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ngt h, endurance and the electromyogram of the biceps 
brachii were examined following treadmill exercise at 50 and 60% of 
maximum aerobic capacity. Exercise did not exeirit a significant 
influence on any of these parameters indicating they are relatively 
insensitive indicators of general fatigue. 
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Introduction 
Despite considerable research effort, the objec- 
tive identification and quantitation of fatigue 
and wofk strain has not been fully realized, 
reflecting the complexity of the physiological 
and psychological events which take place dur- 
ing a stressful work effort. Tests designed to 
demonstrate fatigue by means of changes in 
biochemical,'-4 psychological,5~fi or. physiologi- 
ca17.8 parameters have had limited success and 
in many cases are known to be influenced by 
factors other than fatigue or are not practical 
for use in industrial settings. Substantial evi- 
dence has evolved, however, which indicates a 

relationship between changes which occur in 
the electromyogram (EMG) and the develop- 
ment of muscle fatig~e.~JO Two forms c~f EMG 
analysis are most often employed. The integral 
lor the root mean square voltage (rms) of the 
electrical activity may be computed to provide 
information concerning the power of the sig- 
nal. In addition, the EMG signal may be ana- 
lyzed into its component frequencies by use of 
electronic band filters or by "Fourier Analy- 
sis." These techniques are routinely used in a 
number of laboratories, and it has been repeat- 
edly shown that the EMG signal rms in- 
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A 
SUBJECT HONlTO 

Figure 1 -Strength and endurance instrumentation system. (A) General description of subject appa- . 
ratus with associated monitoring and analysis equipment. (B )  Subject contraction posture for elbow 
flexion in relationship t o  the load system. 

crease~l2~13 and the percent power shifts toward tained at 22* 1 'C with relative humidity at 
the lowex end of the frequency spectrum"15 approximately 50%. The strength-endurance 
during a sustained muscle contraction. apparatus has been previously describedl6 and 

The major portion of the work in this consisted of an isometric pull cable with strain 
area has been concerned with alterations in gauges and appropriate amplifying and record- 
the EMCJ as they relate to acute and localized ing systems (Figure 1). Subjects were immobil- 
muscle fatigue induced by isometric contrac- ized in the seated position by belt restraints 
tion. In contrast, little is known concerning and adjustable arm and foot rests. Electromyo- 
the effects of general fatigue on the surface graphic data were obtained from the biceps of 
electromyogram. In the present study, isomet- the right arm with surface electrodes (Bectim- 
ric strength, endurance time, and EMG char- Dickenson Type "Disposo-El") placed in a 
acteristics of the biceps brachii were examined linear fashion and parallel with the muscle with 
following fatiguing treadmill exercise. the ground interposed between the active and 

Materialls and methods 
Four male subjects ranging in age from 30 to 
38 years were selected,on the basis of no known 

E L E C T R O D E  

previous cardiovascular or neuromuscular dis- 
ease. The study consisted of two parts in which 
strength, isometric endurance, and electromyo- 
graphic characteristics were examined before 
(9:OO a.m.) and after (2:OO p.m.) four hours 
of treadmill exercise (25 minutes exercise, ccoNNEcTED 

5-minutle rest schedule) at either 50 % or 60 % 70 D- 

of maximum aerobic capacity.17 Each subject 
exercised four to six times at both work levels Figure 2-Electrode placement over the biceps 
in addition to three control sessions during brachii. Electrodes were attached t o  skin 15-30 

minutes prior t o  morning tasts and were left in 
which lounging was substituted for the tread- position throughout and afternoon testing 
mill exercise. The exercise chamber was main- t o  prevent variations in placement between tests. 

1 
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reference electrodes (Figure 2). Data were re- 
corded on magnetic tape for computer analysis 
and the total signal rms was determined for 
1-500 Hz. Component frequencies were ana- 
lyzed by Fourier analysis and the power ratio 
computed for 4-40 Hz. The EMG data were 
averaged over ten-second intervals, and the ten- 
second and fifty-second interval determinations 
were selected for statistical comparison. Group 
means were compared by Analysis of Variance 
and then by paired t-tests for significance at 
the 5% level if the Analysis of Variance in- 
dicated a significant difference. Within test 
values (1 0 vs. 50-second determinations) were 
analyzed by paired t-tests. 

At the beginning of each strength-endur- 
ance test session, the subject underwent a series 
of three four-second maximum voluntary con- 
tractions (MVC) . The endurance test was then 
performed at 60% of the average demonstrated 
maximum strength utilizing a display monitor 
showing relative loading. Subject instruction 
followed a procedure previously proposed,18 
and the subjects were simply told to maintain 
the contraction tension for as long as possible. 

Results 
Although subjects consistently complained of 
subjective feelings of fatigue and exhaustion, 
the endurance time for maintaining isometric 
contraction of the biceps brachii at 60% of 
maximum tension was not significantly altered 
by treadmill exercise at 50% or 60% of maxi- 
mum aerobic capacity (Figure 3 ) . Afternoon 
control values for endurance time tended to 
decrease (10% ) from those obtained in the 
morning tests, but the difference was not sta- 
tistically significant. The average value ob- 
tained for isometric endurance time at 60% 
maximum strength throughout the test sessions 
was approximately 6 8 seconds. Similarly, the 
mean value obtained for maximum voluntary 
contraction tension were not significantly dif- 
ferent among the different test sessions (Fig- 
ure 3 ) .  Maximum voluntary tension for the 
biceps for the various sessions averaged 34 Kg. 

The signal rms tended to increase during 
the course of the isometric contraction with 
mean 58%, 35%, 41 %, and 97% increases 
noted between ten and fifty-second determina- 
tions for the morning, afternoon control, 50% 
and 60 % exercise groups, respectively (Figure 
4).  These differences were not, however, sta- 
tis tically significant , 

CONTROL 
MORNING 

CONTROL 
AFTERNOON 

POST 
EXERCISE 

5 0  '10 

Figure 3 - (A )  Endurance t ime (seconds) for con- 
stant tension isometric contraction a t  60% of 
demonstrated maximum strength. ( R )  Maximum 
voluntary contraction tension. The bar indicates 
the means values while the vertical line indicates 
one standard deviaiton of the mean. 

The percent power in the 4-40 Hz band 
of the EMG frequency spectrum increased sig- 
nificantly during isometric contraction. (Figure 
5) .  Mean increases of loo%, 5096, 73 %, and 
83% were observed at fifty seoonds in the 
morning, afternoon control, and post exercise 
50% and 60% sessions, respectively. In addi- 
tion, there was a significant increase in the 
percent power in the 4-40 Hz portioin of the 
spectrum (ten-second interval determinations) 
between morning and afternoon tests. The mag- 
nitude of increase in power was similar among 
the afternoon control and post-exercise sessions 
indicating that the shift in power to the lower 
end of the frequency spectrum was related to 
the time of testing and was not significantly in- 
fluenced by exercise. 

Discussion 
The surface electromyogram indicates the elec- 
trical activity of a muscle during voluntary or 
involuntary contraction. Its characteristics, in 
terms of total signal power and power distribu- 
tion throughout the frequency spectrum have 
been utilized as a diagnostic tool flor the detec- 
tion of certain pathologies19 as well as an index 
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corresponding to a 40% decrease in isometric 
endurance time." These findings are in agree- 
ment with the data of the present study to the 
extent that the EMG signal rms or power dis- 
tribution within the frequency spectrum was 
unaltered following four-hour periods of tread- 
mill exercise at 50% or 60% of subject maxi- 
mum aerobic capacity. 

In view of the subjects' consistent subjec- 
tive feeling of fatigue following the f our-hour 
treadmill exercise periods, it may be concluded 
either that: (I) general fatigue induced by leg 
exercise does not appreciably elevate the state 
of fatigue of arm muscles, or (11) thc EMG is 
a relatively insensitive indicator of general 
fatigue as it is reflected in arm muscle. The 
experiments showing a definite residual fatigue 
effect of leg exercise on arm muscle isometric 
endurance time in the absence of a significant 
effect on EMG properties,27 suggests the latter 
hypothesis is probably correct. This further 
raises the question of how faithfully the EMG 
reflects fatigue per se. The shift in signal 
power distribution observed between morning 
and afternoon control sessions of this study 
(Figure 5) indicates that factors other than 
fatigue may markedly affect this parameter. 
The percent power occurring in the 4-40 Hz 
band in the afternoon session, ten-second de- 
termination was nearly twice that obtained at 
ten seconds and similar to the fifty-second 
value of the morning test. In comparison, sub- 
jects expressed little or no feeling of fatigue 
nor did the MVC and contraction endurance 
times suggest the existence of residual fatigue 
during afternoon control testing. It should be 
noted that the majority of the work that has 
been done relating fatigue with changes in the 
EMG has actually examined the alteration of 
the EMG as a function of the time course of 
contraction rather than the development of the 
fatigue mechanism (s ) . Studies correlating the 
EMG response to more definitive indicators of 
fatigue during static muscular activity reveal a 
relatively poor relationship. For instance, re- 
lating the percent EMG power in the 4-30 Hz 
and 60-100 Hz bands to the magnitude of hand 
tremor following weight holding showed cor- 
relation coefficients of 0.59 and 0.39, respec- 
tively.l5 It has been shown that the surface 
EMG trace may be experimentally altered by 
changes in blood flow23 and local heating.Z8 
Other factors which may affect the surface 
EMG but not relate directly with fatigue in- 
clude: water compartmentalizati~n? glectrolyte 

balance, endocrine function, nervous activity 
and subject psychological state and motivation. 
The present incomplete knowledge of the exact 
nature of the fatigue mechanism and its mode 
of action on the EMG indicates the need for 
caution in the evaluation of alterations in the 
EMG as a function of the state of fatigue of 
the individual. 
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