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RESUME

Background. The hemiplegic form of cerebral palsy (CP) is the most prognostically
promising in terms of the possibilities of correction and social adaptation of disabled
children. However, the main limitation of successful rehabilitation is severe limb muscle
spasticity, because so reducing muscle hypertonicity is a priority task in this disease.
The aim. To evaluate the effectiveness of improved method for correcting of upper limb
spasticity in children with the hemiplegic form of CP.

Materials and methods. An open, non-randomized, prospective, comparative study
was conducted involving two groups of patients with spastic hemiplegia with pre-
dominant damage to the upper limb, compared to the case-control type. The control
group of children (n = 20) was treated using standard methods - drug therapy, exercise
therapy, massage, physiotherapy; the main group (n = 20) was additionally prescribed
exercises on the new medical simulator "Glove". The study participants in the groups
were compared by gender, age and severity of motor impairment. The course in com-
prehensive rehabilitation lasted 10 days. The effectiveness of the improved method
for correcting upper limb spasticity was assessed by studying the dynamics of motor
function indices using scales for assessing muscle tone (modified Ashworth scale)
and manual skills (Frenchai and ARAT tests, V.G. Bosykh and N.T. Pavilovskaya method).
Results. The additional inclusion of training using the new medical simulator
for correcting upper limb spasticity "Glove" in the rehabilitation program for chil-
dren with hemiplegic CP allowed achieving a significantly better treatment result
with a significant decrease in muscle tonus, an increase in the volume and accuracy
of movements, including in the section of small differentiated acts, with the elimina-
tion of the phenomenon of the «learned non-use» phenomenon.

Conclusions. The use of a new medical simulator in the complex therapy of children
with spastic hemiplegia allows increasing its effectiveness relative to standard rehabili-
tation methods. However, the question of the long-term effect remains open and requires
an assessment of longer-term use of the simulator in the interhospital period.
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PE3IOME

O6ocHoeaHue. [emunsiezuyeckas opma 0emckoz2o UepebpasbHo20 napanuyd
(4UI) asnsemca Haubonee npo2HOCMUYECKU nepcnekmueHol 8 OMHOWeHUU 803-
MOXHOCMel Koppekuyuu U coyuanbHol aoanmayuu odemeli-uH8anuoos. OOHAKO
OCHOBHBIM 02pAHUYEeHUeM ycnewHOCmu pedbuiumayuu Aessemcs 8blpaXeHHAs
CNAcMu4YHOCMb MbIWY NOPAXEHHOU KOHeYHOCMU, NO3MOMY CHUXeHUE MblueYHO20
2unepmoHyca sesemcs nepsoovepedHol 3adadeli npu 0aHHOM 3a60/1e8aHUU.

Lenv uccnedosaHus. OyeHUMb 3¢hheKmuBHOCMb NPUMeHeHUs yCcoseplieHCmao-
BAHHO20 CNOCOBA KOppeKyuU cnacmu4yHOCMU 8epXHUX KOHeYHocmel y demel ¢ ze-
munnezudeckol gpopmodi L.

Memooel. [lpogedeHO omKpbimoe HepaHOOMU3UPOBAHHOE NPOCNeKMUBHoe Cpas-
HUmMesibHoe ucciedosaHue ¢ yyacmuem 08yX 2pynn nayueHmMos co cnacmuyeckoli
eemunsiezueli ¢ npeumMywecmeeHHbIM NOPAXeHUeM pPyK, CONOCMAB/IEHHbIX NO muny
c/yyal-koHmpose. KoHmponsHas epynna demeli (n = 20) 6bi1a nposedeHa no CMax-
0apmHbIM MemoOUKam: MeOUKAMeHMO3HAsA mepanus, ne4ebHAsa u3Kyaemypd,
maccax, gpusuosnedeHue; 0cHosHou epynne (n = 20) donosIHUMesIbHO bblIU nponuca-
Hbl 3aHAMUS HA HOBOM MeOUUUHCKOM mpeHaxepe «[lepuamka». YuacmHuku uccrie-
008aHuA 8 2pynnax bbl/lu CONOCMAsJ/ieHbl NO NOJTY, 803pdCMy U CmeneHU msxecmu
0suzamesnbHbix HapyweHul. Kypc komnaekcHol peabunumayuu cocmasus 10 OHed.
OueHKa 3¢hheKmusHOCMU yco8epuIeHCMBOBAHHO20 cNOCcoba Koppekyuu cnacmuy-
HOCMU 8epxHUX KOHeYHocmel npo8ooUSIACk 3a cyem u3yyeHUs OUHAMUKU NOKA3ad-
mesieli 08ueamesnbHbIX (YHKYUU NO WKAAAM 0718 OUeHKU MblleYyHO020 MoHyca (Mo-
ougpuyuposaHHaa wkana Awgopma) u MaHyanabHbix Hasvikos (mecmel Operyali
u ARAT, memoouka B.I. bocwix u H.T. [asnogckoli).

Pe3synomamel. [JonosiHUMesbHOE BK/IIOYEHUEe 8 NpozpaMMy peabunumayuu demed
¢ eemunneaudeckol gpopmou [LIIM mpeHUpoB8OK ¢ NOMOWbIO HOB020 MEOUUUHCKO20
mpeHaxepa 0718 KoppeKyuu cnacmu4yHocmu pyk «[lepyamka» no3gosuno docmuye
00CMoBepHO JIy4duwie20 pe3ys1bmama Jie4eHus cO 3HAYUMbIM CHUXeHUEeM 2unepmo-
Hyca Mblwy, ygesudyeHueM o6semMa U moYHocmu 08uxxeHuli, 8 mom yucsie 8 pazoesie
MesiKux ouggepeHyUpOB8AHHbIX AKMOB, C YCmpaHeHUeM heHOMeHa «UzHOpuposd-
HUA» napemuyHoU pyKu.

3aknioyeHue. [IpumeHeHUe HOB020 MEOUYUHCKO20 MpeHaxepa 8 KoMnsieKcHoU me-
panuu demel co cnacmudyeckoli 2emunsiezueli N0380J15em No8bICUMb ee 3¢hhekmug-
HOCMb OMHOCUMENIbHO CMAHOAPMHbIX MeMOoOUK peabunumauyuu. OOHAKo 80NPoc
0 00/120CpOYHOCMU 3hhekma 0o cux Nop ocmaemcsa OMKpblMsiM U mpebyem 6osee
0/1UumesiIbHo20 NPUMEHeHUA MpeHaxxepa 8 MexxcmayuoHapHseit nepuoo.

Knioyesbie cnoea: yepebpasnibHbili NApanuy, 2emunsiezus, 8epXHAA KOHEYHOCM®,
cnacmuyHocms, peabunumauyus, MeOUYUHCKUE MmpeHaxepol, yHKUUOHAbHASA
3/1leKmpocmumynayus, oemu

Ona yntupoBaHma: benoroposa T.A., MawaHckasa A.B., BnaceHnko A.B., MuxHosuy B.U.,
JIntBunHuesa O.M., bepaunna O.H., byryH O.B., Nonsakos B.M., PbiukoBa J1.B. OnbIT npumeHe-
HMA HOBOIO MeANLMHCKOro TPeHaXXepa AN KOpPeKLUM CNacTUYHOCTY BePXHE KOHeYHO-
CTV B KOMMNEKCHON peabunutauuy aetei ¢ remunnernyeckor ¢opmoit uepebpanbHoro
napanuua. Acta biomedica scientifica. 2025; 10(5): 12-23. doi: 10.29413/ABS.2025-10.5.2
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INTRODUCTION

Cerebral palsy (CP) is a complex of non-heredi-
tary, non-progressive disorders of the motor func-
tions of maintaining posture and balance that arise
as a result of damage to the central nervous system
(CNS) in the ante-, intra-, or neonatal period, caus-
ing persistent limitation of activity, often combined
with intellectual-mnestic, speech, visual, and parox-
ysmal disorders [1]. The prevalence of this pathology
as a whole, according to various sources, is 2.5-3 peo-
ple per 1000 children per year. In the Russian Federa-
tion, this figure exceeds the prevalence in other coun-
tries and amounts to 4-5 cases per 1000 newborns [2].
The CP consequences significantly contribute to the in-
crease in childhood disability rates due to neurological
diseases. Moreover, the leading clinical CP manifesta-
tion, causing limitation of life activities and the need
for outside assistance to perform everyday activities,
is a syndrome of movement disorders [3, 4]. A common
form of cerebral palsy, which ranks second in terms
of incidence among the child population after classi-
cal diplegia (Little’s paralysis), is spastic hemiplegia,
which is clinically manifested by impaired movement
function of the right or left limbs due to increased
tone and decreased muscle strength when the oppo-
site hemisphere of the brain is affected [5]. The lead-
ing symptom of this cerebral palsy form is spasticity,
which develops as a result of damage to the central
motor neurons and impairs the patients’ quality of life.
Such children require constant care and assistance
from loved ones, long-term courses of expensive com-
plex therapy, both in-patient and out-patient settings.
Despite the fact that hemiplegic cerebral palsy has
the most promising prognosis in terms of rehabilita-
tion and social integration for children with disabilities,
the main challenge to successful rehabilitation efforts
is the pronounced muscle spasticity in the affect-
ed limb; therefore, reducing muscle tone is a priority
for this condition [6, 7]. The most challenging aspect
of rehabilitation for children with spastic hemiple-
gia is restoring motor function in the upper limb due
to the paretic position of the hand and fingers, as well
as the frequently occurring phenomenon of “ignoring”
the paretic hand, also known as “learned non-use” [8,
9]. It should be noted that the hand is the most im-
portant part of the upper limb due to its ability to per-
form complex and varied motor acts, precisely coor-
dinated by the central nervous system [10]. Restoring
movement in a paired organ such as the upper limb
is not enough; it is also necessary to identify and over-
come the “learned non-use” phenomenon. Despite
the high relevance of this problem in modern neurol-
ogy and pediatrics, as well as the development of sci-
ence and technology, there is currently no consensus
on the rehabilitation of children with movement disor-
ders, including spastic hemiplegia and upper limb dys-
function. This necessitates the priority and potential
of additional scientific research in this area.
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THE AIM OF THE STUDY

To evaluate the effectiveness of improved meth-
od for correcting upper limb spasticity in children
with hemiplegic cerebral palsy.

MATERIALS AND METHODS

Study design: open, non-randomized, prospective,
comparative study in parallel groups.

Following the initial examination of children, in-
cluding an assessment of clinical and anamnestic data
and neurological status, a clinical and rehabilitation di-
agnosis was made, short-term and long-term rehabili-
tation goals were determined, two groups of patients
with hemiplegic cerebral palsy with predominant dam-
age to the upper limbs were formed, compared accord-
ing to the case-control type, and a rehabilitation plan
was developed.

The study included 40 children aged 4 to 16 years:
20 (8 girls and 12 boys) formed the main group (MG)
and 20 (7 girls and 13 boys) formed the control group
(CQG). Patients were matched by sex, age, clinical symp-
toms, and severity of motor impairments. Overall mo-
tor development was assessed and motor impairments
were identified using the Gross Motor Function Classifi-
cation System (GMFCS). Upper limb motor function was
assessed using the Manual Ability Classification System
(MACS) for children with cerebral palsy.

Eligibility criteria
Inclusion criteria:
patients aged 4 to 16 years;
hemiplegic cerebral palsy;

- moderate motor impairment (GMFCS -l
and MACS II-1V);

- preserved cognitive status;

- signed informed consent to participate
in the study.

Exclusion criteria:
consequences of severe traumatic brain injury
and neuroinfections;
congenital brain malformations with severe
neurological deficits;
low rehabilitation potential due to severe
comorbidities;
patients/legal representatives who are not fa-
miliar with the aims and objectives of the study.
Exclusion criteria:
development or exacerbation of comorbidities,
acute infectious diseases;
patient/legal representative’s refusal to partici-
pate in the study at any stage.

Study design

Patients were recruited for the study groups and re-
habilitation programs at the Department of Neurolo-
gy and Department of Physiotherapy, Exercise Thera-
py, and Massage at the Clinic of the Scientific Center
for Family Health and Human Reproduction problems
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(Irkutsk) from January 2024 to July 2025, from patients
hospitalized with a diagnosis of cerebral palsy, accord-
ing to the inclusion/exclusion criteria.

Study duration

The study duration was limited to the time of pa-
tients’ hospitalization in the neurology department
for rehabilitation and was 10 days (with a weekend
break). Motor performance was assessed on the day
of hospitalization and discharge, taking into account
the patient’s baseline motor status and its dynamics
after completing the comprehensive rehabilitation
program.

Description of the medical intervention

Inaccordance with clinical guidelines and the study
protocol, all patients in the MG and CG received ul-
trasound-guided injections of botulinum toxin (BTA)
on the day of hospitalization [11-14].

From the second day of hospitalization, all pa-
tients underwent intensive comprehensive rehabil-
itation, including standard drug therapy and a range
of physiotherapeutic procedures (exercise therapy,
physiotherapy, massage, and reflexology). All training
and procedures under the rehabilitation program be-
gan 1 hour after breakfast. Exercise therapy sessions,
including those using a medical simulator, were con-
ducted by a qualified physician-instructor and in-
cluded a set of special exercises to prevent the devel-
opment of contractures, hypotonia, and/or muscle
atrophy, as well as the formation of correct motor
patterns and stimulation of object-manipulative ac-
tivity. In order to reduce the hypertonicity of the up-
per limb muscles, patients in both groups were pro-
vided with a set of relaxation exercises at the start
and throughout each exercise therapy session (includ-
ing the use of the “Glove” simulator), in the form of free
swinging and shaking of the hand, clapping on a flat
surface using a relaxed hand, and massaging the hand
and fingers [15]. Physiotherapy was performed us-
ing segmental electropulse stimulation of the cervi-
cal spine with the Lymphavizine device (No. 10). Pa-
tients in the MG and CG received standard nootropic
and metabolic medications at age-appropriate doses.

Patients in the MG were additionally underwent
daily training using a new medical simulator “Glove”
to further correct upper limb spasticity (the train-
ing course lasted 10 days and included five sessions
per week, lasting 30-40 minutes each, depending
on the patient’s age and ability to tolerate the physical
activity) (Fig. 1).

The “Glove” rehabilitation simulator (developed
in collaboration with Prototype LLC (Samara, Russia))
is a device for kinesiotherapy for upper limb spastic-
ity. It improves the effectiveness of physical rehabili-
tation methods (specifically, kinesiotherapy) for pa-
tients with cerebral palsy, both in out-patient settings
(at clinics, rehabilitation departments, sanatoriums,
etc.) and at home, where patients often find the most
comfort between hospitalizations. This portable med-
ical device allows children to develop and strengthen

skills in using their paretic hand, particularly the wrist
and fingers, in a playful manner, and to reduce the se-
verity of the common phenomenon known as “learned
non-use” creating a positive emotional environment
and additional motivation for the rehabilitation pro-
cess. Built-in median nerve electrical stimulation, which
activates damaged nerve pathways and improves mus-
cle impulse transmission, helps restore control over
paralyzed limbs by enhancing the activity of surviving
neural connections and helps prevent muscle atrophy
and secondary biomechanical complications [16].

Study outcomes

The primary outcome of the study was to deter-
mine whether there were differences between the MG
and CGin terms of motor skills, muscle tone, and upper
limb muscle strength at the time of hospital admission
and after completion of an intensive short-term reha-
bilitation program.

Secondary outcome: not included.

Subgroup analysis: not performed.

Methods of recording outcomes

The effectiveness of the improved method
for correcting upper limb spasticity was assessed based
on the dynamics of muscle tone indicators, as well
as the level of motor activity and motor skills of the up-
per limb, using the following methods and scales:

1) Modified Ashworth Scale. This scale was validat-
ed in the Russian Federation in 2020 [17]. The test re-
sults are scored as follows:

0 points — no increase in muscle tone;

1 point - slight increase in muscle tone and mini-
mal muscle tension at the end of the movement pat-
tern when flexing or extending the affected limb;

2 points — mild increase in muscle tone during
grasping, accompanied by minimal resistance;

FIG. 1.
Medical simulator "Glove" for correcting of upper limb spasticity
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3 points — more pronounced increase in muscle
tone across most of the range of movement, with lim-
ited passive motor activity;

4 points - significant muscle tension with marked
difficulty in passive movement;

5 points flexion or extension contracture
of the limbs.

2) The Frenchay Arm Test for studying the gestural-
communicative function of the upper limb (non-ver-
bal communication function) [8]. The method includes
5 tasks: fixing an object (ruler) using the hand, grasping
cylindrical objects of various diameters, using a pinch
grip, and touching the top of the head.

3) A modified ARAT (Action Research Arm Test) test
for assessing the motor activity of the affected limb [18].
This international scale, which provides a detailed as-
sessment of the motor function of the hand and fingers,
allows for the evaluation of various types of grip, as well
as large movements of the joints, consists of 19 assessed
items (tasks), which are divided into four subtests (sub-
test 1 — ball grip; subtest 2 - cylindrical grip, squeezing
an object; subtest 3 - pinch grip; subtest 4 - large move-
ments of the hand - extension and flexion in the elbow
and shoulder joints). A standard set of items is provided
for performing the testing procedure. The ARAT test has
high sensitivity even with minor changes in the pattern
of movements of the upper limb, especially in patients
with spastic syndromes.

4) The method of V.G. Bosykh and N.T. Pavlovskaya
[19] is intended for additional assessment of manual
functions in children with different forms of cerebral
palsy during their daily activities. During examination
of the motor functions of the upper limb, the range
of motion in the joints, the position of the hands during
walking and performing manual skills, the presence
and degree of spasticity, the ability to voluntarily hold
and release an object, the development of the main
types of grips and their quality, the ability to perform
manipulations with objects, their quality and speed
of execution, the ability to perform isolated move-
ments of the fingers, and the characteristics of graphic
skills are determined. Each hand is assessed separately
on a five-point scale.

Statistical analysis

The sample size was not calculated in advance. Sta-
tistical processing of the study results was performed
using Statistica for Windows version 10.0 (StatSoft, USA).
Continuous data were presented as the median (Me)
with upper and lower quartiles [25" and 75 percentiles]
due to the small sample size in each group (preliminary
testing of groups for normal distribution was not per-
formed); qualitative characteristics were presented as ab-
solute values and percentages of observations. Compa-
rability of clinical and demographic parameters between
the MG and CG was assessed using the Mann-Whitney
U-test. When comparing groups based on qualitative
characteristics, the x? test with Yates' correction was used
(if the number of observations in any cell was <10). In cas-
es of a small number of observations (up to 5), Fisher’s
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exact test was used. Treatment effectiveness was as-
sessed based on changes in manual function across
groups using the Wilcoxon signed-rank test (W) for de-
pendent samples. All differences were considered sig-
nificant at p < 0.05.

Compliance with ethical principles and ethical
review of the study

The ethical principles outlined in the World Medical
Association Declaration of Helsinki (1964), as amend-
ed in 2024 (amended at the 75" General Assembly
of the World Medical Association, Helsinki), were ob-
served in the study with patients. All study proce-
dures were conducted only with the informed volun-
tary consent (IVC) of patients (upon reaching the age
of 15 and being recognized as competent) and their
legal representatives, signed on the day of hospitaliza-
tion. The study protocol and accompanying docu-
ments (information sheet and IVC) were pre-approved
by the local Biomedical Ethics Committee of the Scien-
tific Centre for Family Health and Human Reproduction
Problems (Protocol No. 5 dated June 5, 2023).

RESULTS

The motor sphere parameters, specifically muscle
tone, motor functions and skills of the affected upper
limb, were analyzed in 40 patients with hemiplegic
cerebral palsy, assessed before and after an intensive
short-term rehabilitation course according to the pro-
tocol of this study.

Characteristics of the comparison groups

Before the study began, the MG and CG patients
with cerebral palsy were similar in age, sex, severi-
ty of motor impairments according to the GMFCS
and MACS, and the nature of perinatal CNS patholo-
gy. Distribution of patients by the side of the affected
limb revealed a predominance of right-hand paresis
in the CG (Table 1).

Main results of the study

When comparing the results of the modified Ash-
worth scale before treatment, no statistically signifi-
cant differences were found between the MG and CG.
Upper limb muscle spasticity was expressed equally
in all patients (Me 3 points [25-75%: 2-3] in the MG
versus Me 3 points [25-75%: 2-4] in the CG, p = 0.175).
After a short-term course of intensive comprehensive
rehabilitation, patients in the MG achieved signifi-
cant positive dynamics in these indicators, which was
not observed in the CG (Me 2 points [25-75%: 1-2],
and Me 3 points [25-75%: 2-4], respectively, p,=0.015
and p, = 0.875).

A comparative analysis of the efficacy of the com-
prehensive rehabilitation programs for two groups
of patients with spastic hemiplegia is presented in Ta-
ble 2 and Figure 2.

An analysis of the dynamic changes in motor func-
tion after a short-term course of intensive rehabilita-
tion for patients with cerebral palsy at a neurological



hospital revealed that improved motor performance
and the development of new motor skills was ob-
served in patients from both groups, accompanied
by an increased frequency in the use of alternative
movement patterns and greater precision in perform-
ing manipulative tasks. However, motivation for bi-
manual movement in the CG was only observed upon
prompting and was very limited. A sustained increase
in motivation was observed in only 10 % of children
from the CG, while this indicator in the MG reached

TABLE 1

55 % (p = 0.007), but mainly with mild to moderate se-
verity of movement disorders (GMFCS and MACS levels
I1-111). A similar distribution of patientsin the MG and CG
was observed with respect to a reduction in the inci-
dence of the phenomenon of “ignoring” the paretic
hand (10 % and 60 %, respectively, p = 0.003). How-
ever, the efficiency of movements improved only
in some patients in the MG, but not in the control.
Overall, it should be noted that the dynamics of motor
activity indicators in the affected upper limb during

INITIAL CLINICAL AND DEMOGRAPHIC CHARACTERISTICS OF PATIENTS

Indicator MG (n = 20) CG (n=20) p-level
Age, years 10[7-12] 9.5[7-12.5] 0.989
Sex:
girls 8(40) 7(35) 1.000
boys 12(60) 13(65) 1.000
Lateralization of the upper limb lesion:
right hand 10(50) 15(75) 0.191
left hand 10(50) 5(25) 0.191
Severity of movement disorders
GMFCS:
| - -
Il 15(75) 14(70) 1.000
1l 5(25) 6(30) 1.000
\Y - -
Vv - -
MACS:
| - -
I 4(20) 5(25) 1.000
1] 12(60) 10(50) 0.525
\Y 4(20) 5(25) 1.000
Vv - -
Types of perinatal organic brain damage
Porencephalic and other cysts, hypoplasia of the corpus
callosum and other parts of the brain 7(25) 6(30) 1.000
Periventricular leukomalacia 2(10) 2(10) 0.598
Adreno-, leuko-dystrophy, cystic gliosis changes 3(15) 3(15) 0.658
Hydrocephalus, ventriculomegaly 5(25) 5(25) 0.715
ACVA 2(10) 2(10) 0.598
Hypoxic/toxic-ischemic brain injury 2(10) 3(15) 1.000
Combination of brain pathologies 5(25) 5(25) 0.715

Note. The data are presented as Me [25%-75%] and abs. (%). ACVA - acute cerebrovascular accident; GMFCS - Gross Motor Function Classification System; MACS -
Manual Ability Classification System. p — level of statistical significance of differences in groups, taking into account the criteria: 1 - Pearson x? with Yates’ correction

and 2 - Fisher’s exact test.
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comprehensive rehabilitation were more intense
with the additional use of the new “Glove” device
in the exercise therapy program, due to a statistical-
ly significant reduction in spasticity in the arm mus-
cles, particularly in the hands and fingers, including
their distal regions. This significantly improved manu-
al activity (including the gestural and communicative

SCORE
O - N WwWhs U O N ®

SUBTEST1 SUBTEST 2 SUBTEST 3 SUBTEST4

SCORE

SUBTEST 1 SUBTEST 2 SUBTEST 3 SUBTEST 4

MG =—o=—CG

* - p < 0,05 - statistically significant differences between groups according
to the U-test.

FIG. 2.
Indicators of ARAT’s subtests in the main and control groups. A -
pre-treatment; B — post-treatment

TABLE 2

function of the upper limb according to The Frenchay
Arm Test) in terms of not only “large”, “undifferentiat-
ed’, and “immature” movements, primarily due to anin-
crease in range of motion in large joints and the ability
to grasp, hold, and release a large object (typical of pa-
tients in the control group), but also “fine” motor skills,
including improved quality and speed of cylindrical
and pinch grasps (Fig. 2). Most patients with spastic
hemiplegia who underwent intensive rehabilitation
using an improved method for correcting upper limb
spasticity also demonstrated significant improvements
in their ability to perform isolated finger movements
and in their graphic skills using the additional method
of V.G. Bosykh and N.T. Pavlovskaya.

DISCUSSION

Summary of the main study findings

The addition of the new “Glove” medical simulator
for correcting hand spasticity in the short-term inten-
sive rehabilitation program for children with hemiple-
gic cerebral palsy resulted in significantly improved
treatment outcomes in the neurology department,
with a significant reduction in upper limb muscle tone,
an increase in the range and precision of movement,
including fine-grained movements, and the elimina-
tion of the phenomenon of “ignoring” the paretic hand.

Discussion of the main study findings

To date, numerous programs, methods, and devic-
es have been developed for the rehabilitation of mo-
tor functions in cerebral palsy, most of which have
established a strong reputation in the medical
and patient (parent) communities due to their high
effectiveness and reduced socioeconomic burden
on families and the state. However, the therapeutic ef-
fect of many of these is primarily aimed at developing

ANALYSIS OF DIFFERENCES IN THE SCALES FOR ASSESSING MANUAL SKILLS IN PATIENTS OF THE MAIN
AND CONTROL GROUPS BEFORE AND AFTER TREATMENT

Indicator Period MG (n = 20) CG (n=20) P, p,MG/p CG
initially 3[2-6.5] 4[2-6.5] 0.913 0.036/
The Frenchay Arm Test, score after treatment 6 [5-8] 5 [3-8] 0.061 0.745
initially 23 [7.5-27.5] 21.5[8-34.5] 0.924 0.017/
ARAT test, total score after treatment 35.5[17.5-53.5] 24.5[13-39.5] 0.116 0528
Method of V.G. Bosykh initially 21[19.5-28] 25.5[21-31.5] 0.171 0.027/
and N.T. Pavlovskaya, score after treatment 31.5[25.5-35] 28.5[24-32.5] 0.328 0.354

Note. The data are presented as Me [25%-75%]. ARAT — Action Research Arm Test, a test of hand motor activity. p, is the level of statistical significance of differ-
ences between the MG and CG according to the Mann-Whitney criterion; p,_ is the level of statistical significance of differences in groups according to the Wil-

coxon T-criterion.
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the muscles of the lower torso and legs and develop-
ing a physiological gait pattern [4, 20-22]. At the same
time, the theoretical and practical aspects of reha-
bilitation of children with upper limb impairments
remain a pressing and challenging task in pediatric
science and clinical neurology. It should be noted
that the human hand plays a vital role at all stages
of ontogenesis in the development of verticalization
and balance, which, in turn, allows the child to free
the upper limbs to perform complex manipulations,
develop and refine fine differentiated motor acts
(including drawing and writing), and self-care skills
[15]. Functionally, the hand is the most important
part of the upper limb [23]. For children with cere-
bral palsy, pathognomonic symptoms include pro-
nation of the forearm, flexion contracture of the dis-
tal upper limb, and inability to abduct the thumb,
which hinders or eliminates manipulation of objects
and, in turn, complicates the rehabilitation process
and reduces its effectiveness [24]. In severe paresis
and organic brain damage, these motor impairments
are accompanied by the phenomenon of “ignoring”
the paretic hand, as demonstrated in our study. Giv-
en the high functional significance of the upper limb
in everyday activities, early and complete restoration
of its motor activity is a pressing task.

Our study is not a pioneer in this area, including
among domestic developments of rehabilitation simu-
lators for restoring upper limb function. The reviews
by E.A. Biryukov et al. (2022), Chen Y.P. et al. (2016),
and Cardone D. et al. (2025) emphasized the impor-
tance of modern rehabilitation technologies for im-
proving upper limb function [25-27]. However, the re-
viewed studies on this topic, in patients with cerebral
palsy, primarily demonstrate the use of robotic simula-
tors and devices equipped with biofeedback or a com-
puter-based neurointerface, where the development
of correct upper limb motor patterns is achieved pri-
marily through a passive training and the acquisition
of adaptive sensory-motor experience by the child.
Our development does not include robotic elements;
the child must apply voluntary effort to perform ac-
tive actions with the upper limb. However, the game-
based nature of the training helped to increase mo-
tivation for training and its effectiveness, similar
to previously created rehabilitation devices. Itis worth
highlighting four studies in which patients, as in our
study, suffered from the hemiplegic form of cerebral
palsy and had similar severity of motor impairments
according to the GMFSC and MACS [9, 28-30], in one
of which [29] the frequency and exposure of inter-
vention using the simulator corresponded to that
stated by us (10 days, 30 minutes per day). The au-
thors obtained similar results regarding the improve-
ment of fine differentiated movements of the hand
and fingers, the speed and accuracy of manipula-
tions, and the emergence of bimanual activity, that
is, a decrease in the frequency of the phenomenon
of “learned non-use”, as demonstrated in this study
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in children with spastic hemiplegia. The importance
of using functional electrical stimulation (provid-
ed for in the developed device) in combination
with kinesiotherapy is also confirmed in the study
of Kim T-W. et al. (2016) to correct spasticity and stim-
ulate the wrist extensor muscles, and as a result, im-
prove wrist extension and fine motor skills of the hand
and fingers [30].

The primary objective of neurorehabilitation
for patients with paralytic syndromes is to restore
motor function and prevent the development of sec-
ondary biomechanical complications. Unfortunate-
ly, severe muscle spasticity in cerebral palsy impairs
the quality of life of patients and their families,
hinders the development of complex motor skills,
and complicates rehabilitation measures. There is no
single, universally accepted method for correcting
it, making scientific research and innovation in this
field a priority and a justified approach. This research
direction is outlined in the study.

Study limitations

The main limitation of our study was the small
sample size of patients with spastic hemiplegia
and the small number of participants in the com-
parison groups, which precludes the generalization
of our results to the general population of patients
with this form of cerebral palsy. It should be noted
that our results are consistent with the hypothesis
that comprehensive rehabilitation programs aimed
at restoring motor function in cerebral palsy are more
effective in children with mild to moderate motor im-
pairments. However, this study’s limitation prevent-
ed us from analyzing the efficacy of the improved
method for correcting upper limb muscle spasticity
among patients of all GMFCS functional levels (I-V).
Furthermore, in order to achieve the desired treat-
ment outcomes in only a selected group of patients,
it is necessary to incorporate specific features into
the developed simulator to enhance the rehabili-
tation process, increase motivation and adherence
to treatment, and programmatically analyze the ob-
tained data, such as biofeedback and SOI. Limitations
of this study also include the lack of long-term fol-
low-up of the patients treated, which would al-
low for assessment of the long-term effectiveness
of the rehabilitation program. Further research
is needed to evaluate the effectiveness of the new
medical simulator “Glove”, the development and clinical
application of updated models, taking into account
the identified limitations of this study.

CONCLUSION

The effectiveness of the chosen comprehensive
rehabilitation program for children with cerebral palsy
determines the subsequent prognosis of the disease,
with either regression of motor function impairment
or transformation into a permanent motor defect.
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To develop the optimal combination of rehabilitation
methods and determine the parameters for restor-
ative treatment procedures, it is necessary to analyze
the comparative efficacy and evaluate the immediate
and long-term results of treatment and rehabilitation
methods and devices. In our study, the use of an im-
proved method for correcting upper limb muscle spas-
ticity in patients with hemiplegia demonstrated pos-
itive results in terms of reducing abnormal muscle
tone in the upper limb, increasing the range and pre-
cision of movement, including small and differentiated
movements, and eliminating the phenomenon of “ig-
noring” the paretic arm. Thus, the use of a new medical
simulator in the comprehensive treatment of children
with hemiparetic cerebral palsy allows for increased
efficacy compared to standard rehabilitation meth-
ods. However, the long-term efficacy of such train-
ing remains unclear and requires evaluation of lon-
ger-term simulator usage for self-rehabilitation during
the post-hospital period. In this regard, the develop-
ment of treatment and rehabilitation programs based
on new technologies for the non-pharmacological cor-
rection of motor dysfunction in children with paralytic
syndromes and cerebral palsy, ensuring the continu-
ity of rehabilitation processes through the seamless
transition between inpatient and outpatient stages
and their rapid implementation into practical health
care, are relevant areas of innovative research and de-
velopment in modern neuropediatrics.
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