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ROLE OF VISUAL INFORMATION IN MAINTAINING STATOKINETIC
STABILITY ON STEADY AND UNSTEADY PLATFORM

Statokinetic stability was studied in 16-year-old boys (37 individuals) on the steady and unsteady platform
of the “MPFI stabilograph-1" and the Stabilis software package under the condition of feedback (FB) and closed
eyes (CE). Visual deprivation was found to have the same effect on reducing statokinetic stability as unsteady
platform. Statokinetic stability significantly decreased on an unsteady platform in conditions of CE that led to the
tension of postural mechanisms of regulation. In the conditions of CE on an unsteady platform of the stabilograph
in young men, there was a statistically significant decrease in the quality factor of the balance regulation function
(KFR, %), an increase in the length of the oscillation trajectory of the pressure center (Length, mm), the average
speed of the movement of the pressure center (AvgSpeed, mm/s), the average range of oscillation of the pressure
center (Range, mm) and the average frequency of the oscillation spectrum of the pressure center in the
mediolateral and anteroposterior plane (wAvgEMA, Hz) than on a steady platform with FB and CE.

The availability of visual information on an unsteady platform allows for significant improvement of
statokinetic stability and reduction of the tension on postural regulation mechanisms. The results show that
under the condition of the changed platform and visual control, the stabilography indicators change
disproportionately. The identified features of changes in stabilographic indicators are stipulated by different
contributions to the process of postural regulation of visual and proprioceptive afferentation. It has been
proven that under the condition of standing on an unsteady platform, visual afferentation makes a much
smaller contribution to the integrative processes of regulation of statokinetic stability than sensory
information from proprioceptors of postural muscles.

Key words: statokinetic stability; stabilography; sensory deprivation; unsteady platform.

Researching the regulation mechanisms of human statokinetic stability is an urgent task of
physiology and treatment of various disorders of the functions of the central nervous system and
motor apparatus [1, 2, 3, 4]. This problem is also relevant for the diagnosis of functional states of a
person in various types of work, military and sports activities [3, 5, 6, 7, 8, 9]. Balance is one of the
leading coordination abilities for many sports. Therefore, monitoring the ability to maintain balance is
critically important both for a comprehensive analysis of the level of sportsmen’s preparation and the
staffing and selection of teams [10, 11]. A high level of postural stability is also necessary to perform
everyday safe actions and to reduce the risk of falling [12, 13].

The vertical position of the human body is not stable due to the high position of the center of
gravity from the support. Under any conditions that destabilize the balance of the statokinetic
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neuronetwork system, the mechanisms that correct the stability of the body are included. In some cases,
the contribution of different analyzers to the regulation of statokinetic stability can selectively decrease
or increase [14, 15, 16]. When the role of one analyzer is reduced, compensation is provided by greater
activity of other systems [17, 18]. Some authors believe that the availability of visual information in
maintaining statokinetic stability is not necessary, but its limitation significantly worsens the quality of
the regulation of the vertical position of the body [19, 20]. It is also known that the visual system solves
the task of stabilizing statokinetic stability by several mechanisms. First, the visual sensory system is
involved in estimating the magnitude, speed, and direction of body movement in space [21]. Secondly,
it can indirectly affect the quality of the regulation of statokinetic stability through the non-specific
effect of the visual analyzer on the tonic contraction of postural muscles or through the vestibular
system [22]. Partial or complete dysfunction of visual information causes a decrease in postural stability,
which leads to an increase in the speed and amplitude of oscillation of the general center of pressure. In
normal standing conditions, the contribution of visual information to the control of statokinetic stability
is insignificant [23]. However, the effect of additional load on postural mechanisms caused by limited
visual information has not been fully elucidated.

To measure various indicators of postural stability, data from various types of balance
platforms are most often used. They facilitate the evaluation of postural stability under the condition
of displacement of the pressure center on the platform of the stabilograph [24, 25]. Unfortunately,
these platforms are usually very large and expensive, and their software is complex [26]. Another
group of equipment for balance measurements is Wii Balance Boards [27, 28, 29]. In population
studies, balance is tested using various motor coordination tests. The most popular among them is the
Flamingo Balance test from the Eurofit Physical Fitness Test Battery [30]. Tests with unstable
platform were also used. In some studies, no violation of statokinetic stability was found under the
condition of maintaining a vertical posture on an unsteady platform [31]. In other researches, it is
shown that in conditions of unsteady platform, the reliability of proprioceptive information from the
foot decreases, the efficiency of integration of sensory systems in neural networks of posture
regulation is impaired [32]. Under such conditions, the speed and reliability of muscle reactions
decreases [33], the value of the visual sensory system increases significantly [5, 34, 35]. However, the
role of visual information in the control of statokinetic stability in conditions of unsteady platform has
not yet been fully investigated. Maintaining statokinetic stability on a moving platform is
distinguished by a number of features. First, in a position on an unsteady platform, the pressure of the
foot on the platform decreases, the proprioceptive information coming from the ankle joint is
distorted. Second, due to the increase in the speed of body oscillation, the role of the vestibular and
visual analyzers in the posture regulation system significantly increases. Third, the role of higher
centers of postural regulation, perception, attention, memory, and intelligence increases [36, 37, 38].

Thus, the research material presented above shows that the role of visual information in
ensuring statokinetic stability on an unsteady platform is not fully defined. Therefore, the goal of
the study is to find out the mechanisms of regulation of statokinetic stability under conditions of
load on postural muscles caused by visual derivation and unsteady platform. We try determine the
regulation mechanisms of statokinetic stability under the condition of lack of visual information and
unsteady platform. To investigate the role of the preserved and limited visual information in
postural control, we use the feedback (FB) and eyes-closed (CE) tests on a steady and unsteady
stabilograph platform. We choose an unsteady platform based on the results of previous studies [32,
37] that show different dynamics of stabilographic indicators than on a steady platform.

Materials and Methods. Broad implementation of computer technologies, including the
development of a system for recording vertical posture, led to the emergence of computer
stabilometry. This allows us to make a digital recording of deviations of statokinetic stability under
the condition of performing various tests. In addition, this technique can perform a computer
analysis of the received data, as well as calculate a number of dynamic indicators, which are
important for studying the physiological mechanisms of the interaction of the body’s sensory
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systems. Various damages and functional disorders can be reflected in the quantitative and
qualitative indicators of stabilometry. Therefore, the study of the regulation mechanisms of the
body vertical position can be performed by the method of stabilography, the main idea of which is
to record the amplitude-time characteristics of postural stability on a steady platform [36, 38].

37 practically healthy young men (age = 16.67 + 0.88 years, body length = 174.82 + 6.87 cm,
body weight = 71.55 £ 7.62 kg) participated in the study. Participation in the experiment was voluntary
and complied with the bioethical norms of the Declaration of Helsinki (1964 and all its revisions,
including the last one in 2000). Subjects were informed and consented to participate in the study.

Statokinetic stability of the subject was determined on the platform (40x40 cm). The
registration of the stabilogram was performed under the condition of 4 tests. First, a test was
performed on a steady planform with the FB. On the steady platform of the stabilograph, the
subjects arbitrarily kept the vertical position of the body. The toes were spread to an angle of 20°,
and there was a distance of 6 cm between the heels.

In the first test with FB, the subjects visually controlled their body position. For this purpose,
a flashlight was attached to the subject’s head, with the help of which the subject had to direct the
beam into a 10x10 square located at a distance of 1.5 m. The second test was performed by the
subjects in the conditions of CE. In the third test, the statokinetic stability was determined on the
unsteady platform of the stabilograph with FB. The fourth test was performed on the unsteady
platform of the stabilograph in conditions of CE.

Three tests were conducted with each subject, and the best result was chosen. The subjects
independently arbitrarily distributed the load for the vertical position. The duration of each test was
60 seconds. The sequence of tests and standing conditions were the same for all subjects.

When performing test tasks in digital mode, a recording lasting 60 s was made. with a
discreteness of 25 1 At = ¢, and the stabilogram signals were processed. Indicators of the functional
state of the system and the regulation of statokinetic stability were evaluated by the quality factor of
the balance regulation function (KFR,%), the length of the trajectory of the pressure center
oscillation (Length, mm), the average speed of the pressure center movement (AvgSpeed, mm/s),
the average swing of the pressure center oscillation (Range, mm). In addition, the spectral density of
the initial signal in the Fourier series for the anteroposterior and mediolateral planes and the average
frequency of the pressure center oscillation spectrum (WAvgFMA, Hz) were determined.

Statistical data processing was performed using packages for medical and biological research
(SPSS, version 21, IBM, USA). Analysis of indicators obtained as a result of stabilogram
processing shows that their distribution differs from normal. Accordingly, in the further statistical
analysis, non-parametric criteria were used and descriptive statistics (median, error of the median, |
and Il quartiles) and the Wilcoxon test were applied. Tukey’s test with Bonferroni correction was
used to determine significant differences (p < 0.05) between mean values.

Research results. In accordance with the objectives of the study, we determined the
indicators of statokinetic stability of the subjects in different conditions of visual function on a
steady and unsteady platform.

The role of visual information in the regulation of statokinetic stability on a steady platform. In
the first test, the subject had to maintain a posture on a steady paltform of the stabilograph with FB.
While performing the test with FB, the subject maintained static Kinetic stability on a steady platform
and simultaneously directed the beam of the flashlight into a square located at a distance of 1.5 m. The
subjects performed this task without excessive psycho-emotional stress. Statokinetic stability was
achieved through the interaction of various stabilogram variables and the participation of integrative
mechanisms of the central nervous system, vestibular, visual analyzers, and joint-muscle proprioception.

Performing the second test with CE was more difficult and was characterized by changes in
the stabilogram indicators. The results of the stabilography study with FB differed from the
indicators in the test with CE. Thus, in the test with CE, the subjects had statistically significantly
increased Length and AvgSpeed indicators of the stabilogram, and the decreased KFR in
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comparison with the values in the conditions of FB (p<0.05 - p<0.001). Although the Range and
WAVgFMA indicators in the test with CE increased compared to FB, they did not achieve
statistically significant changes (p > 0.05). The results of the stabilogram when performing tests
with FB and CE in young men on a steady platform are presented in the Table 1.

Table 1
Stabilometry indicators (Me [25%; 75%]) of subjects (n=32) under conditions of performing tests
with open (1) and closed eyes (2) on a steady platform

Stabilogram indicators Statistics indicators
Metm 25% 75% Min.| Makc. T p
ngn || 7107 T a0l S0 [, oo
AVgSpeed. M — 15 p6 156 106 | 166 | 46 P00
KFR% (s s aae | 578 [ dos | ess | 131000
Range,mm |85 | e 16 as | 05 PO
WAYERMA B |27 00026 | 032 025 035 | 05 [P0

Note: 1 — open eyes, OE; 2 — closed eyes, CE.

Table 1 shows that in young men, under the condition of changed visual information, statistically
significant changes occurred in the amplitude-frequency characteristics of the studied stabilography
indicators Length, AvgSpeed and KFR. Only indicators of the average amplitude of the pressure center
oscillation and the average area of the spectral density of the pressure center oscillation under the
condition of CE were not marked by higher values, compared to the indicators obtained during
registration with FB (p>0.05). Based on the results presented in Table 1 and literature data, we note that
the test with closed eyes is informative for assessing postural stability. During its performance, the
motor task is implemented under the condition of blocking visual information [5, 39].

The role of visual information in the regulation of statokinetic stability on an unsteady
platform. The third and fourth tests were performed in the same way as the first two with FB and
CE, but on the unsteady platform of the stabilograph (Table 2).

Table 2
Stabilogram indicators (Me [25%; 75%]) of subjects (n=32) under the condition of performing tests
with open (1) and closed eyes (2) on an unsteady support

Stabilogram indicators Statistics indicators
Me+m 25% 75% Min. | Makc. T P
Lengih, mm |5 031 | Tao0 50 21325 osa0 | za70s] 124 P00
AvgSpeed, 302 3 pee 309 | g6 | ars | 36 P00
KFR% 3 peaie | ios | 28 | ios | sse | 37 P00
38.3
Range,mm | s St e s | 48 PO
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1 0.35+0.01 0.32 0.37 0.30 0.39
2 | 038001 | 033 | 039 | 031 | 041 | 30
During the performance of the third and fourth tests on an unsteady platform with closed
eyes, an increase in the wAvgFMA spectral power at frequencies of 0.3-0.4 Hz was found in young
men compared to FB (p < 0.05).
Note: 1 — open eyes, OE; 2 — closed eyes, CE.

p<0.001

wAvgFMA, Hz

The study of stabilometry on an unsteady platform made it possible to establish a statistically
significant increase in Length, AvgSpeed and Range and a decrease in CFR in young men under the
condition of performing the task with CE, in comparison with the indicators obtained with FB
(p < 0.05 - 0.001). In addition, in young men, during the test with CE on an unsteady platform, an
increase in the power of the spectrum of oscillations at a frequency of 0.4 Hz was found in
comparison with FB (p < 0.05). This indicates that proprioceptive afferentation is enhanced under
the condition of CE on an unsteady platform, as well as the predominance in the structure of
movements that support the vertical posture of small high-frequency oscillations.

The role of visual information in the regulation of statokinetic stability on steady and
unsteady platform. To determine the role of visual information in the regulation of postural stability
on steady and unsteady platform, we calculated the change in stabilography indicators in %. The
indicators obtained under the condition of FB on a steady platform of the stabilograph were taken as
the initial values (Table 3).

Table 3
Change in stabilogram indicators in % with eyes open and closed on steady and unsteady platform
compared to the initial values

Studied indicators Steady platform Unsteady platform Unsteady platform
Closed eyes Open eyes Closed eyes
Length, mm +95 + 137 + 365
AvgSpeed, mm/s +75 +112 +162
KFR, % - 34 - 46 - 68
Range, mm +4 +63 + 118
wAvgFMA, Hz +4 +35 +42

The results show that the reaction of the investigated indicators to postural load in the conditions
of normal sensory information and steady platform and in the condition of blocking of visual
information and on unsteady platform was different. The limitation of visual information on a steady
platform significantly increased the tension of the mechanisms of regulation of statokinetic stability.
Blocking of visual information on a steady platform (second test) worsened KFR indicators by an
average of 34%. This indicates that the restriction of afferentation from the visual analyzer disrupts
integrative processes in the interaction of the higher departments of the central nervous system,
vestibular and proprioception. In the case of standing on an unsteady platform (the third test) and
maintaining visual control, the CFR decreased by a much larger amount - 46%. The given results
demonstrate a greater dependence of statokinetic stability on afferentation coming from postural
ligaments and muscles than on the visual sensory system. Whereas, in the case of simultaneous blocking
or restriction of visual and proprioceptive control over the vertical position of the body, all studied
indicators of the stabilogram significantly deteriorate. This is confirmed by the fact that in the fourth
test, the integral indicator of the quality factor of the balance control function decreased by 68%.

Therefore, the results of the study with the successive exclusion of sensory afferentation
show that the limitation of proprioceptive information makes much greater corrections in the
integrative processes of regulation of statokinetic stability than visual. Simultaneous exclusion of
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visual information and limitation of proprioceptive afferentation on an unsteady platform with
closed eyes leads to a significant strain on the mechanisms of postural regulation.

Discussion of results. In this study, it is important to find out how effective the contribution
of visual information is to the regulation of statokinetic stability under the condition of a changed
structure of the platform surface under the foot. Changed conditions of sensory information were
modeled by sequentially excluding or limiting afferentation from the visual analyzer and postural
receptors of ligaments and muscles. First, the subjects performed the task of maintaining the vertical
position of the body on the stabilograph with FB, then moved on to the test with CE. Changed
conditions of sensory information from foot mechanoreceptors were achieved by standing on a
steady and unsteady support of the stabilograph.

It was found that in the process of maintaining the vertical position of the body with the FB on a
steady platform (the first test), the subjects reacted by slightly increasing the speed of body oscillation
and increasing the length of the oscillation trajectory of the pressure center. Under such conditions, the
indicator of the quality factor of the balance regulation function, KFR, was 77.6%. (Fig. 1).

% KFR
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steady platform HBOE BCE  ynsteady platform

Fig. 1. Change in the quality factor of the balance control function (%) of the subjects (n=32) with
open and closed eyes on the steady and unsteady platform of the stabilograph
Note: * - statistical probability of difference at the p < 0.05 level

There was no visual signaling in the second test. Under these conditions, the subjects
could not compensate for the statokinetic stability. The lack of visual information was
manifested in a reduced KFR up to 51.3% and a statistically significant increase in Length,
AvgSpeed, Range and spectral power area at frequencies of 0.3 - 04 Hz. in comparison with
similar indicators in the test with FB (p < 0.05 - 0.001). An increase in the length of the
stabilogram when testing with closed eyes can be considered as a fact of deterioration of the
statokinetic stability of the subjects. The results can be explained from the point of view that the
visual sensory system in the vertical position of the body plays a dual role. Firstly, it informs
the neural network of statokinetic stability about body oscillations relative to the external
environment, and secondly, it evaluates the degree of stationarity of the environment itself [40].
Obviously, the statokinetic stability with CE is regulated by the action of feed-back
mechanisms [41]. Posture maintenance under the condition of FB is provided by open-loop
control mechanisms, which includes the interaction of higher departments of the central nervous
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system, vestibular and visual analyzers, joint-muscle proprioception and other functional
systems [42].

Since stabilography is an indicator of changes in several variables, it can be assumed that the
role of visual signaling in the regulation of statokinetic stability on an unsteady platform will be
different than on a steady one.

The results we obtained while maintaining a posture on an unsteady platform in conditions
of preserved visual signaling (the third test) showed a significant increase in the fluctuation of the
center of gravity. Preservation of visual control on an unsteady platform reduced the KFR to the
value of 46%, against the indicator on a steady platform with FB - 77.6%. The results show that
when maintaining the vertical position of the body on an unsteady platform, the statokinetic
stability deteriorates compared to a steady platform. It was established that the indicators of the
length of the oscillation trajectory of the pressure center and the movement speed of the body mass
center on the unsteady platform of the stabilograph in the subjects were statistically significantly
higher, and the KFR lower than on the steady platform (p < 0.05 - 0.001).

The results obtained above can be explained by the fact that standing on a movable platform
worsens statokinetic stability. It is known from the literature that foot receptors are an important
source of information about the change in the position of the pressure center [43]. In conditions of
unsteady platform, the activity of foot mechanoreceptors decreases, and the activity of body
movement increases [32]. Under these conditions, due to the lack of pressure on the platform, the
foot does not create compensation for the moment of forces and does not allow obtaining the
necessary afferent information about the deviation of the body from the equilibrium support
position [44]. Another explanation is related to the fact that the movable platform affected not only
the force interaction between the foot and the platform, but also created ambiguous information
about the position of the body in space. Under such changed conditions of proprioception, the
significance of the afferent flow of information from the visual and vestibular sensory systems and
the integrative functions of the higher departments of the central nervous system increased. It may
also be plausible that the mechanisms of regulation of statokinetic stability were more stressed on
an unsteady platform. The results of statokinetic stability, which we obtained under the condition of
FB on an unsteady platform, were probably associated with a greater sensory deficit and less
possibility to compensate them from the side of other afferent systems. As already shown above,
our results with FB demonstrate that statokinetic stability is impaired on an unsteady platform
compared to postural control on a steady platform. The Length, AvgSpeed, Range and wAvgFMA
indicators on the unsteady platform with the FB increased, and the KFR decreased, respectively, by
137, 112, 63 and 46%% compared to the indicators obtained in the first test.

Therefore, under the condition of maintaining a posture on an unsteady platform with FB, we
obtained differences in the participation of mechanisms of regulation of statokinetic stability in
comparison with the test on a steady platform of the stabilograph. The above results demonstrate the
dependence of statokinetic stability on afferent information from the support surface of the foot.

Thus, according to our results, statokinetic stability on an unsteady platform differs in a
number of functional features. First, on a moving platform, the proprioceptive information received in
response to a decrease in foot pressure compared to a solid support is distorted. Second, on an
unsteady platform, the oscillation rate of the general center of the foot pressure increases that leads to
a significant increase in the role of the vestibular and visual sensory systems in posture regulation.
Third, it can be assumed that the control of statokinetic stability on an unsteady platform may involve
mechanisms connected with higher departments of the central nervous system [32, 45, 46].

It was assumed that some stabilization of posture under conditions of unsteady platform was
associated with partial ignoring of signals from the visual system and would be compensated by an
increase in the contribution to the regulation mechanisms of other sensory systems, not related to
visual information, including proprioception. Our assumption was confirmed by the results of the
fourth test. In this test, subjects maintained a posture on an unsteady platform with CE. Under such
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conditions of standing on an unsteady platform, in case of exclusion of visual control and altered
proprioceptive afferentation from the supporting surface of the foot, the studied parameters of the
stabilogram significantly deteriorated. Thus, the KFR indicator in the fourth test decreased by 68%.
Such a result was somewhat unexpected for us and therefore, was not easy to interpret. An increase
in the length of the stabilogram compared to the FB was found on an unsteady platform with CE,
which can be regarded as a feature of the functional state and the predominance of a large number
of high-frequency oscillations in the structure of movements. Our results confirmed the validity of
the opinion that the regulation of the vertical position of the body under the condition of conducting
tests on an unsteady platform with CE was mainly carried out due to an increase in the power of the
spectrum of oscillations at high frequencies of 0.4 Hz.

Our research shows that the lack of visual information in standing on a steady and, especially, on
an unsteady platform significantly increases the tension of mechanisms of translational control
regulation. The results of Table 3 shows that the lack of visual information cannot be fully compensated
by other sensory systems. Thus, the lack of visual information on a steady platform caused changes in
the reduction of KFR by 34%, and the Length, mm indicator by 95% relative to open eyes. Changes in
the indicators of statokinetic stability under the condition of limited visual information also occurred in
the indicators of AvgSpeed, mm/s (- 75%), but Range almost did not change (- 4%). These results are
consistent with the results of works [47], which showed a significant, but not complete, compensation of
postural balance disturbance caused by visual derivation.

We predicted that the visual derivation on an unsteady platform would lead to an even
greater increase in body oscillations and a decrease in statokinetic stability than in conditions of FB.
Violations in the integration of sensory information become especially important in case of
simultaneous visual and proprioceptive deprivation. The results obtained in the fourth test showed
that the most significant changes in the tension of the regulation mechanisms for maintaining
statokinetic stability occured in the test with CE on an unsteady support. Stabilography indicators
under these conditions decreased the most in relation to the similar characteristics obtained in the
conditions of FB on a steady platform. Thus, Table 3 and Fig. 1 show that the indicators of the
length of the trajectory of the center of pressure, the speed of movement of the center of mass of the
body, Range and KFR deteriorated on the unsteady platform of the stabilograph with CE by 365,
162, 68 and 118%, respectively, compared to the results on a steady platform with FB. Therefore,
the limitation of visual and proprioceptor information under the condition of unsteady support
creates an additional effect on postural regulation mechanisms. It is plausible that under such
conditions, violations of the sensory integration of the higher, central level of control are of
particular importance. We note that the functioning of the regulation mechanisms of statokinetic
stability in conditions of a lack of visual information on an unsteady platform creates an additional
deficit on the part of proprioceptive information, which plays a key role in reducing postural control
that is consistent with the results of other authors [47]. Based on our results, we can generalize that
proprioceptive afferentation makes much larger corrections to statokinetic stability and integrative
processes of regulation than the visual sensory system.

Thus, the indicators of stabilography, which reflect the process of maintaining statokinetic
stability under the condition of limited visual and proprioceptive information on steady and unsteady
platform, did not change proportionally. Some considerations for understanding the mechanism of
regulation are provided by our results and modern studies by other authors, which relate to
stabilographic indicators under conditions of FB and CE on a steady and unsteady platform. It has
been shown that in conditions of unsteady platform, when the reliability of proprioceptive information
coming from foot receptors is reduced and the efficiency of the integration of sensory systems in
neural networks of posture regulation is impaired [32], the speed and reliability of muscle reactions
decreases [33], the value of the visual sensory system increases significantly [35, 47, 48]. Whereas,
according to our results, the non-proportionality of the participation of the two sensory systems in the
mechanisms of statokinetic stability has been established. In conditions of unsteady platform and CE,
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statokinetic stability is the result of a greater contribution of proprioceptive information to regulation
mechanisms than visual afferentation.

The experimental material we received brings us closer to the understanding of the
mechanisms of regulation of statokinetic stability under conditions of additional load on postural
regulation caused by visual deprivation and unsteady platform. The results we obtained, in part,
contradict those researchers who speak in favour of the fact that changes in statokinetic stability
under changed conditions of visual afferentation can be explained quite simply. We believe that the
obtained results also require further experimental research and generalization.

Conclusions

1. Blocking of visual information significantly worsened statokinetic stability on both
steady and unsteady platform of the stabilograph. With the eyes closed, the KFR indicators
decreased, and the Length and AvgSpeed characteristics increased statistically significantly.

2. It was established that the limitation of visual afferentation exerted a noticeable
influence on the reduction of statokinetic stability in young men, both on steady and unsteady
platform. It was proved that changes in KFR on an unsteady platform with closed eyes were
statistically significantly higher than on a steady platform with artificial feedback.

3. The availability of visual information makes it possible to significantly improve the
statokinetic stability and reduce the tension of the regulatory mechanisms of the statokinetic
stability on the unsteady platform of the stabilograph.

4. The lack of visual information makes much smaller corrections in the integrative
processes of statokinetic stability regulation than proprioceptive afferentation.

5. The limitation of proprioceptive information makes much greater corrections in the
integrative processes of regulation of statokinetic stability than visual afferentation.

6. Simultaneous exclusion of visual afferentation and limitation of proprioceptive
information on an unsteady platform with closed eyes significantly impairs statokinetic stability and
leads to significant tension of postural regulation mechanisms.

References

1. BrownT. C., McGee A. W. Monocular deprivation during the critical period alters neuronal tuning and the
composition of visual circuitry. PLoS biology. 2023. 21(4). DOI: https://doi.org/10.1371/journal.pbio.3002096

2. Korver A. M., Smith R. J., Van Camp G., Schleiss M. R., Bitner-Glindzicz M. A., Lustig L. R., Usami
S. I, Boudewyns A. N. Congenital hearing loss. Nature reviews. Disease primers. 2017. 3, 16094. DOI:
https://doi.org/10.1038/nrdp.2016.94

3. MeloR.S., Lemos A., Paiva G. S., Ithamar L., Lima M. C., Eickmann S. H., Ferraz K. M., Belian R. B.
Vestibular rehabilitation exercises programs to improve the postural control, balance and gait of
children with sensorineural hearing loss: A systematic review. International journal of pediatric
otorhinolaryngology. 2019. 127, 109650. DOI: https://doi.org/10.1016/j.ijporl.2019.109650

4. Ferdjallah M., Harris G. F., Smith P., & Wertsch J. J. (2002). Analysis of Postural Control Synergies
during Quiet Standing in Healthy Children and Children with Cerebral Palsy.Clin. Biomech.17, 203—
210. doi:10.1016/S0268-0033(01)00121-8

5. Liakh Yu., Usova O., Romaniuk A., Melnychuk V., Liakh M., Antypov A. Computer stabilometry in
the assessment of the functional state of an individual. Physical education, sport and health culture in
modern society. 2019. No. 2. P. 66-72. DOI: https://doi.org/10.29038/2220-7481-2019-02-66-72

6. Kovalenko Ya., Baloban V. Statodynamic stability of the body of female athletes engaged in rhythmic
gymnastics is in the stage of specialized basic training. Science in Olympic sports. 2018. No. 4, pp. 70-
78. DOI:10.32652/0lympic2018

7. Demchuk S.P. Personal development of a junior high school student with deprivation of sensory
systems of a special boarding school / S.P. Demchuk // Slobozhan. science and sport Visn.. - 2015. -
No. 2. - P. 66-69.

8. Lisenchuk G. A., Khmelnytska, I. V., Krupenia, S. V., Lytvynenko, O. M., Boretska N. O. Computer
systems for motor control in physical education of schoolchildren with hearing deprivation. Physical
education and sports. 2021. (2), 54-62.DOI: https://doi.org/10.26661/2663-5925-2020-2-08

43


https://doi.org/10.1371/journal.pbio.3002096
https://doi.org/10.1038/nrdp.2016.94
https://doi.org/10.1016/j.ijporl.2019.109650
https://doi.org/10.29038/2220-7481-2019-02-66-72
https://doi.org/10.26661/2663-5925-2020-2-08

ISSN 2076-5835. Bicuuk Yepkacrskoro yHiBepcutety. 2024. Nol

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Kompaniyets O. A. Professional performance of the flight crew according to posturography indicators.
Ukrainian journal on problems of occupational medicine. 2008, No. 4, pp. 55-59

Matsuda S, Demura S, Uchiyama M. Centre of pressure sway characteristics during static one-legged
stance of athletes from different sports. J Sports Sci. 2008;26(7):775-779.

Pau M, Ibba G, Leban B, Scorcu M. Characterization of static balance abilities in elite soccer players by
playing position and age. Res Sports Med. 2014;22(4):355-367.

Hadjistavropoulis T, Delbaere K, Fitzgerald TD. Reconceptualizing the role of fear of falling and
balance confidence in fall risk. J Aging Health. 2011;23(1):3- 23.

Lindmark B, Liljends A, Hellstrom K. Assessment of minor or moderate balance disorders: A reliability
study and comparison with healthy subjects. Adv Physiother. 2012;14(1):3-9.

Hamzehpour F., Absalan A., Pirasteh E., Sharafi Z., Arbabsarjoo H. Investigating the Effect of Hearing
Aid Use on the Balance Status of Children with Severe to Profound Congenital Hearing Loss Using the
Pediatric Clinical Test of Sensory Interaction for Balance. Journal of the American Academy of
Audiology. 2021. 32(5), 303-307. DOI: https://doi.org/10.1055/s-0041-1728754

Alioshyna A., Ivanitskyi R., Bychuk O. Development and correction of the motor sphere of children
with hearing impairments in the process of physical education. Modern stage. Youth scientific bulletin
of Lesia Ukrayinka East European National University. Lutsk, 2017. VVol. 27. P. 98-103.

Brown T. C., McGee A. W. Monocular deprivation during the critical period alters neuronal tuning and
the composition of  visual circuitry. PLoS biology. 2023. 21(4). DOl:
https://doi.org/10.1371/journal.pbio.3002096

Demirel N. The Impact of Therapeutic Recreational Gymnastic Exercise on Basic Motor Skills of
Hearing-Impaired Children Aged Between 6 and 9 Years. Journal of Education and Training Studies.
2019. 6 (3), 147-151. DOI: https://doi.org/10.11114/jets.v6i3.3048

Tepruuna, H., Kpuns, O. XapakTepucTHKH HEeHpOAMHAMIYHMX (DYHKIIHA TOJIOBHOI'O MO3KY JAWTHHU B
yMOBaX  CEHCOpHOI  mempmBamii.  Monoouu  euenusr. 2022. 7 (107)., 39-43. DOL:
https://doi.org/10.32839/2304-5809/2022-7-107-9

Asslander L.I., Peterka R.J. Sensory reweighting dynamics in human postural control // J. Neurophysiol.
2014.V.111. Ne 9. P. 1852/

Sousa A.S., Silva A., Tavares J. M. Biomechanical and neurophysiological mechanisms related to postural
control and efficiency of movement: a review // So- matosens. Mot. Res. 2012. V. 29. Ne 4. P. 131.

Joseph J., Safavynia S.A., Ting L.H. Contribution of vision to postural behaviors during continuous
supportsurface translations // Exp. Brain Res. 2014. V. 232. Ne 1. P. 169

L Lozova Yu.V. Determination of vestibular function in children with purulent otitis media. Bulletin of
Kharkiv V. N. Karazin National University. "Medicine" series. 2022; 44: 49-64. doi:10.26565/2313-
6693-2022-44-04

Horak, F. B. Postural orientation and equilibrium: what do we need to know about neural control of
balance to prevent falls? Age and Ageing. 2006, 35(2), P. 7-11. doi:org/10.1093/ageing/afl077
Lindmark B, Liljenis A, Hellstrom K. Assessment of minor or moderate balance disorders: A reliability
study and comparison with healthy subjects. Adv Physiother. 2012;14(1):3-9.

Btaszczyk JW, Beck M, Szczepanska J, Sadowska D, Bacik B, Juras G, Stomka KJ. Directional
measures of postural sway as predictors of balance instability and accidental falls. J Hum Kinet.
2016;52:75-83.

Mancini M, Salarian A, Carlson-Kuhta P, Zampieri C, King L, Chiari L, Horak BF. ISway: a sensitive,
valid, and reliable measure of postural control. J Neuroeng Rehabil. 2012;9(1):59-66.

Clark RA, Bryant AL, Pua Y, McCrory P, Bennell K, Hunt M. Validity, and reliability of the Nintendo
Wii Balance Board for assessment of standing balance. Gait Posture. 2010;31(3):307-310.

Bower KJ, McGinley JL, Miller KJ, Clark RA. Instrumented static, and dynamic balance assessment
after stroke using Wii Balance Boards: reliability and association with clinical tests. PLoS One.
2014;9(12):e115282.

Park D, Lee G. Validity and reliability of balance assessment software using the Nintendo Wii Balance
Board: usability and validation. J Neuroeng Rehabil. 2014;11:99. doi: 10.1186/1743-0003- 11-99.
Adam, C., Klissouras, V., Ravazzolo, M., Renson, R., Tuxworth, W., Kemper, HCG., van Mechelen,
W., Hlobil, H., Beunen, G., & Levarlet-Joye, H. (1993). EUROFIT - European test of physical fitness (2nd
edition). Council of Europe. Committee for the development of sport. (2 ed.) Council of Europe.

44


https://doi.org/10.1055/s-0041-1728754
https://doi.org/10.1371/journal.pbio.3002096
https://doi.org/10.11114/jets.v6i3.3048
https://doi.org/10.32839/2304-5809/2022-7-107-9

Cepis «bionoriuni Haykny, 2024

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

Cimen Polat, Sezen & Cagm, Musab & Camlibel, Turgut & Orhan, Ozlem. (2023). The Effect of
Fundamental Movement Skills Education with Rhythm on Auditory Reaction and Coordination
Parameters. Annals of Applied Sport Science. 11. 10.61186/aassjournal.1289.

Bezkopylna S.V., Minaev B.P., Bezkopylnyi O.0., Kalenichenko O.V., & Grechukha, S.V. (2023). Age
characteristics of statokinetic stability in athletes and non-athletes. Bulletin of Cherkasy University.
Series: Biological Sciences, 2023, No. 1. P. 11-22. doi: 10.31651/2076-5835-2018-1-2023-1-27-34..
Paillard, T. (2012). Effects of general and local fatigue on postural control: a review. Neuroscience &
Biobehavioral Reviews , 36 (1), 162-176.Paillard T. Effects of general and local fatigue on postural
control: a review. Neurosci Biobehav Rev. 2012 Jan;36(1):162-76. doi:
10.1016/j.neubiorev.2011.05.009. Epub 2011 May 27. PMID: 21645543

Vuillerme N, Danion F, Marin L, Boyadjian A, Prieur JM, Weise I, Nougier V. The effect of expertise
in gymnastics on postural control. Neurosci Lett. 2001 May 4;303(2):83-6. doi: 10.1016/s0304-
3940(01)01722-0. PMID: 11311498.

Redfern MS, Yardley L, Bronstein AM. Visual influences on balance. J Anxiety Disord. 2001 Jan-
Apr;15(1-2):81-94. doi: 10.1016/s0887-6185(00)00043-8. PMID: 11388359.

Bezkopylna, S. (2020). Age-related features of reactivity of the autonomic nervous system while processing
information of different modality and intensity of signal presentation. Lesia Ukrayinka Eastern European
National University Scientific Bulletin. Series: Biological Sciences, (1 (389)), 94-102.

Koval Yu.V., Yukhymenko L.I., Chystovska Yu.Yu., Paliychuk O.V. Age-specific features of the
formation of statokinetic stability in persons with hearing loss. Bulletin of the Cherkasy University.
Series: Biological Sciences, 2023, No. 1. P. 11-22. Doi: 10.31651/2076-5835-2018-1-2023-1-46-57.
Lyzohub V.S., Salivonchyk I.I., Koval Y.V., Dudnyk 1.O. Formation of statokinetic stability in
ontogenesis. Bulletin of Cherkasy University. Series: Biological Sciences, 2023, No. 2. P. 11-22. Doi:
10.31651/2076-5835-2018-1-2023-2-64-77.

Kovalenko Ya, Boloban V., & Zhyrnov O. (2017). Sensorimotor coordination of sportsmen engaged in
artistic gymnastics at the stage of specialized basic training. Theory and methods of physical education
and sports, (4), 27-34.

Korobeynikov G.V., Zhyrnov O.V., Korobeinikova L.G., Volsky D.S., Mishchenko V.S., Dudnyk,
0O.K., Ivashchenko O.0. Neurodynamic functions and statokinetic stability of qualified kickboxers.
Bulletin of the Chernihiv National Pedagogical University. Series: Pedagogical sciences. Physical
education and sports. 2018, No. 154(1), pp. 90-94

Biga, L.,Dawson, S.,Harwell A.,Hopkins, R.,Kaufmann J.,LeMaster, M.,Matern, P.,Graham K., Quick,
D. and Runyeon, J. (2021). Anatomy  and Physiology. Retrieved from
https://open.oregonstate.education/aandp/chapter/1-3-homeostasis/

Sorgini F, Calio R, Carrozza MC, Oddo CM. Haptic-assistive technologies for audition and vision
sensory disabilities. Disabil Rehabil Assist Technol. 2018 May; 13(4): 394-421. DOI:
https://doi.org/10.1080/17483107.2017.1385100

Adkin AL, Campbell AD, Chua R, Carpenter MG. . (2018). The influence of postural threat on the
cortical response to unpredictable and predictable postural perturbations. Neurosci Lett 435: 120-
125, 2008. doi:10.1016/j.neulet.2008.02.018.

Wright, W. G., Ivanenko, Y. P., & Gurfinkel, V. S. (2012). Foot anatomy specialization for postural
sensation and control. Journal of neurophysiology, 107(5), 1513-1521. https://doi.org/10.1152/jn.00256.2011
Fraizer, E., & Mitra, S. Methodological and interpretive issues in posture-cognition dual-tasking in
upright stance. Gait and Posture. 2008, 27(2), P. 271-279. doi: 10.1016/j.gaitpost.2007.04.002

Hiraga, C. Y., Garry, M. I, Carson, R. G., Summers, J. J. Dual-task interference: attentional and
neuropsychological influences. Behavioural Brain Research. 2009, 205(1), P. 291-345
d0i:10.1016/j.bbr.2009.07.019

Joseph J., Safavynia S.A., Ting L.H. Contribution of vision to postural behaviors during continuous
supportsurface translations // Exp. Brain Res. 2014. V. 232. Ne 1. P. 169

Vaillant J., Vuillerme N., Janvey A. et al. Effect of manipulation of the feet and ankles on postural
control in elderly adults// Brain Res. Bull. 2008. V. 75. P. 18.

OpnepxaHO peaaKili€ero: 29.04.2024
[MpuiinsaTo no myomikamii:  20.05.2024

45


https://open.oregonstate.education/aandp/chapter/1-3-homeostasis/
https://doi.org/10.1080/17483107.2017.1385100
https://doi.org/10.1152/jn.00256.2011

