ISSN 2522-1906 (Print) ISSN 2522-1914 (Online)

Physical rehabilitation and
recreational health technologies

Original article

Vol. 8 No 1

Dynamics of indicators of vestibular dysfunction and walking
locomotion in men aged 25-42 years with the consequences of
a combat wound as a result of the influence of physical culture
and sports rehabilitation

Victoriia Misiura, Larysa Ruban, Oleksii Honcharov, Andrii Litovchenko,

Yevgeniy Garyachiy

Kharkiv State Academy of Physical Culture, Kharkiv, Ukraine

DOI: https://doi.org/10.15391/prrht.2023-8(1).05

Received: 27.01.2023
Accepted: 11.02.2023
Published: 31.03.2023

Citation:

Misiura, V., Ruban, L., Honcharov,
0., Litovchenko, A., & Garyachiy, Ye.
(2023). Dynamics of indicators of
vestibular dysfunction and walking
locomotion in men aged 25-42 years
with the consequences of a combat
wound as a result of the influence

of physical culture and sports
rehabilitation. Physical rehabilitation
and recreational health technologies,
8(1), 39-46. https://doi.org/10.15391/
prrht.2023-8(1).05

X Corresponding author:

Larysa Ruban

Kharkiv State Academy of Physical
Culture, Kharkiv, Ukraine
orcid.org/0000-0002-7192-0694
e-mail: larisaruban@gmail.com

Victoriia Misiura
orcid.org/0000-0003-0571-630X
Oleksii Honcharov
orcid.org/0000-0002-2012-6298

Andrii Litovchenko
orcid.org/0000-0003-1379-6901
Yevgeniy Garyachiy
orcid.org/0000-0002-2278-6513

oMo

Copyright: © 2023 by the authors.
This article is an open access article
distributed under the terms and condi-
tions of the Creative Commons Attribu-
tion 4.0 International (CC BY) License
(https://creativecommons.org/licenses/
by/4.0/).

Abstract

The purpose of the study was to investigate and evaluate the dy-
namics of basometry and stabilometry in men aged 25-42 with the
consequences of a combat injury.

Material & Methods: examined 38 men aged 25-42 years with long-
term consequences of closed craniocerebral injury in the late long-
term period, which were divided into Grl (n=20) and Gr2 (n=18).
Vestibular dysfunction, mobility was determined by the Bohannon and
“TUG” tests. To determine the biomechanical characteristics of walk-
ing, a hardware-software basometric complex and methods of the
Ukrainian Research Institute for Prosthetics, Prosthetic Engineering
and Recovery were used.

Results: when developing a correctional and rehabilitation program,
thanks to the concept of the ICF, Smart goals were set. At stage 1 of
inpatient rehabilitation (28 days), the program is composed of com-
ponents. For men in both groups, the normative component was the
same. Kinesitherapy, classes on the C-mill system, on the «Cosmos»
treadmill, and massage were prescribed. Persons Grl in the variable
part were trained on the Redcord suspension system, Nordic walking
and vestibular gymnastics. The men of Gr2 were prescribed a general
training on a multifunctional block simulator, training walking. At the
2nd stage (42 days) the persons of both groups were exercising inde-
pendently, however, the persons of Grl, with the help of modern tele-
communication technologies, were exercising under the supervision
of a specialist in physical rehabilitation. The dynamics of the balance
indicator according to the Bohann test indicated that the persons Gril
balance indicator almost approached the normative value. In Gr2 posi-
tive changes were observed, however, after stage 2 the difference was
only 0.44 points compared with the dynamics of stage 1 (p>0,05). The
dynamics of functional mobility and balance according to the «TUG»
test indicated that the average time to complete the test after stage
2 approached the standard value. In patients, Gr2 tended to decrease
(p>0,05). Biomechanical studies of statics, namely the coefficient of
resistance, rotation of pressure centers, the common center of pres-
sure in the frontal and sagittal plane in men Grl acquired significant
differences (p<0,05); in men Gr2 tended to improve (p>0,05). The
main indicators of walking locomotion, namely the pace and speed
in men Grl and Gr2, acquired a standard value (p<0,05). The walk-
ing rhythm coefficient and load asymmetry index in men Gr2 did not
acquire the normative value (p>0,05), in comparison with the indices
of men Grl (p<0,05), who were engaged under the supervision of a
specialist in physical culture and sports rehabilitation.

Conclusions: the results of the study revealed a violation of walking
in men aged 25-42 years with the consequences of a combat injury
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in the form of temporal, kinematic and dynamic
asymmetry. The analysis of the dynamics of the
parameters of vestibular dysfunction and walking
locomotion confirmed the advantages of the au-
thor’s program.

Key words: combat injury, walking locomotion,
vestibular dysfunction, Bohannon test, "TUG"” test,
stabilometry, basometry.

AHoTauin

AvHaMika nokasHuKiB BecTnbynsapHoi amc-
cdyHKLUiT Ta nokomouin xoab6bu UONOBIKIB
25-42 pokiB i3 Hacnigkamu 60i1M0OBOI TpaBMM
AAK pe3ynbTtatT BMAUBY @i3KyNbTypHO-CNOp-
TMBHOI peabinitadii. MeTow gocniaXeHHs
6yno pocnigutn Ta OUIHUTU AMHAMiIKY MOKa3HUKIB
6asomeTpii Ta cTabinomeTpii 4onoBikiB 25-42
pOKiB i3 Hacnigkamu 6omosoi TpasmMu. MaTepianm
i Metopgu: obctexeHo 38 4onoBikiB BiKOM 25-
42 pokiB 3 BigganeHMMU Hacnigkamum 3akpuTol
yepenHo-MO3KOBOI TpaBMM y Ni3HbLOMY BigganeHoOMy
nepioai, siki 6ynn posnogineHi Ha Npl (n=20) i 'p2
(n=18). BectnbynsipHy aucdyHKUit0o, MO6INbHICTb
BM3Ha4anu 3a Tectamm Bohannon i «TUG». Ons
BU3HAYeHH4 6iomexaHiuHnx XapaKTepUCTnK
X0Abbn BUMKOPUCTOBYBAsIM anapaTHO-MPOrpamMHuin
6a3oMeTpuUYHMN KoMMNekc Ta Metoaukm YkpHAI
npoTe3yBaHHs, NpoTe306yayBaHHSA Ta BiAHOBNEHHS
npauesgaTtHocTi. Pe3ynbTtatn: npu po3pobui
KOpekuUiliHo-peabiniTauinHoi nporpamn, 3aBAsiku
KoHuenuii MK®, 6ynun BctaHoBneHi Smart uini. Ha 1
eTani ctauioHapHoi peabinitauii (28 gHiB) nporpamy
CK/lafleHO 3 KOMMOHEeHTIB. AN 4onoBikiB 060X
rpyn HOPMATMBHUI KOMMOHEHT 6yB OAHAKOBUMN.
Mpu3Havanu KiHe3iTepanito, 3aHATTS Ha CUCTEMI
C-mill, Ha 6irosin gopixui «Cosmos», macax. Oco-
6am pl B BapiaTMBHIN 4YacTUHi NpoBoOAMAN Tpe-
HYBaHHS Ha noABicHin cucteMmi Redcord, 3aHaT-
TS 3i CKaHAMHABCbKOI X0Abbu Ta BecTMbynsipHoi
riMmHacTuku. Yonosikam [p2 npusHayanu 3arasnb-
He TpeHyBaHHA Ha 6aratodyHKUinHOMY 65104~
HOMY TpeHaxepi, TpeHyBanbHy Xxoabby. Ha 2
etani (42 paHi) ocobu ob6box rpyn 3anManucs
CaMocCTinHO, npoTe ocobu pl 3a goONOMOrow cy-
YaCHUX TeNeKOMYHiKauilHNUX TEXHOOri 3anMann-
cs nig KoHTponem daxiBusa 3 disnyHoi peabinitauii.
JnHaMika nokasHmka 6anaHcy 3a TectoM boxaHHOM
BKa3ana Ha Te, wo y ocié N'pl nokasHuk 6anaH-
Cy Maixe Habnmamecs 4O HOPMATUBHOIMO 3HAYeEH-
HA. B p2 no3uTuBHI 3MiHM cnocTepiranan, npo-
Te nicng 2 eTany pisHMUsa cknagana ecoboro 0,44
6anu y nopiBHsAHHI 3 gnHaMikow 1 etany (p>0,05).
JnHaMmika @yHKLUiOHaNbHOT pyX/JIMBOCTI Ta piBHOBarm
3a TectoM <«TUG» BKasana, WO CepeaHin 4ac
BWKOHaHHSA TecTy nicng 2 etany Habnusmsca A0
HOPMATMBHOIO 3HAYEHHS. Y AocnigxyBaHux p2 maB
TeHAeHLUito A0 3MeHweHHs (p>0,05). biomexaHiyHi
AOCNIoKEHHS CTaTUKKM, @ caMe KoedilliEHT onipHOCTI,
poTaLisi LeHTPiB TUCKY, 3arasibHOro LeHTpa TUCKY Y
(pOHTaNbHIN Ta cariTanbHiN MAOWMHI Y YOI0BIKIB
'pl Habynu gocroBipHMX BiaMiHHOCTen (p<0,05);
y 4onosikiB 'p2 Manu TeHAEHUil0 A0 NOKpaLlleHHS
(p>0,05). OCHOBHI NOKa3HWKM NOKOMOLIN xoabbu, a

came TeMn Ta WBWUAKICTb y Honosikis 'pl iMp2 Haby-
na HopMaTuMBHOro 3HayeHHsa (p<0,05). KoediuieHT
PUTMIYHOCTI X0Ab6M Ta NOKa3HMK acMMeTpii HaBaH-
TaXK€HHS y 4onoBikiB 'p2 He HabyB HOpMATMBHO-
ro 3HaveHHsa (p>0,05), y NopiBHSAHHI 3 NOKa3HU-
kammn yonosikis 'pl (p<0,05), aki 3anmannca nig
KOHTposieM axiBus 3 @i3KynbTYpPHO-CMNOPTUBHOI
peabiniTauii. BUCHOBKW: pe3ynbTaTh AOCNIAXEHHS
BUSIBUSIN MOPYLUEHHA X0oAbbW y 4yonosikiB 25-42
pOKiB i3 HacnigkamMmm 60MOBOI TpaBMWU Yy BUrNsAi
4YacoBoOi, KiHEMATM4YHOI Ta AMHaMIYHOI acUMeTpIN.
MpoBeaeHumn aHani3 AVHaMiKK napameTpis
BeCcTUbynsapHoi ancdyHKuii Ta NokoMouUih xoabbu
nigTBEpAMB rnepeBarn aBTOPCbKOI NporpamMu.

KnrwouoBi cnoBa: 6o1ioBa TpaBMa, JIOKOMOLi
xoAbbu, BecTnbynspHaaAncdyHKUis, TecT BoXaHHOH,
TecT TUG, ctabinomeTtpisa, 6asomeTpis.

Introduction

After the war in Ukraine, the number of people
with disabilities will increase, including among
young and middle-aged men. In this connection,
the question arises of relevance in the develop-
ment and implementation of correctional and re-
habilitation programs for their speedy recovery
and adaptation to a full life in society (Korshniak
et al., 2016; Alsalaheen et al., 2017; Misiura et al.,
2022). After a long break associated with military
events in Ukraine, the return of amateur athletes
to training is accompanied by an increase in the
number of errors, impaired coordination of move-
ments, and difficulty in the formation of new mo-
tor skills. In view of the fact that one of the main
causes of such conditions in young men is the con-
sequences of a mild closed craniocerebral injury
(CTBI) caused by the action of a blast wave, the
problem of restoring impaired coordination, bal-
ance and walking patterns of amateur athletes is
extremely relevant today (Zabenko et al.,, 2017;
Kletsenko et al., 2022; Ruban et al., 2022). The
consequences of CTBI, first of all, depend on the
properties of the traumatic object, which deter-
mines the characteristic structural changes in the
brain and the corresponding clinical picture. Con-
cussion of the brain from the action of a blast wave
(mild TBI) has a number of differences from TBI
in peacetime (sports and road traffic) in the form
of an additional lesion of the vestibular apparatus
(Ruban et al., 2019; Shvets et al., 2019).

In patients with sequelae of CTBI, postural instabil-
ity or imbalance is a common symptom. Postural
stability is a multisensory motor task that depends
on reliable input from the vestibular, somatosenso-
ry, and visual systems. Postural control is modulat-
ed by vestibulospinal reflexes. The lateral vestibu-
lospinal tract receives most of its input from the
otolith organs and the cerebellum and contributes
to the tonic contractions of the anti-gravity mus-
cles of the lower extremities (Horlings et al., 2009;
Biloshytskyi et al., 2016; Ruban et al., 2022).

Walking control integrates the resources of many
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parts of the CNS, namely: motor centers that di-
rectly control locomotion, structural centers for
controlling posture, balance, voluntary movements,
cognitive processes, and musculoskeletal func-
tions. Whitney et al. (2009), Horlings et al. (2009),
Marchetti et al. (2011), Neamtu et al. (2014), Tra-
montano et al. (2018) proved that the mechanisms
for controlling walking and the parameters of this
process in a person mainly relate to the effects of
pathological conditions on the walking pattern.

Normal human walking is a series of rhythmic and
alternating movements of the limbs and torso,
leading to a forward movement of the body’s cen-
ter of gravity. In order for walking to be efficient, it
is best that the center of mass of the body moves
as little as possible. Under conditions of normal
walking, the common center of mass (CCM) of the
human body makes rhythmic up and down move-
ments while moving forward. The highest point is
reached when the supporting leg rests on the entire
foot. The lowest point is in the two-support period,
when both feet are in contact with the ground. This
vertical displacement of the CCM is approximately
50 mm. The main mechanism that determines the
effectiveness of walking is the movement of the
CCM (Misiura, 2023).

The essence of the rehabilitation activities that
should be carried out in a comprehensive rehabili-
tation for persons affected by hostilities is most ful-
ly expressed in one of the WHO definitions: “"Reha-
bilitation and adaptation are effective in providing
opportunities for people with disabilities to return
to or stay at home or in the community, to live in-
dependently, receive education, participate in labor
and civil relations. The possibility of rehabilitation
(access to rehabilitation) and adaptation can re-
duce the consequences of illness or injury, improve
health and quality of life, and reduce health care
seeking”. This problem is also gaining urgency from
an economic point of view, because in most cases,
CTBI during hostilities will be received by people
of working age, who eventually become disabled.
There is a negative relationship between vestibu-
lar dysfunction and recovery, however, in scientific
publications there is evidence of the effectiveness
of the use of vestibular rehabilitation (Whitney et
al., 2009; Herdman et al., 2013; Voronova et al.,
2021; Ruban et al., 2021).

Purpose of the study: to investigate and evaluate
the dynamics of basometry and stabilometry indi-
cators of men aged 25-42 years with the conse-
quences of a combat injury.

Material and methods of research
Participants

Under observation were 38 men aged 25-42 years
with long-term consequences of a closed craniocer-
ebral injury in the late long-term period. The cause
of disability was wounds and contusions associated
with military operations. The patients were ran-
domly divided into two groups: Grl (n=20) and
Gr2 (n=18). All the studied complications after TBI
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were: persistent headache, dizziness, decreased
muscle strength in the lower extremities, im-
paired coordination, balance and walking pattern.
The duration of the post-traumatic period is from
six months. All patients were involved in amateur
sports before the injury.

Methods

The determination of vestibular dysfunction in pa-
tients in the long-term period was performed us-
ing the Bohannon test, the "TUG” test (Kim et al.,
2021; Misiura, 2023).

According to the Bohannon test, the level of sta-
bility of the vertical posture was determined with
different support areas.

The “"TUG” test assessed mobility, balance, walking
ability and risk of falling. According to the concept
of the ICF, this test determines the level of activity
(Kletsenko et al., 2022).

To study the support ability and postural stability
when standing, a hardware-software basometric
complex and the methods of basometry and stabi-
lometry were used (Saleeva et al., 2003, 2007).

Basometry is a method for determining the pa-
tient’s support ability when standing, while deter-
mining the level of load of each limb in relation to
the total weight, the ratio of the load of the limbs
(resistance coefficient).

Stabilometry is a technique for determining stabil-
ity, that is, measuring the coordinates of the mi-
gration of the projection of the common center of
pressure (CCP) or the resulting vector of the reac-
tion of the support on the horizontal plane, which
characterizes the ability to maintain a stable state
in a standing position. During the study, a graphi-
cal linear registration of oscillations of the common
center of pressure occurs separately in the fron-
tal (right-to-left) and sagittal (forward-backward)
planes and the calculation of the average amplitude
of the oscillations is performed. After conducting
stabilometric studies, the fluctuations of the CCP
in the frontal and sagittal planes, which character-
ize the stability when the patient is standing, were
studied.

The study of walking parameters was carried out
using a hardware-software complex for studying
the dynamic characteristics of walking, which con-
sisted in measuring the values of the parameters
of the support reaction vectors in time when the
patient was walking. The main indicators of loco-
motion were determined: walking speed, rhythm
coefficient, load asymmetry.

Procedure

The study was conducted on the basis of the Ukrai-
nian Research Institute of Prosthetics, Prosthetics
and Rehabilitation of Kharkiv (2019-2021).

The correctional rehabilitation program for restor-
ing the walking pattern after brain contusion by
means of physical culture and sports was com-

© Misiura et al., 2023
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posed of 2 stages.

Stage 1 (28 days) was held on the basis of the Ukrai-
nian Research Institute of Prosthetics, Prosthesis
Construction and Recovery. Using the philosophy
of the International Classification of Functioning,
Disabilities and Health (ICF) Smart Goals are set:
restoration of range of motion in the joints of the
lower extremities to the standard value; increase
in the strength of the muscles of the trunk and
lower extremities; restoring balance in a standing
position; increase in walking speed; improving the
tolerance of the cardiovascular system to physical
activity.

Stage 2 (42 days), long-term goals according to
the concept of the ICF - return to amateur sports.

The dynamics of all characteristics was monitored
after each stage.

The research related to human use has been com-
plied with all the relevant national regulations and
institutional policies, has followed the tenets of the
Declaration of Helsinki.

Statistical analysis

Statistical data processing was carried out using
the Statistica 13 software. The data are presented
as: X — arithmetic mean value; o - standard devia-
tion — an indicator of the dispersion of the values of
a random variable about its mathematical expecta-
tion; m - representativeness error. The significance
of differences in the obtained results was checked
using Student’s t-test. The a value coefficient was
set at <0,05.

Results of the study

The training stage corresponds to the recovery
phase, where the elimination of residual damage
occurs, permanent compensations are fixed and
improved. The objectives of this period were the
maximum possible resumption of physical activity;
increased tolerance to physical activity; formation
of high-quality permanent compensations; social
and labor adaptation (Honcharov et al., 2020; Lu-
betzky et al., 2022).

The correctional rehabilitation program for restor-
ing the walking pattern after brain contusion by
means of physical culture and sports was composed
of 2 stages: Stage 1 (28 days) was held on the ba-
sis of the Ukrainian Research Institute of Prosthet-
ics, Prosthesis Construction and Recovery. Using
the philosophy of the International Classification
of Functioning, Disabilities and Health (ICF) Smart
Goals are set: restoration of range of motion in
the joints of the lower extremities to the standard
value; increase in the strength of the muscles of
the trunk and lower extremities; restoring balance
in a standing position; increase in walking speed;
improving the tolerance of the cardiovascular sys-
tem to physical activity.

At the 1st stage, the normative component of the
program for persons Grl and Gr2 was the same:
Kinesitherapy, group classes; Worked interactive
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system C-mill; Computer program “Rehabilitation
& robotowolk” on the treadmill “Cosmos”; Mas-
sage.

The variable component of the program for pa-
tients Grl and Gr2 had differences.

The men of Group 1 were trained according to the
developed program: training on the Redcord sus-
pension system according to the Neurac method;
Nordic walking; Vestibular gymnastics.

The men of Gr2 underwent a course of rehabili-
tation according to the protocol for managing pa-
tients of the Ukrainian Research Institute of Pros-
thetics, Prosthetic Construction and Recovery:
General training on a multifunctional block simula-
tor; Training walking.

Stage 2 (42 days), long-term goals according to
the concept of the ICF - return to amateur sports.
The men of both groups worked independently.
However, Grl persons, with the help of modern
telecommunication technologies, were engaged
under the supervision of a specialist in physical
rehabilitation: Vestibular gymnastics; Nordic walk-
ing; Classes on simulators for the selected sport.

Men Gr2 were engaged independently according
to the recommendations of the Ukrainian Research
Institute of Prosthetics, Prosthetic Construction and
Recovery without the supervision of a specialist.

The dynamics of all characteristics was monitored
after each stage. The average balance indicator in
the standing position according to the Bohann test
in the primary study in persons Grl and Gr2 indi-
cated instability to more maintain their standing
position, independently on both legs. The differ-
ence in indicators compared to the standard value
was 1,45 points in men of Grl and 1.5 points in
men of Gr2 (p<0,05). After stage 1 of the pro-
gram, the studied Grl and Gr2 determined positive
dynamics, the difference compared to the primary
indicator, which acquired the value of 0,66 points
(p<0,05) and 0,39 points (p>0,05). Dynamics of
indicators of the 2nd stage in men Grl indicated
that the balance score on the Bohann test was
almost close to the normative value (4 points)
(p<0,05). In patients Gr2 positive changes were
observed, however, after stage 2 the difference
was only 0,44 points compared with the dynam-
ics of stage 1 (p>0,05). The dynamics of balance
indicators in the standing position after the Bohann
test is shown in Figure 1.

Changes in statistically significant dynamics, in
our opinion, occurred due to the appointment of
vestibular gymnastics in the variable part of the
program.

The TUG test assessed functional mobility, balance,
walking, and risk of falling. The normative value of
the fall risk index for vestibular disorders is >11
seconds. Primary testing in the studied patients Grl
and Gr2 indicated a statistically significant decrease
in the obtained data compared with the normative
indicator (p<0,05). The average time to complete
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* — the difference between the primary indicators and indicators of stage 1 in Grl and Gr2;
** — difference between primary indicators and indicators of Stage 2 in Grl and Gr2.

Figure 1. Dynamics of balance indicators according to the Bohann test of patients Gr1 (n=20)

and Gr2 (n=18), in points

20
20, 75%
e =
£ 18,32%%
o 16, 06%*
o
10 I, 2t
11,0
11,0
5 10, 42***
1]
Group 1 (n=20) Group 2 (n=18)
Stages of the program
Norm HPrimary 1st stage 2nd stage

* — difference between primary indicators and normative value in Grl and Gr2;
** — difference between primary indicators and indicators of stage 1 in Grl and Gr2;

**x — difference between primary indicators and indicators of stage 2 in Grl and Gr2.

Figure 2. Dynamics of functional mobility and balance according to the «TUG» test of

patients Grl (n=20) and Gr2 (n=18), in points

the test after stage 1 in men of Grl decreased by
4,69+1,17 s (p<0,05); after stage 2 approached
the standard value. In the studied Gr2 after the
1st stage decreased by 1,79+0,51 (p>0,05), after
the 2nd stage it decreased by another 1,11£1,21 s
(p>0,05). The dynamics of functional mobility and
balance according to the "TUG” test of both studied
groups is shown in Figure 2.

Biomechanical studies of statics were performed
in all patients with impaired walking function as
a result of brain contusion. All subjects showed a
decrease in all stability parameters when standing.
In patients of both groups, there is a decrease in
the coefficient of resistance. So, in patients Grl the
average indicator of the coefficient of resistance
differed from the normative value by 0,23+0,03,
in men Gr2 by 0,19+0,01 (p<0,05). We noticed
a pronounced asymmetry of the posture, which is
confirmed by the rotation of the pressure centers
of the extremities in Grl to 1,14° and in Gr2 by

1,11° (p<0,05). In both groups, there is an in-
crease in the displacement of the common center
of pressure (CCP) both in the frontal and sagit-
tal planes compared to the standard value. Fluc-
tuations of CCP in the sagittal and frontal planes
acquired significant differences compared to the
standard value (p<0,05). In Grl patients, after the
first stage, all the studied parameters changed sta-
tistically significantly (p<0,05), after the 2nd stage
of work according to the developed program, they
approached the normative value (p<0,05). In Gr2
men, after the 1st stage, the dynamics was posi-
tive, but without significant changes (p>0,05). Af-
ter stage 2, the parameters of the resistance coef-
ficient, rotation of pressure centers, fluctuations of
the CCP in the frontal and sagittal plane tended to
improve (p>0,05). Only the indicators of the dis-
placement of the CCP in the frontal and sagittal
planes approached the standard value (p<0,05).
Table 1 presents the parameters of stabilometry in

© Misiura et al., 2023
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Table 1. Dynamics of stabilometric parameters of patients Grl (n=20) and Gr2 (n=18)

Grl (n=20) Gr2 (n=18)
Xto Xto Normative
Parameters L
: ) indicator
primary 1 stage 2 stage primary 1 stage 2 stage

Stability factor 0.75+0 05* 0,86+0,03 0,94+0,03** 0,79+0,03 0,75+0,05* 0,80+0,03 0,98 £0,02
Rotation of
pressure centers, -1,60+0,30* -1,12+0,92 -0,98+0,81 -1,57+0,18 -1,29+1,33* -1,26+1,30 -0,46%+0,44
deg
Displacement of
the CCP in the -3,76+2,13* -3,00+1,76 -2,69+1,62** -3,84+2,12 -3,32+1,94* -2,88+1,74*%* -2,86+1,00
frontal plane, mm
Displacement of
CCP in the sagittal -6,12+4,87* -4,81+4,14 -4,30+3,84** -6,14+5,0 -5,22+4,25% -5,11+4,16*%* -5,08+1,61
plane, mm
Fluctuations of the
CCP in the frontal 3,36+0,40%* 2,85+0,26 2,58+0,37** 3,39+0,30 3,19+0,16* 3,07+0,14 2,04+0,31
plane, mm
Fluctuations of
CCP in the sagittal 7,69+0,55* 6,34+1,61 5,96+1,68%* 7,79+0,07 7,59+0,52* 7,52+0,45 6,10+0,41

plane, mm

* — statistical significance in comparison with the normative indicator; ** - statistical significance of the dynamics of

indicators in Grl and Gr2 after stage 2.

km/h
0,33
0,81
. 0,75
coefficient of . TGF
i :
rhythmicity 0,86
0,74
0,93

4,11

9

walking speed

3
2,42
3,55

2,44

4,23 ]
|
4,15
4,73
5,13

asymmetry index

mnormative value @Gr 1 - primary

OGr 2 - primary

EGr2- 1stage

goGrl- 1stage OGrl- 2 stage

OGr 2 - 2stage

Figure 3. Dynamics of parameters of walking characteristics of patients Grl (n=50) and Gr2

(n=18)

patients of both groups.

The primary study of the dynamic characteristics
of walking in patients of both groups indicated a
deterioration in the main indicators of locomotion,
namely the pace and speed of walking, which were
statistically significantly reduced (p<0,05). Also, a
statistically significant walking disorder was noted
in the form of temporal, kinematic and dynamic
asymmetries in patients Grl and Gr2 (p<0,05).
Figure 3 shows the indices of walking locomotion
in patients of both groups.
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Initial studies of walking locomotion in men Grl and
Gr2 indicated a significant decrease in all param-
eters compared with the standard value (p<0,05).
After the 1st stage of observation in men Grl
and Gr2, all the studied parameters significantly
changed (p<0,05), but have not yet acquired a
normative value. After the 2nd stage in men of
Grl, the parameters of walking speed, rhythmic-
ity coefficient and load asymmetry acquired the
normative value (p<0,05); in men of Group 2, the
walking speed acquired a standard value (p<0,05),
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the rhythm coefficient almost did not change com-
pared with the indicator after the 1st stage of the
program (p>0,05), the load asymmetry indicator
statistically significantly decreased (p< 0.05), but
did not acquire a standard value (p>0,05). That is,
after the 2nd stage of observations, a more posi-
tive effect on the parameters of walking locomo-
tion occurred in Grl, who were engaged under the
supervision of a specialist in physical culture and
sports rehabilitation with the help of modern tele-
communication technologies.

Thus, the study confirmed the benefits of the au-
thor’s program, which resulted in an improvement
in vestibular dysfunction and gait locomotion in
patients Grl, since the statistical significance was
(p<0,05).

Discussion

The results of this work confirmed the opinion of
many scientists that when building a correctional
and rehabilitation program, the main principle is
an individual approach. From the point of view of
rehabilitation management, the methodology of
SMART goals is the formation of the patient’s in-
dividual space (Honcharov et al., 2020; Voronova
et al., 2021; Kletsenko et al., 2022; Ruban et al.,
2022).

We agree with the opinion of Marchetti et al. (2011)
that understanding the relationship between ves-
tibular dysfunction and actual balance scores can
improve the recovery process and overall health-
related quality of life of patients.

Based on the results of the scientific work of Tish-
chenko (2017), we confirm that walking is not a
fully automated process, but requires the use of a
variety of additional CNS resources. When choosing
means of kinesitherapy, attention should be paid to
those means, the mechanism of therapeutic action
of which is neuro-reflex.
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