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Abstract
The purpose of the present study was to investigate the relationships between
exerted force and electromyographic activity during isometric, concentric, and
eccentric muscle actions. Eight healthy males performed maximal (MV C) and
submaximal (20, 40, 60, 80%¥ MV C) elbow flexions. Isometric (I S O) tests
were carried out with the elbow joint angle of 75 deg. Concentric (C O N) and
eccentric (E C C) tests were performed using an isokinetic dynamometer. The
range of motion was 30— 110 deg and the angular velocity was 30 deg / sec. Elbow
flexion force and elbow joint angle were measured. Electromyographic (EMG)
signals from biceps brachii and brachioradialis, detected by surface electrodes,
were full - wave rectified and mean values (m EMG) were calculated. At MV C,
mMEMGs for 1 SO, CON, and EC C were not statistically different.
Force and m E MG relationships for 1 SO, CON, and E C C fitted more
significantly to the linear regression than the curvilinear one, except for I
S O in biceps brachii. When m EMG s were plotted against force, the
regression coefficients were significantly higher for C ON than for I1SO

or EC C. However, when m E M Gs were related to ¥ MV C, the coefficients
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did not differ significantly among I SO, CON and E C C. These results
suggest that the force- EMG relationships are similar for different muscle

actions, if relative loads are the same.
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Fig. 1. Block diagram of the experimental
setup. The subjects performed maximal and
submaximal elbow flexions with visual
feedback of the force levels by the
oscilloscope. Elbow flexion force, elbow
and EMG signals from two elbow

flexors were transmitted to the personal

angle,
computer, which calculated mean rectified
EMG (mEMG).
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Fig. 2. Relationships between elbow flexion
force and mENG for biceps brachii in
subject A. In the upper graph, force is
expressed as ¥ISO MVS, and in the lower
graph, mEMGs are plotted against %MVS
for each muscle action.
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Fig. 3. Relationships between elbow flexion

force and mEMG for brachioradialis in
subject A. For explanations, see Fig. Z.
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Fig. 4. Relationships between elbow flexion
force and mEMG for the pooled data of
eight subjects. mEMG values are means
and SD.
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Fig. 5. Relationships between elbow flexion
force (¥MVS) and mEMG.
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Table 1. Results of the Student’s t-tests of
regression coefficients between force
(expressed as ¥ISO MVS and %MVS) and mEMG
among IS0, CON, and ECC for biceps brachii
and brachioradialis. Tests were performed
using pooled data of eight subjects. Number
of points were 5 and the degree of freedom

was 6.
t value
Force %MVS
I1SO vs. CON 3.9360 p<001 0.8813 NS
biceps brachii ISO vs. ECC 0.2881 NS 0.89497 NS
CON vs. ECC 7.3308 p<0.001 0.2553 NS
1SO vs. CON 5.7235 p<0.01 0.7571 NS
brachioradialis ISO vs. ECC 0.9817 NS 04974 NS
CONvs. ECC 7.3950 p<0.001 0.3675 NS

Table 2. Regression equations between force
(x) and mEMG (y) .In A), force is expressed
as ¥ISO MVS and in B), %MVS of each is
related to mEMG. Note the significantly
higher coefficients for CON in A) and the
absense of significance in B).

biceps brachii brachioradialis
A) isometric  y=0.837x A) isometric  y=0.968 x
concentric  y= l.!ﬂix%] NS concentric y=1v305,%ﬂ NS
eccentric y=0863x = eccentric  y=0924x ==
B) isometric  ¥=0837x B) isometric ¥ =068 x 1
concentric  y=0914x :EQ NS concentric y = 1.006 x Q NS
eccentric y=0925x eccentric  y=0.991x ]

ATICEREREEL A LIV NI EAVRE
hi. 21, S TORRBRERL T,
K6BLORTICEOERERLI, K613,
OB, QTEEEEH VT, Bho
HxHE (1 SO% 100& L 7= {#) (c%d 2 mENG
(B, BLY, BHAHOHEME (FERXOMVS

== p <001, *** p<0.001, NS: Not significant
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Fig. 6. Relationships between force and mEMG
for biceps brachii. When force is
expressed as %ISO MVS, a steeper
regression line was shown in CON
compared to ISO or ECC, while if force
is expressed as %MVS (F/Fmax),
regression lines fell almost in the
same position.
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Fig. 7. Relationships between force and mEMG
for brachioradialis. Similar results
were obtained to those in biceps brachii.
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