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Abstract

Introduction. Muscle fatigue has been studied for a long time with the use of a wide variety of exercise models, protocols and
assessment methods, among which surface electromyography (sEMG) is most commonly used. The main sEMG parameters
(amplitude and frequency) are prevalently used to evaluate the level of muscle fatigue in static and dynamic contractions.
Objective. The purpose of this study is to determine and compare 2 separate indices: IF1 basis of the sEMG signal amplitude
analysis and IF2 basis of the sEMG median frequency analysis, related to muscles fatigue during an isometric contraction.
Materials and method. The study was performed on 60 professional runners divided into 2 equal groups. The first group
comprised sprinters, competing in short distance track and field events (100 and 200 meters). The second group consisted
of middle-distance runners, competing in middle-distance track and field events (800 and 1,500 meters). The electrical
activity of the VMO muscles of the right and left lower limbs was recorded simultaneously during isometric activity in a
squatting position. The sEMG data was used to determine and compare IF1 and IF2 indices.
Results. During isometric measurement, sprinters presented a much more significant increase in the mean amplitude
of sEMG signal in comparison to middle-distance runners (mean IF1 difference: 0.228; p=0.007). Analysis of the median
frequency did not show significant differences between the 2 groups (mean IF2 difference: 0.037; p=0.12).
Conclusions. Change in sEMG amplitude during isometric exercise may be related to muscles fatigue. The use of fatigue
indices, based on sEMG amplitude, as an objective indicator of the efficacy of an endurance training programme for
sportsmen requires further research.
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INTRODUCTION
Muscle fatigue, defined as the inability to maintain the
required or expected force or power output, is a common
symptom during sport activities [1]. Moreover, this symptom
is present in many diseases and health conditions related to
physical inactivity [2]. From the physiological point of view,
fatigue is related to the exhaustion of the metabolic reserves
and accumulation of by-products in the contracting muscle,
which reduces its contractile properties [3]. Moreover, the
physiological and anatomical factors, such as: muscle fibre
composition (fast-twitch to slow-twitch muscle fibre ratio),
neuromuscular characteristics, high-energy metabolite
stores, buffering capacity, ionic regulation, capillarisation,
and mitochondrial density, can determine the fatigue profile
of a muscle [1]. Thus, the mechanism of fatigue is related to
changes in both the muscle (peripheral fatigue) and the nerve
system (central fatigue) [4].
Muscle fatigue has been studied for a long time with the use
of a wide variety of exercise models, protocols and assessment
methods. There are several methods (sonomyography,
acoustic myography, surface mechanomyography), which
have been used in studies on muscle fatigue [5, 6]. Moreover,
kinematics and kinetics measurements, based on speed,
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velocity, acceleration of muscles contraction, joint angle
and oscillations, are recorded as indicators of fatigue [7, 8].
In addition, the commonly used tool in relation to muscle
fatigue is surface electromyography (sEMG), which allows
for non-invasive examination by means of surface electrodes
[9]. The main sEMG parameters (amplitude and frequency)
are prevalently used to evaluate the level of muscle fatigue
in static and dynamic contractions [10]. One symptom of
a muscle fatigue during an isometric contraction is the
increase in the sEMG root mean square (RMS) amplitude
signal, which is interpreted as the recruitment of additional
motor units [11]. Another symptom of muscle fatigue during
contraction is the shift in median frequency of a complete
power range towards lower values [12]. Median frequency
parameters are related to changes in muscle fibre conduction
velocities and subsequent changes in the duration of the
motor unit action potential waveform [13, 14, 15]. However,
there are many factors that could influence the quality of the
EMG signal (quantity of tissue between the electrode and
the surface of the muscle, the depth and location of active
fibres, the timing and intensity of muscle contraction, and
the properties of the electrode and amplifier) [3]. Therefore,
interpretation of EMG is not so straightforward and requires
the correct selection of signal and indicator parameters to
properly interpret the test results.
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OBJECTIVE
The purpose of this study is to determine and compare 2
separate indices (IF1 basis of the sEMG signal amplitude
analysis and IF2 basis of the sEMG median frequency analysis)
related to muscles fatigue during an isometric contraction.
MATERIALS AND METHOD
Sixty professional runners, with a minimum experience of
3 years of training and practising at least 4 times per week
in sports clubs, participated in the study. All athletes were
competing at provincial level. Participants with a history of
surgery and traumatic injuries to both lower extremity and
spine in the previous 2 years were excluded. Runners were
divided into 2 groups of even numeracy. The first group
comprised sprinters, competing in short distance track and
field events (100 and 200 meters; 23 males, 7 females; aged
23.9±5.1). The second group consisted of middle-distance
runners, competing in middle distance track and field events
(800 and 1,500 meters; 23 males, 7 females; aged 24.1±4.5).
Detailed characteristics of the participants are shown in Table
1. Both sprinters and middle-distance runners performed
several types of training, including low/high-resistance
training, plyometric training, and explosive training.
Training loads were selected in order to meet established
training goals (competing in short or middle distances races).
During a 6-month period prior to the study, all participants
subjects were in a good state of health, without any conditions
which could influence the test results. All the tests were
conducted in the morning to decrease the influence of the
variability of bioelectrical activity of the muscle.
The study was approved by the Ethics Committee of the
Medical University in Lublin, Poland (KE-0254/339/2014),
and conducted in accordance with the Declaration of
Helsinki. All participants gave written informed consent
to participate.
Prior to data collection, each athlete performed a 15
minutes dynamic warm-up. After warm-up, participants
were asked to assume a squatting position without shoes and
with minimal clothing (feet hip width apart, knees bent at a
60º angle, hands laced at the level of the chest), according to
the procedure described by Hyong 2015 [16]. A goniometer
was used to maintain the knee angle. During the test, each
participant was asked to maintain the position for 60 seconds.
The electrical activity of the vastus medialis oblique
(VMO) muscles of the right and left lower limbs was recorded
simultaneously during isometric activity in a squatting
position. The 4-channel Noraxon MyoTrace 400, compatible
with Master Edition software, was used for the recording.
The sampling rate was 1,000 Hz, and frequency bandwidth
80–250 Hz. Pairs of electrodes (Ag/AgCl) were attached at 4/5
of the distance between the upper inner part of the knee bone
and the anterior superior iliac spine on the VMO muscles
in relation to the muscle fibre direction [17]. In compliance
with SENIAM standards, the reference electrode was placed
over the patella bone [18]. The skin at the attachment sites
was shaved and cleansed with 90% ethyl alcohol solution.
In order to determine the IF1 value, the raw sEMG data were
full wave rectified. Root mean square values were calculated
using a 100 ms sliding window. The IF1 was determined by
division of the mean amplitude of the last 3 seconds (57th

– 60th seconds) through the mean amplitude of the first 3
seconds of contraction (0 – 3rd seconds). The raw sEMG
signal was used for analysis of the median frequency. The
IF2 was determined by division of the median frequency of
the first and last seconds of the test. The sEMG values from
dominant leg were used to statistical analysis. The dominant
leg was determined by asking the subjects which leg they
would choose to kick a ball, according to the Van Lunen
et al. 2003 protocol [19].
IBM SPSS STATISTICS 21 programme was used to prepare
the statistical analysis. The data was tested for normal
distribution, by a Shapiro-Wilk test of normality, which
showed normal distributed material. Thus, to evaluate the
significance of the analysed variables, T-test independent
samples were used. Differences were regarded as statistically
significant if the level of probability value was lower than the
statistical significance (p<0.05).
RESULTS
The characteristics of groups analysis did not show significant
difference (p>0.05) in age, height and body weight between
sprinters and middle – distance runners (Tab. 1).
Table 1. Demographic data for study participants
Age
(years)*

Height
(cm)*

Body weight
(kg)*

Group

n

Male

Female

Sprinters

30

23

7

23.9±5.1 173.8±5.5

67.3 ± 4.8

Middle-distance
runners

30

23

7

24.1±4.5 174.6±5.8

65.5 ± 6.1

* p<0.05 (independent samples T – test, p=0.05)

During squatting test, sprinters presented a much more
significant increase in the mean amplitude of sEMG signal
(IF1: 1.391± 0.079), compared to middle-distance runners
(IF1: 1.163± 0.085). Analysis showed significant difference
(p<0.05) in IF1 between the 2 groups (Tab. 2).
Table 2. Difference in the sEMG mean amplitude (IF1) of VMO muscles
between sprinters and middle-distance runners during squad test

Runners

n

Mean IF1

SD

Sprinters

30

1.391

0.079

Mean Difference

0.228
Middle- distance
runners

30

1.163

t

p

10.787 0.007*

0.085

* statistically significant results (independent samples T – test, p=0.05)

In sprinters, analysis did not show significant difference
in the median frequency of the sEMG signal (IF2) of VMO
muscles, compared to middle-distance runners (Tab. 3).
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Table 3. Difference in the sEMG median frequency (IF2) of VMO muscles
between sprinters and middle-distance runners during squad test
Runners

n

Mean IF2

SD

Sprinters

30

1.251

0.096

Middle- distance runners

30

1.213

0.088

Mean Difference

t

p

0.037

1.577

0.12

DISCUSSION
An objective examination and determination of muscle
fatigue level is extremely important in terms of monitoring
the effects of athlete training. Applying objective methods
of measuring muscle fatigue provises information on
whether an athlete is adapting to a training programme. In
addition, the correct interpretation of fatigue indices helps
to reduce the risk of sportsman overload [20]. Determination
of fatigue indices is possible through the use of surface
electromyography, but the interpretation of the results of
sEMG is still a matter of reflection [21].
Both the mean amplitude and the median frequency of
the sEMG signal were measured to determine the effect of
muscles fatigue [4, 11, 14, 22]. The sEMG amplitude increases
during submaximal isometric contractions, in comparison to
median frequency, which decrease during isometric fatiguing
contraction [15].
It was recently found that the changes due to fatigue in the
sEMG signal (increased amplitude and decreased frequency),
suggesting that the recruitment of motor units (MU) firing
rates correlates with sEMG amplitude and frequency [11]. The
central nervous system regulates muscle force production
during fatigue conditions by varying 2 main motor unit
parameters: the recruitment of new motor units, and the
modulation of firing rates of active motor units [23]. Studies
have shown that MU firing rate decreases with muscles
fatigue, which can also be observed in the amplitude and
frequency of sEMG [24, 25]. However, MU recruitment
cannot be used synonymously with sEMG amplitude and
cannot be inferred from changes in sEMG amplitude [21].
In the presented study, in order to compare 2 fatigue indices,
2 different groups of runners were selected which differed
significantly in the type of training. A considerable increase
in the mean amplitude of sEMG signal was observed for
sprinters, compared to middle-distance runners. The lower
increase of sEMG amplitude in middle-distance athletes
can be interpreted as a greater resistance to muscle fatigue
during isometric contraction. In this study, analysis did not
show significant difference in spectral median frequency
between the 2 groups of runners. Thus, the obtained results
suggest that sEMG amplitude better reflects differences
in muscle fatigue between sprinters and middle-distance
runners. However, the mechanism of increase in amplitude
during isometric contraction cannot be based solely on MU
recruitment and needs further investigation [26]. Moreover,
the athletic activity of runners takes place in dynamic
conditions and cannot be unequivocally assessed during
isometric tests. The use of dynamic contractions in sEMG
measurement is more relevant to muscles function during
running; however, the shifts of the underlying muscle fibres
with respect to the recording surface electrodes affect sEMG
measurement during dynamic contractions [27, 28]. Hence,
in the presented study, isometric activity was used which is
more reliable and easier to analyze.

CONCLUSIONS
1. Change in sEMG amplitude during isometric exercise may
be related to muscles fatigue.
2. The use of fatigue indices, based on sEMG amplitude, as an
objective indicator of the efficacy of an endurance training
programme for sportsmen requires further research.
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