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Abstract: The concept of physiology of activity by N.A. Bernstein,
developed on the grounds of in-depth theoretical and empirical analysis of
natural human locomotion, served as a basis for understanding the target
determination of human behavior, the mechanisms of motor skills
formation and levels of building movements. Scientific and technological
progress has determined the emergence of new methods for registration of
natural human locomotion parameters, complementing Bernstein’s concept
with new structures. The method of interference surface electromyogram
based on the "Neuro-MEP" computer system of the Neurosoft Company
(Ivanovo, Russia) was used to study the indicators of signal
implementation amplitude and frequency, as well as electromyogram
patterns of shank, thigh and back muscles during squatting by 5-6-year-
old children. The dominant types of patterns were determined. It has been
found that in the study of muscle groups, the electromyogram burst
waveform dominates at the age of 5 years and the monophasic waveform
dominates at the age of 6 years. Based on the analysis of the content of
obtained electromyograms, we justified the discrete and continuous type of
bioelectric control. The discrete type dominates at the age of 5 years. The
main criterion of its manifestation is the record of the EMG burst waveform.
The continuous type of bioelectric control dominates at the age of 6 against
the EMG monophasic waveform recording. It has been revealed that
formation of the established types of bioelectric control of the muscle groups
under study is subject to the laws of heterochrony and heterotrophy.
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Introduction

Movements of a human, representing motor actions
implementing the human motor functions are defined as
natural [according to the traditional opinion first
formulated by Anokhin (1975), these include lying
down, sitting, squatting, crawling, standing and body
motions such as walking, running, jogging, swimming,
jumping, climbing, clambering, etc.]. A movement, the
main task of which is to move the human body, is
defined as a loco motor movement and those that are
natural for the human species, such as walking, running,
jumping, swimming, squatting, etc. are related to basic
natural locomotion. The implementation of the principle
of sensory corrections of the operation of skeletal
muscles during natural locomotion control is determined

% Science

Publications

by the receipt and processing of sensory signals about
the parameters of muscle contractions. Sensory signals
from the position of N.A. Bernstein are integrated into
one afferent flow specific for each level of movements
building, its re-encoding in the central nervous system
determines the manifestation of correction signals of the
skeletal muscles functioning (Bernstein, 1947). This
mechanism allows accumulating sensory experience, which
is the basis for consolidation and provision of the motor
skill. In this regard, the study of the formation and
perfection of the mechanism of implementation of sensory
corrections in the process of natural locomotion formation
is relevant for understanding the mechanisms of the
human motor function control. An objective method to
obtain information about changes in the operation of
skeletal muscles is electromyography (Andersson et al.,
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1997; Melchiorri and Rainoldi, 2011; Urbanek and
Van der Smagt, 2016; Guzman-Venegas et al., 2016;
Murray et al., 2016; Pagé et al., 2016; Jones et al., 2016;
Maenhout et al., 2016; Stewart and Gregory, 2016;
Charissou et al., 2016; Inada et al., 2016; Stein et al.,
2016). The study of the surface EMG of masters of sport
in powerlifting in previous studies allowed establishing
the changes in the pattern types, parameters and the ratio
of volumes of the bioelectric activity of the studied
muscle groups when doing squats with different weights
(Chermit et al., 2011). The data show that the expression
of sensory corrections changes the nature of the
bioelectric control. However, the formation of the
basic principles of the bioelectric control of natural
locomotion takes place long before the start of sports
activities, that is, in the earlier period of ontogenesis.
In this regard, the parameters of the bioelectric
activity in the process of squats performed by 5-6-
year-old children were studied. This age is a period of
intensive development of natural locomotion.

Methodology

The method of interference surface electromyogram
based on the “Neuro-MEP” computer system of the
Neurosoft Company (Ivanovo, Russia) was used to study
the indicators of signal implementation amplitude and
frequency, as well as electromyogram patterns of shank,
thigh and back muscles during squatting by 5-6-year-old
children. To determine the age peculiarities of bioelectric
motion characteristics the midday data were compared
with the results of similar studies of athletes. The study
was conducted at the premises of the “Health” Center of
the Adyghe State University by recording the surface
electromyogram (EMG) on the basis of “Neuro-MEP”,
multi-function computer system, of the Neurosoft
Company. Bipolar disc electrodes with electrode spacing
of 2 cm were used to register EMG. They were
positioned on the back in the lumbar region along of the
fibers of erector spinae muscle; on the thigh-along the
rectus femoris center; and in the shank area-in the lower
part of the gastrocnemius muscle. The impedance under
the electrodes ranged from 4 to 8 ohms. The experiment
involved 50 practically healthy children aged 5-6 years
participating on a voluntary basis and upon the prior
consent of parents.

The studies were conducted before noon (9:00-12:00
AM) at a comfort temperature (18-20°C).

Results

Studying the patterns of the  obtained
electromyograms revealed that this age is characterized
by the preferential expression of two types of patterns:
EMG burst waveform and EMG monophasic waveform
(Fig. 1 and 2).
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Manifestation of the EMG burst waveform is more
typical of children aged five. This EMG type was
registered in 62.3% of the tested persons for the back
muscles, in 67.1% for the thigh muscles and 71% for the
shank muscles. By the age of six, the share of the EMG
burst waveform manifestations is reduced, while the
manifestations of the EMG monophasic waveform
increase (Table 1). Thus, the manifestation of the EMG
monophasic waveform for the back muscles increases
from 32.1 to 68.9% (p<0.001). The data characterizing
the change of the dominant EMG type on the thigh and
shank muscles are shown in Table 1.

It should be noted that the EMG burst waveform is
characterized by sharp bursts of bioelectric activity. In
accordance with the classification of the EMG patterns
that we have developed (Chermit et al., 2011), the
obtained high-amplitude bursts of bioelectric activity
characterize the speed and power nature of the skeletal
muscles' functioning. However, it was not defined by the
conditions of testing. Children choose themselves the
most natural way to perform the test task. In this regard,
the speed and power mode of skeletal muscles'
functioning manifests itself in children as the dominant
method of performing a motor action. At the motor units
contraction in the speed and power mode, a series of
pulses is followed by signaling block (bioelectric silence),
characterized by no feedback from the central nervous
system. At this time, muscle fibers contract at a high speed
without any control action. These features of motor units'
contraction determine the discrete nature of sensory
corrections. Moreover, the higher the rate of motor units
contractions, the more discrete this mechanism. The
transition by the age of six from the burst to monophasic
waveform of bioelectric activity determines the formation
of sustainable bioelectric control. Disabling the signal
blocking and activation of the mechanism for
implementing the feedback evidences the transition from
the discrete to continuous type of sensory corrections,
which allows for more precise correlation of intramuscular
and intermuscular coordination mechanisms. In the
kinematic structure, it manifests itself as the formation of
a stable order of angular movements, at which the order of
the joints' angular movements at their extension is reverse
to their bending angular movements order. We have
determined this previously in the course of the research of
the kinematic characteristics of squats.

The change in the type of control occurs in a
heterotrophic manner, as evidenced by the uneven rate of
increase in the manifestation of the EMG monophasic
waveform of the studied muscle groups. For example,
between five and six years of age, the share of the
monophasic waveform of the EMG of back muscles in
the studied group increased by 32.9% (Fig. 3), which
was significantly higher (p<0.05) than the increase in
this indicator for the thigh muscles (19.3%) and shank
muscles (15.6%).
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Fig. 2. The EMG monophasic waveform of the thigh muscles of children aged 6 years

32.9%
19.3%
Back
muscles Thigh
muscles

15.6%

Shank
muscles

Fig. 3. The increasing manifestations of the monophasic waveform of the electromyogram of the back, thigh and shank muscles

between five and six years of age

The findings suggest that from 5 to 6 years of age, the
mechanisms of continuous control of movements (the main
criterion of which is the manifestation of the EMG
monophasic waveform) are most intensively formed in the
regulation of the back muscles, while the formation of the
mechanisms of continuous control of the thigh and shank
proceeds less intensively. We must assume that this

659

happens at a later stage of ontogenesis. This conclusion is
consistent with Hay (1979) of the age-specific development
of voluntary movements in children, which found that in 5-
year-old children, the system of programming and low
importance of sensory corrections prevails. By the age of 7
years, according to the author, the control of movements
involves the system of correction and monitoring.
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Table 1. The change in the ratio of the EMG types in the shank, thigh and back of children aged 5 and 6 when performing squats

The significance of differences by the

Age Fischer's angular transformation @
5 years old 6 years old
The share The share Between the Between the

The share of of the EMG The share of of the EMG burst waveform  monophasic

the EMG burst  monophasic the EMG burst monophasic EMGs of waveform of

waveform waveform waveform waveform children EMGs of children
Muscle groups manifestation manifestation manifestation manifestation aged 5 and 6 aged 5 and 6
Back muscles 62.3% 37.7% 32.1% 68.9% p<0.001 p<0.001
Thigh muscles 67.1% 32.9% 47.8% 52.2% p<0.05 p<0.05
Shank muscles 71% 29% 55.4 44.6% p=<0.05 p=<0.05

Table 2. Parameters of the bioelectric activity in the groups of children aged 5 and 6 at squatting

Parameters of

Significance of differences

bioelectric Masters of sport
Muscle groups  activity 5 years old 6 years old in powerlifting Between 1-2 Between 1-3  Between 2-3
Shank muscles ~ EMG amplitude (V)  346.08£73.1  295.3+60 160+30.4 p>0.05 p<0.01 p<0.05

EMG frequency

(times per second) 40.4+12.1 32.1+£3.8 20.7+£5.1 p=0.05 p<0.01 p=<0.05
Thigh muscles ~ EMG amplitude (V)  214+63.2 235.2+54 369+70.3 p>0.05 p<0.05 p<0.05

EMG frequency

(times per second) 19.4+4.1 21.4+4.5 75.2£31.5 p=0.05 p=<0.05 p=<0.05
Back muscles EMG amplitude (V)  72.2+15.3 95.2421 185+35.1 p>0.05 p<0.05 p<0.05

EMG frequency

(times per second) 12+3.1 14+4.2 22.1+6 p=0.05 p=>0.05 p>0.05

Thus, the over five age is a nodal period of ontogeny
and formation of natural locomotion. The obtained data
allow determining the required pedagogical influence on
the development of motor skills of children aged 5 and 6
years. Thus, the pedagogical influence at the age of 5
years should target mastering new locomotion due to the
predominance of the ability to program motor actions
over the implementation of sensory corrections. The
focus of pedagogical influence at the age of 6 years
should be shifted from mastering new locomotion to
improving the quality of implementation of the already
formed locomotion, due to the formation of the capacity
for the continuous implementation of sensory corrections.

The study of the parameters of the maximum
amplitude and average frequency of the EMG signal in the
course of squatting allows defining the absence of any
significant (p<0.05) differences in these parameters of
bioelectric activity in the groups of children aged 5 and 6
(Table 2). Thus, in the group of five-year-old children, the
values of the maximum amplitude of the shank muscles
signal make 346.08+73.1 uV and the average frequency of
the signal is 40.4+4.1 times per second. In the group of 6-
year-old children, these values are 295.3+60 pV and
32.14£3.8 times per second, respectively. The parameters
of the amplitude and frequency of the EMG signal for the
shank and thigh muscles are given in Table 2.

The high variability of the sample in terms of the
maximum amplitude of the signal does not allow
determining, which of the muscle group sunder study
shows the most intensive bioelectric activity. Therefore,
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this problem was solved by analyzing the individual data
of each child. Thus, when comparing the mean values of
the amplitude and the EMG signal frequency for the
shank, thigh and back muscles, obtained during
squatting, we managed to determine that 94% of the
tested children aged five demonstrated significantly high
(p<0.05) values of the maximum amplitude of the EMG
signal for the shank muscles, while 6% demonstrated
significantly high (p<0.05) values of the maximum
amplitude of the EMG signal for the thigh muscles. A
similar situation is observed in the manifestation of the
average frequency of the EMG signal, when the
significantly high (p<0.05) values of this indicator for
the shank muscles are typical of 91% of the surveyed
children and that for the thigh muscles were observed in
9% of the 5-year-old children.

By the age of 6 years, the dominance of bioelectric
activity of the shank muscles persists, as evidenced by
the significantly high (p<0.05) values of the maximum
amplitude of the signal in 82% of the tested children and
the average frequency of the signal in 76% of children
aged 6. The lowest parameters of the maximum amplitude
and the average frequency of the signal in the groups of
children aged 5 and 6 are typical of the back muscles.

Comparison of the parameters of the maximum
amplitude and the frequency of the EMG signal obtained
in the groups of children aged 5 and 6 with those obtained
in the study of power lifters reveals that children are
characterized by high values of these parameters of
bioelectric activity of the shank muscles. For example, the
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maximum amplitude of the signal of shank muscles in
power lifters is 160+£30.4 pV and in 5-year-old children -
346.08+73.1 pV (p<0.01). The parameters of bioelectric
activity of the thigh muscles in the groups of children aged
5 and 6 were significantly lower (p<0.05) than in athletes.
The average value of the maximum amplitude of the EMG
signal for the thigh muscles in children aged 5 is 214463.2
uV and in athletes -369+70.3 pV. Furthermore, in the 5-
year old children compared with athletes, the values of the
maximum amplitude of the EMG signal for the back
muscles are significantly lower -72.2+153 pV and
185+35.1 uV, respectively.

The only parameter of bioelectric activity, for which
no significant differences among all groups of children
and power lifters were found, is the average frequency
per second of the EMG signal for the back muscles.

The study of the proportion of shares of bioelectric
activity of the muscle groups under study in the
mechanism of bioelectric control allows determining that
in terms of the maximum amplitude of the EMG signal,
the share of bioelectric activity of the shank muscles at
the age of five is 55%, thigh muscles -34% and the shank
muscles -11% (Table 3). The shares of bioelectric
activity of the maximum amplitude of the EMG signal
do not change in childrenat the age of six (p=0.05). The
bioelectric activity of the shank muscles is 47%, the
thigh muscles -38% and the back muscles -15%.

A similar situation is observed in the proportion of
shares of bioelectric activity in terms of the average
frequency of the EMG signal. For example, in the group
of children aged five, the bioelectric activity of the shank
muscles is 56%, the thigh muscles -27% and the back
muscles -17% (Table 4). No significant changes take
place in the balance of shares of the bioelectric activity
in terms of the average frequency of the EMG signal in
the group of 6-year-old children compared with the
group of children aged five. The bioelectric activity of

the shank muscles is 47%, the thigh muscles -38% and
the back muscles -15% (Table 4).

The study of the share of bioelectric activity of the
shank, thigh and back muscles during squatting by
masters of sport in powerlifting allows finding the
transformation of the bioelectric control parameters, as
evidenced by the change in the share of the bioelectric
activity of the shank, thigh and back muscles. For
example, in terms of the maximum amplitude of the
EMG signal, the ratio of shares of bioelectric activity of
the studied muscle groups changed as follows: The
proportion of the bioelectric activity of the shank in the
mechanism of bioelectric control in athletes decreased
compared with similar parameters of children aged 5 and
6 from 55 and 47 to 22%, respectively (Table 3).

The share of bioelectric activity of the thigh muscles in
athletes increased (p<0.05) compared with that of children
aged 5 from 34 to 52%. At the same time, by the age of 6
years, the differences between the children and athletes'
values of this indicator are not detected. The share of
bioelectric activity of the back muscles in terms of the EMG
signal amplitude in athletes compared with children aged 5
is significantly higher and equals to 11 and 26%,
respectively. By the age of six, the differences between the
children and athletes' values of this indicator are not
detected. A similar situation is observed in the study of the
ratio of the bioelectric activity shares in terms of the
average frequency of the EMG signal. The share of the
bioelectric activity of the shank muscles in athletes
compared with children aged 5 and 6 decreased from 56
and 47 to 17% (Table 4). The share of bioelectric activity of
the thigh muscles in athletes increased (p<0.001) compared
with children aged 5 and 6 from 27 and 32 to 64%,
respectively. No significant differences in the proportion of
shares of the bioelectric activity of the back muscles in
terms of the average frequency of the EMG signal between
the groups of children and athletes were determined.

Table 3. The proportion of shares of bioelectric activity by the values of the maximum EMG signal amplitude

Shares of bioelectric activity

Significance of differences by the @-criterion-the

Fischer's angular transformation

1 2 3

Children 5 years  Children 6 years  Sportsmen Between Between Between
Muscle groups oldn =50 (%) old n =50 (%) n =30 (%) 1 and 2 1 and 3 2 and 3
Shank muscles 55 47 22 (p=0.05) (p<0.001) (p<0.001)
Thigh muscles 34 38 52 (p=0.05) (p<0.05) (p=0.05)
Back muscles 11 15 26 (p=0.05) (p<0.05) (p=0.05)

Table 4. The shares of bioelectric activity in terms of the average frequency of the EMG signal

Shares of bioelectric activity

Significance of differences by the @-criterion-the

Fischer's angular transformation

1 2 3

Children 5 years ~ Children 6 years  Sportsmen Between Between Between
Muscle groups old n =50 (%) old n =50 (%) n =30 (%) land 2 1 and 3 2 and 3
Shank muscles 56 47 17 (p=0.05) (p<0.001) (p<0.001)
Thigh muscles 27 32 64 (p=0.05) (p<0.001) (p<0.001)
Back muscles 17 21 19 (p>0.05) (p>0.05) (p>0.05)
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Discussion

The obtained data allowed distinguishing two
types of the motor functions control: Discrete and
continuous. The discrete type dominates at the age of
five. The main criterion of its manifestations is the
registration of the EMG burst waveform. Domination
of the continuous type of the impellent action control
manifests itself by the age of six. The main criterion
of its manifestation is the registration of the EMG
monophasic waveform. The EMG monophasic
waveform characterized by gradual increase and
decrease in the bioelectric activity is one of the
criteria of the quality of the impellent function
control, at which sensory corrections are performed
continuously.

The proportion of shares of the bioelectric activity
of the thigh, shank and back muscles in terms of the
maximum amplitude and average frequency of the
EMG signal at the stage of formation of the
mechanism of natural locomotion control and at the
stage of athletic improvement leads to the conclusion
that the implementation of bioelectric control of
squats at the age of 5 and 6 years is performed with
the predominant role of the bioelectric activity of the
shank muscles. In the course of athletic improvement,
there is a transformation of the bioelectric control, in
the course of which the dominant role shifts to the
bioelectric activity of the thigh muscles.

Improvement of the motor function in the process of
sport training is determined by the functional
improvement of the system ensuring the formation of
the motor program and implementation of movements,
as well as the improvement of the central mechanisms
of organization and regulation of movements, which is
implemented through the elimination of redundant
degrees of freedom, limitation of the excessive
afferentation, improvement of the selectivity and
establishment of the effective interaction between
different hierarchical levels of the movement control
system. The parameters of the bioelectric control of
muscle groups allow judging about the maturity of
these mechanisms and the transformation of the
bioelectric control parameters at the stages of ontogeny
or in the process of athletic improvement-about the
qualitative restructuring of the impellent action. For
example, the decrease in the parameters of the
bioelectric activity of the shank muscles in sportsmen
compared to children evidences the decreasing
redundancy of regulatory processes providing postural
stability during squatting. Improving the mechanism of
postural stability and the kinesthetic control functions
creates conditions for increasing the activity of the
muscle groups that provide basic angular movements in
the kinematic chains of the musculoskeletal system,
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which, in particular at squatting, manifests itself as the
increasing bioelectric activity of the thigh muscles
providing angular movements of the knee joint. The
determined transformation of the parameters of the
bioelectric activity of the shank, thigh and back
muscles providing the angular movements in the
kinematic chains of the locomotor system when
performing squats allows determining conditionally the
specificity of operation for each component.

The shank muscles determine the interaction of the
foot with the footing, playing an important role in the
equilibrium control mechanism, as the result of the
opposition to gravitation. The reduction in the
bioelectric activity of this muscle group suggests
stabilization of the regulatory mechanisms of the
equilibrium control. The thigh muscles implement the
movement in the knee joint, providing the greatest
angular movements out of all elements of the
kinematic chain. The back muscles play an important
role in ensuring retention of the mass center inside the
footing area.

It should be noted, that the instability of the
coordination mechanisms of children aged 5 and 6 while
squatting is confirmed by studies (Bukreeva et al.,
1975). They stated that the biodynamics of children is
distinguished by the presence of excessive fluctuations
and non-uniformity of the parameters of speed and
acceleration. However, the features that occur due to
the imperfection of the mechanism of children’s
sensory corrections do not prevent them from mastering
a great variety of movements, especially symmetrical
movements of hands and feet. Thus, the dominance of
the share of bioelectric activity of the shank muscles in
the bioelectric control mechanism is an age-specific
feature of the preschool age children's mastering of the
squatting technique, which determines the imperfection
of the mechanism of sensory corrections. In the further
process of age-specific athletic development, the
organization of natural locomotion changes
substantially: The dominance of the system of motion
programming is replaced by the dominance of the
system of sensory corrections. This statement in the
process of mastering squats is confirmed by the
transformation of bioelectric control, which we have
identified and which is based on the decreasing share of
bioelectric activity of the shank muscles and the
increasing share of the bioelectric activity of the thigh
muscles in the system of bioelectric control.

Conclusion

The conducted research established the discrete and
continuous types of bioelectric control of natural
locomotion of over five children:
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e At the age of five, the discrete type prevails, the
basic criterion of which is the manifestation of the
EMG burst waveform, characterized by sudden
bursts of the bioelectric activity and emergence of
the signaling block indicating the absence of
feedback from the central nervous system while
contracting the locomotor units

e At the age of six, the continuous type prevails, the
basic criterion of which is the manifestation of the
EMG monophasic waveform, characterized by
gradual increase and decrease of the bioelectric
activity, absence of the signaling block and
manifestation of continuous communication with
the central nervous system while contracting the
locomotor units

Between 5 and 6 years of age, the dominant type of
bioelectric control changes in a heterotrophic way, as
evidenced by the significant increase in the
manifestations of the EMG monophasic waveform for
the back muscles (32.9%) compared with the increase in
its manifestations in the electromyograms for thigh
muscles (19.3%) and shank muscles (15.6%).

The manifestation of the EMG monophasic
waveform is one of the criteria of quality of the
locomotor function control, in which sensory corrections
are implemented continuously when performing squats
at the senior preschool age.

The bioelectric control of squats at the age of 5
and 6 years is performed with the dominant role of the
bioelectric activity of the shank muscles. At the stage
of athletic improvement, the transformation of the
bioelectric control takes place, during which the
dominant role shifts to the bioelectric activity of the
thigh muscles.
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