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ABSTRACT

Background. Individual qualities of posture control are crucial to success in many modern complex coordination
sports disciplines. The data of the stabilometric test allows you to effectively monitor violations of the statokinetic
stability appropriate adjustments to the individual training system. Objectives. The purpose of the study is to identify
the relationship between the indicators of the statokinetic stability of athletes and their results. Methods. The jumpers
were divided into two groups, the participants of one group had personal achievements in the pole vault from 3.20 to
4.20 meters, and the participants of the second group from 4.60 to 6.00 meters. Postural control was evaluated using
the stabilographic hardware and software complex MBN "Stabilo" (Russia). Results. In our study, there were no
statistically significant differences between the groups. However, we can observe a shift in the general center of
pressure with the growth of sportsmanship in the frontal plane X (to the right) and the sagittal plane Y (forward) with
open and closed eyes. Conclusion. The analysis of the indicators of statokinetic stability in athletes of various skill
levels specializing in pole vaulting confirms that the speed of the general center of pressure of athletes of higher
qualification is lower in all the positions considered, which indicates a better ability to maintain their postural stability
and a more developed proprioceptive analyzer. In this study, we did not identify critical pathologies, and the results
were within the normal range for healthy people.

KEYWORDS: Stabilometry, Postural Balance, Coordination, Technical Readiness, Pole Vaulters, Track and
Field, Adaptation.

INTRODUCTION

Stabilometry is a method of recording the
projection of the total center of mass of the body
on the plane of the support and fluctuations in the
standing position of the subject, as well as when
performing various diagnostic tests. (1-4). The
force platform allows you to evaluate the control
of the pose in the projection on the horizontal
plane. At the same time, significant deviations
often indicate a violation of the functionality of
the musculoskeletal system or the system of
coordination of movements (5-9). The data of the
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stabilometric test and its analysis make it possible
to effectively monitor such violations and make
appropriate adjustments to the individual training
system (10, 11). Stabilometric indicators are quite
significant for studies related to the age and skills
of individual athletes (5, 12, 13).

Individual qualities of postural control and
skills, both static and dynamic (especially
movement correction and combination of skills) -
are crucial for success in many modern
coordination sports disciplines (5, 14). In track
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and field, the skills of vestibular balance are
formed mainly in connection with the competitive
activity in a particular form, and the period of
sports. Testing athletes with their eyes closed
showed that an athlete's balance and coordination
abilities depend on their skills. The higher the
skills and experience - the better the vestibular
balance in the test (5).

L. V. Kapilevich, studying the physiological
control of the technical readiness of athletes,
concluded that regardless of the specialization,
highly qualified athletes are better able to
maintain  balance when performing basic
movements: "The growth of technical skill is
expressed in a decrease in the vector indicators of
the stabilogram, the values of deviation and the
speed of movement” (13). The relationship
between the growth of athletic performance and
postural stability in pole vaulters was not
considered earlier, this was the basis for our
study. As the athletic performance of pole
vaulters increases, the indicators of statokinetic
stability will improve. The purpose of the study is
to identify the relationship between the
performance of athletes and their results.

MATERIALS AND METHODS

The study was conducted on the premises of
the Research Center for Sports Science of South
Ural State University (National Research
University). Examination of athletes was carried
out in the general preparatory period of
preparation for competitions. Fourteen male
jumpers aged 16 to 25 divided into two groups
were examined. The participants of the first group
had personal achievements in the pole vault from
3.20 to 4.20 meters, and the participants of the
second group from 4.60 to 6.00 meters. At all
stages of the study, the participants were
previously acquainted with the algorithm of the
procedure. The organization of the study was
regulated by the protocol of the Council of Europe

Convention on Human Rights and Biomedicine
(1999) and the Helsinki Declaration of the World
Medical Association (2013 edition). Before the
study, the participants’ informed consent was
obtained.

The study was performed using the
stabilographic hardware and software complex
MBN "Stabilo" (Russia). The study was
conducted in the "European" setting, each
position was recorded for 30 seconds. The
stability of the pose was evaluated in six
positions: "European” setting (E. S.) eyes open;
E. S. eyes open, head turning to the left; E. S.,
head turning to the right; E. S., eyes closed; E. S.
eyes closed, head turned to the left; E. S. eyes
closed, head turned to the right. The independent
t-test was used to compare the dependent
variables between groups. Statistical significance
was established when p < 0.05.

RESULTS

When adequately assessing the indicators of
postural stability, it is necessary to take into
account the actual size of the human body. The
size of the support surface (size of the foot), is
also important, as well as the distance between the
main joints and the distance between both upper
anterior iliac spines (interosseous size) (15-17).
These data for the two groups are presented in
Table 1. Table 1 shows the calculation of the
Romberg coefficient, QR (%) for both groups.

The results of the study of the indicators of
statokinetic stability in athletes of various skill
levels, specializing in pole vaulting, in the
position of the E. S. with closed eyes and open
eyes, are presented in Table 2. The results of the
study of the indicators of statokinetic stability of
pole vaulters of various skill levels, in the position
of the E. S., with the head turned to the left with
closed and open eyes are presented in Table 3 and
turned to the right with closed and open eyes are
presented in Table 4.

Table 1. Anthropometric indicators, Romberg coefficient of the studied groups

Indicator 1(n=7) IH(n=7) P
Body length (mm) 1859 + 21 1863 + 12 > 0.05
Foot length (mm) 2715+4 271+ 3 > 0.05
Ankle-toe distance (mm) 225+7 220+5 > 0.05
Foot width (mm) 104 +5 97 +5 > 0.05
Interosseous size (mm) 268 +7 270+5 > 0.05
Romberg coefficient, QR (%) 214+ 42 179+ 70 > 0.05

Note:* — p < 0.05 reliability of measurements of the results of the first group relative to the second.



DISCUSSION

The data presented in Table 1 illustrate that the
anthropometric data of the two groups are not
statistically significant. The indicators of the first
and second groups are within the normal range for
healthy people (9, 18). The average Romberg
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coefficient in the group of athletes with results of
3.20 to 4.20 is 35% more than in athletes of a
higher class. This suggests a greater influence of
the proprioceptive system in maintaining balance
in the strongest pole vaulters.

Table 2. Indicators of statokinetic stability of groups in the main stance with open and closed eyes

. Eyes open Eyes close
Indicator I(n=7) I (n=7) I(n=7) I (n=7)

The standard deviation of the 15.08 +5.12 31.85+16.5 23.75+7.05 33.86 + 14.34
COP in the frontal plane, mm
The standard deviation of the 20.28 +5.01 36.18 + 18.45 30.77 +11.46 42.68 +17.14
COP in the sagittal plane, mm
COP speed, V (mms) 1872281 1816334 31.45+748 26.61 2.44
Statokinesiogram area, mm? 229.74 +56.61 337.9 £106.6 543.13+216.19 367.27+ 71.57
Stability indicator, % 89.28+ 2.05 88.82 +1.87 86.19+ 3.04 87.45x 1.15
Stability index, (un) 2431 4.2 2543 +3.84 16.33:3.33 15.63% 1.07
The dynamic component of 65.81 +9.36 7457+ 3.84 83.67+3.33 84.37 +1.27
balance, (un)
P >0.05 >0.05 >0.05 >0.05

Note:COP - the center of pressure.

Table 3. Indicators of statokinetic stability of groups in the main stance with head turn to the left, with open
and closed eyes

. Eyes open Eyes close

InelieEsiter I(n=7) (n=7) I(n=7) (=7
The standard deviation of the COP in 30.11 +24.82 23.97+ 9.26 4118 +15.12 2014 +10.87
the frontal plane, mm
The standard deviation of the COP in 24.82 +10.64 25.12 +13.89 30. 91 +14.58 23.28 +6.18
the sagittal plane, mm
COP speed, V (mm/s) 22.85+38 17.35¢ 3.1 30.21+ 8.74 23.31+ 155
P >0.05 >0.05 >0.05 >0.05

Table 4. Indicators of statokinetic stability of groups in the main stance with head turning to the right with
open and closed eyes

. Eyes open Eyes close

Lileals I(n=7) Il (n=7) I (n=7) I (n=7)
The standard deviation of the COP in 49.45 + 29.95 25.99 +11.86 34.62 +10.87 27.77+ 10
the frontal plane, mm
The standard deviation of the COP in 33.16 +17.98 30.72 +12.11 53.18 +6.18 36.74 + 14.28
the sagittal plane, mm
COP speed, V (mmis) 22.05 + 4.04 20.23 £ 2.42 36.24 £ 1.55 2574 % 2.15
P >0.05 >0.05 >0.05 >0.05

As can be seen from Table 2, there were no
statistical differences between the values shown
in the two groups in the E. S. with open and closed
eyes. But we can observe a shift in the general
center of pressure with an increase in sports skill
in the frontal plane x (to the right) by 16.77 mm
with the eyes open, and by 10.11 mm with the
eyes closed. There is also a shift in the general
center of pressure in the sagittal plane y (forward)
by 15.9 mm open eyes, and 11.91 mm eyes
closed. Based on the results of a study of postural

balance in middle-distance athletes (8), as well as
the formation of the functional sports adaptation
of the skeletal system of pole vaulters that we
identified earlier: "Jumpers form a functional
sports adaptation, as a result of which, there is a
forward tilt of the projection of the cervical spine,
as well as a forward tilt of the projection of the
lumbar spine and a turn of the pelvis to the right
in the sagittal plane” (19). So, a specific
asymmetric load during a long period of training
and competitive activity affects the movement of
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the projection of the general center of pressure to
the right forward.

The speed of the general center of pressure
with closed eyes was lower by 4.84 mm/s in
athletes of higher qualification. The area of the
statokinesiogram with open eyes was larger in the
athletes of the first group. But with the eyes
closed, this indicator was higher in the second
group. The stability indicators, the stability index,
and the dynamic component of the balance
component were very similar in both groups.

Table 3 shows that the performance of athletes
in the E. S. with the head turned to the left, with
their eyes open and eyes close, did not have
statistically significant differences. However, the
standard deviation of the general center of
pressure in the frontal and sagittal planes, in
highly qualified athletes, is less, by 6.14 mm and
12.04 mm, respectively. The rate of the general
center of pressure in the stronger group was also
lower, in the positions of open eyes and closed
eyes.

In Table 4, the performance of athletes in the
E. S. with the head turned to the right, with open
and closed eyes, also had no statistically
significant differences. The tendency that the
standard deviation of the general center of
pressure in the frontal sagittal planes is less in
athletes of higher qualification is confirmed in
this position, by 23.46 mm and 6.85 mm in the
frontal and sagittal planes, respectively. The rate
of general center of pressure in the stronger group
was also lower, in the positions of open eyes and
closed eyes. The stability indicators, the stability
index, and the dynamic balance component when
turning the head to the left and the right, as in the
E. S., had very similar values in both groups.

CONCLUSION

The analysis of statokinetic stability indicators
in track and field athletes of different skill levels
specializing in pole vaulting did not reveal
statistically significant differences in the
indicators of the two groups. However, the speed
of the general center of pressure of athletes of
higher qualification is lower in all the positions
considered, which indicates a better ability to
maintain their postural stability and a more
developed proprioceptive analyzer. Thus, the
hypothesis put forward by us is confirmed. In
addition, the results confirm previous studies that
consider the improvement of vestibular balance in

connection with the growth of skills and
experience of the athletes.

It should be noted that the general center of
pressure shifts with the growth of sportsmanship in
the frontal plane X (to the right) and the sagittal plane
Y (forward) in the main stand with open and closed
eyes. We consider that a specific asymmetric load
during a long period of training and competitive
activity affects the movement of the projection of the
pressure center point to the right-forward-the
formation of functional sports adaptation.

The stability indicators, the stability index, and
the dynamic balance component were very close in
terms of values in both groups, which means that
these data do not correlate with the growth of the
athletic skills of the pole vaulters. In this study, we
did not identify critical pathologies, the results
obtained were within the limits of the physiological
norm for healthy people. Further research will help
to expand the understanding of the specific adaptive
mechanisms in pole vaulters.

APPLICABLE REMARKS

e The results obtained can be used by coaches to
understand the level of fitness of athletes and
to regulate the complex coordination load.

e The results can also be useful for research in
the field of physiology when working with
force platforms since they indicate the
parameters that characterize the degree of
development of the vestibular apparatus.
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