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common limitation in patients with Multiple Sclerosis (MS), significantly reducing
their quality of life. Dual-task (DT) training, which combines cognitive and motor
challenges, has emerged as a promising rehabilitation strategy. This study aimed to
evaluate the effects of DT training on improving motor function in MS patients.
Methods: In this randomized controlled trial, we examined the impact of an eight-
week DT training program on balance and gait in female MS patients. Thirty
participants (aged 30-72, including 10 elderly individuals) from the Tehran MS
Association were voluntarily enrolled and assessed using the Berg Balance Scale
(BBS) and Timed Up and Go (TUG) test before and after the intervention, with
informed consent obtained. Participants were randomly assigned to either the
control or experimental group. After an initial pre-test, the experimental group
underwent DT training for eight weeks, consisting of two weekly sessions (45-60
minutes each). A post-test was then administered. Data were analyzed using paired
and independent t-tests at a significance level of p< 0.05.

Results: MANOVA revealed that DT training led to significant improvements in
motor function (p=0.001) in the experimental group compared to the control group.
Notably, the experimental group demonstrated substantial enhancements in balance
and gait (p<0.001), suggesting that DT training could be an effective intervention
in MS rehabilitation.

Conclusion: The findings indicate that an eight-week DT training program
incorporating cognitive-motor tasks can effectively enhance motor function in MS
patients, supporting its integration into rehabilitation protocols.
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I\/I ultiple Sclerosis (MS) is a chronic

autoimmune neurodegenerative disorder of
the central nervous system, characterized by
demyelination that disrupts communication
between the brain and the body. This
progressive condition manifests through a
wide range of neurological symptoms, with
motor dysfunctions—particularly balance
instability and gait impairments—being
among the most common and debilitating,
affecting approximately 85% of patients and
significantly diminishing their quality of life.
Beyond these motor deficits, individuals with
MS often experience concurrent cognitive
impairments, especially in attention and
executive functions. These cognitive deficits
do not exist in isolation; they critically
interact with motor performance, especially
during daily activities that require
simultaneous  cognitive  and  motor
processing, such as walking while talking.
This phenomenon, known as cognitive-motor
interference (CMI), is more pronounced in
MS patients than in healthy controls and is
associated with a higher risk of falls and
reduced functional independence. Traditional
single-task rehabilitation approaches often
fail to address this complex interplay. In
response, dual-task (DT) training, which
combines cognitive and motor challenges,
has emerged as a promising rehabilitation
strategy that more accurately mirrors the
demands of real-world functioning. The
theoretical basis for DT training draws from
models like Kahneman's Central Resource
Theory, which posits that attentional capacity
is limited, and performance degrades when
concurrent tasks exceed available resources.
Neuroimaging studies have identified key
brain regions, including the prefrontal cortex,

that are activated during dual-task
performance. While previous research has
demonstrated the utility of dual-task
assessments for evaluating fall risk, the
specific rehabilitative effects of structured
DT training on both gait and balance in MS
patients  require  further investigation.
Therefore, this study aimed to evaluate the
effects of an eight-week cognitive-motor
dual-task training program on improving
motor function, specifically gait speed and
balance, in female patients with Multiple
Sclerosis.

Methods

A randomized controlled trial design was
employed to examine the impact of the DT
training program. Thirty female patients with
Multiple Sclerosis, aged between 30 and 72
years (including ten elderly individuals),
were voluntarily recruited from the Tehran
MS Association. Participants were included
if they had no prior exercise intervention, did
not use assistive devices, had no major visual
or hearing impairments, and had no history of
other conditions affecting balance. All
participants provided informed consent
before enrollment. They were randomly
assigned to either an experimental group
(n=15) or a control group (n=15). The
primary outcome measures were balance,
assessed using the Berg Balance Scale
(BBS), and gait performance, assessed using
the Timed Up and Go (TUG) test. Both
assessments were administered to all
participants at baseline (pre-test) and
immediately  after  the  eight-week
intervention  period  (post-test).  The
intervention protocol for the experimental
group consisted of a 16-session program
delivered over eight weeks, with two sessions
per week. Each session lasted between 45 and
60 minutes. The training protocol comprised
ten functional walking exercises, including
tasks such as walking with horizontal and
vertical head rotations, walking over



obstacles, walking backward, and navigating
stairs. Each of these motor tasks was
systematically merged with a concurrent
cognitive task, such as backward counting,
performing arithmetic operations
(multiplying or dividing numbers), counting
months, or counting coins. The control group
received no intervention during this period
and continued with their standard care. Data
were analyzed using SPSS version 25. After
confirming normality (Shapiro-Wilk test) and
homogeneity of variances (Levene’s test),
within-group differences were analyzed
using paired-sample t-tests, and between-
group differences were analyzed using
independent-sample t-tests and a multivariate
analysis of covariance (MANCOVA). The
significance level was set at p < 0.05 for all
analyses.

Results

The statistical analyses revealed that the
eight-week dual-task training program led to
significant improvements in both balance and
gait for the experimental group. At baseline,
no significant differences were found
between the experimental and control groups
for either the BBS scores (p = 0.456) or the
TUG times (p = 0.556), confirming that the
two groups were comparable before the
intervention. Following the intervention, the

independent  t-tests showed significant
between-group differences. The
experimental group demonstrated

substantially higher post-test balance scores
on the BBS compared to the control group
(t(28) = 5.5, p < 0.001). Similarly, the
experimental group exhibited significantly
lower (improved) post-test TUG times
compared to the control group (t(28) = -
6.490, p < 0.001). The within-group analysis
using paired t-tests further confirmed the
effectiveness of the intervention for the
experimental group. This group showed a
significant increase in balance scores from
pre-test (36.26 + 2.73) to post-test (32.13 £
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2.79; t(14) = -8.670, p < 0.001) and a
significant decrease in gait times from pre-
test (15.26 * 0.88 seconds) to post-test (11.73
+ 0.88 seconds; t(14) = 21.384, p < 0.001). In
contrast, the control group showed no
significant changes in either balance (pre:
30.86 +3.11 vs. post: 30.46 +2.41; p=0.373)
or gait (pre: 15.90 £ 2.13s vs. post: 15.60 +
1.95s; p = 1.000). The MANCOVA analysis,
which controlled for baseline differences,
confirmed a significant overall effect of the
dual-task training on the combined balance
and gait measures (F(4,25) = 22.544, p <
0.001, n? = 0.485), indicating a large effect
size. Follow-up analyses revealed significant
between-group differences for post-test
balance (F(1,28) = 26.319, p < 0.001) and
post-test gait performance (F(1,28) = 42.125,
p <0.001).

Discussion

The primary finding of this study is that an
eight-week  cognitive-motor ~ dual-task
training program leads to significant and
clinically meaningful improvements in both
balance and gait speed in female patients with
Multiple Sclerosis. These results align with
and extend previous research, including
studies by Sosnoff et al. and Mercan et al.,
which demonstrated the superiority of dual-
task interventions over single-task or no-
intervention controls for improving balance
in MS and other neurological populations.
The positive effects observed can be
explained through several mechanisms. First,
the structured and progressive nature of the
training, which systematically increased the
difficulty of both motor and cognitive
components, likely promoted adaptive
neuroplasticity. By consistently challenging
the attentional and executive control systems,
the training may have improved the
efficiency of neural networks involved in task
coordination,  particularly  within  the
prefrontal cortex. Second, the integration of
cognitive tasks with varied walking
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conditions (e.g., turning, obstacle
negotiation, backward walking) directly
trained the specific skills required for safe
community ambulation. This task-specificity
likely enhanced the transfer of training gains
to the standardized assessments (BBS and
TUG). Third, the exercises were designed to
be challenging yet achievable, which likely
increased patient engagement and adherence,
leading to improvements in underlying
musculoskeletal factors such as lower limb
muscle strength and reactive postural control.
The lack of improvement in the control group
confirms that the observed benefits were due
to the dual-task intervention and not to
spontaneous recovery or test-retest effects.
While the results are highly encouraging, this
study has limitations, including a relatively
small sample size and the absence of a long-
term follow-up to assess the durability of the
improvements. Furthermore, the study only
included female participants, which limits the
generalizability of the findings to male MS
patients.

Conclusion

In conclusion, this study provides strong
evidence that a structured, eight-week
cognitive-motor dual-task training program is
an effective and feasible rehabilitation
strategy for enhancing gait stability and
balance in patients with Multiple Sclerosis.
The findings demonstrate that simultaneously
challenging motor and cognitive systems
leads to significant improvements in
functional mobility that are superior to no
treatment. These improvements are critical,
as they directly impact a patient's ability to
perform daily activities safely and
independently, thereby potentially reducing
fall risk and improving overall quality of life.
The study supports the integration of dual-
task training into standard clinical
rehabilitation protocols for MS. Based on
these findings, it is recommended that
clinicians incorporate progressive cognitive-
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motor tasks into their balance and gait
retraining programs. Future research should
aim to replicate these findings in larger, more
diverse samples, including male patients and
individuals with varying levels of disability.
Longitudinal studies are also needed to
investigate the long-term retention of these
motor improvements and to explore the
underlying  neurophysiological  changes
associated with dual-task training using
neuroimaging techniques.  Additionally,
comparing different types of dual-task
training (e.g., cognitive-motor versus motor-
motor) could help refine and optimize
rehabilitation protocols for individuals with
Multiple Sclerosis.
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