUT, WREIFFORME Mo TS O 2 RS, BB 90 &,
I 90 EIZ XK 5. OB 2 B =85 O E WD, iR e Bz L
foii = BEfH D B B HTIZ 3R W2 T B

L. FFECERLHMZ BN, LR =SB ENHOHBREZ 5D 5.

2. AIBED EAh & A I/ T OREE & B8 C L = 0HA 2 2 < & S IR 2 (|
¥5.

3. BERGEBNIC & & MREE) AT 2 il K HT 2 5 &, b = B O ) BAR & ME
RrxEs.

4. NoMEN XS, EBICEWREE, HE2 LW _EHHO L, 2N
EABT.INZMTC) R LCNBHBEARS. NEdR, #iEo®R
T E S 5 & L =B MR KA IC X 2 AE L, o2 kx5,

LA B FE & # 0 3 U T 100 FIFEEAT 5.
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Fig. 2.4: Repetitive facilitation exercises for elbow extension [19]
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2.4 EROEENERRARERE O BERLHK

Fr k%8 - B B & o i iOE BB RE A I B v T, Rl ERIE O/ FIIM T
X, MIERKFZEI TRy Y T OHiE O B R ES O G R EENBET
HO, INGE2ZTOFFHEELT I LIEHIIZLDE—XDPBLEIZR>TLED. £
2T, AR TIHIRET 280 X 0 B ksl o )8 - I B8 & & B) o St [FE ) o R
BERES) 2B IRKICHE L 22 S, HNOMEESHOAZFT L TT 7 FaT—
ZAZ K B A B 7 MR S & RIS B R ORE 2 EHT 5. Iz TS %
BIIBOHEDREZ R/NRIZT B 72O MEML (IF)) OB THi%2E EL -
RETHSLEPHL. TUTLHBEZ S DFBEIO B W E) O % el 72 FEH &
B NS OLFEEE OSSN R/ RThH D, b, BRI IZEMR E
Wig o R EEE) » SIZEHE O EAEEXE B, SEE L, HRBRICIE T G R
%W%,%@%%m,:@ﬁ%m%mmﬁ&%fﬁé WA Tl d 205, FIFEE X

EAMEH VG720, MEHIZEEZHEFETAILERHEN, 1ATELLHIZE
MNInTELHBPBHEHNTH O FFEES HW., LB TARKEETIE, RO XD 1B
BEENRERINS.

1. B oLEEE D> S NME - EiES O Az DET 5.

2. ko ftEEH EZHHEORBOH S oMl - MEEBOAZ THET 5.
2L, BOBSIZHESERHBEOHSIZEIESEE 5.

3. HODWELZRBTL-ODMINMDOZRETIHFHTE S.
4. 1 BTEAW GO BRI IRT 5.

5. E—REDT I/ Far—REHOVRL.

2.5 LEREERRMAREREOEBRE

Fig. 25 AKX EBEBEONEZRT. ARBEBIZEBEPRIREBEILICELR S
EiEEEICEDLE CHENRETH D, HROIMHIZIR U CHES) A - #PAZ2 IR L,

NBEfioBEENNTS. VUV IIEEFEOAHEEET 52 OITBERT LI
= LrbaeMe L, BOHERIZEBINMEISEREIC X oT, IR BE i E S
BIZX-oTHBTE, b, BeNBEHOEBEIIXZZN TN LU THIRTE 2
512U TW3. Fig. 2.6 ([Z/BHEHNEIGEM O N %2 RS, BEHOESHPFHEIZL B
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i) v orMEHATyYy REIOIEZFHBEL, B > 27 or &P 2 HIR £ 772 X EE T
B X212 oTE Y, BT o B &P B E S BRI X o THIR F 721X
ETE5. LA HEEH R KR O LBk % Table. 2.1 1287,

Holder for Forearm ]

Link for Forearm ]

Elbow joint mechanism ]

Fig. 2.5: Appearance of the proposed device

s Upper arm link

anical joint

Passive movement to adapt
with shifting of rotation center

Extension position Flexion position

Fig. 2.6: Enlarged view of the shoulder joint mechanism
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Table 2.1: Specifications of device

Link and holder for forearm

Main material Aluminum
Size 220 [mm)]
Weight 190 [g]

Elbow joint mechanism

Main material | Acrylic resin and Brass(Gear)

Rotary encoder OMRON E6B2-CWZ6C

Weight 220 [g]
Link and holder for upper arm

Main material Aluminum

Size 250 [mm)]

Weight 350 [g]

Shoulder joint mechanism

Main material | Aluminum and Plywood(Base)

Rotary encoder OMRON E6B2-CWZ6C
Size (LxW xH) 300 x 400 x 150 [mm]
Weight 2500 [g]

2.6 LEROEENEIRWEREEZBWLIIRAE

2.6.1 HEASOMHE - JEH

NEH OB WCIXEEES 2R T 2720, EEGEISEECX>T R
YODOHEEEET LS. FMEONIZEHI O bMEETO SV FH»LE D,
HEMCEBBREL XVOBLHEE G5 A BRSIHT 5. EEOIIEIZE )2
DR - RIS 2 R#E T 2720, Fig 271258 T & S ISR 52 S Ja il 90 &
FCTOIEOHPIZER A FHIR I 5. Fig. 2.8 (2 I EHHiNE S EEHE O GRS E 2 R
DYy 7O EEHIIE YD Ty TNEBEIZX>THBIE EBOGETHWS T 5.
Fig. 29 IZHABDLGEDY v 7 DEE 2R 7.
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End plosition

Rotation center

Extension Flexion

Fig. 2.7: Movement of training for elbow extension-flexion

J Clamp screw |

/ Link for elbow ]

Left arm position
Right arm position
Fixed position

Rotation center

View A

[ Joint elbow ]

Fig. 2.8: Enlarged view of the elbow joint mechanism
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-5[deg]

Rotation
center

Flexion Extension

Fig. 2.9: Mechanism for elbow
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2.6.2 EHEESOME - EH

BRSOz B W TIZNEM 2R T 2720, NEMIESBERIC X > THiliY
YIDEEEREEL, BEMIESEEODY 2 2B LU THKEOBIRMELI D
JiE i B O 5 A B A U 72 0D, i iR R 2 SR & B I TE B A iBh T 5.
FEEE ORI B 5 8B HET MBI IXBEE % RFE T 5720, Fig. 2.101TRT & S
RIS EEOREE 0L U CTHE 3500 5w il 35 & O B #iPH 12 FHE T 5. Fig.
211 (T B NE IS B RE D (R IR & R DI 2 RS, AT FL— L& XT —
R—=D1AAANAT A RL, BHEOHESIZADETCAIAX—DPBETS. £
72, BRI O MK EEOREHAGLREE, ATAX—DOBHIIZL->T L
DB E 12> FLMEET 2 LD >T W5, Fig. 2.12 12 J8 B i o [a] #iz #if o> 7] B &
PH % R

End Start
position 70[deg] position

Flexion Passive movement Extension

Fig. 2.10: Movement of training for shoulder flexion-extension
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[ Clamp screw

shoulder upper arm

Rods to fix } [ Link for

Rotation
I center

Joint for shoulder ]
Extension Flexion

Fig. 2.11: Enlarged view of mechanism for shoulder extension-flexion

Adaptable area of
A the moment
70[mm)] otation center axis

Fig. 2.12: Area of rotation center axis
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55 2% RIS B O IR
2.7 LEROEERRARERE DS F

B B R R RS OGRE AR 2 b O b Yy X — 2B W THLH TIER
WEHWCTiTo72. MfEL /2% iE % Fig. 2.13 1227

Fig. 2.13: Prototype of selective arm-DOF constrainable mechanism

271 EHEDOHUE
AMIELZREOHEFoy 7 217\, BEfivEELICEEALTE SV, ZTOHER
EHEATUTOEHBIZODWTHRE 217>72. Fig. 2.141Z/2R 7.

1. BB CREFR ARG 2 2 B RLIZ A RSO MR &R D 2o, BilifARH O %
FORMEE TRHEREL, RATEMERIEROEEANZTE U 2. IR 2 13
DNy RTEEL, FORDAAZMTUZRETIBZ T, (MR
B REMEFTE S XD,

2. WY v oREAbE EFOBEHENNSILSmB LDz, E) vy 2207 IVIIE
SBIT R 2 RE, HER WEBEICEN, BErOHENYELSTHER) T
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5 2 F b ROE B E U R B O 1R %

AR = IVEIBEANZEHL, gii) v 7 DEE LB oM< T 2i2&koT,
#1200 [g] e E % B EAL L /2.

3. BMEOREMDRBEBBEOLEN A QBT 2D EBREEHORY »— K
F— P HOERZRERAICEHEL, HHEOEmMICHWTKEZEETE S
FOITHR LUz, ZOBEERICE->THHAEOKREZMHL CTEEEZMHZ XD
AL THRBEBOHEEZMULZD, Ny NIBEELEZDTLIHNEL R, K&
DEENEEDD I LN TE.

4. BRIENY ROBIMKERE CIXBEEIIRIC EEEOEE EIF2R I 521
VEVIAYVMNENELRXT VWD, EBMEHEOEE EIFAEI SR WL DI
BB DEERIZ /N N2, BEMHEO EHEE0E s EIF2[IETE 5 X
S LU 7=,

5. B EE WA EOBMNMEMNTEORIZITS> L, ZOEWT — A4
FOoTHE ERICIZFRERE—RA YV IR 0DD, ZAHADAHEIKREL o
TLEW, B0 LEHEORE LITORNIZER->TLES. 22T, BE
i BRI 0D £ 10 2 9 2 72 & 12 I B E IO BE RS D [ 2 vl sE A 2 B8 N L, 60
R LT T — L R2E<TAZ L THERIZORNREE—A Y MRS
KU, BHZBES 5 X 5 12 B ENE RGBS o I BE & [ % 4 B 0 # UL % 8N
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Fig. 4.10: Results of elbow with NMES (20 [mA])
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Fig. 4.11: Results of elbow with NMES (22 [mA])

400 - %:I:$$$

300 - =

Maximal angular
velocity [deg/s]

200 A
100 -
* p<0.01
0 T T T T T T 1
Pre Ist 2nd 3rd 4th 5th  Post
Without | % ’(Without
NMES With NMES NMES

Training set

Fig. 4.12: Results of elbow with NMES (24 [mA])
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Fig. 4.13: Results of shoulder with NMES (16 [mA])
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Fig. 4.14: Results of shoulder with NMES (18 [mA])
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Fig. 4.15: Results of shoulder with NMES (20 [mA])
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Fig. 4.16: Results of shoulder with NMES (22 [mA])
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Fig. 4.17: Results of shoulder with NMES (24 [mA])
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Fig. 4.18: Results of subject A
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Fig. 4.21: Results of subject D
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Fig. 4.24: Results of subject G
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Fig. 4.27: Results of subject J
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5.4.1 2R 1 OHH

AR RBRBEOMATIC L DFMESOENZHRET 5720, &il#ty

MZIBWTHEEZEFEL, Zziro7-.

5.4.2 ZEBR1AHZE

A 7077 LAORRIZTERDOFIETEML 2. #ERHFIZ1EY b DOFIFIZE W

T 10 Bl DI EE) % 17 .
L @R L ©, 12y hOMEZITS. (Pre-test)
2. WA - IRFRBOZMEZEZ RSBy bOFIZE TS

S =

3. BRI L T, 1y hOBEIEZ1T 5. (Post-test)

PFE Rz M T 272012, 70250125 >T 1 EifEh OB KA ME L &K

EEAEEABRHT S, 12y bO10ROFNBES OR, mAEBHMHEED T — X
FIBEFHOLE LR VWEM EREEEASE2HFHNPSBIRTHETDIDDIHEZ HL

BFL, iz BEHE TS, L=V I REE T S A, JIHEETE IR EO

HEIZB 2R KNEFAHE L ESAEEOTREOR R 2 T 5.
W ERF D FEEM % Table. 5.112RT.

Table 5.1: Details of subjects on experiments 1

Limited
Affected| B S Higher brai Period fi
Subjects| Age | Gender Diagnosis .ece s MAS]| . en.sory range of et r.am erioc Trom
side |stage impairment . Dysfunction onset date
motion
A 60s | Male Cerebral infarction Left 111 1 Have Not 6 weeks
Severe Impaired
B 70s | Male | Cerebral hemorrhage Left v - . Not . 2 months
Hypesthesia attention

5.4.3 ZEER1OER

BWERE OB KA EE &Y A EE OB AT R O Z R DK; R % Table. 5.2 1Z/R
9. £ 72, Fig. 5.4-Fig. 5.7 12K v b 15D FNE/E b O & KA EE & S35 AR %
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FHAIZBWTI, SESIZ&L2il#iy N oillfizthdTE D, Z0GE ITIRENHE
£ SES Ol y b ORI IC ER R 2 IR TE o7z, T T, HER
HEBIZBVTIHIREHFEIC X218y s OBICELKKBUC X278 Ey N %2 £
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NS OREREDS, BRI &5 IMBIE —ERMOBESEL D/ L HHITE,
DR R 2 AR B 72121, IREFHIBIC X2y ShokICBEDB ESICL
APRWEHHAIZNS.

Table 5.2: Results of between pre-test and post-test on experiments 1

Brs | Period from SES intensity Changing rate of maximal angular Changing rate of average angular

Subjects stage | onset date [mA] velocities between pre-test to post-test | velocities between pre-test and post-test
Elbow]|Shoulder] Elbow | p-value | Shoulder| p-value | Elbow | p-value | Shoulder| p-value
A I 6 weeks - 10 - - 23.0% | p=0.11 - - 20.2% | p=0.6
B \Y% 2 months - 10 - - 32.0% | p<0.01 - - 39.0% | p<0.01
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Fig. 5.4: Result of maximal angular velocity on shoulder training of subject A
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Fig. 5.5: Result of average angular velocity on shoulder training of subject A
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Fig. 5.6: Result of maximal angular velocity on shoulder training of subject B

57



FHOHEREINE Y VAT L OERKNE

100 - | |
h =
=y
gn 0 1
i= . ‘
=L . *
=2 ** p<0.01
= 0 % p<0.05
N
F S S
¢ & & S & & ]{°
F e & &N
C & & & &
) Q\&o '\;b S&b \.'Qb %Q)
S S
o
N° S
6@
&
Training set

Fig. 5.7: Result of average angular velocity on shoulder training of subject B
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5.5.1 EBER20DHBH

AERTIE, RERBOMEEZ2 &MLy MEICEX TRBREDE NI LD
Al EN 1 D &AL % WEFR 3 5 .

5.5.2 ZEER2DAHE

FTHDIZBLRMPBNC L B2EREFNRORELZ TRV L S ITHRERNEUIZ & 5 §ilHE
Ly N EEIZERLUL. T T LR L M AEE LT ICRT. IS
1y MZOE 10 OFIFEEESE %217 5.

L @Rl C, 12y hOHEZITS. (Pre-test)

2. BE - IREBANBMOLXMEEZ BN S 6y bOFIFHEITS.
(1) = Eh R, (i) BRI, (ii)SES & i S ] i
(i)-(iil) 2 2 ¥ 1 Z WVEHT 5.

3. B ML T, 12y hOWMEZITS. (Post-test)

PAE R Z2 FTMT 272012, 7O 50125 T 1 EEhOEI R KME L KA
HEAREZ2BEHT S, 12y bO10ROFNBES OR, mAEBHERED T — X
FAHEE ORE LR VWERA L REE B HE2HENSHEIRHETOIDDHE %I
/L, Rz EE TS, b=V IR EE T S A, FIEET & IR EO
WE IS 2 mAEE) A HE & EHEE) A EEO R REORERZ KT 5.

# BR 2 O 3£l % Table. 5.3 12787

5.5.3 EER2DEFER

B BR A D B K AR T & Y A TR O B AT A2 D 28 AL R D G SR & Table. 5.4 1271
3. Fig. 58523 IZ&Fl# Ly MEOINMEFErH O RKAEE &M EE DR R %
9. SES & HREIHIMIC K B FI D, INHE &8 #h o IR B T EE)

ERMEIIc AR 2. , BRI D A% N AL TS L SES & ik
BRI O 5% AL 728 AN RS D e KGE B A EE DN BN B A D - 7.
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Table 5.3: Details of subjects on experiments 2

Limited . . .
Subjects| Age | Gender Diagnosis Aff'ected Brs Mas| Sen.sory range of Higher br'aln Period from
side |stage impairment . Dysfunction onset date
motion
B 70s | Male | Cerebral hemorrhage Left A% - Severe . Not Imp a1'r od 2 months
Hypesthesia attention
C 60s | Male Cerebral infarction Left v 1+ Not Not Impal.r ed 8 weeks
attention
D 80s | Female|  Cerebral infarction Left 1 2 Not Supination 209 Not 5 years
E 70s | Female| Thalamic hemorrhage | Right | III - - - - 9 years
Slight
F 40s | Male | Cerebral hemorrhage Left 1 2 . Not Not 10 years
Hypesthesia
Table 5.4: Results of between pre-test and post-test on experiments 2
. SES intensity Changing rate of maximal angular Changing rate of average angular
. Brs | Period from .. .\
Subjects ‘ ¢ dat [mA] velocities between pre-test to post-test | velocities between pre-test and post-test
stage | onset date
8 Elbow]|Shoulder] Elbow | p-value | Shoulder| p-value | Elbow | p-value | Shoulder| p-value
B v 2 months - 10 - - 19.5% | p<0.01 - - 30.2% | p<0.05
C v 8 weeks 10 10 15.1% | p<0.05 | -7.6% | p=0.07 | 48.3% | p<0.01 5.7% | p=0.26
D I 5 years 10 - 15.3% | p<0.05 | -25.2% | p<0.01 | 30.1% | p<0.05 | -17.6% | p=0.16
E 111 9 years 10 9 30.7% | p=0.06 | 21.3% | p<0.01 6.6% | P=0.22 | 45.0% | p<0.01
F 111 10 years - 16 - - 4.4% | p=0.54 - - 38.3% | p<0.01
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Fig. 5.8: Result of maximal angular velocity on shoulder training of subject B
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Fig. 5.9: Result of average angular velocity on shoulder training of subject B
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Fig. 5.10: Result of maximal angular velocity on elbow training of subject C
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Fig. 5.11: Result of average angular velocity on elbow training of subject C
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Fig. 5.12: Result of maximal angular velocity on shoulder training of subject C
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Fig. 5.13: Result of average angular velocity on shoulder training of subject C
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Fig. 5.14: Result of maximal angular velocity on elbow training of subject D
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Fig. 5.15: Result of average angular velocity on elbow training of subject D
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Fig. 5.16: Result of maximal angular velocity on shoulder training of subject D
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Fig. 5.17: Result of average angular velocity on shoulder training of subject D
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Fig. 5.18: Result of maximal angular velocity on elbow training of subject E
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Fig. 5.19: Result of average angular velocity on elbow training of subject E
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Fig. 5.20: Result of maximal angular velocity on shoulder training of subject E
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Fig. 5.21: Result of average angular velocity on shoulder training of subject E
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Fig. 5.22: Result of maximal angular velocity on shoulder training of subject F
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Fig. 5.23: Result of average angular velocity on shoulder training of subject F
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Table 5.5: Details of subjects on experiments 3

Limited
. . . Affected | B S Higher brai Period fi
Subjects| Age | Gender Diagnosis .ece  Imas . en.sory range of et r.am eriod rom
side stage 1mpairment . Dysfunction onset date
motion
. S
G 60s | Male | Thalamic hemorrhage Left v 0 evere . Not Not 1 month
Hypesthesia
. . Slight
H 60s | Female Cerebral infarction Left 1II - . Not Not 4 months
Hypesthesia
Impaired
I 50s | Male | Cerebral hemorrhage Right A% 1 Have Not mpal.r © 2 months
attention
E 70s | Female| Thalamic hemorrhage | Right | III - - - - 9 years
J 50s | Male Cerebral infarction Left 111 - Not Not Not 1 month
S
G 60s | Male | Thalamic hemorrhage Left v 0 evere . Not Not 3 months
Hypesthesia

BIZDOWTIEHMEDEAVERT TV VYA MO —LAT—IUNAT =Y VDD,
JBR I DR S LI IR 8 < ST~ O B R FEHVE <, HENRDPNS oz T &R

ns.
Table 5.6: Results of between pre-test and post-test on experiments 3
. Brs | Period from SES intensity Chgrl.glng rate of maximal angular C1.121.ng1ng rate of average angular
Subjects stace | onset date [mA] velocities between pre-test to post-test | velocities between pre-test and post-test
£ Elbow]|Shoulder] Elbow | p-value | Shoulder| p-value | Elbow | p-value | Shoulder| p-value
G v 1 month 14 | 12,14 76.4% | p<0.01 | 71.2% | p<0.01 | 291.2% | p<0.01 | 78.2% | p<0.01
H I | 4 months - 9 - - 20.5% | p=0.11 - - 35.1% | p<0.01
I A% 2 months | 15 - 6.4% | p=0.15 - - 3.6% | p=0.54 - -
E 111 9 years - 12, 14 - - 111.5% | p<0.01 - - 142.6% | p<0.01
J I 1 month 11 11 6.5% | p=0.08 | -6.1% | p=0.26 | 19.1% | p<0.01 | 45.1% | p<0.01
G IV | 3months | 13 13 17.8% | p=0.13 | 14.4% | p=0.07 | 15.3% | p=0.13 | 38.6% | p<0.01
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Fig. 5.24: Result of maximal angular velocity on elbow training of subject G
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Fig. 5.25: Result of average angular velocity on elbow training of subject G
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Fig. 5.26: Result of maximal angular velocity on shoulder training of subject G
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Fig. 5.27: Result of average angular velocity on shoulder training of subject G
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Fig. 5.28: Result of maximal angular velocity on shoulder training of subject H
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Fig. 5.29: Result of average angular velocity on shoulder training of subject H
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Fig. 5.31: Result of average angular velocity on elbow training of subject I
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Fig. 5.32: Result of maximal angular velocity on shoulder training of subject E
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Fig. 5.33: Result of average angular velocity on shoulder training of subject E

75



EHEBRYANLEY VAT LDOEIKRME

i~

(el

(el
J

_m—.
all
—
{
[
t+
H—
A
{1
1

Maximal angular
velocity [deg/s]
= b
S S
S S

]
R GG
L SV & &S
K ¥ ¥ RN
& & &n S . S . S
$ & ¢ ¢ ¢ & & &

N SR - R

K
2
?)
‘e

Training set

Fig. 5.34: Result of maximal angular velocity on elbow training of subject J

** | I | I
5 \ I |‘T
S Z 200 - $ é é ; $
= en
23 & -
wdm-g = J
L€ f* o ] .
g 2 100 A L ‘ - *
z 3
< %
50 £+ vt p<0.01
0 * p<0.05
3 D QD D QD D QD D QD 3
&;@ &09 q;\\oo %,\\00 {b,&\oo é\oc & & & S
] g S S S o Q0
F K KL

Training set

Fig. 5.35: Result of average angular velocity on elbow training of subject J
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Fig. 5.36: Result of maximal angular velocity on shoulder training of subject J
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Fig. 5.37: Result of average angular velocity on shoulder training of subject J
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Fig. 5.38: Result of maximal angular velocity on elbow training of subject G
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Fig. 5.39: Result of average angular velocity on elbow training of subject G
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Fig. 5.40: Result of maximal angular velocity on shoulder training of subject G
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Fig. 5.41: Result of average angular velocity on shoulder training of subject G
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L gl L <, 1y hOBIEZITS. (Pre-test)
2. BA - IREREEOREZ 1y b (5010E]) 47 5.
3. fEmHEML T, 1y PORPEZEITS.  (Mid-test)
4. B IREIRIEm R E 2 12y b (50[E]) 47 5.
5. EEFNEMEL T, 12y NOWEZEFTS. (Post-test)

YAE R 2 M T 272012, 7O M5 >T 1 EFEROEI R KME L HK
EEAEEEZRE TS, 12y bOS0EOFMES O, RAEIMEED T — &
FAREB OLZE L W L ke A< B2HEPOHBIFH I TD8DDHEZ HL
BL, PREEZEHT S, b —= v IR E T 2 A KK, JIET & 8z O
WE S 2 mAEE) A EE & B A EEO R REORERZ ILIKT 5.

W ERE D FEMI % Table. 5.7 23R .

5.7.3 EER4DER

B R D B K A & OSE Y A EE O B AT 2 D 2 LR DK R & Table. 5.7 121
$. Fig. 5.42-551 12 & FH 2 v b1 DO FMENE b O I KA HEE &S A HE O R R
%R 9. SES L IRENHIIK DM E I & B D%, INHE LS ih o &K ES) M E

80



Yo

%5

EERZYANLEY VAT L ORI

Table 5.7: Details of subjects on experiments 4

Limited
Affect B High i Period fi
Subjects| Age | Gender Diagnosis 'ec ed| Brs MAS]| . Segsory range of 1eher br'am eriod from
side |stage impairment . Dysfunction onset date
motion
. . Severe .
K 50s | Male | Putaminal Hemorrhage | Right | III 0 . Have Aphasia 6 years
Hypesthesia
L 60s | Male Cerebral infarction Left v - Have Not Not 1 month
M 80s | Female Cerebral infarction Left v - Not Not Not 3 months
. Hemispatial neglect,
N 60s | Male | Thalamic hemorrhage Left v 2 Have Not . . 2 years
Attention deficit
(0} 70s | Male Cerebral infarction Right | V 1+ Have Have Aphasia 1 years

BRI U 7. % LT, 5 B 0D B K SEL B £ oD i) B SR IZ AL 2y b H % 2

Woky bHOBZBLEZKRT AL, 1Y NHD
7-. Tk

AR D J5 A3 A B3R A @ E A YD o

AEE 50 F 2B A 72 H 720 D SHIRI RO LR FHR-TL B Z
LEREKRT .

Table 5.8: Results of between pre-test and post-test on experiments 4

Brs | Period from SES intensity Changing rate of maximal angular Changing rate of average angular

Subjects stace | onset date [mA] velocities between pre-test to post-test | velocities between pre-test and post-test
& Elbow]|Shoulder] Elbow | p-value | Shoulder| p-value | Elbow | p-value | Shoulder| p-value

K 111 6 years 13 12 472% | p<0.01 | 84.4% | p<0.01 | 179.7% | p<0.01 | 126.0% | p<0.01

L v 1 month 13 13 35.0% | p<0.01 | 42.3% | p<0.01 | 41.0% | p<0.01 | 66.6% | p<0.01

M IV | 3months | 12 | 12,13 ] 16.1% | p<0.01 | 60.6% | p<0.01 | 19.2% | p<0.01 | 67.6% | p<0.01

N v 2 years 15 13 36.3% | p<0.01 | 95.1% | p<0.01 0.2% | p=0.77 | 180.3% | p<0.01

(¢ A% 1 years 16 18 6.6% | p=0.47 | 51.2% | p<0.01 | 52.1% | p<0.01 | 80.1% | p<0.01
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Megumi Shimodozono, Kazumi Kawahira: “Research of Training and Evaluation
Aid Device with DOF Selective Constraint Mechanism for Hemiplegic Upper Limbs
Rehabilitation”, Proc. of the IEEE/IES International Conference on Mechatronics

(Nagoya, Japan), pp.444-449, Peer-reviewed.
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Megumi Shimodozono, Kazumi Kawahira: “Research of Rehabilitation Aid System
by DOF Constraintable Mechanism and NMES for Hemiplegic Upper Limbs”, Proc.
of the 2015 IEEE/ASME International Conference on Advanced, Intelligent Mecha-
tronics (Busan, Korea), pp.139-144, Peer-reviewed.
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Koutaro Taniguchi, Yong Yu, Tomokazu Noma, Ryota Hayashi, Shuji Matsumoto,
Megumi Shimodozono, Kazumi Kawahira: “Research of Hemiplegic Upper Limbs
Rehabilitation System in Combination with NMES and Vibration Stimulus and DOF
Constraintable Mechanism”, Proc. of the 9th ICME International Conference on

Complex Medical Engineering (Okayama, Japan), pp.65-66, 2015, Peer-reviewed.

Yong Yu, Mizuki Kodama, Hirokazu Matsuwaki, Koutaro Taniguchi, Shuji Mat-
sumoto, Hiroko Yamanaka, Isamu Fukuda, Megumi Shimodozono, Kazumi Kawahira:
“Research of Rehabilitation Device for Hemiplegic Knee Flexion Based on Repeti-
tive Facilitation Exercise”, Proc. of the 9th International Conference on Intelligent

Robotics and Applications (Tokyo, Japan), pp.158-167, 2016, Peer-reviewed.

Koutaro Taniguchi, Yong Yu, Tomokazu Noma, Hiroko Yamanaka, Isamu Fukuda,
Megumi Shimodozono, Kazumi Kawahira: “Clinical Research of Shrinkable Electrical
Stimulation and Vibration Stimulus Synchronizing System with DOF Constrainable
Mechanism for Hemiplegic Upper Limbs Rehabilitation”, Proc. of the 10th I[CME
International Conference on Complex Medical Engineering (Tochigi, Japan), pp.39,

2016, Peer-reviewed.
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Koutaro Taniguchi, Yong Yu, Tomokazu Noma, Hiroko Yamanaka, Isamu Fukuda,
Shuji Matsumoto, Megumi Shimodozono, Kazumi Kawahira: “Training Condition
Research on Selective DOF Constrainable Rehabilitation Unit with Shrinkable Elec-
trical and Vibratory Stimulation Timing and Duration Control System for Hemiplegic
Shoulder-Flexion and Elbow-Extension”, Proc. of IEEE International Conference on

Robotics and Biomimetics (Qingdao, China), pp.45-50, 2016, Peer-reviewed.
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(a)

Best Paper in Session Award (Rehabilitation Mechatronics Session)

Koutaro Taniguchi, Yong Yu, Tomokazu Noma, Ryota Hayashi, Shuji Mat-
sumoto, Megumi Shimodozono, Kazumi Kawahira:

“Research of Training and Evaluation Aid Device with DOF Selective Constraint
Mechanism for Hemiplegic Upper Limbs Rehabilitation”,

March 2015, The IEEE/IES International Conference on Mechatronics (Nagoya,
Japan)

Best Student Award

Koutaro Taniguchi, Yong Yu, Tomokazu Noma, Ryota Hayashi, Shuji Mat-
sumoto, Megumi Shimodozono, Kazumi Kawahira:

“Research of Hemiplegic Upper Limbs Rehabilitation System in Combination
with NMES and Vibration Stimulus and DOF Constraintable Mechanism”,
June 2015, The 9th ICME International Conference on Complex Medical Engi-

neering (Okayama, Japan)
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