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ABSTRACT

BACKGROUND: Patients with multiple sclerosis who have multifocal lesions of the central nervous system may present
various complaints, including loss of balance. Some postural control disorders are detected already at an early stage of the
disease. Solving this problem is critical, as it directly causes falls with subsequent injuries and deteriorating quality of life. The
Balance Evaluation Systems Test offers benefits over other postural control assessment tests. It enables more personalized
therapy, especially in the context of decreased tolerance to physical exercise in patients.

AIM: To implement the Balance Evaluation Systems Test for a detailed assessment of postural control, identifying the markers
to be used for the development of individual physical rehabilitation programs, as well as to assess the effectiveness of this
approach.

MATERIALS AND METHODS: This single-center, prospective, continuous, controlled, randomized study involved 38 patients
from the pediatric neuropsychiatric department of a Russian children’s clinical hospital (mean age: 13—16 years). All of them
had a confirmed diagnosis of relapsing-remitting multiple sclerosis. The patients were examined in the pediatric medical
rehabilitation department using the Balance Evaluation Systems Test at the beginning and at the end of a therapeutic exercise
course conducted on a daily basis for 10 days. The patients were randomized into two groups, 19 persons each. The control
group was offered standard balance exercises; in the experimental group, exercises were selected individually for each patient,
considering the identified postural control defects.

RESULTS: The treatment resulted in statistically significant changes for patients both in the control and experimental groups
(p <0.001). However, when comparing the results after the exercise course between the groups, the experimental group
demonstrated more significant changes in postural control (p <0.001).

CONCLUSION: Therefore, the Balance Evaluation Systems Test helps develop a personalized physical rehabilitation program
showing more effective results. This provides patients with an opportunity to improve their functional status and reduce the risk
of falls and injuries, while delaying the progression of disability and improving the quality of life.
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AHHOTALMA

06ocHoBaHue. MHoroouaroBoe nopaxeHue LeHTpanbHOM HEpPBHOW CUCTEMBI MPK PaccesHHOM CKIIepo3e BbI3bIBAET y MaLy-
€HTOB pa3Hble Xanobbl, 0iHa U3 KOTOPbIX — HapyLUEHWe paBHOBECHS. YiKe Ha paHHel cTaguu 3aboneBaHus BbIABNAKOTCA Te
AN MHBIE PacCTpOCTBa NOCTYpanbHOrO KOHTPONS. PelueHue 3Toi Npobnembl UMeeT BaKHOE 3HAYEHWe, TaK KaK eé npaMoe
CnencTBMe — MafeHus ¢ NocnedytoLeid TpaBMaTu3aumeit U yXyaLeHWeM KadecTa #u3Hu. lpenmyLecTso nepes apyrMu
OLLEHOYHbIMK TeCTaMM MOCTYPasibHOr0 KOHTponiA uMeeT Balance Evaluation Systems Test. C ero nomoLubto Tepanus npoBo-
putcs bonee NepcoHMBULMPOBAHO, 0COBEHHO B YCIIOBUAX CHUMXEHMSA TONIEPAHTHOCTM K QU3UYECKOW Harpy3Ke Y NaLMEHTOB.
Lenb uccneposanus — BHeapenve Balance Evaluation Systems Test ons aetanbHoi oLEHKM NOCTYpanbHOrO KOHTPONS,
BbISIB/IEHWS! MApKePOB, Ha OCHOBAHUM KOTOPbIX MPOUCXOAUT COCTABMNEHME MHAMBMAYAbHOW NPOrpaMMbl U3NYecKon peabm-
NMTaLMK, a TakKe oLeHKa 3QGhEKTUBHOCTM AaHHOTO NOAX0Aa.

Martepuanbl U MeTogbl. ViccnenoBaHWe HOCUT XapaKTep OJHOLEHTPOBOrO NMPOCMEKTMBHOMO CMIOLUHOTO KOHTPONMPYEMOrO
PaHA0MM3MPOBaHHO0. B HEM npuHANM yyacTve 38 naumeHTOB NCUXOHEBPOIOTMYECKOro OTAENeHNUs 4nis feTel Poccuickoil
LETCKON KIIMHWYECKOM 60MbHULBI, CpefiHMA BO3pacT KoTopbix coctansn 13—16 net. Bce uMenu nofnTBepAEHHBIA AMa-
HO3 PEMUTTUPYIOLLIEr0 paccesHHOro cKepo3a. aumeHTbl NpoLWAM AMarHOCTUKY B OTAENEHUWN MeOULMHCKOW peabunmutaumm
Ans peteil ¢ noMoLubto Balance Evaluation Systems Test B Hauane 1 KoHUe Kypca fie4ebHon U3KyNbTypbI, 3aHATUS NPOBO-
omanch exenHeBHo B Teyenue 10 aHei. MaumeHTbl 6bIM paHAOMHO pa3aeneHbl Ha 2 rpynnbl no 19 yenosek. KoHTponbHas
rpynna nosyyana CTaHLapTHble YNpaXKHEHWs Ha paBHOBECUE, a B IKCMEPUMEHTANIbHOW YNPaXHEHUA NOAOUPaNNUCh UHAUBM-
AYasnbHO MO KaXA0ro NauMeHTa C Y4ETOM BbIABNEHHOMO feduuuta nocTypanbHOro KOHTPONS.

Pesynbtartbl. B pe3ynbrare nevyeHus NauMEHTbI KOHTPOSIbHOW W SKCNEPUMEHTANbHOW MPYNMbl NOKa3aiM CTaTUCTUYECKU 3Ha-
umMble u3MeHeHms (p <0,001), Ho npu cpaBHeHUM pe3ynbTaToB NOC/e NPOBEAEHHOMO Kypca Mexay rpynnamu 6onee 3Haum-
Mble M3MEHEHWS NOCTYPasibHOr0 KOHTPOJIA MPOU3OLLNW B IKCMepUMeHTanbHol rpynne (p <0,001).

3akniouenue. TakuM obpasom, Balance Evaluation Systems Test nosBonseT coctaBUTb NePCOHUULMPOBAHHYHD NpoOrpaM-
My du3mnyeckon peabunurtaummn, Kotopas nokasbiaeT bonee 3pdeKTMBHbIE pe3ynbTatbl. 3T0 AAET BO3MOXKHOCTb NaLMEHTaM
yAy4WwnTh GYHKLUMOHAMBHBIA CTATyC M YMEHbLIAET PUCK NafieHU! 1 TPaBMaTU3aLmMK, a TaKXKe MOMOraeT 0TCPOYUTbL HapacTa-
HWe UHBaIMAM3aLMM W YYYLLAET Ka4eCTBO JKU3HM.

KnioueBble cnoBa: paccesHHblil CKNepos; peabunutaums; nocTypanbHblil KOHTPOb; BanaHc.
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BACKGROUND

One of the key goals of rehabilitation medicine is to im-
prove postural control (PC), or balance, in patients. PC refers
to the specific actions undertaken by an individual to main-
tain, achieve, or restore balance. A person may employ an-
ticipatory, reactive, or combined strategies to achieve PC. In
mechanics, balance refers to the state of an object in which
the sum of all acting forces equals zero. This property largely
depends on the position of the center of gravity relative to the
base of support. The ability to maintain equilibrium when the
center of gravity is displaced determines the object’s stabili-
ty. Unlike inanimate objects, humans are capable of activat-
ing muscles to counteract external forces and prevent falls,
thereby exerting control over balance (i.e., postural control).
There are three general functional goals in which balance
control is involved:

+ Maintaining a specific posture

» Executing goal-directed movement into a new position,

and

+ Maintaining balance when exposed to external

forces.

PC is a fundamental motor skill regulated by the central
nervous system (CNS) [1].

Balance deficits are among the most common impair-
ments addressed in physical rehabilitation. Multiple scle-
rosis (MS) is one of the conditions in which this problem
is particularly prominent. MS is characterized by multifocal
damage to the CNS, resulting in a wide range of clinical
manifestations. No other neurological disease presents
such a broad coexistence of impairments: weakness, fa-
tigue, spasticity, tremor, ataxia, sensory and visual loss,
pain, cognitive dysfunction, depression, and neurogenic
organ dysfunction (e.g., neurogenic bladder or bowel). The
unpredictable progression of these symptoms complicates
the management of patients with MS. Alongside standard
pharmacologic therapy, physical exercise has a corrective
effect on disability and quality of life. Rehabilitation goals
for patients with MS are often ill-defined. Despite the use of
disease-modifying therapies, patients typically experience
worsening over time.

A common symptom of MS is impaired balance func-
tion. PC disturbances are observed in up to 3% of children
with MS, whereas cerebellar symptoms overall are present
in 11%-28% of cases [2]. Such disturbances often occur
at early stages of the disease, even when clinical man-
ifestations are minimal or absent. Studies have shown
that, compared with healthy individuals, patients with MS
demonstrate significant PC impairments regardless of task
complexity or sensory conditions [3]. Contributing factors
to impaired PC include ataxia, reduced muscle strength, vi-
sual deficits, spasticity, tremor, and increased fatigue. Oth-
er studies have reported increased postural sway in quiet
standing, delayed responses to center of gravity displace-
ment, and impaired return to stability limits—findings that

Vol. 23 (4) 2024

DOl https://doi.org/10.17816/rjpbr641853

Russian journal of the physical therapy,
balneotherapy and rehabilitation

indicate dysfunction in multiple systems responsible for
maintaining PC. A correlation has been described between
impaired PC and structural changes in the white and gray
matter of the cerebellum, pons, thalamus, supratentorial
associative tracts, and brainstem [4]. Damage to the ves-
tibular nuclei—located at the level of the medulla oblon-
gata, pons, and caudal midbrain—alters both afferent and
efferent signaling, resulting in centrally mediated vestibular
dysfunction [5]. Lesions in the inferior cerebellar peduncle
impair reactive PC, whereas those in the superior peduncle
affect kinetic components [6].

Impaired PC reduces patients’ functional capacity and
increases the risk of falls and injury. Falls are among the
most serious consequences of gait and balance impair-
ments. A cross-sectional self-report study of 449 individu-
als with MS revealed that 58% reported one or more falls
in the previous 6 months. A single fall was reported by
13% of respondents, whereas 45% experienced multiple
falls. Among those who fell, 58% sustained injuries and
19% required medical care. Fall-related injuries included
bruises, cuts, or abrasions (54%); tears or sprains (32%);
severe pain (28%); fractures (28%); and traumatic brain
injuries (3%). Falls most commonly occurred during transi-
tions (e.g., while getting to bed, a chair, or the shower) and
during ambulation. Frequent causes of falls included trip-
ping, slipping during walking, fatigue or exhaustion. Other
reported factors included haste, not using assistive devices,
and sensations of dizziness or disorientation. Falls with-
in the home may necessitate environmental modifications
such as the installation of grab bars, adaptive equipment,
shower benches, and fall alert systems.

Fall prevention strategies should be tailored to the in-
dividual patient by obtaining a detailed medical history and
performing an appropriate assessment, including a func-
tional evaluation. Another important symptom that limits
the extent of rehabilitation in patients with MS is fatigue.
As neurological deficits progressively affect the entire
central nervous system, many functions remain feasible
but require intense concentration and considerable effort
from the patient. Brain reorganization resulting from neu-
roplasticity allows for the continuation of specific tasks but
impairs multitasking ability. Detailed patient testing and
assessment of motor function help optimize the rehabilita-
tion process, enabling targeted focus on specific tasks and
minimizing energy expenditure.

Over the past decade, several approaches have been de-
veloped to improve PC in patients with MS, including gait and
functional training, resistance training, and aerobic exercise.
A meta-analysis in this field highlights that one of the most
important factors in treatment effectiveness is an individuali-
zed approach [7].

The Balance Evaluation Systems Test (BESTest), de-
veloped by Horak, Wrisley, and Frank, is an example of a
balance test involving various tasks. It is based on the con-
cept proposed by Bernstein, in which PC results from the
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interaction of several systems, and a deficit in any one of
them may lead to impaired balance. These systems include:

+ the biomechanical system

+ limits of stability

« anticipatory postural adjustments (dependent on

interaction between motor areas, basal ganglia, and
brainstem regions)

« automatic postural responses (mediated through short-,

medium-, and long-loop proprioceptive feedback)

» the sensory system (vestibular pathways and

temporoparietal cortex), and

» dynamic balance during walking (coordinated activity

of locomotor and postural sensorimotor programs in
the brainstem).

Cognitive functions, which are mediated by the cerebral
cortex, may also influence PC [8]. Understanding the strat-
egies used by the CNS to maintain PC is essential for the
systematic analysis of each patient. This test can help identify
the causes of PC impairment and improve the effectiveness
of therapeutic interventions [9].

Most clinical PC tests are designed to detect balance im-
pairments and predict falls. The categories of the BESTest
were selected based on the neurophysiological foundations of
PC and offer an advantage over other tests by providing a more
detailed understanding of the problems (see Fig. 1) [10]. Other
studies have demonstrated the comparability of this test with
objective assessment methods, confirming its reliability [11].

AIM

The work aimed to implement the BESTest in rehabilita-
tion practice for children with MS to assess motor deficits,
specifically PC function, and to develop a personalized exer-
cise program.

METHODS
Study Design

This was a single-center, prospective, continuous, con-
trolled, randomized study. It included 38 male and female
patients under 18 years of age.

Eligibility Criteria

Inclusion criteria:

» Patients with confirmed diagnosis of MS (G35 Multiple
sclerosis)

+ Age younger than 18 years, and

« Mild disability, defined as an Expanded Disability
Status Scale (EDSS) score < 2.5.

Non-inclusion criteria:

+ Inability to ambulate independently.

Exclusion criteria:

+ Refusal of the patient or legal representative to
participate in the study;

» Acute deterioration in the patient’s condition.
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Fig. 1. Evaluation of existing tests covering all components
of postural control.

Study Setting

The study was conducted in the Department of Medical
Rehabilitation for Children and the Psychoneurological De-
partment for Older Children at the Russian Children’s Clinical
Hospital, a branch of the N.I. Pirogov Russian National Re-
search Medical University.

Study Duration

The study was conducted from February through Septem-
ber 2024. The duration of participation for each patient was
2 weeks (10 sessions).

Intervention

Upon admission to the department, patients were as-
sessed for eligibility and signed an informed consent form
to participate in the study. They then underwent assess-
ment using the BESTest, which includes 27 tasks, some of
which comprise 2 or 4 subitems (e.g., for the right and left
sides), totaling 36 items (see Table 1). Each item is rated
on a 4-point ordinal scale from 0 (worst performance) to 3
(best performance). Total and section scores are presented
as percentages of the maximum possible score. To enhance
the reliability of the results, standardized instructions for pa-
tients and raters were used, along with stopwatch and ruler
measurements.

The therapeutic exercise course consisted of 10 daily
sessions, excluding weekends, each lasting 30 minutes. Fa-
tigue levels were monitored in all patients, and exercises
were discontinued after 2 forced repetitions. At the end of the
course, all patients underwent repeat testing and evaluation
of clinical changes.

Study Outcomes

During the study, patients demonstrated improvement in
PC, as evidenced both subjectively and by repeated testing at
the end of the course.
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Table 1. Balance Evaluation Systems Test Structure
Section Test No. Test name
Section | Biomechanical system
1 Base of support
2 Alignment of the center of mass
3 Ankle strength and range of motion
4 Strength of trunk and hip abductors
5 Sit on the floor and stand up
Section Il Stability limits
6 Sitting verticality and lateral lean
7 Forward reach
8 Lateral reach (right and left)
Section IIl Anticipatory postural adjustments
9 Sit-to-stand
10 Rise to toes
1 Stand on one leg (right and left)
12 Alternate stair touching
13 Standing arm raise
Section IV Reactive postural response
14 In place response—forward
15 In place response—backward
16 Compensatory stepping correction—forward
17 Compensatory stepping correction—backward
18 Compensatory stepping correction—lateral (right and left)
Section V Sensory orientation
19 Sensory interaction for balance (modified Clinical Test of Sensory Interaction in Balance
[m-CTSIB])
20 Incline with eyes closed
Section VI Gait stability
21 Gait on a level surface
22 Change in gait speed
23 Head turns while walking
24 Pivot turns
25 Step over obstacle
26 Timed Up and Go
27 Timed Up and Go with backward counting

DOl https://doi.org/10.17816/rjpbr641853
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Subgroup Analysis

Patients were randomly assigned to a control group
(n =19) and an experimental group (n = 19). The groups
were comparable in terms of age and sex. Based on the PC
assessment, the control group received a standardized set
of balance exercises, whereas the experimental group re-
ceived personalized exercises tailored to the deficits identi-
fied through the BESTest.

Outcomes Registration

The results obtained from the BESTest were recorded and
analyzed using SPSS Statistics version 27.0 (IBM, USA).

Ethics Approval

This study complied fully with ethical standards and was
approved by the local Ethics Committee of the Russian Chil-
dren’s Clinical Hospital, a branch of the N.I. Pirogov Russian
National Research Medical University (protocol excerpt
No. 24, October 22, 2024).

Statistical Analysis

Quantitative indicators were assessed for normality using
the Shapiro—Wilk test. Quantitative variables with a normal
distribution were described using the mean (M), standard
deviation (SD), and 95% confidence interval (95% Cl). In the
absence of a normal distribution, data were presented as
the median (Me) and the first and third quartiles (Q1-Q3).
Comparisons between two groups for normally distributed
variables with equal variances were performed using the
Student t-test. Comparison between two groups for a quanti-
tative variable with a non-normal distribution was performed
using the Mann-Whitney U test. For comparisons between
two related groups with non-normally distributed variables,
the Wilcoxon signed rank test was applied. Differences were
considered statistically significant at p < 0.05.

RESULTS

Participants

Patients had a mild level of disability (EDSS score < 2.5).
The median age was 15 years (IQR, 13-16 years); girls pre-
dominated over boys (65.8% vs 34.2%). Patients were ran-
domly assigned to the control group (19 participants) and
the experimental group (19 participants). The groups were
comparable in terms of age and sex.

At baseline, all patients demonstrated impairments in
PC. The most pronounced deficits were observed in the bio-
mechanical constraints (Section I), stability limits (Section
1), and sensory orientation (Section V), with patients scor-
ing an average of 86.8% in these sections. Additional im-
pairments were noted in reactive postural responses (Sec-
tion IV) (88.1%), anticipatory postural adjustments (Section
1) (88.9%), and gait stability (Section VI) (89.5%) (see
Fig. 2).
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No statistically significant differences were found be-
tween the control and experimental groups at baseline across
all sections of the BESTest (Mann—Whitney U test).

Main Study Outcome

Analysis of the experimental group (group I) and the con-
trol group (group Il) showed no statistically significant differ-
ences before the physical therapy (PT) course (p = 0.214).
After completion of the PT course, statistically significant
differences were identified between the groups (p < 0.001),
as assessed using the Mann—Whitney U test. Additionally,
both groups showed statistically significant improvements in
BESTest scores after the intervention (p < 0.001), according
to the Wilcoxon signed-rank test (see Fig. 3).

A detailed comparison of section scores from the BESTest
before and after the PT course was also performed for both
groups. No statistically significant differences were observed
between the groups in any section before the PT. In each
section of the test, participants in both groups demonstrated
statistically significant changes. When comparing the post-PT
results, statistically significant differences between the
groups were identified across all sections (see Table 2).
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Fig. 2. The average value of test results in children with remitting
multiple sclerosis.
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Fig. 3. Analysis of the dynamics of the Balance Evaluation Systems
Testindex depending on the group.
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Table 2. Descriptive statistics of quantitative variables depending on the group
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Parameter Sroup p
Group | Group I
Section | (before), % Me [IQR] 86.7 [86.0; 93.3] 87.0 [83.0; 93.3] 0.940
Section | (after), % Me [IQR] 97.0 [92.2; 100.0] 93.3[87.8; 93.7] 0.049
Section Il (before), % Me [IQR] 90.5 [85.7; 92.5] 85.7 [82.0; 89.7] 0.158
Section Il (after), % Me [IQR] 95.6 [91.5; 100.0] 89.0 [86.6; 90.7] 0.002
Section Ill (before), % Me [IQR] 88.9 [88.9; 94.4] 88.9 [84.5; 90.1] 0.244
Section Il (after), % Me [IQR] 95.2 [93.9; 100.0] 91.6 [88.9; 94.4] 0.003
Section IV (before), % Me [IQR] 90.2 [86.0; 94.4] 88.0 [83.3; 88.9] 0.071
Section IV (after), % Me [IQR] 94.4[94.2; 100.0] 88.9 [88.6; 94.4] 0.008
Section V (before), % Me [IQR] 86.7 [80.0; 86.7] 82.0 [76.7; 86.7] 0.296
Section V (after), % M (SD) 91.3 (4.6) 85.6 (7.0) 0.005
Section VI (before), % Me [IQR] 90.5 [85.7; 90.5] 85.7 [81.0; 90.9] 0.228
Section VI (after), % Me [IQR] 95.2[92.3; 97.2] 90.5 [83.3; 91.4] <0.001

Adverse Events
No adverse events were reported during the study.

DISCUSSION

Summary of Primary Results

This study confirmed the presence of PC impairments in
patients with MS even at early stages of the disease. These
impairments were identified even in patients who reported no
symptoms, consistent with the “clinical-splitting syndrome”
described by Markov and Leonovich, which refers to a mis-
match between the severity of subjective symptoms and the
extent of structural changes [12]. The BESTest enabled de-
tailed assessment of PC, detection of latent functional im-
pairments in this population, and development of an effective
individualized physical rehabilitation program.

Interpretation

In our previous study of balance using diagnostic stabilo-
metry, we identified specific alterations in children with MS,
including an increased base of support and increased velocity
of center of pressure displacement [13]. Other researchers
have reported similar findings in adults with MS, including in-
creased sway in static posture, delayed responses to external
perturbations, and reduced capacity to recover stability. These
findings confirm that MS involves dysfunction in multiple sys-
tems responsible for balance control and may be associated
with damage to both white and gray matter in the cerebellum,
pons, thalamus, and supratentorial associative tracts [4].

The personalized approach allowed for more effective
rehabilitation without increasing fatigue. Fatigue remains one
of the most prevalent and challenging symptoms in patients
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with MS. It is attributed to both neuromuscular changes and
central mechanisms involving the cerebral cortex, thalamus,
and basal ganglia. Sleep disturbances, autonomic dysfunc-
tion, and cognitive impairment may also contribute to fa-
tigue [14].

Study Limitations

This study has several limitations, including a small sam-
ple size and a short duration of follow-up and inpatient ther-

apy.

CONCLUSION

Thus, this study confirmed the importance of an individu-
alized approach to the management of patients with MS and
emphasized the need for initiating rehabilitation as early as
possible, given that functional impairments may already be
present.

The BESTest proved to be an effective tool for compre-
hensive assessment of postural control and for personalizing
PT programs. Improving PC enhances the quality of life in
patients with MS and serves as a preventive strategy against
falls and injuries. It may also positively affect fatigue percep-
tion and respiratory function [15].
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NO0NOJHUTENIbHAA UHOOPMALIUA

WUctouHmk ¢uHaHcupoBaHMA. ABTOpLI 3asBNAIOT 06 OTCYTCTBUM
BHELUHEro (WHaHCWMPOBaHUS MPU MPOBEAEHWM WCCNEA0BaHUS
¥ NOAroTOBKe NybnuKaumm.
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