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In this paper, we propose a method to evaluate the motor coordination of runners based on the analysis of amplitude and
spatiotemporal dynamics of multichannel electromyography. A new diagnostic index for the coordination of runners was pro-
posed, including the amplitude of electromyography, the spatiotemporal stability coefficient, and the symmetry coefficient of
muscle force. The motor coordination of 13 professional runners was studied. Detailed anthropometric information was recorded
about the professional runners. It has been found that professional athletes are characterized by the stability of movement
repetition (more than 83%) and the high degree of symmetry of muscle efforts of the left and right legs (more than 81%) regardless
of the changes in load during running at a speed of 8–12 km/hr. Scientific and technological means can support the scientific
training of athletes. The end of the Winter Olympic Games has shown us the powerful power of a series of intelligent scientific
equipment, including electro-magnetic gun, in sports training. We also look forward to the continuous innovation of these
advanced technologies, which will contribute to the intelligent development of sports scientific research.

1. Introduction

Coordination motor abilities (CMA) are important qualitative
and quantitative characteristics of athletes’motor activity. The
CMA can reflect the level of physical fitness and the degree to
which an athlete has mastered new moves. At the same time,
the CMA assesses the ability of athletes to change their athletic
activities in unexpected situations [1]. The development of
CMA is a background for sport-specific techno-tactical mas-
tery [2, 3]. High levels of CMA improve the quality and speed
of mastering new motor functions. Some aspects of CMA have
recently been developed. These are as follows: the concept and
variation of their training, the structure of the CMA of athletes
in different sports, and the place of general and special coordi-
nation preparation in the long-term training system [2], which
is good for the mastery of sports-specific tactics.

An analysis of recent studies shows that nowadays, ped-
agogical testing using special exercises (for instance, The
Child Physical Coordination Assessment Tool (KTK-test)
or Standard Motor Coordination Assessment Test for Chil-
dren (MABC-2)) [4] and expert assessment [4–6] are the

most popular methods used for investigating CMA in sports.
At the same time, in medicine, methods of kinematic metering
[7–10] and electrophysiological methods [11–14] are primarily
used to study motor coordination. Electrophysiological and
kinematic methods are mainly used in laboratory studies. Com-
plex and expensive systems, trained and qualified personnel,
and special methods of analyzing data are all important features
of laboratory research. In addition, the movements themselves
are of complex structural and functional composition. For this
reason, new algorithms for processing biomechanical and
electrophysiological data shall be developed [15].

This scientific paper suggests the use of multichannel
electro-magnetic gun (EMG) for the analysis of the motor
coordination of runners. Such an approach makes it possible
to assess the degree and the nature of the consistency and
proportionality of muscles involved in performing controlled
motor action [16]. To expand the diagnostic potential of EMG
signals, a combined analysis using spatiotemporal (motion)
motion parameters is proposed. A number of scientific works
show the effectiveness of EMG when used specifically for
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research in the field of sports [17, 18], including investigations
of motor coordination [19]. With the continuous development
of technology, surface EMG has been widely used in biome-
chanics, sports rehabilitation, human–computer interaction,
and other fields. Surface electromyography in sports science
research mainly focuses on muscle strength and muscle fatigue
research. Now, surface electromyography has been widely used
in muscle reaction time research, functional analysis of muscle
activity, muscle coordination when completing a movement,
muscle fiber composition analysis, muscle contraction speed
research,muscle stability, coordination research, and so on [20].

The application of surface electromyography in sports
scientific research [21, 22] is of great significance. It is helpful
to establish a scientific training method by detecting the
surface electromyographic signals of athletes and reflecting
the fatigue [23] and excitation state of muscles in time. It is
embodied in the following aspects: biomechanics and risk
factors analysis of runners [24–29], using surface electromy-
ography to measure nerve conduction velocity, using surface
electromyography to assess nerve and muscle function, using
surface electromyography to evaluate muscle strength, using
surface electromyography to analyze movement [30–33].

It is important to note that there is a lot of work related to
electromyography that aims to study pathological conditions
or individual muscles in the field of running. However,
EMG-related work to study the entire movement has not
been reported [34–38]. In addition, there is scientific litera-
ture on the construction of muscle activity patterns and
muscle synergies [39, 40]. Some papers focus on quantifying
changes in muscle activity and coordination, such as speed,
duration, mechanical restraint, etc. [41–44]. Sports science
focuses on the study of human movement, which is mainly
powered by muscles, so it is natural to use electromyography.
For decades, sports workers at home and abroad have done a
lot of work in opening up new fields of application of EMG in
sports scientific research. At present, most studies devoted to
the biomechanical analysis of running are only exploratory.
Published papers have only studied the formation and change
mechanisms of movement patterns under the influence of
external and internal factors. Surface electromyography is

the bioelectrical signal of muscle activity guided, recorded,
and collected by surface electrodes when skeletal muscle is
excited. EMG mostly uses a single electrode or double elec-
trode placed in the muscled abdomen to extract the electro-
myographic signal, but there is an uneven activation state in
skeletal muscle during movement, and few electrode channels
extract signals due to different electrode positions, so it is
difficult to complete accurate muscle activation analysis and
muscle force estimation and other tasks. In this paper, we
creatively propose a method to evaluate the motor coordina-
tion of runners based on the amplitude and spatiotemporal
dynamic analysis of multi-channel electromyography. This
paper provides a fast and effective method to evaluate the
motor coordination of runners, which provides feasible con-
ditions for the practical application of the motor pattern
mechanism and the research task in the field of clinical medi-
cine. In this paper, a new diagnostic index of motor coordi-
nation in runners was developed, including the amplitude and
spatiotemporal stability coefficient of electromyography and
the symmetry coefficient of muscle force, which provide a ref-
erence for accurate muscle activation analysis and muscle force
estimation. The multichannel EMG amplitude and spatiotem-
poral dynamic analysis method provided in this paper have the
advantages of nontrauma detection, no need for medical pro-
fessionals to handle, easier to be accepted by the subjects, and so
on, so it has a broader research application prospect.

2. Methods

2.1. Participants and Procedure. Professional marathon and
long-distance (over 5,000 and 10,000m) runners took part in
the research. They are winners of national championships
(Open Championship of the Republic of Belarus and the
Cup of Belarus) and participants of international competitions
(II European Games in Minsk, the European Athletics Indoor
Championship 2017–2019, the XXXII Summer Olympic
Games, etc.). Thirteen athletes (nine males and four females,
aged 22–33) volunteered to participate in the study. The
physical indicators of 13 athletes are shown in Table 1. All
athletes were examined by the sports doctor at the time of

TABLE 1: Detailed anthropometric information for professional runners.

S. no Height (cm) Weight (kg) Gender information Body mass index

1 169 62 Man 21.7
2 176 70 Man 22.6
3 164 49 Woman 18.2
4 175 68 Man 22.2
5 184 76 Man 22.4
6 181 73 Man 22.3
7 166 50 Woman 18.1
8 168 52 Woman 18.4
9 178 72 Man 22.7
10 170 54 Woman 18.7
11 182 74 Man 22.3
12 180 74 Man 22.8
13 177 71 Man 22.7
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the research. According to the examination results, the athletes
tested had no health problems or injuries and no excessive
exercise or dysfunction. The essence of the study was initially
explained to the test athletes, and a test demonstration was
conducted. All the participants provided written informed
consent to participate in the study. The experiments were
designed in accordance with the Declaration of Helsinki and
approved by the expert commission of the Belarusian National
Technical University.

Treadmills are often used in biomechanical studies, clin-
ical practice, and training [45, 46]. The experiment was car-
ried out on a treadmill. Before testing, the athlete had a
necessary warm-up procedure: running for 5min at a com-
fortable speed for the athlete (the speed of the warm-up run
was chosen by the athlete). Investigations were carried out
using the test with a stepwise increase of load [47–49]. The
load was increased by steps of 1 km/hr every 30 s, starting
from the speed of 8 km/hr and up to 712 km/hr. The athlete
stood on the treadmill, after which the treadmill was set in
motion. The speed of the treadmill was gradually increased
until it reached 8 km/hr. Then the athlete ran for some time
at the set initial speed, after which the signal was given to
start testing and recording data. The signal was given when
the athlete was ready. The speed range chosen for research
corresponds to low-intensity running [50]. Jogging speeds can
vary between 7 and 9 km/hr, while speeds over 10 km/hr are
true running. In addition, treadmill-based stress tests [51]
show that 8 km/hr is the traditional and most appropriate
initial running speed. The technique of running at different
speed ranges stays mostly unchanged. As running distances
lengthen, the pace at which you run clearly has a decisive
effect on running performance and physiological perception
[52–54]. Maintain a steady pace during running, not fast and
slow pace; not only the race performance will be more stable,
but also the runner’s physiological response will be easier to
maintain a stable condition.

The following muscle groups were chosen for the study:
rectus femoris, the lateral and medial heads of the quadriceps
(m. vastus lateralis, m. vastus medialis), tibialis anterior,
biceps femoris, and the lateral and medial heads of the gas-
trocnemius muscle (m. gastrocnemii medialis, m. gastrocne-
mii lateralis). The choice of the muscles was based on their
active involvement in running [55]. Multichannel interfer-
ence electromyography was used to study muscle movement
during running, which can be used to assess muscle partici-
pation in various sports. This method can also assess the
overall level of arousal and the proportion of muscle activity
in each period of exercise [16].

Spatiotemporal parameters of running were calculated
based on the signals of inertial micro-electro-mechanical
systems gyroscopes. Gyroscope signals are represented as
the projections of the angular velocity vector onto the axes
associated with the object. By this means, the kinematic
characteristics of movements can be analyzed [56].

2.2. Instruments and Data Collection. The EMG signals of
muscles and gyroscope were registered using the Trigno
Wireless System with Trigno Avanti Sensors (Delsys Inc., USA).

Each wireless sensor can record one EMG channel (band-
widths 10–850Hz, input range 22mV, resolution 16 bits)
and three gyroscope channels (three coordinate axes, sam-
pling rate of 741 sa/s, resolution 16 bits) and transmits the
data via Bluetooth over distances of up to 40m [57].

The fixation and location of the sensors on the muscles
under study, their orientation relative to the motor fibers,
and the quality of skin surface preparation for the registra-
tion of superficial EMGs were made in accordance with
SENIAM recommendations [58]. The sensors were fixed
on selected muscles of the left and right legs using a material
with a high degree of adhesion. The sensors do not cause any
discomfort during training because of their compact size and
wireless data transmission.

The EMG and gyroscope signals were recorded using
Delsys Acquisition Software (Delsys Inc., USA). For further
data analysis within the MATLAB technical computing envi-
ronment, special software was developed, which, in terms of
received data format (multichannel EMG signals and gyro-
scope signals), fully matches Trigno Wireless System [59].

2.3. Data Analysis. Here, we propose a method for assessing
the motor coordination of runners based on the analysis of
the amplitude and spatiotemporal dynamics of multichannel
EMGs. The method includes the following steps:

(1) Determination of the phases of running based on
gyroscope signals.

(2) Preprocessing of EMG signals.
(3) Calculation of the symmetry of muscular efforts of

the left and right limbs.
(4) Determination of the amplitude and spatiotemporal

dynamics of EMG profiles of muscles.

2.3.1. Determination of the Phases of Running Based on
Gyroscope Signals. To isolate the phases of running, we
selected gyroscope signals from the sensors located on the
tibialis anterior muscles of the left and right legs. The use of
these signals makes it possible to quantitatively describe the
movements of the tibia around the anatomical mediolateral
axis, which allows the reliable identification of cycles for
walking and running [60–62].

At the initial stage, adaptive filtering of the gyroscope
signals is performed using a sliding averaging filter [63]:

y i½ � ¼ 1
N

∑
N−1

j¼0
x iþ j½ �; ð1Þ

where N is the width of the filter window, x iþ j½ � is the input
signal and y i½ � is the output signal.

This filter is considered optimal for reducing random
noise while maintaining the sharpness of the signal edges
in the time domain. The window width of the moving aver-
aging filter is selected dynamically and depends on the period
of motion. The period of motion is determined based on
the extrema of the autocorrelation function of gyroscope
signals [64].
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The criterion for distinguishing the phases of running is
the local maxima of the gyroscope signal, which corresponds
to the changes in the direction of the movement of a body
link. The local maximal peaks of the angular velocity signal
correspond to the middle of the unsupported part of the
running locomotion [65].

Figure 1 shows an example of the selection of running
cycles based on the local extrema of the angular velocity signals
about the x-axis obtained from the gyroscope sensors located
on the tibialis anterior of the left and right leg. Running speed
in the presented example is 9 km/hr. The top graph illustrates
the isolation of the running cycles for the left leg, and the
bottom graph represents the right leg. In addition, the “heel
strike” and “toe-off” points are indicated in the graphs.

2.3.2. Preprocessing of EMG Signals. When analyzing
biomedical signals, including EMGs, the reliability of the
research results is determined by the quality of the recorded
signals. Motor artifacts, high-frequency interference, mains
frequency interference, and cross-talk from various biomed-
ical significantly distort the useful EMG signals [63].

In this study, we digitally filter EMG signals to remove
distortion in the spectrum of useful signals:

(1) Butterworth high-pass filter with a cutoff frequency
of 10Hz is used to remove motion artifacts [63].

(2) Butterworth notch filter with a notch frequency of
50Hz is used to remove the main frequency [64].

2.3.3. Calculation of the Symmetry of Muscular Efforts of the
Left and Right Limbs. The formation of movements is often
accompanied by different involvement of the right and left
hemispheres in the control of a motor action resulting in the
asymmetry of motor functions in the left and right limbs [66].

In order to obtain a quantitative assessment of muscle
efforts during running, we calculated the energy of EMG
signals in previously identified cycles of motor action in
accordance with the author’s methodology [67]. The EMG
and gyroscope signals were recorded synchronously, so the
running cycles for the left and right legs isolated on the basis
of angular velocity were further used to divide the EMGs of
the muscles by phases.

In general, the energy of a digital signal is viewed not as a
physical quantity but as a tool for comparing different signals
[64]. In the case of EMG, the energy of the signal is propor-
tional to the force exerted by the muscle during a movement
[68]. To assess the symmetry of the muscular efforts of the
left and right legs during running, a correlation analysis of
the envelopes of EMG energy signals of the same muscles on
opposite limbs was performed. The EMG energy envelopes
were determined by the application of spline interpolation
using local signal maxima [69].

The cross-correlation coefficient [64] of the envelopes of
EMG energy signals was calculated by the formula:

r12 jð Þ ¼ 1
N

∑
N−1

n¼0
x1 nð Þ × x2 nþ jð Þ; ð2Þ

where x1(n) × x2(n) are the digitized envelopes of EMG
energy signals, each containing N elements, and j is the delay
by which signal x2(n) is shifted relative to signal x1(n).

At the same time, for running, the delay j is equal to
cycle/2 since the movements of the opposite limbs are per-
formed in antiphase (Figure 2).

The symmetry coefficient of the muscular efforts of the left
and right legs (α, measured in%) was calculated as the average
value of the cross-correlation coefficients of the envelopes of
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FIGURE 1: Isolation of running cycles.
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EMG energy signals of all the muscles under study. This anal-
ysis makes it possible to reveal asymmetries in the motor func-
tion of the left and right limbs.

2.3.4. Determination of the Amplitude and Spatiotemporal
Dynamics of EMG Profiles of Muscles. In analyzing EMG, a
pressing task is to identify the region with the greatest muscle
activity (the positioning window of muscle activity). With
distorted locomotion, the transformation of an EMG profile
of the muscles frequently occurs. This changes the amplitude
and duration of muscle electrical activity maxima or trans-
fers the maxima to another phase of the motorcycle [70].

The muscular effort localization windows can be deter-
mined based on the isolation of the time interval with the
maximum energy concentration of the EMG signal of the
muscles in each phase of a movement. The isolation criterion
for this time interval is the energy concentration of the EMG
signal of the muscle, which accounts for at least 90% of the
energy of the initial EMG signal during the exercise phase:

Ef ;T ¼ 0:9 × Ef ; ð3Þ

where Ef ;T is the energy of the muscle EMG signal within
time interval T in phase f, T is the time interval of the locali-
zation window, f is the number of a movement phase, and Ef
is the energy of the initial EMG signal of the muscle in
phase f.

Figure 3 shows an example of isolation of the localization
windows of rectus femoris muscular efforts of the right leg in
the selected phases of running.

The dynamic of electrophysiological parameters during
exercise is an indicator of the imperfection of exercise behav-
ior. Because of increasedmuscle energy expenditure to correct
and maintain motor behavior [71]. In this research, the
assessment of the amplitude and spatiotemporal dynamics
of muscle EMG profiles were carried out within 20 cycles of
a movement. The following parameters were chosen for the
analysis: the duration of the phases of movement t, the energy
of the EMG signal in the localization windows Ei

f ;T and the

time interval of the localization windows of muscle efforts T.

The coefficient of the stability of the EMG profiles of mus-
cle is calculated in accordance with the following algorithm.

For each movement phase, the ratio of the duration of
the muscle effort localization window to the phase duration
Δti is calculated for a repeated movement:

Δtif ¼
Ti
f

tif
; ð4Þ

where i is the number of a movement cycle, f is the number of
a movement phase, Ti

f is the duration of the muscle effort
localization window in the fth phase of the movement under
investigation for the ith cycle, and tif is the duration of the fth
phase of the movement under investigation for the ith cycle.

For each phase of movement, the average value of the
EMG signal energy in the localization windows (Ecp

f ;T) and
the ratio of the duration of the muscle effort localization
window to the phase duration (Δtcpf ) are calculated for a
repeated movement:

Ecp
f ;T ¼

∑N
i¼1E

i
f ;T

N
; ð5Þ

where N is the number of movement cycles, and Ei
f ;T is the

energy of the EMG signal in the localization window in the fth
phase of the movement under investigation for the ith cycle.

Δtcpf ¼
∑N

i¼1Δt
i
f

N
; ð6Þ

where Δtif is the ratio of the duration of the muscle effort
localization window to the phase duration in the fth phase of
the movement under investigation for the ith cycle.

For each phase of movement, the standard deviation of
the EMG signal energy in the localization windows σEf ;T and
the ratio of the duration of the muscle effort localization
window to the phase duration σΔtf are calculated for a
repeated movement:

0

0.02

0.04

Movement phase boundaries

Envelope of the EMG energy signal of the right leg
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FIGURE 2: The envelopes of EMG energy signals are obtained from rectus femoris muscles of opposite limbs.
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σEf ;T ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑N

i¼1 Ei
f ;T − Ecp

f ;T

� �
2

N

s
; ð7Þ

σΔtf ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
∑N

i¼1 Δtif−Δt
cp
f

� �
2

N

s
: ð8Þ

The standard deviation of EMG signal energy in the
positioning window and the ratio of the duration of the
muscle effort positioning window to the phase duration rep-
resent the dynamic degree of the EMG parameters.

For each exercise stage, the stability coefficient of EMG
signal energy in the positioning window and the stability
coefficient of the ratio of muscle effort positioning window
duration to phase duration was calculated:

kEf ;T ¼ 1 −
σEf ;T
Ecp
f ;T

 !
× 100%; ð9Þ

kΔtf ¼ 1 −
σΔtf
Δtcpf

 !
× 100%: ð10Þ

The stability coefficient of the EMG signal energy in the
localization windows and the stability coefficient of the ratio
of the duration of the muscle effort localization window to
the phase duration characterizes the degree of repeatability of
EMG parameters of motor action from cycle to cycle.

Calculations of the integral coefficient of the amplitude
and spatiotemporal stability of muscle EMG profiles.

The integral stability coefficient of muscle EMG profiles
KEMG is calculated as the average value of all the obtained
stability coefficients of the EMG signal energy in the locali-
zation windows and the stability coefficients of the ratio of
the duration of the muscle localization window of muscle
efforts to the phase duration:

KEMG ¼ ∑
M

m¼1
∑
F

f¼1

kEf ;T þ kΔtf

� �
2

=F ×M; ð11Þ

where F is the number of movement phases, and M is the
number of the muscles under study.

The coefficient of the amplitude and spatiotemporal sta-
bility of muscle EMG profiles lies in the range (0%–100%).
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FIGURE 3: An example of isolation of the localization windows of muscular efforts in the running phases.
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3. Results and Discussion

As a result of the research, the following parameters were
calculated for each athlete: the integral coefficient of the
amplitude and spatiotemporal stability of the EMG profiles
of muscles (KEMG (%)) for each load step (8, 9, 10, 11, and
12 km/hr) [72]. The coefficient reflects the degree of the
repeatability of the EMG parameters of motor action from
cycle to cycle.

The symmetry coefficient (α) of left and right leg muscles
at each weight-bearing step, which can reveal the asymmetry
of left and right limb motor function [73].

Table 2 demonstrates the data characterizing the individ-
ual dynamics of the muscle EMG profiles obtained during
the test with a stepwise increasing load on the treadmill.

The analysis of the data obtained allows us to conclude that
the stability of repetition of the movement for running speeds
of 8–12 km/hr, regardless of the changes in load, is an inherent
feature for recognized athletes. This feature evidences their
highly developed motor coordination. At the same time, the
maximum stability of the EMGprofiles of athletes’muscles was
observed at a load of 10 km/hr (KEMG=84.63Æ 1.76%), while
the minimum stability was detected at a load of 11 km/hr
(KEMG=82.97Æ 4.26%).

Table 3 demonstrates the data characterizing the individ-
ual symmetry of the muscle effort of opposite limbs obtained
during the test with a stepwise increasing load on the tread-
mill. The table shows the averaged (mathematical expecta-
tionÆ standard deviation) values of the symmetry coefficient
of the muscle efforts of the left and right legs (α (%)) for all
the load steps.

The analysis of the data obtained allows us to conclude that
the stability of symmetry of the muscular efforts of the left and
right legs for running speeds of 8–12 km/hr, regardless of the
load, is an inherent feature for recognized athletes. This feature
shows their highly developed motor coordination. At the same
time, the following tendency is observed: the degree of symme-
try of the action of the muscles of opposite limbs increases as

the athlete’s training experience increases (Pearson’s correla-
tion coefficient, r=0.79).

4. Conclusions

Here, we propose a method for assessing the motor coordina-
tion of runners based on the analysis of the amplitude and
spatiotemporal dynamics of multichannel EMGs. This method
makes it possible to quantitative evaluation of running stability
under various conditions as well as to reveal the asymmetry of
the actions of paired muscle groups. A feature of the proposed
method is that it reveals new diagnostic indicators of the motor
coordination of runners: the coefficient of the amplitude and
spatiotemporal stability of muscle EMG profiles and the sym-
metry coefficient of muscle efforts.

The studies carried out in this research showed the effi-
ciency of the proposed approach in assessing the motor coor-
dination of athletes. It has been found that recognized
athletes are characterized by the stability of movement

TABLE 2: Integrated stability coefficient of EMG (%) for athlete’s workload at each step.

S. no Stage 1 (8 km/hr) Stage 2 (9 km/hr) Stage 3 (10 km/hr) Stage 4 (11 km/hr) Stage 5 (12 km/hr)

1 85.05 79.20 84.24 86.75 80.63
2 83.16 83.19 83.63 82.68 85.77
3 86.40 86.67 86.52 87.79 87.15
4 86.13 85.57 85.31 84.66 82.77
5 84.46 81.22 85.91 82.81 82.65
6 82.61 80.17 84.06 77.74 82.46
7 85.96 84.51 85.37 86.32 85.37
8 85.65 87.42 84.39 85.67 81.25
9 84.71 87.97 86.59 79.67 87.10
10 70.80 87.84 82.03 72.91 86.13
11 80.22 87.06 82.17 87.17 86.31
12 84.82 84.94 82.46 82.68 84.53
13 80.12 82.07 87.49 81.70 85.20
MeanÆ SD 83.09Æ 4.23 84.45Æ 3.02 84.63Æ 1.76 82.97Æ 4.26 84.41Æ 2.21

TABLE 3: Symmetry coefficient of muscular efforts of the left and
right limbs.

Athlete α (%) Training experience

1 77.04Æ 7.97 Less than 10 years
2 70.44Æ 6.07 Less than 10 years
3 64.49Æ 5.13 Less than 10 years
4 79.53Æ 7.53 Less than 10 years
5 81.87Æ 4.32 Less than 10 years
6 72.56Æ 6.26 Less than 10 years
7 84.05Æ 6.97 From 10 to 15 years
8 83.29Æ 6.53 From 10 to 15 years
9 95.65Æ 3.12 Over 15 years
10 88.79Æ 4.28 Over 15 years
11 83.03Æ 3.64 Over 15 years
12 85.73Æ 4.95 Over 15 years
13 86.67Æ 3.00 Over 15 years
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repetition (on average more than 83%) and the high degree
of symmetry of muscle efforts in the left and right legs (on
average more than 81%) regardless of the changes in load
during running at a speed of 8–12 km/hr. These features
evidence the athletes’ highly developed motor coordination.
In addition, a tendency for an increase in the symmetry
degree of the action of the same muscles of opposite limbs
with an increase in the level of an athlete’s mastery (r= 0.79)
has been revealed.

The source of the surface electromyographic signal is very
complex; there are many interferences, and the signal is weak.
Therefore, in the course of testing, the accuracy and reliability
of the test must be put forward higher requirements. For
example, various interference, such as power supply noise,
electrode position, instrument accuracy, skin sweating degree,
body posture, as well as the physiological state of the subject,
may have a great impact on the test results. Surface electro-
myographic signals can only be obtained from superficial
muscles, not from deepmuscles, not tomention from amove-
ment unit or a muscle fiber. Therefore, the surface electro-
myographic signal is affected by the number of motor units
recruited, the degree of synchronization of motor units, the
type of muscle fiber composition, subcutaneous fat thickness,
and body temperature. In addition, there are many factors
affecting the technical action, especially the technical action
is the result of a series of continuous actions, with continuity.
Surface electromyography is only a diagnostic means and can
not be used as the sole criterion to judge the quality of motor
movements.

The proposed method for assessing the motor coordina-
tion of runners based on the analysis of the amplitude and
spatiotemporal dynamics of multichannel EMGs can be used
to develop new criteria for evaluating the effectiveness of
solving motoric tasks as well as for assessing the correctness
of movement techniques and detecting critical errors that
lead to injuries.
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