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Sum~nay.-The study investigated the effects of fatigue and task repetition on 
the relationship benveen integrated electromyogram and force output during subjec- 
tive clinical testing of upper extremity muscles. Muscles were studied under two con- 
ditions differing in the nature and duration of constant force production (SHORT-F) 
and (LONG-F). The findings included a significant relationship benveen force output 
and integrated EMG, a significant increase in efficiency of muscle acrivity with task 
repetition, and significant difFerence between Forcdintegrated EMG ratios for mus- 
cles labeled "Strong" and "Weak" in the LONG-F condition. This supports Smith's 
1974 notion that practice results in increased muscular efficiency. With fatigue, inte- 
grated EMG activity increased strongly and functional (force) output of the muscle 
remained stable or decreased. Fatigue results in a less efficient muscle process. Mus- 
cles subjectively testing "Weak" or "Strong" yield effects significantly daeren t  from 
fatigue. 

The electromyographic signal can be considered as an index of motor 
unit recruitment and accurately reflects the extent to which the muscle is 
neurologically active. The increase of motor unit recruitment can be a usefil 
tool in assessing the effects of clinical intervention. The neural (re-)activation 
of a given muscle or groups of muscles can be a primary source of informa- 
tion for the therapist and patient in assessing clinical improvement. The 
control of a muscle's electrical output by the subject may also be useful in 
developing a "muscle sense," after which the attention may be shifted to- 
wards the training of more functional output, e.g., force, movement. 
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the first named author. The support and helpful comments of Dr. Marc Rosen is g ra teh ly  
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In theory, a monosynaptic stretch reflex w d  result in motor fachtation 
and subsequent muscle contraction. This ability of a muscle to lengthen but 
to generate enough force to overcome resistance is what is quahfied by the 
examiner and termed "Strong" or  "Weak." In the absence of a pathological 
neurological deficit, c h i c a l  inferences are made based upon the results of 
manual muscle tests. The muscle test in this paradgm is also used postther- 
apy (treatment) to assess patients' progress during physiological therapeutics 
(Kendall, Kendall, & Wadsworth, 1978; Walther, 1981). The form of muscle 
testing instructs subjects to offer maximal isometric resistance to isokinetic 
forces applied by the examiner in ways described by Kendall, et al. (1978). 
These procedures are commonly employed in C h i c a l  Neurology as a means 
of subjectively evaluating muscle tone. Here, the examiner in the application 
of force to the subjects' resistance evaluates the muscle groups being studied 
as subjectively "weak" or "strong" on a 5-point scale. 

In the present study, the effects of "muscle strength," muscle group, 
and task repetition on integrated EMG and on force was examined. This, 
we believe, is an important issue to examine as often there is a tendency to 
use integrated E M G  output as an indirect indicator of functional improve- 
ment. Although, in general, there is a relationship between the integrated 
EMG signal and the functional output, e.g., force, movement, tension, tim- 
ing, there are indications that the relationship between electrical and 
mechanical output changes over time as a result of fatigue and repetition of 
the task. Fatigue is a constant (isometric) force condition resulting in a sig- 
nificant increase of the integrated EMG (Moritani & DeVries; 1978; Viita- 
salo & Komi, 1978; Kasser & Lehr, 1979; Seidel, Bayer, & Brauer, 1987; 
Zwarts & Arendt-Nielsen, 1988). Practice also results in increased muscular 
efficiency (Smith, 1974). 

O n  the other hand, repetition of the task may indicate the opposite 
effect. The work of DeVries (19681, Metz (19711, and Ludwig (1982) indi- 
cate chat the acquisition of a motor task leads to a significant decrease in the 
integrated EMG. 

The purpose of the present study was to investigate the relationship 
between integrated EMG and functional output (force) during muscle test- 
ing of different muscle groups. The present study can be considered a 
methodological investigation of the relationship between the bioelectrical out- 
put and a functional output of certain muscles in a c h i c a l  situation. 

METHOD 
Subjects 

The subjects were 30 volunteers, males who ranged in age from 26 to 
41 years. None were suffering from any detectable motor or neurological de- 
fects. Each subject participated in all conditions which were repeated on 
nvo sessions. 
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Apparatus 
A metal harness with a force transducer (Kyowa, 0-50 kg) was placed 

over each of the muscles studied. The harness guaranteed a good but not 
complete fixation of the body segment being stuched. The EMG measure- 
ment commenced when the subject reached the target level. The electrodes 
were placed according to Delagi and Perotto (1980) and Winter and Yack 
(1987) and the interelectrode distance was 20 mm center-to-center. To en- 
sure the application of electrodes to the same location across sessions, the 
electrode position was marked on the s h .  Prior to placement the skin was 
cleansed with alcohol and rubbed with sandpaper. This lowered resistance 
below 5 KR. The EMG signals were preamplified 10 times by small head- 
stages to a Nlhon-Khoden amplifier and filtered (bandwidth 25-450 Hz) 
before data analysis. The raw ampMied signal was filtered in this way and 
full-wave rectified by means of a low-pass third-order Paynter filter, set at a 
bandwidth of 30 Hz and at an averaging interval of 10 msec. (Gottlieb & 
Agarwal, 1970). The filtered and rectified signal was, together with the force 
transducer output, fed into a computer operating Dataq (Dataq Instruments, 
1989) signal-processing software, with a sample frequency of 2 kHz. The 
force and EMG signals were averaged over periods of 250 msec. and stored 
for later analysis. The output of the force transducer was, together with the 
reference target, displayed on a storage screen in front of the subject. The 
EMG signals were not affected by artefacts associated with moving cables. 
Procedure 

Each of the subjects was placed on an examination table and was tested 
with surface electrodes. In all subjects, electrolytic solution was applied and 
the impedance was reduced by cleansing the skin with alcohol and sand- 
paper. The bipolar surface electrodes (Ag/AgCI, area 0.25 cm2) were affixed 
with adhesive tape with a 2-cm center-to-center distance ahgned along the 
muscle fibers accordmg to the landmarks of Winter and Yack (1987) and 
Delagi and Perotto (1980). Informed consent was obtained from each sub- 
ject and IRB approval granted. 

The muscles chosen for this study included the Latissimus dorsi, Teres 
minor, Biceps brachii, Triceps, Quadriceps, Deltoid, Rhomboid, Supraspina- 
tus, Pectorahs major, Middle Deltoid (Leisman, Shambaugh, & Ferentz, 
1989). 

Muscle-testing procedures were employed under double-bhd condi- 
tions. Here the examiner took the origin and insertion point of the muscle. 
The h b  was then positioned so that the muscle was shortened, i.e., that it 
approximated its origin and insertion points. The body parts were posi- 
tioned to isolate best the muscle being tested from its synergists. Tests were 
then provided by applying pressure in a direction that would then elongate 
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the muscle. These tests were then graded on the ability of the subject to re- 
sist the initial application of force, i.e., the abhty  of the subject to react or 
adapt to the testing pressure. The subject was instructed to contract the 
muscle maximally in the vector that "isolated" the muscle. This pressure was 
resisted by the examiner until the examiner detected no increase in force 
against his hand. At this point an additional small force was slowly exerted 
at a tangent to the arc created by the body part being tested. The initial in- 
crease of force up  to maximum voluntary strength did not exceed 1.5 sec. 
and the increase of pressure applied by the examiner did not exceed a 1-sec. 
duration. "Weak" and "Strong" muscles were determined for each of the 
subjects in twelve upper extremity muscles in this way by a practitioner ex- 
perienced in the procedures described above. "Strong" muscles were de- 
fined as ones which were able to adapt to the additional force and maintain 
their contraction with no weakening effect. "Weak" muscles were defined as 
ones which were unable to adapt to the slight increase in pressure, i.e., the 
muscle suddenly became unable to resist the test pressure. 

The electrophysiologic examination was done blind as to whether a 
given muscle was rated "Weak" or "Strong." Electrophysiologic testing was 
performed while applying passive resistance to the muscle group being 
tested using the procedures described below. 

The muscles were studied under an isometric condition. Measurements 
were performed under two conditions differing in terms of the nature and 
duration of the constant-force production: short (SHORT-F) and long 
(LONG-F) constant-force production. The effects of fatigue were studied in 
the long constant-force-production task in which the subjects had to main- 
tain a constant force as long as possible. There were two force levels, one on 
each of two separate days. Prior to the LONG-F condition, the relationship 
between force and integrated EMG was studied in the SHORT-F condition 
to test whether this relationship changed with repetition of the task. 

The muscle groups studied are reported in Table 1. The subjects were 
required to generate with each of the muscles an isometric force against a 
force transducer. The required force was presented by means of a comput- 
er-generated display on a storage oscilloscope. The target force was indicated 
by the vertical height of a light spot trace moving along a straight horizontal 
line at a constant speed (1 cm/sec.) from left to right across the screen. Sub- 
jects attempted to follow this target with a second light spot which was 
driven by the output from the force transducer. Hence the tasks were struc- 
tured as very simple tracking tasks, with the subjects receiving continuous 
feedback on their performance. 

At the beginning of every session, each subject was instructed to con- 
tract each of the muscles studied as hard as possible for 3 sec. This was 
repeated three times and the highest force recorded was taken to represent 
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TABLE 1 
MUSCLES TESTED BY "~TRONG"/"WF.AK" STATUS AND SEQUENCE TESTED 

Name Strong Weak 
First Muscle Tested 

Latissimus dorsi 8 2 
Teres minor 4 4 
Quadriceps 2 
Deltoid 6 
Rhomboid 2 
Supraspinatus 2 

Second Muscle Tested 
Teres minor 8 
Biceps 2 
Pectoralis Major 4 2 
Larissimus dorsi 2 8 
Rhom boid 2 
Middle Deltoid 2 

Third Muscle Tested 
Mddle Deltoid 2 
Latissimus dorsi 4 
Supraspinatus 4 
Teres minor 2 
Middle Deltoid 8 
Quadriceps 2 
Biceps 4 
Rhomboid 2 
Triceps 2 

the 100% Maximum Voluntary Contraction (100% MVC) for that subject 
during that session. This percentage of maximum voluntary contraction tech- 
nique has the important advantage of compensating for variations in 
strength among subjects. 

After a 3-min. rest, each subject was engaged in the SHORT-F condi- 
tion. In this condition, the subjects repeatedly had to generate a constant 
force for 5 sec. The level of the force was indicated by the height of the 
computer-generated target force and displayed on the oscdloscope screen as 
a horizontal h e .  In each session, the subject had to work through nine 
force levels (10, 20, 25, 30, 40, 50, 60, 70, 75% MVC)   resented in an as- 
cending or descending order. In this condition, the effect of fatigue was 
minimized by rests of 50 sec. between 5-sec. contraction periods. 

After a further 3-min. rest, the subjects participated in the LONG-F 
condition, in which they were strongly encouraged to generate the required 
level as long as possible. The display of the force levels were the same as in 
the SHORT-F condition. The trial ended when the executed force fell below. 
90% of the target level. Each subject performed this task at 10, 25, 50, and 
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75% MVC. Half of the subjects had an ascending order while the other half 
had a descending order. 
Statirtzcal Analysis 

A one-way factorial designed analysis of variance with repeated mea- 
sures was performed with "Strong" vs "Weak" muscles x session x repe- 
tition using force output for the integrated EMG as the measured variable. 

RESULTS 
Maximum Voluntary Contraction (100% MVC) 

The mean maximum force across the 30 subjects and across the two ex- 
perimental sessions was 316.2 N.  The maximum force increased slightly over 
the two sessions. The means for Sessions I and I1 were 295 N and 329 N. 
This increase is not statistically significant. 
SHORT-F Condition: Relation Between Force Output and Integrated EMG of 

Agonistic Muscle 
The data, pooled for both sessions, show a close relationship between 

force output and integrated EMG. In Fig. 1, the mean integrated EMG val- 
ues of the muscles studied are displayed for every force level for muscles 
reported to be "Weak" and "Strong." The values are averaged for the 30 
subjects and over the total 5-sec. period. 
Repetition of Task 

The SHORT-F task was repeated twice on separate days. The maxi- 
mum force was not statistically significant between the two sessions and 
therefore the relation between integrated EMG and force output was not 
stable between the different sessions. The results of the SHORT-F condi- 
tion, (with "Strong" vs "Weak" muscles x session x repetition x force out- 
put for integrated EMG) show an increase in force output which is signifi- 
cant (F,,8, =2.81, p <  ,051, and at the same time the integrated E M G  output 
remains stable. Efficiency, however, can also be expressed as the ratio be- 
tween force output and integrated EMG output (F/IEMG). Therefore, for 
each subject and for each of the force levels a ratio was calculated between 
force output and integrated EMG output. The averaged ratios across the 
two sessions for subjects with weak vs strong muscles are for Session I/weak 
muscles 1.39, Session I/strong muscles 1.68, Session I/weak muscles 1.61, 
and Session II/strong muscles 1.84. A significant increase in the ratios is 
noted across sessions reflecting an increasing efficiency of muscular activity 
with repetition of the task. Also, independent of the task repetition, signifi- 
cant differences are noted between F/IEMG ratios for muscles labeled 
"Strong" or  "Weak" (F,,, =4.98, p <  .01). 
LONG-F Condition 

Whereas in the SHORT-F condition the effect of fatigue was minimized 
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"Strong" 
muscles 

"Weak" 
muscles 

Force (newtons) 

FIG. 1 EMG output averaged across 5-sec. periods and across subjects for "Weak" and 
"Strong" muscles. The output is iven for each o the two experimental sessions and the nine 
force levels OF the SHORT-F conition. 

by means of relatively long intertrial rest periods of 3 min., in the LONG-F 
condition the effect of fatigue on the integrated EMG signal was examined. 
In this conAtion the subjects had to maintain a constant isometric force for 
as long as possible. The over-all mean correlation coefficient between force 
and the corresponding integrated EMG levels was r,,, = .94 (df: 58, p < .001) 
for both weak and strong muscles pooled. 
Fatigue 

The average time that the subject could maintain the desired force level 
in the LONG-F condition was 21.05 min. for the 10% MVC, 9.04 min. for 
the 25% MVC, 2.03 min. for the 50% MVC, and 0.53 rnin. for the 75% 
MVC tasks for muscles labeled "Strong." Also, in the LONG-F condition, 
the maintenance of desired force level for muscles labeled "Weak" was 
16.03 min. for the 10% MVC, 8.04 min. for the 25% MVC, 1.53 min. for 
the 50% MVC, and 0.33 min. for the 75% MVC tasks. The effect of this 
long isometric constant-force task on the integrated EMG for both "Strong" 
and "Weak" muscles is shown in Fig. 2. The electromyographic activity of 
the ten muscles stuhed is plotted against time. The data show a significant 
and rapid increase of the integrated EMG activity during the contraction pe- 
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riod for both "Strong" and "Weak" muscles. The increases are, respectively, 
43% in the 10% MVC, 94% in the 25% MVC, 75% in the 50% MVC, 
and 35% in the 75% MVC conditions for muscles labeled "Strong." For 
muscles labeled "Weak," the increases were 36% in the 10% MVC, 68% in 
the 25% MVC, 51% in the 50% MVC, and 22% in the 75% MVC. One 
could observe this increase after the first 10 sec. of the contraction period. 
The mean increase from the first 10-sec. to the second 10-sec. period of the 
contraction time for the four force levels were, respectively, for "Strong" 
muscles 4% (10% MVC), 7 %  (25% MVC), 12% (50% MVC), and 35% 
(75% MVC condition). For "Weak" muscles, the results were 2% (10% 
MVC), 5% (25% MVC), 9% (50% MVC), and 23% (75% MVC condi- 
tion). 

For each subject in the 10% conditions for both "Strong" and "Weak" 
muscles combined, the total contraction time was divided into 50 equal 
steps. Each step corresponded to a specific integrated EMG value. An analy- 
sis of variance performed on the averaged integrated EMG values for all 
subjects, corresponding to the 50 steps, showed a significant increase in elec- 
tromyographic activity (F,,,4,=3.13, p<.001). For each subject in the 25% 
MVC condition, the total contraction time was divided into 20 steps. Analy- 

"Srrong muscles" 

2 4 6 8 10 12 14 16 18 20 22 

Time (min.) 

FIG. 2 .  Mean EMG output of "Srrong" and "We.ik muscles during the LONG-F condi- 
tion for each force. The EMG activity is plotted . I ~ . I I I I S ~  the (continued on nexr page) 



EMG IN MUSCLE TESTING 97 1 

sis of variance, performed in the same way as with the 10% MVC condtion, 
showed a significant increase in electromyographic activity (F,,,,, = 24.38, p < 
.001). 

The contraction time in the 50% MVC condition was divided into six 
steps and the integrated EMG activity, averaged across the 30 subjects, was 
significant (F,,4,=27.22, p <  .001). Although the averaged integrated EMG 
activity in the 75% MVC condition (two steps) increased, this increase was 
not significant (F ,,,, = 3.65, p < . lo).  

The reason for the division into equal steps was the following. The inte- 
grated EMG activity was averaged over 10-sec. periods. Because the number 
of 10-sec. periods varied across the 30 subjects, the subject with the fewest 
periods was taken as the reference. For the four force levels (10% MVC, 
25 % MVC, 50% MVC, and 75 % MVC) these values were, respectively, 50, 
20, 6, and 2. Next the contraction time of each other subject was divided in 
50, 20, 6, or 2 equal periods. Hence, the data analysis was not based on the 
fewest number of 10-sec. epochs all the subjects had in common, but the 
contraction time of each subject was divided in equal parts based on the ref- 
erence. 

"Weak muscles" 

FIG. 2. (Cont'd) contraction time. The dashed h e s  indicate the average force output of the 
(A)  "Strong" and (B) "Weak" muscles. 
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During the trials, the subjects were instructed to hold the force output 
constant. The trial ended when the force output fell below 90% of the tar- 
get level. As is shown in Fig. 2,  the ele~trom~ographic output of the muscle 
increased during the contraction time, whereas the force output of the mus- 
cle decreased significantly for the four force levels with all subjects corn- 
bined [ l o %  MVC (F4,,44=5.83, p<.001), 25% MVC (F ,,,,, =6.19, p<.01), 
50% MVC (F ,,4, = 8.16, p < .01), and 75% MVC (F,,, = 14.27, p < .05)1. 

In the SHORT-F condition, the ratio between force output and inte- 
grated EMG increased significantly as a function of repetition of the task. In 
the LONG-F condition, the ratio decreased. The ratios (F/IEMG) averaged 
across the 30 subjects for the first 10 sec. of the contraction time were com- 
pared with the ratios calculated for the last 10 sec. of the contraction time 
for each of the subjects' "Strong" Latissimus dorsi muscles. The relation- 
ships described below held for each of the other muscles tested. This was 
performed for each force level, The ratio, averaged across force levels and all 
"Strong" Latissimus dorsi subjects ( n =  18) for the first 10 sec. is 1.18; for 
the last 10 sec., this ratio is 0.88. The decrease of the F/IEMG ratios is sig- 
nificant (F,,2,=7.52, pc .05) .  Table 2 shows the ratios for each individual 
force level. Also, the Pearson correlation coefficient between integrated 
EMG and force decreased for subjects with "Strong" Latissimus dorsi from 
the first 10 sec, of the contraction time (rpp,= .96, df: 17, p< ,001) to the 
last 10-sec. period of the contraction time (r,,, = .90, dk 17, p < .001). Note 
that these results are the opposite of the results of the SHORT-F task and 
they represent a decreasing efficiency of muscle activity. 

TABLE 2 
FORCE/~NTEGRATED EMG RATIO FOR "WEAK" (H = 12) AND 

"STRONG" (n = 18) ~ r l s s r ~ u s  DORY MUSCLES 

MVC (%) LONG-F Condition:Ratio (Force/EMG) 
"Strong" Latissimus dorsi "Weak" Latissimus dorsi 

First 10 sec. Last 10 sec. Firsc 10 sec. Last 10 sec. 

The ratios (Force output/Integrated EMG) averaged across the subjects 
with "Weak" Latissimus dorsi (n =12) for the first 10 sec. of the contraction 
time were also compared with the ratios calculated for the last 10 sec. of the 
contraction time. The relationships described below, as for the subjects with 
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"Strong" Latissimus dorsi, held for each of the other muscles tested. This 
was also performed for each force level. The ratio, averaged across force lev- 
els and all "Weak" Latissimus dorsi subjects for the first 10 sec. is 0.91; for 
the last 10 sec. this ratio is 0.59. The decrease of the FAEMG ratios is sig- 
nificant (F,,,,=7.52, p<.05). Table 2 shows the ratios for each individual 
force level. Also, the correlation coefficient between integrated EMG and 
force is for "Weak" muscle, as with the "Strong" muscle subjects, decreas- 
ing from the first 10 sec. of the contraction time (rppm = .94, df: 11, p < .001) 
to the last 10-sec. period of the contraction time (r,,, = .87, df: 11, p < ,001) 
for "Weak" Latissimus dorsi subjects. 

DISCUSSION 
The results show an approximately linear relationship between the force 

output of the muscle and the bioelectrical output (integrated EMG). This is 
in agreement with the results of earlier studies (Edwards & Lippold, 1956). 
Mllner-Brown and Stein (1975) and Moritani and DeVries (1978) have also 
shown a h e a r  relationship as have others (Mulder & Hulstijn, 1984). Other 
authors have reported a curvehear relationship (Moore, 1967; Komi & Bus- 
lurk, 1970) or a relationship in which the integrated EMG varies as the 
square root of the force (Moore, 1967). The present study, however, was not 
focussed on the exact physiological or mathematical nature of the relation- 
ship between the force output and the surface electromyogram. The only 
purpose was to evaluate the effects of fatigue and task repetition on this re- 
lationship under both normal circumstances and for muscles labeled 
"Weak" or "Strong" by applied kinesiological muscle-testing methods. 
Effect of Fatigue and Task Repetition on the Integrated EMG 

Fatigue.-Whereas in the SHORT-F condition the influence of fatigue 
was minimized by sufficiently long intertrial rest periods, in the LONG-F 
condition, the effects of fatigue were studied. The results showed that, 
under the influence of fatigue, the integrated EMG activity increased strong- 
ly. At the same time the functional (force) output of the muscle remained 
stable or even decreased. In terms of efficiency, this means that fatigue 
characterizes a less efficient muscle process. 

Muscle-testing procedures which label muscles as "Weak" or "Strong" 
subjectively, here under double-bhd condtions, yield effects significantly 
ddferent than fatigue. "Weak" muscles, however, like fatigue are also asso- 
ciated with a less efficient muscle process. 

The data indicate an almost immediate increasing effect on the inte- 
grated EMG. This is contrary to the intuitive notion of a gradual building- 
up of fatigue. It is also contrary to the experimental results of Lippold, 
Redfearn, and Vuco (1960) who stated that at a constant-force isometric 
tension between 10% MVC and 80% MVC, there is a decrease in inte- 
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grated EMG activity during the first one or two minutes and after that an 
increase continues until the endpoint is reached. The reason for this dif- 
ference could be that Lippold and his colleagues employed different experi- 
mental procedures. 

Repetition of the task.-The direct relationship between the functional 
(force) output and the bioelectrical output (integrated EMG) is the implicit 
use for electromyography in objectifying ch ica l  muscle-testing procedures. 
The chic ian  would not use the integrated EMG signal as a diagnostic tool 
in this case but as an "objective instrument," informing him of the activity 
of the muscle(s). 

In motor learning, including neuromuscular rehabhation or E M G  feed- 
back therapy, the integrated EMG (as a representation of this activity level) 
can be used as an important index of improvement. The results of the 
SHORT-F condition, however, showed that the relation between functional 
(force) and electrical output is not stable but changes under the influence of 
fatigue and repetition of the task. It may also be assumed that muscles sub- 
jectively labeled "Weak" or "Strong" employing muscle-testing techniques 
from applied kinesiology (Kendall, et al., 1978; Walther, 19811, provide 
different values than for fatigue or task repetition. 

The integrated EMG shows a decrease between sessions; the force 
output, however, is increased. DeVries (1968) and Metz (1971) described 
this process in terms of the efficiency of muscular activity. A muscle process 
is more efficient when the functional output (force) remains constant or 
increases whereas the electrical output (integrated EMG) decreases. This is 
what is reflected in the results of the SHORT-F condition. To  explain this 
efficiency effect, Metz (1971) and also Basmajian (1977) found a significant 
gradual decrease of antagonistic muscle activity during the learning of a 
motor-tracking task (six repetitions of the task). According to these authors, 
the acquisition of motor control is for the greater part learning to inhibit the 
activity of irrelevant muscles. Brooks (1986, p .  32) and others (Mulder & 
Hulstijn, 1985) as well as our pilot studies did not produce a general 
significant decrease of the antagonistic activity across multiple sessions of 
testing. It seems, therefore, that the increase in efficiency during the rep- 
etitions of testing is primarily the result of changes in the agonistic muscle 
activity. DeVries (1968) stated "that as a muscle grows stronger through 
training, the involved fibers become more effective in producing tension. In 
this event, either fewer motor units need to be recruited or  the same motor 
units can be fired at slower stimulation frequencies to produce the same 
level of isometric tension. Both factors are probably operant and both w d  
result in lower integrated electrical activity levels" (p. 18). 

It is, however, also possible that the subjects learned to inhibit the 
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activity of the other muscles, that is to say, they learned to perform the task 
by contracting the muscles of the upper extremities which were studied 
more selectively instead of simultaneously co-contracting other muscles. 

Therapeutic implications.-Although the present report is a description 
of an experiment in which normal subjects perform a rather artificial task 
which is not directly related to functional adult human movement, the re- 
sults indicate some general aspects which could be important for muscle 
testing and other chical applications (Leisman, 1988, 1989a, 1989b; Leis- 
man & Vitori, 1990). Firstly, repetition of the task leads to more "efficient" 
muscle activity, although there is a decrease in electromyographic output, 
and, secondly, fatigue and muscles adjudged as "Weak" show less "effi- 
cient" muscle activity although there is a significant increase in electromyo- 
graphic output. 
- - 

The electromyographic signal, therefore, may be used as an objective 
representation of neuromuscular activity. The signal is not only used as a 
source of information for the patient and the therapist but may also be used 
as an important index for improvement of muscle function. During early 
stages of neuromuscular training, when the therapeutic attention is directed 
on the increase of motor-unit recruitment, this assumption is without prob- 
lems. However, the results of the present study show that this assumption 
has some risks if one tries to relate the electromyographic output dlrectly to 
the functional output of the muscle(s) being trained, i.e., if the integrated 
EMG is used as an indirect measure of force. In the SHORT-F condition, 
for example, an increased efficiency of muscle functioning was reflected by 
even a slight decrease in integrated EMG activity. 

On the other hand, results of the LONG-F condition clearly showed a 
significant increase in integrated EMG activity as a result of fatigue and also 
associated with muscles judged to be "Weak." These are interesting results. 
Note that fatigue plays an important role in neuromuscular therapeutic 
retraining modalities because therapy sessions are often intensive. The results 
of the LONG-F condition indicate, however, that an increase in integrated 
EMG output is not always an objective proof of neuromuscular improve- 
ment, i.e., sometimes it is only a reflection of fatigue. 

The results of this study, however, do not inchcate that electromyo- 
graphic activity is of no use in neuromuscular retraining modalities or that it 
should be discarded in favor of force (Leisman, 1989c) or motor inforrna- 
tion-processing measurements (Leisman, 1988, 1989a, 1989b; Leisman & 
Vitori, 1990). All of these measurements collectively make a meaningful 
contribution to the study of muscle function and represent different aspects 
of muscular activity. The integrated EMG is a valid index of motor unit 
recruitment and reflects the extent to which the muscle is active. This bio- 
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electrical activity, however, is influenced by factors such as task repetition 
and fatigue. Therefore, we suggest a careful use of the integrated EMG, 
especially in situations where the electromyogram is used in functional 
training as an indirect measure of force or as one of the parameters for 
evaluation of therapy and rehabhtation. In these cases, care can be taken 
that fatigue does not confound the results. 

The training and rehabhtation of motor function to the point at which 
fatigue is reached form a basic ingredient of many rehabhtation programs 
and should not be dtscarded. If, however, fatigue affects the signal which is 
one of the main sources of information for patient and therapist, then 
fatigue would have to be controlled. T o  control this fatigue effect, it would 
be desirable to measure progress from the start of one session to the start of 
another session or to employ test sessions separated from the therapy ses- 
sions. Given the fatigue effect, rapid, short (test) trials (5  sec.) interspersed 
with sufficient rest periods are necessary. 
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