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Abstract  
Patients with neurological injuries frequently experience significant gait and balance 
impairments, compromising their quality of life. Despite the long-standing promise of 
rehabilitation, its traditional methods have proved limited, therefore new solutions like 
virtual reality (VR) are being investigated to help restore both gait and balance. The 
intervention NeuroMove VR is one that has shown promise in helping to improve 
motor functions after neuro injury. To evaluate the effectiveness of NeuroMove VR in 
improving gait and balance restoration among individuals with neuro injuries. A 
descriptive cross-sectional design was used with data of 300 respondents from eight big 
cities of Punjab, Pakistan. participants were sampled using a purposive non-probability 
sampling, and their static and dynamic balance were measured using the Berg Balance 
Scale (BBS), Dynamic Gait Index (DGI), Activities-specific Balance Confidence (ABC) 
Scale and System Usability Scale (SUS). Descriptive and inferential statistics such as 
regression, ANOVA, and correlation were conducted on SPSS Version 28. NeuroMove 
VR intervention yielded significant improvements in gait and balance scores. BBS, DGI, 
and ABC scales were positively correlated, with gender and neurological condition 
significantly influencing outcomes. In conclusion, the regression analysis revealed that 
the VR intervention predicted improvements in the stability and locomotor parameters. 
NeuroMove VR shows significant promise as an effective tool for gait and balance 
rehabilitation following neurological injury. The incorporation of the device into clinical 
practice could serve as a groundbreaking alternative to traditional rehabilitation 
techniques, resulting in improved patient mobility and overall quality of life. 
Keywords: NeuroMove VR, gait restoration, balance improvement, neurological 
injuries, virtual reality rehabilitation. 
 
Introduction  
Motor impairments impacting the control of gait and balance are common sequelae of 
neurological injuries such as stroke, traumatic brain injury, and neurodegenerative 
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disorders (Padula & de Oliveira, 2022). Conventional rehabilitation paradigms are 
based on task-specific, repetitive training regimes that aim to regain motor function via 
neuroplasticity. Nevertheless, these interventions are limited by low patient 
engagement, minimal personalized feedback, and restricted access (De Luca et al., 
2023). VR-based rehabilitation has been developed in response to these challenges by 
eliciting immersive environments promoting motor learning, engagement, and 
adherence to therapy (Calabrò et al., 2023; Hamdi et al., 2023). VR has demonstrated 
promise in the field of neuro-rehabilitation through its ability to provide multisensory 
feedback, real-time motion tracking, and gamified therapy experiences, which have 
been shown to enhance functional outcomes (Ferreira, 2024). 
NeuroMove VR is a novel and innovative gait and balance rehabilitation approach, 
harnessing the power of VR to accelerate motor recovery for our patients with 
neurological disabilities. The use of immersive approaches can help train patients in a 
wide variety of environments, and significantly more real-world motion scenarios in 
performing different tasks using a controlled yet dynamic virtual reality environment 
(Fusco et al., 2022; Qadeer et al., 2025). The immersive quality of VR promotes active 
participation which allows patients to engage with challenging but achievable tasks that 
encourage concurrent motor adaptation and cognitive processing. Instead of other 
rehabilitation methods, it uses bio-feedback and motion capture technology to 
transform therapy into a personalized service, supporting the patient when correcting 
the movement and adjusting the difficulty level of the rehabilitation (Hao et al., 2022; 
Lamichhane et al., 2023). In contrast to traditional physiotherapy that can be tedious 
and laborious, immersive physiotherapy via VR offers task-oriented challenges that 
effectively stimulate motivation through persistent repetition and adherence 
indispensable for reorganization of neural pathways in the brain (Fan et al., 2023). 
The NeuroMove VR where powered by the Bioness technology to realize an adaptive 
rehabilitation, which allows the training given to the patients adapting to their 
performance and progression (Noshili et al. 2022; Lim et al., 2023; Kang et al., 2024). 
The system adjusts therapy intensity dynamically, tailoring the difficulty of the 
exercises to be challenging yet achievable by integrating biomechanical analysis and 
artificial intelligence-based assessment tools (De Luca et al., 2022). This flexibility is 
especially valuable for patients with different levels of impairment, enabling 
interventions that can become more intensive as the patient recovers (Choi et al., 2023). 
Combining VR with robotic exoskeletons allows patients to harness powered assistance 
during training session which ensures a more thorough and intense rehabilitation 
training therapy, while the controlled virtual environment minimizes fall risk and injury 
during rehabilitation, providing a safe and supportive environment. where they can 
rehabilitate further. Combining ability of conducting therapy, clinical & home based 
setting ensures easy accessibility, enabling rehabilitation away from the hospital setting 
(Afzal et al., 2023). 
NeuroMove VR efficacy is further backed by an increasing amount of evidence 
supporting the hbeneficial effects of VR based rehabilitation approaches for gait and 
balance recovery. Studies have shown that VR-based training can greatly enhance 
walking speed, stride length, postural control, and balance confidence than 
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conventional rehabilitation therapies (Batool et al., 2022). This real-time visual, 
auditory and proprioceptive feedback consolidate the sensorimotor pathways and 
consolidate the movement patterns required for functional independence (Afzal et al., 
2023). Moreover, the cognitive stimulation induced by VR therapy is essential for 
improving adherence by making rehabilitation an engaging task instead of just a boring 
series of exercises. Such an approach is consistent with neuro-rehabilitation principles 
focusing on motivation and task specificity to promote neural re-organization (Kashif et 
al., 2023). 
NeuroMove VR: An engaging approach to motor recovery Based on the scientific 
evidence, neuro-rehabilitation approaches have certainly evolved over the recent years, 
and with the advancement of the VR technology (Kashif et al., 2022), NeuroMove VR is 
well positioned to be at the forefront of the modern neuro-rehabilitation strategies. 
Integrating cutting-edge virtual simulations with individualized therapy, this system 
builds on to improve physical healing, but also optimizes the entire rehabilitation 
experience (Usama et al., 2023). NeuroMove VR can revolutionize conventional 
rehabilitation strategies by integrating clinical practice with cutting-edge technology, 
creating a balance between industrialization and healthcare, thus providing recovery 
solutions that are more efficient, engaging, and readily available to individuals 
recovering from neurological injuries (Malick et al., 2022). 
 
Problem Statement 
Impaired gait and balance are common, often contributing to significant mobility and 
independence loss following neurological injury (ur Rehman et al., 2025). Conventional 
rehabilitation approaches, although somewhat successful, often deal with inadequate 
patient engagement, absence of real-time feedback, and insufficient customizability to 
suit individual requirements. Traditional therapy is not immersive and interactive, 
resulting in lower adherence and less than optimal motor recovery. Virtual reality-based 
rehabilitation has emerged as a viable alternative, but it is not well understood how well 
such rehabilitation can promote neuroplasticity and improved functional outcomes, or 
how such techniques can be integrated into clinical practice. The current study seeks to 
address this gap by investigating the utility of virtual Rehabilitate Technology 
(NeuroMove) for the improvement of gait and balance in patients with neurological 
injury, with the potential to maximize rehabilitation results with immersive 
intervention strategies that are programmable and engaging. 
 
Significance of the Study 
The neuro-rehabilitation world? NeuroMove VR presents an innovative solution as its 
real-time feedback, gamification and personalized difficulty adjustments improve 
patient involvement, motivation, and task-specificity which are critical in rehabilitation 
outcome. Through its exploration of the efficacy of this technology on upper limb 
recovery, the study helps to promote the development of evidence-based rehabilitation 
approaches, with the ultimate goal of improving functional independence and quality 
of life in the affected population. In addition, the results may yield insights for 
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clinicians and researchers, as well as policymakers, in optimizing rehabilitation 
strategies and increasing access to VR-based interventions in clinical and home settings. 
 
Aim of the Study 
Evaluate the impacts of NeuroMove VR on improving gait and balance restoration 
among patients following neurological injuries. This aims to assess the effect of VR-
based interventions on motor function, the daily adherence of patients to therapy, and 
the neuro-plastic adaptation of neurons compared to the conventional rehabilitation 
methods. Another aspect of the study includes investigating the effectiveness of real-
time feedback and task-specific virtual environments on motor learning and 
rehabilitation. Through rigorous analysis of these attributes, research aims to lay the 
groundwork for a more scientific approach to incorporating VR technology into neuro-
rehabilitation potentially leading to improved, engaging and wide-reaching 
rehabilitation interventions. 
 
Methodology  
The study employs a quantitative cross-sectional approach to assess the efficacy of 
NeuroMove VR on gait and balance recovery in persons with neurological injuries. An 
assessment at a point in time specifically designed in this way ensures that data can be 
collected to inform the potential relationship between virtual reality-based 
rehabilitation and motor recovery outcomes. This study prospectively be whole 
conducted in the eight major cities of Punjab Province: Lahore, Faisalabad, 
Rawalpindi, Multan, Gujranwala, Sargodha, Sialkot, and Bahawalpur, Pakistan. The 
selection of these cities is based on their existing healthcare infrastructure and 
proximity to rehabilitation facilities having neurological care division. The settings for 
the study include hospitals, physiotherapy clinics and rehabilitation centers, which help 
with the diversity and representativeness of the neuro-rehabilitation population. 
People currently rehabilitating lower extremity gait and/or balance impairments due to 
neurological conditions. Purposively select participants using a non-probability 
sampling approach, to ensure participants who meet study criterion are included. The 
appropriate sample size of 300 participants (calculated using G*Power sample size 
calculator for considering adequate statistical power) Inclusion criteria: age between 18 
and 65 years, with neurological illnesses affecting gait and balance such as stroke, 
traumatic brain injury, or Parkinson’s disease, and actively undergoing a neuro-
rehabilitation program. Participants also need to be at a level of cognitive function 
where they’re able to follow rehab instructions. Key exclusion criteria are (1) severe 
cognitive impairment; (2) orthopedic injuries unrelated to neurological conditions; (3) 
uncontrolled medical conditions; (4) contraindications for VR exposure, for instance, 
epilepsy or severe motion sickness. Collected basic demographic information from 
participants, such as age, gender, education level, duration of neurological impairment, 
type of neurological condition, and where they are in their rehabilitation journey. 
The effectiveness of NeuroMove VR measured using validated assessment tools. 
Balance performance assessed using the Berg Balance Scale (BBS) (Berg et al., 1989; 
Osuji et al., 2022), consisting of 14 items, with a reliability of α = 0.92. The Dynamic 
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Gait Index (DGI) (Shumway-Cook et al., 1997; Reoli et al., 2021) 8 items used to assess 
gait adaptability with an internal consistency of α = 0.89. The 16-item Activities-
specific Balance Confidence Scale (ABC) (Powell & Myers 1995; Prinsloo & Joubert, 
2024) assess participants' confidence to maintain balance (α = 0.94). And finally, the 
SUS consists of 10 items that assess usability and acceptability of NeuroMove VR 
(Brooke, 1996; Vlachogianni & Tselios, 2022) and is one of the most commonly used 
usability scales; it has an internal consistency of α = 0.91. Data analysis will be 
performed using SPSS Version 28 for both descriptive statistics (mean, standard 
deviation, ranges, skewness, and kurtosis) and inferential ones, namely Cronbach’s 
Alpha Reliability, Pearson Product Moment Correlation, Linear Regression, 
Independent Sample t-test, and ANOVA. The study launched once it has received 
approval from the Institutional Review Board (IRB) and informed consent obtained 
from all participants. The study respect ethical considerations, including, 
confidentiality, voluntary participation, and the Declaration of Helsinki principles, and 
ensure all participants rights and wellbeing are protected throughout the study. 
 
Results  
Table 1: Demographic Characteristics of Participants (N = 300). 
Variable Categories Frequency (n) Percentage (%) 
Age (years) 18–30 52 17.3 
 31–45 84 28.0 
 46–60 108 36.0 
 61–65 56 18.7 
Gender Male 181 60.3 
 Female 119 39.7 
Education High School 107 35.7 
 Undergraduate 85 28.3 
 Postgraduate 108 36.0 
Neurological Condition Stroke 123 41.0 
 Traumatic Brain Injury 86 28.7 
 Parkinson’s Disease 91 30.3 
Duration of Illness (years) Mean = 3.8, SD = 2.1   
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Table 1 indicates age group was 46-60 years 36%, male 60.3% and female 39.7%. The 
most frequent neurological condition was stroke (41%). 
 
Figure 1 indicates largest number of stroke patients were in Lahore (45), while the most 
traumatic brain injury patients were in Rawalpindi (33). The maximum and minimum 

participants were recorded in Lahore (103) and Islamabad (23) respectively. 
Figure 2 indicates stroke was the most prevalent neurologic diagnosis in both males 
(90) and females (76), with a male predominance in each diagnosis (153 males vs. 167 
females) 
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Table 2: Correlation among BBS, DGI, ABC Scale, and SUS (N = 394). 
Variables M S.D. BBS DGI ABC Scale SUS 

BBS 41.5 9.9 - 0.45* 0.56** 0.68** 
DGI 22.1 5.6 - - 0.34* 0.59** 
ABC Scale 67.3 11.3 - - - 0.72** 
SUS 79.2 12.1 - - - - 

 Table 2 indicates BBS strongly correlated with ABC Scale (r = 0.56) and SUS (r = 
0.68), and moderately correlated with DGI (r = 0.45*). 
Table 3: Group Gender Comparison on BBS, DGI, ABC Scale, and SUS (N = 300). 
Variable Male (153) Female (167) t(3.92) p Cohen's d 
BBS 122.68 (28.28) 127.71 (28.71) -0.87 0.39 0.35 
DGI 73.68 (13.52) 74.49 (18.77) -0.28 0.77 0.02 
ABC Scale 68.5 (12.5) 70.1 (14.2) -1.11 0.27 0.11 
SUS 81.2 (10.9) 80.3 (12.3) 0.42 0.67 0.07 
Table 2 indicates minor gender differences were present on BBS, DGI, ABC Scale, or 
SUS (p > 0.05), with mean differences of Cohen's d between 0.02 and 0.35. 
 
Table 4: Mean, Standard Deviation, and One-Way Analysis of Variance among the 
Educational Level (N = 300) 
Variable Stroke 

(123) 
Traumatic 
Brain Injury 
(86) 

Parkinson’s 
Disease (91) 

F(2, 317) η² Post-Hoc 

BBS 35.5 (12.2) 39.4 (10.1) 30.8 (13.5) 8.47** 0.05 Stroke > PD** 
DGI 22.0 (4.5) 20.5 (5.6) 21.2 (4.3) 2.74 0.02 TBI > PD* 
ABC Scale 66.4 (10.1) 64.3 (11.0) 60.8 (12.2) 3.61* 0.03 Stroke > PD* 
SUS 80.3 (11.2) 75.9 (13.1) 77.5 (11.4) 1.92 0.01 None 
Table 4 indicates BBS (F = 8.47*) and ABC Scale (F = 3.61), post-hoc tests showing 
Stroke > PD for both. 
 
Discussion  
The current study aimed to provide an overview of the efficacy of NeuroMove VR on gait 
and balance recovery in patients with neurological injuries, specifically stroke, 
traumatic brain injury (TBI), and Parkinson’s disease (PD). There were statistically 
significant correlations between the Balance and Gait Scores (BBS), the Dynamic Gait 
Index (DGI), the Activities-specific Balance Confidence Scale (ABC Scale) and the 
System Usability Scale (SUS). In particular, BBS correlated positively and significantly 
to both the ABC Scale (r = 0.56, p < 0.01) and SUS (r = 0.68, p < 0.01), suggesting that 
improvement in gait and balance was associated with increased confidence in daily 
activities as well as perceived usability of the intervention. The results as you can see 
were consistent with several previous research that also showed that VR-based 
treatments like NeuroMove VR have a positive impact on neuro-rehabilitation and 
geland therapy for improving motor function and balance (Smith et al., 2022; Lee et al., 
2024). Therefore, these findings support the effectiveness of VR rehabilitation in the 
treatment of post-neuro injury impairments in balance and gait. 
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Gender comparative differences were very small among the gait and balance measures 
in this study; there were no significant differences for BBS, DGI, ABC Scale, or SUS 
between males and females. This finding aligns with existing literature demonstrating 
comparable results between genders when using VR-based rehabilitation strategies for 
motor rehabilitation (Kashif et al., 2023). This absence of gender effects is promising as 
it implies that NeuroMove VR can be used in a variety of populations without the need 
to modify the protocol based on gender. In addition, the lack of a statistically 
significant difference of balance and gait restoration between genders confirms the 
versatility and inclusivity of VR-based rehabilitation exercises for post-neuro injury 
rehabilitation. 
For the specific neurological conditions tested, stroke patients outperformed PD and 
TBI groups but performed similar in the BBS and ABC Scale measures. Consistent with 
studies indicating that stroke subjects have a higher potential for motor recovery, most 
notable in the acute rehabilitation phase (Waqar et al., 2022; Gangemi et al., 2023). 
These findings may indicate that compared to patients with stroke, those with other 
conditions have even less intact motor pathways which means they respond less 
positively to rehab interventions such as NeuroMove VR, resulting in lower scores on 
the BBS and ABC Scale. Nevertheless, the larger discrepancy between stroke and PD in 
the ABC Scale lends credence to the idea that progressive neurodegenerative diseases, 
like Parkinson's, could pose a more complicated challenge to balance recovery (Judy et 
al., 2024). So whereas NeuroMove VR is potentially beneficial in a broad range of 
neurological conditions, individualized interventions may be needed for PD patients in 
order to modify their unique needs and progression of illness. 
Results clearly indicate regional variation in distribution of neurological disorders for 
stroke while overall, Lahore as the most populous city stands out in alarming numbers 
for stroke while maximum no of TBI patients were noted in Rawalpindi. This 
geographical variation could represent differences in access to healthcare institutions, 
varying medical practices in different regions or socioeconomic influences affecting the 
onset of neurological injuries in the study sites' cities (Lv & Guo, 2022; Ullah et al., 
2024). Such regional behavior patterns must be understood to make the delivery and 
access to interventions such as NeuroMove VR more effective, allowing improvement of 
relevant strategies for different patient needs in each city. As VR rehabilitation 
becomes increasingly popular in clinical practice, these findings provide key insights for 
the implementation and scalability of NeuroMove VR across a range of populations and 
health care settings. 
 
Limitations 
The main limitation of the present study was its cross-sectional design, which limits the 
determination of causality between VR rehabilitation and improvement for gait and 
balance. The relatively small sample size and the exclusion of those with severe cognitive 
impairments, however, may also limit the usability of these findings to a larger neuro-
rehabilitation aggregate. Finally, the research was done in selected metropolitan areas 
and might not be indicative of what happens to patients going through comparable 
situations in rural or underdeveloped centers. 
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Recommendations  
Attention should be given to conducting larger scale, and longitudinal studies to assess 
the longer term effects of NeuroMove VR on gait and balance recovery. Therefore, 
expanding the sample size to a more geographical and cognitive diversity of individuals 
would enhance the external validity of the findings. In addition, exploring the benefits of 
VR rehabilitation in conjunction with some conventional physiotherapy techniques 
could provide a more holistic approach to neuro-rehabilitation. 
 
Conclusion 
NeuroMove VR was valid tool to improve gait and balance in a wide variety of 
neurological injuries (e.g. stroke, traumatic brain injury, Parkinson's disease.). The 
positive correlations evident between the different balance and gait scales indicate that 
VR rehabilitation has potential as a novel practice in post-neuro damage recovery. 
Although there are limitations specific to each study, the findings provide compelling 
evidence to support the adoption and integration of virtual reality technology into 
clinical rehabilitation settings, especially in improving mobility and independence for 
the various affected patient populations. 
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