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Activity Level of Muscle Contraction on Daily Living
-Approach using Surface Electromyography-
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ANDMERIEB AR — VI 217 5 7=0lid, 9, B L CRBEMARBEE
FEIEZBELZENTERITINET LR, Znicid, B EDH, BEEH Y
B35, MO oTc V-T2 T 5 & noTo, Hix 7 B AFEEEZ X
TT2RENEMATWD Z EBEHRRMIC D, £ LT, T b DEEHEL
AT D7 OIE, BRI 2 BN EOIHREET DR H D,

— I, FREEREITINER I TR N 97228, £ DR FMEm T R OEAL (75
BN Lo TR ZEPREINTWD (18K, 2003), KR HHMEM 72 & D
PLE DAL I D BZEME A E L <o RIS RBRIYEA R o i 813 — & LL LR
FLTWARWnWE, BYLEBIESZETT LI LN TERY, XL,
b TR e & B O EICE L TIE, HE D IMREITA SR, ZDX
D IR INENC AL D T E DO ZALICENL =N E U HHIK E LT, BEAIESEICST
DB OIEEKEICEMNEZN DD ZLRBEZDOND, HOZEMOLERE Z
TEERIT, BFAEFICBIT2MIEEKETHY . £ OIEEKE T KO
MIZ Lo THRRD EHEINDINETHD, B2, Xy FLRX M EHEAR
TEENRRE I OUE I OBEREIR N 2 5 Z i 2 L (Deitrick et al., 1948, LeBlanc et al.,
1992, Suzuki et al., 1994) | W72/ /) b L — = 713 b b— = T EL O i RE
D Ex s 72T (@A, 2002)Z L35> TnWoh, £L T, ZOHRRIIMN - Fhn
WZBAfR 72 < AT 5 (F87K, 1978, Fiatarone et al., 1990, Ozmun et al., 1994, Abe et al.,
2000a) .

— )5, BEmt2 20z 2bNEICB W T, NM#EEZET D E S OB
Mo—&%Zl->TEY, FENTH#ELIT O LBEENESE > TS (JBAETH
H, 2004), ZDZ LiE, MEEENHEAEEEBO RN THEICITPRD L9
IZ7 B 2L #BWRLTWD, LrLans, N#EIETEREERRE, A
HHNCFER L TW D TR EOBARMES 2 E LT W L wE
STV 5 (Blue, 1996, Ulin et al., 1997, Owen, 2000, Menzel, 2004), Z i 5 DOfE
FEOTROM KA C DL, MEMETOBHOIEEREZ AL NTT D
VBEND D, LinL, M#EIELE & Tekk x 72 B AT TH BN 46272 i 16 B K 1
MEDRETH D000, REFILDICEINTWRVWORBLRTH 5,



E

A REMEPICEE SN D HRRE DK EZ K BAICERT 51213, FERIE
DISAREZ BN D, £ LT, THFERIE I o/ CHEEF AT R 72 2 1 i FE X5
RAE A VT, RRx R IR OFIREREOEFRIENATRETH D, K
BFfEIZ o7 o T H & AT T O B X 2 i sdk L 72 61758 (Kern et al., 2001,
gy 7= 5, 2001, Mork and Westgaard, 2005) OfEF %2 /75 & AFRFHNEIC X
o> THEESEIZZ(LL TS (Fig. T-1),

ZZ T, BEAREETICH RSB OBHBIEERT 5 LALLM RN
. AEA XA NVIG LTS BN HEE TE 2, AWFZEIE. B AEEE %2
RS 2 FERBIEICOW TCH RO O AERZNE L., AIGFEER O
JEEIKELZFMEL LS T 56D ThH D,

E

I, BEREBFXADEZRRIREGHEETHEFR

BN O BEH R AR OFIRITE Y . BIRANDOAEFERE IR E SHRE
PO LT, AL - A EOEITIIERN TR LAEF 2 LTO LN, £O
K, HEAEICBSIT 2 HERIEBSEOMEGRBAIZLD, Fxr AN OFEKIZIE
Bea BENELCTE TS, SHVEL DL OEBRRIT &L OFKE I
L., PEEZOEHANRITEEEBRORERFERE 2> TWDH, £, M
ICEEB AR RO D & HERERREORTZINEIYE, BB NEEAD
HMEH Z &2 D,

2006 128 1T D H AR N DONYRB)FH A3 FH M 79 5%, 2o 1 86 ik (JE A2 57814, 2006) .
Bl L RIL 21.4% GRBAERE R, 2007) TH O, #HAD by FRHEIZEL T
W5, EHIT 2015 FITIFHBEO RN I 2 Iz 52 bdo T, Thnbd
D 104ERTHAD S L RIL30%IIC /25 Z E N RIAETNTWS (AEF, 2004),
BEPBITIPLE LN ETERL o4, BIZRAEEZT DLV LV X
TRAZTL2Z L, Thbb EEHMm OLEEZHELIZRYMANED L
nNo2d %, JiiEE TR O AL E 5o 2B REBS. BERF . &5 LE .
AEIE 72 & O @M B, EBEV R DFER & o TWD 2 &A% 40~50 FRTICT

[ZF8 %5 =41 (Fox and Naughton, 1972) . HARTH 24 6 O % BT AT & HEW &



FEZI TN D —ig & 7o 8> TWnad, &2 C, 2000 40 B4 E o 72 JE 4 57 @4
OERMES D iER MEEB A2l Tk, BR—-A—-ADESHEOAEY
B2 BURIREBICEETOIZNPLETHLE LT, ORI RAETEEED—
2L LT, [HIRIEE) - #E@h) 2B CVW5, FREHESZVELHER 2 L <
ToTWBHEIE, RIET, it RS, SiE, BRB. B, 5RERE,

TGS A2 EORBRPLIETERMENZ &, E7-, FRIEB0ET N A 2L
NV ARETFEOEORBEIZHR LB T-6T 2L, A ICBVWTHLHITREH
HAEICB T 2HRIEENELE VT EZBOIELIRNH L Z & EIE
B O T2 L0 RIZTERIGEEE ((HEEHORI ] X [{To 2R ©
BF) OB T EF T2 8, REBPF LIS, FF, ELF, @
OO DOBITR EO R EAEEE ., RIRIZIT O @RI - LYy — i8OS -
AR=VRE RTOHKREBPEFEIZRNERNVEDEEZ LD L HITT
STELENPLTHLD (M) @EEAKRITS< Y FHZEME, 2000), iz X, HE
LTEL1ET B Zeaonid, BOYPLZ LA_X—F — T2 5 (IfEH
O, —HY T OBFEELT ., 8L DG ITHIRIGEN A 1 O S lE DK
[Hl 207, @l E I IEmAIC AN T O AR o & @R HE A 21 T
HHIZEB T 2 BENRITEAR O BERBIREN TS, & 512 2006 4
7 HIZRGE O EERFE K Uiz THRERE-S< 0 07z o#EBhE$ 2006) GE@h T
R - IR OKEMFTE, 2006) TiX, Wbhwp b AR —=VIFE 7T T/ <
HEAFEH G ZO T, ZALTNOIEERE & RFMIZE > THY 72D OHIKTE
R A R LTV D,

b

. BEEHEOFTMAXICETIHRENE

EIAT, BIRDOREBIZE OGN L FEREIHEL WO FET, boldbmxn
F— R R CMERAEER RIS T 2 AN EDHRMOBRELERL TN D, &
RIEBNL, FHTEENC K > TR OB FH) = R L F — D) = kL % — (24
SNDHZETHD, LEeBno THEE (= KES) - &EE#) 2175 2 & TR
TEERRZRLRMROIT b ENMEES L, HOFEEROHERMENO = X)L F—



RNHEOHRELLOLT I LITRD, TLT, TOZERFMOBMRIZLE
BeliFd, €2 T, ZThETEZL 056, FEREBESCER @A T, RK#HO
5RE (metabolic intensity) Z 9 E2RTHE & (oxygen consumption) <°FE & HL
& (oxygenuptake) ., H» D W IEMEEHEREL I e ) —ICHAE L= XLV X—{HE
&= (energy consumption; kcal) (ZX > TERINTX7,
FXJEINDIERE, . B, AT m. L2 ) o—a iEE), AR —
VIR KRS E T, BEHRESH PO 2L X —HEE (kcal/sy) (L. 1950 4F
fR1Z Passsmore & Durnin (1955), Spitzer & Hettinger (1958) 739 TIZH] & T
LT, THhICEE, BAOFBEIEXEDO T 2LV F —HE R FY 1.6keall
53 SEALHS XY 1.8keal/ sy T, FEFCEAER b & 0 7o K OIBSETE T 0 =
KX —{HE BT Skeal/ LA T Th 2728, MM, B DIEZIT 10kcal/
DRENENUEIZRA TN D, WY aEERT SBR0 = 3% —H&&ICHET
DMIRIZ S HICELS B IThb TR BITHENET Lo L F—HE &R
%L <4 2% & (Brezinaand Kolmer, 1912, Cathcart et al., 1923) <°fif#) % £f
S THBELHBET L LT EMZ BN TES L ED LS5 FOZ R VX — 2 HE
% (Crowden, 1941) Z &R ENWMESNTVD, HEAEGEEOEAL D
BEENMETH 2 BT O 2 F — R OME L2720 # < 1912 FEE) B4R
F ¥V (Douglas and Haldane, 1912, McDonald, 1961) . H A& T %, 1924 4£tH (Furusawa,
1924, iR, 1931, Bl 1933, Ogasawara, 1934) S rbh b K Hilo7=, £
LT, #E (Boje, 1944, Passsmor and Durnin, 1955, Ralston, 1958, Bobbert, 1960,
Workman and Armstrong, 1963, Grimby and Soderholm, 1964) . {&# (Passsmor and
Durnin, 1955), P£BI (P.-O. Astrand, 1956) . “#i (P.-O. Astrand, 1952). AJfd
(Margaria, 1938) . #17 m ™ #1 & (Granati and Busca, 1945) . A1i& (Hogberg, 1952) .
By F (B11,1933) 23, BEIEET O X LF —HERICKITTRERLE LR
K MBEFRTS L. RO BWBENEE AR, TR EREE T Sl 4
ED 272D LB A IRHARE 72 ST D AR R RERHELN TN D,
Lol =3 F—REEO T, FEREHICL LSO TR M
BB Z HEFF T D 72D ICRARIR LB e — x oL —  (CEREERE&E) . ZFRIc LT
WTHHESIND =X LF— (ZFERHE) 234 TWHWL0O T, HIREHZ
Db OOTEERE X, R.M.R.(Relative Metabolic Rate) { (GEBh R & — 22 ER



REE) AR oMets(Metabolic rates) (e BT &/ 2 FEF A &)
EVIHIHEENHWONTE L, BARTIZ, ZE R EAFAFICBIT DFEESCHE
DOREET B OEREBE 2, RMR.ZHEEE & L TRl L 72iF9E23 % < (R 4R, 1963,
BFRFIE A, 1963, VAL, 1965, FHIEAH, 1970, #i k-, 1982) . KB E RO HELHES
K WOERE oo TN, EHEMIZIEIMets BNfEDNL TS, 72720, RMR.
RMetsiZTE A DR RKENINBE I NTE LT, AFRICHT 2 AHEZ RTHE
ELTFEPITIERWZ &b, BAZRFHIS 2D O =RV F— DR KRE., $72
DU KRR IR Z2 JEUE & U T A& B iy o ik 38 15 HUR 2 AH T B9 12 3R 946 AR
(%Voomax) %D Z L BRIBEID L9 IC/o72, BHAEBICHIT S HK
IEE O T, 20~40%Vo,max (Ekblom and Gjessing, 1968) 721> L 30~40%
VomaxFLfE (N4 & M4, 1983) Th5HZ EBWESH TS, LaL,
IS OFMEEIINTR L TR VX - HEEOHEEZEST LD T, HEIFE
OFTITISHLIZS W, £ 2T, MAERE L ERERZ R TO0HEHR) %
e LT, FIREIAKEZ M T 2R AN L < O EEIC L > TITbh TE T,
H & AEEF oL ek Lo b o & LT, lkAB 7 (Rowleyéiﬂ 1959,
1961, Shephard, 1967, Glagov et al., 1970) . $h/& (04, 1972, 1975), W - 4
& (BAR & &M, 1971) . /b - B (IIHE D>, 1979) . L+ RF4AE (BB E B
I, 1979, WA & A4y, 1983) . Ek (Andersen, 1967, Ekblom and Gjessing,
1968, B4 & Al 1973) . mlma (1755, 1987) & W\ > 7ClEILWEIZ DWW T O
FEREN DD, S 6T, HEEEICKT 20~ O/EER 0L .LmEU >0
TUX, [ EAs (1981) 23, Kk & 72 AR — >V iGEh 4 O 044k Kozar and Hunsiker
(1963), McArdle et al. (1967), Skubic and Hodgkins (1967), Ji H1E2>(1973) , Seliger
(1968), 5 1A (1980) 72 &, EWNAZHE U CEHEOMREE R HE L TV D,
—J . BERIEBEEZ PR EREICE s TR T 2 W HEbH D, A
BIZHIEY > 787 A NETLVELYTIEO, BIX2HRE LGB E DT 5
ZET ey LIXHRELOMMFEELFE T2 2 £ TE % (Cavagna
and Kaneko, 1977, Winter, 1979) 28, < £ THHEBRBFIETH > T, PLUHMEIZ
RiF%D, £ T, BEGRMBEF 2> T, FEHELOBEEREZZNT5
LT HREHELFMLE D LW HTER—RICEIATbATWDS, 21
5OFHAZRIZIZ. AOBITICHED ETEOREBZIRY +H 5 WIXEE X A v F



RO I T R TLETOEDNE, KEEZANT L LHEEI ) —Z5HEL
TLND DO, MEHEFHANE S L TWTINEE DR E SI2 X > THIRIEE)
MELZX D LTS NDLDZATDEDEH 5, HFEGEHR AARTHIE S NBEOTZD
X 1963 FETH Y, EHLINT-DIX 1965 FETH 5 (&g, 2005), &z, H
WATRICBT 2 IEEHEOHZPLEIEICT 5 ETohr <, FHll S AR
2OT, HREEBFETCOLHREHELFMT2BEEL LTHYLOATWS,
2004 A OFRAETIE, BEO— B Y720 OB O FEHEIT 7,532 #, LHEDF
BIE Y 6,446 S TH D, fEFEH A 21 OILYE (1997 FHfE) 1XBME 8,202
AR ik 7,282 AT 2010 AR FE TITH M 9,200 #x, ZcMEIE 8,300 AR b Z &
MEIEEL S TWD A, 2004 4FFE O SEREITIEEE 2 FEl> T 5,

7272 Ly BEGHONNERFHT & 2 B R B) & o HE S O B 0 E i RL g TS
TIHIEBAERN DN LRVO T, e iToEREkz 522 L0320, /2, A&
[ETEENVRFFER A O AETEEERE L RO, 1 HOZR VX —HEELZHTETT D
JiiE (BERE - RBHFWIES, 2000) 13, HEMNSRELR B gHRE~0AH
WYIRNDT, —ANERRLET DI BRGEICEIIHER TS,

IV. BEEE - AR—VBEHOHEDEICEHT SHRNIE

AT O K Hic, AR —=VE#HCHFHEFICB T 25 FKETHO RMR X
METS. %Vo2max, HR 72 Ei3H < 2 Hi~6h TR Y | THITESWTHEE R
ERX LS, REFESCEHU S 2 O TIEHIA TS (W) KEH
ko X —, 1983, fEHE - SREIF WIS, 2000), LA L. FRRAEBRSROMER
DIFlebEz2REL, ARNOZRXVLF—RBEOHE KL LT OTHIL, & F
THHRHEFHORIAZOLDOLE LHEBH TH D, LEEN->T, FREHEZ
TRNF =BT TR, TOEEKRTH DHHIEHOKAEND FET ~& T
HHD,

B E D AR —Y @{E(Z L7 ; Carlsoo, 1967, ik v v F 7, B &, 1968,
Ny T T INFHIE DY, 1983, N L — iR —J1; Oka et al., 1976, — E&BkO%;
Fukashiro et al., 1981, 7 = X*; #{#(32>, 1983, ¥ v & —; Bollens, 1987, A * —;



Zeglinksi et al., 1998, /XL = Trepman et al., 1998)<°, {7« EfT/2 EDn a2 £ —
=3 W (Scherb, 1936, Inman, 1947, Sheffield, 1956, Close, 1964, Matsui, 1970,
Okamoto and Kumamoto, 1972, Elliott et al, 1979, Dietz, 1979, Murray et al., 1983,
Kojima et al., 1998, Dietz, 1999, Okamoto and Okamoto, 2001, Okamoto et al., 2003)

DFIEIZ OV TIE, TRETICLELOMER RSN TE T, LirL, Th
SIXEM G OEIARMEEZIE X X 9 &35 H D (Scherb, 1936, Inman, 1947, Gersten
et al., 1956, Close, 1964, Matsui, 1970, Elliott et al, 1979) ., Ai{EEN & B X D7
—v AL ORABRERONCT D Z & THEMFEAGSS = —F 7 (Carlsoo, 1967,
55, 1968, Oka et al., 1976, Fukashiro et al., 1981, /MFiE2>, 1983, Murray et al.,
1983, &I 2>, 1983, Bollens, 1987, Trepman et al., 1998, Zeglinksi et al., 1998),

HHWTY NE Y T — 3 »(Kojima et al., 1998, Dietz, 19991 & T X 9 &9
b0, FHICxd oG O L < Z~(Dietz, 1979), & 2 W TE) & O FH R

(Okamoto and Kumamoto, 1972, Okamoto and Okamoto, 2001, Okamoto et al.,
2003) ZHGMNCL LD ETHHDTH T,

Flo. WEROHEMAE L, FHUSRARKEEZBEEAATH-72D, T—2D
AU —EEZALTWRNo72D | FHEREOEFE LIS K22 EH & 57 7]
EELIZY Lz, SHUSGET-OAREERHIR S v, BEEFEHEDO X5 72
ZRRIR NS — U b OHIKIEIRIC BT 2MEBEE BH IOl > TR+ 5 2
CIEWNEETH -T2, AHAEFIIEOMIEBS 2R~ ®EL LTI, HALD

(1985) 723, BHH LHFH OMBENTEMEL Lo BAHEEICR T D KR HE D
EEh AR L b o, fifsE EFH (1993) 23, HEZOBRIT LR O KERO
i Eh R 4 31 L 7= & . Hortobgyi and DeVita (2000) 7%, E4H L HEL
PEMRIZHRD 2000 @ S OB LEY ZEEIC SOV T OGS £ I
WLIEbDRENDHDN., VTN OEEORBCHEMH N IR O TV D,

ETAPIEE, WHHEMDOLT v oL - REFRIFHAAS AT RE 22/ N 3 i BB A
WA SNIZZ LIZLD . ZRRBERAOHEMOFRNES I RoTz, &
D EIZLY, Kernetal. (2001) (X 10 Frfi]. Mork and Westgaard (2005)/% 10~
18 Wil (CE¥J 14 WEfE) . 4RI 7= 5 (2001) 1% 20 W§fEico7z v . B AEIEH O
BN ZHE Rk L T b, Lo L, Kernetal ORFZETlix, WA E - T
PFE T4/ Th Y., Mork and Westgaard & . FHiB & ESHOHREO E xS L L
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TEY., 2H5O0OHOEE 2L T\, 2k L, Mig7-5ix Bk -
Kiip e FRED 10 AN S ERZFHE L TW AN 1 HOMEICE E > T\ 5,
—F . BiET= 5 (1999, 2001)1%. H WAL & AR —Y O AREE 12~16 FEFEIZ D

W TR K HED EBAL 2 A TV D 23 IRl OFRES 1~3 FdH & D7 b

B O EERONT Y IR KT W=D, BEEE T2 7 % &R AR+
VWD,

V. WROBMEEFEMR

T, ) P —= 7 OEEEFTBEICEMINATEY (@A, 1993, @K,
2002), — X AT ORI L —=2 T TOHA RTA4 o HIELBN TS
(ACSM, 1998) 28, N HiTH EFTH ML —=0 7% T2 L EDEMEEZRL
TV HDTH-> T, AFAEDOHEENEIZIE W THERSE OFH 2 EDRRED
[EEIKEIZZEL TWDL D0, £ L TERIEIAHOEEEOHER M L dH 2 W ITE
TRIIEIC DR PR DRED S DR DG D, WIRFE D FHIZWmE DA Z 7T T
WIRNWDINE WS T B OIS EDO B S BIE A LI STV 2R,
itk RE & RAF 72 RIS Z 213, AR AEEE 2 R < HITL TV BT
DIAFMNE L NWR D, TRTOIEITHED R LTERLINR0NDTH D,
i R BRI AR IR ) & EARRY 72 BISRIZ & % (Lippold, 1952, FaJ#1E 74>, 1969, Komi
and Buskirk, 1972) Z &L 3 ER SN TR Y . ©OEERITRICB T 2 EE %
e KA I3 FERE O 5 i B B CIEHIME T 5 Z & (Kern, et al., 2001)i2 K > T, & DOfjf
DIEEKERL L ORI NTHIIKELHA T LR TELLEEZOLND,
2 TAMIZEIX., BIRAARAND B HEAEFRBEIICB I 2 HiEEKEO E &L
HIEL., #d 2 B HAEEB A MR T 28 ED 5 b, REBREF - BRAEH - B
BEE L FZENNEEE, T2obbHOB X OMME OREORR - BELH -
MEBEBOBEZXI SR E LT, FIREHOHIEE /K Z 50 L7z,

F9. BEAEOT X CTOBMIEOIEARL 72 5 BERFF - BREH - BEEE
BT 2 HEREHOFIEEKELZ EENICH LML GE2%), T bHERD
H & TR BRI TR O F TS BIKYEIC B LN AET 20 &0 a2 Bt Lz (55 3

11



), BT, HENIEOERNREMEIZR T 5 F RSO BHIGEKAEZ B 5 )
IZFT 22 LT, MENAFEITHICRY SOHLBMRANITHLEL SN D HEREIC
OWTHR L (54 %),
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Abstract

The present study aimed to investigate the level of muscular activities such as
postural maintenance and change, and body weight transfer during daily physical
activities, through electromyogram (EMG) recordings. In each of 27 prescribed
movements, EMGs of a total of 8 muscles located in the upper arms, trunk and lower
limbs were recorded in 12 young adult men and women using a portable surface
electromyographic apparatus. The percentage of the integrated EMG at a given time
(mMEMG) to that during isometric maximum voluntary contraction (EMGmax) was
calculated as an index by assessing the muscular activity level in each of the prescribed
movements. In most of the prescribed movements, the muscular activity level of every
muscle corresponded to about 20~30% of EMGmax, and tended to be higher in the
women than the men. However, some actions induced an activity level of 40% and
more of EMGmax in the soleus muscle. The activity levels of the lower limb muscles
in going up and down stairs and a slope at a fast speed, and jogging were higher
compared to other prescribed movements. Thus, the results indicate that body weight
transfer actions in daily life raise the activities of the lower limb muscles to a level

sufficient to maintaining and increasing their function.

Key words:

Daily action, EMG, Muscular activity level, transfer action
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I. #

il

INETHRFEHESCEDHRL T, TR VF—HEECHRERERED LW
DA% 72 E IR BR RO R D IRIE K YEZ SO 5 A BRI 2 T, &
H L)V CER - §Mi & C& 7= (Ainsworthetal, 1993, 7 X U 7 AR — Y [E5F
£, 2001, B)7=H, 1978), —F . T RTOMEIIMHIEIIC L > THRBELSND
bbb d ., BEAEOERARHZRBEICO W TS 2, Hx OFFEOIEEIK
BSOS TR, T3k, TRk O 5 & X E 52 5135 <0<t
SEEEZHIRT 2O ThHo7ZLICLDEZABRKEN, L, I, #
WD LT v v« BRI FH2S ATRE 72/ NI R I A R A S hiz 2 L
LU0, TNETCHEE SN TELEHFEAEEFOHEELBOHEX ZFHHTE 5
o1z 10 K¢ (Kernetal., 2001) & % % 20 e[ (PRl 7= 5, 2001) O
ERRLERBI NG STV D, fENIC, RIFMOMERIEIL. A AEEICB T
2 B OIEBEVERARCIEE) L~ L OHIE A Al REIC L, HICAEEI R ERO LE
DENE, EOLHETEDH N EOREFH L TWLDONE RENITHD BT
IERRE®RE 2D, LL, BRRRETOAEITEIL, HAEMREEDME
BTov ., Hx OEEICHIS LGB 23 M35 2 L IIR#ETH L, —H,
HifE &5 H (1993), %7z 5 (1999, 2001) I H 7 E1E OB EEAL TRTEEN&
DEBALZRAETND D, S REELCHERG OFIENRES TR, BHEAE
IEICB T2 OIEBI/KELI LN T D E TITEE> TR,

Z T, AT, B D BEAEEEEDRNT, BERE - A - FEE
BOEBEEEICH T 2 HEREMOMITEIKEL ERTHZEEHME L,

I. K &

A. BgE

PWiRE 1T, 22~32 WO FE R AN B LK 64 Thoi, WREOFER, HFEER
FOERE DA L E AR ERAE L, B 22.5£0.8 %, 170.3+6.0cm B LY
64.0+5.0kg. M7 26.0+4.3 5%, 160.8+3.5cm 35 L 1 49.8+2.9kg Tdh - 7=, #ihh
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BT, TOARMEOBRE ENEZHIHA L, EBR~DOHNICHEZE,

B. HEKOFHITE

AWFFETIE, BHEAEEICBT 2% B KEEZ T 2 206K 2210 720
IEETEITTE 5 L 9. 170x78x32mm, 590g(F: /N> 7 U — & 7r— 7 L), 8ch
O /NI f O HER R 3 1H 75 B 5T (Muscle Tester ME3000P8, Mega Electronics Ltd,
Finland) Z AW THERK (EMG) OFtHlZ1T->72, ARds (Fig. -1 Z8) I3,
WRRAHIZ 3 » (1 » LY 7 > REMIE TV 7 0 7 EHEBEME S L WG

CEVEBEHINTZEMGIZT U T 7 A& LT 375 IR S ek, 2 DfE

HER/N RRAT 4L H—(8-500Hz) %8 LT AD ZHi i, NIED AEY —7
— F (4MB) IZRAFSN DM > TN D, KR TIE, o7V 7 JH
M ¥ 1,000Hz T8 F % v R/m 6 EMG A8 L7z 72 & | e 31l w] AR IR ] 13 5
K45 ThHole, AV —H— RSN T—Z1T, TOHFEAS - HF—
T x—AE L TA—=YF)arta—F— (PC) IZHEXL., RFEL-, #HH

(ZiEL B RER. TRENE N OEALIC I T D EE ORI b FEHIEE 1R
Zh D 2xOmERE L, T80, IEIHEE A o i 58, F 80 (muscle of
Biceps Brachii; BB) & {# #5 @ i — 85 % #MHI 86 (muscle of Triceps Brachii; TB), {&
5 75 O iE E /%5 (muscle of Rectus Abdominis; RA)kfﬂﬂﬁ%@%ﬁiﬁﬁﬁ%(muscle of
Erector Spinae; ES). I BA& {75 O KBRE #5 (muscle of Rectus Femoris; RF) & Ji
O K 9E 7% 58 (muscle of Biceps Femoris; BF). J& B8 &35 & /5 o /il IS5 7%
(muscle of Tibialis Anterior; TA) & EEJ& 5 D & 7 A #j(muscle of Soleus; Sol) D& 8
T oTe, T XTEMEFHEA S L, BEE 1L.5ecm OF 4 AR — /LA Blue
Sensor 1 2 #E f [E FERE 1.5em TREAF L 72,

C. FHEIXISEE

A% AEEIEORBEIIZHE LRI L SN, KFETIEZOFTH LW 5EME
DR LT | POBREECIEIC L > THEETZR LTV URE S &
K, 1995) &I TWD TEMHZEIE T2 2 &L DL VL ORE - BHEE
M OBEEMEZ A EXEHONSG E L, RERFFENIME 7 M, RELHENIE
2 TIH, REBEEIE 18 FIHDE 27 METH - 72 (Fig. II-2-a,b Z /), K EE
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DML Table. T-1 127 L7,

D. FEXOFENT L

FEEIC OV TR LHER T — XL, PC IZHEEX L%, EHY 7k
(MegaWin ver.2.01)iZ X o THHT LB Z 1T > 72, 4E EMG FHHlO x5 & L7z 27
BED OB, BERFEEIIERAY ., BEEHREEITHEEN, BEBIEIFR—
BE O JE IR e i & W ) Rl A b o, DFE Y BMERAL TR D L pTE R 23
RES B2 HBEBH T OFIEBKEL LT D L5 2 212D, iH
NOHALNLETH D,

ZZ T ETHEMEF O EMG A7 — & 2 2 L CHHRFE CRE 4 Lzt
HALRFR Y 72 0 OSBRI E(MEMG) &2 ki, £ LT, 21 bDE%E ., MR
TL AR U 7 s RV KBEE 5 1 (MVC)JE 45 o o0 5 FE I AE 45 i1 & v TERUE
(WEMGmax)d % Z & T, BEMET OFHIEBKMELZ AL L7z, s, FHURFIZHEK
B (FrICHEER,) OfMEN~OLEMOIEN, & 25 WIEHEMOEH~D /
ARXDEFEVDAEALTLGAIC, HRERLZBHRFMLTLEI> RN H D, £
NEMRIET DL FBEE LT, MEMILZFHRFOMENEEREL L, EHébEtnsg
Tlal 58/ NEM (2%MVC A&, Kernetal., 2001) 1 ZBrs L T, BEZ & OIS
BKHEEFHR L7,

E. MVC ®##KR D EMG I

MVC #HERED EMG 1T, EAMIZIE~=2T7 VX TFHAI Lz, T72bb,

BB DT CHBREORBZEE L, NREEH MG L TEI) (LyRz

) EINZ ., ERITH S THRRE 3% RYED K KA 7)1 (breaking strength; ifif £

1) FAEE4T D HFIETEHRI L (Fig. -3 2), SEMRHICEIT 5 MVC Bo

EMG HIE D HIEIZLUTIZRTEY Th o7/,

® |fii “FHAK(BB) & i —BHMH(TB) @ J§ & OV BIHI A EE 90° T L2 AL i
B, AL T, MEE S U < I3 o i R%ERMER; 1) 2 384+
DL REDHIPIZL VAX A& Z T,

® HEMRA): AL CME CHAEBEECEEEZEZ L, ®BiC bEx
ZEIETHIREHMIIK L TV RAZ R ENA T,
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® FALENLAF(ES) - IREML THIF 2 HEEIBICIN A, e fiE (LR B L)
SHELIETOHHIZH L, FHRBZELLRWE S VLY RZ U AEMA T,

® KB A (BF) : IREANZ CHREBIHET 90° D RNz (K25 Tk % HE 12 T
7RRg) MO EICE i S L NS MK LTI AL A2
2. RS RMER %2 S,

® HifHAH(TA) : /M EEEE (Combi 1%L Anaeropress3500) @ -2 JE £
. AR OVEEAET 90° T v F L — MK A DT 2 IRRE TR F TN
ADBNDHVIAL L ACH L, RRRERENDZREHEL TH L7,

o KIRE %mm&t7%%6w o i R B A e ON & JES I 8 R g oD il 3 RO
I K5 77 O W E F @ ME RS M E LS (B E RN Biodex) B L U'Y
T NZAEZ IR —T LA XL —= <3 (Cybex tH) % H
WTENE L7z, KERER O MVC REREL, FrEA RS 90°T, &
— bV TCHRBEHLZNIC LoV BEE L, BT XD MVC %
BlX, W=7 LA X~v v aflio TEME 90°0 KR Y Y a v ERFFTX
LAMBEAEBEE ZLITHRL, RKRERMEFHEFEEZITo-THH o7,

MVC DRI N T DFHIZHONTH Bl 5 WHEZ 2 [BATV, fHEEN — &

KREIZZE L ZRFRICBIT 2 1Y OB EN @GN 2 FORITE

MVC #$#IF D EMG (EMGmax) & L THA L7z,

F. BHEEHaEHT

AR EIL, FRMEAREREAMEIC LD R LTz, BLROEIECBT 2
i OVEE K HED 21T Zn B & o B AT 2 VWL R—EEIC 1T 2 s Bk
WORLEFIHIEDRN t TA MV ENRENRE LT, WThoEALHE
BOKHE L FE R 5% AT & L7z,

m & B

A, RNREIECRT D HEEMOHEEIKED L
EMG G+l 217 - 7o B HAATEINEIC I W T, B OIFEI/K B IX 2RI <
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RERFIEOPIITIFE AV EEHEML ALV D b H -T2, £ T,
R bR E . B & EER & THTEBIKAEIZ DWW T el E S B AT AT
STCRER, ENENAEREDRD BT,

[l —BIEIC 31T D TS B K ED ELEEIC B L THEENR A LND b DAL D
ST THEOHTH Y (I EH(TA)TIZ 13 EMELTHISL S :SL, BRITGEEW,
BON) s Walk(s, f), ¥ a £27 :Jog, W DBV, . ) SLUGS, n, f), K
TO RV, &) 0 SLD(s, ), BB Y GEVY) - STU(F), BEB:RE Y (B, i,
HUN) @ STD(s, n, f)] OFIEEIKEICE ZEZNRO LT, TOEIT, TX3TL
HERBHELVAEIZENEWVWI EDE -T2, Tz, HIEEI/KED S SREHE
Mo, 5B LnliciT - 7,

B EEIC BT D 45 b O IE B /K HE(EMGMax) O Y- il & #E #E {7 72 & 5 Bl
Fig. [T -4-a,b,c,d (27~ L7z, 7235, b OMEE: O i #E D YEMGmMax D A &7 — /L iX,
THEAHBFEOTH O 12 TERLTWD, He b, TH(TA, Sol). KIE(RF, BF),
KER(RA, ES), LB(BB, TB)DIEIZ, FEMEIZR T 2 FiGEI/KEIIE o7, &
B VE O OTEBIKUEIL, PO CEE TORE: Y (STU)EBETOE Z
A(Sol)ZBrE ., 77T 50%EMGmax UNDKAETH Y | MU THEV m< 72
VMM Z R L7, i 28 OIEEIKHEL L TH D & B b &5 Bl 8E#)H (BB)
& MEELFH (RA) DTGB K HER RENE & H K< /R TH EMGmax ® 10% (2l 72 72
Mmolz, EBZSMHB)ICE L TH., BED &2/ - 72 BB A B (STU(sup) -
STD(sup)) & LT EK % X 2 2 F LB (HS(sup)) D 3 B ELLSN Tlid b — 80
5 (BB) & [FIFR £ DARVWE B KIS B o 7=, A LA (ES) DIE B KL E- B
DFHOHF TITE b mro 7oy, MO FIELEE(HS) T 20EMGmax % °X08k 3
FRETHY ., MOEETIE 200EMGmMax (23 L TW o7z, KEBEA(RF)
& RBE HEA (BR)DOIEEN K UL, BMEO KR KT 20%EMGmax <. &M Tix
20%EMGmax Z B 2 2EEN & - 7o, BIIEE 7 (TA)OIE B K UL, B M TR
BES- 0 (HE <) (STU() BIED A 20%EMGmax = x 7212 X720y, T
FEREFEICB T EEF OB NEmOKREEICE LS BELRTEVY) : Walk(f),
YaXxr 7 :Jog, JWEYGEV):SLU), ST Y (EEVY): SLD(f), BEERR- U GEWY) :
STU(f)] 28 20%EMGmax #% itk x . & 3 & T o RE B v (STU(F) Bh 1E 1%
40%EMGmax < ZRr L7, BT AFHSo)iEF & & REECIHREIKEN KD
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L, HMOWEHETORES D (STUR)ENEIZE M T 40%EMGmax, M Tl
T0%EMGmMax i x 7o, IZ, Fl— AN CTOEMEZ & OTIFEIKHEZ T 5 &

EERICBT D B O X A BRI E LT, VI E To RS - &
D (STU()-STD(f))" & ¥ £V « F v (SLU(F)-SLD(f))’. & L T*Y a ¥ 7 (Jog)’
MR T T, MR EWIEEIKEICSH 572, X T, BB TIXSLHEY
&%W\ﬁ@@j%EQkk%ﬁ%mHTW$@m$%Tﬁ%L%ﬁ&
(SQ&St)’ D TG B K HE & AP @ Do 7o, BIISE 7 (TA) Tl HETOD
+—F > 7 (Walk(f)) 2 LA S G B K HEE 2R Uiz, F72, IBEMHRA)E K
RE A (RF) X, BEE D B F Y E{E(STU-STD-SLU-SLD)IZBWTH- Y (k
D) XVEY (F0) BEDTBHOEEKER SV E WD RERED 6T,

B. AR25EETOKEBBEIEICR T D THROBGIEE AR

FROEBY, AR THONMRE LEEEOIZE A EN FTROHZEIRET
LEFHTHY . PTHEREBIHEENHSIICEmWHEBAKREZ R LEZ, £2
T, M, B, BERAERRDIEESRMETBE LGS OMIEEKEZ ik L
THT=H DN Fig. I -5-a,b TH 5,

EHOHMETO T +—F 7 (Walk(n)) Wb 2 BRBRITEEX, DL
T DKM OFLEBKAE (Bhl) #1& LT, FEREBHEEICKIT 2 HTE
K2 XIS R LTz, P T o E)(Walk-Jog), MRt LY & TV (SLU-
SLD). BEBDH- 0 LD (STU-STD) & ICEMEDTEEZ 31T THD &, TXTE
BOEENEE D IEEHIGETHAKREITS RDOBEMICH 72, Ll BBk
ToO#BEOLIICEY (Hv) LTF0 (BY) 556, RMUEERFETDH
Eo (FHv) LTV (BY) & THIEHKEZEIENAONLZ, AIH, KE
GAMR (BF). AiIISE i (TA). E?%%(Sol)’ﬂi\ EY (F9) BEOHTNTY (B
V) EhERE XV FIEEIKEED & < O WS RBRIEA(RF) ISR W TR, KPEDEY
HWERMFOEBELZRE, T (BY) oFBnEY (FYv) XvRECHEESMET
bW AT EIKHE A TR LT,

Walk(n) D i Ek % Flal - =8 Eix. KEBER (RF) TIXEWEETO Y
F—F% 7 EHED (SLUG)) ENLS O TiFdkm L T, BWEETO D 4 —
X > 7 (Walk(s)) 72 & TNZH T U (SLD(s)). MEE:FE D (STD(s)) Th > 7, THEAH T
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ILHEIZ HE O T Y (SLD(n)) & BB Y (STD(n)) T H Walk(n)LL T D% Bl
K@Eoko%m:ﬁb\khp%mHﬂLwL£f®%&@ﬁD@nm»w¢
D (STD(f)) T, KMk —BEM (BF) A3 Wil B T O MR 50 (STU(F)) - B& D (STD(F))
LY BV (SLUM)) 72 5 TNC Y 2 F 2 7 (Jog) T BT E #5(TA) & B T 2 /5 (Sol) 78 i
WIEE TOMEEF 0 (STU(F). I E Y (SLUF) T, T4 Walk(n) DK% 2 ~
515 L8 2 fiE B 2 ok Lz,

V. % =

FERE O T 2 /R G 2T B OTEIZ SOWTRY 8 » A D i OTE B /K UE
L7 2 A, RUTHBEIYZ Y OFHIEEIKEITKS, B 7 AHICE
WT—H 40%EMGmMax i 2 2EIER o7 b DD, 1T EAEOEEITRKT
t 20~30%EMGmax fRE Th o 7o, AWIEL [FA—HEZ N\ T, BHHFEETO
i EIX & R EREEFHI L 72 Kernetal. (2001) OB W TH, ENEL T
W5 & EDOEEMHIGTEIREIL, KO OMUAR B X OWNMIAR) T 17~
18%EMGMax, g B T 6%EMGmax & W 9 (KW KHETH -7, F7-, BEE
HLNZ CHTEBIK HE O RN 2 37 TV 5 57k (2001) D o T, AR0FJE & 2
WS 2EEICRT 2 KREEOR (WRLAF) OFIEEIKEZZTH, KBFZED

BHEORBED THONTEREITUL T, 62, BEDOER KAED
10%EMGmax LIN Toh > 7 A bk OWs & —HT 5,

Hettinger (1961) (2 X % &, HEAEIGH O KIS I T 5 ) O F K HE
IZ 20~30%EMGmax f2 % Th v | i )& £ X 5121 40%EMGmax 2L LA
MREICLD ML —=0 I RRETHL LML TS, 22T, AFETH
LNTEEIEICBIT S EMG 77— 41220\ T 0.1 B Z LI EHROEEFH L.
Z DAED J0%EMGmax LA LIZiE L 72RO GFHMEZ 1 5472V IC]MAELTZb 0
23 Fig. T -6-a,b TH %, BIERM 2l U THITHEIKENE - 72 BRI & (R8O
BEIIBRE. TR 445 (RF-BF-TA-Sol) IO WTiRL7z, £72. MiEEINIEL
o EBLE IR 0o T ANENL « JBEAL » SEAL 72 E O RBRFFEMEL FROVEHO
BEBABEEME LRI LTz, KITRSND Lo, BATEHEFTOENFET DL
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D, WTHOHLEWEE TOBEBEEIZB VT, 40%EMGmax LL_E O fHiE
BKEEZ R THRRNZL R2EAARD LN D, B, HSPBEEEZHD L&
(STU()). & 7 A (Sol)iZ B METEVEZRATRIM @ 13 LAk, T 12 LL E o)
TERFH I BV T, 40%EMGmax LL EDFTEEIKHEIZEL TWDH Z ENbn b,
L2vL, ZORIZRENTW D MG EIREE X, Rt A Tz < [ R B 72 55 15 B

ARtEETH D, LR -T, KI-6 OFEF A, Hettinger & /R “40~
50%EMGmax DA fif 58 T 15~20 B¥ike 4 5 &AM EORBH 57 L0 9
FNL—= P& EMTE LY DD THLINE I MTERE LTES,

H#AEETOFEREEICIL, BBERFOLIRATT 4 v 7 IR & 4 A
Ty EOERETNRY AT 4w 7 2fHIEENREEL TS, Tz, —
EOBMETIXEMME, SR, MEEOHIEEN D Bb 228 s, A hE0
BIGR CHRAM D ARE LTV D, HERITIHES L ERRBERIC

(Lippold, 1952, fxH:1E»>, 1969, Komi and Buskirk, 1972) & ixwWx., = DEMR
DX IT, FoES (BEifAE) (Gordon, 1966) LM E (B FIE2y, 1969) .
TG ENAR R (&, 1970). AT X 2 3f) & ) O k- oE V™ (Lawrence and De
Luca, 1983) 72 EIC k- TR L, LEN-T, ZZ TR LEHERERIZES
< BEMGMmax O/KUER . fFIREL L L L THOWMVC Z KL TWDnE D
INEE TR, EES FEHEM 23 A — T b AR S ) s R X0 R
IR D & X 0N iERIZV 22 & (Bigland and Lippold, 1954) <2,
KEVENE D EMG #RIE 1L EMGmax & 1% % 72 2 5 Z & (Dietz et al., 1979, Bosco
etal., 1982) NE I N TWVDH, RIS THKREBEENERO TR 55
IRF O i i EE 1k EMGmax g B> TR Y | —ELREB TO%E MR KN
FIEIRF O R &S B AR BT 2 GBI K EDO R KIEEZ R L TN &
I HNTH D, L., BEAESLEERE, HEESHER Rz Eh it
725 IEDHIGEIKHEZ LR D121, AT 62020 FIETHEME BKT 22 &
MM TH Y JESM 2 BE LT 0 T8 RV K 71 R O 5 s &
BEMELTHZ LT ENEARBICT D —DDOFETHLEZZI NS, £,
FLREVETS B X 2 e R /1 X 0 SR METEBINC K 2 B KT 1) 0 503 3 %l
Z L@ < (B, 1970), fhaRMER, J) S8 H s 0 5 i FE B I X LM ME AR TR B E L 0 D
72\ (Bigland and Lippold, 1954), Zi b DS EBEIZAND & R MR KD
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JIFFERED 40%LL EOFAERISET 2EEL WO DX, EEMEIEE Chiud
BRRRESID 52%LL E, IEMEET ChHNIXENLL EOARFREICHY T 5 & T
b, £z, FHER 50 %O &M% 3512 L= Kubo etal. (2003) OHF%E
[ EAE. 1 AR 50 MoBEMEEEZ ML —=27L LT6 o A RSN LY
AVEREBMREDIAEBEICHEMLIZEVS , 20X MELERT D L,
ARG CTHRIER G E LT SE B JEE D (Si&St) 8 DV T SL B L % A3 7 (Sq&St)’ 12

. H4iZB T, O r—nnzhs 28fEE RENENL L& 7258
TECREWVAEBBIEE, FFICARL D& 5 M TOBEBENME)L., 72 & 2 HIEEIA K

) TIEZR KRR D TH->ThH, FTRERHEIZZEDOEEDHMER: « M LIZA
AR ZR LFLLEEALND,

T, AFRIZE > THONZHRENM AL LT, 1) QO H 5 HKiE To
EVEMEL FTOEMELE TIEFE CEERGETHBIEBKEICENLLNTZZ &
2) BYEX Y LMD CEE (RITKREBEBEE) 2170728 D TEMBO
IEEIKERNE S o TWeZ ERETF oD, RIFICEAL TiX, RO X 9 IZH
Hanko, 7bb, TREOKBPIFHENH THL b, BEHITH
LTHREZREDL LTS5 L1222 EVEECERITIEE T 228, HEIIEL
TWNRNED T —F 2 NI RRORELZZZRTTR L2V TV EHET
X, BEHIRFICHREZ X2 213726 & %27 2 KIBWUEAF AR 2 3R 3 2 1B E /)

ICRERIEENAEL D LR IND, —J7, BEOMISEIKEICEIT M
[ZOWTIE, #i ) OMExHE & D WIZER TSR D FHEIZ 31T 2 B M oE
PREBLTWDEEZOND, T72bb, —RICKMEITEMIC G U CREY
20 OFFIMEPMEL . ZTORER, A UARERE (—EDBEESCHRE 2 L) TH
COREBBEELZZITT 2B, KVRVWKETORIEEZLEL T 50T
bhroEZExLND, REAIETO E - FTROMGEMZ 10 R 7 0 #is
M L7 Kernetal. (2001) OAFFETH . LMD T 05 B X0 7 1E 8) & O 45 Fl 3
BB W CTEWEZ RN A DAL TR Y | REFFEOMILE N 2 AT
DbDEVRED, L, AR THRG LZHEELHIT. HLBREREIN
TRHEMEICBTAMEBEHOATHDOT, @EORFAEESESROHIEENIC
BIFA2WHEICOWTX, BN IWVWEHEICETLIT X b8, 5H%ERD
REBLETH D,
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IFEAEDOERPDOCEVEFRTREDES LE L TWDHTE (- REN
WAFIESS, 2000) 128> T, BHEAEEOERNZEENS, HESEHMLOHE & O
BREFHIETWL2ONEZWALNIT LI LT, fHoEEEEL IERITROT
DICHLBERFREHORLELZELT L LTHETHD, TOEKRIZEWT,
ARBFFEDKE R 1T, B FREFRED A% TS OIS B /K YIS BE 9 2 SRR 70 Bk
ERDHDTHY, HARY a X 7R EORNEEBIHENESL AR D & 5 KK
m (RO ToEWEY FOEMEIX, TRAEOIEESKEZ @D, o
MERE « 1 LICHE R R EBRIR L RV B I LAMAELTE b D LWV D,
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V. E #

FHEB 12 42358 LT, HHMREHEZ AV, B AN OB E
Th 5 LERE: - £ - BEVENVEST 27 I DWW THIR 8 Fifi b A X & 8
L, SFEEICRT L5 & OIEBKEZH SN Uiz, MISEIKEL, &8
ECHIE ENTFHEROREH M 720 OFEFESE (MEMG) % & O % R
{EENC KD MVC ZEHEE O #) I 0 THEEL (WEMGMmax) L TRl L 72,
ZOREFR. L TOMANG BT,

® LEIMEICIIT DREMIY 720 OFERNEBKEEIL, & T AFHITB T
A0%EMGmax Z B 2 2EEN H 72 b DD 4 U T < L 20~30%EMGmax
REZ -T2,

o BER CHMOIEEKUEZ kT2 L, HWOEETO HEFY - B0
LY ‘W by - T’ & Uaxrl’ BRERUTEDOH THHESMICE
WG KR TR L, WPeWEEZE VT ED (F%) &, TROBICITER
WATRED 2~3 EDOEHR 10D Z & LT,

® (KEpDAH TIXNLHIEY , FHENH & RBER TIX I & ‘Sib L
2 NHT OIEBKESFHSICE P>, £o, BEMD & RBEHIL, B
B Ly FOEMEICEBNT ‘HY (EY) X ‘BFY (FH) #@E
D FF DI OVE B K AER G & D FFEAFR D B L7,

® U LDOHREEIBLZIZHKETIHLDOTH 72N, HITEIKED FEHHEITZ <
DEETEMDO T BNEEICEL A UBEEZITo 72 &L EOH~DOATITL
PEDTFBAEFNZ R E W EZ X BT,

® AKWFFEDOKENDL, BHAEZTOHF TORNAEBBINE, FICAROH D
I T OBEENVEIL, TR REO FHHERE OMERF - 7 B2 A 2h 7 e s &
0L DTV EHEE I T,
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Sex-related difference in the level of muscular activity of
trunk and lower limb during basic daily living actions
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Abstract

The aim of this study was to investigate the differences between male and female in
the activity level of trunk and lower limb muscles during basic daily living actions.
Six young adult male and six female subjects performed 14 daily life actions, i.e.
postural maintenance and change, and body weight transfer actions. The surface
EMG of six muscles of the trunk and the lower limb was recorded using a portable
electromyography apparatus. Maximal EMG response (EMGnax) during isometric
maximal voluntary contraction for each muscle was used to normalize the EMG signal.
In the performed actions, the average activity level of each muscle corresponded to
20% EMGnmax or less in male and 30% EMGax or less in female subjects, though there
were some actions which exceeded 40% EMGax in the soleus muscle.  As a result
of 3-way ANOVA, significant effects for each of the 3 factors (action, muscle and sex)
for muscular activity level were recognized and there were significant interactions
among each pair of factors. The mean activity level of leg muscles in actions which
support and transfer body weight was significantly higher in females than males. In
the case of identical actions, the total time taken to reach a high muscular activity level
was longer in females than males. From these results, it can be assumed that the load
on the lower limb muscles is larger for females than males in the case of supporting

and transferring body weight in daily life.

Key words:
portable surface electromyography apparatus, integrated-EMG, body weight

transfer actions
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I. #

il

NDKT) « EEENH 2 NI = RV F—HERITITIW L2 MEENRD B
Do —MRIZ, BHEFZEICHRTHEN S, BETE 2087 — DR KE
BLOZXLF—OREERLREV, —F, AR—VIFEIO L 5 TR KRS
TOHRNRT —OREEZMELTHZ EOLRVEFEAFIZBW T, FIRIEH)
BICHEZENDTFIET D208 9 DOV TIEH LTIy, HE ARG &2
LTk, 2T, BrABGHCEER v —Rohn ) —hvo2—
EEFH R LI 2 HRELOBBEE O, Do, K Va v
U =L HEEBHEOWUEDIZ), 7 — MRESITEIG AR KT L
STRHMiE N TE e (BA, 2000), #lxiX, @EOEREEME (B - 5&
@t gtas, 1996, 1999, 2002) (2351725 — HOBITHDO L EEHL L, LD
FRDBHEO TN L MEE 400~1000 A F E Ell>TWnd, Lo, ZoOZEBHM
P ERIEE T O L DICBIT DB LEEZR L TODO0, HRERICET D
IEFSHOEWVICHRKEL TWDLHDRONIAHATHL, £z, FERELOD
Bah I OIS AT, R M = )V X — I RO R B SR A ST
TOEEERDNB, TNONOEZOEMDOBHNEDREFEHL TVDLDON%E
MDZLIFTTERY, BITRBCHITHENELWESETH, ZOMIZBIT S
HRKE O MIEB KL, HESLHNICEDH D B LM TIER R > TW5D alHE
WNREZOND, Thbb (KEY7-0 OHEL LW HRDRniho )7,
AEHZZD THROBHEICB D TEWEEIKEIZEL TS DO TIERWNE T
HEINb, FERIEEIIMITEIZ B E L TRBLTHZ L 2F 2 X, BHEANE
EEREICOVWTHHEEHOFIETKEICES LY TGS XETHA I,

MO TIE, HEMEMG)HERNEAEE DRUEE TH- 20l BFE
ATEENED X 5 ICRBE WO E R &) & 1 5 B2 2 BIE B I O & (R4 5 0
FEEI 2 LT 5 2 SN TH - 722y, EF, #EFHOZLF v oL -
RG2S TR 22/ NI R A EF B SN2 LI LD, 10 Kl dH 50T
20 WP Mo 5 H # TG 0 EMG O redk s il HE & 72 > 7= (Kern et al., 2001,
PR IE 2>, 2001) . L L, KK O EMG e si sk Tld, A8 04 8o 8 it
ELFRIC, MADETERAZ A NVDOENE KB LIFERE D . FIREH O
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TEEKAEICK T OMELRLE DT LITH LY, BEAEEICHT 2 MHiEEKEC
PWEND D NENEBRT 5772011, £, BFAEEZHEE L TV D EEARD
REWERTH L. THh S M4 OBEIC OV TH RSO FHIHEBKUE L i d 5
VERDH D, TifEeEH (1993), kb (1999, 2001) (. W< DD HH
ATEEEIC DWW TN TS B K EZ T L TV 2528, MEEIC DWW T L
TV, —J7, 1km BT T 2 B RGO MmIEBIKEDEE (BT A
FRERD DR TRERE TO®) 2B LTl LZARTH (1999) OFFFETIX
B OEHKEOEEICHEEITRO DL TRV, 2L, EyFazEFELL
L7 EHIRATRED T O iGN KEIZIZ B L CEN T T R ELH D
(7655, 2000), WIFHIZLTH, AFEAEEICKT 2L OBEICONT, HiE
F O FHIEERIEIC IS T D B L A2 B LI lIEFE LRV,

= ZTAMIEIR. ARG HEAEEETH 2 KRR - BB LOKER
BE RO F B G ER D D F RS OIS B K EZ E &M L. £ 210 H &k
WIFIET DD ENEH OGN T HIEEHME LT,

0. 5 &%

A. BHRE

Pk E 1L, 22~32 IMDEFE AR LK 6 4T H>Th o7z, RENFEKFERF
WICHTRT 5 2ET, BERBEOEFERAZA NV EZALTEY ., BEOFKEH
BICHE AT R -T2, Fin, FEB L OEREOS P EAEERAEMET. B
2N 22.5+0.8 7% . 170.3+6.0cm 35 X 0% 64.0+5.0kg., & PE7S 26.0+4.3 5%, 160.8+3.5cm
BEU49.8+2.9kg TH o7z, HREITIZ., TORMIEORE ENEEZBH L,
ERA~OWHNCRAEEZ ST, 2B, AFRIIFTBHERICH T 2 ML RS 0K

a g TTITo T2,

B. X&8E
RFIETIL, ZHEEZELRBEAEIEO I B, HOLOIEEDREARE 2D E
BORE: - BHENER OB EEIES EMG 3Hlllox 4 & LT, REVEEEIEIZ 6
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FHAH., REBEHENEIX 2 FH, REBBIEMEIZ 6 BE T, fF BV EETH - 7=,
Table. -1 (2K EEDFBH 2~ LT,

C. mEMNFASIE

EMG D EFHIIZIX, 170x78x32mm, 590g(&: /N 7 U — & 7 — 7 V) D/ &
DO HERA L & FF (Muscle Tester ME3000P8, Mega Electronics Ltd, Finland) %
MW7, AT BRI 3 » FT(1 » FTid 7 7 > REMKT Y 7 F)OKEE
fiR (B 1.5ecm O F ¢ AR —H /LA Blue Sensor &) Z2E4E L (FEMRE HEEE
1.5cm), B#FHEIC L VEH L7 EMG D H%, 7 U T v 7% LT 375 %I
HABE L7=1%. /N> R 827 ¢ L% —(8-500Hz) %@ L C AD &L, NigED A&
U= —F (4MB) IZIRFCTE DHEMAITR > T D, KBFETIZ, 7Y
v 7 JEWH 1,000Hz TEMG 28 L, AE Y —h— NI IhicTr —#E 5
X, TOHEA L X —T 2—RAE N LTNRN—=YF Larsa—F— (PC) IZHz
K RMFE LT, BRI, BB OMRE - RHMSCEKRERBEI 21T O BRICEAST 5 &
EZ LD EE R (rectus abdominis muscle; RA). A% 37 /7 (erector
spinae muscle; ES). KERIE #% (rectus femoris muscle; RF), K& —§A#) K 8A (biceps
femoris muscle; BF). gl ‘& #7 (tibialis anterior muscle; TA), & 7 A fiji(soleus muscle;
Sol)DEF 6 i & E L7, A REEIT WD 2R & T X TELAXHROE X TH
Sl EnD, BRI LEIZT X THAEAME L, Kernetal. (2001) & J5i%
A FERIE A (B & Le, RBISZHEMEIC OV TR, Sl o il &2
XFRE LT,

D. fHiEROMENT L
CIZHEIE L7 EMG & —# %, B Y 7 b (MegaWin ver.2.01)iZ X » THEMTAL
HAEIT>7c, BWEOFBEEIGED LV Ty USOEEIL, BLE10HE2T —
SHRGXMEE L, SEEORBRE A K TR RICY — I —%2 AR TIXHE %
RO EDARL L, BEEHREELKEBBENIET, F—8{FZEkL
THOVRLTWDDT, TROFBIZHBRBIE NS =R, £ 2
Gy BT X O B AR IR AR & A& T RE I, NI OB TE ) b B A fesd L 72
ETCHRE LTz, BEABFEEIGE R0 T EMEICE L Tk, MEEE & Bl o Bk
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ML TWDTID, ZOHMABE L TWLRFHSEL oS XMeE L

(BB A-BEERF X L2 10 70, I BV TV EfERFRIIZB L2 30F), L7z
Bo T, AlE EMG GHIO XS & LB ED AT ERF RT3~ TH — T3 < | {F
B OB . BEMERRFEE IR, BB RENECIIHEEN, RE
BEEECIXEMMN, tnolck ey —rn3fiies, thwx., FHED
EEIKHEZ L9 5 72 DI, MO DOIEREIRANE LD, 22T, 58
TEHR DTt G XN O EMG 7 — & & 23 L CHEsy Lotk AT R Y 72
D ORI A RO . R Z & FHI U 72 S R S KB AR ) (MVC) 6 i
oD EMG #5437 (EMGmax, #%ik) 12 & W TEHK(BEMGmMax) L T (GRIEIED,
2004) . AHTEEIKEORMARIE & Lz, (B L. SRR AR (FRICIEE ) o
EMG ~DOLEXOEAN, 50 E EMG OEBA~D /) A XD LFwENA U
BT, HEELZBARFMM L TLE 52N 0H 2 DT, MENLLFEE D EMG %
EHEL L5 E b g T DMUNEN (2%EMGmax AJiti (Kern et al., 2001) )
IZBRAN L7z,

S BT FEMED EMG 34T X IERRIZI1T fh & & OTEB) K UE D 28 B di [ &
IKHERI BB 2 5 72012, FEET O EMG 2 2 L%, 0.1 BT &
(EHEZ RS, R L < MVC RO EMGIZOWTH 0.1 BT LI L
EEXDOE—JETHRT Z EICE > TEH L., IHEI/KEQWEMGmax)j o H B3
(XN H D 2EIE) & B LM Tk L,

E. MVC FEK: D EMG #H
MVC #f#RFD EMG (EMGmax) HIEIX, EAMIZIE~ =27 A TEH
Lz, T7bb, MENEF CTHREDOLBZEE L. NI I LT
P (L2 R) 204, ETH > TR E 2% RO & K5 /) (breaking
strength; % /1) FEI 24T 5 FIETEHAI L 72, #5123 1 5 EMGmax il &
DHETZUTIZRTH@Y Th o7,
® RA: AN TIMEAMICRERAFTECERZREZ L, HICEKEZRZ % &
THNRBEHMICH L TLY ALY o 2% Mz, EMGmax % HI7E L7z,
® ES: REMZTHEFLZHBIICIRA, AipafiEe (MAXKH L) SE LD
THHER L, BEBRZELELRWE ) LY AX U A& %2, EMGmax
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ZRE LT,
® BF : (REMZ CTHEBIET 90° D i hfir (R 6 T Z MEICS TREE) D
WAl &2 DREH MK L TL Y RAZ 2% N2, EMGmax
ZRE LT,
® TA: JHZJHIEEEE (Combi t-% Anaeropress3500) Dy I IEH T & Y
BB 90°TY v h 7L — MIREZ DT RETEFIZMA NS L
VAL AT L, AR & R S T EMGmax & JIIE LT,
® RF & Sol: RERPUSHA; & THE =88/ &\ O KRBT R LB O —H TH U |
V=2 T VCEBEFRET LI IR CH o, £ 2T, HEHER
PIELEE (I EFEERE Biodex) BL YA hAX v 7K —T7 L A
XM —=v 7~ (Cybex ftHl) ZHWTEEBLEHE L., KF
YVEf IR AAT O HiEEH M Lz, T2, RF O MVC F#E 1T, i
ALBEBAET 90° T, ¥ — UL P TR ZH b 72U EE L72IRB T1T 6
72, Sol ® MVC ¥#Z, I —7 LA X~ &l - TR 90°D R
UVarehkF T ORRAMEMEHEE T LI Z LIk o THENM
L7,
MVC ORI WNTHOFHIC SN TS — B 5 BHEZ 2 4TV, fi B —E
KHEIZZE LR RSB D 1 Y70 O FHEEN &> 72 i ORIT%
EMGmax & L CEMH L 7=,

F. BEEHE#EHT

MHREED 5 B 25 O & ik S 72 R8T OMMENMT B R FFENME 2 Bk <
B3 EEIZ SV T, BfEOTEE, EMG FHEIERAL, PERI O 3 BIZ X - THETEBIK
WICERNGFET D0 E I DOV T 3 LR E DS BANT 2170, FEIRNOE
DRBOR AR ZE LT, 2 LT ABEMERRD b ZRICB L TiX LSD
B RV ERREEAIT T2, BT, REED LATEALR] - NI X - THE
BKMEIZEN D 2 0380 HAL D & IZEME ORI & RN X o THRRITEBIKHELC
EZNHDLNENE, TNEN 2 THEOSBITICEIVRE L, £L T,
TEEIKYEICHEZENRD SN HONWTIE, EOEETHE LD EHEICHE
ZEWBDOLNDLNE, FIEORW ttest # W THE L7, WThoLE VAR
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IKHEILSEBRER 5% A & LTz,

m & B

A. BLANCR=ZBEICBIT 2% L TROMGEBSHRME L IESKYE

TYERE L RN D ZNE N — B>, KERFENE, BELHWEE, (KE
BEhBYERFIZ I 1T 2 &R AL OTE B R 2 Fig.IM-1-a,b 127”7,

ZOMTIXIEMG a2 m L, 0.1 LI ¥ LTl % %EMGmax |2
B L C\W\W5, Figll-1-a NBHEDOT — % Fig.ll-1-b RE&HEOT—% Th D,
SHEOEEOWTNIZE W T S, i OIEETRRARIZ 5 W T & 22 FHE 1381
& T, Half Squat Ti, ES & RF OFff072 g & TA & Sol O FH A A 5E 1)
72 hE. Squat & Stand TliX, T X COM CHEHLREMELBVIEL TWDH I &
ZR Y R O R WE IR e i, BB {EOER TH 5 Walking T,
TRTOFIZENTHR D ENY XA TORBRMPREN A b,

WIZ, RGEEICB T 2K OIEE BT 572012, BALRRH & 72
0 O SELTEB) K YE A B L BN T T BN Fig IM-2-a,b Th 5, sIREMED D%
ORI AKHEX, B L b3 T 50%EMGmMax LN TH -7, fFBICHATHD
& RADIEEIKAETE DO TR, IR RKTH 45%EMGmax (%1 Jogging)
ThHo7-, ESIE. &MED Half Squat T 20%EMGmax 2L x 2 RETH U |
thOEIETIEZENLL T Tho72, RF & BF OIEEI/KEEX, BHOHE, &K T
20%EMGmax ¥t <. ZMETiT 200EMGmax Z#x %5 (Wi d Half Squat &
Jogging) EN{ESAF(E L7, TA OIEEIKYEIL, F M TIE 20%EMGmax Z iz %
FEN 72 < &M Ti, Jogging & Up Stairs T 20%EMGmax fij % (23.4% & 19.5%)
L7, Bl b Sol OIEBKUEITILEEO AN TRbEL ., M TH Up
Stairs & Jogging DfE X, B TENZ 4 30%EMGmax ¥ L O 25%EMGmax, &
PETEINZE I 45%EMGmMax 3 L Y 44%EMGmax Th - 7=,

B. BARFHETZY OFEN ORI HIEBKED B K E
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3 JCHLIE O 5 oy AT 2 A T LB E O A FALA MR 0 3 ZE K 75 %EMGmax
CHZDHPIZONTRIEEZIT o7z, TOME, 3ERFTXTUITHONTEMR
PR LI, BEORHE &AL BIEOTREE & RN BRALE] & MR D FIC b
AERZBAERAD B SN, FHRMBEDORE., Jogging, Up Stairs O E{E TH
{EBKEEDN AT RIS = < . #AZ T Sol.  TA, RF, ES. BF. RA DJIA TH{EE
KEN G- To, T LT, BHMTE, KON BMEL AR EWHED
K#EZ R LT,

WIZ ., FEERNC TG EIK B F5 1T 2 3BAL50 & PRI DR FAZ DWW T 2 ol &

IEHTIC X » THRE L7z & Z A, Sitting & Full Squat Zx< 11 BfECTHE
TR ZE D3R8 B AL, Sitting, Standing, Squat & Stand, Down Slope # [z < 9 #)
fRICB W T, AEARME (T, kt>Fm) R"@von, £ LT, #ik
i & L ATIEE KBRS 2 EE OB L RO REME LTIZE 2 A, TT
D PN THRETE B K AE 6 LEMEORIIC X2 FORPBO b7z, PRI &
HNFIE T REAFICB N TORRBD b,

Z T TRz OWT, [[—B R T D IEEI/KAED E¥IE % 5 4 ) C g
LTCH% &, RF T 1#11EWogging). TA T4 @i{E (Standing on One Leg, Jogging,
Up Slope, Down Stairs) , Sol T 3 #ifE (Standing on One Leg, Up Slope, Jogging)
WZBWT, BMEDTRBEL D AEICE WHTEEIKEZ R L TV D Z & 23
L7 (Fig.IM-2-a,b),

C. EBIKERERSMD O AIBxE

i TG B K A BAALIRETH] 2 72 0 O SEREIC K - TR 2 FiklE, 72 & 2138
ERRZE LT, HOEHREOAKENSRNKEIZETKATNDDN, —
EFRAOIFEEIKEEZFHE L CWHO0EHMNTL N TERY, 22T, 2
D &9 REHEZ L OFTEEIRAEOEIENE B D202, KFEE 720 Oy
RTE B K ISR TR O B ILTZ 5 & BEIZ OV T, EMG 23 #F X 2412
IEEKYER O HEBEE 2 J1 72, Fig -3 12, MZENEEE TH - 7= Jogging k1T
@ RF, Up Slope #17® TA, Standing on One Leg 47T ® Sol & E /A4 & <9,
M X %EMGmax, #Ed 3R] 2 & 425 BEIC & > T EMG 434 X H O FE ] 23
R7p D7, HEIT o KMSERoORMICE® 528G (BT ETh o0 F
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VIl AR R ZE) AR LTz, WO EE S BMEO IS IEF IRV K HELC
AN L, ZHEOHIEENIEME L &SV KEEE THOA D KA TV,

V. # &

AL TIX, BREBLE LI, 14 FHEO B EEEBEICRS T 2 KGE LD
TR 6 » FrOMIEENKEICKT T 2EEORIE, Beih., oz RoA 4
Mt L7e, £OfER. SERTXTICHERDR L 2 ERE O HE/EH R
Hiv, BECIXEEBBIEE, AL CIX IR, 2 L TN Cixktkicisn T,
BHOIEBKER TN ERPA LN ERoT, FHRICHD & TEBIKAEICHER O
RDBOONTZDIETEROBTHY . FHITOWTRH CEEELIToT2E & D
IEENKEO L E A B LM THKT 2 L, AR EBRHEEICS W TH
BB E (KE>8) RO LN, SHIC, FHOEBKELZRMHY
DYLETZT T2 < EMG 23T X KIS 5 8 D IEBEIKED A B AT b,
BHEX O LMD RER CEEZITo2 & 210, L0 @mWIEBIK I E T 5 R
INZNT &R LT,

H&EAER o L GER & Bio s — &0 mS & Bki 8 ih) & T (Pl
IR & MAARR) O ER %A 10 RERJIC 72 v EifEt ] L 7= Kern et al. (2001)
%, ARIE B E OSBRI O SEXMEITHR U Ch D TR B LV @y %
AL, BB OBERBII LRIV ABEICE 2T 2 @mE LT
W5, UL, HHDORRICEWNT, TR OEE)BIZIIHEICH B M 2E
FRO LTV, ZHid, WoBarxdR e Lol o B HAEEE
TiE e <, RIFMOER LI-fEBERE CHLHZLICL L AN KRENVWEE X
b, AWZETIR, BAEAETOERNREED > B FICEBOMRE - £
Bl LOERERBE &V o 2 FTREEROEME > — DI DU THETE B K U Z 34
L7cle iz, TR OIEBIKEICK T HMEEPARICR T R I D,

T OEBKEIZR T HMEEZZHHATLIE R E LT, FTFELALNL L
1T, TR O &K O O L OMEESH 72V OMXHEIC KT 55 &Z%ET
bo, WHHDWVITEMEN LT, REWICHEDOSZWVBMED L, JI3EHE
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DEIZARZ2 Z LITHENTH Y . HOEEIERNIZ X 69 RRIEH RS DX
X B MO I & 2@V (Laubach, 1976), € D2 B XY Pz T
b 7avy (Wilmore, 1974, Laubach, 1976, Miller etal., 1993) & O D, D FE®
B RMER KA INE B ED 60~80%FEE ThH D (Abe, et al., 2000b), H - &b,
HOOERELZ R - BEISE28HETIE, N RH N L0 bERREICAREG- T
RN EI PBRMEE D, L L, KEHZY OB THETEH, KA
& LTt i ME < (Maughan, 1983, Miller et al., 1993) . HEAZWrEfE Y4720 @
TS A BB - MRICIDZIE, KERBEDO 7T HBEETHD LW
9 #42 (Kanehisa, 1994) HA(ET 5, & 2T, ABFED LVEMRE O K /1
HEMED TEIRE LAE L T, ZEDOHIEEIKEDFLEEIC 0.7 23 L TH
&L BEEW - KEBHEEDCL S T, BHEOFHIEBIKIEDFEEEIZ) D
IMVMEE 72 o7, L7zR-> T, FRICRmL—EDE S OREE & W o 7o [l — D4t
MR CHOCOREZBE S 28561001, M RIS 5K
BWEZED TR, EOWKETO FTROBIEESZERIND EEXL LMD,
AL T F RVEREE i KA ) R O (i 2 JE U8 (4% B 7F o ) 1 e &
Z%EMGmax & L CTIEHAL L7z, MVC & 2 & XUl & 5 2 CTIES) BAL o B
BOKMELFAT-WIFERE RIZ K D & B L& ZE1T4#(E L 72\ (Belanger and McComas,
1981, Rutherford, et al, 1986, Miller, et al., 1993), L7=23-> T, AR TEE IR
TZ%EMGmax DML, [F CEHEFR Of OFFE) L ~VICHEERSH D Z & 2T
HLOTH Y, MVC BT OFIEEIKAEICT T HMEIC L DD TIH RN &R
T& 5%, £ LT, MiMERIIMHEN L ERNLRERICH S (Lippold, 1952, a4,
1969, Komi and Buskirk, 1972) Z & Z & E 37U, F &KW O 7 s B O E W 3K
K OZECH KT 2 LR END, BL, EMG Lk L OBRIE, ok
S (BA#fifMEE) (Gordon, etal., 1966) <CELMEEHE (7 Rz b, 1969) . & Eikk=
(47, 1970) . FHiZ X 2 i) & B o oE VY (Lawrence and De Luca, 1983)
MEWZE-TET D, Ll HEIR (HRE., Bk HRER, £—X
h7— 272 L) (K5 & 224, 1999, Abe, et al., 2000b) </ #RMEM K (Komi and
Karlsson, 1978, Simoneau and Bouchard, 1989) (2B L CiXfEAZEN K& <, Zh
FTOEZAPLNRMEEITHRO LN T W, o, EMEMER 11237 5
SRVERS A DT MR FET 2 b 00, mIEERERIC I T D i 1EE T O 5k
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BEOIZIIMEEITBZE LTV (Seger and Thorstensson, 1994), — 5, U
BROREITH T M2 R CEHEAAT 5 BE O i DU E i) O34 Lo 12
EWEZLTDHLTWD AN H D, fl 21X, A URESCEZEZZBET 555
<A RS BT 572D X B o JE dh 4 B2 K& < Lic v i 2 58 < Bk 72
D LTIy, ZOX DI, MEDOEWLMED TR FHME LD FXAYIC
REL TERZEHNTHLENEL, ZNN TROMGIEEIKAED M2 %2 AT EK O
— D& RO TWVWHAEEMENRB X biLd,

ARIFFETFHI L2 H DILEMG OHTH Y | [ CEHET O T D #h 5Bk #E |2
BLAENFELZEBIZO W TR EZ v, ZoBEEEZHLNIT S
ZOIiE, A% EMG IZIA THIRE O 108, & 25 WIZEES o B /4
ES M7 B0FETHEL. BT HAXLERSH DA, LirL, RIFEIC L
D AW HEATESETH D LMRE - RELH S LOREBHENEL &
ITT 28, KO BHMELY TRHGEFICES DT L TEWEEIKEIC
WD ZENHOENE RS LIL FFFICHREN AL LW Ko, Thbb,
—HOAERHEEOP T, TNENOIIENZRIT SN TV HBEIZE LHTE
MIR N2 BIE, DTN A FEFICBIT D TEOHIEEIENZ N EZ X LN
HThHAH L, WIS, MAIEL ZFITT RO TR OAHERKE WD
YD H BB T—H Y720 OSBRSB BN D < 25 (ERICH)
PIR) HAER LT WE LB DD, BED L OMISEIKIEICINZ, —
HOPTEOEEZZRITL TWDEFHRFHEZ2 Wy BRI DWW T ] Tl
HIELABOBEENZ LD,

ZE A EDERMNORIMDVAEEREDEDS LA L TWDHEE (- K&
WA TS, 2000), H AR O H THRIES LD HIREH (FRI2 T ofIEBik
Wr ol LT, HELZREET 2O ELERIESOFE L &5, % -
FEHNIH B2 LTV 2 &1E, @b OEIT I 2 B ARSI W TEE )

BHETOLLHEZERALND, RO RIT., ZDTDD —>DAE R ILMEE
e ThAD,
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V. E #

22~32 W DREF RN B e 6 4 & xtge & LT, 2ARM 7 B # AR ERF O K
W KON T RO FIEEKEI T KEPFIET DG ERE Lz, RARNRH
HAATREIE S LT, B8REr, BOLH KEBHEEEF 14 FEH 2 2E L RA,
ES. RF. BF, TA, Sol ® 6 i~ 6 ., #EHMHER 2NV TREFHENZHHH L
Too MBI KYEIR, FEECEH SN ERKOERR Y720 OFEHHE S HE % |
S OFERMEFBIEIICELD MVC BEROHEMBESME CIERLL T
(WEMGmax)&fflh L7z, & DOfER, LT OMERE T,

o LKEMRFF KRB KREBHBEOVWTNICENTH, KRB LUK
D HIEENERIBIC B & TH L REEITBI R I N o T,

o XNGEFEICK T DAMHOFHIEE KAEIL, Sol &R\ TEMETIX
20%EMGmax UL T, ZcME Tl 30%EMGmax UL FTH Y . Bk bIciEEik
N BERPSTZHIX RA, b m2>2ilX Sol 272,

® 3 thEDDEIITZMWT, BEORE, HALR]. MRl D 3 ZIK A HH %
B K YE(BEMGMax)IZ 5- 2 28 BICHOWTHRIEEZIT - -/ B, 3 B[R+~
TIZHOWTERRBEBD b, BEOTIE & HALR] . B EORER & M,
AL & PERI DRI b A ERAZBEAEM B HRE S i,

® HEMEDOMER., BETIIEREBBBEE, A TIX I, £ L THRITI
ZHEICBW T, HOIEEIKEREGNZ ENH N E o7, BB H D &
IEEKEZHER O EDRRBDO ONTZDOIRXTEOHTHY . KDV TH
CEMEZAT o 72 & & OIGHIKED Y EEZ B LR T+ 5 &0 AN D
RLUEEBBHIEICEVTHERB LE (KE>5M) »2RD LN,

® H{ERTEIFHN O FHIEBIKHEL T T <, 0.1 BT EIZ%EMGmMax %
BH L7z & EOIEEKERIEE AN OATH, BHELV LMD T BE T
E{EZ Tl & &I, K mWAEEI K EZ R TREM A Z W &2 L
776

® REFFEDOMERN D . HFAEE TOREIF - BEIBIER X, BHICHAR
TMED TN, TEOFIZHN DA BRI RKE < 2> TV 5 AlRetE
DR ST,
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The level of muscular activity of each body part during basic
nursing actions
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Abstract

The present study aims to describe the muscular activity level of each body part in
21 basic nursing actions and to compare them between two sets of techniques used for
postural change, the ergonomic techniques introduced by Kamiya (1991) (A methods)
and the conventional techniques (B methods). The subjects were seven young adult
women with experience in nursing. In each of the 21 nursing actions, the surface
EMGs from 16 different muscles were recorded using a portable electromyography
apparatus. Maximal EMG response (EMGmax) during isometric maximal voluntary
contraction for each muscle was used to normalize the EMG signal (WEMGnmax). In
all 21 actions, the activity level of each muscle was 30% EMGnax Or less.  As a result
of a repeated 2-way ANOVA in 12 postural change actions, significant effects for each
of the 2 factors (action and muscle) for muscular activity level and these interaction
were recognized. The muscles which indicated relative higher activity level were
erector spinae, soleus, and biceps brachii, and in the actions of “sitting *, “lying”, and
“half raise (B method)” the muscular activity level in each body part showed high
values. Moreover, it was confirmed that some postural change methods which
applied the theory of the body mechanics surely lowered the activity level in the arm
and low back muscles in comparison with the conventional methods. The result of this
study will be useful, in estimating physical fitness and technique necessary for the
nursing person, in developing and improving of the nursing equipments, and in

structuring exercise program for nursing stuff.

Key word:

Nursing action, EMG, portable electromyography apparatus
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I. #

il

HEo@E R EE L OEITICHEN, £ #E - Bz LE LT 5 NOBUTHE
FITHIML TWD, 2000 £ b #RBRIED T S L, E# L REI TR
BEICH LTI, NEESCHEM, ~ =Rk Nh#E -2 2Z T 5
NAOMAMBNTETL b OO, BNEED ISNITEES —E 2221 TBY (B4A
Jrfi4s, 2004), BV 7200 TR HEBE S REIRIZ Oz > TH#ICitF LT
MRS R2VRUNAET TS, BFEADOEINE DL NHE T, £<
DNPFERAZIT T, BIZL EAARMBEONE L DR ITIE R L7220
WA E PN D Z ENTRIL, BIFOM#ITRT TENRVWHEE S E S
LR EDRLS>2H D,

ML, MEDRAKAS TITo TV HFEITHZENT 2O THLNG,
RALEHZ 1T CDPFME RO L thEOHKRETZZ T2V EN LY T
LEENRZL . EOEITICH T > TN ET MUY O F KRN AH LR D
Tl D, FORR, NMEE DL BBV RE T ERSCER AR TBY .,
FEAERT O 8~9 BINIESE 2B L T\ 5D vy 9 4 (Chiou et al., 1994, Karahan
and Bayraktar, 2004) b H 5, RN L FEEFZOSE TIE, BEOKRMNEBRSOBE
BENEAT O 2 EIFHERR~OAHE, FICES~ORENREIVEETDH D
Z LR S TE Y (Blue, 1996, Ulin et al., 1997, Owen, 2000, Menzel, 2004). %
TR OBLE NS IFRRIE R T ¢ A =27 A) & 150 U7 BB 23 BA %8
SNTWD, £ LTENLEBEAM O E V(B F1X2, 1992, BEAI1EA>, 1993, Ulin
et al., 1997, #3% 13 )>, 1999, LM IE A, 2000, FIL & #RE, 2001)0X y RO F S
(g, 2001, FFHE 2, 2002), & 2 VTS EBNED B (FMHIZ 2>, 1990)i2 X
LAEMAHOEICEAL T, HEMLOOHE. B AT, E8NEHE R & 2R
L L TCHBRFN2INTWS, LrL, ENDITEEOHINRZRET 2
ZEEAMELTVLZLND, HRUERET OO TRESNTEY . LA
R B ERICBIT DN EEMOH ENABEEIC O VD TERMICHLNIZL
TWLHRETRDHTZH 0,

PSR 72 & RFT O AR T 3 € OFML O IR, Rl T & 5 2 &I,
% < O FATHFSE(Roy et al., 1997, Callaghan et al., 1998, Kankaanpaa et al., 1998,
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Bonato et al., 2003, Elfving et al., 2003) R 502 LT\ 5, F7-. WiLERITH
R 77 & EARRY 72 B4R I & 5 (Lippold, 1952, Matsui et al., 1969, Komi and Buskirk,
1972) 2 E MHER SN THE Y, & DEMEZFITRICI T 2 Hi fE & 4 i K /1 6 4
B D B R CTIEH LT 25 Z & (Kern et al., 2001, RIIEH, 2004)iIc K-> T, *
D OIEB K MEL KOS NI D AKEZHN T2 LN TE D, ST#ENRH
WHIRITR LD D0ob D BUE, ERMRNMEEENTEEICL > TEDRE
DFIEENZLELTHHDRONEHLNITH I LI, AT HINEAHE
BT 57D D S REEZL TN ETHETHA I,

Z ZTARMIEIL. BUE AT DI TV D FEEN T O AR 7 BME 4 iR
IR RIBRE LT, FREHOEER2HNOMERZEN L, NM#BERITRIC
BT OHERSHMOFBEESKELERE - T2 L E2AME Lz, AT, N
v R ETORMEBIEIZIS T DHIEOE NN EEDOHIEHLEZGDLNE
I INT DN T hIRET 21T 2 72,

n. /A %

A. HRER LOHEERE

PRRE 1L, BEEBL L THEIEELIT > T2 F# B L O H# O PRERE
HEH L IIRBRE (FH#RRTFEHE . KEBRAE)D LM 7 4 (i 25.71.6 7%
5 & 156.3+4.8cm, (A 48.8+4.7kg. REIK#EHR 3.9+1.3 F)ThH o7z, FHEEEK
X, 22D B 1 4 (&FE 173cm, 61Kg)IKHE L7z, B IXH J1 00 S R e
R RE TN LIV THLRE L Lz, #RE & HEBF I, TORN
HOME ENEZAEBIOETTHI L, EBR I ~OREFICES - =H
FRRT, ek, ARHFRIIFTEMEICE T 2 MEBERSOKFKEER TTo 12,

B. xI&#EE

FHEN TITON D N M ESE 20 A S L Lz, bbb, (K Z
# (1~2 M &, 3~48B8), 5~6. LB&E), 7~8 X L3V 9O D
SiEAL, 1095 BN 2> DATEME, 118 -~ DR, 12 KW+ ~D B %), 13.
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Xy o7 v7 (BEOREENEE L ETA#Ay FOo Ny RAzET),
14~15. BFN B RFEAL & SIA7) . 164 LY &3H#, 17,0 — Y &3, 18~19.iF
RETARMNE (B FEy), 20~20FME L (v A & ml
MNBH) Thole, ¥ v V7T v ALY RMWERS T XTOEMEIX, #HHRE
DM BF DM R B L H Iy RiZhdo T o 7= (BEMN BT I
JESTHTIRITHH 0 )VEBE LA LT, SEEORITICY 2> Tk, N ikd
BDOWREBE OH R L TRy ROBFE IR 45%I272 5 K 51T, #igE Z Lo
v ROBEmSEHRE Lz, £72. Xy F EOEHEBRFE RO E DB E B TR
IR BRI D MMEAMIIZ 72 o To B s O EAE, AR, L, TR E
BfrE., Ny FEHEORXy YA FETOHEMEZ, ZhLENOEEZ & ITH
E LTz, Table V-1 [ZFEMEOHMAZRT, 205 by FETORMNER 4 8)
EICBIL Tix, MBI T IThbRTWE HED I b, RN #EE DY
KHAHR DR D X Il A TBEOHEOMEEE 220, I LY
THEEOHEE—RA L FE2/NSLKTLEREVRT 4 AN =07 2085w % iEH
L TR SN BIEAE) (R, 1991) &, BT 4 AW =27 ZA&E 2 THEBENIC
THONTWDHIE(BIE)O 2 EZRE Lz, T 0 OBEOFIEEZ LU T IR T
(Fig.IV-1-a,b,c Z#),

O M & (R y FETEREZMEMLY S HRIBAMLIC S E D)
@ & Fancsl<
© BEOERZ N Z T THRoOFTHzE <
@ BEDOLEKZIT TIETD,
(A ERICFZIR A, BoBOIEFICFMICEL THMEICIED
(BB ERICFZIRAZ, BoBOIEFRICFAMICEL THMEICIED
@ BEOLERZIFEL
® FiZle>TWDHIE & EONLE & L4 7 fr i BT
O #BEI(~y N ETEE LT FANISIEFHFED)
O ¥EIZT L TRANICES
©@ BEOWmMBEMO ETHEED
©® BEOEELEO TIZkZ AL TFRAIZE] <
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(AE)REZ Ny R A RICIHATITIRGT, BE2Xy R/ N2 L2 T
Mz T RPN o (ELOFHEEEZENRR )T D
(BiE)2 &~y R A Rk L THIZIZBWT, HLORTZRBEI % 0
RN BHAT D
@ BEOEEBEOTIZFZ AN TEANIGI S (AL, BiEE b LD & FAEE)
® BEFEOWMAZ FANZFE D
O EBEHRY ROTHICETWLEZEZy REHICBEIT5)
O kEIXT
(AlE)BRE Oz ko L THEED
@ BEOWBAIMIT LTS
(AE)Ny FOLb EHICNS BEDE U X O ICEFE2EL AL,
BEOLEMNEZXZ TNy REF(ASOL> TS HF M5 & FH
5, (BEOORY D7 WEE)
(BIE) Ny R¥ A Rz y REWTICVE S BEOF WO X 5 I2ETF
EELAN, ARITIMEO TICANDS, BEICEIN#EEOEICFE
L THRAMATHEL S, BEELNy REF~BET L5, (EOO
R % LE S EE)
O #& L2330 (B BFE O 8 48 2 )
(AE)DBREOLERZ RN OEEL ., AT 5. ZRIZEBICE<
@M EFE O A BEDOERO FTIZAND
@BEDLiE NT#EHEDHEFTHRD
@BEFO L EHEFAICEESE2 LolcL TR
(BIE) D i#E#H Ok BEDEBO T SAFE TAN, BiCTHE X2 5
QBEFOMmBZ T#EEOEICHLTSHH D
O i#H O F % BFE O Pz
@DEFO L¥HFEEEZ IR L TRIT

KBRS - T, RA I REEZ 7 ARE LG 2B L L, 58
TEDIIEGLHOALE, Ny RO O, WEonE, BWEHMAE, BHF 225
WAL, ELOOBEOIL G2 E)E FEZz TOMRBL TV THL Lo, EEREH
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TIEBEEDO HFIE L FIHZFEHPA L, HE L@ O@ENE S NICEITT
ELETHIHMELTELoBIC, MEKOFHIZIT 72, SEEITRIEK2
MATEM L TH bW, FRFIC VIRRE 217> TEMED 2 4P & B4R L
7o BT, mUREEE s IT R, afroRgE L,

C. BN E

EMG DFHINTIZ, #Rx 2 KEEAL TE 2720 6K 2= 1T 2V IRETEAT T
X% X 5. 181x85x35mm, 344g(E /Ny T U — & r— T N)D /N & o R
3% 1 % % 7+ (Muscle Tester MEG00OT, Mega Electronics Ltd, Finland)Z V72, K&
s (Fig.IV-Z ) . WRRAHIC 3 » FT(1 » FTIX T 7 > REMIE TV 7 o D FE

BIR(ELE 1.5cm O F ¢ AR —H /L% Blue Sensor FEAR) % 425 L (35 M5 ] R B
1.5cm), BBFHEIC L VEH L EMG DIES 42, U 7 7% LT 375%IC
W U721, N KRR 7 ¢ )L ¥ —(8-500Hz) %@ L C AD Z#: L. HNlED A+
U —0— F(256MB)IZ P fF T & 2AEM AT/ > TV D, ABFFETIE, 7V &~
7 JE P $51,000Hz TEMG #3EH L AE U —F— Rl ST — ¥ EFIX
ZFOREA X —T 2 — AN LTN—YF)Larta—%—(PC)C - PR
7 L7,

Bk m X, i —BAAG A5 (biceps brachii muscle; BB), =il — BH fj SAIEA
(triceps brachii muscle; TB). = 4 #j (deltoideus muscle; DM). J& & #f (rectus
abdominis muscle; RA). & FEiE 37/ (erector spinae muscle; ES). KJHE 5 (rectus
femoris muscle; RF), KXk 88 /% & 5A (biceps femoris muscle; BF). Aifi€ & #%7 (tibialis
anterior muscle; TA). & 7 X fi5(soleus muscle; Sol) D & 16 5 T 1A o £ 1 i fa] |
PR DI B LTI Ze 00 (18 B A LS oD i A A ike S 75 1 MBS 0 ) & BHUERAZ & L
7o

D. fEX ORI

IRt L2 EMG 5 —# 1%, M Y 7 F(MegaWin ver.2.01)(Z X - THEMT AL
BEIT>7, 4 F EMG IOt G & L-BEO BT EREHIIX 3 X TH—Tide <,
TEENV O BCERAE b IR, Fifehy, MR BE NS — U PNRELTED
—ERTIE ARV, £ 2T, FEIEBITREO EMG 7 — ¥ % 28R U CEHAIRER ¢
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By Licte. HAALKFRI Y720 O FEHIFEE A2 KD . BMfh 2 & ICFHI L 72 %R
Ve RBEE #H J1(MVC) = HH @ EMG FE 5y fli(EMGmax, #%iR)ic & 0 E AL (%
EMGmax) L C., fhiiEEh/KEDFEMfEE & LT,

o BEEOFTERE 2RI T 55 Z & OTEBh /K UED L BhfLFH & /K i
BIHBUHEE # R 5 7- 012, KEEFR O EMG 22 Lok, 0.1 BT &I
VEEA KD R CAHICIHIT D MVC FBEF O EMG @ 0.1 B FERE TR§ 2 &
I X > TIEME L, 1EE/K A% EMGmax) 3] o H B (Hh {F T 25 1 &5 5
BT,

E. MVC %D EMG i
MVC 4 F D EMG(EMGmMax) %, ~==7 VA THHE L7, T72b6, M
BEWREF CHREORBEZEE L, HFEELG Ik L TR A, Zhic
P L TR B 3 RME D e K J1 388 217 5 FIETEHAIL 72 (Fig.IV-3 2 /),
BHAR A Z I 1T D EMGmax Il E D HFIEIFLLFIZRT#Y Th o7z,
® BB & TB: 5 & OV BEfHiAE 90°, mililI RN C Eia & BicE X, i
B A mdl b L <IIMR S X D &35 HRMH MK LT, RE DR
BElZHEPT 2 Mz . EMGmax z & L7,
® DM : i BI&E AL T kA J5 BIH 90°RT Hmah L7 R 6, BT Rk %
ZhIH X o T o NREEHF I LT ERICESIZ X . EMGmax %
HE L7,
® RA : EBIH 90 HifL TOMEMI CERE E T Lika Z L, HiZ Lik%
BZZ9 LT NhREHmICx LTRLZ M, EMGmax =JIE L7,
ZOBE, FREAEEIND XD, M 23 R & R LT,
® ES: (REMITHFAHBIHICH ., Kz ME(LEKS L)S®E LI & T
LR L, BEAZE ELRWE SE|PLZ X, EMGmax & #llE L7,
® RF : ~ v N2 BT & ORBIHET 90°Jm dh A7 T REHH 1 (2 H 1 L Bl HinR 7)) |
FERAE 22 J|e S8 2 )3 H it LT FRRICHRHTZ 1 2 T EMGmax
ERE L, TOB, KBAEIN20WE 5, MlENSE S K E X
FFL 7=,
® BF : fRENZ TREEIHET 0°, BEBAET 90° D B iz (K2~ & T k& MBI 3L C 72tk
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RE) 7 O B BB & i it < & 2 g T Aot LT R RICIRBT A N & |
EMGmax Z & L 7=,
® TA : JBAHEA4 90w iz, PRI 0° AL CIRICRME L, BFIZIA 5
OB L. &R IE )4 %4 ST EMGmax Z & L7z,
® Sol: BE|[Z[Mo CHFAE DX, b T I ZFEN TN RO HICh
— T LA RA&ATE D LT HERIC, WJH A2 S A TEBLZ A, EMGmax
ZWE LT,
MVC ORI TINDOMHIZHOWTE 1FE 5B, +o7kEQ@ 5 LE)Eix
AT 2 ATV, B EN R KRICE LR R8BI 5 1 Y472 0 OFEE 5k
BENSEN ST HOEZ EMGmax & L THA L7,

F. WEEHiEsT

Xt & LTz 21 BIEIC T 2 & OISBIKHEIZ DV TIE, SERIE & AR 2= %
RKDTe, ZDH By OMHIEEI/KERFEXIICE <. TER S IHEE O K IKH
BHNFER S LTV 5 (Blue, 1996, Ulin et al., 1997, Owen, 2000, Menzel, 2004) {4
(L ZE BN EIZ B L Tl A HIE 0 2 Johd & o 43 B A (12 #hEx16 i) & v T
BE ORI & ORES G REEICB T 2B OIEEIKEICE 25 ERKED
MEROLZHEAFEHIZONWTHRE L, £L T, AEENPRO O ZERIZEAL
TIiX. Bonferroni D FEHZRMREEIT -T2, Wb fEHRE 5% AR & # et A &K
He L L7z,

m #& B

A. HEHEICREIT 2 HEESMOHIEE K%

XS ENEIZ BT D 4 i ORER Y 72 0 O TR B K HE(% EMGmax) O - 1E & 1
e (R 35 A sk b 7 55 5 4 Table. IV-2-a,b 108, &85 O SEHTEE K 1T = C OB
{FET 30% EMGmax LA T Tod o 7o, EEMEZ @ U CTHEBIKEEDN AT RV S o 72
fiid ES ((F¥ 21.1% EMGmax) T, i biGEI/KENKNr > 72 RAIZEDEET
t 5% EMGmax Aiiti T & > 72, ISALEHRENE TIL, 2 < OHHFH A 20% EMGmax
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Pl EDOREIKYELZ RS & E N D o722, (KA BB ELLS O A B ERE I
DEMOIEBKEIL, v P T7 v 7TOREO TBR) &, ALY cH & g
HETA FFD ES ZFR\VT 20% EMGmax L EIZ#ET 5 2 Lide . FTHREOH
TEENKHEIT R T 5 & 10% EMGmax (2 biili7= 72 o 7=,

F T W OEBKENFICE < . R DA EE O TR AEN
B SN TV B IRMZEHBREEICE L TV IR LO® 5 2 JEELE O 5 i 217
Sl A, IEDORIH L FH OB O 2 K & HI12% EMGmax (2 ER R 3R
Hiv, mMERMICABEZRLZAAERNZ R STz, % EMGmax 255 b 0 72
1T ES(23.3%) T, %\ T Sol(R 20.0%). BB(R 19.9%, L 18.0%) T&h v | &HB)/K1E
DME D o 72 751X RA(3.2%) & RF(L 7.5%, R 7.6%) C & - 7= (K650 N O B fif 13 2 Eh 1
OFEIE, RITAEM, LIZEMEZRT), BIEOREE TIX, TREM 5 AL
T 251 (17.3%), MHsFEAL > HATEAMIIZ 32 1 (17.2%), TEE & &H23 0 (BI£)] (15.7%)
DNEIZ% EMGmax 23 < . [REM X (AL 10.9%, Bik 10.7%)) & TR ZXHMNY
(AVE)] (11.9%)D% EMGmax 2K 72, HREBREIC L > T, o
M EEMEOREETNZENOERBNZ, % EMGmax O Ll %17 - 7= 555 % Table.
V-3 £IV-4 127", BT, B 2 LICHRIMIEICK T DiETIKELZ A5 L (Fig.IV
-4-a,b), ES TI¥ 12 BifE 9 @, BB(R)Ti% 6 @{f, BB(L)Tix 5 B{E. DM(L)
TIL 4 E/E. TB(R)TIX 2 #ifE, DM(R)TIE 1 Ei{EIC BT 20% EMGmax UL _E
s Lice TOmIBAL DAMBAMIIZ T 2 ), TR BEREAICT 5 ), TEE B2
V(BiE)l 1%, ES & BB, DM(L)723 ki L T 20% EMGmax % E[a] - 7= Ei{ETdH
ST, —FH. TEOH T 20% EMGmax LA _EDOJEEh K2 L 7- 8 {EIL. Sol(R)
TO6EE, RF(L,R)E TAL)TENEN 1LEMETH Y, 4 &b MEWR T IZE
HHEL) BBV TR b mWEEIKEL R LT,

B. E5EEE AW T A BB VERE O # 5 B 7K 48 LBk

Bonferroni #E D5 F, H7e 2 BEIC L DR A BB ER] T% EMGmax (26
BEPMEOONEOX, TEBH) L TR0 BfEThoiz, WTILLA
TAAN=ZT AZEBEELTWARVWBIEOFREEICEWHIEEIKEEZ R LT,
[ ERE) ) EifECTHIEIC K > T% EMGmax ICA BEZENRBO SN/, £4HD
BBLADTB Thole, X LNV #ETRIEICK > T% EMGmax (Zf &
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vy

ENRD LN HIX. ES &AMl BB, TB., DM T - 7=(Fig.IV-5),

L2AT, MIEBKYE R ALY 72 0 O SEMEIC ko TR 5 B,
7o b ZITEEREZ @ U CTH OTEE S m W KRED BIRWKHEEIZE TR A TN D
D, —ERHOIEEKELZFFH L TOWDONEHFITDHZ ENTE RN, £
T, WEZ L OSBRI OB AR EWE B D T2DIT, REHEYS 72 0 ORI
TEEKEICHIER TENRED B2 & BEIZ DWW T, EMG 2T X aRIZ kB
i DIEEKUER] O HBUBEE 2R~ 7-, T DR % Fig.IV-6-a,b (IR T, WT D
HIZENWTH, RT A AN A ZBE L CHEINTCAEEZAWZEED)
DS, TG BN IEE AR K HE(5% EMGmax LA F)IZ oA nsgEd L, HEEE LT
i TVWD BIEEZH W & EOMIEENEL. ®VWKAEM@0% EMGmax LL E)E T
AT e /v TNz,

V. # &

ARIFFEIL, ROLEH, BF - WRONY, HR, oYM, v— Y5k
E. NHEOBSG THEMNIZIToN WA A OEfELHT L, £ 2 FE i
DB B M ORI 2 A E 2 BALRFHE Y 72 0 OS2 5 1E #h K 4 &
WOFREEAWTERMICHEMT 5 Z 2l A, ZOMKE, T XToOX5HE
EZ i U CIEE K MERFE X AIZ S 0 o T2 i XS Td 0 | ThsEE > S AR
P23 % ) BETIXIEIE 30% EMGmax IZE L TWA Z &N mhotz, Frxixd
TIZ, AR EIFIER CFEmfg otz xtg L LT, RO FiEZ AV TLE
PREE - BEAEH - (KEBT) & Vo IR B HATETEIC R T 2 H RS E O
TEENKHEZ B S I LTV DR HIED, 2004)723, Z U K 5 & BFEE LA OF
K AEN 20% EMGmax % i 2 5 H & ATEENEIT IR LE(21.2% EMGmax) D
Thole, 6T, MmE] & TEBE (Al LSO 3, 4, 6~10 DRI
BEVETIZ, NEEVRBRFOHERZED LIS TE3 720, L O TG B
KHEE 20% EMGmax ZB 2 TH D 0.1 I & 0275 % X F5 57 B 2 % EMGmax
ICHAR L CA B L (FigIvV-6), BB =° DM DIEFEI/K#EH EMGmax T < (2T 5
W AL LT, — ., -0 R FICEBE 2B R T 281F(1L, 12) T,
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RF OIEE A EENED T Tl b @WK EZ R L, RO F~ OB REEICB N T
X TROFGIEEKESFHESOICE NS, 2T, NHEEDRBRFOT KL
TEEDSLK VAT Uy FEMEZITO O THY | KSIEEZ TIF 512 L A
DERAENPREL 2D E L HIZHEMNRESOT, TROMBIEBSKEL &HE DO
THhHI,

(RALZEHRENE LIS D AT E TR O AT OFHTEBIAKHEN . FlE F TR
NERELET ¥y vy V7 w7 KD TB (R) &, AiEATIEEXET S T4 4
VA L ERL B FFD ES ZFBRW TR o 7203, BE OEEAR D
MBRNZ L& EREOMMNNMEENRZ S FREAfIiZ KRS <ENTZ &R0
ZlickrEBEIOND, £, VYREBO X OIT, BEAELNRELI RNy R
A F2RELSBHTLHETH-oTH, REOFTHEIFRN RS (FE 4 5
), BEEI AR TH D56, RFH S0 O FHITEHKEICTLHEHED
BWMEIZITZ R bR NnENnS bbb D, TOEKRTEZD L, EIEITERH R
)40 UL ETH D BT, BN O ES ORI KE DL S VB ~0F
FEMEIE, BEEHORIGOEELHESARELSGVEETH L LRSS,

— i rHEEEICR T D TG OGS KMEL B AEIEL iR L TH D &,
Eilm o 5V TP o< D ORETOSITRPERDO LY FTOEBELFRFETHY , B
B W ENENMERIE & OITEIKHE(30% EMGmax L E)IZIEEL TWh o
oo LIe3o T, MEOBETRZEIT5MEIHET. AXZLTWDADRH
HAEECHDOERELH NPT L X LT, TROFBICKHLUIHEY KER
F)FEAH 2 SR L 72 W3 | S B D 5 1 CHIELS ko T D KD )%
HAMEE L, RO EBENEIT. RIS —RAJIC R E 2 IR Z2 R\ 5
LbDOTHDLENZ D, KMEHIT, FEENAEEBOT TH b HEITITD
EIITHTHY . BETHOIZOIZHBFIIZ2RHE I LITT Lt T
WD, ERTIHELS, IR RKTH 90 UKL Z# 2 3 5 BN b 5 L HEHE
STV D (FEY L KT, 2001), 72 b, KEEY 72D OFHIEEIKAER K E VR
MAEBENMEIIERHE 2 <. Lb —RICH I~ TH D EIC LB )
D % At (Wilmore, 1974, Laubach, 1976, Miller et al., 1993) D J5 23 A i# (2 (it 34
LEENLVHREEZD & RN EHBEEII KON EEICL > T, Dlen
LRERABHZHLIBETHDL E VA L D,
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BT, NEOBY TREIN TV D ERMEBEED > L, Xy K ETHEHE
FEHIIBETLEEE PR AR T E IR, BEDEWIT K o THEE
EEEORIEEIKEICITIARERENAELD Z ERHR I, MAEicds e
TRy FOMAMICBEIT5 & ZITHBICE2EZERN AN o B & L
TIE, BAMEIC T2 S TBEOFRELR DL LT 20N ERROVO THEIEICED
THEY NRELZELRNZ L, Xy FOELFM~OBENIEEZO LEHF LT
YHETHLLTBHIELZ LN TES LIZBBIBEMLE VWO T, HiEICX S
EMRELBNLRNZ ERBIOND, Zhick L, [ EB#E) EExHND
EIL, BFEOEREORIE 2 ZFRD LT TRELNMEBH SERITHLIER LR
Wi, BIERRROENR N OBRICKESEKRTLIOTHA S, TRbLL,
[ ERE 2B 2 AR, TONEENBEZEZBBISEZWHIMICEL, B

DDOT~EEEZS X HFELEMERLD T, EEZET TR ASOKRESLHEH LY
THEHBHLEBE TSI ENTELDICx L, B {EII#EE N EE ORI > T
WP CHEEOHEREZX 2, FEHE20RD 2085 BE ZMICESHEL O T,
B LEOFACKET D2 L1k, EEBOEBIKENRES LD EEZH
NhH, £, TRE EXY ) o AlEZ, BEOLMNEZMEENLTF TR TR
L, EFCREFEOLYGZASOFICHESETEZ T LW HFIET, BF
O EFHFEMPOMB T A THELZ LRI Z 3 BIEL Y EESE— A F23/h
S0 B FRiCERE BEROIEBI N D TT R IND, AT
AAB=I A EBE L TH#EEOFERYAMRN DL 2D L ICHB I
RN L EDTHN, TDOX I REBEN RSN TV RWEIER)N S OEEEZ M
Wit E R ERPHEESOMHIESEN D720 W O ERIT, BT T

IZA S EN TV D (BERIE A, 1993, #5%1E A, 1999, LEMIE7>, 2000, FH
E D>, 2001)2%, AL CTIEH OIEEY &% % EMGmax & W\ 9 At 72 REE TR
ZEIZE o T, HIEOBEWHFEESA OHIEE 2 EOREZILIEHLDONE
HFEICT D22 DN TEL PIAIT. Ny FTETWLEFO B 28 2 3K,
T A AN =7 A%ERE LRWHETIT O &4 O B B M 1L i K /)36 R
D 26%DHTEE A ME L INDH, RT 4 AN =7 A eFZE LIEELZ VN
X 10%(Z i 72 22 WARTEEN T Ee D T, AHNNR D DR mD Lo LN
AR TH D, NEEDBELIVEERIRELS KN LD LG, HiEEBITTE
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RN E W Z T HZ LN TEDLNS LLRWD, HIROREWVWRE/NRREDN
NHET DL RGAESC, KHORTLEERENEBEZNELRTNE RS
RNELNHEREOBETIX, )W NM#EEMOAREHE TE 52T
BT 2HEOTEANLETH D, o, NM#EEITL > T RESBEE OB IEE
MREWVEMER DN -T2Z & T, MBESCMBI R 2G5 L v ) BIREAT D
ZEBLTEDIEAD,

b H A ARIFFETHWC ALK Y 72 0 O SR FHIE B KUE & 5 F54E 721
T, BEEBR ERFTOAHESET 2T X THP TE Db DO TIERLS, BEH D%
BIEANTIE, B OE—A > b EHEHERIROE ) FHED ST /)72 & o A fK
T 2AH9ZZ K (Herrin et al., 1986, Marras et al., 1995, Norman et al., 1998) D (%2>, 1
TR DR R O X 9 AL B2 R EEK (Bigos et al., 1986, 1991, Marras 1993)
HLERLTWE EENT WD, — i, BT 4 A D=7 ADHGRE Hili%x HiZo
TTHLbNEEZOEBEELZ FH T 2CEA+FFE LWV B
(Nevada-RNformation, 2003)% & ¥ . 1 « FHiE O HE IZILBLSG THRE LN
HAEBEHICHA NI T OEAL L EHELZTWSZ L bR LD,
Nicolaisen & Jorensen(1985). Alaranta et al. (1994)i%. AEWraOBFZEIC X v | T2
HERLESBEIIEBROMBRADPEFTLTHWDL I E2RELTWD, £
7=, BEEHEER AR O (Cady, et al., 1979)<CHEEE (5 & D 1R (Juker et al.,
1998)IC A A EEN NS Z L 1E, EI OIS T o, EE, FH#EMO
B 7 RN PRI DT O IT A EEE), A MLy TF s ML —=
VIR LN TEY, EfEOPTEOHIERBEERHICRNI STV D
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Fig. 2. EMG activity recorded continu-
ously for ~10 h in 1 woman. All data
are represented as a percent of maxi-
mum EMG obtained during MVCs per-
formed for each muscle, For this sub-
ject, FDI and biceps brachii were active
for 22 and 15% of total recording time,
respectively. The vastus medialis and
vastus lateralis (VL) were both active
for 9% of recording time.

Fig. I -1 EMG activity in upper and lower limbs recorded continuously

for 10 hours in a woman.

(Kern et al., 2001)



Fig. I-1 Portable surface electromyographic apparatus



Single Leg Standing

Fig. I-2-a
Postural maintenance actions as objects of the EMG measurement
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Fig. O-2-b

Postural change actions and body weight transfer actions as objects
of the EMG measurement




. £ - ry
" Jut _ ( -\
[ — fom K p—
. ; _—
- 3 s ;| E
= -
§ \ - i =
L=

TA,; ankle dorsiflexion Sol; ankle plantar flexion

Fig. II-3
Measurement of EMGmax during isometric maximum voluntary
contraction
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Fig.Il-4-a mEMG of 27 actions in the upper limb and trunk muscles (mean value and standard
deviation of 6 male subjects)
MEMG is shown as %EMGmax. The order of the action name was unified.
BB; muscle of Biceps Brachii, TB; muscle of Triceps Brachii,
RA; muscle of Rectus Abdominis, ES; muscle of Erector Spinae
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Fig.I-4-b mEMG of 27 actions in the lower limb muscles (mean value and standard deviation of
6 male subjects)
MEMG is shown as %EMGmax. The order of the action name was unified.
RF; muscle of Rectus Femoris, BF; muscle of Biceps Femoris,
TA; muscle of Tibialis Anterior, Sol; muscle of Soleus
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Fig.I-4-c mEMG of 27 actions in the upper limb and trunk muscles (mean value and standard
deviation of 6 female subjects)
MEMG is shown as %EMGmax. The order of the action name was unified.
BB; muscle of Biceps Brachii, TB; muscle of Triceps Brachii,
RA; muscle of Rectus Abdominis, ES; muscle of Erector Spinae
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TA; muscle of Tibialis Anterior, Sol; muscle of Soleus
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Fig.Il-5-a Activity level of the leg muscle group in the each transfer action when a natural walk
speed is established as standard. (mean value of 6 male subjects)
The horizontal axis shows the ratio for the muscular activity level in the natural walking.
RF; muscle of Rectus Femoris, BF; muscle of Biceps Femoris,
TA; muscle of Tibialis Anterior, Sol; muscle of Soleus
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Fig.II-5-b  Activity level of the leg muscle group in the each transfer action when a natural walk
speed is established as standard. (mean value of 6 female subjects)
The horizontal axis shows the ratio for the muscular activity level in the natural walking.
RF; muscle of Rectus Femoris, BF; muscle of Biceps Femoris,
TA; muscle of Tibialis Anterior, Sol; muscle of Soleus
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Fig.Il-6-a The sum total in the time which reached the activity level over 40%EMGmax
on the leg muscle group (mean value and standard deviation of 6 male subjects)
RF; muscle of Rectus Femoris, BF; muscle of Biceps Femoris,

TA:; muscle of Tibialis Anterior, Sol; muscle of Soleus
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Fig.II-6-b The sum total in the time which reached the activity level over 40%EMGmax
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TableIl-1 Types of the action as objects of the EMG measurement

Action Category Action Name The description of each action
Lying The condition that slept in turning up by relaxing, is kept for 1 minute.
Chair Sitting By relaxing, .the condition which sat by leaning on the back of the chair, is
kept for 1 minute.
Half Squat In the condition that both arms were naturally made to be the body side, the
a half-sitting posture which bent knees to about 90° is kept for 1 minute.
Postural maintenance By putting hand in the thigh, the trunk is supported, and the half-sitting
action Half Squat (support) posture which bent knees to about 90° is kept for 1 minute.
Full Squat The condition which squatted down by bending the knee deeply, is kept for 1
minute.
Standing Both legs are opened at the shoulder length, and the standing posture which

relaxes naturally is kept for 1 minute.

Single Leg Standing

The knee of the one leg is lightly bent, it is lifted, and it is formed in the leg of
the opposite side for 1 minute.

The continuous action that it squats from standing position down and returns

Postural change Squat&stand to standing position is repeated at the pace of 30 times for 1 minute.
action sit&Stand The continuous_action Fh_at iF sits from standing position in the chair a_nd
returns to standing position is repeated at the pace of the self for 1 minute.
Walking (slow) |The flatland is walked at the speed which is usually late for 1 minute.
Walking (natural) [The flatland is walked at usual speed for 1 minute.
Walking (fast) The flatland is walked at the speed which is usually fast for 1 minute.
Jogging 1 minute jogging is done at usual pace in respect of the flatland.
Slope Up (slow) |The plane with the gradient is ascended at the speed which is usually late.
Slope Up (natural) [The plane with the gradient is ascended at usual speed.
Slope Up (fast) [ The plane with the gradient is ascended at the speed which is usually fast.
Body weight tranfer Slope Down (slow) [The plane with the gradient is descended at the speed which is usually late.
action

Slope Down (natural)

The plane with the gradient is descended at usual speed.

Slope Down (fast)

The plane with the gradient is descended at the speed which is usually fast.

Stair Up (slow)

It goes up the stair of the general building at the speed which is usually late.

Stair Up (natural)

It goes up the stair of the general building at usual speed.

Stair Up (fast)

It goes up the stair of the general building at the speed which is usually fast.

Stair Up (support)

It goes up the stair of the general building, while it is caught in handrail .

Stair Down (slow)

The stair of the general building is got off at the speed which is usually late.

Stair Down (natural)

The stair of the general building is got off at usual speed.

Stair Down (fast)

The stair of the general building is got off at the speed which is usually fast.

Stair Down (support)

The stair of the general building is got off, while it is caught in the handrail.




Table IlT-1 Types of the action as objects of the EMG measurement

Action Category| Action Type Description of each action
Lying Relaxed in supine position for one minute.
Chair Sittin Sitting relaxed on a folding chair of the 40cm height to the sheet
9 | from the floor with back supported for one minute.
Postural Half Squat Keeping a half—sql_Jattlng posture with the knees bent at about 90
. degrees for one minute.
maintenance
action Full Squat |Keeping a complete squat with the knees fully bent for one minute.
Standing  |Standing relaxed with feet apart to shoulder width for one minute.
Standing on |Standing on one leg, with the other leg raised a little from floor,
One Leg |for one minute.
Squat & Stand Squattmg and staqdlng up repeatedly at a pace of 30 times per
Postural chane minute, for one minute.
action J Sitting in a folding chair of the 40cm height to the sheet from the
Sit & Stand |floor and standing up from it repeatedly at one's own pace for one
minute.
- ” -
Walking Walklpg on the flat outdoors at natural speed* wearing shoes for
one minute.
. Jogging on the flat outdoors at natural speed wearing shoes for one
Jogging .
minute.
Ascending a slope of 6 degrees outdoors at natural speed wearing
. Up Slope
Body weight shoes.
transfer action i i
Down Slope Descending a slope of 6 degrees outdoors at natural speed wearing
shoes.
. Ascending stairs of 14.5cm height and 40cm depth outdoors at
Up Stairs .
natural speed wearing shoes.
. Descending a stairs of 14.5cm height and 40cm depth outdoors at
Down Stairs

natural speed wearing shoes.

*, The optional speed in the natural walking of each subject.
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Fig. I-1-a The typical EMG signals for one male

0.1sec. averaged rectified values (normalized by EMGmax) during 3 type actions picked
from postural maintenance and change, and body weight transfer actions.

RA; muscle of Rectus Abdominis, ES; muscle of Erector Spinae, RF; muscle of Rectus
Femoris, BF; muscle of Biceps Femoris,TA; muscle of Tibialis Anterior, Sol; muscle of
Soleus
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Fig. I-2-a The comparison between male(n=6) and female(n=6) in the activity level of
trunk muscles during 14 daily living actions (mean values and standard
deviations of male group and female group)

The muscular activity level is shown as %EMGmax which indicates the proportion for
maximal EMG response under isometric maximal voluntary contraction.
ES; Erector spinae muscle, RA; Rectus abdominis muscle
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Fig. -2-b The comparison between male(n=6) and female(n=6) in the activity level of
lower limb muscles during 14 daily living actions (mean values and standard
deviations of male group and female group)
The muscular activity level is shown as %EMGmax which indicates the proportion for
maximal EMG response under isometric maximal voluntary contraction.

RF; muscle of Rectus Femoris, BF; muscle of Biceps Femoris,

TA; muscle of Tibialis Anterior, Sol; muscle of Soleus

Asterisk (*) shows the significant statistical difference between male group and female

group.

(*; p<0.05, **; p<0.01)
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Fig. -3 The comparison between male and female on frequency of appearance of the every
muscular activity level
The quadrature axis shows %EMGmax. The vertical line shows the proportion
of total time reached each muscle activity level for the action time required whole.
Each data shows the mean value and standard deviation of male group and female
group, respectively.
RF; muscle of Rectus Femoris, TA; muscle of Tibialis Anterior, Sol; muscle of Soleus
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Nursing actions as objects of the EMG measurement
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Nursing actions as objects of the EMG measurement
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Fig. IV-1-c
Nursing actions as objects of the EMG measurement



Fig. IV-2.  Portable surface electromyographic apparatus



BB and TB; elbow flexion and extension DM; shoulder flexion

TA,; ankle dorsiflexion Sol; ankle plantar flexion

Fig. IV-3
Measurement of EMGmax during isometric maximum voluntary
contraction



Table IV-1.

Nursing actions measured by EMG

"A" and "B" being written in the column of No. show A method and B method respectively.

Nursing action Action's name No. Procedure
Side turn g‘; Moving the patient onto his/her side
Lateral move g‘i Moving the patient to the edge of the bed
Vertical move gg Moving the patient to the head of the bed
Half raise A:7| Moving the patient so that he/she is
B:8|sitting in bed
Moving the patient from sitting on the
Postural change Sitting 9 |bed while both knees are extended, to
sitting on the edge of the bed
. Moving the patient from sitting on the
Lying 10 edge of the bed to lying down
. Helping the patient from sitting on the
Wheelchair 1 edge of the bed to sitting in a wheelchair
: Helping a patient move from standing to
Low chair 12 sitting in a chair of low height
Operation of Raising the bed 13 Changing the bed's position so that it is
nursing tool raised/tilted
Feeding (sitting) 14 The nurse feeds the patient from a sitting
Feeding g g position
Feeding (standing) 15 The nurse fe_e_ds the patient from a
standing position
Changing Changing diaper 16 | Changing the patient's diaper
equipment Changing bed sheets 17 | Changing the patient's bed sheets
Wiping & Changing clothes 18 Wiping and changing clothes for the
(upper) patient's upper body
. . Wiping & Changing clothes Wiping and changing clothes for patient's
Wiping a patient I 19 |
and changing _ (lower) ower body _
his/her clothes Changing clothes from 20 The nurse changes the patient's clothes
one side from one side of the bed only
Changing clothes from 21 The nurse changes the patient's clothes
both sides using both sides of the bed




Table IV-2-a The activity level of 16 muscles during nursing actions

This table shows mean values and standard deviations of seven subjects for 12 postural change
actions. The muscular activity level is shown as % EMGmax which indicates the proportion for
maximal EMG response under isometric maximal voluntary contraction. The number written in
the most upper stage has shown the type of the action. The description of the type of the action
was shown at the table of the downward.

BB; Biceps brachii muscle, TB; triceps brachii muscle, DM; deltoideus muscle,

ES; Erector spinae muscle, RA; Rectus abdominis muscle, RF; Rectus femoris muscle,

BF; Biceps femoris muscle, TA; Tibialis anterior muscle, Sol; Soleus muscle

(R) or (L) shows right or left side of the extremities.

No. 1 2 3 4 5 6 7 8 9 10 11 12

BB(L) 129+8.9(128+£9.7(16.3+11.2) 154 +9.9|14.7 £8.7120.2 £ 10.0]22.9 £ 12.6] 25.7 £ 9.3 |25.3£12.9]125.,5+12.0 124+6.1 [12.0 £ 4.7

TB(L) 85+65(83+58(120+6.8|11.8+45]/10.1+58]|12.0+6.7|14.0+6.5| 155+6.3|17.3+10.5/193+114] 84+49 [ 7.7+3.1

DM(L) 11.2+95(11.1+8.9|121+75|121+9.6/13.3+10.54 12.7+7.7(21.7 £ 13.7| 22.8 + 10.8| 28.8 + 15.8| 23.0 + 11.1| 10.8 +6.3 [11.0+6.8

BB(R) 153+5.3|153+54|23.0+4.7|203+4.2|18.7+6.9|254+57| 96+55|262+51]29.0+12.4) 283+9.6| 144+4.7(13.2+3.8

TB(R) 11.1+7.1(102+7.2(15.6+56|17.2+7.2|1100+39]169+7.1] 9.1+3.7 | 209+6.7| 19.7+9521.9+10.7| 121+6.3 [11.3+4.8

DM(R) 10.3+3.8( 99+36(140+50|13.8+3.7| 9.9+3.4]1155+6.1| 55+24 | 188+6.0| 16.8+7.7| 202+8.0| 109+49[11.9+3.8

RA 25+12(26+12(34+19]31+16|32+15]|34+16|32+16| 36+17 | 35+15| 3.6+18 | 35+17 [32+16

ES 18.8+7.6(189+8.1(20.3+7.3|1222+8.4]23.1+9.11252+10.3] 17.1 +6.3|27.4 +£10.8|27.6 £10.0/29.8 +13.2126.1 £11.5[23.0+8.1

RF(L) 46+11(44+10|67+41)65+27]|65+£3.0]|56+28|66+21| 50+20| 66+23 | 43+1.0|13.9+29(20.0+4.9

BF(L) [136%43|13.8+5.0]16.7+7.0|17.7+58|127+4.5/139+45(16.9+6.7| 175£3.9| 175+4.9| 169+6.7 [ 10.3+32| 8835

TA(L) 11.7+6.1|11.1+53|104+46|143+43|10.2+33]| 92+2.6 [108+24]| 11.6+6.3| 127+52] 105+4.6| 16.0+4.2[22.8+9.1

Sol(L) 147+3.9(148+3.2(140+4.7|18.2+6.2|153+45/138+49]|16.0+6.1| 13.4+43| 164+59| 154+58| 155+58[13.8+4.9

RF(R) 51+28(41+17|53+27]|55+39|51+23|54+54|64+28| 66+44 | 60+44 | 52+2.6 |143+6.7(20.7+8.6

BF(R) 111+34(115+4.7(121+35|133+6.9|17.4+6.8/151+50| 84+22 | 11.0+3.1| 16.3+54 | 19.0+6.9| 146+4.6 [11.7+3.1

TA(R) 74+33(65+25(75+37]92+34]106+29| 89+23|63+18| 76+3.8 |109+38]101+£3.0|139+27|17.4+4.0

SO|(R) 16.0+6.5(158+£6.7(15.6 +5.5]19.7 +11.0/ 22.4 £ 9.6| 204 +9.41 159+6.2| 17.2+8.2 224+ 10.3| 22.2+8.7 [254+£11.1[26.9+9.1

No. Action
1. Side turn A

2. SideturnB

3. Lateral move A

4. Lateral move B

5. Vertical move A

6. Vertical move B

7

8

Half raise A
. Halfraise B
9. Sitting
10. Lying

11.  Wheelchair
12.  Low chair



Table IV-2-b  The activity level of 16 muscles during nursing actions

This table shows mean values and standard deviations of seven subjects for 9 nursing actions.
The description

The number written in the most upper stage has shown the type of the action.
of the type of the action was shown at the table of the downward.

BB; Biceps brachii muscle, TB; triceps brachii muscle, DM; deltoideus muscle,
ES; Erector spinae muscle, RA; Rectus abdominis muscle, RF; Rectus femoris muscle,
BF; Biceps femoris muscle, TA; Tibialis anterior muscle, Sol; Soleus muscle
(R) or (L) shows right or left side of the extremities.

13. Raising the bed
14. Feeding (sitting)

15. Feeding (standing)

16. Changing disper

17. Changing bed sheets
18. Wiping & changing clothes (upper)
19. Wiping & changing clothes (lower)
20. Changing clothes from one side

21, Changing clothes from both sides

No. 13 14 15 16 17 18 19 20 21
BB(L) 55+26 76%57 9.0+7.2 95+57 | 13.0+6.8 | 134+78 | 182+89 | 139+7.0 | 151+11.1
TB(L) 9.1+81 3024 3.7+28 75+56 | 102+65 | 93+59 [ 109+73 | 10.9+6.3 | 10.0£6.1
DM(L) 6.9+6.0 55+6.0 8.2+8.2 75%5.0 95+%5.6 95+51 | 109+71 | 11.4+£6.0 [ 10.7£5.1
BB(R) 19.7+£58 | 63%3.1 82+47 | 11.4+39 | 125+5.0 | 148+6.1 | 17.1+7.1 | 142+52 | 121+49
TB(R) 27.8+172| 45+20 57+35 | 120+78 | 121+58 | 152+9.6 | 16.1+£10.0| 158+7.9 | 109%5.0
DM(R) 127+41 ] 5635 95+46 9.3+33 81+23 | 108+35 | 109+42 [ 115+3.0 | 85%26

RA 2712 20%0.9 23%11 25%1.2 4624 28+1.1 29+1.2 39+19 39+21

ES 173+£6.1 | 89+£38 | 10.1+53 | 202+8.2 | 164+53 | 206+8.0 [ 25.1+10.3 | 234+84 | 21.1+£8.2
RF(L) 112+25 ] 3.2x18 3.6+20 29+15 48+20 3.1+1.0 29+0.8 3309 29+11
BF(L) 8.1+45 53+16 35+15 | 11.3+£29 | 128+43 | 127+45 | 10.7+35 | 125+3.6 | 11.7+4.1
TA(L) 9.0+6.1 | 50+47 | 50+45 | 59+30 | 7424 | 62+34 [ 51+21 | 54+19 | 64%30
Sol(L) 79%4.1 6.4+3.8 46+3.6 9.8+41 | 115+33 | 106+4.1 | 10.1+48 | 11.1£35 | 10.9+43
RF(R) 121+£59 | 21x14 28+15 25+13 4729 27+15 26+1.1 26x1.1 28+13
BF(R) 55+25 45+23 27+14 | 120+58 | 13.1+54 | 119+54 | 152+6.3 | 125+53 | 121+53
TA(R) 71436 | 21+£17 | 31+20 | 36+12 | 6216 | 3.6+14 [ 50+12 | 40+13 | 44%12
Sol(R) 102+£5.0 | 8.8x4.4 3.7£21 | 127+45 | 15459 | 123+39 | 16.4+54 | 13.2+48 | 14351

No. Actions




Table IV-3 The significant difference of the activity level between different

muscles.

NS shows no significance.

BB; Biceps brachii muscle, TB; triceps brachii muscle, DM; deltoideus muscle,
ES; Erector spinae muscle, RA; Rectus abdominis muscle, RF; Rectus femoris muscle,
BF; Biceps femoris muscle, TA; Tibialis anterior muscle, Sol; Soleus muscle
(R)or (L) shows right or left side.

Muscle name of the vertical line ranges in order muscular activity level. Asterisk (*) shows the
significant statistical difference between the muscle in the column of the vertical line and the
other one in column of the holizontal axis.

order
1| ES
2 ||sol(R)| NS
3 [[BB(R)| NS NS
4 (BB(L)| NS NS NS
5 (DM (L) NS NS NS NS
6 | Sol(L)| NS NS NS NS NS
7 IBF(L)| NS NS NS NS NS NS
8 [TB(R)| NS NS NS NS NS NS NS
9 [[BF(R)| NS NS NS NS NS NS NS NS
10 [[DM (R)] NS NS NS NS NS NS NS NS NS
11 [ TA(L)| NS NS NS NS NS NS NS NS NS NS
122 |TBUL)| * NS NS NS NS NS NS NS NS NS NS
13 |TAR)| * NS NS NS NS NS NS NS NS NS NS NS
14 |RFUL)| * * * NS NS NS NS NS NS NS NS NS NS
15 |[RF(R)| * * * NS NS NS NS NS NS NS NS NS NS NS
16 RA * * * * * * * * NS NS NS NS NS NS NS
ES | Sol(R)|BB (R)|BB (L)|DM (L)| Sol (L) | BF (L)| TB (R)| BF (R)|DM (R)| TA (L)| TB (L)| TA (R)| RF (L) | RF (R)| RA




Table IV-4 The significant difference of the muscular activity level

between different nursing actions.

Action name of the vertical line ranges in order muscular activity level. Asterisk (*) shows
the significant statistical difference between the action in the column of the vertical line and
the other one in column of the holizontal axis. NS shows no significance. The field of the
dotted line shows that there was a significant difference of the muscular activity level between
A method and B method within a specific postural change action.

ranking
1 Sitting
2 Lying NS
3 HaIfBraise NS NS
4 || Low chair * * NS
| =[x [ % ]ws
6 |[Wheelchair * * * NS NS
7| e | * * * | Ns | Ns | Ns
Slmea| | * [ * ] * [ Ns | s
o | v | * * * * * | Ns | Ns | Ns
10 HaIfAraise * * * * * * NS NS
11 [|Side turn A| * * * * * * * * NS
12 (sideturnB| % * * * * * * * * * NS
sitting Lying HaIfBraise Low chair \r;eor\:iecgl Wheelchair rl;acl)t:ere; r:it\lri{ \r;eor\icij Half;aise Sidept\urn SideBturn
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Fig. IV-4-a The activity level of the upper limb and trunk muscles during 12
postural change actions (mean values and standard deviations of
seven subjects)

The numeral of the vertical line shows the type of the action shown in the right upper part.
The holizontal axis shows % EMGmax.

BB; Biceps brachii muscle, TB; triceps brachii muscle, DM; deltoideus muscle,

RA; Rectus abdominis muscle, ES; Erector spinae muscle (R)or (L) shows right or left side.
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Fig. IV-4-b The activity level of the lower limb muscles during 12 postural
change actions (mean values and standard deviations of seven

subjects)

The numeral of the vertical line shows the type of the action shown in the right upper part.
The holizontal axis shows % EMGmax.
RF; Rectus femoris muscle, BF; Biceps femoris muscle, TA; Tibialis anterior muscle,

Sol; Soleus muscle (R)or (L) shows right or left side.
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Fig. IV-5 The comparison between A method and B method in the activity
level of arm and low-back muscles during two nursing actions

(*"Vertical move™ and ""Half raise')

The mean values and standard deviations of the activity level of arm and low back muscles in
each method are drawn. The muscular activity level is shown as % EMGmax. A method is a
technique which applied the theory of the body mechanics and B method is a conventional

technique for using by the nursing profession.
statistical difference between two methods.

Asterisk (*) shows that there is the significant

BB; Biceps brachii muscle, TB; triceps brachii muscle, DM; deltoideus muscle,

ES; Elector spinae muscle,

(R) or (L) shows right or left side of upper arm.
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Fig. IV-6-a The comparison between A method and B mothod in vertical move
action on frequency of appearance of the every muscular activity
level

The holizontal axis shows %EMGmax. The vertical line shows the proportion of total time
reached each muscle activity level for the action time required whole. Each data shows the
mean value and standard deviation of A method and B method, respectively.
A method is a technique which applied the theory of the body mechanics and B method is a
conventional technique for using by the nursing profession.

BB; Biceps brachii muscle, TB; triceps brachii muscle (R) or (L) shows right or left side.
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Fig. IV-6-b The comparison between A method and B mothod in vertical move
action on frequency of appearance of the every muscular activity
level

The holizontal axis shows %EMGmax. The vertical line shows the proportion of total time
reached each muscle activity level for the action time required whole. Each data shows the
mean value and standard deviation of A method and B method, respectively.
A method is a technique which applied the theory of the body mechanics and B method is a
conventional technique for using by the nursing profession.

BB; Biceps brachii muscle, TB; triceps brachii muscle, DM; deltoideus muscle,

ES; Erector spinae musclemuscle (R) or (L) shows right or left side.
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