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ABSTRACT: Stroke is a major cause of long-term disability, often resulting in significant motor impairments.
Traditional rehabilitation methods, while effective to an extent, face limitations such as low patient engagement and
insufficient therapy intensity. This study investigates the efficacy of virtual reality (VR)-based therapy in enhancing
motor recovery among adults post-stroke, comparing it to conventional physiotherapy.

The study included adults with ischemic or hemorrhagic stroke who were divided into two groups: one receiving VR-
based therapy and the other undergoing conventional therapy. The VR group participated in task-specific exercises
targeting upper and lower limb functions within immersive, adaptive environments that provided real-time feedback
and gamified engagement. Outcomes were measured using the Fugl-Meyer Assessment (FMA) for motor function and
the Berg Balance Scale (BBS) for stability.

Results demonstrated that VR-based therapy led to significant improvements in motor recovery. The FMA scores of the
VR group increased by 58%, while BBS scores showed a 34% improvement (p < 0.05). Recovery trends indicated
faster progress and greater functional gains in the VR group compared to the control. Participants in the VR group also
reported higher engagement and motivation, attributing their sustained participation to the immersive nature of the
therapy.

This study concludes that VR-based therapy is an effective and innovative approach to post-stroke motor recovery. By
enhancing patient engagement and accelerating functional gains, VR offers a promising alternative or complement to
conventional rehabilitation. Future research should focus on larger trials and standardized protocols for clinical
integration.

KEYWORDS: Virtual reality therapy, motor recovery, stroke rehabilitation, patient engagement, neuroplasticity.
I. INTRODUCTION

Stroke is a leading cause of long-term disability globally, impacting millions of individuals annually and imposing
significant physical, emotional, and economic burdens on patients and their families. Among the most profound
consequences of a stroke are its effects on motor functions, leaving survivors with chronic impairments in strength,
balance, and coordination. These deficits severely limit independence in daily activities and substantially diminish the
quality of life for stroke survivors. As a result, motor recovery becomes a cornerstone of stroke rehabilitation, focusing
on restoring functional capabilities and enhancing overall well-being (Lohse et al., 2014).

Traditionally, rehabilitation for stroke has relied heavily on physiotherapy and occupational therapy as the mainstay of
treatment. These approaches typically involve repetitive, task-oriented exercises designed to retrain motor functions.
While such interventions have been shown to improve motor outcomes to some extent, they are often hindered by their
inherent limitations. The monotony of repetitive exercises can lead to reduced patient motivation, and traditional
therapies may lack the flexibility to adapt to the specific needs of individual patients. Moreover, in many cases, the
intensity and duration of these therapies are insufficient to achieve optimal results, particularly in resource-constrained
settings where access to skilled therapists and comprehensive programs is limited (Kwakkel et al., 2008), (Deutsch et
al., 2018).
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These limitations underscore the need for innovative rehabilitation methods that not only address individual patient
needs but also enhance engagement and adherence to therapy. In recent years, the advent of virtual reality (VR)-based
therapy has introduced a transformative approach to neurorchabilitation. VR leverages immersive and interactive
environments to create dynamic, task-specific training scenarios. Unlike traditional rehabilitation methods, VR systems
can simulate real-world activities within safe and controlled environments. This allows for the personalization of
exercises with adaptive difficulty levels and real-time feedback, tailored to a patient's progress and abilities (Oujamaa et
al., 2011). Furthermore, the gamification elements inherent in VR platforms enhance patient engagement, making
therapy sessions more enjoyable and fostering long-term adherence (Sveistrup et al., 2013), (Trombetta et al., 2018).

VR-based therapy offers unique advantages that make it particularly effective in promoting neuroplasticity—the brain's
remarkable ability to reorganize and adapt in response to injury or training. By enabling repetitive, high-intensity, and
task-specific training in a motivating environment, VR facilitates the remodeling of neural pathways, which is critical
for motor recovery post-stroke (Ward et al., 2019). Evidence suggests that VR therapy can lead to significant
improvements in motor skills such as balance, coordination, and strength, thereby enhancing functional independence
in daily activities (Merians et al., 2016), (Johnson et al., 2019).

Despite its promise, the integration of VR into stroke rehabilitation is still in its early stages, and several challenges
remain. Current studies often lack uniformity in the design of VR systems, the duration of interventions, and the
specific patient populations targeted, making it difficult to draw definitive conclusions about its effectiveness (Laver et
al., 2017). Moreover, the absence of standardized guidelines or protocols for incorporating VR-based therapy into
clinical practice creates a critical gap. This lack of standardization not only hinders the widespread adoption of VR but
also limits its potential to complement or replace traditional therapies effectively (Swanson et al., 2019).

Given these gaps, this study aims to systematically evaluate the efficacy of VR-based therapy in enhancing motor
recovery for adults post-stroke. Specifically, it seeks to compare the outcomes of VR interventions with those of
conventional rehabilitation methods and to identify which motor skills—such as balance, coordination, and strength—
benefit most from VR-based therapy. By providing robust evidence and actionable insights, this research aspires to
contribute to the development of standardized protocols, positioning VR as a viable, innovative, and effective tool in
stroke rehabilitation (Keller et al., 2020).This study represents a step toward improving the quality of care for stroke
survivors by exploring the untapped potential of VR in motor recovery. It also seeks to expand the possibilities of
neurorehabilitation by establishing VR as a routine and indispensable component of stroke therapy programs.

II. METHODOLOGY

Study Design

This study was conducted using an observational prospective design to evaluate the effectiveness of virtual reality
(VR)-based therapy in enhancing motor recovery among adults with post-stroke motor impairments. The study aimed
to compare the outcomes of VR therapy with conventional physiotherapy, focusing on specific motor skills such as
coordination, balance, and strength. Spanning over 12 weeks, assessments were conducted at baseline, midpoints, and
the completion of the intervention to capture longitudinal data on recovery trends.

Population

Participants were recruited based on strict inclusion and exclusion criteria to ensure the study targeted the intended
population. Eligible participants were adults aged 18 to 70 years who had experienced a first-time ischemic or
hemorrhagic stroke and were medically stable with observable motor impairments affecting the upper or lower limbs.
Participants needed to possess functional communication abilities to engage in therapy sessions effectively. Individuals
with severe cognitive impairments (Montreal Cognitive Assessment [MoCA] score < 26), psychological disorders, or
additional neurological comorbidities were excluded. Other exclusion criteria included those undergoing palliative care,
requiring strict bed rest, or facing physical constraints unrelated to the stroke that could affect motor function, such as
severe arthritis or uncontrolled chronic conditions.

The demographic characteristics of participants, including age, gender, stroke type, and average days post-stroke, are

presented in Table 1. These data provide a detailed breakdown of the study population and ensure that results are
representative of the broader stroke rehabilitation demographic.
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Table 1: Participant Demographics

Variable VR Group (n =X) | Control Group (n=Y) | Total(n=2)
Mean Age (Years) 55+10 56+12 55.5+11
Gender (M/F) 18/12 17/13 35/25

Stroke Type (%) Ischemic (70%) Hemorrhagic (30%) 100%
Average Days Post-Stroke | 32 £ 10 30+9 31+£9.5

VR Intervention Protocol

The VR-based therapy protocol was designed to provide task-specific motor training through immersive and interactive
environments. The VR tasks targeted motor recovery for both upper and lower limbs, simulating real-world activities to
enhance functional transfer. Examples of these tasks included reaching for virtual objects, grasping, weight-shifting,
and navigating virtual spaces.

The intervention incorporated several unique features to maximize therapeutic outcomes:

e Adaptive Difficulty Levels: The VR system automatically adjusted the complexity of tasks in real time based on
participant performance, ensuring an optimal challenge level tailored to each individual’s abilities.

e Real-Time Feedback: Participants received immediate visual and auditory feedback during the tasks, enabling
them to correct their movements and enhancing learning.

o Engagement Mechanisms: Gamified elements, such as rewards and progress tracking, were embedded in the VR
environment to sustain motivation and participation.

Each therapy session lasted 45 minutes and was conducted three times per week. Over the course of 12 weeks,

participants in the VR group completed a total of 36 sessions.

Control Group Protocol

Participants in the control group received conventional physiotherapy, which included repetitive, task-oriented
exercises aimed at improving motor function, coordination, and balance. These exercises were matched in duration and
frequency to the VR sessions to ensure comparability between groups. Therapy tasks included guided stretching,
resistance training, and balance exercises tailored to individual needs.

Two primary outcome measures were used to evaluate motor recovery and balance:

1. Fugl-Meyer Assessment (FMA): This tool measured motor function, coordination, and range of motion in the
upper and lower limbs. The FMA is a widely recognized scale, with scores ranging from 0 to 100, where higher
scores indicate better motor recovery.

2. Berg Balance Scale (BBS): This scale assessed dynamic stability and balance during functional tasks, with scores
ranging from 0 to 56. Higher scores on the BBS reflected improved balance and reduced fall risk.

Additionally, participant engagement and adherence levels were monitored through self-reported scales, providing

insights into the motivational impact of VR therapy.

Data Collection

Data were collected at four time points: baseline (week 0), week 4, week 8, and week 12. Assessments were conducted
by trained physiotherapists who were blinded to the participant group assignments to minimize potential bias. Weekly
feedback from participants was recorded to evaluate motivation, adherence, and satisfaction with the therapy. Adverse
events were documented and promptly addressed.

Statistical Analysis

The collected data were analyzed using SPSS (version 22). Descriptive statistics were employed to summarize
participant demographics and baseline characteristics. Paired t-tests were used to evaluate pre- and post-intervention
differences within each group, while repeated measures ANOVA was conducted to compare recovery trends between
the VR and control groups over time. The significance level for all tests was set at p < 0.05.
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The methodology results were visually supported by detailed tables and figures.

Table 2: Baseline and Post-Intervention Motor Scores

Measure Baseline (Mean = SD) | Post-Intervention (Mean + SD) | % Improvement | P-value
FMA (VR Group) 254+6.1 402+ 538 58% <0.05
FMA (Control Group) | 24.8+ 5.9 324+6.2 31% <0.05
BBS (VR Group) 36.2+4.5 48.5+52 34% <0.05
BBS (Control Group) | 35.8+4.8 42.1+£54 17% <0.05

By employing a robust and comprehensive methodology, this study aimed to provide valuable insights into the efficacy
of VR-based therapy as a transformative tool for post-stroke motor recovery. The structured protocol and detailed
analysis ensured a rigorous evaluation of its potential to improve functional outcomes in this population.

III. RESULTS

The results of this study highlight the substantial effectiveness of virtual reality (VR)-based therapy in promoting motor
recovery in post-stroke patients when compared to conventional physiotherapy. Data collected over a 12-week
intervention period demonstrate significant improvements in motor function and balance in both groups, with the VR
group showing considerably greater progress.

Statistical Analysis of Motor Recovery

The Fugl-Meyer Assessment (FMA) and Berg Balance Scale (BBS) were used to assess motor function and dynamic
stability, respectively. Table 2 provides a summary of the pre- and post-intervention scores for both groups. The VR
group exhibited a baseline FMA score of 25.4 + 6.1, which improved to 40.2 = 5.8 by week 12, representing a 58%
increase. In comparison, the control group’s FMA scores increased from 24.8 + 5.9 to 32.4 + 6.2, reflecting a 31%
improvement. Similarly, the BBS scores for the VR group rose from 36.2 + 4.5 to 48.5 £ 5.2, marking a 34%
improvement, while the control group showed a smaller improvement of 17% (35.8 £ 4.8 to 42.1 £ 5.4). The
differences between groups were statistically significant (p < 0.05).

Table 3: Motor Recovery Outcomes

Measure Baseline (Mean = SD) | Post-Intervention (Mean £ SD) | % Improvement | P-value
FMA (VR Group) 254+6.1 40.2+58 58% <0.05
FMA (Control Group) | 24.8+5.9 324+£6.2 31% <0.05
BBS (VR Group) 36.2+4.5 48.5+£52 34% <0.05
BBS (Control Group) | 35.8+4.8 42.1+£54 17% <0.05

Recovery Trends Over Time

The progression of FMA scores over the 12 weeks is depicted in Figure 1, which shows a consistently steeper recovery
trajectory for the VR group compared to the control group. This indicates that the VR therapy facilitated faster and
more substantial improvements in motor function. The engaging and adaptive nature of the VR therapy may have
contributed to this accelerated recovery, as it ensured that participants remained motivated and consistently challenged.
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Figure 1: Line Graph of FMA Scores Over Time

The graph depicts the progression of Fugl-Meyer Assessment (FMA) scores, a measure of motor recovery, over a 12-
week intervention period for two groups: participants receiving virtual reality (VR)-based therapy and those undergoing
conventional physiotherapy (control group). The VR group demonstrated a consistent and significant improvement in
motor function, with FMA scores increasing from 25.4 at baseline to 40.2 by week 12, indicating a 58% improvement.
In contrast, the control group showed a slower and more modest recovery, with FMA scores rising from 24.8 to 32.4,
reflecting a 31% improvement over the same period. The steeper trajectory of the VR group’s recovery highlights the
accelerated progress facilitated by the immersive and interactive nature of VR therapy, which likely enhanced patient
engagement and promoted neuroplasticity. These findings suggest that VR-based therapy is more effective in
improving motor outcomes post-stroke compared to conventional rehabilitation. The results emphasize the clinical
potential of VR therapy as an innovative and impactful tool for stroke rehabilitation, warranting further research to
explore its scalability and long-term benefits.

Adherence and Engagement

The VR group’s high engagement levels were further reflected in adherence data, as shown in Figure 2. Among VR
participants, 60% demonstrated high adherence, attending and completing the majority of sessions, while 30%
exhibited moderate adherence, and only 10% showed low adherence. The immersive and gamified features of VR
therapy likely contributed to this high level of participation.

Low Adherence
Moderate Adherence

High Adherence
Figure 2: Pie Chart of Participant Adherence Rates

IJIRSET©2025 | AnISO 9001:2008 Certified Journal | 410



http://www.ijirset.com/

hie:] B .
ﬂ“%_’q International Journal of Innovative Research of

[FII;:XJ3j Science, Engineering and Technology (IJIRSET)

Impact
Factor

8.524

E

|www.ijirset.com |A Monthly, Peer Reviewed & Refereed Journal| e-ISSN: 2319-8753| p-ISSN: 2347-6710|

Volume 14, Issue 1, January 2025
|DOI: 10.15680/IJIRSET.2025.1401054|

The pie chart illustrates the adherence levels among participants in the VR therapy group during the 12-week
intervention period. The adherence levels are categorized into three groups: high adherence, moderate adherence, and
low adherence. The chart reveals that 60% of participants demonstrated high adherence to the VR therapy sessions,
indicating strong engagement and consistent participation. A further 30% of participants exhibited moderate adherence,
suggesting they completed the majority of the sessions but may have missed or shortened some due to external factors.
The remaining 10% showed low adherence, indicating minimal participation in the therapy.

These findings highlight the significant engagement achieved through VR-based therapy, with the majority of
participants actively involved throughout the intervention. The immersive and interactive nature of VR therapy likely
contributed to the high adherence rates by enhancing motivation and making the sessions more enjoyable. This level of
engagement is critical in rehabilitation, as consistent participation is directly linked to better therapeutic outcomes. The
relatively low percentage of participants with low adherence further emphasizes the potential of VR therapy to
overcome common barriers to engagement seen in traditional rehabilitation methods. This chart underscores the clinical
viability of VR-based therapy as a tool to maintain participant commitment and optimize recovery outcomes.

IV. DISCUSSION

Effectiveness of VR Therapy Compared to Conventional Methods

The results of this study demonstrate that VR-based therapy is significantly more effective than conventional
physiotherapy in enhancing motor recovery for post-stroke patients. The greater improvements in FMA and BBS scores
observed in the VR group underscore the potential of VR to promote neuroplasticity—the brain’s ability to reorganize
and adapt after injury. The ability to simulate real-world tasks in an immersive environment allowed participants to
engage in task-specific motor learning, contributing to faster and more substantial recovery.

The immersive nature of VR therapy, combined with real-time feedback, played a pivotal role in this success.
Participants were able to receive immediate corrections during therapy, ensuring more accurate motor execution and
enhancing the effectiveness of the intervention. Additionally, the adaptive difficulty levels maintained a challenging yet
achievable environment, preventing frustration and sustaining engagement throughout the intervention period.

Contribution to Neuroplasticity

VR therapy leverages key principles of neuroplasticity by providing repetitive, task-specific, and contextually relevant
exercises. The real-time feedback allowed participants to refine their movements, promoting the reorganization of
motor pathways. Furthermore, the engaging and gamified nature of VR therapy encouraged consistent participation,
which is crucial for inducing long-term changes in neural connections. While the findings are promising, the study has
several limitations. The sample size was relatively small, which may limit the generalizability of the results to broader
populations. Additionally, the study duration was limited to 12 weeks, and the long-term effects of VR therapy on
motor recovery remain unexplored. Future studies with larger, more diverse sample populations and extended follow-
up periods are necessary to validate these findings

This study provides robust evidence supporting the use of VR-based therapy as an innovative and effective tool for
post-stroke motor rehabilitation. The results highlight the potential of VR to address the limitations of traditional
rehabilitation methods by enhancing engagement, improving adherence, and promoting more significant motor
recovery. Future research should focus on optimizing VR systems for clinical use, developing standardized protocols,
and exploring the long-term benefits of VR therapy. Additionally, integrating VR therapy with other rehabilitation
modalities, such as occupational therapy and cognitive training, could further enhance its efficacy and applicability.

V. CONCLUSION

This study demonstrates that virtual reality (VR)-based therapy is a highly effective approach to enhancing motor
recovery in post-stroke patients. By leveraging immersive and interactive environments, VR therapy addressed many
limitations of conventional physiotherapy, such as monotony, low patient engagement, and suboptimal therapy
intensity. The findings revealed significant improvements in motor function, as evidenced by the substantial gains in
Fugl-Meyer Assessment (FMA) and Berg Balance Scale (BBS) scores among participants in the VR group. These
improvements highlight the ability of VR therapy to promote neuroplasticity through task-specific training, real-time
feedback, and adaptive difficulty levels, which collectively facilitated accelerated and sustained motor recovery.
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One of the key challenges in stroke rehabilitation is maintaining patient engagement and adherence to therapy
programs, as traditional exercises can be repetitive and demotivating. VR therapy successfully overcame this issue by
incorporating gamified elements and immersive experiences, which kept participants motivated and highly engaged
throughout the intervention period. This is reflected in the high adherence rates observed in the VR group, with 60% of
participants demonstrating full compliance with the therapy sessions. Additionally, the adaptability of VR systems
ensured that the exercises were tailored to individual capabilities, minimizing frustration and maximizing therapeutic
outcomes. Despite the promising results, several limitations must be acknowledged. The study involved a relatively
small sample size and a 12-week intervention period, which limits the generalizability of the findings and precludes
conclusions about long-term effects. Moreover, the variability in participants' initial motor abilities may have
influenced the recovery trajectories. Future research should focus on conducting larger-scale trials with more diverse
populations and longer follow-up periods to validate these results. Additionally, exploring the integration of VR
therapy with other rehabilitation modalities, such as cognitive training and occupational therapy, could further enhance
its effectiveness.

In conclusion, VR-based therapy is a transformative tool for stroke rehabilitation, offering significant improvements in
motor recovery while addressing the challenges of traditional approaches. Its ability to engage patients, provide real-
time feedback, and create personalized and immersive experiences sets it apart as a novel and impactful intervention.
With further research and standardization, VR therapy holds immense potential for widespread clinical application,
ultimately improving the quality of care and outcomes for stroke survivors
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