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Abstract

The article is devoted to evaluating the effectiveness of exercises that were used in neurorehabilitation for patients with walking
disorders. Disorders of walking, coordination of movement, balance are among the main symptoms of diseases such as Parkinson's
disease (PD), Parkinsonism and dystonia. For such patients with motor disorders, exercise is a very important part of rehabilitation.
At this time, the insufficiently studied problem remains therapeutic physical culture, exercises to improve patients' coordination of
movement, gait, balance.

The purpose of the study: to study the effectiveness of a set of kicking exercises for patients with walking disorders by
evaluating rehabilitation scales (Test “Up and Go” (TUG) u mini BESTest).

Methods. Prospective cohort study. The results of rehabilitation of patients treated at the clinic of neurology and
neurorehabilitation "Shashkin clinic" are presented. The main criteria for inclusion in the study: patients with Parkinson's disease
— at least 3 stages on the Hoehn-Yahr scale, patients with Parkinsonism and dystonia syndrome, patients who underwent surgery
to install a deep brain stimulation system with walking disorders. The age of patients is from 50 to 78 years, men - 21, women - 29.
The patients were divided into 2 groups of 25 people. The patients were randomly divided into two groups. The 1st group underwent
neurorehabilitation without a set of exercises, the 2nd group - with a daily additional load — kicking and knee exercises. Before
rehabilitation and 2 weeks after rehabilitation, a test was conducted.

All patients prior to enrollment in the study signed informed consent voluntarily.

Results. There was an improvement in the indicators of two scales used in the work (mini-test of balance assessment systems,
or Mini-BESTest, "Up and Go” test) in the research group, compared with the control group.

Conclusions. The inclusion of a set of kicks and knee exercises in rehabilitation has a positive effect on improving the patient's
walking.

Keywords: neurorehabilitation, rehabilitation, Parkinson's disease, Parkinsonism, dystonia, deep brain stimulation, therapeutic
physical culture, kicks, kicking exercises.
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Introduction

Walking disorder is an early and significant
motor symptom in patients with Parkinson's disease
(PD) [1]. It presents as difficulties in initiating walking,
reduced walking speed, and changes in step length
and height. Initially, these walking disorders may not
cause major issues, but as PD progresses, they become
more complex and are often accompanied by freezing
episodes, leading to disability and an increased risk of
falls [2]. Freezing typically occurs during transitions
between different movements, such as turning, crossing
thresholds, navigating narrow openings, or walking on
uneven surfaces [3].

One of the primary approaches to improve the
condition and quality of life for patients with motor
disorders is through physical activity and physical therapy
[4]. Regardless of the presence or absence of motor
disorders at the time of diagnosis, physical activity is
essential for PD patients and should be incorporated into
their treatment plan.

As PD advances, patients commonly experience
muscle weakness and decreased physical endurance,
resulting in slow and unsteady walking, balance
impairment, and an increased risk of falls and injuries.
To alleviate these symptoms, rehabilitation programs
involving physical therapy, in combination with
antiparkinsonian drugs, are prescribed [5]. Physical
neurorehabilitation is considered complementary to drug
therapy in PD and aims to reduce motor disorders and
muscle rigidity, thereby slowing down the progression of
this neurodegenerative disease.

Materials and methods

This is prospective cohort study. The results of
rehabilitation of patients treated at the clinic of neurology
and neurorehabilitation "Shashkin clinic" are presented.
The main criteria for inclusion in the study: patients with

Numerous reviews have demonstrated that PD
rehabilitation improves movement coordination, walking
ability, balance, and muscle strength in patients [6,7].

Currently, the methods for promoting an active
lifestyle in PD patients and the need for long-term
outpatient rehabilitation programs (public or private)
remain pressing issues [8]. Deep brain stimulation (DBS)
is one of the most effective neurosurgical treatments
for Parkinson's disease, significantly alleviating various
symptoms, including walking disorders. Patients who
undergo DBS experience improved quality of life and
exhibit positive outcomes on neurological scales such as
the Unified Parkinson's Disease Rating Scale (UPDRS).
However, due to the progressive nature of PD, ongoing
neurorehabilitation is crucial to maintain the patient's
optimal physical condition [7].

Nevertheless, walking disorders and associated
freezing phenomena are challenging to address solely
through antiparkinsonian therapy. Freezing episodes can
occur during both the "off" and "on" periods of medication
cycles [8]. Given this situation, there is a pressing need
for the development of numerous interventions and
rehabilitation methods specifically targeting walking
impairments in patients with neurologic diseases.

The purpose of the study: to study the
effectiveness of a set of kicking exercises for patients with
walking disorders by evaluating rehabilitation scales (Test
“Up and Go” (TUG) n mini BESTest.)

Parkinson's disease — at least 3 stages on the Hoehn-
Yahr scale, patients with Parkinsonism and dystonia
syndrome, patients who underwent surgery to install a
deep brain stimulation system with walking disorders.

Eligible patients: patients with PD), Parkinsonism syndrome, after surgery deep brain
stimulation, 1-3 stages on the Hoehn-Yahr scale, (n=38)

- refused to participate (n=8)

Excluded (2 =§)

Randomized (n=50)

|

Control group,
Standard rehabilitation,
(n=2%)

20 min Additional exercise kicks, (n=25)

research group,
Standard rehab
+

1

Excluded from
rehabilitation (n=0)

]

Tested by mini
BESTest and TUG
test (n=25)

!

Excluded from
rehabilitation (n=0)

|

Tested by mini
BESTest and TUG
test (n=23)

Figure 1 - CONSORT flow diagram illustrating participant recruitment, randomization and flow over the course
of the study
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The age of patients is from 50 to 78 years, men -
21, women - 29. The patients were divided into 2 groups
of 25 people.

The patients were randomly divided into two
groups. The 1%t group underwent neurorehabilitation
without a set of exercises, the 2™ group - with a daily
additional load — kicking and knee exercises (Figure 1).
Before rehabilitation and 2 weeks after rehabilitation, a
test was conducted.

All patients prior to enroliment in the study signed
informed consent voluntarily.

Clinical scales. Mini-BESTest. The balance
function in patients with PD was evaluated using a mini-
test of balance assessment systems (Mini-BESTest).
Mini-BESTest is a measurement that evaluates balance
control and consists of four sections: anticipatory
postural adjustments (APA), automatic postural reactions
(Reactive), Sensory integration (Sensory) and dynamic
balance during walking (Dynamic gait). This score has 14
points with a scale from zero (bad) to two (good), and the
maximum score is 28 points [10].

"Up and Go" test (TUG). Gait function was
assessed using the TUG test. The TUG test evaluates the
time of a sequence of movements, which includes getting
up from a chair, walking three meters, turning, returning
to a chair and sitting on the same chair at a comfortable
pace [11]. In addition, the TUG test was evaluated by a
cognitive task, counting in reverse order by sevens from
100 (TUG-cognitive) [10]. Both TUG and TUG-cognitive
tests are simple but useful tests for assessing the mobility
and risk of falling of patients with PD.

Boxing paws were used to perform the exercises.

Table 1 - A set of exercises for kicks and knees

About rehabilitation. The class for patients was
held for 10 days (not including weekends of the clinic),
according to the international standard of rehabilitation
of patients with Parkinson's disease. Patients initially
underwent appropriate treatment (adjustment of
medication intake, neurostimulator settings) to achieve
the best "on" state. Each lesson took 4 hours, including
in the program: reception of a speech therapist, a
psychotherapist, a neurologist, a rehabilitologist and a
physical therapy instructor, the research group received
an additional 20 minutes of time for classes - kicking
exercises.

The lesson was conducted under the supervision
of an instructor. Before starting the exercise, the patient
is explained how to properly beat the knee and leg paws,
how to breathe properly.

All exercises were performed from 10 to 25
repetitions until the patient felt tired. If the patient felt
dizziness, weakness, darkening in the eyes during the
process, then the exercise ended.

The physical therapy coach was a specialist with
a higher medical education, and having a certificate of a
physical therapy instructor.

Descriptive statistics were used to describe the
results of the study. Empirical data were processed and
systematized. Visually, the information was presented in
the form of tables, as well as their quantitative description
by means of basic statistical indicators.

¥

Direct knee

Figure 2, a. strikes

Exercise Ne1

The patient stands in front of the instructor,
knocks his knee into the boxing paws in a straight
direction, trying to reach her and hit her hard. The

instructor holds his boxing paws at pelvic level.

The patient walks forward in the direction of the

instructor. The number of kicks with each leg is
about 10-15

Knee strikes to
the side

Figure 2, b.
Exercise Ne2

The patient stands in front of the instructor,
hits the boxing paws with his knee in a lateral
direction. The instructor holds the boxing paws at
the level of the pelvis. The patient goes forward in
the direction of the instructor. The number of kicks
with each leg is about 10-15

Knee strikes to
the outside

Figure 2, c.
Exercise Ne3

The patient is standing in front of the instructor,
kneeling in the boxing paws to the outside. The
instructor holds the paw at the level of the pelvis.
The patient goes forward in the direction of the
instructor. The number of kicks with each leg is
about 10-15
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Table 1 (Continuation) - A set of exercises for kicks and knees

Figure 2, d.

The patient stands in front of the instructor, kicks in
the forward direction, trying to reach him and kicks

Direct kicks hard. The instructor holds the boxing paws at a level

Exercise Ne4 below the pelvis. The patient walks forward in the
direction of the instructor. The number of kicks with

each leg is about 10-15
The patient stands in front of the instructor, hits

the boxer on the paws in the lateral direction. The

Figure 2, e. Side kicks to instructor holds the boxing paw at a level below the
Exercise Ne5 the inside pelvis. The patient walks forward in the direction of

the instructor. The number of kicks with each leg is

about 10-15
KICksSidtg the The patient stands in front of the instructor, beats the

Figure 2, f.
Exercise Ne6

boxing paws out. The instructor holds the paw at a

level below the pelvis. The patient walks forward in

the direction of the instructor. The number of kicks
with each leg is about 10-15

Figure 2, g.
Exercise Ne7

Kicks from the
side

The patient stands sideways to the instructor, kicks
in the paw. The instructor holds the paw at a level
below the pelvis. The patient walks sideways in the
direction of the instructor. First with only one leg,
then also with the other leg. The number of kicks
with each leg is about 10-15

Results

Atotal of 50 patients underwent neurorehabilitation

The average score of rehabilitation scales for each

from October 2021 to March 2022. A written agreement

group in the periods before and after neurorehabilitation
was taken from all patients before the study.

treatment are shown in Tables 2, 3.

Table 2 - The test for estimating the time of lifting and walking (Time Get-up and Go UG)

TUG test (average value) (s e-gc‘)'nGd ) TLiSe'gggQg;\’e
Before rehabilitation control group 9.9 18.1
(seconds) research group 10.1 17.8
After rehabilitation control group 8.4 13.1
(seconds) research group 8.1 12.7
) control group(%) 15.1 27.62

Dynamics of changes (%)

research group(%) 19.8 28.65

In the TUG test, the indicators of both groups
were positive, according to the dynamics of changes

in the indicators in the first column where patients
were examined without cognitive load, there is a slight
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advantage (comparative difference: 19.8%-15.1%=4.7%)
of the study group. In the second column, where patients

Table 3 - Mini-BESTest

performed the task with the cognitive task, no significant
benefit was recorded (=1.03%).

Mini-BESTest
Groups (average value) -
APA Reactive Sensory Dyggirtnlc Total score

Before control group 4.0 3.3 4.2 6.7 17.9
rehabilitation

(point) research group 3.9 3.4 4.1 6.8 18.1

After control group 5.1 4.8 5.0 7.4 21.8
rehabilitation

(point) research group 5.5 5.0 5.4 7.7 22.7
Dynamicsoof control group(%) 275 45 19 10.4 21.8
changes (%) research group(%) 41 47 31 13.2 254

From the data given, the study group compared
to the control group practically did not concede in any
indicator, a significantimprovementwas: APA (comparative
difference: 41%-27.5% = 13.5%) - proactive postural
correction and Sensory (=12%) sensory integration, in

Discussion

By the difference in the dynamics of change, it can
be argued that the study group of patients had a significant
improvement in balance, mobility and maintenance of
body position - which is measured by the Mini-BESTest
rehabilitation scale.

From the above data, it can be seen that the
research group that additionally received the load,
practically, showed the best average results in many
indicators.

Research weaknesses. In rehabilitation, simple
exercises were used, but without an international protocol,
unlike certified programs.

Considering the age of some patients, one of the
risks in rehabilitation is the deterioration of the patient's
condition in the cardiovascular system, especially for
patients who have not previously experienced physical
activity. To prevent side effects, it was important to
timely monitor the indicators of the functional state of the
cardiovascular system.

Comparison with other studies. The article
"Taekwondo: an effective exercise to improve balance and
walking ability in the elderly" describes a study in which
40 elderly people aged 59 to 88 were examined. The
subjects underwent a high-intensity taekwondo training
course. The results of the study participants showed
improvements in balance and improvement in walking.
The rating scales were MDRT backward movement,
TUG, walking speed, GSR and S&R. One of the subjects
was a patient with Parkinson's disease, who reported an
improvement in his condition, and his results also showed
an improvement. In contrast to our study, people aged
59+, with various pathologies, took part here [12].

Conclusions

The use of knee and leg kicks exercises for
patients with walking disorders contributes to more
effective rehabilitation of patients. Patients in the research
group have better indicators on rehabilitation scales
compared with the control group.

The statement that patients who, in addition to
neurorehabilitation, engaged in a complex of exercises
with knee and leg kicks have better dynamics requires
further research.

other cases, the indicators (=2%) Reactive (postural
reactions) and (=2.8%) Dynamic gait (dynamic balance
during walking) did not show a pronounced change.

Also in a study where for two groups of people,
in one group with young people in the other group with
older people, high-intensity loads were carried out, which
included kicking, punching and stretching, there were
positive results. The subjects were assessed on scales
(TUG), the 6-minute walk test, the sit and reach test
(S&R), and others. S&R scores increased dramatically
after stretching in both age groups (P<0.05). TUG
improved in older and younger people after intensive
punching training. But also in contrast to our study, people
of different ages, with different pathologies, took part here
[13].

Our findings are consistent with previous studies
that have shown improvement in PD symptoms with knee
and kick training. But it differs by categories of patients,
in other studies in groups of patients did not consider the
issue of symptoms of Parkinson's disease, and in this
study only those with symptoms of Parkinson's disease
took part.

Despite the fact that the exercises are visually
simple to perform, it is important that the classes
are conducted by a specialist with knowledge of the
biomechanics of the body and about diseases of motor
disorders so that he can assess the course of rehabilitation.

To date, there is a great need in the Republic
of Kazakhstan for rehabilitation centers that deal with
neurorehabilitation of Parkinson's disease. Despite
the successful surgical treatment of PD patients since
2013 in the Republic of Kazakhstan, patients require
constant maintenance of a high quality of life through
neurorehabilitation [14].

Thus, the method of applying the knee
and leg kicks exercise can be used in specialized
neurorehabilitation centers as an addition to the
neurorehabilitation of patients with walking disorders.

Consent for Participation. All patients provided
written informed consent prior to their enrollment in the
study. Detailed information regarding the study was
provided to the patients, and they signed the informed
consent form after receiving the necessary information.
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Tyningeme

XKypy, Kosfanbicmbl KoopOuHayusickl, mene-meHoik 6y3blibicmapbl [TapKUHCOH aypybl, MapKUHCOHU3M XXoHe OUCMOHUS
cusikmbl aypynapOobiH Heeisei 6eneinepiriH 6ipi 6ombin mabbinadbl. MyHOal Kosrarnsic 6y3binbicmapbl 6ap Haykacmap YWwiH Xammbify
OHanmyObIH eme MaHbI30b! 6enizi 6onbin mabbinads!.
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Kasipai yakbimma c¢busuomepanussbiK Xammbifynap, HaykacmapOblH KO3frasbICblH, XYPiciH, merne-meHOiaiH XaKcapmyfa
apHariFaH XammbifFyrap Xemkinikciz 3epmmerneaeH Macersne 60rbin mabbiinadsi.

3epmmeydiH makcambi: oHanmy wkananapbiH 6aranay apkbifibl Xypy Kabinemi 6y3biFaH Haykacmapda asikreH XoHe
mizemeH meby xxammaifynapbiHbiH (Tecm "Up and Go" (TUG) xeHe mini bestest cbiHarbl) muimdiniaiH 3epmmey.

Odicmepi. byn npocrnekmusmi ko2opmmbi 3epmmeydi 3epmmeyde "lllawKuH KIUHUKackl" HEepOosro2us KoHe
Helipopeabunumayus KnuHUkacbiHOa emoeneeH HaykacmapObl OHanmy Hamuxesepi YCbiHblFaH. 3epmmeyae eHeidyliH Heazidai
Kpumepudinepi: lNapkuHcoH aypybl 6ap Haykacmap - XeH-Sp wkanacbl 6olbiHwa KemiHOe 3-wi Ke3eH, napKUHCOHU3M XOHe
OucmoHus cuHOpombl bap Haykacmap, MudblH mepeH CmuMynsayusibIK xylteciH opHamy 6olibiHwa onepauusidaH emKeH HayKacmap.
HaykacmapdbiH xacbl 50-0eH 78 xacka OeliH, epnep - 21, atiendep - 29. Haykacmap ke3delicok mypde 25 adamHaH mypambiH
2 monka 6eniHOI. 1-wi mon Xammbifynap XubIHMbIFbIHCLI3 HelpopeabunumayuadaH emmi, 2-wi mor - KyHOenikmi KocbiMwa
JKyKmemeze - asiKreH xoHe misemeH meby xammabifynapbl KocbiMwa Xykmenodi. OHanmy andbiHOa xoHe oHanmydaH KeliH 2 anmadaH
KeliH mecm emki3inoi.

Hamuxenepi. 3epmmey mobbiHOa natidanaHbiiraH eki wkanaHbiH Kepcemkiwmepi 6akbiiay mobbiMeH carnbicmbipfaHoa
OHanmy Kepcemkiwi kebipek 60510bI.

KopbimbiHObI. OHanmyra mise CokKbliapbl MEH Meby COKKbLIapbIH XammblifynapbIH KOcy HayKkacmapOblH XypiciH xakcapmyra
OH acep emeoi.

TytiH ce30ep: Helipopeabunumauus, oHanmy, [1lapKUHCOH aypybl, NapKUHCOHU3M, OUCMOHUS, mepeH MuObl bIHmanaHobIpy,
mepariesmik 0eHe WbIHbIKMbIPY, asikrneH meby, mi3eMeH COFY, COKKbI Kammbifynaphb.

AdhhpeKTUBHOCTb yNpaXKHEHUI yAapoB HOraMu U KOJIEHOM B peabunuraumy nauMeHToB
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Pestome

HapyweHus x00b6b1, koOopOuHayuu 08uUXeHuULl, pagHO8eCUSs ABMAMCA 0OHUMU U3 OCHOBHbIX CUMITIMOMO8 makux 3abonesarud,
Kak 6onesHb NapkuHcoHa (Bl), napkuHcoHu3m u QucmoHus. s makux nayueHmos ¢ 0gueamerbHbIMU HapyweHUsMU u3udyecKue
YApaxXHeHUs1 S18/1SI0MCS] O4YeHb BaXKHOU 4Yacmbio peabunumayuu. B Hacmosiwee epemsi HeAocmamo4yHO u3y4yeHHoU npobremol
ocmaemcs rie4ebHas husKynbmypa, yrnpaxHeHus 0ns yry4uweHus y nayueHmos KoopouHayuu 08uxeHul, MoXoOKU, pagHOBECUs.

Llenb uccrniedogaHusi: usy4yums 3¢hgheKmusHOCMb KOMII/IeKca yrpaxHeHul Orsi Ho2 y nayueHmos ¢ HapyuweHUsiMu Xo0bbbl
nymem oueHKu peabunumauyuoHHbix wkan (Tecm “Up and Go” (TUG) u mini BESTest).

Memoosi. [lpocrniekmusHoe kozopmHoe uccredosaHue. [lpedcmasneHbl pe3ynbmamel peabunumayuu nayueHmos,
poxodusWUX Ie4eHUe 8 KIIUHUKe Hesporoesuu u Helpopeabunumauyuu "KnuHuka LllawkuHa". OCHOBHbIE Kpumepuu 8KIOYEHUs 8
uccnedosaHue: nayueHms! ¢ bonesHbto apkuHcoHa — He MeHee 3 cmadul o wkane XeHa-Spa, nayueHmsl ¢ napKuHCOHU3MOM
U CUHOPOMOM OUCMOHUU, NayueHMbl fepeHecwue ornepayuro o ycmaHoske cucmembl eryb6okol cmuMynayuu Mo32a uMerouue
HapyweHusi xo0bbbl. Bospacm nayueHmos cocmasrisiem om 50 0o 78 nem, Myx4uH - 21, xeHWuH - 29. MayueHmsi 6b11u criyyalHbim
obpasom pasderneHbl Ha 2 epynbi 1o 25 yenosek. 1-9 epynna npoxodurna Helpopeabunumayuto 6e3 Komrnekca yrnpaxHeHul, 2—s
2pynna - ¢ exxedHesHol OononHUMenbHOU Hagpy3Kkol - yrpaxHeHUsIMU ydapos Hoeamu U KorieHoM. [leped peabunumauuel u 4epe3
2 Hedernu rocne peabunumauyuu bl npogedeH mecm.

Pesynbmamei. [pousowsio yrydweHue nokazamenel 08yx Wkas UCMob308aHHbIX 8 pabome 8 uccredogamesnibcKoli epynne
10 CPagHeHUK ¢ KOHMPOsbLHOU 2pyrnmod.

Bbi600bi. BkritodeHUe Komnnekca yrnpaxHeHul o ydapam u yoapam KoeHoM 8 peabunumayuto oka3bieaem nosioxXumesisHoe
8o30elicmaue Ha yryqweHue noxooKu nayueHma.

Knoyesble cnoea: Helipopeabunumauyusi, peabunumauyus, 6one3Hb [lapKuHcoHa, MapKUHCOHU3M, OUCMOHUS, arybokas
MO3208as1 CMUMYIIUUS, meparnesmuyeckas pududeckasi Kynbmypa, yoapbl Hozamu, ydapbl KONEHOM, YrpaxXHeHus1 yoapamu.
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