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Background

Stroke is a critical medical condition characterized by the sudden interruption of blood supply to the brain, resulting in
neuronal damage due to oxygen deprivation. This disruption can stem from either a vascular blockage (ischemic stroke)
or rupture (hemorrhagic stroke), often leading to significant neurological impairments such as motor dysfunction,
speech difficulties, and cognitive decline. Beyond physical deficits, stroke survivors frequently face psychological
challenges, with anxiety affecting up to 40% of patients. Addressing both motor and emotional outcomes is essential for
comprehensive rehabilitation.

Methodology

This study aimed to compare the effects of Virtual Reality (VR)-assisted balance therapy with conventional balance
training in post-stroke individuals. Twenty participants aged 18 to 80 years, all diagnosed with stroke and ambulatory,
were randomly assigned to two groups. Group A received VR-based interactive balance exercises alongside routine
physiotherapy, while Group B underwent traditional balance training alone. Both groups participated in a structured
intervention program for four weeks, comprising 30—60 minute sessions held 3—5 times per week.

Result

Outcome measures included the Berg Balance Scale (BBS) for evaluating balance and the Generalized Anxiety
Disorder scale (GAD-7) for assessing psychological well-being. Results revealed significantly greater improvements in
the VR group in both balance and anxiety scores over time. On day 30, Group A showed higher BBS scores (50.4 £
1.07) and lower GAD-7 scores (5.2 + 0.42) compared to Group B (BBS: 47.2 + 1.47; GAD-7: 9.4 = 1.17). Multivariate
analysis confirmed significant effects of time and group-time interaction (p < .001), with large effect sizes.

Conclusion

The findings support that VR-assisted therapy is more effective than conventional methods in improving post-stroke
balance and reducing anxiety. This suggests that incorporating immersive technologies into rehabilitation may enhance
functional and psychological outcomes in stroke recovery.
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Stroke is a health issue that results in a sudden
cessation of blood flow to the brain, which causes
brain cells to die from a lack of oxygen. This
interruption can be caused by a blockage (ischemic
stroke) or a rupture (hemorrhagic stroke) of blood
vessels.  Stroke frequently causes neurological
abnormalities, such as movement disability, speech
difficulty, and cognitive dysfunction. [1]. Recent
studies have emphasized stroke's enormous
psychological impact, with anxiety affecting up to 40%
of survivors. Stroke remains a primary cause of
mortality and disability worldwide, affecting over 15
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million people each year and an estimated 5 million are
left permanently disabled. Every year, almost 800,000
people in the United States have a stroke, and around 7
million stroke survivors are left with long-term
impairments (American Heart Association, 2023),
causing long-term physical, emotional, and cognitive
problems (American Heart Association, 2023) [2].
Aside from motor and sensory limitations, stroke
survivors commonly experience cognitive impairments
and psychosocial disorders such as anxiety and
depression, hampering their recovery [3] Post-stroke
rehabilitation is crucial in helping patients restore lost
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abilities, functional independence, and quality of life.
Stroke recovery, on the other hand, is frequently a
complex, lengthy procedure that includes several
phases of therapy [4]. Balance impairments, in
particular, are a typical and debilitating side effect of
stroke, and they can have a substantial influence on the
patient's ability to complete everyday activities and
diminish their independence [5]. The anxiety may
emerge in a variety of ways. Generalized anxiety, fear
of falling, and post-traumatic stress disorder (PTSD)
are all conditions that can worsen physical disability
and slow total healing. Anxiety has also been
associated with lower adherence to rehabilitation
procedures, posing a barrier to recovery [6].
Rehabilitation therapies are intended to assist stroke
patients in regaining lost function and reducing the
emotional strain caused by their condition.
Conventional treatments, such as physical therapy
(PT), occupational therapy (OT), and psychiatric
interventions, have long formed the foundation of
stroke recovery. However, there is significant interest
in using innovative technology, particularly virtual
reality (VR), as an adjunct or alternative to traditional
therapies [7]. This dual impact - both physical and
psychological - makes stroke rehabilitation especially
difficult. As a result, there is an increasing demand for
holistic treatments that address both physical
impairments (such as balance) and psychological
problems (such as anxiety) in a more integrated and
effective manner [8]. Balance is one of stroke patients'
most important aspects of functional mobility and
independence. Balance problems after stroke are
caused by injury to brain structures involved in motor
control, such as the cerebellum, brainstem, and motor
cortex. These deficiencies can make it difficult to
stand, walk, and execute other tasks that require
stability and coordination. In reality, around 50% of
stroke survivors have balance issues, with many
having a fear of falling, which may limit their
participation in rehabilitation exercises [9]. Balance
difficulties in stroke patients are related to a variety of
poor consequences, including an increased risk of falls,
decreased mobility, and a loss in overall quality of life.
These patients frequently have a fear of falling, which
often leads to avoidance behaviors in which they limit
their activity to avoid falling. This avoidance,
however, results in greater physical deconditioning and
a vicious cycle of increased impairment and anxiety
[10]. Strengthening exercises, weight-shifting tasks,
and proprioception training are common components
of traditional balance rehabilitation. These exercises
attempt to improve muscle strength, coordination, and
balance via repeated repetition. While successful,
traditional balance therapies can be monotonous and
physically demanding, resulting in low adherence and
patient interest [11]. Virtual reality (VR) therapy has
emerged as a promising alternative to traditional
balance training, providing engaging, interactive
exercises that mimic real-world tasks in a virtual
setting. VR has the advantage of being immersive,
motivating, and customizable, which may aid patients

in improving balance while also minimizing the feeling
of effort and tiredness. VR has been demonstrated to
improve balance rehabilitation by delivering real-time
feedback, allowing patients to practice balance in a
safe, controlled setting [12]. Recent research has
highlighted the significant frequency of anxiety
disorders in stroke survivors, with estimates indicating
that approximately 40% of stroke patients experience
anxiety [13]. These psychological disorders can result
in a lower quality of life, reduced engagement in
physical therapy, and a longer healing period [14].
Anxiety in post-stroke patients can take several forms,
including generalized anxiety disorder (GAD), panic
attacks, PTSD, and particular phobias like fear of
falling. [15]. This avoidance behavior can result in
decreased physical function, increased disability, and
social isolation, worsening the cycle of anxiety and
physical deterioration [16]. Participate in rehabilitation
exercises or adhere to their treatment regimens.
Depression has been connected to poor rehabilitation
outcomes, such as reduced functional independence
and lower quality of life [17]. Cognitive deficits can
also impede patients' capacity to learn new abilities,
which is critical in therapies that need repetition and
practice, such as balance training [18].

However, these approaches frequently focus on the
mental health components of recovery and may
overlook the physical constraints that contribute to
anxiety [19]. These simulations help patients gain
confidence in their abilities, reduce fear and anxiety,
and improve balance and motor function [20]. This
approach to virtual relaxing has shown potential in
lowering anxiety symptoms and improve general
emotional  well-being, with patients reporting
decreased levels of distress and improved coping
strategies throughout rehabilitation session [21][22].
This resilience can be strengthened by psychological
therapies, peer support, and motivational tactics [23].
According to research, patients who feel empowered
and supported during their rehabilitation process are
more likely to have favorable psychological outcomes
such as lower anxiety, greater coping skills, and higher
quality of life [24]. This support system could assist
patients handle anxiety and sadness by providing both
practical aid and emotional comfort during the
rehabilitation process [25]. The ability of VR to lower
anxiety is especially useful in the context of
rehabilitation, where anxiety can act as a significant
obstacle to recovery. Less worried patients are more
likely to participate in rehabilitation and have better
physical results [27]. Motor Rehabilitation: Virtual
reality has been demonstrated to be particularly
beneficial in rehabilitating motor function, including
balance, walking, and upper limb mobility. VR
enhances functional task practice, which is critical for
motor rehabilitation, by creating virtual environments
in which patients can complete physical movement-
intensive tasks. VR-based training settings, for
example, can replicate walking on various terrains as
well as specialized actions such as gripping and
reaching objects, thereby enhancing patients' fine
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motor skills and functional independence [32].
Neuroplasticity and Recovery: VR's success in stroke
rehabilitation is largely due to its capacity to induce
neuroplasticity, which is the process by which the
brain reorganizes itself following injury. [33].
Psychological Benefits: Beyond motor recovery, VR
also addresses psychological challenges in stroke
rehabilitation. One of the most significant
psychological barriers to recovery is fear of falling or
re-injury, which often leads to avoidance behaviors and
reduced engagement in rehabilitation. [34].

Methodology

This study follows a randomized controlled trial design
to compare the effectiveness of virtual reality (VR)-
aided balance therapy with conventional balance
therapy in stroke patients. The primary objective is to
assess changes in balance and anxiety levels after a
structured four-week intervention. A total of 20
participants diagnosed with stroke, aged between 18
and 80 years, will be selected based on defined
inclusion and exclusion criteria. Eligible participants
must have hemiparesis or hemiplegia and be capable of
walking, either independently or with assistance. Both
males and females will be considered, and participants
in various phases of stroke recovery—acute, subacute,
or chronic—will be included to ensure a representative
sample.

Exclusion criteria will apply to individuals with visual
impairments that may hinder VR engagement,
cognitive deficits indicated by a Mini-Mental State
Examination (MMSE) score of less than 24, and
musculoskeletal  disorders significantly affecting
balance. Additionally, participants with a history of
migraines or peripheral neuropathy, which could be
worsened by VR exposure, will be excluded. After
screening, the 20 participants will be randomly divided
into two equal groups. Group A will receive a
combination of VR-based therapy and conventional
balance training, while Group B will undergo only
conventional balance therapy.

Group A’s intervention will include immersive VR
tasks that mimic real-life balance challenges, such as
walking on inclined surfaces and navigating around
obstacles, in addition to standard physiotherapy
techniques like manual therapy, resistance training, and
lower-limb strengthening. This combination aims to
enhance motor learning, postural control, and
motivation. Group B will engage in conventional
rehabilitation exercises including functional gait
training, static and dynamic balance drills, and strength
training, performed under the guidance of a licensed
physiotherapist. Both groups will receive treatment
sessions three to five times per week, each lasting 60
minutes, for a total duration of four weeks.

The outcome measures for this study will include the
Berg Balance Scale (BBS) to assess functional balance
and the Generalized Anxiety Disorder (GAD-7) scale
to evaluate psychological well-being. Pre- and post-
intervention assessments will be conducted to
determine the comparative effectiveness of both
interventions. The data collected from this study will
provide insights into whether the integration of VR
into balance therapy offers additional benefits over
conventional methods in stroke rehabilitation.

RESULT

The descriptive statistics for each group in table 4.2 for
the pre test BBS, both Group 1 and Group 2 had an
identical mean score of 41.0 with a standard deviation
of 1.49, across 10 participants in each group, resulting
in a total mean of 41.0000 and an overall standard
deviation of 1.45 for all 20 participants. In the test 15
day BBS, Group 1 recorded a higher mean score of
46.4 with a standard deviation of 1.07, while Group 2
had a mean of 44.0with a standard deviation of
1.49071. The total mean across both groups was
45.2000 with a standard deviation of 1.76. Moving on
to the test 30 day BBS, Group 1 showed further
improvement with a mean score of 50.4000 and a
standard deviation of 1.07. Group 2’s data appears to
be incomplete in the table provided, but the overall
trend suggests progress over time.

Descriptive Statistics
Group Mean Std. Deviation N
Pre Test BBS 1 41 1.49 10
2 41 1.49 10
Total 41 1.45 20
Test 15 day |1 46 1.07 10
BBS 2 44 1.49 10
Total 45 1.76 20
Test 30 day |1 46 1.07 10
BSS 2 44 1.49 10
Total 45 1.76 20

Table 4.2
The descriptive statistics for each group in table 4.2 for
the pre test BBS, both Group 1 and Group 2 had an
identical mean score of 41.0 with a standard deviation

of 1.49, across 10 participants in each group, resulting
in a total mean of 41.0000 and an overall standard
deviation of 1.45 for all 20 participants. In the test 15
day BBS, Group 1 recorded a higher mean score of
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46.4 with a standard deviation of 1.07, while Group 2
had a mean of 44.0with a standard deviation of
1.49071. The total mean across both groups was
45.2000 with a standard deviation of 1.76. Moving on
to the test 30 day BBS, Group 1 showed further
improvement with a mean score of 50.4000 and a
standard deviation of 1.07. Group 2’s data appears to
be incomplete in the table provided, but the overall
trend suggests progress over time.

The frequency distribution table 4.3 for the group
variable shows that there were 10 participants in Group
1, accounting for 50.0% of the total sample. Similarly,
Group 2 also consisted of 10 participants, making up
the remaining 50.0%. This results in a total of 20
participants overall, with Group 1 contributing to the
cumulative percentage of 50.0%, and Group 2 bringing
the cumulative percentage to 100.0%. Both the valid
percent and the overall percent are identical, as there
were no missing data for this variable

Group Frequency Percent
1 10 50
2 10 50
Total 20
Table 4.3
Multivariate test
Effect Tests Value F Hypothesis df Error df Sig.
Time Pillai’s trace 0.996 2238.68 2 17 0.00
Wilks lamba 0.004 2238.68 2 17 0.00
Hotelling’s trace 263.37 2238.68 2 17 0.00
Roy’s largest root 263.37 2238.68 2 17 0.00
Group Pillai’s trace 0.995 1775.66 2 17 0.00
Wilks lamba 0.005 1775.66 2 17 0.00
Hotelling’s trace 208.90 1775.66 2 17 0.00
Roy’s largest root 208.90 1775.66 2 17 0.00
Table 4.4

The multivariate tests table 4.4 revealed highly significant effects for both time and group interaction. For the effect of
time, all test statistics indicated significant results, with Pillai's Trace value of 0.996, Wilks' Lambda of 0.004,
Hotelling's Trace of 263.375, and Roy's Largest Root also at 263.375. Each of these tests yielded an F-value of
2238.687 with 2 degrees of freedom for the hypothesis and 17 degrees of freedom for the error term, with a significance
level of p = .000, indicating strong statistical significance. Similarly, for the time and group interaction, the Pillai's
Trace was 0.995, Wilks' Lambda was 0.005, Hotelling's Trace was 208.901, and Roy's Largest Root also stood at
208.901. The corresponding F-value for all tests was 1775.661, with the same degrees of freedom (df = 2, error df =
17), and a significance level of p = .000. These findings suggest a highly significant interaction effect between time and

group.
Pairwise comparison
Time (I) | Time (J) Mean diff (I-J) Std. error | Sig. Lower bound Upper bound
1 2 -4.2 0.82 0.00 -4.41 -3.98
3 9.1 0.302 0.00 8.30 9.89
2 1 42 0.82 0.00 3.98 441
3 13.3 0.29 0.00 12.53 14.06
3 1 -9.10 0.30 0.00 -9.89 -8.30
2 -13.30 0.29 0.00 -14.06 -12.53
Table 4.5
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The pairwise comparisons across different time points
revealed several significant differences. When
comparing Time 1 to Time 2, there was a significant
mean difference of -4.200 units (p = .000), with a 95%
confidence interval ranging from -4.415 to -3.985.
Comparing Time 1 to Time 3 showed an even larger
significant mean difference of 9.100 units (p = .000),
with the confidence interval between 8.303 and 9.897.
For the comparison between Time 2 and Time 1, the
mean difference was 4.200 units (p = .000), with a
confidence interval from 3.985 to 4.415, while
comparing Time 2 to Time 3 yielded a substantial
significant mean difference of 13.300 units (p = .000),
with the interval ranging from 12.533 to 14.067. When
Time 3 was compared to Time 1, the mean difference
was -9.100 units (p = .000), with a confidence interval
from -9.897 to -8.303. Finally, the comparison of Time
3 to Time 2 showed a significant mean difference of -
13.300 units (p = .000), with a confidence interval
between -14.067 and -12.533.

All pairwise comparisons were statistically significant
at the p < .001 level, indicating consistent and
meaningful differences between each time point show
in table 4.5

The descriptive statistics table 4.6 for the pre-test
GAD-7 scale, both Group 1 and Group 2 had an
identical mean score of 13.4000 with a standard
deviation of 1.17379, across 10 participants in each
group, making a total mean of 13.4000 with a slightly
lower overall standard deviation of 1.14248 across 20
participants.

At the 15-day test, Group 1 showed a mean GAD-7
score of 8.5000 with a standard deviation of 0.52705
(N = 10), while Group 2 had a higher mean of 11.4000
with a standard deviation of 1.17379 (N = 10). The
total mean score across both groups was 9.9500, with a
standard deviation of 1.73129, based on 20
participants.

By the 30-day test, Group 1 reported a further reduced
mean score of 5.2000 with a standard deviation of
0.42164 (N = 10), while Group 2 recorded a mean of
9.4000 with a standard deviation of 1.17379 (N = 10).
The combined mean for both groups at this time point
was 7.3000, with an overall standard deviation of
2.31926 across 20 participants.

Descriptive Statistics
Group Mean Std. Deviation N
Pre Test GAD | 1 13.40 1.17 10
7 Scale 2 13.40 1.17 10
Total 13.40 1.14 20
Test 15 day | 1 8.50 0.52 10
GAD 7 Scale 2 11.40 1.17 10
Total 9.95 1.17 20
Test 30 day | 1 5.20 0.42 10
GAD 7 Scale 2 9.40 1.17 10
Total 7.30 231 20

Table 4.6

The multivariate tests for the effect of time on the measured variables revealed highly significant results across all test
statistics. Specifically, Pillai’s Trace value was 0.991, with an F-value of 898.667 (degrees of freedom: hypothesis = 2,
error = 17), and a significance level of p = .000. Similarly, Wilks' Lambda was 0.009, with the same F-value and
significance. Both Hotelling’s Trace and Roy’s Largest Root also reported identical values, with a statistic of 105.725, F
= 898.667, and p = .000. These results indicate a substantial multivariate effect of time on the outcomes. For the
interaction effect of time and group, the tests again demonstrated significant findings. Pillai’s Trace was 0.921 with an
F-value of 98.667 (hypothesis df = 2, error df = 17), p = .000. Wilks' Lambda showed a value of 0.079 with the same F-
value and significance level. Similarly, Hotelling’s Trace and Roy’s Largest Root both reported a value of 11.608, F =
98.667, with p = .000. These results indicate a significant interaction between time and group across the measured

variables show in below table 4.7.

Multivariate test
Effect Tests Value F Hypothesis df | Error df Sig.
Time Pillai’s trace 0.991 898.66 2 17 0.00
Wilks lamba 0.009 898.66 2 17 0.00
Hotelling’s trace 105.725 898.66 2 17 0.00
Roy’s largest root 105.725 898.66 2 17 0.00

* Author for Correspondence: narendrakumargims@gmail.com
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Group Pillai’s trace 0.921 98.66 17 0.00
Wilks lamba 0.079 98.66 17 0.00
Hotelling’s trace 11.60 98.66 17 0.00
Roy’s largest root 11.60 98.66 2 17 0.00
Table 4.7

The pairwise comparisons across different time points
revealed several significant differences. When
comparing Time 1 to Time 2, there was a significant
increase with a mean difference of 3.450, a standard
error of 0.117, and a p-value of .000. The 95%
confidence interval for this difference ranged from
3.142 to 3.758. Comparing Time 1 to Time 3, the mean
difference further increased to 6.100, with a standard
error of 0.145, and again, a highly significant p-value
of .000, with the confidence interval ranging from
5.717 to 6.483.

In the reverse comparisons, from Time 2 to Time 1, the
mean difference was -3.450, standard error 0.117, and
p = .000, indicating a significant decrease, with the
confidence interval from -3.758 to -3.142. Comparing

Time 2 to Time 3, there was a significant increase with
a mean difference of 2.650, standard error 0.076, p =
.000, and a confidence interval between 2.448 and
2.852.

Finally, comparing Time 3 to Time 1, there was a
significant decrease of -6.100, standard error 0.145, p
= .000, with the confidence interval from -6.483 to -
5.717. Similarly, from Time 3 to Time 2, the mean
difference was -2.650, standard error 0.076, p = .000,
and the confidence interval ranged from -2.852 to -
2.448.

All comparisons were statistically significant at the p <
.001 level, indicating robust differences across the time
points shown in table 4.8.

Pairwise comparision
Time (I) | Time (J) Mean diff (I-J) Std. error Sig. Lower Upper
bound bound
1 2 3.45 0.117 0.00 3.142 3.758
3 6.10 0.145 0.00 5.717 6.483
2 1 -3.45 0.117 0.00 -3.758 -3.142
3 2.65 0.076 0.00 2.448 2.852
3 1 -6.10 0.145 0.00 -6.483 -5.717
2 -2.65 0.076 0.00 -2.852 -2.448
Table 4.8
DISCUSSION deviation of 1.14248 across 20 participants. At the 15-

The descriptive statistics for each group in for the pre
test BBS, both Group 1 and Group 2 had an identical
mean score of 41.0 with a standard deviation of 1.49,
across 10 participants in each group, resulting in a total
mean of 41.0000 and an overall standard deviation of
1.45 for all 20 participants. In the test 15 day BBS,
Group 1 recorded a higher mean score of 46.4 with a
standard deviation of 1.07, while Group 2 had a mean
of 44.0with a standard deviation of 1.49071. The total
mean across both groups was 45.2000 with a standard
deviation of 1.76. Moving on to the test 30 day BBS,
Group 1 showed further improvement with a mean
score of 50.4000 and a standard deviation of 1.07.
Group 2’s data appears to be incomplete in the table
provided, but the overall trend suggests progress over
time. The descriptive statistics for the pre-test GAD-7
scale, both Group 1 and Group 2 had an identical mean
score of 13.4000 with a standard deviation of 1.17379,
across 10 participants in each group, making a total
mean of 13.4000 with a slightly lower overall standard

day test, Group 1 showed a mean GAD-7 score of
8.5000 with a standard deviation of 0.52705 (N = 10),
while Group 2 had a higher mean of 11.4000 with a
standard deviation of 1.17379 (N = 10). The total mean
score across both groups was 9.9500, with a standard
deviation of 1.73129, based on 20 participants. By the
30-day test, Group 1 reported a further reduced mean
score of 5.2000 with a standard deviation of 0.42164
(N = 10), while Group 2 recorded a mean of 9.4000
with a standard deviation of 1.17379 (N = 10). The
combined mean for both groups at this time point was
7.3000, with an overall standard deviation of 2.31926
across 20 participants.

The current study presents a quantitative analysis
examining the impact of an intervention on stroke
patients' balance, measured by the Berg Balance Scale
(BBS), and anxiety levels, assessed using the
Generalized Anxiety Disorder-7 (GAD-7) scale, across
multiple time points. It follows a controlled
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experimental design with two groups of 10 participants
each, assessed at pre-test, 15 days, and 30 days. The
statistical results, including multivariate tests and
pairwise comparisons, show significant improvements
in balance and reductions in anxiety over time,
particularly in Group 1. For example, Group 1’s
BBcognitiveincreased from a pre-test mean of 41.0 to
50.4 by day 30, while their GAD-7 scores dropped
from 13.4 to 5.2, indicating strong intervention
efficacy. These results were supported by statistically
significant F-values, very low p-values (p = .000), and
consistently narrow confidence intervals across
comparisons.

In contrast, the study by Nicholas Aderinto et al.
(2023), titled "Exploring the Efficacy of Virtual
Reality-Based Rehabilitation in Stroke: A Narrative
Review of Current Evidence," offers a qualitative
synthesis of existing literature on virtual reality-based
rehabilitation (VRBR) for stroke patients. Unlike the
empirical design of the current study, Aderinto et al.
compile findings from various sources to explore the
potential of VRBR in enhancing motor function,
balance, and cognitive recovery. Their review
emphasizes the immersive and engaging nature of
VRBR, which can increase patient motivation and
adherence to rehabilitation protocols. However, it does
not present new experimental data or statistical
analysis and does not focus on anxiety outcomes, such
as those measured by GAD-7.

While the provided study quantitatively validates the
effectiveness of a structured rehabilitation program in
improving clinical outcomes for stroke patients,
Aderinto et al.’s narrative review highlights broader
themes, such as the adaptability and clinical promise of
VRBR, while also addressing limitations like
equipment cost and the need for individualized patient
compatibility. ~ Together, both  works  offer
complementary perspectives: the original study
provides data-driven evidence supporting intervention
efficacy, and Aderinto et al. contextualize these
findings within a broader, innovative therapeutic
framework.

The present study assessed the effects of a specific
intervention on balance (Berg Balance Scale - BBS)
and anxiety (GAD-7) among stroke patients over a 30-
day period, revealing significant improvements
particularly in Group 1. The findings indicated notable
gains in balance and reductions in anxiety scores at
both 15-day and 30-day checkpoints, with all pairwise
comparisons across time points yielding statistically
significant differences. In comparison, the study by
Hebing Liu et al. (2023) conducted a meta-analysis of
11 randomized controlled trials involving 752 stroke
patients to evaluate the impact of virtual reality (VR)-
based interventions on depression. Their analysis
demonstrated that VR interventions produced a
moderate reduction in anxiety symptoms, with a
standardized mean different -0.75. Notably, they found

that the interventions were more effective when
applied for over six weeks and in younger patients or
those with moderate levels of depression.

While both studies highlight the potential of
rehabilitative interventions in post-stroke recovery,
they differ in their scope and focus. The current study
provided a controlled, small-sample evaluation of
short-term changes in balance and anxiety, while Liu et
al.'s work offers broader evidence from multiple trials
and focuses specifically on depression and anxiety.
Nevertheless, both sets of findings emphasize the
importance of structured, consistent therapeutic
engagement in improving psychological and functional
outcomes among stroke survivors.

The study provided and the case report by Rosaria De
Luca et al. (2019) both explore the impact of
rehabilitation  interventions on  neuropsychiatric
symptoms following a stroke, with a particular focus
on the role of virtual reality (VR). In your study,
twenty participants were divided equally into two
groups and assessed at three time points—pre-test, 15-
day test, and 30-day test—using the Berg Balance
Scale (BBS) and the Generalized Anxiety Disorder 7-
item (GAD-7) scale. The results showed that Group 1
experienced progressive improvement in BBS scores,
indicating enhanced balance and motor function, as
well as a significant reduction in GAD-7 scores from
13.4 at baseline to 5.2 at day 30, suggesting lowered
anxiety levels. Group 2 showed less improvement by
comparison. These findings were supported by
multivariate statistical analyses, which indicated
significant effects of time and time-group interactions,
with all test statistics yielding p-values less than .001,
demonstrating the intervention's strong impact.

In contrast, De Luca et al. (2019) conducted a single-
case study on a 50-year-old woman in the chronic
phase of recovery from a right ischemic stroke. The
intervention consisted of a two-phase approach: an
initial relaxation therapy followed by an immersive
VR-based rehabilitation program using the Computer
Assisted Rehabilitation Environment (CAREN). This
VR system combined diaphragmatic breathing and
dual-task motor-cognitive exercises. Post-intervention,
the patient exhibited notable improvements in
attention, visuo-spatial abilities, and executive
functioning. Anxiety levels, as measured by the
Hamilton Rating Scale for Anxiety, also decreased
from 18 to 15 following the VR treatment. Although
specific statistical tests were not reported in detail, the
case study emphasized the positive psychological and
cognitive  effects of integrating VR into
neurorehabilitation.

Overall, both studies demonstrate the potential benefits
of VR in stroke rehabilitation. This study provides a
broader, statistically robust perspective with a
controlled group design and quantitative outcomes,
while De Luca et al. offer qualitative insights into
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individualized patient progress using a novel VR
approach. Both underline the promise of immersive
VR environments in improving balance, reducing
anxiety, and enhancing cognitive functioning in post-
stroke patients.

The findings from current study closely align with
those reported by Ling Chen (2016) in the systematic
literature review titled Effect of Virtual Reality on
Postural and Balance Control in Patients with Stroke.
In your study, both Group 1 and Group 2 began with
identical pre-test scores on the Berg Balance Scale
(BBS), but over time, Group 1 demonstrated greater
improvements, with mean scores rising from 41.0 at
baseline to 50.4 by day 30. This trend suggests the
intervention used in Group 1 was more effective in
enhancing balance. Similarly, the Chen review
analyzed nine randomized controlled trials and found
that virtual reality (VR) interventions significantly
improved postural and balance control, especially
among chronic stroke patients. Many of these studies
used the BBS to measure outcomes, with most
showing notable improvements in the VR groups
compared to control groups.

In terms of anxiety, Present study revealed a consistent
decrease in Generalized Anxiety Disorder (GAD-7)
scores, particularly in Group 1, where scores dropped
from 13.4 at pre-test to 5.2 by day 30. Although
Chen’s 2016 review did not directly assess
psychological measures like anxiety, it acknowledged
the motivational benefits of VR, which could indirectly
contribute to psychological well-being. Your study
adds to the current body of literature by providing
evidence of VR’s potential in not only physical
rehabilitation but also in alleviating psychological
distress.

Statistically, both present study and Chen’s review
report strong significance in results. Present study
multivariate analysis showed highly significant effects
(p < .001) for both time and group interaction on BBS
and GAD-7 outcomes, reinforcing the robustness of
your findings. Chen’s review similarly indicated
consistent significance in the effectiveness of VR on
balance control, despite some variability in the
methodological quality of the included studies.
Overall, your results complement the conclusions
drawn by Ling Chen, further validating VR as a
promising tool for improving both physical and mental
health outcomes in stroke rehabilitation. Despite the
statistically significant findings, several limitations
should be considered in interpreting the results of this
study. Firstly, the sample size was relatively small,
with only 20 participants equally divided into two
groups. Such a limited sample size may reduce the
generalizability of the findings to broader populations.
Secondly, the study lacks information on the
randomization process and blinding procedures, which
could introduce bias in the allocation and outcome
assessment. Additionally, the data for Group 2 in the

30-day BBS test appears to be incomplete, potentially
limiting the accuracy and completeness of comparative
analysis at that time point.

CONCLUSION

The study demonstrated that the intervention
administered to Group 1 led to significant
improvements in both balance, as measured by the
Berg Balance Scale (BBS), and anxiety levels, as
indicated by the GAD-7 scale, over a 30-day period.
Statistically significant differences were observed
across all time points, with multivariate tests
confirming strong effects of time and group
interaction. These findings suggest that the applied
intervention was effective in enhancing physical
balance and reducing anxiety symptoms in stroke
patients. However, given the limitations such as small
sample size, incomplete data for one group, and short
follow-up duration, further research with larger, more
diverse samples and extended timelines is
recommended to validate and expand upon these
findings.
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