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Abstract

Background and Obijective: Fatigue is considered one of the factors effective in changing the electrical activity of muscles
so that it is directly linked to increasing the potential of muscular injuries and functional decline in various stages of sports.
The present study was conducted to evaluate the frequency of electrical activity of lower limb muscles before and after
fatigue during running in individuals with a history of coronavirus disease 2019 (COVID-19) compared to healthy
individuals.

Methods: This quasi-experimental research was conducted on 14 women with a history of COVID-19 over the past two
months (the experimental group) and 14 women without a history of COVID-19 (the control group) with an age range of 18-
30 years using the convenience sampling method in the city of Ardabil. The fatigue protocol started using a sophisticated
treadmill at a speed of 6 km/h, and the treadmill speed was accelerated by 1 km/h every 2 minutes. The Borg’s Rating of
Perceived Exertion (RPE) 6-20 Scale was used to determine the participants’ final moment of fatigue. A steady-state running
fatigue protocol ended at a score higher than 17 on the Borg’s RPE 6-20 scale or 80% of maximum heart rate.
Electromyography data were analyzed using the data LITE biometrics software before and after the fatigue protocol.

Results: There was a statistically significant increase in the frequency of the electrical activity of the vastus lateralis (VL)
muscle between the post-test of the control group and the experimental group (d=0.410, P=0.035). The pretest-posttest
difference of the frequency of electrical activity of the VL muscle after fatigue compared to before fatigue during the loading
response phase during running had a statistically significant increase in the experimental group than in the control group
(d=0.602, P=0.016). The frequency of the activity of the semitendinosus muscle increased after fatigue compared to before
fatigue during the mid-stance phase of running (d=0.261, P=0.005). The impact of fatigue on the frequency of the activity of
the VL muscle during the push-off phase of running was statistically significant (d=0.140, P=0.049). The frequency of the
activity of the VL muscle increased after fatigue compared to before fatigue during the push-off phase of running in the
experimental group.

Conclusion: The increased electrical activity of the lower limb muscles in various phases of running after fatigue in
individuals with a history of COVID-19 can be attributed to decreased neuromuscular coordination.
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Introduction

ith the coronavirus disease 2019 (COVID-19) outbreak and
\N applying quarantine, a large number of individuals were reluctant
to participate in sports exercises due to the fear of this virus.
Considering that COVID-19 is considered a type of respiratory disease, it is
closely related to lung function decline. Lung function decline regarding
sufficient oxygen delivery through alveoli can be a serious background for
the incidence of muscular fatigue in this group of individuals. The reduced
oxygen delivery in individuals with a history of COVID-19 can probably be
the leading reason for the disturbance in the electrical activity of the lower
limb muscles during running and finally the incidence of fatigue.

Physiologically, fatigue refers to the muscle’s inability to produce enough
energy for the continuation of an activity. In this regard, the previous results
have indicated that the disturbance in the electrical activity range of the
lower limb muscles can culminate in an extended range of postural
fluctuations. Numerous physiological and biomechanical factors can result in
serious damage by changing muscles’ electrical activity. Among the critical
physiological factors is the reduced functioning of actin and myosin
contractile proteins. The evaluation and analysis of the leading causes of
changes in muscles’ electrical activity in order to minimize the incidence of
harm and instability during activities such as running are apparently
essential. Hence, the present study was conducted to evaluate the frequency
of electrical activity of lower limb muscles before and after fatigue during
running in individuals with a history of COVID-19 compared to healthy
individuals.

Methods

This quasi-experimental research was conducted on 14 women with a
history of COVID-19 over the past two months (the experimental group) and
14 women without a history of COVID-19 (the control group) with an age
range of 18-30 years in the city of Ardabil, Iran during summer 2021.

Inclusion criteria included the selection of subjects based on female gender
and a history of contracting COVID-19. The participants had a history of
performing recreational walking before contracting COVID-19 so that they
went walking once a week for 45 minutes. Individuals with no symptoms of
COVID-19 since the announcement of contracting the disease were
introduced as healthy individuals. The subjects were randomly assigned to
two 14-people groups as follows.

The control group: Healthy participants (mean age: 22.5+1.9 years) who
received no intervention. The experimental group: The fatigue protocol was
implemented on subjects with a history of COVID-19 (mean age: 22.3+1.5
years).

The fatigue protocol was carried out using a sophisticated non-incline
treadmill. The Borg’s Rating of Perceived Exertion (RPE) 6-20 Scale was
used to determine the participants’ final moment of fatigue. Immediately
after the fatigue protocol, the subject was asked to perform the running
protocol again at a certain speed (3.2 m/s) to measure the electrical activity
range of the lower limb muscles during running. Subjects ran the 18-meter
route with a mean speed of 3.2 m/s. In the middle of the route, there was a
force plate apparatus to determine the beginning and the end of the takeoff
phase. The electrical activity of 8 lower limb muscles was recorded using a
biometric eight-channel electromyography apparatus (made in England) with
bipolar surface electrodes. The recorded data were assessed aiming at
ensuring their accuracy in different stages and procedures. At first,
simultaneously with the end of each attempt by the subject, the surface
electromyography signals were checked in the related software and their
primary accuracy was confirmed by observing the related characteristics,
including the signal continuity and shape. The data LITE biometrics software
was used to analyze the electromyography data.

Results

There was a statistically significant increase in the frequency of electrical
activity of the vastus lateralis (VL) muscle between the post-test of the
control group and the experimental group (d=0.410, P=0.035). The pretest-

posttest difference of the frequency of electrical activity of the VL muscle
after fatigue compared to before fatigue during the loading response phase of
running had a statistically significant increase in the experimental group than
in the control group (d=0.602, P=0.016).

The frequency of the activity of the semitendinosus muscle increased after
fatigue compared to before fatigue during the mid-stance phase of running
(d=0.261, P=0.005). Other investigated variables showed no statistically
significant difference before and after the fatigue protocol.

The impact of fatigue on the frequency of the activity of the VL muscle
during the push-off phase of running was statistically significant (d=0.140,
P=0.049). The frequency of the activity of the VL muscle increased after
fatigue compared to before fatigue during the push-off phase of running in
the experimental group. Other investigated variables showed no statistically
significant difference before and after the fatigue protocol.

Conclusion

According to the results of the current study, the frequency of the electrical
activity of the VL muscle after fatigue compared to before fatigue during the
loading response phase of running had a statistically significant increase in
the healthy group compared to the COVID-19 group. The frequency of the
semitendinosus muscle during the mid-stance phase of running and the VL
muscle during the pushing phase showed statistically significant increases in
the COVID-19 group. In the current research, the functional capacity of the
lower limb muscles was measured while performing the motor task of
running. Since the muscles’ contributions to performing different stages of
running are different, the activity of the muscles having more contribution to
performing the intended phase was considered. One of the significant and
principal stages of the running phase is the suspension of both legs in the air,
known as a double swing. A considerable difference between running and
walking is the deletion of the mid-takeoff phase in running. When the heel
contacts the ground, the quadriceps muscle group functions concentrically
and the semitendinosus, biceps femoris, and gastrocnemius muscles function
eccentrically to stabilize the knee. In the present research, no statistically
significant difference was observed during the contact phase of the heel with
the ground. The subjects’ constant speed has probably culminated in the
coordination of the electrical activity of the flexor and extensor muscles,
subsequently leading to imposing asymmetric forces on the lower limb
joints, and finally, no differences were observed in the muscles’
electromyography. Hence, the increased frequency of the semitendinosus
muscle in COVID-19 individuals may probably be due to the increased
activity of this muscle. Ultimately, the pushing phase consists of the heel
lifting phase to the toe lifting phase. The frequency of the VL muscle
increased after fatigue compared to before fatigue during the push-off phase
of running. The VL muscle is regarded as one of the knee supports that helps
stabilize the knee joint. Given the increased electrical activity range of the
VL muscle in individuals with a history of COVID-19, the results
demonstrate the increased support of the VL muscle during running. The
reduced lung ability to oxygen delivery to the main involved muscles in
different phases of running is one of the significant reasons for the incidence
of premature fatigue in COVID-19 patients.
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The results of the present study demonstrated that the increased electrical activity of

the lower limb muscles in various phases of running after fatigue in individuals with

a history of COVID-19 could be attributed to decreased neuromuscular coordination.
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