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Quantitative Assessment of Load of Back Muscles with Electromyography in

Driving Wheelchairs

Hitomi NAKAMURA Yasuhisa OKUMOTO Youhei KAJIMOTO
and Tatsuo MATSUTOMI

The purpose of this research is to investigate the load of back muscles in driving the wheelchairs. Two types of wheelchairs
were used in this research. One of them was a usual self-propelled wheelchair, other one was a new type with lever devices.
These studies were performed on 10 healthy young subjects, who had normal neurological history. Electromyography
(EMG) recording was carried out in 8 muscles (trapezius, upper and lower portion of deltoid, latissimus dorsi, triceps brachii,
common digital extensor, brachioradialis, flexor digitorum profundus) during driving the wheelchairs. As a result, the EMG
data indicated that the load of back muscles was lower during driving the new type of wheelchair than usual one.
Additionally, these studies were performed on 4 spinal cord injury victims. However the results of them did not indicate
similar trends to healthy subjects.

Key Words: Electromyography, Wheelchair, Welfare engineering, Spinal cord injury, Aging

1. #

DRETIEEADICHT 25E#E (6 65 LD AD BB OF THRGE T/ bDO—DITER T
DEEM 21%ITEL, XFEY, EEptR £z T\, 515, FRECERTEVSTD, BREEICL5%2E
BRI AEREOET, RABEOERTAEIMRCLS  BHCERTZH0, KNEREEIC X 28NS 2 EEHIME
ERHOBERIK T 2295/, TNSOEREEME AT AT2H0, BEOLTEHICZUWEHFIH L TULEEN

ill]

T DR DT3RS RIS BER, B b3 Tn5. 5HDERHYD, TOR, WR, AEFIMRLTH5.
*OEHRARF T AR TR Department of Intelligent Mechanical Engineering,
C School of Engineering, Kinki University
RS TES AT AT TR Department of System Design Engineering, School of
Engineering, Kinki University ,
o OERRKFTFERERL A5 ATER Department of Information and Systems Engineering,

School of Engineering, Kinki University

137



138 E S T MRS Nodl

FFBAIREE- Ol Z OS2 EITEE O S HR 7

AL TS ENS . FIMBEED O, ZOEFHHTA
RV HE ST K DIMEEBFRITE <IC 20 %N &
SONTHY, ERTEERAT DI EICK0 HEEEEE
(Activities of Daily Living, LA ADL) O#iHZ /AT 5
ZENAIREIC TR .

B TIIEHOESSIC LD, EERACEETHE
MEHEF T D 2 EMNlfEE 2o TS, LinL, EHEDH
DOZERRITETW =2 ED, NI K DR 03
H5EADLMETFT D2 EHEZ SN,

T I TAMR TS, FRHREE TR S S MO h TS
EBOMEER TERVEFITHL, K5O T
MEZ 5 TH ADL #E F I BANK D BRI FORESE
BIRHTEEANELTWD. BRI, BN
AEnTWsHERER T, LN—RERFEERLE
EED BEEHOmAaRZHEX (Electromyography,
LR EMG) ZRWTHFEREE THRD. TOMRED
EICHEBEH O LN—RBRF O it 5.

2. EBFZX
2.1 phERH

BT, BRI EOBEDR, 19 5K~
21 IRETORELRBH 10HTH S, ThThOHEBRED
T—% % Table 1 1R, #EREITIIH 5H COEROR
g, HECOWTHEL, EROLZEMHIIDOWTH 7
BINMESNAHED, 1 T7+—L RO NEBIRS
.

Table 1 #RET—5 (GEEMRHEE)

i HE | BOESE i
o (%) (cm) (cm) (cm)

1 21 172 69 96

2 19 168 69 92

3 21 182 76 99
4 19 171 72 93.5

5 20 167 71 88

6 21 172 12 92

7 22 181 78 94

8 20 171 70 91

9 19 171 67 89
10 19 161 64 83. 5
2] 20. 1 171.6 70. 8 91. 8
EERA | 110 6. 19 4.08 4. 33

2.2 LD

EMG Oieskid, ARG HMT S A7 L (ProComp
Infinity, Thought Technology Ltd.) {ZX>TH I /x>,
ProComp Infinity OB Fig. 1 1RY. T O—% 10k
K8EDE A EDRE, HOSMILIHES N-EM —
VRSS2 EIT R, HETEFRITES, 5Nk
BFHRITa > Ea—2ICRDIAA, ZLHREKRERBNT 7
Fx7 (BioGraph, Thought Technology Ltd.) 12X -
THAMTL 7=
2.3 HRF T

AFETHER U - kA, /R SIAMICHER SN
TWAHHEREHRT (MW- 3 DF, ¥AKEYERT, Fig. 2) &,
EERAOEMPER I NS EEZS5ND LN —K Bk
F (HE—=2)), 21—, Fig.3) D251 T TH5.
2B, LN—RERFICOWTE, Rl bEhomE
ERET DIODTHEREB 2oz HHDOMAE
90 EDOBEIT, KO LN—BENRLDOTNT Ehhn
Skld, RUDTLY BOBEG-NEEE U HRETA
EREBI 2o/
2.4 FHAEFENE

97, BRI EIERS (Ch. A, =AFHEEATE (Ch. B),
=AAWE IR (Ch. ©), JA#E# (Ch. D), k=87 (Ch.
E), % (Ch. F), BitEEMH (Ch. G), FEER (Ch.
H) Ot 8 @EpricEMm —)L &80, v vaagd 2.

a) T>1—%

b) £

c) EW—IL

Fig. 1 FHHZEEREE



R BRED R DR

Fig.2 BEX#RT

a) WHEKF

b) HH/=4190

Fig.3 LN—REHRT

FERBAARE DL, LN—RERTFOHEIILN—%
5, Bt 90 EICJER L 7zREE L, BERERTFOH
BINT R LR &R FARREE Uz, Bk 5K E)
BrOBRIID 1 #HE &, RO 1 #ED 2 S5 OB %5t
7.

3. EEBER

Fig 413 N—RERFICBNT, HERER FEEy
K OMHAGHNI DO - BRED N ERL TS, /272
U, ZZTHEMBEMORKEN NS WEDE FEMAVNS
WELTWD. BEIRHOF v >V Q4HIFIE 2=
) 2XRLTHD, HENAKTHS. 2POIXS5DEIT
HDM, ETOMHIBNTEREA LOHREN L N—H
B F ORI ER VDI s RSG5 .

Fig 5 XL N—RikF & BENER PRI T
HEM T EDOBEMORAMEEZ/RL TS, BIE_#O/N
AT Va2 DS INEARRE 235 Z7s - 1o AE R,
=£AEFEES (Ch. C), YEEIEM (Ch. H) T p<0.01,
—AMEERTS (Ch. B), JA#5#H (Ch. D), #E#H (Ch.
F) Tldp<0.05 T, LN\—RERFO AN HERERF X

(2B B FH R OE BRI

A8
OC=-NWhAU DN ®OO

CHA CHB CHC CHD CHE CHF CHG CHH

Fig. 4 LN—R#kiT & BERER T O EROLHE
(BB TRRBHAR D L N—XER T OLNNE
Mo TR ERD

XK L o . 4

CHA CHB CHC CHD CHE CHF CHG CHH

Figs L/\—sUlkiT-& EERIH TOBERMOLLEE
(R 1T BRI O He— 4 )
-zt | ety
¥ p<0.05 %% p<0.01

D BFHEARAVNI N EVW S HEENZD 51T,

4 EER

=478 Bk (Ch. C), B (Ch. H) T p<0.01,
=R (Ch. B), IR (Ch.D), #fafi (Ch.
F) Tidp<0.05 &, LN—RERFOHNEERER FX
0D BERAKHENPERINE Mo T

=AWE PR, ARG, JLEHICOWTI,
UN—RER A ERBR TSR LT, BEslE LT
HEVNSEWEINNI W=D THDEEXS.

TR, BEHmHIOWTIELNN—RERFTFOL/N—
BECHE LT, BERERTONS R LAZEAEEH
EIC X BARNRENEEZ S, LN—DBE, #IZH
UBFNCFEZBWTERMETZ 20, N RULADEGIE—
BEZEEL, BLTWAN R AE@<EERTIUI
STV OERMNKENEZZS.

¥, LN—RERFFOBE, BizEth L iEd SRR
BHHEDNSORFENZFIA L TXO /NS CHRENg
HIZENTEDHEEZD., 3512, BEEHTEEN N
728, HEBIEOREEER /e, EiEh 9 DR
A AR 7 D RTREMED R S N 7z

139



140 IR TR RS Nodl

5. EEEEERRICLI-EER
51 FEEHE

ATEETORENDS, LN—RERTOH R VRE X
Nz, TIT, FETIIHBBEICX OISO EE
M HBRHBGH N RE U EREB T2 7

BERFIIPEG EFERINE) F—a oY~k
SRR (REEEHEE) ISl L TWAERHESS 4
HThHD. #EEDT—H % Table 2117

FBAL O FHARRAI R 1 X D FEBRE R, (9B
(Ch.A), =AMEEREE (Ch. B), =AMFERIE (Ch.
C), I (Ch. D), Emi=8Af (Ch. E), #fafi (Ch.
F), WitgdEH (Ch.G), FEEM (Ch.H) Ot 8 &M T
»H5.

BRFFIY, SBREDEEAER L CWDERT&, LN—
RERIFELE 72770, LN—RERTIISBRE OkEE
ICinS B 57280, ZeMEEEL T, BEEZEHDN
WICOWTKBEZEMA. E/z, #EMIEDD, FEEIZY
wia ERNE.

5.2 FEERER

Fig 6 ICLN\N—RERT & BEXERTFERBIRHCSBIT
L& T E OB OBRKEZEZRT. B R O/IMEAT
Ry N REEB o R, LN—RERT
L HERER TFEBRICBIT 2HAaMIcOVWTEEST
RSN T

Table 2 #WRET—5 (FRAHEEE)

| BORS i
W (cm P L
A 102 76 Tl11
B 98 06 TI12
G 96 66 TH
D 9 7 T9
iy 96. 5 70.0
i = 5.00 4. 90

3 300

CHA CHB CHC CHD CHE CHF CHG CHH

Fig6 L N\—HEHRTF & BEXERF OB fO R
(B0 2 AW AL O Hedte— P B % —)
O vrswwr W okt

5.3 ER

B BEOERER OB, TGS TIILN—R
HT & HERER T BT A OB NIZN S 12
HIEGEOBHGIT, BERER & U TEEHBREAAN
MER L TWAHAY A XS N-HRTFZE2ER L7
¥, HEREM CHEBHRIC—EDEMNBRN o &5
Z5. £z, LN—RERFOERIC IR 1IED7= DI
Dy iaERWERED, FEEHE TR0 EAIALE &
7507z, FERLOARZE M B ERERHIB L OMEERE N TOM
B DOEEHRTH—-HITEoEEX S,

6. LNA—REHFOHRRIZONT

BROEGE O KB CIHBEBACCER I 28R 2L
et B RER L 2O EREHOHHIMN NN -
A, FHERE EORBEMN S LN—RER O/ At VReE
XN F e AL LN—RER I ES R TE
NTOBEZEHNELEZHDTH o780, FVBEFOR
WHDEFFEARRN. TIT, NFOX SR TE1EE
LW FigD. © #B&Eft, FfEEZ&HD57071—
LEAF—NVEFLZITIIBEL, TL—F2EETS.
@ BO5IE EIF#EEL 0D <T 50, L%
S0mn AT ET 5 (Fig Ta). @ HEEM EOHL
IN—PEROB R 245 (Fig Th).

A

LN—RERFFOAH A DOWTRAT L 7=, B8RS
TIREECERRICH TN AT A XI N8R T 21k
B DB DN, A E TS O M S B =
N, LN—RERTOEREAVRE I N,

BSEH

1. RATROER : IREER OB, R AR,
pp. 80-82, 2001

2. CkAH=, GEERE, AH B AR A, FEREE
BEBEHE  UNEY T—3 3 BT 5, ERE
Hikikki&4t, pp. 80-82, 1996

b)  LN—AEROZEE
Fig. 7 %I L8k T

a) 2K



