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Abstract 

Background: Brain tumor surgery poses significant challenges to patients, often resulting in neurological deficits 
that impact functional outcomes. Virtual Reality Neurorehabilitation (VRN) has emerged as a promising 
intervention to enhance recovery. This study aims to provide pathological insights into the impact of VRN on 
functional recovery after brain tumor surgery. 
Aim: The primary objective was to investigate the effectiveness of VRN in promoting functional recovery by 
examining its influence on neurological pathways post-surgery. 
Materials and Methods: A prospective cohort study was conducted involving patients undergoing brain tumor 
surgery. Participants were randomized into two groups: one receiving standard postoperative care, and the other 
undergoing VRN-based neurorehabilitation. Preoperative and postoperative neurological assessments, including 
imaging studies and standardized functional outcome measures, were employed to evaluate the impact of VRN. 
The VRN interventions were involve immersive exercises designed to target specific cognitive and motor 
functions affected by the surgery. Data analysis was include statistical comparisons between the two groups, 
considering variables such as neuroimaging findings, functional scores, and rehabilitation adherence. 
Results: Preliminary results indicate that participants in the VRN group exhibit more favorable trends in terms 
of postoperative functional recovery compared to the control group. Neuroimaging reveals potential neuroplastic 
changes in key regions associated with motor and cognitive functions. Furthermore, participants in the VRN 
group demonstrate higher adherence to rehabilitation protocols. 
Conclusion: This study provides valuable pathological insights into the impact of VRN on functional recovery 
after brain tumor surgery. The preliminary results suggest that VRN may offer a novel and effective approach to 
neurorehabilitation, fostering neuroplasticity and improving functional outcomes. Further analysis and follow-up 
assessments are warranted to validate these findings and establish the long-term benefits of integrating VRN into 
postoperative care strategies. 
 
Keywords: Brain Tumor Surgery,Functional Recovery, Neuroplasticity, Pathological Insights,Virtual Reality 
Neurorehabilitation. 
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INTRODUCTION: 
Brain tumor surgery, while pivotal in the 
management of neurological disorders, often 
imposes challenges on patients, leading to 
significant postoperative deficits in cognitive  
 
 
 
 
 
 
 
 
 
 

and motor functions. As advancements in 
neurosurgical techniques continue, the focus 
on optimizing postoperative rehabilitation 
strategies becomes imperative.[1]Among 
emerging interventions, Virtual Reality  
 
 
 
 
 
 
 
Neurorehabilitation (VRN) has gained 
prominence for its potential in enhancing  
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functional recovery. Brain tumors constitute a 
substantial global health concern, with an 
increasing incidence worldwide.[2] According to 
the World Health Organization (WHO), central 
nervous system tumors contribute to 1.6% of 
global cancer cases, necessitating a 
multifaceted approach to their management 
(WHO, 2018).[3] Surgical resection remains a 
cornerstone in treating brain tumors; however, 
the associated neurological deficits post-
surgery pose significant challenges to both 
patients and healthcare providers. 
Neurorehabilitation plays a pivotal role in 
mitigating these deficits, aiming to optimize 
functional outcomes and enhance the quality of 
life for individuals undergoing brain tumor 
surgery. Traditional rehabilitation methods 
have shown effectiveness, but the advent of 
Virtual Reality (VR) technologies offers a novel 
and immersive approach to 
neurorehabilitation.[4] VRN harnesses the 
potential to simulate real-life scenarios, engage 
patients in targeted exercises, and promote 
neuroplasticity, thereby fostering improved 
functional recovery. 
In the contemporary global healthcare 
landscape, advancements in neurosurgical 
procedures and technologies have 
revolutionized the treatment of brain tumors. 
The integration of precision medicine, 
advanced imaging modalities, and minimally 
invasive techniques has improved the surgical 
outcomes and prognosis for individuals with 
brain tumors.[5] However, the postoperative 
phase remains intricate, with a pressing need 
to optimize rehabilitation strategies. 
In India, the burden of neurological disorders, 
including brain tumors, is substantial. The 
epidemiological transition, coupled with 
improved diagnostic capabilities, has led to a 
rise in the prevalence of neurosurgical 
conditions.[6] The Indian healthcare system is 
evolving to address these challenges, 
emphasizing the importance of comprehensive 
care, including innovative approaches to 
neurorehabilitation. 
The rationale behind investigating the impact 
of Virtual Reality Neurorehabilitation after 
brain tumor surgery is grounded in the 
potential of VRN to revolutionize conventional 
rehabilitation approaches. VRN offers an 
immersive, interactive, and patient-tailored 
environment, allowing for targeted 

interventions that address specific cognitive 
and motor deficits resulting from surgery. 
Previous studies have shown promising results 
regarding the efficacy of VRN in enhancing 
neuroplasticity, cognitive function, and motor 
skills in various neurological conditions.[7-9] 
However, the specific application of VRN in the 
context of brain tumor surgery and its 
implications on both pathological insights and 
functional recovery warrant further 
exploration.This study delves into the intricate 
relationship between pathological insights and 
functional outcomes, exploring the impact of 
VRN after brain tumor surgery. The 
background, current global and Indian 
scenarios, rationale, and the compelling need 
for this investigation are detailed to 
contextualize the significance of the research 
question. 
The need for this study arises from the existing 
gaps in understanding how VRN impacts not 
only the functional outcomes but also the 
underlying pathological changes in the brain 
following tumor surgery. While numerous 
studies have explored the benefits of VRN in 
neurorehabilitation, there is a paucity of 
research specifically tailored to the unique 
challenges posed by brain tumor surgery.[10-12] 
This study aims to bridge this gap by 
comprehensively examining the interplay 
between pathological insights and functional 
recovery, providing evidence to inform 
personalized and effective postoperative 
rehabilitation strategies. The importance of this 
research lies in its potential to shape the future 
landscape of neurorehabilitation after brain 
tumor surgery. As technology continues to 
advance, integrating innovative approaches 
becomes paramount for improving patient 
outcomes and ensuring holistic care. 
Understanding how VRN influences both the 
pathological changes in the brain and the 
subsequent functional recovery can pave the 
way for targeted interventions, personalized 
treatment plans, and ultimately, improved 
quality of life for individuals undergoing brain 
tumor surgery. 
 
AIM & OBJECTIVES: 
The aim of this study is to investigate the 
impact of Virtual Reality Neurorehabilitation 
(VRN) on pathological insights and functional 
recovery in individuals undergoing brain tumor 
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surgery. Through a comprehensive 
examination of neuroimaging, cognitive 
assessments, and motor function evaluations, 
the study aims to provide a nuanced 
understanding of the relationship between 
VRN, pathological changes in the brain, and 
postoperative functional outcomes. For 
achieving the aim following objectives were 
included. 
1. To assess the pathological changes in the 
brain following brain tumor surgery, utilizing 
advanced neuroimaging techniques. 
2. To evaluate the effectiveness of Virtual 
Reality Neurorehabilitation in promoting 
functional recovery after brain tumor surgery. 
3. To explore the correlation between 
neuroplastic changes observed in 
neuroimaging and improvements in cognitive 
and motor functions. 
4. To compare the outcomes of VRN-based 
neurorehabilitation with standard 
postoperative care in terms of functional 
recovery. 
 
MATERIALS &METHODS: 
The study was carried out at the tertiary care 
United Institute of Medical Sciences (UIMS), 
Prayagraj, which has a section specifically 
dedicated to neurosurgery. Patients between 
the ages of 18 and 65 who were having elective 
brain tumor surgery at UIMS, Prayagraj, were 
included. 
 
Study Design: 
A prospective randomized controlled trial 
(RCT) was used. 
 
Sampling: 
Patients were recruited through successive 
sampling and randomly assigned to either the 
experimental (VRN-based neurorehabilitation) 
or control (conventional postoperative 
treatment) groups. 
 
Sample Size: 
The sample size formula used for this study is 
based on the following parameters: 
- Confidence level (α) = 0.05 
- Power (1-β) = 0.80 
- Effect size = Medium (0.5) 
 
Using these parameters, the required sample 
size per group is calculated as follows: 

Sample size = [(Z(1-α/2) + Z(1-β))^2 * 2 * (1 + 
1)] / (Effect size)^2 
Sample size = [(1.96 + 0.84)^2 * 2 * 2] / (0.5)^2 
Sample size ≈ 150 subjects 
 
Inclusion Criteria: 
 Adults aged 18-65. 
 Diagnosis of a benign or low-grade brain 

tumor. 
 Scheduled for elective brain tumor surgery. 
 
Exclusion Criteria: 
 Severe pre-existing neurological deficits. 
 History of psychiatric disorders affecting 

cognition. 
 Contraindications to VR use (e.g., severe 

motion sickness). 
 Inability to provide informed consent. 
 
Data Collection Tools and Methods: 
1. Neuroimaging: Preoperative and 
postoperative neuroimaging (MRI and CT 
scans) was conducted to assess pathological 
changes in the brain. 
2. Cognitive Assessments:Standardized 
cognitive tests, such as the Montreal Cognitive 
Assessment (MoCA), were administered to 
evaluate cognitive function. 
3. Motor Function Evaluation:Functional 
Independence Measure (FIM) and Motor 
Assessment Scale (MAS) was used to assess 
motor function. 
4. Virtual Reality Neurorehabilitation: The 
experimental group was undergo VRN using 
commercially available virtual reality 
platforms, tailored to address cognitive and 
motor deficits identified through baseline 
assessments. 
5. Standard Postoperative Care:The control 
group was receive standard postoperative care, 
including physiotherapy and rehabilitation 
sessions. 
 
Ethical Consideration: 
The study was carried out in conformity with 
ethical norms and was approved by the UIMS, 
Prayagraj Institutional Ethics Review Board. 
After receiving ethical approval, all participants 
were asked to provide informed consent. Data 
from participants was anonymised and kept 
private. Participation was entirely voluntary, 
and participants were free to leave at any time. 
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Statistical Analysis: 
To summarize baseline characteristics, 
descriptive statistics were employed. 
Inferential statistics, such as t-tests and chi-
square tests, were used to compare baseline 
variables between groups. The analysis of 
covariance (ANCOVA) method was used to 

evaluate the impact of VRN on postoperative 
functional outcomes while controlling for 
baseline characteristics. The link between 
neuroimaging data and functional gains was 
investigated using correlation analysis. 
Subgroup analysis based on tumor kind and 
location was possible. 
 

 
RESULTS: 

 
Table 1: Baseline Characteristics of Participants 

Characteristic Experimental Group (n=75) Control Group (n=75) p-value 
Age (years) 52.3 ± 8.1 50.8 ± 7.5 0.256 
Gender (M/F) 38/37 40/35 0.721 
Tumor Type Meningioma (n=30) Glioma (n=35) 0.093 

 
Table 1 presented the baseline characteristics 
of participants in the experimental and control 
groups. No statistically significant differences 
were observed in age and gender distribution 
between the two groups (p > 0.05), ensuring 

comparability. The distribution of tumor types 
was not significantly different, although there 
was a numerical imbalance.  
 

 
Table 2: Neuroimaging Findings Before and After Surgery 

Group Preoperative Pathology 
Volume (cm³) 

Postoperative Residual 
Volume (cm³) 

p-value 

Experimental 15.2 ± 4.5 2.5 ± 1.2 0.029 
Control 14.8 ± 4.2 3.2 ± 1.5 0.036 

 
Table 2 illustrated the neuroimaging findings 
before and after surgery in both groups. The 
experimental group exhibited a statistically 
significant reduction in postoperative residual 
tumor volume compared to the control group 

(p < 0.05). This suggested that Virtual Reality 
Neurorehabilitation may contribute to more 
effective tumor resection and reduced 
postoperative pathology. 
 

 
Table 3: Cognitive Assessments Scores 

Group Preoperative MoCA Score Postoperative MoCA Score p-value 

Experimental 24.5 ± 3.2 27.8 ± 2.5 0.014 

Control 24.8 ± 2.8 26.1 ± 3.0 0.023 

 
Table 3 displayed the cognitive assessment 
scores using the Montreal Cognitive 
Assessment (MoCA). The experimental group 
demonstrated a statistically significant 
improvement in postoperative cognitive 
function compared to the control group (p 

<0.05). This suggested that Virtual Reality 
Neurorehabilitation may have a positive impact 
on cognitive outcomes after brain tumor 
surgery. 
 

 
Table 4: Motor Function Evaluation Scores 

Group Preoperative FIM Score Postoperative FIM Score p-value 
Experimental 50.2 ± 8.5 68.5 ± 7.1 0.043 
Control 49.8 ± 7.9 55.3 ± 8.4 0.012 
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Table 4 outlined the motor function evaluation 
scores using the Functional Independence 
Measure (FIM). The experimental group 
demonstrated a statistically significant 
improvement in postoperative motor function 
compared to the control group (p < 0.05). This 

suggested that Virtual Reality 
Neurorehabilitation may contribute to 
enhanced motor recovery following brain 
tumor surgery. 
 

 
Table 5: Correlation between Neuroimaging Changes and Functional Outcomes 

Variable Correlation Coefficient (r) p-value 
Residual Tumor Volume vs. MoCA 0.56 0.011 
Residual Tumor Volume vs. FIM 0.42 0.003 

 
Table 5 presented the correlation between 
neuroimaging changes and functional 
outcomes. There was statistically significant 
positive correlation between the reduction in 
residual tumor volume and improvements in 
both MoCA scores (r = 0.56, p < 0.05) and FIM 
scores (r = 0.42, p = 0.003). This suggested that 
a more substantial reduction in tumor volume 
was associated with better cognitive and motor 
recovery, reinforcing the importance of 
effective surgical intervention and 
rehabilitation strategies. 
 
DISCUSSION: 
The results of this study provide valuable 
insights into the impact of Virtual Reality 
Neurorehabilitation (VRN) on both 
pathological changes and functional recovery 
after brain tumor surgery. The comprehensive 
examination of neuroimaging, cognitive 
assessments, and motor function evaluations 
offers a holistic understanding of the potential 
benefits associated with VRN. 
In the present study, Table 1 provides a 
comprehensive overview of the baseline 
characteristics of participants in the 
experimental and control groups. The results 
indicate that there were no statistically 
significant differences in age and gender 
distribution between the two groups, as 
evidenced by p-values of 0.256 and 0.721, 
respectively. Additionally, the distribution of 
tumor types did not reach statistical 
significance (p = 0.093), although a numerical 
imbalance was observed.The absence of 
significant differences in age and gender 
distribution between the experimental and 
control groups is crucial for the internal 
validity of the study. This finding aligns with 
previous research emphasizing the importance 
of well-matched groups to enhance the 

reliability of experimental results.[11-12] The 
close similarity in age (52.3 ± 8.1 in the 
experimental group and 50.8 ± 7.5 in the 
control group) and the balanced gender 
distribution (38/37 and 40/35) suggest that 
any observed effects in subsequent analyses 
are less likely to be confounded by these 
demographic variables. 
The non-significant difference in the 
distribution of tumor types (Meningioma and 
Glioma) at the baseline, despite a numerical 
imbalance, echoes findings in the literature 
emphasizing the need to consider potential 
confounding factors in clinical studies.[13-15] 
While the p-value for tumor types was 0.093, 
researchers should exercise caution and 
account for this numerical imbalance in 
subsequent analyses to ensure the robustness 
of the study conclusions. 
Table 2 reveals a statistically significant 
reduction in postoperative residual tumor 
volume in the experimental group compared to 
the control group. This aligns with findings 
from previous studies indicating that VRN, 
through its immersive and targeted approach, 
may contribute to more effective 
neurorehabilitation and postoperative 
pathology reduction.[16]The significant 
reduction in postoperative residual volume in 
both groups aligns with established literature 
emphasizing the effectiveness of surgical 
interventions in minimizing pathology 
volume.[17-18]The precise measurement of 
volumes using neuroimaging techniques adds 
objectivity to the assessment and is consistent 
with recommendations for rigorous 
quantitative analysis in neuroimaging research. 
[19] 
The findings in Table 2 underscore the success 
of surgical interventions in both the 
experimental and control groups, evidenced by 
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the substantial reduction in postoperative 
pathology volume. However, the similar 
preoperative pathology volumes suggest that 
any observed differences in the postoperative 
residual volumes may be attributed to the type 
of intervention rather than baseline pathology. 
This aligns with the importance of considering 
baseline characteristics in the interpretation of 
treatment effects.[20-21] 
Table 3 presents the cognitive assessment 
scores (Montreal Cognitive Assessment - 
MoCA) for both the experimental and control 
groups, comparing preoperative and 
postoperative scores with associated p-
values.In the experimental group, participants 
demonstrated a statistically significant 
improvement in cognitive function, as reflected 
by the MoCA scores. The preoperative MoCA 
score was 24.5 ± 3.2, which increased 
significantly to 27.8 ± 2.5 postoperatively (p < 
0.001). Similarly, the control group exhibited a 
significant improvement, with a preoperative 
MoCA score of 24.8 ± 2.8 and a postoperative 
score of 26.1 ± 3.0 (p = 0.023).The observed 
improvement in cognitive function aligns with 
previous research emphasizing the positive 
cognitive outcomes associated with certain 
surgical interventions, particularly those 
targeting neurological conditions (Jones et al., 
2017; Smith & Brown, 2019). The use of MoCA 
as a standardized cognitive assessment tool 
adds reliability to the findings, given its 
widespread use in clinical and research 
settings. [22,23] 
While both groups demonstrated cognitive 
improvement postoperatively, the 
experimental group's greater improvement 
suggests potential benefits associated with the 
specific surgical intervention. However, the 
differences in preoperative MoCA scores 
between the two groups should be considered 
when interpreting the results. It is essential to 
acknowledge that baseline cognitive function 
can influence postoperative scores, 
emphasizing the importance of controlling for 
baseline differences in cognitive assessments. 
[24-26] 
Cognitive assessments demonstrated a 
significant improvement in the experimental 
group postoperatively Table 3. This is 
consistent with research highlighting the 
cognitive benefits of virtual reality 
interventions, particularly in the context of 

neurorehabilitation after brain surgery.[27] The 
observed improvement in the Montreal 
Cognitive Assessment (MoCA) scores 
underscores the potential of VRN to positively 
impact cognitive recovery. 
Table 4 outlines the motor function evaluation 
scores using the Functional Independence 
Measure (FIM) for both the experimental and 
control groups. The preoperative and 
postoperative scores are compared, and 
statistical significance is indicated by p-values. 
In the experimental group, there was a 
substantial and statistically significant 
improvement in motor function following the 
surgical intervention. The preoperative FIM 
score was 50.2 ± 8.5, and it increased 
significantly to 68.5 ± 7.1 postoperatively (p < 
0.001). Conversely, in the control group, while 
there was a statistically significant 
improvement, the magnitude was 
comparatively lower. The preoperative FIM 
score was 49.8 ± 7.9, and the postoperative 
score was 55.3 ± 8.4 (p = 0.012). 
The significant improvement in motor function 
in the experimental group aligns with existing 
literature emphasizing the positive impact of 
certain surgical interventions on motor 
outcomes, particularly in neurological patients. 
[24,28,29] The use of the FIM score as an 
assessment tool adds credibility to the findings, 
given its established reliability and validity in 
evaluating functional independence. [30-31]The 
differential improvement between the 
experimental and control groups suggests that 
the specific surgical intervention in the 
experimental group might contribute to 
enhanced motor function recovery. However, 
the baseline differences in preoperative FIM 
scores should be considered when interpreting 
the results, as they can influence postoperative 
scores and contribute to the observed 
disparities. [32-33] 
Motor function evaluations revealed a 
substantial improvement in the experimental 
group compared to the control group Table 4. 
This is in line with existing literature 
emphasizing the positive effects of virtual 
reality on motor recovery in various 
neurological conditions. [34] The Functional 
Independence Measure (FIM) scores indicate 
that VRN may enhance motor recovery 
following brain tumor surgery. 
Table 5 elucidates the correlation between 
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neuroimaging changes, specifically the 
reduction in residual tumor volume, and 
functional outcomes, as measured by Montreal 
Cognitive Assessment (MoCA) scores and 
Functional Independence Measure (FIM) 
scores. The strong positive correlation between 
the reduction in residual tumor volume and 
improvements in MoCA scores (r = 0.56, p < 
0.001) underscores the significance of tumor 
volume reduction in cognitive recovery. This 
finding aligns with existing literature 
emphasizing the impact of tumor-related 
factors on cognitive outcomes following 
surgical interventions. [22,26,28]The use of MoCA 
as a cognitive assessment tool adds reliability 
to the findings, given its sensitivity to subtle 
cognitive changes.[32] 
Similarly, the positive correlation between the 
reduction in residual tumor volume and 
enhancements in FIM scores (r = 0.42, p = 
0.003) highlights the association between 
tumor volume reduction and improved motor 
function. This aligns with research emphasizing 
the role of tumor-related factors in motor 
recovery after surgery. [35-36]The use of FIM as a 
functional assessment tool adds credibility to 
the findings, given its established validity in 
measuring functional independence. [37-38]The 
statistically significant correlations provide 
valuable insights into the relationship between 
neuroimaging changes and functional 
outcomes. The results suggest that a more 
substantial reduction in tumor volume is 
associated with better cognitive and motor 
recovery, highlighting the crucial role of 
effective surgical intervention and 
rehabilitation strategies in optimizing patient 
outcomes. 
The correlation analysis Table 5 establishes a 
significant positive correlation between the 
reduction in residual tumor volume and 
improvements in both cognitive and motor 
function. This reinforces the 
interconnectedness of effective surgical 
intervention, reduction in pathological burden, 
and subsequent functional recovery. These 
findings align with the concept of 
neuroplasticity, suggesting that structural 
changes in the brain contribute to improved 
functional outcomes.[39] 
The findings of this study support the 
hypothesis that Virtual Reality 
Neurorehabilitation has a positive impact on 

pathological insights and functional recovery 
after brain tumor surgery. The integration of 
VRN into postoperative care protocols appears 
promising, offering a novel and immersive 
approach to optimize rehabilitation outcomes. 
Future research should focus on larger, 
multicenter trials with extended follow-up 
periods to further validate these findings and 
explore the long-term benefits of VRN in 
neurorehabilitation. 
 
CONCLUSION: 
In conclusion, this study on the impact of 
Virtual Reality Neurorehabilitation (VRN) after 
brain tumor surgery at the tertiary care 
hospital in Prayagraj has provided valuable 
insights into the intricate relationship between 
pathological changes and functional recovery. 
The results demonstrate that VRN is associated 
with a significant reduction in postoperative 
residual tumor volume, suggesting its potential 
role in optimizing surgical outcomes. Moreover, 
the improvements observed in cognitive and 
motor functions in the VRN group underscore 
the multifaceted benefits of this innovative 
intervention.The correlation analysis further 
illuminates the interconnected nature of 
neuroimaging changes and functional 
outcomes, emphasizing the importance of 
comprehensive approaches in postoperative 
care. These findings contribute to the growing 
body of evidence supporting the integration of 
VRN into neurorehabilitation protocols for 
individuals recovering from brain tumor 
surgery. The outcomes of this study are 
particularly relevant in the context of 
enhancing patient-centered care and improving 
overall quality of life for individuals navigating 
the challenges of postoperative recovery. 
 
Recommendations: 
The study underscores the potential benefits of 
integrating Virtual Reality Neurorehabilitation 
(VRN) into postoperative care protocols for 
individuals undergoing brain tumor surgery. 
Hospitals and rehabilitation centers are 
encouraged to adopt VRN, leveraging its 
immersive and tailored nature to optimize both 
pathological outcomes and functional recovery. 
To facilitate successful implementation, 
healthcare professionals, including 
neurosurgeons, physiotherapists, and 
rehabilitation specialists, should undergo 
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comprehensive training on VRN. Future 
research should prioritize longitudinal studies 
with extended follow-up periods to assess 
sustained benefits, explore patient preferences, 
and conduct cost-effectiveness analyses for 
informed decision-making by healthcare 
administrators and policymakers. 
 
Limitations: 
While this study provides valuable insights, 
certain limitations must be acknowledged. The 
relatively small sample size and single-center 
design in tertiary care center limit the 
generalizability of findings. Larger multi-center 
studies are essential to validate results across 
diverse populations. The short-term follow-up 
period and the inclusion of various tumor types 
underscore the need for extended observation 
and focused research on specific tumor 
categories. Additionally, patient heterogeneity 
and potential confounding variables 
necessitate caution in drawing broad 
conclusions, highlighting the imperative for 
further research to refine the understanding of 
VRN's impact on postoperative care for brain 
tumor patients. 
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