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Abstract: Background and aim: While conventional MS rehabilitation primarily addresses physical
and cognitive symptoms, recent advances in VR technology offer immersive environments that
facilitate both emotional and cognitive skill development. The purpose of this study is to evaluate
the impact of VR-based training on emotional self-efficacy in multiple sclerosis (MS) patients and
examine its association with cognitive function improvement. Additionally, this study aims to
explore potential gender differences in these outcomes, hypothesizing that gender may influence the
effectiveness of VR-based rehabilitation, which could inform more tailored approaches for emotional
and cognitive rehabilitation in MS. Method: The present retrospective study analyzed data from 43 MS
patients undergoing cognitive and behavioral rehabilitation at the IRCCS Centro Neurolesi “Bonino
Pulejo” in Italy, comparing a VR intervention group (VR-G) and a control group receiving traditional
rehabilitation. Emotional self-efficacy, depression, and anxiety were assessed, alongside cognitive
function pre- and post-intervention. Results: Findings indicate that the VR-G showed significant
improvements in managing negative emotions, reduced depressive and anxiety symptoms, and
enhanced cognitive performance, particularly in verbal learning and working memory. Gender-based
analysis revealed a trend suggesting that females in the VR-G may exhibit greater improvements
in positive emotional self-efficacy, although this difference did not reach statistical significance.
Spearman’s correlation highlighted associations between emotional self-efficacy and cognitive gains,
supporting the potential of VR to foster both emotional and cognitive resilience. Conclusions: These
findings suggest that VR training may provide a tailored approach for MS rehabilitation, enhancing
therapeutic outcomes by integrating emotional and cognitive training in an immersive setting. Further
research should investigate long-term effects and neurophysiological correlates of VR training to
optimize MS rehabilitation.

Keywords: multiple sclerosis; neurorehabilitation; virtual reality; emotional self-efficacy; cognitive
rehabilitation; gender differences
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1. Introduction

Multiple sclerosis (MS) is a chronic autoimmune disease characterized by progressive
neurodegeneration, resulting in physical, cognitive, and emotional impairments [1]. The
variability in symptoms reflects the disease’s profound impact on the central nervous
system as well as patients” quality of life [2,3]. Epidemiological data indicate that MS affects
approximately 2.8 million people worldwide, with a higher prevalence among women, who
are two to three times more likely to have the disease than men [4]. This gender disparity
highlights the need for research focusing on sex-based differences in disease progression,
symptom management, and therapeutic response.

Gender-specific analyses have identified critical differences in MS symptomatology,
particularly in the cognitive and emotional domains. Women with MS often report higher
levels of depression, anxiety, and emotional dysregulation compared to men [5]. These
findings suggest that emotional self-efficacy (i.e., the ability to manage one’s emotional
responses effectively) is a key determinant of quality of life, helping in disease manage-
ment [6]. As the disease progresses, many patients experience cognitive decline, partic-
ularly in memory, attention, and executive functions, which may exacerbate emotional
challenges [7]. The bidirectional relationship between cognitive and emotional function
underscores the need for holistic interventions addressing both domains simultaneously.

Standard MS treatments involve pharmacological and rehabilitative approaches aimed
at alleviating physical and cognitive symptoms while supporting emotional well-being [8].
While conventional therapies provide essential benefits, recent advances in virtual reality
(VR)-based rehabilitation offer innovative opportunities for cognitive and emotional train-
ing. VR is an immersive, controlled environment where patients can engage in targeted
cognitive exercises and interact with complex emotional stimuli [9]. In MS rehabilitation,
VR training has gained attention for its potential to improve not only physical mobility but
also cognitive function and emotional resilience [10].

Focusing on emotional self-management, VR presents distinct advantages. Through
VR, patients can safely practice responses to emotionally charged situations, potentially
enhancing their self-efficacy in real-life scenarios [11]. Emotional self-efficacy is particularly
critical in MS, as individuals with higher confidence in managing their emotions report
better psychological outcomes and greater resilience [12]. However, despite the promise of
VR in addressing cognitive and emotional challenges, research on gender-specific effects
within VR interventions remains limited.

This study aims to evaluate the impact of VR-based training on emotional self-efficacy
in MS patients as well as its association with cognitive function improvement. Additionally,
it seeks to explore potential gender differences in VR-based rehabilitation outcomes. Find-
ings could support more tailored approaches for emotional and cognitive rehabilitation
in MS.

2. Materials and Methods
2.1. Study Design and Data Source

This retrospective study analyzed data from patients with MS who underwent cogni-
tive and behavioral rehabilitation at the Robotic and Behavioral Neurorehabilitation Unit
of IRCCS Centro Neurolesi “Bonino Pulejo”, Messina, Italy, from March 2019 to March
2020. Data were retrieved from medical records, which included assessments conducted
at baseline (T0) and after the 8-week rehabilitation program (T1). During this program,
participants completed three weekly sessions, each lasting 60 min, as per our standard
clinical protocol.

The study adhered to the principles of the 1964 Helsinki Declaration and received
approval from the local Ethics Committee (IRCCS-ME-CE 08/21). All participants provided
written informed consent for their data to be used for research purposes.

The retrospective design of the study minimized potential scoring bias by relying on
pre-existing medical records. Cognitive and behavioral parameters were used to identify
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eligible MS patients who had participated in both conventional and VR-based rehabilita-
tion programs.

2.2. Patient Selection

Patients with MS were included in the study if they met the following inclusion criteria:
(i) a diagnosis of MS according to McDonald’s criteria [13]; (ii) stable therapy for at least
six months before the start of rehabilitation; (iii) mild to moderate cognitive impairment,
defined by a score between 18 and 27 on the Montreal Cognitive Assessment (MoCA) [14];
and (iv) a disability score below 5 on the Expanded Disability Status Scale (EDSS) [15].
Exclusion criteria included patients over 77 or under 18 years of age, those with severe
medical or psychiatric conditions likely to interfere with assessments, or those who had
experienced an MS relapse within six months preceding the study. A total of 43 patients
met these eligibility criteria.

2.3. Outcome Measures

The primary outcomes included measures of emotional self-efficacy as well as de-
pressive and anxiety symptoms. Emotional self-efficacy was evaluated using the Scale of
Perceived Self-Efficacy in the Management of Negative and Positive Emotions, developed
by Caprara and Gerbino. This tool evaluates participants’ confidence in managing both
positive (7 items) and negative (8 items) emotions. It demonstrates high internal consistency,
with Cronbach’s alpha values typically ranging from 0.80 to 0.90 [16].

Depressive symptoms were measured using the Beck Depression Inventory (BDI), a 21-
item self-report inventory widely recognized for quantifying depressive symptom severity.
Each item is rated on a scale from 0 to 3, with total scores ranging from 0 to 63, where higher
scores indicate more severe depressive symptoms. The BDI consistently demonstrates
excellent reliability, with Cronbach’s alpha generally reported to range between 0.86 and
0.92 across populations [17].

Anxiety symptoms were evaluated with the Hamilton Rating Scale for Anxiety (HRS-
A), a clinician-administered tool consisting of 14 items that assess both psychological and
somatic aspects of anxiety. Each item is rated on a scale from 0 to 4, with higher total
scores reflecting greater anxiety severity. This tool has been validated extensively, with
Cronbach’s alpha reported to range from 0.77 to 0.92 in various samples [18].

The secondary outcome focused on cognitive function, which was assessed using the
Brief Repeatable Battery of Neuropsychological Tests (BRB-N) [19]. This battery evaluates
critical cognitive domains, such as verbal and visuospatial memory, attention, and executive
functions, providing a comprehensive overview of cognitive performance in neurological
conditions. The BRB-N subtests deliver detailed insights into specific cognitive abilities,
which are essential for monitoring changes over time in MS patients.

2.4. Rehabilitation Protocol

The study included 43 MS patients, divided into two groups. The experimental
group (VR-G) consisted of 23 patients who underwent an advanced rehabilitation pathway
using the Virtual Reality Rehabilitation System (VRRS). The control group (CG) included
20 patients who received traditional cognitive rehabilitation through conventional methods.
Both groups participated in an 8-week rehabilitation program, with three sessions per week,
each lasting 60 min. This structure facilitated direct comparisons between the innovative
VR-based approach and standard neurorehabilitation methods. Additional details are
provided in Table 1.

Table 1. Comparison of rehabilitation protocols for experimental (VRRS) and control groups.

Training Component

Virtual Reality Group Control Group (CG)

Cognitive Rehabilitation

VRRS (Virtual Reality Rehabilitation System) Traditional paper-and-pencil tasks
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Table 1. Cont.
Training Component Virtual Reality Group Control Group (CG)
Session Frequency 3 times per week 3 times per week
Session Duration 60 min 60 min
2D and 3D VR-based exercises for cognitive Standard exercises for memory,
Therapy Focus . . . . .
domains (memory, attention, planning) attention, planning

This table outlines the key components of the rehabilitation protocols for the experimental group using the Virtual
Reality Rehabilitation System (VRRS) and the control group (CG) following traditional methods. Details include
the cognitive rehabilitation approach, session frequency, duration, and therapy focus.

2.4.1. VR Group

The experimental rehabilitation training incorporated cognitive rehabilitation using
VRRS, a medically certified system customized to meet the individual needs and capabilities.
The tool facilitated interactive cognitive exercises through 2D virtual scenarios displayed
on a semi-immersive screen, consisting of a large LCD monitor positioned at eye level to
maximize engagement and focus. Patients interacted with these scenarios using a magnetic
tracking sensor, enabling dynamic tasks designed to stimulate cognitive functions such as
attention, memory, and problem-solving. For instance, one exercise involved guiding a
bear through a forest to collect honey while avoiding obstacles such as branches (requiring
quick decision-making, spatial awareness, and sustained attention). This semi-immersive
approach provided a controlled, adaptive environment that balanced stimulation and
accessibility for all participants [20].

Indeed, the tasks were progressively adapted based on each patient’s performance, ensur-
ing that the difficulty level remained appropriately challenging throughout the intervention.

Rehabilitation sessions were conducted three times a week, with each session lasting
approximately 60 min. The consistency and structure of the VRRS sessions provided
a stable framework for cognitive rehabilitation while maintaining patient engagement
and motivation.

2.4.2. Control Group (CG)

The CG served as the baseline for comparison, reflecting standard rehabilitation care
for MS patients without the integration of advanced technologies. Patients in the CG
underwent traditional cognitive rehabilitation, using conventional paper-and-pencil tasks.
These tasks aimed to improve cognitive functions, including memory, attention, language,
and executive functions through established neuropsychological methods. Sessions for
the CG were also conducted three times a week, with each session lasting approximately
60 min, matching the frequency and duration of the VR-G rehabilitation. Patients in the CG
were selected based on their inability or unwillingness to participate in technology-based
interventions due to factors such as contraindications (e.g., musculoskeletal limitations,
personal preferences, or a general preference for standard Neurorehabilitation methods.
Both groups were comparable at baseline across clinical and physical measures, including
the Expanded Disability Status Scale (EDSS), which showed no significant difference
between the VR and control groups (p = 1.00, Table 2).

Table 2. Demographic and clinical characteristics of patients.

. . VR Group Control Group
Demographic Variables (1 = 23) (1 = 20) p-Value
Gender
Male 14 (60.9%) 10 (50.0%) 0.683
Female 9 (39.1%) 10 (50.0%)

Age (years) 46.6 £ 10.8 51.9 + 10.1 0.104
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Table 2. Cont.
. . VR Group Control Group
Demographic Variables (1 = 23) (1 = 20) p-Value
Education Level

Elementary School 2 (8.7%) 3 (15.0%) 0.868
Inferior School 3 (13.0%) 4 (20.0%) 0.840
High School 10 (43.5%) 7 (35.0%) 0.799
University 8 (34.8%) 6 (30.0%) 0.994
Disease Duration (years) 83+45 8.0+47 0.99
EDSS (mean + SD) 45+ 1.1 45+11 1.00

This table summarizes the demographic and clinical characteristics of the study participants. Variables include age,
gender distribution, education level, and baseline clinical measures (e.g., BDI, HRS-A). Continuous variables are
reported as mean =+ standard deviation (SD) or median (interquartile range, Q1-Q3) based on data distribution,
while categorical variables are presented as frequencies and percentages. Legend: Expanded Disability Status
Scale (EDSS).

2.5. Statistical Analysis

All statistical analyses were conducted using IBM SPSS Statistics, version 28, with
a significance level set at p < 0.05 for all tests. Categorical and ordinal variables were
presented as frequencies and percentages, while continuous variables were summarized as
medians and interquartile ranges (Q1 and Q3).

Normality was assessed using the Shapiro-Wilk test, revealing non-normal distribu-
tion for most variables. Consequently, nonparametric methods were applied.

The Mann-Whitney U test was used to assess demographic and baseline scores be-
tween the VR-G and CG. Within-group pre—post changes (T0 vs. T1) were analyzed using
the Wilcoxon signed-rank test for each group separately. In addition to statistical signifi-
cance testing, effect sizes (Cohen’s d) were calculated for within-group pre—post changes
to evaluate the magnitude of the observed effects. These calculations were performed
separately for the VR group and the control group to provide a standardized measure of
the impact of the interventions.

To investigate differences across age groups and gender, stratified analyses were
performed by dividing the sample into subgroups based on age and gender, followed by
within-subgroup comparisons using the Wilcoxon signed-rank test. This approach allowed
for targeted examination of changes in emotional self-efficacy and cognitive outcomes
within each age and gender subgroup.

Finally, Spearman’s correlation analysis was performed to evaluate the relationships
between changes in emotional self-efficacy (positive and negative), cognitive function, and
reductions in depressive (BDI) and anxiety (HRS-A) symptoms.

3. Results

The medical records of 270 patients with MS were included in the analysis using
electronic recovery system data. After applying the inclusion and exclusion criteria, 227 pa-
tients were excluded due to factors such as age restrictions, recent relapses, or other criteria
that did not let the patients use VR. This resulted in a final sample of 43 patients, divided
into two groups: 23 patients in the VR-based training group and 20 in the traditional
training group. The selection process is summarized in Figure 1.

The VR group consisted of 60.9% males and 39.1% females, with a mean age of
46.6 years (SD = 10.8), while the CG included 50% males and 50% females, with a mean age
of 51.9 years (SD = 10.1). Education levels were balanced across groups, with the majority
having over 8 years of education.

For more details, see Table 2.



Brain Sci. 2024, 14, 1227

6 of 14

(Initial Patient Sample (n = 270)]

|

Excluded due to not meeting
inclusion criteria (n = 227)

|

(Eligible Patients After Exclusions (n = 43)]

|

[Final Sample for Analysis (n = 43)]

— T

[VR Training Group (n = 23)] [Traditional Training Group (n = 20)]

Figure 1. Flowchart of patient selection process.

Between-group comparisons at baseline (T0) confirmed that both groups were com-
parable across all measures, with no significant differences observed. Within-group com-
parisons of the VR group revealed significant improvements in several measures from
TO to T1 (Table 3). Specifically, negative emotional self-efficacy increased significantly
(p = 0.011), indicating enhanced self-efficacy in managing negative emotions following the
VR intervention. The depression (BDI) scores also showed a substantial decrease (p = 0.001),
along with a reduction in anxiety (HRS-A) scores (p = 0.002), demonstrating the positive
impact of VR on emotional health. Additionally, significant improvements were observed
in RAO SRT-LTS (p < 0.001), RAO SRT-CLTIR (p = 0.001), RAO SPART (p = 0.004), RAO
PASAT 3 (p = 0.012), RAO PASAT 2 (p = 0.012), RAO SRT-D (p = 0.003), and RAO SPART-D
(p = 0.025), reflecting enhanced cognitive function. In the control group, within-group
analyses also indicated significant improvements in several outcomes. The depression
(BDI) scores decreased significantly from TO to T1 (p = 0.029), and anxiety (HRS-A) scores
similarly declined (p < 0.001), suggesting that traditional therapy had positive effects on
emotional health. Cognitive improvements were noted in RAO SRT-LTS (p = 0.002), RAO
SRT-CLIR (p = 0.023), RAO SRT-D (p = 0.045), and RAO SPART-D (p = 0.019) (Table 3).

The effect sizes (Cohen’s d) for within-group pre—post changes were calculated to
assess the magnitude of the observed improvements. In the VR group, large effect sizes
were observed for measures such as depression (Cohen’s d = 1.45), negative emotional self-
efficacy (Cohen’s d = 0.80), and verbal learning (Cohen’s d = 0.85), indicating the substantial
impact of the VR-based intervention. In the CG, moderate to large effect sizes were found
for anxiety (Cohen’s d = 0.89) and verbal memory (Cohen’s d = 0.72), demonstrating the
effectiveness of traditional rehabilitation approaches for these domains. These findings
provide a quantitative measure of the intervention’s impact, complementing the statistical
significance results.

Spearman’s correlation analysis was conducted to assess the relationships between
changes in emotional self-efficacy (both positive and negative), cognitive function, and
reductions in depression (BDI) and anxiety symptoms (HRS-A).
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Table 3. Wilcoxon rank test for pre—post changes (T0-T1): median, interquartile range (Q1-Q3), and

p-values.
VR Group Control Group
Outcome Measure T (Medi T1 (Medi p-Value TO (Medi T1 (Medi p-Value
edian edian (TO vSs. Tl) edian edian (TO vSs. Tl)
[Q1, Q3] [Q1, Q3]) [Q1, Q3] [Q1, Q3D
Positive Emotional 30.00 33.00 0.076 29.00 29.50 0.199
Self-Efficacy [25.50, 32.50] [29.00, 35.00] : [23.50, 33.25] [23.75, 35.00] :
Negative Emotional 26.00 31.00 <001 * 28.00 28.50 [23.75, 0162
Self-Efficacy [23.00, 29.50] [24.00, 35.00] : [21.00, 32.00] 34.00] :
. 17.00 9.00 B 12.50 .\
Depression (BDI) [10.00, 21.00] [3.50, 11.50] <0.001 [7.75, 21.25] 8.00[3.75, 17.25] 0.029
. _ 13.00 6.00 . 18.50 12.00 -
Anxiety (HRS-A) [9.00, 22.50] [2.50, 20.00] 0.002 [12.00, 24.00] [3.75, 16.25] <0.001
28.37 40.16 B 24.36 32.60 .
RAO SRT-LTS [19.16, 35.16] [31.28, 49.66] <0.001 [15.76, 30.92] [26.91, 37.67] 0.002
21.99 27.08 B 15.49 24.34 i}
RAOQ SRT-CLTR [13.66, 28.97] [21.84, 35.91] <0.001 [10.62, 24.21] [18.80, 27.85] 0.023
14.62 20.62 . 15.78 17.67
RAO SPART [10.91, 20.05] [14.28, 23.04] 0.004 [11.53, 17.12] [12.16, 23.31] 0.097
31.53 31.53 32.45 36.89
RAO SDMT [20.45, 38.83] [24.94, 39.88] 0.080 [19.49, 39.74] [18.42, 46.38] 0.121
26.59 28.90 . 34.97 33.79
RAO PASAT 3 [18.58, 35.83] [20.57, 41.94] 0.012 [20.33, 49.27] [23.23, 47.98] 0.737
21.87 21.50 . 22.89 24.83
RAOQ PASAT 2 [15.29, 26.91] [17.98, 31.40] 0.012 [16.47, 35.33] [19.22, 32.66] 0.638
5.87 7.88 . 488 6.38 .
RAOSRT-D [3.88, 7.08] [6.88, 8.88] 0.003 [3.88, 6.18] [4.63, 7.64] 0.045
5.56 6.92 . 492 5.48 i}
RAQ SPART-D [4.25, 7.48] [4.56, 8.74] 0.025 3.56, 5.71] [4.40, 7.92] 0.019
20.88 20.88 22.12 20.50
RAO WLG [14.00, 24.50] [17.50, 27.46] 0.115 [18.69, 25.31] [15.31, 24.29] 0.124

This table presents the results of the Wilcoxon rank test, comparing pre- (T0) and post-intervention (T1) measures.
For each variable, the median values and interquartile ranges (Q1-Q3) are reported alongside the corresponding
p-values. Statistically significant changes (p < 0.05) are highlighted to indicate meaningful differences over time.
Statistically significant differences (p < 0.05) are indicated with a single asterisk (*), while those with even greater
significance (p < 0.001) are indicated with two asterisks (**). Legend: Beck Depression Inventory (BDI); Hamilton
Rating Scale for Anxiety (HRS-A); Rao Brief Repeatable Battery of Neuropsychological Tests for Multiple Sclerosis:
Rao Paced Auditory Serial Addition Test—2 s (RAO PASAT 2), Rao Paced Auditory Serial Addition Test—3 s
(RAO PASAT 3), Rao Selective Reminding Test—Consistent Long-Term Retrieval (RAO SRT-CLTR), Rao Selective
Reminding Test—Delayed (RAO SRT-D), Rao Selective Reminding Test—Long-Term Storage (RAO SRT-LTS), Rao
Spatial Recall Test (RAO SPART), Rao Spatial Recall Test—Delayed (RAO SPART-D), Rao Symbol Digit Modalities
Test (RAO SDMT), Rao Word List Generation (RAO WLG).

In the VR group, females showed a trend of improvement in positive emotional self-
efficacy from TO (median = 30.00, Q1 = 26.00, Q3 = 32.00) to T1 (median = 33.00, Q1 = 29.00,
Q3 = 35.00) compared to males, who had a TO median of 29.00 (Q1 = 25.00, Q3 = 31.00)
and a T1 median of 31.00 (Q1 = 27.00, Q3 = 34.00). Although the trend indicates stronger
improvement for females, this difference did not reach statistical significance (p = 0.124)
(see Figure 2).

The figure illustrates gender-specific differences in positive emotional self-efficacy
scores at baseline (T0) and post-intervention (T1) for both the VR and control groups. The
data are presented separately for males and females within each group, highlighting trends
in improvements over time. Bars represent median values, with error bars indicating the
interquartile range (IQR). While both genders demonstrated improvements in positive
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emotional self-efficacy following the intervention, the VR-G, particularly females, exhibited
a tendency for greater gains compared to the control group. These findings underline the
potential influence of gender on the outcomes of VR-based rehabilitation.

40t
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=
w

iy
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Positive Emotional Self-Efficacy

w
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Figure 2. Gender differences in positive emotional self-efficacy at TO and T1 in the virtual reality (VR)
and control groups.

Moderate associations were observed between increased positive emotional self-
efficacy and reductions in depressive symptoms (Spearman’s r = —0.33, p = 0.124) in
the VR-G. This indicates a non-significant trend where gains in self-efficacy may relate
to decreased depressive symptoms. Similar, though weaker, trends appeared in the CG.
For cognitive outcomes, positive emotional self-efficacy improvements in the VR-G were
significantly correlated with enhanced performance on long-term memory, specifically
in the context of verbal learning (RAO SRT-CLTR: Spearman’s r = 0.31, p = 0.043). This
suggests a link between emotional self-efficacy and verbal learning capabilities. Addi-
tionally, improvements in negative emotional self-efficacy were strongly associated with
better working memory performance and verbal recall, as indicated by the RAO WLG score
(Spearman’s r = 0.58, p < 0.001). In contrast, the CG showed no significant correlations
between emotional self-efficacy and cognitive scores, highlighting a potential advantage of
VR training in supporting cognitive improvement. For more details, see Figure 3.

The heatmaps illustrate the Spearman correlation coefficients between emotional self-
efficacy (positive and negative), depressive symptoms (BDI T1), verbal learning (RAO
SRT-CLTR T1), and working memory (RAO WLG T1) post-intervention. The left panel
represents the VR group, showing stronger and more significant associations, particularly
between emotional self-efficacy and cognitive measures. The right panel represents the
control group, displaying weaker and non-significant correlations. Colors indicate the
direction and strength of the correlation: red shades represent negative correlations; blue
shades represent positive correlations; and the intensity of the color reflects the magnitude
of the correlation (e.g., darker colors indicate stronger associations). Diagonal values are
always 1.0, representing perfect correlations of variables with themselves.
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Figure 3. Spearman correlation heatmaps comparing the VR and control groups.

4. Discussion

The findings from this study demonstrate that VR training can enhance emotional
capacities by fostering positive emotional experiences and alleviating depressive symptoms.
In the VR-G, significant improvements were observed in negative emotional self-efficacy
(p = 0.011), depression (p < 0.001), and anxiety (p = 0.002), as well as in cognitive gains in
verbal learning (p < 0.001) and working memory (p < 0.001). These positive outcomes were
complemented by large effect sizes, indicating substantial clinical relevance. In contrast,
the CG showed moderate improvements, particularly in emotional health and verbal
memory. Furthermore, VR training appears to offer a slight advantage over traditional
methods in promoting positive emotional self-efficacy, reducing depressive symptoms and
improving cognitive outcomes. Indeed, this study highlights VR’s potential to empower
patients in managing their emotional responses and self-efficacy. This aligns with recent
findings on VR’s role in building emotional resilience by immersing patients in controlled
and impactful environments. These latter enable the patients to better manage emotions,
leading to improvements in mood and depressive symptoms [21,22]. This confidence in
navigating emotional experiences in VR may also translate to daily life, helping patients
maintain emotional well-being more effectively [23].

Moreover, our findings support the idea that the immersive and engaging VR environ-
ment facilitates self-reflection and controlled exposure to challenging scenarios [21,24]. The
VR-G trend toward reduced depressive symptoms underscores VR’s unique potential as a
powerful adjunct to traditional treatment, especially for building emotional resilience [6,25].
Such emotional resilience may be built through repetitive, realistic scenarios that safely
simulate real-life challenges, helping users foster greater confidence in their emotional
regulation abilities [22,23].

The immersive quality of VR differentiates it from traditional methods by better
engaging users’ senses and attention. VR might potentially activate neural pathways related
to emotional and cognitive processing. Indeed, neurophysiological research suggests
that VR can stimulate areas like the prefrontal cortex, which are important for emotion
regulation, decision-making, and resilience against depressive symptoms [21]. Further
research is needed to better understand how these neural circuits are activated during VR
sessions and their role in building ‘emotional scripts’ that could enhance confidence in
managing real-life emotional situations [26].

Furthermore, VR facilitates exposure to therapeutic scenarios, known as “virtual ex-
posure therapy”, which benefits patients by reducing anxiety and depressive symptoms
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without the pressures of the real-world contexts [24]. For patients with depression, this
exposure can alleviate self-doubt and foster mastery, often reducing depressive symp-
toms [27,28]. Repeated VR emotional management exercises can lead to internalizing
adaptive responses and building confidence in handling emotional challenges [23]. Par-
sons et al. [21] emphasized VR’s advantage in allowing patients to “rehearse” emotional
responses, leading to significant gains in emotional resilience and reductions in depres-
sion severity. These findings support the view of VR as a flexible, interactive tool that
complements traditional therapy by offering unique benefits in emotion management and
self-efficacy.

4.1. Gender Differences in Emotional Self-Efficacy

Our data indicate that females in the VR-G may exhibit greater improvement in
positive emotional self-efficacy scores compared to males, although the difference was
not statistically significant. The observation agrees with existing research suggesting that
females often engage more actively with emotional tasks in virtual environments. This
could be due to differences in emotional processing, hormonal influences, and social
learning [29].

Hormonal factors, such as the influence of estrogen and oxytocin, play a significant
role in emotional sensitivity and social bonding, both of which may enhance engagement
with emotional content in VR [30,31]. These hormones are linked to heightened activity
in brain areas involved in emotional processing, such as the amygdala and prefrontal
cortex [32]. Then, this hormonal predisposition may promote female positive self-reflection
and responsiveness in supportive VR environments.

Neurological differences further contribute to gender-specific responses in VR inter-
ventions. Females tend to exhibit stronger interhemispheric connectivity in brain regions
associated with emotional processing, empathy, and self-regulation [33]. This enhanced
connectivity likely facilitates more effective emotional processing and regulation during
reflective and interactive tasks, such as those provided in VR settings.

Additionally, the immersive nature of VR environments has been shown to enhance
emotional engagement and responsiveness, particularly in scenarios designed to elicit
empathy and reflection. Females, due to their heightened sensitivity to social and emotional
cues, may benefit more from these immersive experiences [34].

These findings underscore the potential value of designing gender-sensitive VR inter-
ventions tailored to the distinct emotional processing styles of males and females. For fe-
males, incorporating scenarios that encourage interpersonal engagement and empathy may
leverage their sensitivity to social cues and predisposition toward self-reflection [30,33,34].
Conversely, males may benefit from goal-oriented scenarios emphasizing problem-solving
and assertive communication, aligning with their inclination toward outcome-focused
tasks [31,35]. By accounting for these differences, VR interventions could more effectively
optimize emotional and cognitive outcomes across genders.

4.2. Potential Neurophysiological Correlates and Cognitive Improvements in VR

VR training demonstrated significant correlations with emotional self-efficacy and
cognitive outcomes. Improvements in positive emotional self-efficacy were correlated
with enhanced verbal learning scores (RAO SRT-CLTR), while improvements in negative
emotional self-efficacy were linked to better working memory (RAO WLG scores). These
findings suggest that emotional regulation training in VR can positively impact cognitive
domains, such as verbal learning and memory.

From a neurophysiological standpoint, VR may engage neural pathways involved in
both emotional and cognitive functions, potentially activating areas such as the prefrontal
cortex and hippocampus [36-39]. In addition, VR interventions have been shown to
modulate activity in the amygdala and anterior cingulate cortex, regions implicated in
emotional processing and cognitive control [38]. Evidence from functional MRI studies
suggests that VR training can enhance neuroplasticity in these regions by promoting
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the integration of sensory, emotional, and cognitive processes [38,39]. However, further
research is needed to clarify how these brain regions are specifically activated during VR
sessions and their role in cognitive and emotional outcomes.

These correlations suggest that VR training might offer cognitive benefits that are not
typically observed with traditional rehabilitation methods. For instance, the interactive
and immersive nature of VR engages attentional and executive processes in a dynamic
manner [38], which could facilitate better retention and transfer of emotional regulation
skills to real-life contexts. The relationship between emotional self-efficacy and cognitive
gains may reflect an integrated neurophysiological mechanism in which VR training helps
build emotional resilience, which in turn may support cognitive function [36-39].

4.3. Comparison Between VR and Traditional Rehabilitation Methods

Traditional rehabilitation methods, including physical therapy and cognitive training,
have proven effective in addressing motor and cognitive impairments in MS patients [8].
However, they often rely on repetitive, passive exercises, which may limit patient engage-
ment. In contrast, VR rehabilitation represents a significant advancement, offering a more
interactive and immersive approach [10,20,23]. By combining physical, cognitive, and
emotional interventions, VR allows for more personalized and engaging treatment plans.
Unlike conventional rehabilitation, VR interventions provide real-time feedback, encourage
active participation, and can be customized to individual progress [20]. Our study suggests
that VR has the potential to enhance both emotional self-efficacy and cognitive function,
presenting a novel alternative to traditional therapies. This approach is particularly valu-
able in addressing emotional and cognitive challenges—areas often underrepresented in
conventional rehabilitation strategies.

4.4. Implications and Future Directions

Building on the benefits highlighted in the previous section, VR training may offer a
unique advantage by creating realistic yet controlled environments for patients to practice
and refine emotional responses. VR facilitates improvements in self-efficacy and emotional
regulation, enabling patients to confront emotional challenges safely and foster confidence
that can generalize to real-life situations [23]. Furthermore, interactive feedback in VR
accelerates learning and emotional resilience by enabling patients to observe and adjust
their responses in real-time [24]. The correlations observed between emotional self-efficacy
and cognitive function suggest that VR has the potential for multidimensional benefits.
Future research should investigate the long-term effects of VR on self-efficacy and explore
neurophysiological changes through EEG or fMRI to better understand the underlying
neural mechanisms [24,36]. Additionally, examining gender-specific adaptations will help
refine VR protocols, ensuring maximum benefit for diverse patient populations.

Another aspect that warrants further exploration is how different VR environments,
such as naturalistic versus gamified settings, might influence emotional and cognitive
rehabilitation outcomes. Naturalistic environments, designed to mimic real-world settings,
could facilitate relaxation and emotional regulation by offering a sense of familiarity and
immersion. On the other hand, gamified settings, with their interactive and reward-driven
features, are likely to enhance engagement, motivation, and adherence, particularly in tasks
targeting attention, executive functions, and problem-solving [40,41]. While the current
study utilized a semi-immersive 2D environment tailored to individual patient needs,
future research could investigate whether integrating different approaches might optimize
therapeutic outcomes. Such investigations could help determine how varying levels of im-
mersion and interactivity contribute to specific rehabilitation goals and patient preferences,
ultimately guiding the development of more personalized and effective VR interventions.

Finally, future research could explore the integration of VR interventions with phar-
macological treatments to investigate potential combined therapeutic strategies. While
VR effectively targets cognitive, emotional, and motivational aspects, pharmacological
treatments address neurochemical imbalances, offering complementary benefits [42]. For



Brain Sci. 2024, 14, 1227

12 of 14

instance, in neurological conditions such as multiple sclerosis, disease-modifying therapies
can slow disease progression and manage inflammatory processes, while VR addresses
cognitive and physical rehabilitation needs [43—46]. Such multimodal approaches could
maximize therapeutic outcomes by leveraging the strengths of both methods. Studies on
the timing, dosage, and mechanisms of this integration would provide valuable insights
for personalized treatments.

4.5. Novelty, Strengths, and Limitations

This study provides several novel insights into the use of VR in the rehabilitation of pa-
tients with MS. Unlike previous research, which primarily focused on motor rehabilitation,
this study explores the integration of emotional self-efficacy and cognitive outcomes, offer-
ing a more holistic perspective on the therapeutic potential of VR. Additionally, the analysis
highlights trends in gender-specific responses, particularly a tendency for females to exhibit
greater improvements in positive emotional self-efficacy. This represents a valuable direc-
tion for future research, especially in tailoring gender-sensitive rehabilitation interventions.

Another innovative aspect of this study is the identification of correlations between
emotional and cognitive improvements, suggesting the interconnected nature of these
domains and the potential for VR to address them simultaneously.

Despite these strengths, the study has several limitations that should be acknowledged.
First, the relatively small sample size may limit the generalizability of the findings, as it
reduces statistical power, particularly in detecting subtle effects across different demo-
graphic groups such as age and gender. Additionally, the non-randomized design means
that, although no significant differences were found between the VR and control groups,
the potential for selection bias remains, as pre-existing differences between the groups
could influence the results, despite efforts to control for baseline characteristics. Although
nonparametric methods were appropriate for the data distribution, they may limit the
comparability of these findings with other studies employing parametric analyses.

Another limitation is the self-report nature of emotional self-efficacy measures, which
are subject to social desirability bias and may not fully capture the complexity of emotion
regulation abilities in real-life contexts. Additionally, while we examined correlations
between cognitive improvements and emotional self-efficacy, the cross-sectional nature
of these analyses precludes any causal inferences regarding the impact of VR on other
functional domains. Finally, the study did not incorporate advanced neurophysiological
measures such as EEG or fMRI to directly assess changes in brain activity, which could
provide more precise information about the neural mechanisms underlying the effects
of VR.

Future studies with larger randomized samples, extended follow-up periods, and
neuroimaging assessments would strengthen the validity of these findings and provide
a more comprehensive understanding of the long-term therapeutic potential of VR in
MS rehabilitation.

5. Conclusions

VR offers a promising alternative and complementary tool for rehabilitation, enhancing
emotional self-efficacy and adaptive emotion management. By bridging skill acquisition in
clinical settings with real-life applications, VR creates a dynamic and flexible approach to
empower patients in managing emotional and cognitive challenges.

Author Contributions: Conceptualization, M.G.M.; methodology, M.G.M. and R.S.C.; software,
M.G.M. and A.C.; validation, all authors; formal analysis, M.G.M.; investigation, M.G.M., EI.,
A.B. and A.R,; resources, R.S.C. and A.Q.; data curation, M.G.M,, EI.,, A.B., AR, VG. and A.C,;
writing—original draft preparation, M.G.M., EL., A.B. and A.R,; writing—review and editing, A.R.,
M.B., EC. and R.S.C; visualization, all authors; supervision, G.M., R.S.C., EC. and M.G.M.; project
administration, M.G.M. and R.S.C.; funding acquisition, A.Q. All authors have read and agreed to
the published version of the manuscript.



Brain Sci. 2024, 14, 1227 13 of 14

Funding: This study was supported by Current Research Funds 2024, Ministry of Health, Italy.

Institutional Review Board Statement: Ethical review and approval were waived for this study
because it involved a secondary analysis of publicly available data.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting the findings of this study are available upon
request from the corresponding author. The data are not publicly available due to privacy or
ethical restrictions.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  National Multiple Sclerosis Society. MS Prevalence. 2020. Available online: https://www.nationalmssociety.org (accessed on 1
November 2024).

2. Compston, A.; Coles, A. Multiple sclerosis. Lancet 2008, 372, 1502-1517. [CrossRef] [PubMed]

3.  Maggio, M.G.; Rizzo, A.; Quartarone, A.; Manuli, A.; Calabro, R.S. Virtual reality rehabilitation in patients affected by multiple
sclerosis: Impact on quality of life and sexual functions. Mult. Scler. Relat. Disord. 2024, 84, 105470. [CrossRef] [PubMed]

4. Wingerchuk, D.M,; Carter, ].L. Multiple sclerosis: Current and emerging disease-modifying therapies and treatment strategies.
Mayo Clin. Proc. 2014, 89, 225-240. [CrossRef] [PubMed]

5. Marrie, R.A.; Reingold, S.; Cohen, J.; Stuve, O.; Trojano, M.; Sorensen, P.S.; Cutter, G. The incidence and prevalence of psychiatric
disorders in multiple sclerosis: A systematic review. Mult. Scler. J. 2015, 21, 305-317. [CrossRef]

6. Bandura, A. Self-Efficacy: The Exercise of Control; Springer: Berlin/Heidelberg, Germany, 1997.

7. Chiaravalloti, N.D.; DeLuca, J. Cognitive impairment in multiple sclerosis. Lancet Neurol. 2008, 7, 1139-1151. [CrossRef]

8.  Kalron, A; Dolev, M.; Greenberg-Abrahami, M.; Menascu, S.; Frid, L.; Avrech-Shezifi, S.; Achiron, A. Physical activity behavior in
people with multiple sclerosis: Understanding how they can become more physically active. Mult. Scler. ]. 2017, 23, 362-370.
[CrossRef]

9. Rizzo, A.; Schultheis, M.; Kerns, K.; Mateer, C. Analysis of assets for virtual reality applications in neuropsychology. Neuropsychol.
Rehabil. 2011, 14, 207-239. [CrossRef]

10. Cameirao, M.S.; Bermudez i Badia, S.; Duarte, E.; Verschure, PF. Virtual reality-based rehabilitation speeds up functional recovery
of the upper limb after stroke: A randomized controlled pilot study in the acute phase of stroke using the Rehabilitation Gaming
System. Restor. Neurol. Neurosci. 2016, 34, 869-882. [CrossRef]

11. Dehghan, B.; Saeidimehr, S.; Sayyah, M.; Rahim, F. The Effect of Virtual Reality on Emotional Response and Symptoms Provocation
in Patients With OCD: A Systematic Review and Meta-Analysis. Front. Psychiatry 2022, 12, 733584. [CrossRef]

12.  Schwarzer, R.; Warner, L.M. Perceived self-efficacy its relationship to resilience. In Resilience in Children, Adolescents, and Adults;
Prince-Embury, S., Saklofske, D.H., Eds.; Springer: Berlin/Heidelberg, Germany, 2013; pp. 139-150. [CrossRef]

13.  Thompson, A.J.; Banwell, B.L.; Barkhof, F,; Carroll, WM.; Coetzee, T.; Comi, G.; Correale, J.; Fazekas, F; Filippi, M.; Freedman,
M.S.; et al. Diagnosis of multiple sclerosis: 2017 revisions of the McDonald criteria. Lancet Neurol. 2018, 17, 162-173. [CrossRef]

14. Hobson, J. The montreal cognitive assessment (MoCA). Occup. Med. 2015, 65, 764-765. [CrossRef] [PubMed]

15. Kurtzke, J.F. Rating neurologic impairment in multiple sclerosis: An expanded disability status scale (EDSS). Neurology 1983, 33,
1444. [CrossRef] [PubMed]

16. Caprara, G.V,; Di Giunta, L.; Eisenberg, N.; Gerbino, M.; Pastorelli, C.; Tramontano, C. Assessing regulatory emotional self-efficacy
in three countries. Psychol. Assess. 2008, 20, 227. [CrossRef] [PubMed]

17.  Beck, A.T.; Ward, C.; Mendelson, M.; Mock, J.; Erbaugh J] AG, P. Beck depression inventory (BDI). Arch. Gen. Psychiatry 1961, 4,
561-571. [CrossRef]

18. Hamilton, M. A rating scale for depression. J. Neurol. Neurosurg. Psychiatry 1960, 23, 56. [CrossRef]

19. Tedone, N.; Vizzino, C.; Meani, A.; Gallo, A.; Altieri, M.; D’Ambrosio, A.; Filippi, M. The brief repeatable battery of neuropsycho-
logical tests (BRB-N) version a: Update of Italian normative data from the Italian Neuroimaging Network Initiative (INNI). J.
Neurol. 2024, 271, 1813-1823. [CrossRef]

20. Maggio, M.G.; Latella, D.; Maresca, G.; Sciarrone, F.; Manuli, A.; Naro, A.; De Luca, R.; Calabro, R.S. Virtual reality and cognitive
rehabilitation in people with stroke: An overview. J. Neurosci. Nurs. 2019, 51, 101-105. [CrossRef]

21. Parsons, T.D.; Gaggioli, A.; Riva, G. Extended reality for the clinical, affective, and social neurosciences. Brain Sci. 2020, 10, 922.
[CrossRef]

22. Park, M.J; Kim, D.J.; Lee, U.; Na, EJ.; Jeon, H]. A Literature Overview of Virtual Reality (VR) in Treatment of Psychiatric
Disorders: Recent Advances and Limitations. Front. Psychiatry 2019, 10, 505. [CrossRef]

23. Colombo, D.; Diaz-Garcia, A.; Fernandez-Alvarez, J.; Botella, C. Virtual reality for the enhancement of emotion regulation. Clin.
Psychol. Psychother. 2021, 28, 519-537. [CrossRef]

24. Maggio, M.G.; Luca, A,; Cicero, C.E.; Calabro, R.S.; Drago, F.; Zappia, M.; Nicoletti, A. Effectiveness of telerehabilitation plus

virtual reality (Tele-RV) in cognitive e social functioning: A randomized clinical study on Parkinson’s disease. Park. Relat. Disord.
2024, 119, 105970. [CrossRef] [PubMed]


https://www.nationalmssociety.org
https://doi.org/10.1016/S0140-6736(08)61620-7
https://www.ncbi.nlm.nih.gov/pubmed/18970977
https://doi.org/10.1016/j.msard.2024.105470
https://www.ncbi.nlm.nih.gov/pubmed/38350226
https://doi.org/10.1016/j.mayocp.2013.11.002
https://www.ncbi.nlm.nih.gov/pubmed/24485135
https://doi.org/10.1177/1352458514564487
https://doi.org/10.1016/S1474-4422(08)70259-X
https://doi.org/10.2522/ptj.20090345
https://doi.org/10.1080/09602010343000183
https://doi.org/10.3233/RNN-150583
https://doi.org/10.3389/fpsyt.2021.733584
https://doi.org/10.1007/978-1-4614-4939-3_10
https://doi.org/10.1016/S1474-4422(17)30470-2
https://doi.org/10.1093/occmed/kqv078
https://www.ncbi.nlm.nih.gov/pubmed/26644445
https://doi.org/10.1212/WNL.33.11.1444
https://www.ncbi.nlm.nih.gov/pubmed/6685237
https://doi.org/10.1037/1040-3590.20.3.227
https://www.ncbi.nlm.nih.gov/pubmed/18778159
https://doi.org/10.1001/archpsyc.1961.01710120031004
https://doi.org/10.1136/jnnp.23.1.56
https://doi.org/10.1007/s00415-023-12108-z
https://doi.org/10.1097/JNN.0000000000000423
https://doi.org/10.3390/brainsci10120922
https://doi.org/10.3389/fpsyt.2019.00505
https://doi.org/10.1002/cpp.2618
https://doi.org/10.1016/j.parkreldis.2023.105970
https://www.ncbi.nlm.nih.gov/pubmed/38142630

Brain Sci. 2024, 14, 1227 14 of 14

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.

42.

43.
44.

45.

46.

Yildirim, M.; Turan, M.E.; Albeladi, N.S.; Crescenzo, P.; Rizzo, A.; Nucera, G.; Chirico, F. Resilience and perceived social support
as predictors of emotional well- being. |. Health Soc. Sci. 2023, 8, 59-75.

Vita, S.; Morra, C.; Rega, A. Virtual reality and emotion regulation: A systematic review. In Proceedings of the Third Symposium
on Psychology-Based Technologies, PSYCHOBIT, Naples, Italy, 4-5 October 2021.

Rizzo, A.; Gatto, E.; Calandi, L.; Alfa, R. Embodied Online Therapy; Nova Science Publishers: Hauppauge, NY, USA, 2024; ISBN
9798891135376. [CrossRef]

Giampa, A. “Embodied Online Therapy”: The efficacy of somatic and psychological treatment delivered digitally. Adv. Med.
Psychol. Public Health 2024, 1, 164-169. [CrossRef]

McRae, K.; Ochsner, K.N.; Mauss, I.B.; Gabrieli, ].].D.; Gross, J.J. Gender Differences in Emotion Regulation: An fMRI Study of
Cognitive Reappraisal. Group Process. Intergroup Relat. GPIR 2008, 11, 143-162. [CrossRef]

Domes, G.; Heinrichs, M.; Gléascher, J.; Biichel, C.; Braus, D.F,; Herpertz, S.C. Oxytocin attenuates amygdala responses to emotional
faces regardless of valence. Biol. Psychiatry 2022, 62, 1187-1190. [CrossRef]

Stevens, J.S.; Hamann, S. Sex differences in brain activation to emotional stimuli: A meta-analysis of neuroimaging studies.
Neuropsychologia 2012, 50, 1578-1593. [CrossRef]

McHenry, J.; Carrier, N.; Hull, E.; Kabbaj, M. Sex differences in anxiety and depression: Role of testosterone. Front. Neuroendocrinol.
2017, 45, 15-27. [CrossRef]

Ingalhalikar, M.; Smith, A.; Parker, D.; Satterthwaite, T.D.; Elliott, M.A.; Ruparel, K.; Hakonarson, H.; Gur, R.E.; Gur, R.C.; Verma,
R. Sex differences in the structural connectome of the human brain. Proc. Natl. Acad. Sci. USA 2014, 111, 823-828. [CrossRef]

Li, B.J.; Bailenson, ].N.; Pines, A.; Greenleaf, W.; Williams, L.M. A public database of immersive VR videos with corresponding
valence and arousal ratings. Front. Psychol. 2017, 8, 2116. [CrossRef]

Stoet, G.; Geary, D.C. The gender-equality paradox in STEM education. Psychol. Sci. 2018, 29, 581-593. [CrossRef]

Fossati, P. Neural correlates of emotion processing: From emotional to social brain. Eur. Neuropsychopharmacol. ]. Eur. Coll.
Neuropsychopharmacol. 2012, 22, S487-5491. [CrossRef] [PubMed]

Compton, R.J. The interface between emotion and attention: A review of evidence from psychology and neuroscience. Behav.
Cogn. Neurosci. Rev. 2003, 2, 115-129. [CrossRef] [PubMed]

Rose, ED.; Attree, E.A.; Brooks, B.M.; Johnson, D.A. Virtual environments in brain damage rehabilitation: A rationale from basic
neuroscience. Stud. Health Technol. Inform. 1998, 58, 233-242. [PubMed]

Drigas, A.; Sideraki, A. Brain Neuroplasticity Leveraging Virtual Reality and Brain-Computer Interface Technologies. Sensors
2024, 24, 5725. [CrossRef]

Slater, M.; Sanchez-Vives, M.V. Enhancing our lives with immersive virtual reality. Front. Robot. AI 2016, 3, 74. [CrossRef]

Ryan, M.L,; Rigby, C.S.; Przybylski, A. The motivational pull of video games: A self-determination theory approach. Motiv. Emot.
2006, 30, 344-360. [CrossRef]

Baecher-Allan, C.; Kaskow, B.].; Weiner, H.L. Multiple Sclerosis: Mechanisms and Immunotherapy. Neuron 2018, 97, 742-768.
[CrossRef]

Gonzalez-Franco, M.; Lanier, ]. Model of Illusions and Virtual Reality. Front. Psychol. 2017, 8, 1125. [CrossRef]

Sansoni, M.; Scarzello, G.; Serino, S.; Groff, E.; Riva, G. Mitigating negative emotions through virtual reality and embodiment.
Front. Hum. Neurosci. 2022, 16, 916227. [CrossRef]

Khabbache, H.; Ali, D.A. Neuroplasticity and cognitive development: Interdisciplinary perspectives on psychotherapeutic and
educational approaches. Adv. Med. Psychol. Public Health 2024, 2, 1-4. [CrossRef]

Jingili, N.; Oyelere, S.S.; Nystrom MB, T.; Anyshchenko, L. A systematic review on the efficacy of virtual reality and gamification
interventions for managing anxiety and depression. Front. Digit. Health 2023, 5, 1239435. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.52305/TCJD1215
https://doi.org/10.5281/zenodo.10901015
https://doi.org/10.1177/1368430207088035
https://doi.org/10.1016/j.biopsych.2007.03.025
https://doi.org/10.1016/j.neuropsychologia.2012.03.011
https://doi.org/10.1016/j.yfrne.2013.09.001
https://doi.org/10.1073/pnas.1316909110
https://doi.org/10.3389/fpsyg.2017.02116
https://doi.org/10.1177/0956797617741719
https://doi.org/10.1016/j.euroneuro.2012.07.008
https://www.ncbi.nlm.nih.gov/pubmed/22959113
https://doi.org/10.1177/1534582303002002003
https://www.ncbi.nlm.nih.gov/pubmed/13678519
https://www.ncbi.nlm.nih.gov/pubmed/10350924
https://doi.org/10.3390/s24175725
https://doi.org/10.3389/frobt.2016.00074
https://doi.org/10.1007/s11031-006-9051-8
https://doi.org/10.1016/j.neuron.2018.01.021
https://doi.org/10.3389/fpsyg.2017.01125
https://doi.org/10.3389/fnhum.2022.916227
https://doi.org/10.5281/zenodo.11234610
https://doi.org/10.3389/fdgth.2023.1239435

	Introduction 
	Materials and Methods 
	Study Design and Data Source 
	Patient Selection 
	Outcome Measures 
	Rehabilitation Protocol 
	VR Group 
	Control Group (CG) 

	Statistical Analysis 

	Results 
	Discussion 
	Gender Differences in Emotional Self-Efficacy 
	Potential Neurophysiological Correlates and Cognitive Improvements in VR 
	Comparison Between VR and Traditional Rehabilitation Methods 
	Implications and Future Directions 
	Novelty, Strengths, and Limitations 

	Conclusions 
	References

