Japan Soci ety of Physiol ogical Anthropol ogy

Annals Physiol. Anthrop.
4(1): 17-25, 1985.

BIFATBNER O KA BRI 2 2 E B D E

K& ME, Ek Kt
FUMEFRTRAY  AMT¥gE

- The Effects of the Motion Mode
on Surface Electromyograms During Dynamic Contractions

Jyunya OHasHI and Koichi IwANAGA
Department of Ergonomics, Kyushu University of Design Science,
Shiobaru, Minami-ku, Fukuoka, 815 Jaupan

Surface electromyograms (EMG) during dynamic contractions of elbow flexors were studied
in reference to muscle contraction speed, the change of muscle length, contraction strength and
the change of muscle contraction strength. Subjects flexed their arms at elbow joint angle of
40-150 degrees with loads 1,3 and 6kg at the flexion-extension period of 2,4 and 8sec. One
flexion was divided into five phases by the elbow joint angle ; shortening contraction with the
start of contraction (phasel), shortening contraction without the start of contraction (phase2),
the period when shortening contraction changes to lengthening contraction (phase3), lengthen-
ing contraction without the end of contraction (phase4) and lengthening contraction with the
end of contraction (phase5). Surface EMG of muscle biceps brachii was integrated and the
power spectrum was calculated.

The value of integrated EMG increased in parallel with the speed of contraction. The degree
of the increment was larger in shortening contractions than in lengthening contractions. This
result by integrated EMG was explained by the energy loss caused by muscle shortening.
Relative power in low frequency was more at fast contraction, lengthening contraction, light
strength contraction and contraction when the muscle is lengthened. These effects were

discussed from the viewpoint of the synchronization of motor unit activity.
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Tablel. Maximun voluntary contraction strength
(MVC) at elbow joint angle 105 degrees for
each subject

Sj [A B C D E F G H T Men

Age 999 9 9
(yrs) 9 21 22 22 23 23 24 24 25 23

MVC

2 9 VA 22.5
Kg) 16.9 24.4 24.6 26.5 25.3 19.1 22.9 18.3 24.1 225

Fig.1 The ropa 1 and rope 2 suspend the forearm and

the weight respectively, so that the subject is
free from the weight and his forearm’s weight
when the elbow joint angle is at 150 degrees.

I D&V LD, B OEIHETEEETINDL
0L, ERICHWEKEKARMTHS 6 kg itk T
FEASIAE THINETH - 7. X, HEIEHRED150
ETRFEENe - 7ICL ) Rbh, HREIHHE
LTk AR L. REHERE BB ZHEH 2 DN
WEEcER L, ERITERIOmm OENMEREH
v, MBS oRAE#MEIC W CEERS LSO
R HORHEAI BT R, B & FITIc
BEfF U7, B OMBEEEI25mm & L. EkE
EHE20kQ AT & L7, HENIIFEERO0.03% TH#
BL (AAXKEILE, RM-150), EHE (FrigsT
% 1269F) I L MBEEAE L FZCFM AT -7V
2 — & (TEAC, R-61) it L=, Z#7ik AD BH#ak
ZaveEa—gIL DTl 1.

a1, 3, 6 kg THhH, ExBEEZL T
fo. BAWCH LB O EES R 1 B0 il {#
Bt 5EHE (ERHET S 22, 4, 88
LCfite otz BHGEENE, £ b=/ —aF(1E//)
CE e TTEBRF—EOEEE Ty, Bl L
BT HREEIEE L ierikic Lic, JEUUE
B2, 4, 8SHHLT, HAmEL7, 9, 5EAT
o ont-. HREESOMICIL, (Eh 0EREkg)) X (K
R () B EoE ok Ant. #lziX3
kg D 8B THBHDIH 3 X 8 =24 ETHS. JEilH
EHOBFERE L, RARBRIEBARLE LIFES
R—7 TR x2bh2MBESMAEISETH Y, AHEH
R B E AMOE A HE0ENHITH v, EERAED
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PN ERERSAOM, MR EDL&tEO
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HRERAREDDEENE I ENBT T 7ITRL
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THCI(EBEDO WT 2 IWT EFEE), XIED0H 5
2 ABEIDEZEHET/ NI WAL BIES 22V, %
PIED & DDA DOFI(R+) L ENED D DDJEL D
FIR-I)xRD, R+ER—DNPECHRIWT TH 5.
AR TRITERENILTH B WT o K(H I
22755, FLTIWT %, 2306 WT #5[% WT o
bl ROFELXHILDOTHD, IWT=
(23—WT) »sign ((R—)— (R+)) THREND. 735

23

4
54

7ORGE (G, K6), B EEL CHEE IWT
THH, IWT B0 g EENE L, IWT 0
SHEANT (RER TR L BTl . 05T &
HE LKA, 77 70 EDEMROLETHB1EET
LTHBH, IWT BNIETHIIEEIER L Th 55t
DIMKENZ E%&RT. ERERCOEREDRKR
FI20.05LAFTH B, BT A BEROEH 49D B
ZEmD, ETORBRICRTELL L THL9X
0.05=2. 45D FAE R IBE LELRTAEEL D
B oTBREC-AEMN BT DT, =0
IWT D275 73, Brx0REROEEEDEED LY
RaoTRie, FEHSfHE L TREROENED
BRI D35 5w B7e < Tk 7a b 7us. Wilcoxon
DFSIAMBEELUNDEE TS, EREIT4T0.058
e L

w R

EHEATOH N GEH) v IAEORAE A
BAM LS MBSO AERE & BRI, £1
HEOMOE TR, AR 3 kg TOHELX 2
R, B 1 CIEARKH N AEE AT 5
2, RO TEREE ORI Tz, Tz &
i3, B IHTRESHOBBRTH 5 icdic, BIEAE
Bkl LR EY B+ 5 E8 X Ty, fhotc
AERBIE\VEF B T ebh Coic 2 E &R LT
5. B5ETIREHOK LAY SLOILES hhb b,
BAFT AR & AR K T & o BN AHE /e EE 1B G s
Ronfcwod, HESAEIS0ETEY v — 7I2H
BIATDTHA.
MENESEIL, AR L NGRS Tod

phase 1
load 3 kg |

phase 2

phase 4 phase 5

2

<]

&

Maximum strngth in each phase (kg)

//'/. /
o 4 = =
25 PPN [ N [r——
20 100 200 20 100 200 20 10 200 20 100 200
Angular velocity of the elbow joint (degree/sec)
Fig.2 The relation between anguler velocity of the

elbow joint and maximum strength in each
phase (1,2,4,5) for load 3kg. The relation for
loads 1 and 6kg is similar to that for load 3kg.
Fach line represents each subject.
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QHHOER 1 & Lol LT, BESAEE L DK
BaRDE(K3). RPEBCHBCIb > TV5K
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The relation between angular velocity of the
elbow joint and integrated EMG divided by the
mean strength for each phase 1,2,4 and 5, for
loads 1 and 6kg. The value at the contraction
period 8sec. in phase 2 is set to be unity. Each
line represents each subject.

Rz 2 5 E B O

B\ TEI12Hz, —#Bic16Hz 12 € — 27 DFET 545,
YZDOBEEFTL4BICERBND Z ENB . TDI2,
16Hz D € — 7 R RENEHECOZIZE bR B 00
K TH Y, WEEAEIECTLAAE LS ENE
Mote. K54 0 RERSHOTOHER DO —I
THh, FOEEOHBEREY VTV VI LT -2
»#)35msec. DR TR EFH LM%, BESAHE
nHhOH T EHIRLTHE. BTRBRY T, &
Gt I EEHE & BRI O FIEROZE L LT, kIR
LI R IR s 1 A B LR b 5. ENENE
IR I S BRI 7 b DD B 0%, ANk
B\ DI ERNERR S e ot &
DEALHEIZI—12Hz BEO A EF T 5 2 &
WA, oo FEIE R IRUEAE & AR AT IR O
FACR SR, MEEEDUEHE O B EX E RS i
B\ T, 10—12Hz OB LBE R L, 12Hz 08 ETH
sM16Hz imb € — 7 R LRCERE L TR, kD
BrEzbhs. 1 OO LKEDOSMEOHIIERIC
SUTHIRE o T e iedic, 1 DOFLBGEL
KExi 1 OOEOBERLFD. T L TLOWD K
PNEAHRBEOHE L b 1<, I6Hz M-l

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5

Period 2sec.

Load 1kg Subj,F

0
1
Period 4sec.
20y

RPD (%)

Frequency (Hz)

Relative EMG power spectrum (RPD) for
phases 1-5 and contraction periods 2,4 and 8sec.
Dotted lines represent relative power of each
contraction and thick lines represent relative
power of the total of contractions represented
by dotted lines. The peaks of the frequency
spectrum at 12 or 16Hz in the phases of the
lengthening contractions are apparent.
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W\f 1105

160
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1105
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Fig.5

1000

EMG which spectrum has the apparent peak at 12 or 16Hz during lengthening

contraction phase. The frequency spectrum of this EMG is shown in fig. 4.

DTHHEELIB.

OB THER BRI Mg+ 5 & (K6),
FAMCESCCHBESAEORE VMR E, X, i
MEIHEHE X D D e M IREAE o 7 MK B g AR 2 7 —
&St (BLETR 6 kg TRHOMOZE RS E D
BHEE ClX 7o - .

IR, b b oMREEDE - IZ L BHE
MEERSHOEZIGEALERD b1 (K
7). B LR TR 8 B oo Bk oA 3%, I
MR, 4 XY EAFHE AT 2307 TE
AR 7 =S WEELAR SR DRTH - o

WRERE S EMNEAERS RS 25 EL LT
(3, IUFESEEE AN GE kS RS 7 — 23 E A
Rontc(XM8). (AL ZoMEmEbE b WHETILL,
Af 1 kg &3 kg DEIDOHB AR 3 kg & 6 kgD
BOE TIXIZE A EERENR IR - 1.

E %=
R IRERT O 77 2 MR MR IERE X 0 b AR S
EK & <, FftEIUE © o I FE s (B )
BN ESRGT 5 & 5 F5 8, BEOHRE
ERILSDTHA (Bigland and Lippold, 1954 ; = F
5, 1969). R K 11 & BIFEEE DR B 2,

Period
Loag 1kg 3k gkg  hsec
Piasc 1-2 1856¢C
o - Ry et
SN W ".T;'n_'
RERTS ML :
. KR PN
¥ ta X 'A *
. i
o . e
v R I
7 AN
X .

§ 00 e R v —T 0 200

Freaquency (Hz)
Fig.6 The comparison of the relative EMG power

among phases for each frequency with Wilco-
xon test. If the value is out of dotted lines, the
difference is significant (P <0.05).

AHIEIHI DA EENEHTHD - 0¥ s, X
I EREGEREHOFENTEH -ThH B - &
b, H2, 4HOMRNEEEL O EMESED
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Load Per ol
1k Load 1-3kg 1-6kg -6k v 2sec
Period 2-usec. 2-8sec . y-8sec. 23k3 Pgose 1 3-6kg :gggg

PQGse 1 sbka

-0 et b PN A
0 100 2000 100 2000 120 220
Frequency (Hz)

The comparison of the relative EMG power
among contraction periods for each frequency
with Wilcoxon test.

X1, BORBENOECIASOTERCTENE
% %. Mashima et al. (1972) &, BEMc LY, &
FRHEE S & G L 7o, REMEIRPLIC X B R
IEEy = s L F - DBENEL B E LTS MEE
I O HERE S E N EE AL, £k
BRIIATC X 0D E W EELX T scDiX, o
DYFERHD 1D DEE) = 3 L ¥ —DFROTHEICEL
BB DD TH B L E 2 bh b, MRERKE T,
BOEHIEOER S O X 5B = s F —DIRK
X, o EERBET . Lo LAREEIER TR
ERESEE, HIEEE AL TEMmLe. X

Bk 2 oOWEHE TR TRIEAFFEOHREEZLDY,

(M N T R S B SRR B IR E L s
WE LT B, KB C o R INEHE o 5 BRI S
il & AFI R DB O & L TIXKRORIZE LD
RB. 10, ARAEBARED DHDRTIH
BHICET 5 EESHECE A HERBRIOETHZ &
MT Xt tosdic, (RN T A BIET AR b
EEL, MHROEBO—HAENEOEE LEMNS
EHEEZLND. BOFHEL LTI, BEORMET
2RI L D L PREIRED A ERES B
“+ x\» (Andrew, 1983) @ & FIERC, BIRYIEEIDO

Lo DR ) ’:{,:l ot H
i -l ! ‘;"‘lr‘:f_{.l‘::‘fp"’;

ST 7000 0 7000 00 20
Frequency (Hz)

The comparison of the relative EMG power
among contraction strength for each frequency
with Wilcoxon test.

DI EO—MBRNLE L e b lcdIEEZ LR
5.

RN EEE S MO EEC X b X5 8L,
ftu~&T 550 (Kogi and Hakamada, 1962 ; o,
1964 ; Sato, 1976 ; Viitasalo and Komi, 1978 ; Petro-
fsky et al., 1982) & » % &T5 %D (Kwatny et al,,
1970 ; 85, 1973 ; Hagberg and Ericson, 1982; X%
LI 1983) b 5. BEE DHLLTVEH DI,
I HESREE P B D S WEIBIC T, IR EE 0N
K35 EEEREENY 7 AT A ETIRIEL
TEH, KPEROBREFETHS. PHERE O
hE S SRR 7 — oo RE & LT, I
SREE DI EBN N A BN R Sh s h, ikkh
& TIIER L T B EBIE L O RERE LI T B
= & (Milner-Brown et al., 1973 a, b) & KBLL Tu»
3 EBbhb. Lo UINEEEE O E B AL
o B L2 eE L 7 h 2 & (Person and Kudina,
1968) # 5, ABFZLLE (6 kg) DBFEERE T L Ok
B A3 B AT HERI T & 7o, SEERIC Hagberg and
Ericson (1982), K% & (LI (1983) X, HEEDH
TS ERBAREESMCEREOFE IR bh
Feus s, FEENIC IR IHEREE T S AR 0 T —,
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SUTFHRBEREY T 5 L HR LT 5.

T R R A & (R R R o B B X R B A D
ZoORRA L LTk, EFRKoE IS HoEEgk
DEMNHLRORIZE 2 b b, BRERFEICE VTR
BEED L 25 DICLBEIRENO LB FEES L
v Enn, HHOREBIHHELFE L LICHHKX
FhckbiedhTws LBbhd. - THERNT
REDAEEN L5 A BREBMRM b D LB THAS.
FRICK L CEBEIRGE OB HORET, HENE
SHE D B B ERICLEE e IR TR R IR & 0
bREL, HEMRET EETHL Z LIC L b HidhE
EAEEA LG EBbR, BONREED D
IR B T AU R e D kT E s, Y
EEHE DS RN L HEEICL D I3 T B L
Bbh s, EEICHFENLD DA v 2ADF KB
o EBHBEORKETHL LEXMONTED
(Vallbo, 1971), JEHE ICHE\AHIHE T D /7 IAEBR 14 14
DEFRFEIC R T, ROEBENRSD 7 4 —F 3y
7 BZ TR X A HEE O L THBME T b i
TWABZ &b TW5S (Garland and  Angel,
1971 ; Hallett et al, 1975; Nagasaki et al., 1983).
X Hagbarth et al., (1975) WHE ELHHLD
LR IBEOHTBHHEL LD A v AL AR S
ERIRL TS, DlLEDZ & b G HE
P EAE X D D BN OERBEEAER <7 —23%< 5
LEZLNS.

AR AR FEARYT < 7 — 2GEENE AL D IR B O [F)
fbiek h#EmMT2EELLRhTV5 UMKREFEH,
1962 ; Sato, 1978 ; Bigland et al., 1981). #£ - T, &
RO FAMERBEHE 7 -k &< kb lic
X9 % AR o HEZZIL, FAFHEE DB & ALEBYHE AL A ]
L2 ENFHRE LT B. HIHEDEIICIL
HEHREVOFRBIEAL DL EEZOR TV
(Kubota and Oshima, 1959) #3, 558D EBYHE AT D
FILFADBEC L > TxBE LSS, AR
DIIRGHE D B S BB O RIRIT X B EEN A O FFL
HEBIICX DAL TWBEE2H5RTE Y (Lippold,
1970 ; Joyce and Rack, 1974 ; Matthews and Muir,
1980), RETOFHEX OBELIKE d HfhdE» B D 1
VAALAZEDELTWEEELLRTWS (B E
AR, 1970). 3 - THHBEDOIEENIB AT X » T
LEB R AL 22, FSRMCEEHEA O R LI VE

CohalRetEnd 5. L TEBIC, HEXCHKEL
BHORHEBBORIRIC LI 2LDEE LN B10—12
Hz o B 1o BEALE A H 1, Bigland and Lip-
pold(1954) % /EBIE T D sk I FERF O 7 B Rz 8
—10Hz O AR B (L IEL R b iz & LTV 5.
B UKBEICR 5 FHNEIC L 5IRE O EREITE
129 —10Hz T&H 55 (Mattheus and Muir, 1980),
AP OBEHED A I210—12Hz TH 5. -
TRABTORALBEIC ISV T, rh8E & T X
BRHSERTAEH L 0 LR OB S 0RREN, %
RYEIGEEIC 3510 5 T & (B 7o - TP TR (2.5
5.

WHERE, T 7eh b B R T o R N R R
DA DET, B 1KV THIEEEE O AME
BEMES 7 =B WE @D, RNHECE S50
THote. LOLIZOERITUTOERANSERTE
fous, ETHERESMES, EREENAR TN
FORE OB CHIMHEE S BN+ 5 2 & A0
5., ZLTIOZ L IHHNMERE & HEXBERRS A
DERELTIID D0, FINFEREHGE < fehE
BIFEREOHERO AL, EAFHE 7 — b
7B ETTHB. LrLE 1HTONERLRE O
RZHETH oD TH D, HIFEEELKZ IR
MEROEEBEAR 7 -2 WERE LT, HE
FEEENKE b =D EHOHIEIC 5 588 X
D B OBROBENKE {Teh, o LoFRA
B OEBE OFIEH R B L T B3 DTH
% (Milner-Brown et al., 1975) 7= Th % L Ebn
5. (BLHENOBEKEMEREENGEH R EEHT
RIS IC D Rt # - TAERE
B0 HE DRSNS TE, B8 HE O
Za—=F Ay 27 X5 REoOBEEIEHL W%
(Hallet et al., 1975 ; Angel, 1977) Z & niE 2 bR 5.
L CHIEEEE O#VIC X A ENEERS R oE
AN E otz EOEHE LT, KEZROFIHEIIC X
DEFML ) L oFROFHOBEE s VRB Ehi
TeditEdELLRA.

E1l,5MX03E2, s HOAMEEEMAR 17 —
i o tc. Lynnetal, (1978) 3, EHREIEEHE A
FHUCHNMEREMER 7 =2l LTw 5. 5
TH2, 4MOSNE 1, 5L, HrftEsh T
WA TCDICEBBIRRESE b, EKAREES 7 —
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DY eotc ENFE bR B, Lh L EBERERE
P ERBEES MY 2 2B, Yinn L T58
& CNREBH, 1962) —EotEmI & T 5
% (tE#k, 1964) 23p5H. X, B rERMNEOEXE
THBEDORSE, B1, 5HEE2, 4HOBOEMR
AL DL LIz T Th i r, A6 kg il
B TIHOBOENRHE Lo T 5. {5 TH
1, sH&E2, 1HOMOREES DX, BRE
EDEVDZIZLVELTWHDTIRVEE X
5. #F4, sHOBOHENBEERSHOEDORAE L
LT, (BEEIEE CEABEHEY 7 —2n 2 WHER
el o BRCHFFECEARL TV A0 b, ROk
WE S HOH A EORENE e b, KAKHN
SRy —pEmlicbnLELZSbNS. B 1, 2HOM
DHEXEBEESFOoESFERE L TE, F 1HE
BOBRIAE Th B o, EBHEMOFHEIC D HF
Bry ERobRoEENE kY, FDEAOFK
DEIE SRR D D TH - D THE LEZLDR
5.

X #k
Andrew, P., 1983 : BEEFERIICH T 5RO « HR < &
ODEBES - B RABIESE 198555
150—151.
RW.,
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