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Electromyographic Analysis of Isometric and Isotonic Contraction in the Forearm

Cheol Ho Yeum and Pyung Jin Yoon

Department of Physiology, College of Medicine, Chosun University, Gwangju, Korea

Electromyographic analysis was made in the forearm to clarify the prime mover of the

wrist joint in flexion and extension. Loads of 5 and 10 pounds were given to the hand during

isometric and isotonic contraction.

The results of this study were summarized as follows:

1) M. flexor carpi ulnaris and m. extensor carpi radialis acted as the prime mover during

flexion and extension, respectively, of the wrist joint.
2) The flexor and the extensor of the forearm showed synergistic activities under isotonic

contraction, but under isometric contraction the flexor only acted.

3) Muscular activity during the isotonic contraction slightly increased compared with the

isometric contraction.

4) EMGs and integrated EMGs were somewhat enhanced as the load increased, but there

was no significant difference between 5 and 10 pounds load.
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Table 1. Physical characteristics of subject

Name Sex Age(yrs.)

Body wt.(kg.)

Height(Cm.) BSA(m)

K.K.S. male 20

65 171 1.76
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M. flexor.
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Main Amplifier l

Isotonic C.
HI-GAIN coupler

Isometric C. ‘
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[ Inkwriting recorder

Fig. 1. Block diagram of experimental procedure.
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Fig. 2. EMG s of the forearm muscles by flexion and extension of the wrist joint. A, Flexors of forearm;
B, Extensors of forearm; FCR, flexor carpi radialis muscle; BR, brachioradialis muscle; FCU,
flexor carpi ulnaris muscle; ECR, extensor carpi radialis muscle; ECU, extensor carpi ulnaris
muscle; ED, extensor digitorum muscle; F, flexion; E, extension.
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Fig. 3. EMGs and integrated EMGs of the muscle that the prime mover in the forearm. A, flexion of
the wrist joint; B, Exension of the wrist joint;

graphic activities.

IE, integrated electromyograms; E, electromyo-



—oi g el &E A Al1rE Al 12 1983—

A ) 4
A B . I5
3 = ‘
1R
: TN
)
Ji \
/[ \
/ \
\
)4 AN ] N
4 / N~ / ™
A thidl g,
C il , !
_ ‘ 1![&)}__
E o b
) i AET 7[ ]
\ ) : ¢ o
i BN
i N
[ I I R B [T
Fig. 4. EMGs and integrated EMGs of the forearm by isometric and isotonic contraction with 5LB Loading.
A, isometric contraction (IM); B, isotonic contraction (IT).
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Fig. 5. EMGs and integrated EMGs of the forearm by isometric and isotonic contraction with 10 LB
Loading. A, isometic contraction; B, isotonic contraction.



—REBH - FHFE

(FCR)Y] JH2 2 Jebykob(Fig. 2. A). =3 BBRHS
AR A e 8E4FAZ(ECR)o] 713 B2 284
4+ B4 AAZ(ED), HEF+24AZ(ECU)Y HeE
viebyket(Fig. 2. B).

2) BERE2l SR AWA] FS2Z0| tHEt HER
U BomEE KE

BigReiel 3 AAA FikelA F2 fEfshe 2
A EF4TEZ(FCU)F 853424 Z(ECR)S A7
FEE ¥ #oEE KES B &/E se
A e PERES =33 A4 EikEelA vebd 5
BE X BOHEE KEAA B (fHEL Eibke
ol o B BiERHE 2328 FE2Y 4 A4
el sl A Bife]l o wB BB el 2R —i
gz EihErel FHiEBke] o windd 2452 g
=}(Fig. 3. A, B). :

3) EFd wE fikel FRiE WiEd FNE KiE
2 HEE % HAHER KE

FigEel A SRE KiEsk 0% Ko EE 2 B
SRR REES dobrs] $ste] 5 LBk 10 LB
HES AWAA MAGY Efs 444 F522
TR 2o sl A Bgstg =

1) 5 LB, =& £ A+

5LB e Hids AMHL M4 vebd 2=
2 HETAE KES SRE Kt S0 kifdA
ERS iEEel ZA vehytes R KfERd
BHHE EEel A8 veldA kot £k Mg
Bl & o2be) HiEEIE B FEE2A B BA

Jo 2 fFREE & + oo =3 SR K Av
ENE KA e BFS BB FOKE ki
B oFzt F7bs & @S 25 (Fig. 4. A, B).

2) 10 LB i A A+

10LB o] &S HAH & vheld HEE 3 BS
ARE FIES 5LBY At uisiA 559 Bgel o
7k s e X RS g9l o sLB e B

npbA 2 SR KR £ B BBl A .

VEbdA ok Sk Ml v BRNSE fER
& wedFe(Fig. 5. A, B).

% B

—fpEy e SR1E KR 4TS Plzy A4

(ARl A EREMMET ShiE KiE HEERN S

(sliding mechanism)o] Qejubx] gormg ZAHe
Relst & A o=, Hhtk KfERE 24f7 &
25 dA AE Al A del HETAHE &
Zo) €8 A g2 Karpovich 822 SRME Mk
A E el #{mEw Uy AR &FL SEs
sod FHde o4 FhEEHES de2s o &
o] & MY Aolst sEEAIe Wl EHst:E T &
o] E-53k o+E 43(eccentric contraction)e] g}
St Aol sl w2de A F4 ¢ 4F(concentric con-
traction)oj e} A &vha Yk, 2o ol T AR
8 ERE FE P BET 7Y b &h
t: Begel F7F Aotk Wl & —&Kehe e A W
el A e WBRET Biisl AlalA Jifel A fERstE F

2% hhoz BES BHAA 9442z 8%
Yeraal Stk KiEs Tt HEE 4 HIHER
KES Bl

47 7] Tournay %' HiBfHie) 5% Aol
galgk A A 8524 (ECRB)o| FadTA4l
Z(E.CR.LYET o] HEEifye)l = B A4 Alde
Bt ie FLEFIADZE TEALE Bk
oz HES g o ol Al F-2o] HEF LR fEREY
£ Aol ¥niziorn® RERIA F2¢ M4 2
#31A ekskrl. Backdahl £19¢ el AlAste &
ok BEFsE M Abeldl HEMRIRA o Az
835424 Z(ECR), 3 &-4-24Z(ECU), A4 Z(ED)
o] BREMLR fEHSTD JLTE FF2e] ohie o
AL BHY B = FA—steta XA ol B H
HE & EREREE HES 29 Bl gl &
# ARz HRAMSR FRTHE e —XK3dod B
BET BihR: 52l HEZ4TEZ(FCU) 4A44
FEEe] 8.534ZAF(ECR)o 2t AL HES
oh(Fig. 2). o]Ael4 &= Backdahl &'¢ HAEE
FFT ¥4 EEEcs B BEfER ERE
& FRR Ae) obdst A A

Fig. 3efl4] Risbel ghol ksl F32A4 EH
o) B BeAL AFSY AREd dod B
o fEFS WEst # Lo~1L5f% o BN ¥4 9
S F0Y s —Fekg o AT g #Bit
e fERAA AAAd SR A o g
HHS BEES k7l Al vty Patton %9 ]|iE) &
RRIEES KR MRS d e ol Ml =
Bl e ZRely g A Ak, =F o)A
9lel4] Liberson $'9-& A2 #zst b 2ol el
A BOHEEE REY = dx kiEsdA4 s 4=



—di g Ehal A A7 Al 15 1983—

oI BRYw .

Fig. 4,504 2l & M KiFs Ehitt K
BEBAA BEREsA Jebd A& 5 LBeL 10 LB 9
Bl A HHHS Eel S MiERrl vk vebst
G Aol ol FE HhHHM KiELE A L
4 BEfTEREOE B BRI ddve EHHY
WEEES 428 4 vk, i Bigland 92 [
—g & AL SRM N 08 Kl
W EoD HY BENY B ¢ BRAIdan BE
o K BRERIAT AEM dx 2R gdov
L0tk YekErsel AriEdhel &2 BnE & EHES E 4
9olglel, 5LBe} 10LB ¢ &l =& #{k: Bigland
1] R Hinet Mo IHEE Rl BERmA
B etz BEksl o)@) Ahlgren 22931 Viljanen
F2e] oo HukAlE & HikE BEIGIoU X BR
FERAA = B S Ehndl #el <2 B ER-L g
gt FEML gl o)k AERAA AEES
W gatell HR-S T2 P37 WEL A2 474
= ool =& MBMMFE Bk HRHd A+ A= #
7t dE A2s BERd.

#* B

Bl A SR KiEs Shk kS HEEN K
B RS BHzel) SIstd BWEG B R
ZEZS ST A =2 SEME Kits ShiE
Wi MR ek e RS Ayt

1) Bibol A BBIE M 52 A242FE
(FCU)ol gl om BBl ALRAA FE52L 43524
(ECR)e] g1 v}.

2) Wil A St WoAms EE e RS
2 R o SR iR makel /AR

3) &hi: e SEM KEmd a8 HER
o] oFzt s g ek

4 B Bimel WE HEE 2 WOMEE KHE
& okzh R fHEe] Yo & Aol fldlth

REFERENCES

1) Duchenne G.B.A.: Physiologie des movements,
transl. by E.B. Kaplan. W.B. Saunders Co.,
Philadelphia and London. 1867,

2) Buchthul, F. and Madsen, E.E.: Synchrorous
activity in normal and atrophic muscle. Electro-

enceph. Clin. Neurophysiol. 2:425-444, 1950.

3) Cook, W.A.: Antagonistic muscles in the pro-
duction of clonus in man. Neurology, 17:779-
782, 1967.

4) Hannam, A.G.: Computer analysis of the corre-
lation between the activity of the masseter
muscles during unilateral chewing in in man.
Electromyogr. Clin. Electrophysiol., 16:165-
175, 1976.

5) Angel, R.\W.: Electromyographic patterns during
ballistic movement of normal and spastic limbs.
Brain Res., £9:887-892, 1975.

6) Guyton, A.C,: Textbook of Physiology, Sixth
ed., W.B. Saunders. Philadelphia. London.
Toromto. 182-122, 1981.

7) Basmajian, J. V.: Muscles alive., Fourth ed.
The Williams & Wilkins Co. Baltimore. 169,
1978.

8) Currier, D.P.: Maximal isometric tension of the
elbow extensors components by quantitative
electromyography. Phys. Ther., 52:1265~1276,
1972,

9) Lippold, O.C.J.: Tke relalicn letuweeu integrated
action potentials in a human muscle and its
isometric tension., J. Physiol. 117:492-499,
1952,

10) Inman, V.T, Ralson, H.]J., Saunders, J].B,
Feinstein, B. and Wright, E.W.: Relation of
human electromyogram to muscular tension.
Electroencephalog. & Clin. Neurophysiol. 4:
187-194, 1952.

11) BhEESN  REAGHE HER, EREE RS #
BEELE ¥10%, 101-110, 1971.

12) Karpovich, P.V. and Sinning, W.E.: Physiology
of muscular activity. Seventh edit. W.B. Saun-
ders Co. Philadelphia, Londo,n Toronto. 18,
1971.

13) Tournay, A, and Paillard, J.: Electromyogra-
phie des musccles radiaux a etat normal. Rev.
Neurol., 89:277-279, 1958.

14) Basmajian, J.V.: Muscles alive., Fourth edit.
The Williams & Wilkins Co. Baltimore. 218,
1978.

15) Bidckdahl, M. and Carlsés, g.: Distribution of



—BREH - FHE kA FREEGES SOk KiES HREER 29—

activity in muscles acting on the wrist(an ele-
ctromyographic study). Acta Morph. Neer-Sca-
ndinav., 4:136-144, 1961.

between force, velocity and integrated electrical
activity in humen muscles. J. physiol., 128:

214-224, 1954.

16) Lee, H.S.: Kinesiology. Dong-Hwa Co. Seoul., 20) Ahlgren, G. and Lipke, D.P.: Electremyogra-

296, 1975.
17) Patton, N.J. and Mortensen, A.O.: A study of

some mechanical factors affecting reciprocal

activity in one-joixt muscles. Anat. Rec., 166:

phic activity in digastric muscles and opening
force of mandible during static and dynamic
conditions. Scand. J. Dent. Res. 85:152-154,
1977,

360, 1970. 21) Wiljanon K., Poppius, H., Bergstrom, R.M.

18) Liberson, W.T., Dondey, M. and Asa, M.M.:
Brief repeated isomelric maximal exercises.
Am. J. Phy Med., 41:3-14, 1962.

19) Bigland, B. and Lippold, O.C.J.: The relation

and Harkumaki M: Elecirical and mechanical
activity in human respiratory muscles. Acta.
Neuro. Scandinav., 4171:suppl. 18, 237-289,
1964,



