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Extended Abstract

Background and Purpose

Multiple sclerosis (MS) is an inflammatory and neurological disease affecting the central nervous
system (1), and numerous reports indicate a high prevalence of severe depression among MS patients
(3). MS patients exhibit postural instability and cognitive disorders in the early stages of the disease
(5), and depression exacerbates the severity of these issues (8). Regular exercise is a potential solution
to accelerate the recovery process and help patients achieve optimal physical and mental performance
(7), with aerobic training being recommended over resistance training (9). MS patients exhibit
postural instability and cognitive disorders in the early stages of the disease (5), and depression
exacerbates the severity of these issues (8). Regular exercise is a potential solution to accelerate the
recovery process and help patients achieve optimal physical and mental performance (7), with aerobic
training being recommended over resistance training (9).

Materials and Methods

The participants of the present study were 48 women with MS, with an average age of 42.13 + 8.21,
who were members of the Isfahan MS Association. They scored 20 or higher on the Beck Depression
Inventory, and their physical disability levels ranged between 2 and 4.The participants were randomly
assigned to three experimental groups: the aerobic exercise group (bicycle exercise only), the virtual
reality group (viewing 360-degree videos only), and the dual-task group (bicycle exercise combined
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with synchronized 360-degree video viewing during pedaling), along with a control group. In the pre-
test, balance, walking, and depression assessments were conducted. Then, the experimental groups
engaged in eight weeks of training, with two sessions per week and each session lasting one hour,
while the control group continued their usual daily routines.

In this research, a stationary bicycle was used for aerobic exercises, along with specialized software
and a set of 360-degree videos. The three-dimensional environment was displayed through a headset,
with a mobile phone placed inside to run the software and present the immersive experience. The
bicycle used in this study was Bluetooth-connected to the phone inside the headset, which played the
360-degree videos. This setup allowed the pedaling speed to be transmitted to adjust the video
playback speed accordingly, and the software could adjust pedal resistance based on the virtual
environment. The exercises were conducted over eight weeks, with two sessions per week, each
lasting one hour. Stationary bike exercises were progressively increased from 10 to 30 minutes per
session (in three intervals with 1 to 3 minutes of inactive rest between intervals) and were performed
at 40% to 70% of maximum heart rate (23).

The Shapiro-Wilk test was used to assess data normality, and Levene's test was applied to examine
homogeneity of variances. Analysis of variance (ANOVA) was conducted to verify the homogeneity
of regression slopes, while a paired t-test assessed within-group effects. An analysis of covariance
(ANCOVA) was used to compare post-test scores for walking and balance.

Findings

The results of the paired t-test to investigate the within-group effects indicated significant
improvements in walking, balance, and depression from pre-test to post-test in the aerobic exercise,
virtual reality, and dual-task groups.

The results of the analysis of covariance (ANCOVA) showed that after controlling for the pre-test
effect, there was a significant difference between the post-test scores for walking, balance, and
depression across the research groups (P>0.05). To compare the pairs of groups and determine the
superiority between them, Bonferroni's post hoc test revealed significant differences (p < 0.05)
between the dual-task group and the aerobic, virtual reality, and control groups in walking, balance,
and depression variables. The dual-task group showed better outcomes in walking, balance, and
depression compared to the other groups. Additionally, there was a significant difference between the
aerobic exercise group and the virtual reality group compared to the control group in walking and
balance (p <0.05). A significant difference was also observed in balance between the aerobic exercise
and virtual reality groups (p < 0.05), with the aerobic exercise group demonstrating better balance
than the virtual reality group.

Conclusion

Exercise sessions lasting longer than three weeks are necessary to promote adaptation to stress
responses and neuroprotection (36). Sports training can significantly reduce depression symptoms in
individuals with MS, providing a meaningful and reliable effect. The mechanism through which
aerobic exercise influences cognitive function may involve changes in neural plasticity, synaptic
flexibility, and angiogenesis.

Besides, due to the sense of immersion, virtual reality can improve neuropsychological function by
stimulating and improving brain flexibility. This, in turn, can have a positive effect on the motor
components of individuals with MS.

Research has shown that combining virtual reality with sports equipment (such as bicycles and
treadmills) may enhance the psychological benefits of exercise and increase the likelihood of long-
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term exercise adherence (51). Given the enjoyable nature of dual tasks that combine sports games
with virtual reality and their positive effects on depression (52, 51), these tasks can be considered a
potential and effective approach to reducing depression.
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Table 1 - Results of paired t-test to evaluate the effects within the group

b yuiloo BSLS
Difference means §
sig Df T ool ds rnnd] ” 7
(g3l o — 09051 ) Variables Group
(PostTest - PreTest)
./001* 1 9,233 7140 o) 0l
Walking
..1001° 1 17/635 13775 Jols 3l Spadly s e
Balance Aerobic+ VR
.
./001° 1 -10/82 -11/23 2
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./001° 1 _6/524 5,80 o) el
Walking
./001 1 71079 8117 Jols sl
Balance Aerobic
. |
.1001° 1 -8/088 -11/67 o
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./001° 1 _6/088 -351 o) 0l
Walking
-/001 1 9,817 3,94 Jols $3be Sondly
Balance VR
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Depression
.1079 1 ~1/934 _./59 o5 el
Walking
1306 1 1/074 .58 Jols JAs
Balance Control
o
/213 11 -1/32 1125 2
Depression
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Table 2- Results of covariance test to compare post-test scores of walking and balance

Jolsi g oy oy (3903 g Ol yod dumylio (5132 (il 51995 (3903 gl =Y Jour

¥5

Etfect Sig F Total squares Df Total squares &= "‘M
slze Source variables
-149 -/001x  41/932 169/138 1 169/138 O9o3l i
Pretest
93/743 3 2811229 097 o9l
.62 -/001x 23/240 Groyp Walking
4/034 43 173/446 b=
Line
-[75 ./001*  132/029 916/363 1 916/363 RIS
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-180 -/001* 56/330 Grqup Balance
6/941 43 298/447 b=
Line
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Pretest
09,5 s 3
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-168 -/001 5 29/998 Group depression
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Table 3- Results of Bonferroni post hoc test to compare pairs of groups in post-test of walking and

balance
p-value (-Y) b (5Kl wglay Y 09,5 Vog,5
Difrence means Group 2 Group 1 Variables
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Aerobic
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Table 3- Results of Bonferroni post hoc test to compare pairs of groups in post-test of walking and

balance
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Difrence means Group 2 Group 1 Variables
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