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ABSTRACT

Background: Gait and balance impairments are prominent issues in patients with Parkinson’s disease (PD), significantly
affecting their mobility and quality of life. Innovative therapeutic modalities, including virtual reality (VR) rehabilitation and
task-oriented training (TOT), have been reported to enhance motor function in PD patients by improving dynamic balance and
gait performance. However, limited evidence exists comparing the efficacy of these interventions, necessitating further
investigation.

Objective: o compare the effects of virtual reality rehabilitation and task-oriented training on dynamic balance and gait
performance among patients with Parkinson’s disease.

Methods: A comparative randomized controlled trial was conducted at Allied Hospital, Civil Hospital Faisalabad, and Moeen
Physiotherapy Clinic. A total of 28 patients diagnosed with PD (Hoehn and Yahr stages 2—3), aged 50—70 years, were randomly
assigned to Group A (VR rehabilitation) or Group B (TOT). Patients with severe dementia or other neurological abnormalities
were excluded. Group A received VR-based training sessions, while Group B underwent task-oriented exercises, with both
interventions delivered thrice weekly for eight weeks. Outcomes were assessed using the Berg Balance Scale (BBS), Timed Up
and Go Test (TUG), and Functional Gait Assessment (FGA). Statistical analysis was performed using SPSS version 21, with
paired and independent t-tests applied for within- and between-group comparisons.

Results: Group A demonstrated greater improvements across all outcomes. BBS scores increased from 42.6 + 3.2 to 48.9 +2.9
in Group A compared to 42.9 & 3.3 to 46.3 = 3.0 in Group B (p=0.03). FGA scores improved from 18.8 2.4 to 23.3 £2.1 in
Group A versus 19.0 £2.6 to 21.7 £ 2.4 in Group B (p=0.04). TUG times decreased from 14.3 + 1.7 to 12.0 + 1.4 seconds in
Group A and 14.5 + 2.0 to 12.9 + 1.6 seconds in Group B (p=0.02).

Conclusion: Both interventions significantly improved balance and gait in Parkinson’s patients. However, VR rehabilitation
demonstrated superior efficacy, emphasizing its potential as a more effective therapeutic modality.

Keywords: Balance, Gait, Parkinson Disease, Rehabilitation, Task-Oriented Training, Virtual Reality Rehabilitation.

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation.

194



mailto:hifzariaz118@gmail.com

4+,

INSIGHTS-JOURNAL OF
INSIGHTS-JHR

HEALTH AND REHABILITATION INSIGHTS-JOURNAL OF HEALTH

AND REHABILITATION ® = &

INTRODUCTION

Parkinson’s disease (PD) is a neurodegenerative disorder characterized by dysfunction in the cerebral basal ganglia, resulting in
impairments in motor control, postural stability, and overall mobility. These symptoms significantly diminish the quality of life for
patients and present challenges in daily activities. A common and particularly debilitating motor symptom of Parkinson’s disease is
freezing of gait (FOG), which often manifests in the later stages of the condition. FOG restricts forward movement despite the patient’s
efforts to walk, increasing the risk of falls and complicating care requirements (1, 2). Current pharmacological interventions for
Parkinson’s disease have limited effectiveness in addressing FOG, highlighting the need for complementary therapeutic strategies.
Physical therapy has shown potential in improving motor function, offering a non-pharmacological approach to managing gait and
balance issues in individuals with PD (3). Among emerging therapeutic modalities, virtual reality (VR) has gained significant attention.
By providing visual, auditory, and somatosensory cues, VR-based interventions aim to enhance motor function and improve gait
performance in patients with Parkinson’s disease (4). This innovative technology allows patients to interact with artificial environments
while enabling clinicians to monitor progress in real time. VR’s external stimulation can improve gait speed and motor performance
through neuroplastic adaptations (5). However, the current body of evidence on the efficacy of VR in addressing motor dysfunction in
Parkinson’s disease remains limited and calls for further investigation (6).

The rapid advancements in artificial intelligence and rehabilitative medicine have expanded the scope of therapeutic interventions.
Wearable sensors, for instance, have been shown to objectively detect balancing exercises in PD patients, while VR systems provide
immersive environments with real-time feedback to facilitate motor learning and neuroplasticity (7). These features position VR as a
promising adjunct to conventional rehabilitation methods, offering an engaging alternative that compensates for sensory deficits and
promotes functional recovery (8). Recent studies have explored the use of VR-based "exergaming," demonstrating improvements in
balance and functional mobility among older adults and individuals with Parkinson’s disease (9). However, many of these studies are
observational, involve short intervention durations, and lack robust clinical evidence. Task-oriented training (TOT) is another well-
established rehabilitation approach that emphasizes repetitive practice of functional tasks relevant to daily living. Rooted in motor
learning theory, TOT involves exercises such as obstacle navigation, sit-to-stand transfers, and adaptive ambulation. Through consistent
practice, patients develop motor skills and neural adaptations that enhance coordination and functional performance (10-12). TOT tasks
are designed to mimic real-world challenges, with incremental complexity to promote skill acquisition and environmental adaptability
(13, 14). Despite its established benefits, the comparative effectiveness of TOT versus VR-based rehabilitation in improving dynamic
balance and gait among Parkinson’s disease patients remains underexplored.

The objective of this study is to evaluate and compare the efficacy of an eight-week virtual reality-based training program and task-
oriented training in improving dynamic balance and gait among individuals with Parkinson’s disease. This investigation aims to address
critical gaps in the existing literature, providing evidence-based insights to guide clinical decision-making and optimize therapeutic
strategies for Parkinson’s rehabilitation.

METHODS

The study employed a comparative randomized controlled trial (RCT) design to evaluate the efficacy of virtual reality-based training
(VR) and task-oriented training (TOT) in improving dynamic balance and gait performance among patients with Parkinson’s disease. A
simple random sampling technique was used to recruit participants from Allied Hospital, Civil Hospital Faisalabad, and Moeen
Physiotherapy Clinic. The inclusion criteria encompassed individuals aged 50—70 years diagnosed with Parkinson’s disease at Hoehn
and Yahr stages 23, exhibiting gait and balance impairments but capable of walking independently with or without assistive devices.
Exclusion criteria included individuals with severe dementia, neurological or musculoskeletal abnormalities, or those who had
undergone recent surgery. The calculated sample size was 28 participants, each group (VR and TOT) was having 14 participants.

Group A underwent VR-based sessions, which incorporated immersive and interactive virtual environments to provide visual, auditory,
and somatosensory cues aimed at improving motor performance. Each session lasted 45 minutes and was conducted three times per
week for eight weeks. Group B engaged in task-oriented training, focusing on functional activities such as stepping over obstacles, gait
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training, and balance exercises. The duration and frequency of sessions were identical to those of the VR group to maintain consistency.
Dynamic balance was assessed using the Berg Balance Scale (BBS) and the Timed Up and Go Test (TUG), while gait performance was
evaluated using the Functional Gait Assessment (FGA). Baseline assessments were conducted prior to the intervention, followed by
post-intervention evaluations after eight weeks to measure the effectiveness of each training approach. Ethical considerations were
adhered to throughout the study. Approval was obtained from the relevant Institutional Review Board (IRB) or ethical committee, and
all participants provided informed consent before their inclusion in the study. The study was conducted from February 2023 to October
2023.

Statistical analysis was performed using SPSS version 21. Paired t-tests were employed for within-group comparisons, while
independent t-tests were used for between-group analyses. The results were interpreted to determine the relative effectiveness of VR
and TOT in improving dynamic balance and gait performance in Parkinson’s disease patients.

RESULTS

The study included a total of 28 participants, evenly distributed between Group A (VR-based training) and Group B (task-oriented
training), with 14 participants in each group. The demographic characteristics of both groups were comparable, as indicated by non-
significant differences in age (Group A: 61.4 + 6.2 years; Group B: 60.7 + 5.8 years, p=0.78), gender distribution (Group A: 9 males, 5
females; Group B: 8 males, 6 females, p=0.72), baseline Berg Balance Scale (BBS) scores (Group A: 42.6 & 3.2; Group B: 42.9 £3.3,
p=0.81), baseline Functional Gait Assessment (FGA) scores (Group A: 18.8 & 2.4; Group B: 19.0 + 2.6, p=0.84), and baseline Timed
Up and Go (TUG) test results (Group A: 14.3 £ 1.7 seconds; Group B: 14.5 £ 2.0 seconds, p=0.88). Within-group comparisons revealed
significant improvements in both groups across all outcome measures after eight weeks of intervention. In Group A, the mean BBS
score increased from 42.6 = 3.2 to 48.9 2.9 (p<0.001), FGA scores improved from 18.8 2.4 t0 23.3 + 2.1 (p<0.001), and TUG scores
decreased from 14.3 + 1.7 seconds to 12.0 £ 1.4 seconds (p<0.001). Similarly, in Group B, the BBS score improved from 42.9 + 3.3 to
46.3 £ 3.0 (p<0.001), FGA scores increased from 19.0 2.6 to 21.7 £ 2.4 (p<0.001), and TUG scores decreased from 14.5 £+ 2.0 seconds
to 12.9 =+ 1.6 seconds (p<0.001).

Table 1 Demographics

Characteristic Group A (VR) n=14 Group B (TOT) n=14 p-value
Age (years) 61.4+6.2 60.7 5.8 0.78
Gender (M/F) 9/5 8/6 0.72
Baseline BBS Score 42.6+32 429+33 0.81
Baseline FGA Score 18.8+2.4 19.0+£2.6 0.84
Baseline TUG test 143+1.7 145+2.0 0.88

Table 2 Within-Group Comparisons

Outcome Measure Group A (VR) Mean+SD p-value Group B (TOT) Mean+SD p-value
BBS Score 42.6+3.2 429+33

Baseline

Post-Intervention 489+29 <0.001 46.3+3.0 <0.001
FGA Score 18.8+2.4 19.0+£2.6

Baseline

© 2025 et al. Open access under CC BY License (Creative Commons). Freely distributable with appropriate citation. 196



+

Volume 3 Issue 1: Effect of Virtual Reality vs. Task-Oriented Training on Balance and Gait in Parkinson's Disease + )
Bashir M et al. y’ INSIGHTS'JIIH

INSIGHTS-JOURNAL OF HEALTH
AND REHABILITATION ® ® ®

Outcome Measure Group A (VR) Mean+SD p-value Group B (TOT) Mean+SD p-value
Post-Intervention 233+2.1 <0.001 21724 <0.001
TUG (seconds) 143+ 1.7 14.5+2.0

Baseline

Post-Intervention 120+ 1.4 <0.001 129+ 1.6 <0.001

Table 3 Between-Group Comparisons

Outcome Measure Group A (VR) Mean+SD Group B (TOT) Mean+SD Mean Difference p-value
BBS Score 48.9+2.9 46.3+£3.0 2.6 0.03
FGA Score 233+2.1 21.7+2.4 1.6 0.04
TUG (seconds) 120+1.4 129+1.6 -0.9 0.02

Between-group comparisons demonstrated that Group A exhibited significantly greater improvements in all outcome measures
compared to Group B. Post-intervention, the mean BBS score in Group A was 48.9 + 2.9 compared to 46.3 + 3.0 in Group B, with a
mean difference of 2.6 (p=0.03). Similarly, the FGA score was higher in Group A (23.3 +2.1) than in Group B (21.7 + 2.4), with a mean
difference of 1.6 (p=0.04). The TUG test results indicated a greater reduction in time for Group A (12.0 &+ 1.4 seconds) compared to
Group B (12.9 + 1.6 seconds), with a mean difference of -0.9 seconds (p=0.02). These findings suggest that while both VR-based training
and task-oriented training were effective in improving dynamic balance and gait among Parkinson’s disease patients, VR-based training
demonstrated significantly greater improvements across all measured parameters.
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DISCUSSION

The current randomized controlled trial demonstrated significant improvements in dynamic balance and gait among individuals with
Parkinson’s disease following an eight-week intervention of virtual reality-based training (VR) and task-oriented training (TOT). Group
A, which underwent VR-based training, exhibited superior outcomes compared to Group B, which received TOT. These findings align
with previous research indicating that VR-based interventions enhance motor function, balance, and gait in Parkinson’s disease patients
by leveraging visual, auditory, and somatosensory stimuli to promote neuroplasticity and functional recovery (15). The Berg Balance
Scale (BBS) scores significantly improved from baseline to post-intervention in both groups, with Group A demonstrating a larger
increase (42.6 + 3.2 to 48.9 £ 2.9) compared to Group B (42.9 + 3.3 to 46.3 + 3.0, p<0.001). This suggests that VR-based training
provides a more immersive and engaging environment for patients to practice balance exercises, reinforcing neural adaptations and
improving motor control. These results corroborate findings from earlier studies that highlighted VR as an effective tool for balance
rehabilitation in Parkinson’s disease patients.
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Improvements in the Timed Up and Go (TUG) test were also observed, with Group A showing a greater reduction in time from 14.3 +
1.7 seconds to 12.0 + 1.4 seconds compared to Group B, which improved from 14.5 £+ 2.0 seconds to 12.9 = 1.6 seconds (p<0.001).
These results suggest that VR-based training not only enhances dynamic balance but also improves functional mobility and gait
efficiency. Previous research has similarly demonstrated the potential of VR to provide real-time feedback, which may accelerate motor
learning and enhance task performance. However, both groups showed improvements, supporting the notion that TOT remains a viable
and effective approach for motor rehabilitation, as it focuses on task-specific exercises and functional activities relevant to daily living.
Functional Gait Assessment (FGA) scores also improved significantly in both groups, with Group A demonstrating a greater increase
(18.8 £2.4 t0 23.3 + 2.1) compared to Group B (19.0 £ 2.6 to 21.7 = 2.4, p<0.001). This finding underscores the effectiveness of VR-
based interventions in addressing gait-related impairments, as these programs offer immersive scenarios that mimic real-world
challenges, thereby enhancing patients’ ability to navigate their environments safely. Previous systematic reviews have highlighted the
importance of intervention durations exceeding six weeks to achieve meaningful improvements in gait, which aligns with the current
study’s findings.

One of the key strengths of this study is its randomized controlled design, which minimizes bias and enhances the validity of the findings.
The inclusion of validated outcome measures such as the BBS, FGA, and TUG tests further strengthens the reliability of the results.
However, the study is not without limitations. The small sample size reduces the generalizability of the findings, and the relatively short
intervention period may not capture long-term effects or sustainability of improvements. Furthermore, the study lacked detailed reporting
on adherence rates, adverse events, and patient satisfaction, which are critical for evaluating the feasibility of these interventions in
clinical practice. Future studies should consider larger sample sizes, longer follow-up periods, and the inclusion of qualitative measures
to capture patient-reported outcomes. Additionally, exploring the cost-effectiveness of VR-based interventions compared to traditional
therapies could provide valuable insights for healthcare providers and policymakers. While the current study demonstrates the superiority
of VR-based training in improving balance and gait, TOT remains a practical and effective approach, particularly in settings where
access to VR technology is limited. Combining elements of both interventions may offer an optimized strategy for motor rehabilitation
in Parkinson’s disease patients.

CONCLUSION

The study demonstrated that both virtual reality-based training and task-oriented training significantly improved balance and gait among
individuals with Parkinson’s disease. However, virtual reality-based training proved to be more effective, offering enhanced outcomes
due to its immersive and interactive approach, which facilitates motor learning and neuroplastic adaptations. These findings underscore
the potential of virtual reality as a valuable tool in Parkinson’s rehabilitation, providing an innovative and impactful alternative to
traditional methods. This research highlights the importance of integrating advanced technologies into therapeutic interventions to
optimize patient outcomes and improve quality of life in Parkinson’s disease management.
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