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There are a number of problems concerning the elderly and the disabled in Japan that is
rapidly becoming the aging society. The increase of the population of the aged or the handi-
capped brings shortage of helpers. Therefore, the development of a new biomedical technology is
necessary for the aged, the handicapped, and the helpers for their high quality of lives.

Patients with upper motor neuron disorders, such as cerebral apoplexy or spinal cord injury,
have lost motor functions and require the assistance by helpers for the daily life. Since the
peripheral neuromuscular system of the patient has no lesions in spite of paralysis, externally
applied electrical pulses can realize muscle contraction. This technique is referred to Functional
Electrical Stimulation (FES), which is a new approach for neural prostheses. In this report, we
describe the fundamental study on FES to restore the lost functions of the paralyzed people.

(1} Electromyogram (EMG) analyses for the body motions were performed with normal
subjects in order to investigate the muscle activities for attaining the tasks.

(2) Animal experiments were performed to investigate the property of the neuromuscular
system activated by electrical stimulation. The effect of the simultaneous antagonistic stimula-
tion was analyzed. A new stimulation method with the slowly-rising semi-rectangular pulse was
proposed and analyzed. Compuier simulation was also performed on the blocking of the
conduction of excitation along the nerve fiber.

(3) The wrist angle switch system was developed to acquire the command signal for FES



control, and was clinically evaluated with the quadriplegics. Myoelectric signals from the
auricular posterior muscle were also analyzed to verify the feasibility of the EMG-controlled FES
system. Since few can move the auricula voluniarily, the learning method of voluntary move-
ment of the auricula was studied.

(4) EMG analysis of the shoulder movements with normal velunteers were performed, and
stimulation patterns for restoring these movements were created. By applying these patterns, the
shoulder was controlled on 5 patients. This was the first realization in the world.

(5) A portable FES system with 30-channel cutputs was developed. After clinical evalua-
tion, this FES system was authorized by the Ministry of Health and Weifare of Japan, and is now
commercially available. By using this system we have performed clinical researches on FES and
TES (Therapeutic Electrical Stimulation). The experiments were performed at Hokuryo FES
Clinic which takes a clinical part of our research project. [t was established as the first FES

hospital in the world.

HRE®

BRI R 0 & BHOE T, S
PREEOEELBHENOET HE KD 51T
Who, FrcEREIEHS I & » CEEHSENE L <
FlIEE R TV AENEED THEEOH] (Quality
of Life; QOL) ®Ju) i3, EELHETH L, & T
AT, BAriisE ORI R R I & 5
IR ch i, A DSBS A e
TEZ Lok, FRELEENEEEEET AT
EBTEHETH D, BELEEEME (Activity of
Daily Living; ADL) Z B HNHOEMRTE S, 2O
Fek 3B ES Y # (Functional Electrical
Stimulation; FES) &IFHTH, H{AASRoETHE
B LA R R B, 1BIGEY - AT
FReghedie, BHotuwRomEnRcz
OHlERSEmE L, BET 2 RS s EE
T LIRS ORI TH 5, KFFEOHME, T
@ FES OFiEiL & - C, HFEodkbhi-liEr
S 3 o OEMET - TR O
2EBDLEETH S,

WREB

Q@ HAoETHEEOFHR &

FES THERREITH oIz, W &4 48
EE Rt & ORG-S VT, Hilifcy — v Afe
B LA hidi oimn, Baid, M) &
WOBEADL S, EESEOhiTHiEERITLT
WEPEFHTL, ZOEE S LI LT, FHoMm
&« 5 - BRI T & 2 ALAYLES)

IR ARG T 5 C AR oTRIBA TY
B0 % DIz, R H OIERHBHE O & it &
T\, FES it & 3TEBO - MR EE,
FES iz & 2 LS THRIHEOERIC > Wi,
Fok 2D TS { DIHRELEIhTW3
B, AR, PR, BEACTHENED S
NTTHd -1, #EOERbILES MiEE O
WERMHE BT 3 &, BRES oA is
F U&7 2 FEERSEE OB BT 2 3k
SBIDEEEILOLTFHEaN B, AR T
W, CoXOufEEEEELT, FESKEb4H
2EET AT &EBNE LT, BRESOHSRIE
oo a4 5 S EBRGHIESEER AT » 120

@ WEHEEROEE O & MR
ik, SHOFHERENCEHs s &ic
& - THIE T 3BEERITT 348, & izl
[ « USRS L Tv B, BRI
BIod A2 REEN (35 VIHETHEE) Ot
BEF LOIEEEEEE L TE D, ThIZFES T8
BISHIAEITS ETORE LG - TS, AE
i BESEOEEHO &4 & FRERDGE LETI
EE LS €5 LT, HESHMEERL TV 5,
iDL i, HERSOMMMEERE- WL
By — v BPERT 2T &in kb, Hefkaidsk
fT-TWwWaHEGfOREEFERA LTV, Lk
L, THEBIcAEERH LTwaRBEY
BRAEH I & 5 ROE OIS EHE BT 5
FERMBRE N TV, 72 TRHETE, JE



MIESHOMESIAR S NS TREHLRSE Rkl
Bl BREL, ERBERCS Ao wT, 1)
HHEROFAREA TR, F4ELT, FHEo
I 217 - 72,

F/c, FES THESNEMNT 2184, B
T OB OFEF oAbz, KOS
BEL, MENLBEHESERRS 215805
Bo COBBERIRTELbOHED—D L L
T, MR O BT RE L A A S
L, BHEERT BEEREMET2 & 5258
Hle £IT, TOFRITD>WTHERNEERE
frofeic, MHEROIEE 7 VAT ER b ol
L, YIiab—vavEfFot, i, Thic
BuE LT, #ER R0 o NEMAL T 2 ik
20T, BERIC L AR5 EIT - 7.

@ St A i B AT

FES I & 5 B L 7B ihidfE o mEE IR L,
FES ¥ 27 &, #MEE S ofEcik-
T, BB S IRE L, MR ET S
BEBH B, TOLDBIE, FEEOEEFELTVS
AEHERE R U CHEREINE L, 1% FES
AT LR Al G S A EEE A EE T
Bo AKIFF T, BREEAEEEE IR i
far BRI L PR EBYEEAL AT U - Hlfmdrs A
FIEEE A LT, FES ¥ 2 5 4@ [Patient-
Machine Interface] @4 Hig L f2,

B OEMIEEE OHA L, Bk
FELCHFRS O AUEBBEL L2700, MRA
4y FREVEREINTV LY, DERTORME
LigB T Ems, REDOMFHLELETHY, *
OABEZREINI L, &, WRT~NEIE
bE L, TITHRIETIE, £ L 0HEGS
EBIRE LT, BENHERE L. BENHE,
Bk (Miehid 245, L FAADL T
COMAEERT A L3R WDT, $ifdGe AN
DADERCELTHED, {hoWELHETSC
LAEHETH B, Fi, € RENEEICEIE
TEETEHn, AHORMELNESINEEEL
LB, FHRTE, < OBRENED L ORHEE
2% FES v 2 7 A 0HHGSES L LTHLAS
e DR A 1,

@ LIEEEomERE

TTEIRA I, R T TR P R
HOLEIE (FEoiEE, HoBH) omidc
BREILTW3, L, BEEOMEIES T,
FERIB R OHBHC & TRIEN R 3sfcwd, e
k% [BFO! LRI R BEBTERH LTI
LIV, Lin LM S, FOEBKEEE TN,
FRPROABORN S, FREmOHEEYE 5
BRM@mE-TWI, 22T, BHSCHT 3
FES O#MZERE L, Bans HEroBls
@ *E L/ f'i.'.o

® FES W4 2 8 &ry i Hlate
EMICE OIS PREEED 5 (ks
=y 7 | iFRE o FES BERETH D, —AY
OEFHER & B8, PR s
T H B, £ T, MEIN— 70 OEF%E
HEhL, EBlEEdid LT, BRGHESHE
AR Bk ot

HERE

© H:fkoEbinstes il & i
BEHBRELNEE U LHERNEERET
W, FES iT &k AK8MEIEHC B4 2 BB s R A
B, 9, BRBICEROERIES LT [E
U Ko T, HEMMNEET >/, Thizd
FEr0 &AL 69, L THOMm LS, 5120
oW TiE L, BEEfEcRET 285005iED
BRI A EMTE N, AERTE, BENT
4 VEBREREZEA L, Chicky, B
FEfh & - fo AR AE S 25 OIETEA %
METSE, RO EORTE L TEEQHE
B Lhi,

Eh, TOL 3 REMIHEORIER SR & 3
Blic, BHEE T B3T{EEZEN O L o Biph 2 mE)

(TBALESR D) AL TRd A & bifeT
fTote Thig, HBRBWERORE - RE -
[ - [hEdE) 2 AT s L BEL, chdiiob
T ZTTY, TOFREHRETHILT, HY
LT BARIMER TR T A HETH D, THICK
Y, Bl-0EfTh, EEOEWICEY AREND
B ER OB WA S HIC Y, FES W5l
WA 2He I, FAch Uil



i BB AT LAERL, RN ER
2T Bl 7 — ERICEET A REER AR
2BIZLEHBTERL,

@ MHEHERROEFHOH LR

KEOWREH, TREEHEFEL TV
WA, BB LTy 28 TESH
BENA, SERERHFT IS 2 2MEEOEEHE
~OFERHENE Lo LT, HHhicL
T—ERIE D <0 A BB E AN L 7o8E i, E§)
fhoFREREH DI CGRAT-NSEEESED
BUEIIAT R 0) SEES N D T LAERIICHEE
Ufco E o, MHEETRCEREITR OINE & o it
froc &icky, OBRGREEIEIR OB
E LT, ERH~oflfhssosg e i LT
Ha@B-a-—oricESeEl TnsILE
AT BEER AR,

Fr, WEEZROBE T 2ER Y o
=g YETY, v AR B 1KY
AR T8 Sick - T, #lERED
7 v Y g mEICORNEE L TE, EHBLT
EBENZOEMTCHKT 3 cE2 B ML
Foo E 00T, FREHBOVLER,S, MLz
HEO b L oEHERE< T AT Ltk T,
EHROBIEREMN ERT 2 L %, BEHEK
4 Bl & BHIED COFRMER & o kkBic &
VRS Uiz,

@ HiEdS A G B 2T

PEIBC BRI O FeBhE OflE A B9 s LT, B
BEOEGFT 2 FEmME G aTHE 4 5 A0
TAIER L, ZOMhEEFEEL 72, ASBIE,
BRETE M Ic 2 L - BB A TRMEE
AR L, BEEEARL A, FiEo
R, &V OB CBSHED —ERRIE S
TN b, EEMEOREREES X U M E
BENZFNAZELS L, HEORMAELIEENSY
&> THATL oo FEEROEER, BhEH, F/2i
WS FREEE A RGeS L LT, WELFE
RMBEIESE S h, BORE WIHEkOIEEHT
B 7o Eo, MIABEBEECEWT, 20
AR RIS U, RS oML iEE
TE,

MEMHEE ¢ 2 OfEHEMZIEL, £hic
&0 FES ¥ 25 & 2§+ 2 BT FES
OFEEZBEAG Y U THSET 5 72 b OLLHEDF
KE LT, BENOMIGIEN &R0 §if
T BT, BREAMOREGSERSELT
OFFATTRERE AR Lk, $4, BENTORE
MREHEEETERVE L RREVC LS, £
DFEFEIC>WT bEIL, HisYGEIHN <45
TEBEEYDH B & EEEHEE T >V THER
L fCo

@ LI EhEoERE

BEE13Z-onwT, SHEEME (Eil- 2
fix - KSR - AKIERE) ST A i oD
frEstlL, ZoffMrRRIcESvwT, Bl
oy — v EER L, ChEGRHREE 3 &, N
R RREE S BTl L el 25, BEAIRDWL
T, BME T EEMENERTE L, ChiIMERT
TRDOHRETH B,

® FESgEcfd 2iaa07a ik

FaehBFELE, 0Fr 2Ol EET
B~ 4 FTNFES ¥ AF &3, BEAEHOMESE
FEORBEEZT, TRENEKE -4, DY R
FLEBWSLIET, KHEBIKC FES OREEMG
et s o EMTHEE 1 - o,

COYATLERGT, BB L B
E, WHEE S LT FES 215t T itk
b, HEED oBREEE, & o, RTESE
# (Therapeutic Electrical Stimulation; TES)
%, WMEPREHESOICEHT 32 & T, e
DAL, B3V IEEOWEE O - R E
BB EMTEL, S, TES Hi4NRaRE
RIIGRE L, RESEDREL > W CETIMATE
GTHETETMWEEL L,

SHOBEMEEE

Fiwa~iok T, BAEBEEMEHR AR
ooHD, LOTLREEEOHHILOLTS
F, (REM) NMlEoBmts LBk 5, Ui
WoT, BEONEREONRELEDTOMEY
niE, AHEEREC NS RCEPL, BRE
LT, Bk, EMELO QOL oighekifd ot
Wi, FE i, EEOHSHEOE(LL i, &



HORENFEHBEAEY, H30RELSE
40 QOL M _ L&A+ AR IET LT
Wh, WA, Bk HEOHAFEERTHES
ERRE ENTORNEEERT 5 L5 ks
RuwiKg e s, BilTRomgEErsi oh
REBTHEEEL 2,

©  HAROETHEEEOF & 7T

HAFR DL { OREETEE F RS OEEY ATl T
5, ULyL, FES Itk 3 P TFHEOS EHER
KBLTR, 2hons350 1| B0 SH 2318
ELTHEEGHENTOWS, flAlE, FEolmi
BETHE, FHEECEOZBEMOEEE - BisE
BoaBEEL, BRE-HEE TEBLTY
BRNEIEV, Lvd, ThotEROMEEBIIEL,
1 EBEE LT -TW5B, flidy, F8EhE
KowTid, FlAEEAERO L S, ERol
BTV~ EZEMEE, IRl oR--Bfos ¢
RSN BHIEAE L, FOE{H, BEERHO
WD HDBEHEMEEAICL - THREATY
5, 635, FeoflLiEEc, BOEEEEEN
iR, 1 BhEOEES UTitifda C & T
HETH 5, LirL, BEEEOFAEoE ¥R
FAERMET B, [HE-EE] sV T
Fo—-Fi-OCHEE DA L EEENS,

@ WHETERROBIOH M & BT

AR & » TSI BHRROFEINIC L TE
BEIHEBE S, SHOMEELT, 85
NICERCE-S  THETERROE T Y v b
%o BOThET Lo EEMCHALL, 20
LAHEST LT, FES KB 24&&DE 70
kPR e b, £ LTIDEFIETFES B
TAEAOEFAEBHAEE LS, ThERV
hid, FES iy 2R ER 0%, kil
HETHhTF L TEHRTE S,

Ff, COEFME, PEEE L L TOEBRN
FLixsRFTel, BROBATLFEHATHA
3 EBhih g, $70ht, FES OEAWHELLS
B, BHOEEBEEREIIEAED SHC,
ke FLrizRELic [br—2r YR TF L]
T, FES ¥ 2 7 & OB+ FTHEB TS
bo &, Thicky, FES T 5 BEODE

by, EERETOMBOMBILIc b
w0, BEEHR S o MEORIBRENIE S
NETHAD,

@ HEGHOEECETITE

FES Ofilflsr s A58 13, BIEE (BED
DEGHECEA L bOERIRT 2 4B ME
S, L LAMG, TOBEEREAZESIEEICA
B, BACRER S OEMEAT 5 T & 4TI
HELTHEBE TR, hit, FESOBEKIEM I
BLTRET~NEMEO—2THE LA LS,
AN BREE D2 « BITEERO X A » 7
BEL B, WMEHEE, RSN SS0T
A4y FEERERER &G5O & OsiETRE
THb, Linl, BIPHTOEMEDIEETEY
TEEL D LEBO LD ELENSES L0
i, AA v FORENEBICLLDT, T0OLS
BENTTOERBIEETE 25EEREREH L
HHhER LTV, TDEST, BEEOBRTE
e & bic, BE T 2BEBETCOHELIEE
HER L S A SE ORI EREICKL S
ThHA I,

@ LS EDER
FFETHONBRICLD, ADL CEARN
HEERELN S FHEEESRAER S s &
TERLEELOND, L L, BRI,
BRI ORESEEC i s T Ed D, FIEEHE
itk L © HEBERBA T 3 RECiE b, L
L, BEDFES vAF L2057 LT Y X4
T, SHBEETHETACLETER L, 1z,
BHEOHEIM - T, FETIE~HEGSA
FEEE S T NICES S A SLENSE D, SBOB
oM > T, FES THIET X 3 HEHRED
Bl ERInT 288 s 50T, CoAico0
T, TEHEHEECIEm L, Bl R & e
FTEIEMFE LY,

® FESHIRICHT a8t

e LRI L LT, oFy FERD
WETEEL QMR R T LD - FAFEMED
ShTW3, £hoid, F&LTEEABORH
REFRHLT, HEA#ED ADL 250 L5 L7
B3H0TH B, T LT, KO FES Hiffr

— 20



B, EAEFESOBmET/EL LTHVWTWS
CEifldis 5, FES OIRMiE, BicEBic
HBHECADADLEBORE S, FEHTE
HRAICE»d LI X ZRIEHAGE O T, $5
W TERRF OB OEBIEOEE(L & Vo 1,
TES MERAER LK E W, = -BEBEHRIIE
LT, e ANEEE2B88 TR LW OBl
A ofEsS 2, BEEOREEE, FHFErS
O HE—~FWNCEE T 750 &0 5 R AT
B hE g 2EmMH 545, FES I idFbRn
W ADL 2§75 C ke kB, i boFz L
VEIR, DuTREESVOELIC L ZETED
HEEEOHRLHS S,

FES 3, £@ ¥ 2 7 ANEHICBIAEAT S 150
C b, EEONE - BERMEASTRRICE B, {E
BOWYS « BOLTOERE O - /o HAROFIRES
ORRMEEERT 5 &, KRR AE Y274
&, FTAEO—RFEENTIET OWIEETTITH
BLENTWESMS S, s, ke MBHRL
FES X7 &, /EIOREMEERE (145 mm <89
mmx 31 mm, 360 gr) & {HE OHHGre AT
D& THREND i), FETOMFCELTH
ZLEEObNG, NUTHBC LI, PR - T
thom g bolidh, BEFOBEBNLHLAS
B TE2bDEEL 5, 5RiE, BREREH
T THTOASEPMEAL & R F L DERZE EH
Dty
RIERLY A b

1 FL HE- 246 - KEXSE - CREL -2
E 9 AEE : #E ARSI o R e~
DR D 72 OEFECMES, BTHHEEES
ME &84 A4 1453 F ¢ » 2 APTESEE,
MBE90-78, pp. 77-82 (1990. 11).

2) N. Hoshimiya, H. Murakami, JH. Lee, T. Ta-
kahashi, 8. Ohba, R. Futami, T. Handa, H. Ta-
kahashi, J. Kameyama, C. Saito, M. Ichie, and
Y. Handa: Fundamental study for rolling-over
motion of the body by Functional Electrical
Stimulation (FES). 12th Annual International

Conference of the IEEE Engineering in Medi-
cine and Biology Society, pp. 2265-2266
{1990, 11).

8 AL BE-BE O Hi0HSS - BEERE: 5k
FIESHAR (FES) i & 5 FRAEHEL) (kD)
DB —E 7 » 2 VIHBEK & 23—

4)

5)

10)

11)

12)

12RI SN F A A= b EI0 L,
106 (1991, 7).

H. Murakami, 8. Ohba, R. Futami, N, Hoshi-
miva, and Y. Handa: Fundamental study for
the rolling-over motion of the bedy by FES,
Part 2, EMG analysis with the progress index,
13th Annual International Conference of the
JEEE Engineering in Medicine and Biology
Society, pp. 2038-2039 (1991. 11).

N. Hoshimiya, H. Murakami, T. Handa, Y.
Handa, M. Ichie, M. Tanaka, S. Ishikawa, and
K. Okubo: Multi-channel portable Functicnal
Electrical Stimulation (FES} system for clini-
cal usage, 13th Annual International Confer-
ence of the IEEE Engineering in Medicine and
Biclogy Society, p. 931 (1991. 11}

BB BE Q- THITHESY - JAmEHE Sk
BIESHIM (FES) & & BHHEFLED /b o i
gy (BLR D) OFF « 7 MGEEMT, 44 4
A =X s 11—t OTZHE L BHE—, pp.293-
298 (1992, b).

Rl BE-BE S - LEIBEL s s as
fili o2 me, BME, 6(8), 51-54 (1992. 8.
N. Hoshimiya, T. Watanabe, H. Murakami, S.
Ohba, R. Futami, and Y. Handa: Response of
the neuromuscular system by simultaneous
stimulation to the antagonistic muscle pair,
14th Annual International Conference of the
IEEE Engineering in Medicine and Biology
Society, pp. 1469-1470 (1992, 11).
FEIHE - REES - L R CHER B
- BHERT - ErhigHE - HERHE: SR
BreRwieEms o> OMPEEE T 2.5
A — N OREER:, BFEHREESRS ME
ENAABANRT 4 v 7 AWIFEER, MBE
92-73, pp. 47-52 (1992, 11).

e E - #lEE - WLE B KERS -
REal - BE - BEREHE: TRk X5
FEHTE S D TR, BT EY S
ME & A N5 5 g w7 AFFESEH,
MBE 92-82, pp. 113~120 {1992. 11},

b B -k B KEME . SRED - B
B9 R B E BV R
~OIFRERIC T 2 BTERS, BTSHNE
HFEME SNG4 4 AR T 1w ¥ ATRDH
El, MBE 92-83, pp. 121-128 {1992. 11}.

Y. Handa, T. Handa, M. Ichie, 1. Murakami, N.
Hoshimiya, S. Ishikawa, and K. Ohkubo: Func-
fional Electrical Stimulation (FES) systems
for restoration of motor function of paralyzed
muscles—~Versatile systems and a portable
system—, Frontiers of Medical and Biological
Engineering, 4(4), 241-255 (1992. 12).

pp. 99-



