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Abstract—The aim of this study was to study the physiological features of the formation of balance and coor-
dination abilities based on training with biofeedback for various parameters. The study involved 60 girls aged
18–20 years, not engaged in sports and included in the main medical group (health group 1). The difference
in the results of testing carried out for the selection of participants in the three groups was insignificant.
Twenty girls were trained according to a program that included a set of exercises to develop the sensitivity of
the vestibular analyzer and proprioceptive sensitivity. Twenty girls were trained on a Stabilan 01-2 computer
stabiloanalyzer using feedback for the “projection position of the center of gravity” parameter. The remaining
20 subjects studied on a HUBER apparatus using feedback for the “applied efforts” parameter. Classes were
held 3 times a week for a month, 12 workouts in total. Before the start of the training course, as well as after
it, the girls underwent comprehensive testing using the methods of electromyography, stabilometry, EEG,
and dynamometry on the HUBER apparatus. It was found that training with biofeedback contributes to the
accelerated formation of the skill of maintaining balance, allows faster development of proprioceptive sensi-
tivity, the ability to differentiate applied efforts without the participation of a visual analyzer, as well as to
improve intermuscular coordination and muscle memory. A characteristic feature of the bioelectrical activity
of the lower leg muscles while maintaining static balance after training with biofeedback for the “projection
position of the center of gravity” parameter is an activation of the lower leg muscles in the static mode (simul-
taneous activation of antagonist muscles with commensurate indicators of bioelectrical activity). At the same
time, after training with biofeedback according to the “applied efforts in the position of seeking dynamic bal-
ance” parameter, the lower leg muscles are activated in a dynamic mode (with a synchronized change in peri-
ods of tension and relaxation in the antagonist muscles). There is a more pronounced effect of training with
biofeedback on the EEG frequency and power characteristics in comparison with traditional training. The
results also make it possible to formulate a number of practical recommendations. All the methods studied
here, both with biofeedback and without biofeedback, are aimed at the formation of coordination abilities
and balance; therefore, they can be used in those sports that make increased demands for these qualities. It is
advisable that these methods be used at different stages of sports improvement.
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INTRODUCTION

The problem of finding new approaches to improv-
ing the motor skills and physical abilities of athletes
remains relevant. Currently, the possibilities of tradi-
tional approaches are largely exhausted. The rigidity of
anti-doping rules significantly limits the possibilities
of pharmacological support for athletes. Under these
conditions, the attention of researchers is attracted by
the prospect of using information technologies and
technical devices [1, 2]. Particularly effective are

methodological techniques aimed at providing addi-
tional information, biofeedback (BFB) or biocontrol;
in English literature, the term “biofeedback” is used
[3, 4].

Bernstein [5], describing the physiological mecha-
nisms of maintaining balance, was the first to point
out the feedback system for maintaining balance
referred to as “sensory correction.” At present, the
BFB concept has been confirmed in the study of the
mechanisms of postural control and their disturbances
under conditions of weightlessness and in several dis-
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eases [6–9]. Therefore, the search for new method-
ological approaches for correcting the maintenance of
balance is of great practical importance.

The range of applications of BFB technology in
sports activities is quite wide, from optimizing loads
and ensuring peak performance of skeletal muscles to
teaching relaxation and recovery after loads [10, 11].
Feedback allows us to perform physical work balanced
in terms of strength, coordination of movements, and
postural control. The BFB method also makes it pos-
sible, using multimedia capabilities, to provide high
emotional interest and non-standard conduct of
classes [12–14].

Training with BFB is carried out according to vari-
ous parameters: the frequency and structure of heart
contractions [15, 16], the frequency of electroenceph-
alogram (EEG) rhythms [17], respiratory parameters,
etc. A promising direction is also the use of BFB in the
development of coordination as the ability to coordi-
nate muscle tension in accordance with the intended
motor program, since self-control exercised on the
basis of distinct motor concepts is important for con-
trolling the movement system, and one of the ways to
improve it is to develop the accuracy of perception and
reproduction of one’s own efforts manifested in solv-
ing motion tasks of various directions [18–20].

In recent years, a large number of studies have been
published that analyze the use of various types of
training with BFB. The main direction of using BFB
for the purpose of conscious regulation of body func-
tions remains physical rehabilitation (including after
sports injuries) [11, 21]. However, many studies have
been conducted in relation to the issues of improving
sportsmanship [2, 11, 18]: the effectiveness of urgent
feedback in ensuring the perfection of sports perfor-
mance by improving the skill to differentiate and eval-
uate the main specific parameters of movements in the
chosen sports specialization has been proven [10, 22].

At the same time, studies aimed at developing
physical qualities through a combination of various
types of BFB training are much less common; the
comparative effectiveness and mechanisms for imple-
menting the effects of various types of training in solv-
ing this problem have not been studied in detail.

The aim of the study was to investigate the physio-
logical features of the formation of balance and coor-
dination abilities based on training with BFB under
various settings.

MATERIALS AND METHODS
The study involved 60 girls aged 18–20 years who

are not engaged in sports and are included in the main
medical group (health group 1), i.e., without devia-
tions in the state of health and physical development,
having a good functional condition, and age-appro-
priate physical fitness. The conclusion about the state
of health of the girls was made based on historic data,
the results of the study of the level of health and the
functional state of the body, as well as medical exam-
ination that allowed the subjects to go in for physical
education in the main medical group. When drawing
up the research plan, the menstrual cycle phases of the
subjects were taken into account. Studies of girls were
carried out in the postmenstrual phase of the cycle.

Girls with a standard body type were selected for
the study; students of high or short stature and with a
nonstandard body length to legs ratio were excluded.
The presence of diseases of the cardiovascular, neuro-
muscular, and musculoskeletal systems, neurological
diseases incompatible with physical activity, injuries,
diseases in the acute period, deficient (body mass
index (BMI) below 18.5) or excessive (BMI above
25.0) body weight, obesity (BMI above 30.0), and the
state of overexertion were also exclusion criteria. Par-
ticipants who had experience in sports aimed at devel-
oping coordination were not included in the group
either.

As a result of the selection, three groups of girls
were formed so that the difference between the results
of the testing of the participants in the three groups
during the selection was insignificant. Twenty girls
(the control group, or the Exercise group) trained
according to the program, which included a set of
exercises to develop the sensitivity of the vestibular
analyzer and proprioceptive sensitivity. Twenty girls
(the first experimental group, or the Stabilan group)
practiced on a Stabilan-01-2 computer stabilizer
(ZAO OKB Ritm, Russia) using feedback for the
“projection position of center of gravity” parameter.
The remaining 20 subjects (the second experimental
group, or the HUBER group) exercised on a HUBER
apparatus (LPG SYSTEMS, France) using feedback
for the “applied effort” parameter. Classes were held 3
times a week for a month, a total of 12 workouts.

Before the start of the training program, as well as
after it, the following types of studies were conducted
with the girls for 4 days from 10:00 a.m. to 12:00 a.m.

Day 1—study using the NS Psychotest (methods
“Tapping test” and “Contact coordinatiometry
according to the profile”), determination of muscle
accuracy using a dynamometer. These techniques are
designed to assess the coordination of movements and
coordination of motor actions of the subjects in space.

When performing the Tapping test, the subject was
asked to make as many strokes with a “pencil” on a
special platform as possible within a given time inter-
val. The number of strokes, the average frequency of
strokes (Hz), the level of manual asymmetry (s), and
the average interstroke intervals for the right and left
hands (s) were taken into account.

The “Contact coordinatiometry by profile” tech-
nique from the research catalog of the NS-Psychotest
computer complex was used to diagnose the accuracy
of the movements of the subject’s hand when solving
motor problems and, consequently, her ability to
HUMAN PHYSIOLOGY  Vol. 48  No. 4  2022
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coordinate movements. The subject was asked to
insert an aluminum rod through one of the holes of a
special platform with a labyrinth at the beginning of
the labyrinth to a depth of 2–3 mm and, holding the
arm in the air, move the end of the rod to the end of the
labyrinth as quickly as possible, trying not to touch the
edges of the hole. The duration of testing (s), the num-
ber of touches (total and per second), and the total and
average touch time (s) were recorded.

A muscle accuracy test was used to assess proprio-
ceptive sensitivity. The test consisted of two stages.
The first stage is the compression of the spring dyna-
mometer by the hand to the maximum possible value.
Then, the subject had to repeat the compression of the
spring by a force of 50% of the initial force with closed
eyes three times. The result was evaluated as a devia-
tion from the given force (in kg).

Day 2—stabilography and EEG. Stabilographic
studies were carried out using a Stabilan-01-2 com-
puterized stabiloanalyzer with a BFB system (ZAO
OKB Ritm, Russia).

The Triangle test was used to assess the level of
short-term motor memory and proprioceptive sensi-
tivity. Centering was done before recording. During
testing, it was not allowed to take the feet off the plat-
form. The test was performed using visual modality
feedback. This test consists of two stages. At the anal-
ysis stage, the subject, using the maximum possible
deviation of the center of pressure (CP) in three direc-
tions (forward, right-backward, left-backward) with-
out taking their feet off the platform, had to set an
acceptable location of markers, the triangle vertices,
on the monitor screen. Then, within 1 min, the subject
had to move her CP sequentially from one vertex to
another, as the set markers would light up red describ-
ing the “triangle” figure. At the second stage, the sub-
ject also had to describe this “triangle” figure for 2
min, but without the help of the feedback function.

After the study, the deviations of the CP movement
trajectory of the subject from the “triangle” figure
obtained at the training stage were calculated as aver-
age systematic and random errors in the frontal and
sagittal planes (mm).

An EEG was performed using a Neiron-spectr 4/P
hardware–software complex (OOO Neirosoft, Rus-
sia) in the system of 10–20 leads in 8 channels (even
on the right, odd on the left): frontal (Fp1, Fp2), area of
the central sulcus (C3, C4), temporal (T3, T4), occipital
(O1, O2) electrodes and mounting with a combined ear
electrode. EEG was recorded during the following
tests with closed eyes:

(1) Background recording (in a state of relative rest
with closed eyes)—180 s.

(2) Test 1—a simple Romberg test with eyes closed
(the subject stands without shoes with her eyes closed,
her feet put tightly together, arms stretched forward,
fingers relaxed and slightly apart)—10 s.
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(3) Test 2—a complicated Romberg test with closed
eyes (the subject’s legs are on the same line (the toes of
the left foot rest on the heel of the right foot). The arms
are stretched forward, the fingers are relaxed and
slightly apart)—10 s.

(4) Test 3—Biryuk test with closed eyes (the subject
stands in a closed stance on her toes, arms up and
maintains this position)—10 s.

The EEG analysis included an assessment of
parameters, such as the amplitude of the spectrum and
the spectral power of α- and β-rhythms. EEG symme-
try was understood as a significant coincidence of the
amplitudes of the homotopic divisions of both hemi-
spheres of the brain, the difference is less than 50%.

Day 3—electromyography (EMG) on the Neiro-
MVP-4 computer complex. Biopotentials of skeletal
muscles were led off and registered according to the
generally accepted method using a multifunctional
Neiro-MVP-4 computer complex (Russia). The bio-
electrical activity of the anterior tibial (m. tibialis ante-
rior) and gastrocnemius (m. gastrocnemius) muscles of
both legs was studied. The registration of the bioelec-
trical activity of the muscles was carried out when per-
forming the following tests:

— a simple Romberg test—the subject stands with-
out shoes, her feet put tightly together, arms stretched
forward, fingers relaxed and slightly apart, first with
open (10 s), then with closed (10 s) eyes;

— a complicated Romberg test—the subject’s legs
are on the same line (the toe of the left foot rests on the
heel of the right). The arms are stretched forward; the
fingers are relaxed and slightly apart. The subject per-
forms the test first with open (10 s), then with closed
(10 s) eyes;

— Biryuk test—the subject stands in a closed stance
on toes, arms up and maintains it first with open (10
s), then with closed (10 s) eyes.

Day 4—dynamometry on the HUBER apparatus. To
test the proprioceptive sensitivity of girls under condi-
tions of additional vestibular load, a multifunctional
HUBER apparatus was used. The peculiarity of the
apparatus lies in the multisensory effect on proprio-
ception, exteroception, and the patient’s sense organs
during isotonically isometric effort in various versions
of the motor task: the speed and amplitude of the sup-
port platform movement change.

The apparatus is a motorized movable platform
attached to a vertical dynamic column with built-in
multi-sector handles containing sensors for measuring
the applied force; interactive display for feedback with
the trainee and self-regulation of motor activity in
relation to various muscle groups directly involved in
movement performance; coordination board for dis-
playing information about the degree of synchroniza-
tion (coordination) of the motor activity of muscles of
the right and left sides of the body of the trainee when
movement is performed.



358 ILLARIONOVA et al.
The girls were then trained 3 times a week for
4 weeks, depending on the group according to one of
the three programs. The performance of exercises in
each program was regulated. The volume, dosage,
duration, and intensity were adjusted to the load
response of the body and the level of functional and
technical readiness. The intensity of training increased
from session to session until the middle of the course
and decreased by the end of the course.

The Exercise group trained according to a program
that included a set of exercises to develop the sensitiv-
ity of the vestibular analyzer and proprioceptive sensi-
tivity without feedback. The duration of the session
was 1 h.

The Stabilan group was engaged in the program of
developing the sensitivity of the vestibular analyzer on
a Stabilan-01-2 stabiloanalyzer by adjusting the CP
movement trajectory on the support plane. The dura-
tion of the session was 30 min and consisted of stabi-
lographic computer games of varying complexity
included in the software of the apparatus and played
using the BFB method. The CP position on the sup-
port plane conditionally taken as a projection of the
common center of gravity of the body was the control
parameter of BFB training. The proportion of time out
of the total training time, in which the subject held the
CP within the specified limits, served as a criterion for
evaluating the effectiveness of the training. The train-
ing was assessed as successful if the specified value was
80% or more.

The HUBER group was engaged in the program of
the motor analyzer (MA) development on a HUBER
apparatus by adjusting the force applied to the force-
measuring elements of the apparatus. The duration of
the session was 1 h. The magnitude of the applied
effort (bench press or deadlift) was the control param-
eter of BFB training. The average difference between
the reference and applied effort for the period of train-
ing served as a criterion for evaluating the effectiveness
of the training. The training was assessed as successful
if the specified value was 80% or more of the reference
effort.

The subjects from the experimental groups who
could not provide the above level of training success by
the fifth training session were excluded from the study.

Statistical data were processed using the Statistica
8.0 for Windows software package (Statsoft, United
States). Descriptive analysis included the determina-
tion of the arithmetic mean, error of the mean “mean
± error of mean” (X ± m). The Kolmogorov–Smirnov
test was used to test the nature of distribution of the
feature of the data obtained. Since the data did not
obey the parametric distribution law, the analysis was
performed using the Kruskal–Wallis ANOVA test.
Data are presented as Xav ± SE. Differences in data
were considered statistically significant at p < 0.05. To
assess the relationship between the values of the bio-
electrical activity of different muscle groups, the
Spearman rank correlation coefficient (ρ) was used.

RESULTS

The results indicate the presence of significant fea-
tures in the implementation of the effects of various
types of training aimed at the formation of coordina-
tion abilities and balance in athletes.

According to the results of the Tapping test, after
the course of training there was a significant decrease
in the manual asymmetry value (i.e., the difference in
the interstroke intervals of the right and left hands) in
the first and third groups, the exercises in which
included, among other things, work with the upper
limbs (for strength, endurance, and proprioceptive
sensitivity) (Fig. 1d).

When testing was performed according to the
“Contact coordinatiometry for the profile” method in
the Stabilan group, a decrease in such indicators as the
number of touches was observed after a course of
training. At the same time, the average touch time sig-
nificantly decreased. Thus, we can state an increase in
the speed of correcting errors that occur in the Stabi-
lan group subjects after a course of training, which
may indicate an improvement in the nervous regula-
tion of movements (Fig. 1b).

Testing according to the “Dynamometry” method
after a course of training revealed a significant
decrease in the mean error in the Stabilan and
HUBER groups during testing with the left hand and
the eyes closed (Fig. 1a). This may indicate an
improvement in the visibility of the applied efforts
without the participation of a visual analyzer and their
more correct dosing after training with BFB in the
Stabilan and HUBER groups. The same index for the
Exercise group also decreased, but only slightly. Train-
ing without the use of BFB appeared to be the least
effective in this aspect.

Figure 2 shows the results of the stabilographic
analysis of the Triangle test performance. In all
groups, there is a significant decrease in the indicators
of displacement of the common center of gravity
(CCG) in the frontal plane and the average speed of
the CP movement, the value of the average random
error in the frontal and sagittal planes at the analysis
stage in comparison with the training stage. After
training in the Exercise group, a significant increase
was noted in the average systematic error in the frontal
plane at the analysis stage in comparison with the
training stage. The subjects from the Stabilan and
HUBER groups showed a significant decrease in this
value at the stages of training and analysis in compar-
ison with the results shown before the training course.

To test the proprioceptive sensitivity of girls under
additional vestibular load conditions, the multifunc-
tional HUBER apparatus was used.
HUMAN PHYSIOLOGY  Vol. 48  No. 4  2022
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Fig. 1. The results of psychophysiological testing of athletes after various types of training. (a) Dynamometry: average error for
the left hand, kg. (b) Contact coordinatiometry for the profile: the number of touches per second. (c) Dynamometry: average
error for the right hand, kg; (d) Tapping test: manual asymmetry index, s. (1) Exercise group; (2) Stabilan group; (3) HUBER
group. (a) Before the training course; (b) after. *, significance of differences with the results before the course of training (p <
0.05).
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The most balanced efforts to reproduce the refer-
ence effort and the same work of both hands in the
“Press” and “Deadlift” exercises from the “arms par-
allel, legs parallel” position were shown by the
HUBER group, which indicates the development of
proprioceptive sensitivity.

The least balanced in terms of the degree of com-
pliance with the reference effort and the uniform work
of both hands, especially in the “Press” exercise, were
the results shown by the Stabilan group, in which,
despite a more developed sense of dynamic balance
(judging by the results of testing on the stabiloplat-
form), muscle sensitivity and endurance, especially of
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the upper limbs, did not attain an appropriate level of
development during training (Fig. 3). In the Exercise
group, despite significant differences between the ref-
erence and reproduced results shown by testing after
training, in comparison with the results before the
training course, an increase was noted in the average
time to reproduce the reference result, an indicator on
the basis of which the level of coordination of the sub-
ject’s work is assessed.

Various types of training also contribute to the for-
mation of various muscle stereotypes, which are real-
ized when tests for balance and coordination are per-
formed (Fig. 4, Table 1). During training without the
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Fig. 3. The results of the exercise performed by the girls from the “hands parallel, legs parallel” position on the HUBER simulator
before and after training. (a) The efforts shown during the bench press. (b) The efforts shown during the deadlift. Dark columns
are the reference result, horizontal shading is the reproduced result (left hand), and mesh shading is the reproduced result (right
hand). (c) The average reference duration of reproduction of the reference effort during the bench press. (d) the average reference
duration of reproduction of the reference effort during deadlift. Dark bars are the left hand; shaded bars are the right hand. (1)
Exercise group; (2) Stabilan group; (3) HUBER group. (a) Before the training course; (b) after the training course. * Is the sig-
nificance of differences with the result before the course of training, p < 0.05. £ is the significance of differences in the group
between the reference value and the reproduced result, p < 0.05. ! is the significance of differences in the group between the right
and left hand parameters, p < 0.05. 
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use of BFB technologies, the stereotypes of muscle
activity remained practically unchanged.

When the Romberg test with open eyes was per-
formed before the course of training, the posture in
about 80% of cases was maintained due to the active
tension of the calf muscles; in about half of the cases,
the right and left calf muscles were not equally
involved (Spearman’s rank correlation coefficient ρ =
0.87; p < 0.05). In the remaining 20% of cases, the
main bioelectrical activity was observed in the right leg
muscles (ρ = 0.15; p > 0.05), which may indicate an
uneven distribution of weight between the legs.
Greater involvement of the calf muscles in the work
may indicate that the body is kept from tipping for-
ward and the weight is transferred more to the fore-
foot.

When this test was performed with closed eyes, the
bioelectrical activity of the muscles under consider-
ation was higher in about 60% of cases than with open
eyes; a uniform distribution of weight between the feet
of both legs was observed in about 60% of cases (ρ =
0.82; p < 0.05); the greatest involvement of the gas-
trocnemius muscles was noted in about 20% of cases
(ρ = 0.21; p > 0.05); and in 20%, alternating weight
transfer from foot to foot, which was expressed in the
corresponding bursts of EMG activity. Thus, we
observed a nonuniform distribution of the load
between tense muscles, as well as inconsistent activa-
tion of the muscles in the work. After a course of train-
ing, all three groups showed an increase in the degree
of coordination in the work of the calf muscles during
Romberg test performance, and the most pronounced
rise was in the HUBER (ρ = 0.87; p < 0.05) and Sta-
bilan (ρ = 0.83; p < 0.05) groups due to the specifics of
the types of training.

A distinctive feature of the results in the Exercise
group after the course of training was the predomi-
nance of the pattern of selective activity of individual
motor units not synchronized with the muscles under
study. The Stabilan group was characterized by a
greater proportion of the posture maintenance pattern
over the entire duration of the test, as well as more
coordinated work of the muscles involved in maintain-
ing this posture, which was expressed in the simulta-
neous appearance or disappearance of the static effort
maintenance pattern during the task (ρ = 0.79; p <
0.05). In the HUBER group, there was consistency in
the work of the gastrocnemius muscles in the format of
reciprocal interaction of antagonist muscles (ρ = 0.76;
p < 0.05); the proportion of the posture maintenance
pattern during the test was less than in the Stabilan
group, and, in addition to the static effort mainte-
nance patterns, there were patterns of selective activity
of individual motor units, which can be considered as
one of the feedback-based mechanisms for movement
correction [22].

When performing a complicated Romberg test with
closed eyes after traning, a decrease in the amplitude
and frequency of impulses was noted in all groups. In
the Stabilan and HUBER groups, the static tension
retention pattern was more uniform and without sig-
nificant amplitude and frequency bursts, and muscle
HUMAN PHYSIOLOGY  Vol. 48  No. 4  2022
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Fig. 4. Surface electromyography (EMG) during the execution of Biryuk test. (a) Exercise group; (b) Stabilan group; (c) HUBER
group. (a) Before training; (b) after training. 1, Left anterior tibial muscle; 2, left gastrocnemius muscle; 3, right gastrocnemius
muscle; 4, right anterior tibial muscle. The time mark is 0.25 s; the amplitude mark is 50 μV. 
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tension and relaxation were more consistent (ρ = 0.84
and ρ = 0.81, respectively; p < 0.05) than in the Exer-
cise group (ρ = 0.72; p < 0.05). At the same time, while
the Stabilan group demonstrated a simultaneous acti-
vation of all the muscles, which is typical of static
work, in the HUBER group, there was a reciprocal
activation in the work of antagonist muscles, which
may indicate a method for solving the problem of
maintaining static balance through a more dynamic
body weight movement over the support than in the
Stabilan group.

When performing the Biryuk test with closed eyes
after a course of training, a decrease in amplitude and
frequency parameters was recorded in all the groups
under study, especially in the Stabilan and HUBER
groups. In these groups, the f luctuations in bioelectri-
cal activity were more smoothed and had more
marked periods of voltage rise and fall, which indicates
a well-coordinated activation of the work of motor
units. In addition, in all the groups (especially in Sta-
bilan and HUBER), periods of synchronized muscle
impulse activity are clearly defined.

In the Exercise group, when the Biryuk test was
performed with closed eyes after a course of training,
periods of coordinated work of the lower leg muscles
were recorded (ρ = 0.65; p < 0.05), but they were less
pronounced than in other groups and also included
both periods of maintaining balance through the
simultaneous tension of all calf muscles and periods of
maintaining balance in the reciprocal work mode. In
the Stabilan group, either simultaneous tension of all
studied muscles (ρ = 0.75; p < 0.05) or weight transfer
with a slight increase in amplitude from one leg to the
other with simultaneous tension of the ipsilateral mus-
cles were observed. In the HUBER group, in addition
to the uniform distribution of tension between the
studied muscles (ρ = 0.80; p < 0.05) and the simulta-
neous tension of the muscles of one leg, both anterior
tibial or gastrocnemius muscles, as well as the anterior
tibial and gastrocnemius muscles of contralateral legs,
were brought into work simultaneously. In contrast to
the Exercise group, coordination in the work of mus-
cles in the HUBER group was more clearly defined
(ρ = 0.89; p < 0.05), without excessive impulse activity
of individual motor units during test performance.

In the group of subjects who trained without
the use of BFB, in most cases there was no marked
localization of the average spectral power of the EEG
α- and β-ranges in one or another area of the cortex
during test performance; all areas of the cortex were
involved approximately equally; changes in the ampli-
tude of the EEG spectrum from test to test, as well as
changes in the power of the EEG spectrum, were least
pronounced.

Differences were also recorded along with similar
effects after training with BFB (increased α-activity
mainly in the occipital region of the cortex and activa-
tion of high-frequency EEG β-activity in the occipital
HUMAN PHYSIOLOGY  Vol. 48  No. 4  2022
leads). If after training, using the “projection position
of the center of gravity” parameter as a BFB channel,
we observed a decrease (desynchronization) in the
activity of the EEG α- and β-ranges in comparison
with the results before the training course, a consistent
increase in the EEG α- and β-activity during the grad-
ual complication of the task, and rare changes in the
spatial localization of rhythms from trial to trial, then
training using the “applied efforts” parameter as a
BFB channel, on the contrary, contributed to an
increase in the average power of EEG α-activity in the
central region of the cortex, an increase in the activity
of EEG rhythms in various areas of the brain, signifi-
cant interhemispheric asymmetry of EEG rhythms,
and frequent spatial change of localized EEG patterns
on the convexital surface from test to test (Figs. 5
and 6).

DISCUSSION

Trainings with the use of BFB for the “projection
position of the center of gravity” and “efforts applied
in the position of searching for dynamic balance”
parameters allow us to develop proprioceptive sensi-
tivity, distinguishability of the applied efforts, to
diminish the significance of the visual analyzer (in the
group of those who trained with BFB for the “efforts
applied in the position of searching for dynamic bal-
ance” parameter), as well as to improve intermuscular
coordination and muscle memory, over a relatively
short time (1 month) more noticeably than during
training without BFB.

After training with BFB in terms of the “projection
position of the center of gravity” parameter, the devel-
opment of a sense of balance occurs due to the
improvement of the neuromuscular control over the
CP position when performing dynamic tests, which
shows up in the increase in the degree of stability (the
ability to keep balance over a larger area relative to the
support) [23, 24]. This, in addition to the coordination
of muscle work, is manifested by an increase in the
degree of concentration and by the ability to maintain
this concentration for a long time while keeping bal-
ance [22], which is reflected in the parameters of bio-
electrical activity in the cerebral cortex [2].

A characteristic feature of the formation of a sense
of balance and coordination after training with BFB in
the “applied efforts in the position of search for
dynamic balance” parameter is the development of
the ability to maintain static stability during distrac-
tion to perform parallel mental operations, to coordi-
nate the work of muscles of the whole body, and to
correctly dose the applied efforts. Similar results were
obtained by the authors when using the HUBER sys-
tem in the practice of physical rehabilitation [25] and
in assessing the psychophysiological status [26]. In the
available literature, we did not find works containing
an analysis of the results of using the HUBER simula-
tor for improving the skills of athletes. However, the
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Fig. 5. The average power of the electroencephalogram (EEG) α-activity spectrum before and after the training course, μV2/s.
(1) Indicators of background recording; (2) indicators during the execution of a simple Romberg test; (3) indicators during the
execution of a complicated Romberg test; (4) indicators during the execution of Biryuk test. Leads: squares, F; triangles, C; cir-
cles, O; diamonds, T. (a) Before the course of training; (b) after the course of exercises; (c) after the course of training with BFB
on the Stabilan apparatus; (d) after the course of training with BFB on the HUBER apparatus. #, statistically significant differ-
ences between indicators when compared with the Exercises group (p < 0.05); *, statistically significant differences between indi-
cators when compared with group 2, (p < 0.05), &, statistically significant differences between indicators when compared with
group 3 (p < 0.05). 
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Fig. 6. The average spectral power of the electroencephalogram (EEG) low-frequency β-activity before and after the training
course, μV2/s. See Fig. 5 for designations. 
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existing experience of teaching the differentiation of
applied efforts using special exercises [27] is indicative
of the promise and high efficiency of this approach.
It can be thought that the mechanism of maintain-
ing balance after training with BFB for the “efforts
applied in the position of searching for dynamic bal-
HUMAN PHYSIOLOGY  Vol. 48  No. 4  2022
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ance” parameter is characterized by a constant change
in the foci of concentration of bioelectrical activity in
the cerebral cortex and frequent movement of body
weight over the support in the process of keeping static
balance without visual control, which is noted during
fixation of the bioelectrical activity of muscles. One
can talk about a more dynamic process of searching for
a stable balance in comparison with training with BFB
for the “projection position of the center of gravity”
parameter.

The data obtained on the highest efficiency of bio-

control in terms of the “applied efforts in the position

of searching for dynamic balance” parameter can be

explained from the standpoint of the theory of func-

tional systems by P.K. Anokhin [28]. One of the key

elements of this theory is the need for feedback and

current corrective actions to ensure the optimal nature

of the motor action. Of the three methods of training

used in our study, it is this type of training that involves

the largest number of analyzers in the work providing

a significant amount of urgent information in the pro-

cess of movement performance, which, in turn, pro-

vides the best opportunity for learning to correct

motor actions.

Various types of training also contribute to the for-

mation of various muscle stereotypes that are imple-

mented when balance and coordination tests are per-

formed. When training was performed without the use

of BFB technologies, the stereotypes of muscle activ-

ity remained practically unchanged. These results are

consistent with literature data indicating that the

restructuring of muscle stereotypes is a long process

that requires targeted approaches [29]. At the same

time, the formation of new patterns of muscle activity

is one of the mechanisms for improving the level of

proficiency of an athlete [30, 31].

A characteristic feature of the bioelectrical activity

of the lower leg muscles while maintaining static bal-

ance without visual control after training with BFB for

the “projection position of the center of gravity”

parameter is their activation in a static mode (simulta-

neous activation of antagonist muscles with commen-

surate indicators of bioelectrical activity), which may

testify to maintaining balance with minimal f luctua-

tions of the CP relative to the support.

At the same time, a feature of the bioelectrical

activity of the lower leg muscles while maintaining

static balance without visual control after training with

BFB in terms of the “efforts applied in the position of

search for dynamic balance” parameter is their activa-

tion in the dynamic mode (with a synchronized alter-

nation of periods of tension and relaxation in the ago-

nist and antagonist muscles), which may provide evi-

dence of the preservation of balance due to more

pronounced CP movements relative to the support
HUMAN PHYSIOLOGY  Vol. 48  No. 4  2022
than in the group trained with BFB according to the

“projection position of the center of gravity” parame-

ter.

This stereotype is the most difficult in terms of its

formation [32]. According to the theory of N.A. Bern-

stein, alternate synchronous movements are provided

by higher levels of regulation and require the involve-

ment of more complex mechanisms. Simultaneous

muscle contractions are realized at lower levels of

motion control. Therefore, it can be concluded that

training with BFB for the “efforts applied in the posi-

tion of search for dynamic balance” parameter con-

tributes to the activation of such movement control

mechanisms that are provided by the overlying divi-

sions of the central nervous system.

It is necessary to note the specificity of the EEG

rhythm patterns for each of the groups in the process

of test performance to maintain balance. The possibil-

ity of such rearrangements of the bioelectrical activity

of the brain has been described for various methods of

biocontrol [33].

The results of the study of the bioelectrical activity

of the cortex are in good agreement with the data of

E.V. Krivonogova et al. [34], who revealed the pres-

ence of different types of EEG changes during training

with BFB for heart rhythm. The types they discovered

reflect variants of neuron integration in functional sys-

tems to optimize the balance of sympathetic and vag-

otropic mechanisms, which can be accompanied by

multidirectional changes in the power of the EEG α-,

β-, and θ-components in all parts of the brain.

According to the concept of G.G. Knyazev [35],

various aspects of control of motor reactions (prepara-

tion, execution and inhibition of movement, “motor

attention,” and others) are associated with the activity

of various oscillatory systems of the brain. In particu-

lar, there is a specific relationship between β-activity

and the inhibition of motor reactions, which confirms

mutual independence of the processes that ensure the

activation and inhibition of movements. The results

obtained by us are in good agreement with this con-

cept, it may be suggested that the BFB option for the

“applied efforts in the position of searching for

dynamic balance” parameter involves the oscillatory

systems of the brain to the greatest extent, thereby

contributing to the optimal combination of excitation

and inhibition processes due to which the best training

results are ensured.

There is no consensus in the literature concerning

the interpretation of the physiological significance of

different ranges of bioelectrical activity of the cerebral

cortex. At the same time, there is evidence of a rela-

tionship between its certain patterns and the formation

of motor skills [36]. Obviously, the use of traditional



366 ILLARIONOVA et al.
forms of training in our case did not allow us to achieve

noticeable neurophysiological changes during the

study period. This is also evidenced by the results

obtained by L.P. Cherapkina [2]: she showed that

during traditional types of training, differences in the

characteristics of the background EEG between

groups of athletes can be recorded even in cases when

load efficiency was the same. On the contrary, the use

of simulators with BFB led to significant changes in

EEG parameters. The activation of high-frequency β-

activity in the occipital leads characteristic of both

methods of BFB training is interpreted as a sign of ten-

sion, a focus on the performed action and is associated

with the formation of sportsmanship. A similar picture

is described in several studies [37, 38] that show the

possibility of the formation of specific EEG patterns

during training of various directions.

The situation looks contradictory in relation to the

α-range activity [35, 39]. On the one hand, high activ-

ity is more often characterized by a decrease in this

EEG component, which can be interpreted as a man-

ifestation of the desynchronization effect, an increase

in cortical tone and activity of the reticular formation

desynchronizing the main EEG rhythm. On the other

hand, there is evidence of an increase in the α-range

activity when physical activity is combined with cogni-

tive task performance. In this case, there is a decrease

in cortical tension, an emphasis on increased activity

of median, diencephalic structures, a transition to the

mode of internal focus on visceral sensations, and

activation of attention processes [40]. It may be sug-

gested that exercise performance with BFB for the

“efforts applied in the position of search for dynamic

balance” parameter requires greater involvement of

neuronal ensembles responsible for the processes of

proprioceptive perception, autonomic regulation,

attention concentration, as well as for the formation of

an adaptive individual strategy of biocontrol.

Apparently, the result of the identified features of
the mechanisms for implementation of the effects of
training with BFB in various parameters is the differ-
ence in the effectiveness of these trainings, in the suc-
cess of the formation of several important skills in ath-
letes. The results allow us to determine the differences
in the mechanisms underlying the strategy for solving
problems of balance and coordination, which is
formed in the subjects after various types of training,
including training with BFB (Fig. 7). BFB during
training contributes to the accelerated formation of
skills for solving problems of keeping balance through
the development of a system of neuromuscular regula-
tion of movements: the appearance of clearly defined
foci of concentration at the level of the cerebral cortex
and synchronized work of the muscle groups involved
in maintaining balance. There is also an increase in
the sensitivity of the proprioceptive analyzer, which
allows one to perform movements more accurately.

CONCLUSIONS

The results allow us to conclude that training with
BFB contributes to the accelerated formation of the
balance maintenance skill. After training with BFB for
the “efforts applied in the position of searching for
dynamic balance” parameter, there is a more rapid
development of the ability to maintain static stability
during distraction to perform parallel mental opera-
tions than in training with BFB for the “projection
position of the center of gravity” parameter, which
characterizes this variant of training as more effective,
especially in the eyes closed position.

Training with the use of BFB allows one to quickly
develop proprioceptive sensitivity, the ability to differ-
entiate applied efforts without the participation of a
visual analyzer, as well as to improve intermuscular
coordination and muscle memory. After training with
BFB for the “projection position of the center of grav-
ity” parameter, the development of a sense of balance
occurs due to an increase in the efficiency of control
over the CP position, while after training with BFB for
the “applied efforts in the position of searching for
dynamic balance” parameter, the ability to maintain
static stability during distractions to perform parallel
mental operations, to coordinate the work of muscles,
as well as to correctly dose the applied efforts, is more
successfully formed.

A characteristic feature of the bioelectrical activity
of the lower leg muscles while maintaining static bal-
ance after training with BFB in terms of the “projec-
tion position of the center of gravity” parameter is the
activation of the lower leg muscles in the static mode
(simultaneous activation of antagonist muscles with
commensurate indicators of bioelectrical activity). At
the same time, after training with BFB for the “efforts
applied in the position of searching for dynamic bal-
ance” parameter, activation of the calf muscles in the
dynamic mode (with a synchronized change in periods
of tension and relaxation in the antagonist muscles) is
observed.

A more marked effect of training with BFB on the
EEG frequency and power characteristics is observed
in comparison with traditional training. Training with
BFB according to the “projection position of the cen-
ter of gravity” parameter is accompanied by a decrease
in EEG power as a reflection of the effect of nonspe-
cific generalized desynchronization and structural
rearrangement of EEG rhythms in comparison with
BFB training according to the “applied efforts in the
position of search for dynamic balance” parameter,
which contributed to EEG activation, more specific in
frequency characteristics and spatial localization,
which reflected more differentiated and directed
structural changes in the activity of the cerebral cortex.
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Fig. 7. The physiological characteristics and the effectiveness of various types of training. 
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The results also allow us to formulate several prac-
tical recommendations. All the methods studied, both
with BFB and without BFB, are aimed at the forma-
tion of coordination abilities and balance; therefore,
they can be used in those sports that place high
demands for these qualities. These are, first of all,
martial arts, many team sports, gymnastics, acrobat-
ics, etc. It is advisable to use these methods at different
stages of sports improvement. At the initial stages, it is
worth starting with regular exercises without BFB, this
option is more effective for the formation of entry-
level skills. At the intermediate level, it is possible to
use BFB on a stabiloplatform, and for more qualified
athletes it is advisable to use HUBER, this technique
contributes to the formation of higher-level skills and
to a greater extent involves the resources of the overly-
ing parts of the nervous system in their formation.
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