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ABSTRACT
Article Info: ¢ [aIEEE This study aimed to examine the effect of fatigue on postural balance of young women using
Received: 14 Apr 2019 Electromyography (EMG) of lower extremity muscles and measuring the foot plantar Center of Pressure
Accepted: 27 Sep 2019 ¢ (COP) displacement.
Available Online: 01 Dec2019 | ISR Participants were 10 young women (mean age, 26.4+3.01 years; mean weight, 65.55.75 kg;

mean height, 165+2.61; BMI, 24.08+2.08 kg/m?) with no history of lower limb injury or balance problems.
To evaluate their static balance, the stork test was used and the foot plantar COP was measured by force
plates. To measure fatigue, three parameters of muscle power (P), median frequency of muscle (F) and
Root Mean Square (RMS) of raw EMG signals were calculated. Data were analyze din SPSS V. 16 and MAT-
LAB software using Mann-Whitney U test.

(TS fatigue had a significant effect on P and RMS parameters (P<0.05), but did not significantly affect
the F. Itincreased P and decreased RMS. The highest change in the P parameter was seen in biceps femo-

Key words: ris muscle; the highest change in the F parameter was related to semitendinosus muscle; and the highest
Electromyography, ¢ changein the RMS parameter was related to gastrocnemius lateralis and gastrocnemius medialis muscles.
lower extremity, : There is a negative relationship between fatigue of the lower extremity muscles and balance
EMG, balance, fatigue :  impairment; by increasing the level of fatigue in the muscles, balance is more impaired.
Extended Abstract the result of a dynamic combination of internal and external
forces and environmental factors [2, 3]. Balance or postural
1. Introduction control body is the consciousness of the body on the status
of its different parts in relation to each other and in relation
he ability to maintain body posture is essen- to space, with the help of information received from the vi-
tial not only during daily activities such as sual and vestibular systems, proprioception of the joints and
walking, but also for the proper performance skin, basal ganglia and cerebellum [4]. It has three types of
of complex sports skills. Its measurement static, semi-dynamic and dynamic [5]. Static balance refers
in laboratory and clinical settings is used as to the body’s ability to maintain stability in static mode or
a tool to assess the stability and neuromuscular control in in a standing position [6, 7].

healthy and injured individuals [1]. Maintaining balance is
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Studies have shown that the balance impairment, injury
and reduced performance occurs at the time of fatigue [8,
9]. Fatigue is one of the most important factors in reducing
muscle strength and stability. Several studies have shown
that fatigue has negative impact on postural control [10-
14]. Fatigue is a common phenomenon in sports and daily
activities [2, 15]. It can affect the stability of the body by
affecting environmental factors and central system mecha-
nisms [16]. Fatigue refers to a condition that the efficiency
of the body to perform a particular activity is reduced and
the body is unable to continue working [17]. The muscle
fatigue is the inability of muscle to respond to the stimuli
it receives. As a result, the muscle is unable to respond to
signals transmitted from the nervous system [18].

2. Methods

Participants were 10 young women (mean age, 26.4+3.01
years; mean weight, 65.5+5.75 kg; mean height, 165+2.61;
BMI, 24.08+2.08 kg/m?) with no history of lower limb in-
jury. To evaluate static balance, the stork test was used. The
postural control was determined through calculating foot
plantar Center of Pressure (COP) on AMTI force plates
(GCO model). Force plate results were calculated at 1000
Hz sampling rate by Nexus software. Then, the mean dis-
placement in the medial/lateral and anterior/posterior direc-
tions was calculated to obtain the impaired balance point.
To assess fatigue, electrical activity was recorded with a
biometric Electromyography (EMG) device in seven mus-
cles active in the lower extremities.

At first, the subject lifted her left leg from the ground ac-
cording to the stork test and raised it to her knees and stood
with one leg on the right foot on which the electrodes were
installed. Synchronization between force plate data and
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EMG results were done by a synchronizer. The test contin-
ued until the person was able to stand on one leg. The test
was terminated when the subject expressed her exhaustion
or was unable to maintain her balance and tended to put the
other foot on the ground. All these steps and the installation
of the electrodes were done again on the left foot of the
subjects. The results of the EMG with a sampling frequency
of 1000 Hz were transferred to the Biometrix device and
then analyzed in MATLAB software. The raw signal was
normalized to Maximum Voluntary Contraction (MVC).

The amplitude of the EMG signal was represented by
calculating the overall Root Mean Square (RMS). The raw
signal from the EMG device was divided into two groups of
before fatigue and after fatigue, based on the stages of mus-
cle fatigue. Then, the last 30 seconds of each signal were
used due to the importance and imbalance of the subject,
and analyzed under three 10-second time intervals. At each
stage, three parameters of muscle power (P), median fre-
quency (F) and RMS were obtained from raw EMG signals
and were considered as fatigue indicators for each muscle.
Finally, the normality of the data was assessed in SPSS
v.16 using Shapiro-Wilk and Kolmogorov-Smirnov tests.
The significance level of the parameters was then tested by
Mann-Whitney U test.

3. Results

It was observed that the mean COP displacement increased
after fatigue and imbalance. There was a significant differ-
ence between the measurements before and after fatigue in
the P and RMS parameters (P<0.05), but not in F parameter.
Hence, it can be said that fatigue has a significant effect on
muscle strength and RMS, but does significantly affect the
median EMG frequency of muscle. Moreover, fatigue in-

Table 1. Changes in P, F, and RMS of selected muscles before and after inducing fatigue

Before After Mean
Muscles
P F RMS- P F RMS- P F RMS-
RF 0.9116 58.5115 0.3322 1.9703 59.2039 0.2689 2.161365 1.011834 0.809452
v 0.5042 56.1342 0.3452 1.559 61.0166 0.2348 3.092027  1.086977 0.680185
MV 0.8674 50.9734 0.3483 2.9081 56.683 0.3035 3.352663  1.112011 0.871375
BF 0.6382 67.2779 0.3551 2.8103 79.6907 0.2822 4.403479 1.1845 0.794706
ST 0.8598 66.2933 0.326 2.3273 86.2823 0.276 2.706792  1.301524 0.846626
GM 14.5998 85.2386 0.3338 20.3797 81.9442 0.3279 1395889  0.961351 0.982325
GL 7.5888 82.1065 0.3417 12.0463 79.3946 0.338 1.587379  0.966971 0.989172
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creases P and decreases RMS. The highest change in the
P parameter was seen in Biceps Femoris (BF) muscle; the
highest change in the F parameter was related to Semiten-
dinosus (ST) muscle; and the highest change in the RMS
parameter was related to Gastrocnemius Lateralis (GL) and
Gastrocnemius Medialis (GM) muscles (Table 1).

4. Discussion

The results showed that there was a negative relationship
between fatigue of the lower extremity muscles and bal-
ance impairment. This means that by increasing the level
of fatigue in the muscles, balance impairment increases.
Studies that reported the results opposite of the results of
this study were very rare. Almost all of them confirmed the
negative effect of muscle fatigue on balance control; the
only difference was related to the severity of fatigue in dif-
ferent muscles or the different direction of balance control.
This may be due to interfering factors such as the amount
of rest the day before the test, the nature of the activities that
subjects experience during the day, whether the subjects are
athletes or not, the subjects’ type of sports activities, activ-
ity and readiness level of the subjects, or the difference in
the protocol of fatigue induction. Since fatigue causes bal-
ance impairment and increases the risk of injury, this issue
requires considerable attention.
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