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ABSTRACT

BACKGROUND: According to various sources, children account for 3 to 10% of all patients diagnosed with multiple
sclerosis. In 75% of all affected individuals, gait abnormalities are present even at early disease stages. However,
the 2022 clinical guidelines issued by the Ministry of Health of the Russian Federation do not address the use of
instrumental gait analysis in pediatric patients.

AIM: To investigate the motor status of children with relapsing-remitting multiple sclerosis using instrumental gait
analysis and surface electromyography.

MATERIALS AND METHODS: Our study was an observational, single-center, prospective, and continuous study. The
study population consisted of patients (n=38), aged 9-17 years, from the department of psychoneurology at the
Russian Children’s Clinical Hospital with a confirmed diagnosis of multiple sclerosis. All patients underwent the
following assessments: instrumental gait analysis using surface electromyography of the lower limb muscles, the
6-minute walk test, contrast-enhanced MRI of the brain and spinal cord.

RESULTS: Patients exhibited low disability levels (EDSS <2.5) and maintained independent ambulation. The
6-minute walk test demonstrated an average walking distance of 520.92 m, consistent with age norms. surface
electromyography analysis revealed characteristic abnormalities in 44.74% of cases, particularly in the gastrocnemius
muscles during the single-support phase, manifesting as premature activation and sustained activation with a
secondary peak in the electromyography signal.

CONCLUSION: The study documented decreased tolerance to physical exertion, along with characteristic surface
electromyography changes in the gastrocnemius muscles, specifically: sustained activation during the resting phase
of the gait cycle and premature activation during the stance phase. These findings may serve as bhiomarkers for
rehabilitation indications and treatment effectiveness assessment. However, further studies are required due to the
limited sample size.
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AHHOTALMUA

06ocHoBaHue. /13 0bLiero KonmuecTBa NALMEHTOB C YCTaHOBNIEHHBIM AWMarHO30M PaccesHHOr0 CKI1epo3a, N0 pasHbIM MCTOY-
HuKaM, oT 3 go 10% coctaBnsioT getu. B 75% cnyyaes y Bcex 3aboneBLUMX Ye Ha paHHeli cTagun HabnoaalTca M3MeHeH!s
MOXOMKM, HO B K/IMHWMYECKMX PEKOMEHAALMAX, YTBePAEHHbIX MuH3apaBoM Poccuitckoit ®epepaunn 2022 r., HET AaHHbIX
M0 UCMO/b30BaHMI0 MHCTPYMEHTANbHLIX METOL0B €€ OLEHKU Y AeTeN.

Llenb nccnepoBaHms — m3yuntb 0COBEHHOCTU ABUraTENIbHOMO CTaTyca LeTel C PEMUTTUPYIOLLMM PACcCeAHHBIM CKIIEPO30M
C MOMOLLbI0 MHCTPYMEHTAJIbHOTO aHann3a noxoAKu C NpUMeHEHEM NOBEPXHOCTHOM 3NIEKTPOMUOTPaduH.

Marepuanbl u Metoabl. Halwe uccnefoBakne o0bcepBauMoHHOe, OHOLEHTPOBOE, MPOCNEKTUBHOE, crinoluHoe. 06beKT uc-
CnefoBaHus — nauueHTbl (n=38) Poccuitckon aeTCKoi KIMHUYeCKoM BonbHMLb! 0T 9 Ao 17 neT U3 oTAeneHns NcMXoHeBpo-
NOTWM C NOATBEPKAEHHBIM AMArHO30M pacCesHHOro cknepo3a. BceM 60MbHBIM NPOBENM MHCTPYMEHTANbHYI0 AMArHOCTUKY
NOXOJKU C NPUMEHEHWUEM NOBEPXHOCTHOM 3NEKTPOMMOTPadUN MbILLLL HUKHUX KOHEYHOCTEN, TECT 6-MUHYTHOI XOAbObI, 3 TaK-
YK€ MarHUTHO-pPe30HaHCHYI0 TOMOrpaduio C KOHTPACTUPOBAHUEM TOSIOBHOMO M CMIMHHOMO MO3ra.

Pesynbtatbl. [launeHTbl UMenn HU3KMIA ypoBeHb MHBaNWam3aumu (no wkane EDSS He bonee 2,5 6annos) 1 bbin cnocobHb
K CaMOCTOSATeNbHOMY NnepefBuenmio. lpn 6-MUHYTHOM TecTe y BonblIMHCTBA 60MBHBIX NPOALEHHOE PacCTOSHUE COOTBET-
CTBOBaJI0 BO3PaCTHOM HOPME, cpefHee 3HaueHue coctansano 520,92 m. lMpu aHanu3e pesynbTaToB NOBEPXHOCTHOW 3MEKTPO-
Muorpaduv B 44,74% cnydaeB 3aMKCUpOBaHbI XapaKTepHble U3MEHEHUS 3NIEKTPOMUOTrPAUUECKON aKTUBHOCTU UKPOHOXK-
HbIX MbILL, B (pa3e OAAMHOYHOM OMOpbI B ABYX BapuaHTax — MNpeXAeBpeMeHHas aKTMBALMA M NPOAOSIKAIOLLAACA aKTUBaLMS
MBILLLBI C NOSIBNEHUEM BTOPOr0 NUKa Ha rpadmke.

3akniouenue. B pesynbrate UccneqoBaHUA 3aperMcTpUpOBaHO CHUKEHWE TONEPAHTHOCTM K M3MYECKON HarpysKe, a TaKxe
XapaKTepHble U3MEHEHUS MO [aHHbIM MOBEPXHOCTHOM 3NIEKTPOMUOrPapum B MKPOHOMKHBIX MbILILAX B BUAE [OBYX BapuaH-
TOB — MPOAOITKAIOLLAACSA aKTUBALMA MbILLLbI B (ha3e 0TAbIXa B TEYEHME LIMKNA LLara W NpexieBpeMeHHas aKTMBaUms B ne-
PUOZ 0nopbl. BbiBNEHHbIE U3MEHEHUS MOTYT CYXUTb MapKepaMm NMoKa3aHuii K NpoBeeHN0 MeIULMHCKON peabunmTaumm
U oueHKW addeKTMBHOCTU NedeHus. M3-3a orpaHuueHus obbEMa BbIOOpKM WccnefoBaHua aaHHoro deHomeHa Tpebyetcs
AanbHelllee U3yyeHue.

KnioueBbie cnoea: paCCEHHHbIﬁ CKNliepo3; NoBepxXHOCTHaA 3HEKTp0MVIOFpa¢I/IF|; peaﬁMﬂMTaLl,Mﬂ; noxoakKa.

Kak uutuposarb:
Boposuk M.A,, Bepeprukos 1.0, Maitwesa 0.A., Bonkoea 3.10., Kosanbuyk T.C. AHanm3 noXofKku y A€Tet ¢ paccesiHHbM cKiepo3oM // Dusnotepanus,
banbHeonorvs 1 peabunutauwms. 2025. T. 24, N2 2. C. 84-96. DOI: 10.17816/rjpbr643515 EDN: IDYRMY

Pykonucb nonyuena: 27.12.2024 Pykonucb ogo6pena: 27.01.2025 Ony6nukoBaHa online: 03.03.2025
&5
ECOSVECTOR The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


http://informahealthcare.com/action/doSearch?Contrib=Kokura%2C+S
https://doi.org/10.17816/rjpbr643515
https://elibrary.ru/IDYRMY
https://doi.org/10.17816/rjpbr643515
https://elibrary.ru/IDYRMY

Russian journal of the physical therapy,
ORIGINAL STUDY ARTICLES Vol. 24 (2) 2025 balneotherapy and rehabilitation

DOI: https://doi.org/10.17816/rjpbr643515 EDN: IDYRMY

ZRMEREILBILESHR

Margarita A. Borovik"2, Igor 0. Vedernikov', Olga A. Laysheva'?,
Elvira Yu. Volkova', Timofey S. Kovalchuk'

! Russian Children's Clinical Hospital, Moscow, Russia;
2 The Russian National Research Medical University named after N.I. Pirogov, Moscow, Russia

HE

Wik, AN FSCHRIRGE, fEMe N 2 R EE R, JLE 3% - 10%. ERTH &
FH, AT5%EER R IR PSR . AR, R BT AR BT 20 22 S HE HE B I R
TR, MERLE DS AT AR VRS T VA R R -

BRER.  FIHDESIERSEERINBE, REREMRI 2 RIS LAIZ 3R
AL

MRS FEE. AN EA L, ATHEME WS S REARI . BTN % NRussian Children” s
Clinical Hospital¥5Hith&ERIFIZNZ KM - 175 8F (n=38) . Irf &=
NSRS A AR T WL Pl , RIS AT T 640 BB AT IR DA & 1S i il LR A% BA
PEAL R A HE 0 AR 1B 0

R, RS R ERAR (EDSSTE<<2.5) , HJu[MOIATE. 608 AT 45
VR, REZFEHEFPITHEMFEGZFERERIEFEE, PR THE N520. 92K, ERHIL
R A b, 44, TA%) B SR I HE 7 LA 508 S AR SR A LR TS sl e i, RIA LRI
L0 DA B 2 R SCHE A I R 2230, I AR =AM IfE .

. PRI, BLNHES) 57 e i s2 PR, FRER TN BIVPL S BRI R
HE AT, RID A A B A AR 67 B R SO DL S I R I RS . X AR R AR R R A
RERNELELRIE, AT IR AR . HTREARENRG, ZMRFHE— PR
REgA: R REUBE;, BE; D35

5|E&3:

Borovik MA, Vedernikov 10, Laysheva OA, Volkova EYu, Kovalchuk TS. 22 & PEREAL i J L2025 4317, Russian journal of the physical therapy, balneotherapy
and rehabilitation. 2025;24(2):84-96. DOI: 10.17816/rjpbr643515 EDN: IDYRMY

R : 27.12.2024 B 27.01.2025 RATHR: 03.03.2025
V-2
9KO®BEKTOP The article can be used under the CC BY-NC-ND 4.0 International License

© Eco-Vector, 2025


http://informahealthcare.com/action/doSearch?Contrib=Kokura%2C+S
https://doi.org/10.17816/rjpbr643515
https://elibrary.ru/IDYRMY
https://doi.org/10.17816/rjpbr643515
https://elibrary.ru/IDYRMY

87

OPUTMHATTBHBIE MCCIEIOBAHNA

BACKGROUND

Demyelination is a key element in the pathogenesis of
multiple sclerosis (MS). The myelin sheath performs several
essential functions, including increasing impulse conduction
velocity, a protective function, and preventing cross-talk be-
tween fibers in mixed nerves. Demyelination affects impulse
conduction along the fibers of the nervous system, leading
to conduction block or slowed conduction velocity. Remye-
lination exerts a neuroprotective effect, whereas persistent
demyelination deprives axons of trophic and metabolic sup-
port, resulting in irreversible injury and axonal loss. Addi-
tionally, demyelinated fibers may become hyperexcitable and
generate ectopic impulses at demyelination sites. Clinically,
patients may present with paroxysmal symptoms such as
tonic spasms, dysarthria, paresthesias, and pain. Another no-
table phenomenon observed in demyelinated fibers is their
increased excitability in response to mechanical deformation,
which accounts for the Lhermitte sign and transversely prop-
agated activation in partially demyelinated axons [1].

One of the notable symptoms in MS is the so-called clin-
ical dissociation syndrome. This phenomenon was described
in 1976 by D.A. Markov and A.L. Leonovich and is character-
ized by a discrepancy between the patient’s subjective sen-
sations and objective clinical signs of tract involvement [2].
This presentation is more often associated with conduction
block rather than slowed conduction or impaired high-fre-
quency impulse transmission. Notably, even marked delays
in impulse conduction may go unnoticed by patients, with
the exception of impaired vibration sensation [3]. Functional
conduction disturbances tend to correlate more closely with
clinical manifestations than with structural damage in the
central nervous system (CNS) [4].

Despite the fact that MS is a CNS disorder, studies have
shown that changes may also occur in the peripheral nervous
system and may be detectable via electroneuromyography.
For example, Domres reported a reduction in M-response
amplitude and F-wave alterations as early electroneuromyo-
graphic signs of spasticity [5].

Despite these various features, motor impairment in pa-
tients with MS carries major clinical significance, as it is the
primary factor limiting function and contributing to disability.
Signs of pyramidal tract involvement are observed in 91.7%
of patients, typically manifesting as pathological reflexes and
varying degrees of paresis. Even at mild disease severity
(Expanded Disability Status Scale [EDSS] score < 3), motor
impairments are present in 30.5% of cases [6]. In patients
with primary progressive and secondary progressive MS,
gait disturbances occur 20% more frequently than in those
with relapsing-remitting MS. Numerous studies have been
devoted to gait analysis with the development of diagnostic
capabilities. In adults with MS, changes in gait parameters
detected through instrumental analysis may result from a
wide range of contributing factors, including muscle weak-
ness, fatigue, spasticity, sensory deficits, cerebellar and

Tom 24, N 2, 2025

DOl https://doiorg/10.17816/rjpbré43515

@MSMDT@DaHMH, bansHeonorns 1 pea6wﬂwaum

vestibular dysfunction, and visual impairment. Gait alter-
ations can be detected even at early stages of MS, in the ab-
sence of patient complaints and with short disease duration.
Clinically significant gait impairment is observed in 75% of
patients during the early stages of the disease, despite mild
disability [7]. This issue garners considerable attention due
to the significant impact of gait disturbances on both quality
of life and degree of disability. Despite adaptive processes in
the brain (neuroplasticity), damage continues to accumulate.
The severity of impairment increases in parallel with disease
progression.

An analysis of gait reveals kinematic and kinetic chang-
es predominantly in the ankle and knee joints [8]. Gait be-
comes increasingly asymmetrical and less coordinated as
the disease progresses. A decrease in ankle push-off power
in MS is a key factor contributing to gait inefficiency, likely
resulting from neurological impairments in dorsiflexor and
plantar flexor muscles, such as weakness, spasticity, and
altered motor unit recruitment [9]. In patients with minimal
impairment, reductions in walking speed, step length, and
the duration of double support have been observed [10, 11].
At an EDSS score of 1-1.5, decreased walking speed, re-
duced lower limb muscle strength, and impaired balance
may already be present. Alterations have been identified in
the vertical, longitudinal, and transverse components of the
ground reaction force, indicating a decline in the lower limb's
supporting function [12]. These impairments are common-
ly associated with pyramidal tract dysfunction, cerebellar
involvement, and, in some cases, apraxia. Pyramidal tract
dysfunction is more frequently associated with asymmetry
in step time and single-leg support. Load redistribution tends
to occur toward the heads of the second and third metatar-
sal bones. However, in cases of sensory impairment, gait
quality may remain relatively preserved. In some patients
with cerebellar symptoms, increased load on the fourth and
fifth metatarsal bones has been reported [5]. Patients with
MS often demonstrate reduced load on the heel and central
metatarsal region, contributing to the more frequent occur-
rence of a cavus foot deformity [13].

Several studies have reported a reduction in hip extension
amplitude during the stance phase, decreased knee flexion
amplitude during the swing phase, reduced dorsiflexion am-
plitude at the ankle joint during the single support phase,
and decreased plantar flexion amplitude during the second
double support phase [11].

During walking, patients with MS often experience fatigue,
which is associated with greater exertion and, consequently,
higher energy expenditure. Surface electromyography (sSEMG)
during gait has proven effective in detecting abnormal load
responses. For example, some studies have reported fatigue
of the soleus muscle during prolonged walking [9], although
electromyographic changes may reflect a combination of
MS-related symptoms.

Using sEMG, muscle dysfunction has been identified
in the form of increased coactivation. The coactivation
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process—also known as reciprocal action—is character-
ized by the coordinated, graded contraction of agonist and
antagonist muscles during movement at a single joint, en-
abling smooth motion and joint stabilization during activity.
Excessive coactivation is an early, objective sign of impaired
muscle balance and, consequently, of disrupted motor con-
trol, which may result in joint instability. This imbalance con-
tributes to increased energy expenditure during walking and
leads to greater fatigue, altered joint torque, and increased
stiffness [8]. Thus, reduced gait stability is also associated
with axonal loss in the corticospinal tract, which may serve
as a sensitive indicator of neurodegeneration [14].

Other studies have described the characteristics of bio-
electrical activity in paretic muscles, manifested as decreased
amplitude along with altered phasic activity. Prolonged pha-
sic bioelectrical activity has been interpreted as a compen-
satory response to reduced strength in the affected muscles,
aimed at maintaining sufficient limb support capacity [12].

Gait studies in pediatric MS have also revealed chang-
es, including a reduced range of motion in the hip joints and
decreased walking speed compared with healthy peers [15].
The clinical guidelines for MS rehabilitation, approved in the
Russian Federation in 2022, do not include recommendations
on the use of instrumental gait analysis methods for early
diagnosis or for assessing treatment effectiveness [16].

The advantage of this method using SEMG over other
standard tests lies in its ability to support early diagnosis of
the disease, when other symptoms may still be undetectable
during clinical examination. Therefore, developing rehabilita-
tion strategies based on these data allows for more targeted
and, consequently, more effective interventions.

AM

The work aimed to investigate data from instrumental
gait analysis in children with MS to optimize early diagno-
sis of gait impairment and improve approaches to medical
rehabilitation.

METHODS

Study Design

It was an observational, single-center, prospective, con-
tinuous study.

Eligibility Criteria

Inclusion criteria:

+ Confirmed diagnosis of multiple sclerosis (G35) based
on the international McDonald criteria;

+ Age between 9 and 17 years;

« Ability to walk independently without additional
rehabilitation devices and preserved visual function;

+ Signed informed consent for participation in the study.

Non-inclusion criteria:
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+ General contraindications to therapeutic physical
exercise;

« Functional gait limitations due to other diseases.

+ Exclusion criteria:

« Patient’s withdrawal from the study;

+ Development of a comorbidity during the study.

Study Setting

The study was conducted at the Department of Medical
Rehabilitation for Children and the Department of Pediatric
Psychoneurology for Older Children of the Russian Children's
Clinical Hospital, a branch of the N.I. Pirogov Russian Nation-
al Research Medical University.

Study Duration

The study was conducted from February to December
2024,

Medical Study Description

Upon planned admission to the Department of Pediatric
Psychoneurology, patients were referred for a consultation with
a physician specializing in therapeutic physical exercise. During
this consultation, motor status and eligibility for study inclusion
were evaluated. All patients provided signed informed consent
to participate in the study. During hospitalization, each patient
underwent contrast-enhanced magnetic resonance imaging
(MRI) of the brain and spinal cord. The results were compared
with previous MRI scans from earlier hospitalizations. All pa-
tients had undergone MRI examinations prior to the study. Each
patient completed a single assessment of exercise tolerance
using the 6-minute walk test, along with instrumental gait
analysis performed on the Stedis system (Neurosoft, Russia).
The assessments were conducted by a physician specializing
in therapeutic physical exercise, who held a medical degree
and had completed a clinical residency in the relevant field.
The specialist conducting the gait analysis also held certifi-
cation in gait analysis training courses (Clinical Gait Analysis:
CPD; Pediatric Gait Analysis and Orthotic Management: Os-
car). All data were analyzed by professionals with more than
10 years of experience in pediatric rehabilitation.

As part of the instrumental gait analysis, EMG activity
of the gastrocnemius muscle was evaluated. In his study,
Winter described the EMG pattern of this muscle in healthy
individuals as a bell-shaped curve with a peak at approxi-
mately 40% of the gait cycle, during the single support phase,
corresponding to the moment of maximal isometric contrac-
tion of the gastrocnemius muscle, followed by a rapid and
complete decline (Fig. 1) [17].

Recording Methods

Instrumental gait analysis with sEMG of the gastrocne-
mius muscles was performed in accordance with the SENIAM
(Surface ElectroMyoGraphy for the Non-Invasive Assessment
of Muscles) recommendations. The procedure included the
following steps:
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Fig. 1. Graph of the envelope amplitude of gastrocnemius muscle
electromyography during the gait cycle.
EMG — electromyography envelope; SG — step cycle.

1. Circular electrodes with a diameter of 10 mm were
used.

2. The interelectrode distance (measured center to center)
was 20 mm.

3. The free portion of the electrode cables was secured
to the leg using an elastic band.

4. Hair at the electrode placement site was shaved, and
the skin was cleaned with alcohol. Skin peeling was then
performed. Electrodes were applied only after the skin was
completely dry.

5. Electrode placement was guided by the Atlas of Elec-
tromyography and Manual Muscle Testing, targeting the most
prominent area of the muscle belly and aligning the bipolar
electrode pair along the direction of the muscle fibers.

6. Disposable bipolar Ag/AgCl surface electrodes with an
insulating layer were used.

7. High-pass filtering was set at 5 Hz; power line inter-
ference was filtered at 50 Hz. EMG signals were recorded at
a rate of 2000 Hz.

Outcomes Registration

To capture gait parameters, eight inertial sensors were at-
tached to the patient’s lower limbs: on the feet, distal third of
the lower legs, proximal third of the thighs, over the sacrum,
and at the level of the 12th thoracic vertebra. The sensors
were secured using elastic bands and holders. Each sensor
recorded acceleration and angular velocity along three axes.
Two sensors, located on the distal third of the tibia, also re-
corded sEMG via two differential channels at a rate of up to
2000 Hz, targeting the tibialis anterior and gastrocnemius
muscles. Patients were instructed to walk continuously for
2 minutes, covering at least 8-10 straight steps, during which
the sensors collected gait parameters. The recorded data
were transmitted wirelessly via Wi-Fi to a personal computer
for storage and further analysis. The software installed on
the computer converted the raw sensor data into clinically
meaningful outputs, including temporal, spatial, and kinematic
gait parameters, as well as amplitude envelopes of the EMG
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signals with corresponding values expressed in microvolts
(uV). These processed data could be directly used to analyze
existing abnormalities and make clinical conclusions.

Statistical Analysis

Principles of sample size calculation

The sample size in this study was determined by the
number of pediatric patients hospitalized during the study
period. Although the incidence of MS in children is relatively
low, the specific focus of our hospital allows observation of
a sufficient number of patients referred from various regions
across the Russian Federation.

Statistical data analysis methods

Statistical analysis was performed using Statistica, ver-
sion 10. The Shapiro-Wilk test was used to assess the nor-
mality of data distribution. As the data were not normally
distributed, descriptive statistics are presented as the me-
dian, first quartile (Q1), and third quartile (@3). Comparisons
of qualitative independent samples were performed using
the chi-square test with contingency tables (for the analysis
of associations between multiple categorical variables) and
Yates correction, as some expected frequencies were < 10.
For comparisons of continuous variables, the t test was used.

RESULTS

Participants

A total of 38 patients aged 9-17 years with a confirmed
diagnosis of relapsing-remitting MS were included in the
study. The median age was 15 years (interquartile range
[IQR], 12-16 years). All patients had a low level of disability,
with EDSS scores not exceeding 2.5. The median disease du-
ration was 2 years (IQR, 1-4 years). The proportion of female
patients was higher than that of male patients, accounting for
68.4% and 31.6%, respectively.

Primary Results

The most frequently reported complaint during clinical
evaluation was fatigue (Table 1). All patients completed the
6-minute walk test, during which the total distance walked
in 6 minutes was recorded. There are no established norma-
tive formulas for walk test distance in pediatric populations,
as the results are highly dependent on age, sex, and ethnic
background. Therefore, a population-based study of healthy
children in the Russian Federation that provided percentile
values by sex and age was used for comparison [18]. Each
patient's result was compared with these reference values,
and most were found to fall within the average range for their
respective age group (Fig. 2).

Further assessment of the instrumental gait analysis data
was conducted. Due to potential cross-talk artifacts in the
recordings from the quadriceps and tibialis anterior muscles,
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Table 1. Frequency of complaints presented by patients with
relapsing-remitting multiple sclerosis with mild disability

Falnts eorteg
Balance impairment 18.4
Sensory disturbances 2.6
Headaches 13.2
Gait disturbances 5.3
Fatigue 47.4
Weakness 7.9

reliable evaluation of changes in their SEMG activity enve-
lopes was not feasible; therefore, only the gastrocnemius
muscles were analyzed. In 17 patients (44.74%), alterations
in the shape of the SEMG activity envelope were observed and
classified into several distinct patterns.

The first pattern was characterized by the appearance of
a second activity peak, shifted toward the end of the gait cy-
cle and preceded by a brief, incomplete reduction in activity.
The amplitude of the second peak varied among patients.
In this study, we focused on the frequency of this second-
ary peak within the patient cohort, which was observed
in 10 patients (26.32%) (Fig. 3).

The second pattern involved premature EMG activation
(early onset of EMG activity). This was observed in 7 patients
(18.42%) (Fig. 4).

According to MRI findings, deterioration compared with
the previous hospitalization—manifested as new lesions—
was observed in 17 patients (44.7%). In the remaining 21
patients (55.3%), MRI findings remained stable. All patients
received maintenance pharmacological therapy prescribed by
a neurologist between hospitalizations. The average interval
between hospitalizations was 9 months.

Secondary Results
Adverse Events

No adverse events were observed during the study.

DISCUSSION

Summary of Primary Results

In this additional diagnostic study, we identified gait ab-
normalities in children diagnosed with MS. These changes
were associated with both the distance covered during the
6-minute walk test and the EMG activity of the muscles,
particularly the gastrocnemius muscle, and were present in
44.76% of the patients examined.

Interpretation

The results of the 6-minute walk test demonstrated that
in most children with MS and a low level of disability, the
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Fig. 2. The graph of the distribution of the results of the 6-minute
walking test in children with multiple sclerosis by percentile
intervals of standard values.
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Fig. 3. Modified amplitude graph of the gastrocnemius muscle's
electromyography envelope during the gait cycle, showing continued
or prolonged activation and the appearance of a second peak.
EMG — electromyography envelope; SG — step cycle.
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Fig. 4. Modified amplitude graph of the gastrocnemius muscle's
electromyography envelope during the gait cycle, showing
premature activation.

EMG — electromyography envelope; SG — step cycle.
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distance covered was consistent with age-appropriate nor-
mative values, suggesting preserved exercise tolerance.
The biphasic pattern of gastrocnemius muscle EMG ac-
tivity identified in children with MS has not been previously
reported in the published data. EMG patterns characterized
by premature activation (early onset of EMG activity) have
been described in adults; however, the EMG pattern identi-
fied in our study—a biphasic curve with sustained muscle
activation—differs substantially from those previously re-
ported [15]. The principal distinction lies in the fact that, in
prior studies, the EMG peak reflected premature activation of
the muscle before its typical onset. In contrast, in our study,
the activation of the gastrocnemius muscle was prolonged
into the swing phase—a period during which this muscle is
normally inactive to ensure biomechanically appropriate gait.
This sustained activation of the gastrocnemius muscle
affects the biomechanics of ankle joint movement, as it
overlaps with the normal activation of antagonist muscles
in the subsequent phase of the gait cycle. The phenomenon
of simultaneous activation of antagonist muscles is referred
to as co-contraction. Under physiological conditions, co-con-
traction enhances joint stability and contributes to movement
precision in the limbs, and it is associated with increased
energy expenditure. Whereas increased joint stiffness during
the stance phase may be attributed to impaired motor control
and can serve a compensatory function, such a phenome-
non during the swing phase lacks a compensatory role and
pathologically alters gait biomechanics. At the same time,
qualitative assessment of joint stiffness remains challeng-
ing for both experimental and computational methods. In
contrast, the quantitative evaluation of muscle co-activation
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using the co-contraction index (CCl), based on electromyo-
graphic (EMG) data, is more feasible and may serve as an
alternative measure of joint stability.

Several methods exist for calculating co-contraction in-
dex. The most commonly used are CCl, (Rudolph et al., 2000)
and CCl, (Falconer and Winter, 1985) [19, 20].

CCl, quantifies antagonist muscle activation relative not
only to the combined activation of agonist and antagonist
muscles but also to agonist activation alone. In contrast,
CCl, assesses antagonist activation solely in relation to total
muscle activation. Based on the findings of Li et al., who
compared these indices and analyzed their correlation with
joint stiffness, CCl, demonstrated superior performance.
Therefore, this index was selected to assess the contribution
of co-contraction to pathological joint stiffness [21].

Formula CCl,:

X
ol - 2xInput, () |
Input, ()+Input,(®)
where Input, is the minimum EMG amplitude and Input,, is the
maximum EMG amplitude.

To compare the results with gait parameters in healthy
individuals, we recruited a control group of nine condition-
ally healthy children matched for age and sex with those
who exhibited a pathological gait pattern characterized by a
second peak in gastrocnemius muscle activity. In the study
group, the mean co-contraction index was 64.2, whereas in
the control group, the corresponding value was 45.9. Given
that the gait cycle comprises distinct and complex phases of
muscle activity, the co-contraction index was calculated se-
parately for the stance and swing phases. In the study group,

0 10 20 30 40

O Normal gait

50 60 70 80 90
Gait cycle, %

Gait with pathological activation pattern

Fig. 5. Comparison graph of the Co-Contraction Index during the gait cycle in healthy individuals and patients with MS-related muscle

activation disturbances.
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the CCl for the stance and swing phases was 69.4 and 55.7,
respectively, compared with 52.9 and 35.7, respectively, in
the control group. Comparative analysis showed that the av-
erage co-contraction index for the entire gait cycle in children
with relapsing-remitting MS was 40% higher than in healthy
children. During the stance phase, the difference was 31%,
and during the swing phase it was 59%, further emphasizing
the greater pathological impact of this gait pattern during the
swing phase (Fig. 5).

We hypothesized that the observed alteration in gastroc-
nemius muscle activity is associated with demyelination of
the corticospinal tract responsible for its innervation. This as-
sumption is supported by the shift in the frequency spectrum
toward lower frequencies observed in this activation pattern.
The likely explanation involves altered impulse conduction in
demyelinated nerve fibers. One of the known properties of a
nerve fiber is its inability to conduct a subsequent impulse for
a certain period following an initial stimulus—referred to as
the refractory period [22]. A demyelinated nerve fiber loses
the capacity to transmit rapid, successive impulses due to a
prolonged refractory period following a single action poten-
tial. Additionally, signal conduction becomes slower even at
lower frequencies. Clinically, this may manifest as impaired
vibration sensation.

As a result, we observed a distinct alteration in the SEMG
profile of the gastrocnemius muscle, characterized by a bi-
phasic activity curve and a shift in the frequency spectrum
(Fig. 6), which may serve as an indicator of demyelination
severity.

In the second pattern of gastrocnemius muscle activation,
no shift in the frequency spectrum was observed, suggest-
ing a different underlying mechanism, likely representing a
compensatory response to altered gait biomechanics. This
typically occurs in the context of impaired postural stability,
which, in turn, is linked to axonal damage in the corticospinal
tract [23].

FFT resolution: 2 Hz 20 blocks of 1000 samples
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In both patterns, excessive muscle activation results in
increased energy expenditure during walking, greater fatigue,
and reduced exercise tolerance.

Additionally, we evaluated the relationship between the
double-peaked EMG activation pattern in the gastrocnemius
muscle and progression on MRI. The analysis was conducted
using Pearson's chi-squared test with contingency tables and
Yates correction. In five children, the altered EMG pattern
coincided with the appearance of new lesions on MRI over the
past year. In another five patients, the pathological pattern
was observed despite stable MRI findings. In nine patients,
no changes in gastrocnemius surface EMG were observed,
while new lesions were detected on MRI. In 12 patients, no
changes were found in either the gastrocnemius EMG or MRI.
The resulting p-value was > 0.05, suggesting no association
between the pathological gastrocnemius activation pattern
and radiologic deterioration on brain and spinal cord MRI.

All patients who reported weakness were found to ex-
hibit a pathological activation pattern in the gastrocnemius
muscle.

In addition, a specific association was observed in pa-
tients who were not included in the main study group. These
patients had higher disability scores and were diagnosed with
either secondary progressive or primary progressive forms
of the disease. The proportion of the first and second types of
pathological patterns in the gastrocnemius muscle differed.
Among the studied group of children with low levels of dis-
ability, the prevalence of the sustained activation pattern ex-
ceeded that of the early activation pattern—33.3% vs 18.5%.
In contrast, among children with disability scores > 2.5 on
the EDSS, the sustained activation pattern remained more
prevalent (54.5% vs 10%) (Fig. 7).

Study Limitations

This study included a relatively small sample of 38 pa-
tients. Patients walked at a self-selected speed, and SEMG

FFT resolution: 2 Hz 20 blocks of 1000 samples
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Fig. 6. Frequency spectrum graph of gastrocnemius muscle activity under normal conditions (a) and in the altered EMG activity pattern

with continued activation in children with multiple sclerosis (b).
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Fig. 7. Diagram showing the percentage distribution of the
pathological pattern in the gastrocnemius muscle among children
with different disability score multiple sclerosis.

data were not normalized to maximal isometric contraction.
Due to crosstalk, we assessed only changes in activity of the
gastrocnemius muscles.

CONCLUSION

Gait disturbances were identified in patients diagnosed
with relapsing-remitting MS who had low levels of disabil-
ity. In 44.74% of the children included in our study, instru-
mental gait analysis using SEMG revealed altered activity
of the gastrocnemius muscle, manifested in two distinct
patterns. The first pattern involved sustained activation of
the muscle during the stance phases of the gait cycle; the
second one was early activation of the muscle. The EMG
activity pattern of the gastrocnemius muscle with sustained
activation has not been previously described in the pediatric
population with MS. We assaciate this pattern with demye-
lination in the CNS, slowed nerve conduction, and concur-
rent remyelination processes, which may result in impaired
synchrony of impulse transmission. The restoration of dam-
aged myelin sheaths and the activation of compensatory
mechanisms are believed to occur actively in patients at
early disease stages, contributing to the preservation of
low disability levels. No association was found between
this EMG pattern and either clinical exacerbation at the
time of diagnosis or radiologic progression on MRI during
the previous year. Clinical examination revealed no overt
gait abnormalities in this group of patients, consistent with
the dissociation phenomenon typical of MS. Therefore, this
diagnostic approach serves as a convenient and effective
tool for detecting subclinical motor pathology. Such detailed
assessment of motor function offers advantages in select-
ing appropriate rehabilitation strategies and in developing
individualized treatment plans. The identified changes can
serve as markers for the selection of rehabilitation methods
and assessment of treatment efficacy. However, given the
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limitations of the present study, this phenomenon warrants
further investigation.
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Guio, BbiCTaBneHWe anarHo3a; T.C. KoBanbuyk — Kypaums pabotbi.
Bce aBTopbI 0406pum pyKonuck (Bepcuio ans nybamKaumm), a Tak-
Ke COrMacuIMCb HeCTW OTBETCTBEHHOCTb 3@ BCE acreKTbl paboTl,
rapaHTVpys Haanexallee pacCMOTPEHWE W peLLeHWe BOMPOCOB,
CBA3aHHbIX C TOYHOCTHIO M A0OPOCOBECTHOCTLIO NH0BOM € YacTy.

3Tuyeckas akcnepTu3a. [lpoBefeHue WcCnefoBaHUs 0406-
PEHO NIOKanbHbIM 3TYeckMM Kommutetom POKB — dunmana
PHUMY mm. H. Muporosa (MuporoBckuin yHMBepcuTET). Brinucka
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13 npotokona N® 25 ot 26.11.2024. Bce y4acTHWKM mccnefoBaHus
[06poBOSBHO NofnMcany GopMy MHGOPMUPOBAHHOTO COrnacus
[0 BKJTOYEHWA B UCCe0BaHue.

WUctounnku duHancupoBanmsa. OtcyTcTByloT.

PackpbiTe uHTepecoB. ABTOpbI 338B/1AI0T 06 OTCYTCTBMM OTHOLLIE-
HWIA, [IeATeNbHOCTA U MHTEPECOB 33 NOCeaHWe Tpu rofa, CBA3aH-
HbIX C TPETbUMM MLAMU (KOMMEPYECKVMM U HEKOMMEPHECKMMM),
VMHTEPECH! KOTOPbIX MOTYT BbiTb 3aTPOHYTLI COAEPKaHWEM CTaTb.
OpuruHanbHocTb. [lpy CO3AaHWMM HacTosLen paboTbl aBTOpHI
He 1CMoNb30BanM paHee onybiMKoBaHHbIE CBEAEHMSA (TEKCT, UNfio-
CTpaLMK, faHHbIe).
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Moctyn K AaHHbIM. PefjaKuMOHHas NOMMTUKA B OTHOLLEHWW CO-
BMECTHOM0 WCMO/b30BaHUS AaHHBIX K HacTosLLen pabote He npu-
MEHVMa, HOBble [JaHHbIe He COBVpanu v He co3aaBany.
FeHepaTMBHbIA MCKYCCTBEHHbIW UHTEANEKT. [py co3aaHnn Ha-
CTOSILLEN CTaTb¥ TEeXHONMOTWW FeHepaTUBHOMO WMCKYCCTBEHHOMO WUH-
TEeNNeKTa He UCMosb30Basy.

PaccMoTpeHue u peueHsupoBaHue. HacTosias pabota nofaHa
B JKypHan B MHULMATMBHOM NOPSAKE M PaCcCMOTPEHa Mo 0BbIYHOM Npo-
Lenype. B peLieH31poBaHmy y4acTBOBanM [iBa BHELLHMX PELIEH3EHTa,
urieH pefaKLMOHHOM KOMErm U HayYHbI PefaKTop M3AaHuA.
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