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Available Online: 01 Dec 2025 :  Objectives: Multiple sclerosis (MS) is a chronic neurological disease of the central nervous
:  system, often associated with cognitive impairment, muscle spasms, and severe fatigue.
Previous studies have shown that yoga, Tai Chi, and Pilates, when practiced individually,
contribute to improving cognitive function, reducing spasticity, and alleviating fatigue in
patients with MS. However, limited research has explored the combined effect of these
practices on body balance training. Body balance is a newly developed exercise modality
composed of yoga, Tai Chi, and Pilates elements, thereby offering synergistic benefits. This
study aimed to investigate the effects of body balance training on working memory, muscle
spasms, and fatigue in patients with MS.

Methods: A total of 26 female patients with MS aged 25-40 years from Karaj City, Iran,
voluntarily participated in the present study and were randomly assigned to either the
experimental or control group (13 participants in each). The sample size was determined
using a G-Power analysis (power=0.8, a=0.05) targeting medium effect sizes. Before the
intervention, all participants completed assessments of working memory (using the N-back
task), fatigue severity (using the fatigue severity scale [FSS]), and muscle spasticity (using the
MS spasticity scale [MSSS-88]). The experimental group underwent an 8-week body balance
training program, consisting of three sessions per week. The training program consisted of
combined elements of yoga, Tai Chi, and Pilates, specifically structured to improve balance,
flexibility, and neuromuscular control.” The control group continued their routine medical care
and was contacted weekly to monitor their health status and adherence to prescribed treatments.
Statistical analyses were conducted using t-tests and analysis of covariance (ANCOVA).

Results: The results showed a significant improvement in working memory (P<0.05),
reductions in muscle spasticity (P<0.05), and decreased overall fatigue levels (P<0.05) in the
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Highlights
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e Body balance training significantly improves working memory in women with MS; potentially through enhanced

cognitive task accuracy.

e The intervention reduced muscle spasticity, alleviating pain, stiffness, and mobility limitations.

e Fatigue severity notably decreased, enhancing daily functioning and QoL.

o The program integrates yoga, Tai Chi, and Pilates-inspired movements, offering a feasible rehabilitation strategy.

e The findings support body balance training as a non-pharmacological intervention for MS symptom management.

Plain Language Summary

Multiple sclerosis (MS) is a chronic neurological disease that can lead to memory difficulties, muscle stiffness, and
extreme fatigue, significantly impacting daily life. This study examined the effects of an 8-week body balance training
program, a combination of yoga, Tai Chi, and Pilates movements, on symptoms in women with MS. Participants who
completed the training showed improved working memory, reduced muscle stiffness and spasms, and decreased fatigue
compared to those who did not exercise. These results suggest that body balance training can be a safe, accessible, and
effective method to manage MS symptoms, potentially improving physical and cognitive well-being.

Introduction

ultiple sclerosis (MS) is a chronic and

complex disease of the central nervous

system characterized by the degrada-

tion of the myelin sheath and neurons,

resulting in widespread effects on af-
fected individuals’ physical and cognitive functioning
[1]. Individuals with MS face numerous challenges that
impair their abilities across all dimensions of life [2]. A
primary difficulty associated with this condition is the
occurrence of symptom exacerbations, which manifest
in 85-90% of cases and, due to their unpredictable na-
ture, complicate disease management [3, 4]. Among the
most prominent issues affecting the MS community are
memory impairments, muscle spasm, and fatigue [5].
Approximately 60% of MS patients experience memory
deficits, particularly impacting working memory and re-
mote conscious memory [6]. These deficits are most evi-
dent in short-term memory, with patients struggling to
recall details of recent conversations or events. However,
their ability to remember distant past events typically re-
mains intact [7]. Neuroimaging studies have shown that
MS alters brain activation patterns associated with work-
ing memory. Patients often recruit additional or compen-
satory brain regions, such as prefrontal or parietal areas,
to offset working memory impairments [8]. Fatigue,
another prevalent and debilitating symptom of MS, is
reported in 65% to 85% of patients and is defined as a

pervasive sense of energy depletion [9, 10]. This con-
dition, rooted in both physiological and psychological
factors [11], is often exacerbated by sleep disturbances,
depression, and medication side effects [12]. Addition-
ally, muscle spasms, affecting at least 65 percent of MS
patients, arise from damage to upper motor neurons and
abnormal spinal reflex activity [13]. This condition is
characterized by increased muscle tone, excessive stim-
ulation, weakness, pain, and involuntary movements
(spasms), which may progress to muscle contractures in
severe cases [ 14]. While the body balance training in this
study demonstrated promising improvements in working
memory, muscle spasticity, and fatigue, it is important to
note that the effectiveness of this intervention may vary
depending on individual patient factors, such as disease
severity, age, and response to exercise. While promising,
this intervention is not a “quick fix” and should be con-
sidered part of a comprehensive, long-term therapeutic
strategy. Previous research has suggested positive out-
comes for exercise interventions in MS; however, the
speed and extent of improvements can differ from pa-
tient to patient [15].

According to recent epidemiological studies, the num-
ber of individuals affected by MS has risen from 2.3 mil-
lion in 2013 to 2.9 million in 2023, reflecting the increas-
ing global burden of the disease [16]. In Iran, the annual
incidence rate averages 6.5 per 100000 people, with some
regions reporting rates as high as 12.8 per 100000 [17].
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These alarming statistics, combined with limited acces-
sibility to advanced pharmacological treatments, under-
score the urgent need for affordable, non-pharmacological
interventions. Recent research has increasingly focused
on the potential of physical activity and exercise to man-
age MS symptoms [18]. Historically, physicians have ad-
vised patients with MS to avoid physical exertion, fearing
potential exacerbation of symptoms. However, suggests
that, with appropriate guidance, exercise can serve as an
effective non-pharmacological intervention. It can en-
hance aerobic capacity, muscle strength, flexibility, and
balance and also plays a crucial role in managing fatigue
levels, cognitive function, and memory [19-21]. In light
of this growing body of evidence, exploring the specific
effects of different exercise modalities on MS symptom
progression is increasingly crucial, as regular physical
activity has been shown to improve cardiopulmonary fit-
ness, muscular strength and endurance, alleviate systemic
fatigue, and positively influence mood and cognitive per-
formance [22].

Suitable exercise options for patients with MS are yoga,
Pilates, and Tai Chi [23]. Numerous studies have report-
ed positive outcomes from these activities in addressing
challenges faced by older adults and individuals with
specific conditions, such as Parkinson’s disease and MS.
For instance, research has shown that in women with MS
receiving standard immunomodulatory treatments, yoga
and hydrotherapy [24], without endurance or coordina-
tion exercises [25], produce comparable benefits in reduc-
ing fatigue, depression, and paresthesia. Similarly, Ozkul
et al. (2020) identified beneficial effects of combining
aerobic exercise and Pilates in patients with MS and cog-
nitive impairment, noting positive correlations with im-
provements in cognition, mood, and quality of life (QoL)
post-exercise [26]. Body balance training has emerged as
a promising hybrid approach among these exercise inter-
ventions. Body balance is a gym-based holistic workout
that includes both traditional methods, such as yoga and
Tai Chi, and more recently developed methods, such as
Pilates. A reasonable assumption is that body balance
would also have similar benefits as its elements (yoga,
Tai Chi, and pilates), such as improvement of balance,
flexibility, mobility, posture, anxiety, and muscle strength
[27, 28]. In this study, body balance training consisted of
structured sessions incorporating a standardized sequence
of yoga poses, Tai Chi movements, and Pilates-based ex-
ercises, focusing on core stability, flexibility, controlled
breathing, and postural alignment, conducted three times
a week over eight weeks. It is reasonable to assume that
body balance offers benefits similar to its elements, such
as improvements in balance, flexibility, mobility, posture,
anxiety, and muscle strength [29].
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Drawing from controlled, purposeful movements in-
spired by yoga, Tai Chi, and Pilates [29], these exercises
emphasize balance, coordination, and physical strength,
potentially mitigating mobility and impairments from
MS-related neurological damage [30, 31]. Preliminary
findings suggest that consistent engagement in body
balance exercises reduces the frequency and severity of
muscle spasms, alleviates severe fatigue and enhances
patients’ capacity to perform daily tasks [32, 33]. More-
over, given the established link between physical activity
and cognitive function, body balance training may posi-
tively influence working memory, although this aspect
remains underexplored in the MS population. Despite
the established benefits of yoga, Tai Chi, and Pilates,
limited research has specifically examined the combined
effects of body balance training on cognitive outcomes,
particularly working memory, alongside physical symp-
toms in patients with MS. This study aimed to address
this gap by evaluating the impact of body balance train-
ing on working memory, muscle spasms, and fatigue.
Requiring minimal equipment and adaptable to various
settings, these exercises offer a cost-effective and practi-
cal rehabilitation option.

Given the limitations of pharmacological treatments
and the need for complementary approaches, this study
aims to evaluate the effects of body balance training on
three key domains in MS patients: Working memory,
muscle spasticity, and fatigue. These domains were se-
lected because they represent some of the most debili-
tating and commonly reported symptoms in individuals
with MS, significantly impacting daily functioning and
QoL. Moreover, previous research has indicated that ex-
ercise modalities incorporated into body balance, such
as yoga, Tai Chi, and Pilates, can individually contribute
to improvements in cognitive performance, reductions in
spasticity, and alleviation of fatigue. Therefore, it is rea-
sonable to hypothesize that an integrated body balance
program may exert beneficial effects across these inter-
related outcomes, ultimately improving QoL and overall
health. Grounded in existing scientific frameworks and
responsive to patients’ practical needs, this research aims
to determine whether body balance training, as a non-
pharmacological therapeutic strategy, can mitigate the
debilitating symptoms of MS and improve the physical
and cognitive capacities of affected individuals. We hy-
pothesized that body balance training would lead to sig-
nificant improvements in working memory, reductions
in muscle spasticity, and decreases in fatigue compared
to standard care.
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Materials and Methods

This study utilized a single-blind, randomized controlled
trial with a pre-test-post-test design, featuring an active
intervention group and a control group. In this design,
outcome assessors were blinded to group assignments
to minimize assessment bias. Initially, 30 female partici-
pants diagnosed with relapsing-remitting MS (RRMS)
(mean age=33.38+4.99 years) were recruited from the
MS community in Karaj City, Iran, after obtaining in-
formed consent. Participants were randomly allocated
to either the intervention group (n=15) or the control
group (n=15) using a computer-generated randomization
sequence with allocation concealment ensured through
sealed, opaque envelopes handled by an independent re-
searcher. During the study, four participants dropped out,
two from each group, due to relocation, engagement in
alternative exercise programs, or loss of contact, result-
ing in a final sample of 26 participants (13 per group).
No significant differences in dropout rates were observed
between the experimental and control groups, and the
reasons for dropout were consistent across both groups.
Therefore, the dropout pattern is unlikely to influence the
study’s overall results. Only data from participants who
completed the study were included in the final analysis;
no intention-to-treat approach was applied. The inclu-
sion criteria included female patients aged 25-40 years.
While the 15-year age range may introduce variability,
this range was selected to capture a broad representation
of adult women with RRMS, avoiding extreme age-relat-
ed differences that could confound results. Additionally,
potential age-related differences were considered and
controlled for in the statistical analysis, ensuring that the
effects observed are not significantly influenced by age.
More inclusion criteria include a confirmed diagnosis of
RRMS by a neurologist. Expanded disability status scale
(EDSS) score below 4 (indicating mild to moderate dis-
ability) [34], no participation in body balance training
for at least two months prior to the study, no engagement
in other physical activities during the study period, no
concurrent psychiatric, psychotherapeutic, or cognitive
rehabilitation interventions, no diagnosis of additional
neuromuscular disorders, no use of medications affecting
muscle spasticity or fatigue, no participation in alterna-
tive treatment modalities during the study, no disease re-
lapse within two months prior to study enrollment.

Written informed consent was obtained from all partic-
ipants prior to the study. Demographic and clinical infor-
mation, including age, disease duration, and medication
history, was collected at baseline. The study protocol
was approved by the Ethics Committee of the University
of Tehran.
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Assessment tools

Three primary outcome measures were evaluated:
Working memory, muscle spasticity, and fatigue. All
assessments, including the N-back, MS spasticity scale
(MSSS-88), and fatigue severity scale (FSS), were ad-
ministered under the supervision of trained researchers
in a quiet research setting. The testing sessions took
place between 9 AM and 12 PM to minimize potential
variations in cognitive and fatigue responses due to time
of day. A standardized protocol was followed to ensure
consistency across all participants, and the environ-
ment was free of distractions to provide optimal testing
conditions. Although the primary aim of the study was
to assess cognitive and fatigue outcomes, future stud-
ies should incorporate motor tests, such as balance as-
sessments, to evaluate the physical aspects of balance
interventions in patients with MS. Given the nature of
the body balance program, which integrates elements
of yoga, Tai Chi, and Pilates, balance-related tests (e.g.
Berg balance scale or timed up and go test) could pro-
vide essential data regarding the physical improvements
resulting from the intervention, and thus should be part
of the assessment protocol in future research.

Working memory assessment: N-back test

The N-Back test evaluates executive functions, with a
particular focus on working memory. It requires partici-
pants to retain and manipulate information during task
performance [35]. It has demonstrated high reliability,
with validity coefficients ranging from 0.54 to 0.84 in
previous studies [36]. The N-back test is considered a
robust measure of working memory performance. Par-
ticipants responded to a series of visual stimuli on a
computer screen by pressing designated keys to indicate
whether the current stimulus matched one presented n
steps earlier in the sequence. The test consists of three
levels: 1-back (matching the immediate prior stimulus),
2-back (matching the stimulus two steps back), and
3-back (matching the stimulus three steps back). A prac-
tice phase preceded the main test to ensure comprehen-
sion. The test lasted approximately 10 minutes, and the
outcomes were measured in terms of accuracy (correct
responses), reaction time for correct responses, incor-
rect responses, and unanswered items. For this study,
accuracy (correct responses) was the primary outcome
measure for working memory performance, with reac-
tion time considered a secondary metric.
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Muscle spasticity assessment: MSSS-88

Muscle spasticity was assessed using the MSSS-88,
a patient-centered questionnaire comprising 88 items
scored from 1 (no discomfort) to 4 (maximum discom-
fort), evaluating spasticity across eight distinct subscales
[37, 38]. In this study, following a preliminary needs as-
sessment and based on clinical recommendations from
the physical activity guide for MS by Azad (2022),
five subscales—muscle stiffness, pain and discomfort,
muscle spasms, activities of daily living, and walking—
were selected for analysis [39]. These subscales were
prioritized because they most directly reflect the physi-
cal and functional impairments targeted by body bal-
ance training, particularly regarding mobility and daily
function, which were central goals of the intervention.
The MSSS-88 has demonstrated strong psychometric
properties, with its validity and reliability confirmed in
German [40], Serbian [41], and Persian [42] versions.
It is important to note that if the guideline cited by Azad
is unpublished, the recommendations are considered ex-
pert opinions based on clinical practice in the context of
MS rehabilitation in Iran.

Fatigue assessment: FSS

Fatigue was assessed using the FSS, a 9-item self-
report questionnaire developed by Krupp et al. in 1989
to measure the severity of fatigue symptoms in clinical
populations, particularly in individuals with multiple
sclerosis [43]. Each item is rated on a 7-point Likert
scale, ranging from 1 (strongly disagree) to 7 (strongly
agree), with higher scores indicating greater severity of
fatigue. The final score is calculated by averaging the
responses across all nine items, with scores above four
typically indicative of clinically significant fatigue. The
FSS has demonstrated strong psychometric properties in
MS populations, with reported validity of 0.78 and reli-
ability of 0.93 [44]. This tool offers a simple, efficient,
and reliable method for comprehensively assessing the
impact of fatigue on daily functioning in MS patients.

Body balance training protocol

The body balance training protocol implemented in
this study was adapted from a program by Khan et al.
(2008), as referenced in the operational definition of
body balance [28]. This protocol was selected because
it combines elements of yoga, Tai Chi, and Pilates, spe-
cifically structured to improve balance, flexibility, and
neuromuscular control, which are commonly impaired
in patients with multiple sclerosis. Additionally, the ex-
ercises emphasized low-impact, controlled movements,
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making them particularly suitable for individuals with
mild to moderate MS-related disability. The 8-week
body balance training program consisted of 24 sessions,
with participants attending three 60-minute sessions per
week. Each session was organized into distinct phases:
Warm-up, strength and core stability training, balance
and flexibility exercises, and relaxation. The exercise
protocol was progressively individualized throughout
the intervention period in response to each participant’s
performance capacity and tolerance levels. To promote
gradual progression while minimizing the risk of in-
jury, tailored modifications were implemented, includ-
ing adjustments, such as limiting the range of motion,
altering the base of support, or incorporating low-level
challenges (e.g. performing balance exercises with eyes
closed). Table 1 presents a detailed summary of the train-
ing components.

In this protocol, modifications were made for patients
with MS, taking into account their physical limitations
and ensuring their safety. For example, balance poses
were performed with support (using a chair or wall) when
necessary, and the intensity of strength exercises was
adjusted to the individual’s capacity. Additionally, the
protocol was designed to be flexible, allowing gradual
progression of exercises as participants gained strength
and stability over the 8-week period. For future adapta-
tions, the original 12-week protocol was condensed to 8
weeks, reducing the overall volume of each session and
focusing on key exercises that could be easily modified
to accommodate the specific needs of patients with MS.
Weekly progression was carefully monitored to ensure
participants’ safety and maximize benefit. The control
groJdard care, which included adherence to prescribed
disease-modifying therapies, routine follow-up visits with
neurologists, and general health advice regarding nutri-
tion, sleep hygiene, and stress management. No additional
structured physical activity or exercise interventions were
introduced during the study period. Both groups contin-
ued their regular MS medications as prescribed.

Procedure

Baseline assessments were conducted one week prior
to the start of the intervention at the Rehabilitation Re-
search Laboratory, University of Tehran. These assess-
ments included working memory (via the N-back test),
muscle spasticity (via selected MSSS-88 subscales),
and fatigue (via the FSS questionnaire). All assessments
were conducted by trained evaluators with experience
in neuropsychological testing in MS populations. Fol-
lowing baseline evaluations, participants were random-
ly assigned to either the intervention or control group.
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Table 1. Body balance training protocol
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No. Exercise Type

Duration

Focus movements (1- tiger’s mouth, 2- chi ball); breathing movements (1-

4 minutes and 40

1 Warm-up Qigong breathing sequence, 2- holding up the sky); transitional movements (1- seconds
step back and defend, 2- foot in, foot extended)
. Sun salutations: Mountain, extended mountain, downward dog, Cobra, upward 6 minutes and 20
2 Sun salutations
dog seconds
. Warriors (warrior I, warrior Il, extended side warrior, sun warrior, humble war- 6 minutes and 30
3 Standing strength - )
rior), triangle pose seconds
4 Balance Mountain, tree, star, eagle 4 minutes and 40
seconds
. Mountain, swan, extended swan, half lotus or ankle to knee, extended lotus or 4 minutes and 30
5 Hip openers
extended ankle to knee, frog pose seconds
6 Core-abdominals Boat, toe reach or leg lift, curve pose or inward leg thrust & m':giﬁig:d Y
7 Core-back Horse, crocodile, bow, upward locust, downward locust 4 minutes
8 Twists Mountain, standing balance twist, lunge, lunge twist £ e B <
seconds
9 Forward bends Wide-legged forward bend, squat, gate pose, supine hamstring stretch, abductor 4 minutes and 25
and adductor stretch seconds
. . . . 5 minutes and 20
10 Relaxation Body relaxation with breathing and cool-down
seconds
11 Meditation Mind relaxation with breathing and mental imagery ~2 minutes

The intervention group participated in an 8-week body
balance training program, held three times per week at
a standardized local sports facility equipped with ac-
cessible flooring, temperature control (21-23 °C), and
MS-friendly infrastructure. Each 60-minute session was
structured into distinct phases: Warm-up, strength, bal-
ance, flexibility, core strengthening, and relaxation, with
progressive adaptations based on participant feedback
and performance. The program was supervised by a cer-
tified physiotherapist with specialization in neurorcha-
bilitation and at least five years of experience working
with MS patients. Exercises were drawn from yoga, Tai
Chi, and Pilates, and were tailored to individual physi-
cal limitations using support tools (e.g. chairs, walls)
when necessary. Participants who demonstrated >80%
success in task completion or self-reported comfort
were advanced to slightly more challenging versions
of the same exercises. The control group received stan-
dard care, which consisted of adherence to prescribed
MS medications, neurologist follow-ups every 8-12
weeks, and general lifestyle guidance. No structured
exercise or physiotherapy programs were included in
the standard care. All participants completed the post-
test immediately after the intervention, using the same
measures and blinded procedures as in the pre-test. Ad-
verse events were monitored using session checklists
and weekly self-reports. No serious adverse events oc-
curred. No follow-up assessments were planned beyond
the immediate post-intervention phase; however, future
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research is recommended to explore long-term effects.
Statistical analysis was conducted using SPSS software,
version 27, employing paired t-tests for within-group
comparisons and analysis of covariance (ANCOVA)
for between-group comparisons, adjusting for baseline
scores. A significance level of P<0.05 was used.

Results

Table 2 presents a descriptive summary of the partici-
pants’ demographic characteristics. This table provides
an overview of key variables for the intervention (body
balance training) and control groups, including age,
height, weight, body mass index (BMI), disease dura-
tion, and EDSS scores. All participants were patients
with the relapsing-remitting subtype of MS, receiving
routine MS pharmacotherapy and performing usual dai-
ly activities (without regular physical activity).

As shown in Table 2, the mean values of demographic
variables were closely aligned between the intervention
and control groups, indicating a high degree of similar-
ity. Statistical comparisons of these demographic charac-
teristics revealed no significant differences between the
two groups, confirming that the intervention and control
groups were comparable at baseline.
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Table 2. Demographic characteristics of participants in the intervention and control groups

Variables Group No. MeanSD Min Max
Intervention 13 33.4615.076 26 40
Age (y)
Control 13 33.31+4.99 25 40
Intervention 13 161.69+5.544 155 172
Height (cm)
Control 13 162.2316.234 153 173
Intervention 13 64.7746.193 54 73
Weight (kg)
Control 13 65.62+4.073 58 72
Intervention 13 24.745+1.698 22.2 28.5
BMI
Control 13 24.992+2.017 22.3 29.5
Intervention 13 4.77+2.61 1 9
Disease duration (y)
Control 13 4.69+2.01 2 8
Intervention 13 2.308+0.63 1.5 3.5
EDSS
Control 13 2.269+0.483 1.5 3.0

EDSS: Expanded disability status scale; BMI: Body mass index.

Before conducting the statistical analyses, assump-
tions required for parametric testing were evaluated. The
Shapiro-Wilk test confirmed that all variables exhibited
normal distribution (P>0.05). Homogeneity of variances
was assessed using Levene’s test, confirming equality of
error variances across groups (P>0.05). For ANCOVA,
the assumption of homogeneity of regression slopes
was tested and met, indicating that the relationship be-
tween pre-test scores and post-test outcomes was con-
sistent across groups. Subsequently, paired t-tests were
employed to assess within-group changes between pre-
and post-intervention scores for the intervention (body
balance training) and control groups. Cohen’s d effect
sizes were also calculated to determine the magnitude of
change within each group. Table 3 presents the results of
paired t-tests analyzing the effects of body balance train-
ing on working memory, muscle spasticity, and fatigue.
For the N-back test assessing working memory, three
levels of task difficulty were examined: Level 1 (1-back:
Comparison with the immediately preceding stimulus),
level 2 (2-back: Comparison with the stimulus two steps
earlier), and level 3 (3-back: Comparison with the stimu-
lus three steps earlier). Outcomes included the number
of correct responses and mean response time for correct
responses at each level. Significant improvements were
observed in the intervention group across all levels, both
in increasing correct responses and decreasing response
times, whereas the control group showed no significant
changes. Similarly, for muscle spasticity (measured via
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selected subscales of the MSSS-88) and fatigue (mea-
sured via FSS), the intervention group demonstrated sig-
nificant reductions post-intervention, while the control
group exhibited no meaningful changes.

The paired t-test results (Table 3) indicated significant
within-group improvements in the intervention group
across all measured variables following the 8-week body
balance training program.

For between-group comparisons, ANCOVA was con-
ducted, adjusting for baseline pre-test scores. No addi-
tional covariates (e.g. EDSS scores) were included be-
cause the baseline characteristics between groups were
not significantly different. To control for the risk of type
I error due to multiple comparisons, the Bonferroni cor-
rection was applied where necessary. Table 4 presents
ANCOVA results.

The ANCOVA results (Table 4) revealed significant
between-group differences across all measured vari-
ables, including working memory performance, muscle
spasticity, and fatigue (P<0.05). Eta squared (1?) values
indicated moderate to large effect sizes for all outcomes,
suggesting a meaningful impact of the body balance
intervention. Regarding safety monitoring, no adverse
events were reported during the intervention period, sup-
porting the feasibility and tolerability of the body bal-
ance training protocol for individuals with MS.
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Table 3. Results of paired t-tests for study of the effects of body balance training on working memory, muscle spasticity, and

fatigue
Variables Group Subvariables t df Sig.
Correct responses (level 1) -5.264 12 0.001
Correct responses (level 2) -3.918 12 0.002
Correct responses (level 3) -3.601 12 0.004
Intervention
Response time (level 1) 4318 12 0.001
Response time (level 2) 4.474 12 0.001
Response time (level 3) 3.986 12 0.002
Working memory
Correct responses (level 1) 0.125 12 0.902
Correct responses (level 2) 2,171 12 0.051
Correct responses (level 3) 1.979 12 0.071
Control
Response time (level 1) -1.074 12 0.304
Response time (level 2) -1.013 12 0.331
Response time (level 3) -1.547 12 0.148
Muscle stiffness 5.067 12 0.001
Pain and discomfort 7.751 12 0.001
Intervention Muscle spasms 5.716 12 0.001
Impact on daily activities 5.627 12 0.001
Impact on walking 6.982 12 0.001
Muscle spasticity
Muscle stiffness 0.001 12 1.000
Pain and discomfort 0.001 12 1.000
Control Muscle spasms 0.001 12 1.000
Impact on daily activities 322 12 0.753
Impact on walking 0.154 12 0.880
Intervention Fatigue 6.041 12 0.001
Fatigue
Control Fatigue 1.681 12 0.119
Mranian [ehabilitation Mournal
Discussion Chi, and Pilates—as a non-pharmacological approach
to MS symptom management. Unlike traditional exer-
This randomized controlled trial examined the effects cise programs focusing primarily on aerobic capacity
of an 8-week body balance training program on work- or isolated muscle strengthening, body balance train-
ing memory, muscle spasticity, and fatigue in women ing emphasizes integrated movement patterns, postural
with RRMS. The intervention group demonstrated sta- control, and mind-body coordination. This holistic focus

tistically significant improvements across all outcomes may explain its broader impact on both cognitive and
compared to the control group, underscoring the efficacy physical domains in patients with MS. These findings
of this hybrid exercise modality—integrating yoga, Tai contribute to the expanding evidence base supporting

]
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Table 4. Results of ANCOVA in comparisons of the effects of body balance training on working memory, muscle spasticity,

and fatigue in women with MS

Variables Subvariables Sum of Squares df Mean Square F Sig. n?

Correct responses (level 1) 1017.736 1 1017.736 38.642 0.001 0.627

Correct responses (level 2) 801.168 1 801.168 16.600 0.001 0.419

. Correct responses (level 3) 886.691 1 886.691 10.552  0.004 0.314
Working

memory Response time (level 1) 42319.569 1 42319.569 11.960  0.002 0.342

Response time (level 2) 56516.177 1 56516.177 12.246 0.002 0.347

Response time (level 3) 61844.774 1 61844.774 15.048 0.001 0.396

Muscle stiffness 272.149 1 272.149 37.788  0.001 0.622

Pain and discomfort 644.571 1 644.571 69.777 0.001 0.752

L Muscle spasms 740.182 1 740.182 42.043  0.001 0.646
spasticity

Impact on daily activities 893.483 1 893.483 51.360  0.001 0.691

Impact on walking 614.739 1 614.739 41.885 0.001 0.646

Fatigue Fatigue 9.055 1 9.055 16.677 0.001 0.420

exercise interventions in MS, offering novel insights into
the potential of Body Balance training to enhance overall
functioning and QoL in this population.

The intervention group exhibited robust enhancements
in working memory, as measured by the N-back test,
with significant increases in correct responses and reduc-
tions in response times across all levels (1-back, 2-back,
3-back; P ranging from<0.001 to 0.004). No such chang-
es were observed in the control group, affirming the in-
tervention’s specific impact. These results align with a
growing body of literature on exercise-induced cognitive
benefits in MS. Ozkul et al. (2020) found that balance-
focused exercises improve working memory by engag-
ing attentional and executive functions, a mechanism
likely amplified by body balance’s demand for sustained
concentration and precise movement execution [26]. A
recent systematic review by Chen et al. reported moder-
ate-to-strong evidence that multimodal exercise enhanc-
es cognitive performance in MS, attributing these gains
to increased cerebral blood flow, improved oxygenation,
and enhanced neuroplasticity [45]. The prefrontal cor-
tex, a critical region for working memory, may be par-
ticularly stimulated by body balance’s cognitive load
[46], as participants must integrate sensory feedback,
maintain focus, and coordinate complex sequences. This
finding is consistent with the results of Abasiyanik et
al. (2020), who noted that balance training’s attentional
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demands bolster cognitive outcomes [47], and Velikonja
et al., who linked physical activity to improvements in
memory in MS [48]. However, the unique contribution
of body balance’s hybrid design, compared to stand-
alone modalities, such as yoga or Pilates, remains under-
explored. Future studies should directly compare body
balance with single-modality interventions to delineate
the added value of integrating multiple movement disci-
plines. Such comparisons are crucial to identify whether
the observed cognitive benefits arise primarily from the
diversity and complexity of the combined approach or if
similar outcomes could be achieved with simpler, more
targeted programs. Exploring these differences would
refine exercise prescriptions for MS and optimize thera-
peutic outcomes. The potential mechanisms underlying
body balance’s advantages may include enhanced neu-
rovascular coupling, increased synaptic plasticity, and
reduced stress-related cognitive interference, possibly
mediated by lower cortisol levels [49].

Muscle spasticity, assessed via five MSSS-88 subscales
(muscle stiffness, pain and discomfort, muscle spasms,
impact on daily activities, and walking), significantly
decreased in the intervention group (P<0.001 across all
subscales), while the control group remained unchanged.
These findings resonate with emerging research on ex-
ercise as a modulator of spasticity in MS. Tollar et al.
(2021) demonstrated that multimodal training reduces
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spasticity by improving neuromuscular coordination and
joint mobility [23], while Miller et al. reported that yo-
ga-based interventions decrease muscle stiffness through
enhanced relaxation and flexibility—outcomes mirrored
in this study [50]. MS-related spasticity results from
demyelination-induced hyperexcitability of motor path-
ways [51]; body balance’s slow, deliberate movements
may counteract this by reducing muscle tone, enhancing
proprioceptive input, and improving motor control [52].
These results align with Moghadasi et al., who observed
improved muscle stiffness and range of motion follow-
ing physical activity [53], and Gentile et al. who high-
lighted exercise’s role in functional gains [54]. Whether
these improvements stem from direct neural modulation
(e.g. reduced reflex hyperexcitability) or secondary ef-
fects of enhanced flexibility and strength remains un-
clear. Future research could explore this uncertainty by
employing neurophysiological techniques such as elec-
tromyography (EMG) or transcranial magnetic stimula-
tion to directly measure neural changes in response to
body balance training. Additionally, comparing the ef-
fects of body balance to other exercise modalities tar-
geting spasticity, such as strength training or stretching
programs, could provide further insights into the specific
mechanisms at play.

Fatigue, a debilitating MS symptom measured using
the FSS, significantly decreased in the intervention group
(P<0.001), with no notable changes in the control group.
This finding is consistent with extensive evidence of ex-
ercise’s fatigue-reducing effects in MS. Torres-Costoso
et al. identified combined exercise as a highly effective
strategy [55], reporting effect sizes (n?~0.42) comparable
to ours, while Heine et al. noted moderate benefits from
structured activity, linking them to improved energy me-
tabolism and sleep quality [56]. A 2020 meta-analysis by
Razazian et al. further confirmed that moderate-intensity
exercise consistently mitigates fatigue in MS [11], con-
trasting with Hsieh et al. who found no effect from high-
intensity mountaineering—likely due to its excessive
demands exceeding MS patients’ energy reserves [57].
Body balance’s moderate intensity avoids overexertion,
promoting energy restoration through enhanced mito-
chondrial efficiency, improved circulation, and stress re-
duction via endorphin release [45]. Its mindfulness and
breathing components may further alleviate psychologi-
cal fatigue by enhancing relaxation and sleep patterns,
as suggested by Scott (2008) [49]. These multifaceted
effects position body balance as a practical alternative to
more physically taxing interventions, though its relative
efficacy remains untested compared to aerobic or resis-
tance training.
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The novelty of the present study is a hybrid training
program; body balance training, which offers distinct ad-
vantages over standalone modalities like yoga, Tai Chi,
or Pilates, which require greater time, energy, and re-
sources—often impractical for MS patients with limited
physical capacity. By integrating these elements into a
single, low-cost, equipment-light program, body balance
delivers cognitive, motor, and symptomatic benefits
within a feasible framework, as evidenced by its signifi-
cant effects (P<0.05 for all outcomes). This practicality
enhances its potential for clinical adoption, complement-
ing pharmacological treatments and addressing the ho-
listic needs of patients with MS.

While this study offers compelling evidence for the
efficacy of body balance training in women with MS,
several methodological constraints must be acknowl-
edged to contextualize the findings. First, the sample
size was modest (n=26), limited to female participants
with RRMS, which restricts the applicability of results
to men, individuals with progressive MS subtypes, or
larger, more heterogeneous populations. This homoge-
neity may mask potential sex-specific or disease-stage-
specific responses to the intervention. Second, the ab-
sence of a follow-up assessment beyond the 8-week
intervention period precludes insights into the longevity
of the benefits. Future studies could include follow-up
assessments to evaluate the long-term effects of body
balance training on MS symptoms. Third, reliance on
self-reported measures, such as the FSS and MSSS-88,
introduces subjectivity and recall bias, which may not
fully capture physiological changes. Detailing how these
tools were administered and whether any efforts were
made to minimize bias (e.g. blinded assessment or stan-
dardized instructions) could enhance methodological
transparency. In future research, it would be valuable to
explore how body balance affects individuals with other
MS subtypes, such as secondary progressive MS, and to
compare responses by sex or disease severity. Moreover,
clarifying the relative contribution of each component
(yoga, Tai Chi, Pilates) and the mechanisms underly-
ing their synergistic effects could help refine exercise
prescriptions. Large-scale, longitudinal trials using ob-
jective neurophysiological and neuroimaging markers
would also strengthen causal inferences and determine
the sustainability of intervention effects over time.

Conclusion

This study provides compelling evidence that 8 weeks
of body balance training significantly enhances working
memory, reduces muscle spasticity, and alleviates fatigue
in women with MS. These findings highlight its poten-
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tial as a scalable, non-pharmacological intervention to
improve QoL and functional outcomes in MS manage-
ment. Larger, longitudinal trials are needed to confirm
its efficacy, explore its sustained benefits, and refine its
integration into comprehensive rehabilitation strategies.
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