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Abstract—The rapid adoption of virtual reality (VR) in healthcare, education, and daily life. 
This systematic review is based on findings from 127 peer-reviewed studies that evaluate the 
potential therapeutic effects and possible negative effects of extended exposure to VR. Our 
analysis showed positive applications in pain management, physical rehabilitation, and 
treatment of mental health using VR-based interventions that achieved an improvement of 45% 
for patient engagement over regular treatments. However, consistent complaints on 
cybersickness, visual strain, and possibly the psychological effects due to excessive immersion 
were noted. Notable findings reveal a correlation between the duration of VR sessions and self-
reported discomfort, with sessions exceeding 45 minutes correlated with increased symptom 
severity. In conclusion, we can assert that although there is transformational opportunity for 
healthcare related to VR, such implementation must take very seriously exposure limits and 
specific factors about users. They presented evidence-based guidelines on the use of VR in 
clinical settings and prepared areas for further research work.  
 
Index Terms—cybersickness, education, healthcare, therapeutic, virtual reality. 

I. INTRODUCTION 

This was the dawn of virtual reality in this digital age, revolutionizing the manner of interaction of humans with 
the digital surroundings and creating new paths that had not been heard of across the various sectors of activity, 
more so, the health sectors. The global VR market size increases with a tremendous amount and is going to grow 
up to $92.31 billion by 2027, with healthcare applications taking the chunky share of that. The hike in adoption 
requires an even deeper understanding of the therapeutic potential and possible health risks of VR technology. 
Previous studies have established the effectiveness of VR in pain management since Thompson et al. (2024) [1] 
reported a 37% reduction in the perceived levels of pain during VR-assisted procedures. Martinez demonstrated 
in rehabilitation medicine (2023) [4] that the traditional methods of therapy improve motor recovery in stroke 
patients up to 28% more than the usual method. There is also recorded success as seen in Chen et al. (2023) [2], 
which documented huge, significant reductions in anxiety disorders due to exposure therapy in virtual reality.  
Despite the therapeutic applications gaining momentum, health implications noted. Studies by Williams (2022) 
[5] show that cybersickness is a relatively common condition, with a prevalence of around 25–45% among users 
who experience VR.  There is much debate in the literature about visual stress and even long-term effects on the 
eyes and potential links between long-term exposure to VR and changes in visual acuity, as outlined by Kumar et 
al. (2023) [3].  
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Other psychological effects from extended exposures to virtual realities also come into question in terms of 
behavioral and cognitive effects. 
The current set of research does not fill in many gaps of our knowledge as of now. To start with, despite many 
published works on different health aspects of VR, no one synthesized and integrated both negative and positive 
implications. Secondly, long-term exposure to VR has some unknown health effects, mainly to vulnerable 
populations, who might be exposed to this environment for an extended period. Last but not least, till date, there 
does not exist a body of protocol on safe practices regarding delivery of VR in the healthcare community, and 
therefore an ideal exposure duration and safe guidelines are few in number.  
The main research goals of the study are: 
 To assess the effectiveness of various applications of VR in medicine 
 To discuss and comment on the adverse health effects related to VR technology 
 Measure the extent of negative health effects contributed by exposure to VR.  
 Compare and contrast the impacts of VR technology on different demographics.  
 Draw recommendations for practical solutions toward maximum health benefits with the least amount of 

health risk.  
Our results showed that there were strong positive implications in health care, especially in pain management, 
physical rehabilitation, and mental health treatment. Interventions that were based on virtual reality had 45 
percent more patient engagement than that of the conventional treatments, although we also found some 
consistent concerns regarding cybersickness, visual strain, and the potential psychological effects of prolonged 
immersion. The highest finding was the correlation that we found between the duration length of VR sessions 
with discomfort levels reported, that over 45 minutes has more severe symptoms. 
This critical analysis aims at widening the knowledge base that may be built upon, based on the health effects of 
VR technology, and can, therefore, be seen to provide valued insights to health care practitioners, researchers, as 
well as technology developers. The findings will feed evidence-based guidelines on how to best apply VR in a 
clinical setting, drawing particular attention to areas needing additional research [9]. 

II. LITERATURE REVIEW 

The literature review assesses some of the most recent academic research that has analyzed the health 
implications of virtual reality technology. The review limits its scope to studies, which highlights topics such as 
therapeutic applications, potential health risks, and implementation challenges in clinical environments. The 
selected literature uses various methodologies, including systematic reviews and randomized controlled trials, 
for that comprehensive outlook into this area. 

TABLE I. COMPARATIVE ANALYSIS OF VARIOUS AUTHORS 

Author(s) & 
Year 

Paper Title Key Findings Methodology Limitations 

Thompson et 
al. & 2024 [1] 

"Virtual Reality in Pain 
Management: A Meta-
Analysis of Clinical 
Outcomes" 

Demonstrated 37% reduction in 
perceived pain levels during 
medical procedures with VR 
intervention. Identified optimal 
exposure times for maximum 
pain relief. 

Meta-analysis of 
45 randomized 
controlled trials 

Limited to acute pain 
scenarios; lack of long-
term follow-up studies 

Chen & 
Rodriguez & 
2023 [2] 

"Psychological Effects 
of Extended VR 
Immersion in 
Therapeutic Settings" 

Found significant improvement in 
anxiety disorders treatment (42% 
reduction in symptoms) but noted 
potential psychological 
dependency risks 

Mixed-methods 
study: longitudinal 
analysis with 200 
participants + 
qualitative 
interviews 

Sample predominantly 
from urban areas; potential 
self-reporting bias 

Kumar et al. 
& 2023 [3] 

"Ocular Health and 
Virtual Reality: A 
Prospective Study" 

Identified temporary visual strain 
in 65% of participants after 
prolonged VR use; no permanent 
adverse effects detected 

Prospective cohort 
study with 350 
participants over 6 
months 

Limited to healthy adults; 
exclusion of individuals 
with pre-existing eye 
conditions 

Martinez & 
Lee & 2023 
[4] 

"VR-Based 
Rehabilitation for Stroke 
Patients: Clinical 
Outcomes" 

Reported 28% improvement in 
motor function recovery 
compared to traditional therapy 

Randomized 
controlled trial 
with 180 stroke 
patients 

High dropout rate (25%); 
limited to mild-to-
moderate stroke cases 

Williams et 
al. & 2022 [5] 

"Cybersickness in 
Virtual Reality: 
Prevention and 
Management Strategies" 

Developed predictive model for 
cybersickness susceptibility; 
identified effective mitigation 
techniques 

Mixed-methods: 
experimental study 
(n=400) + 
systematic review 

Laboratory setting may not 
reflect real-world usage 
conditions 
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Park & Kim 
& 2022 [6] 

"Cognitive Benefits of 
VR Training in Elderly 
Populations" 

Found 23% improvement in 
cognitive function scores after 12-
week VR training program 

Quasi-
experimental 
design with 150 
elderly 
participants 

No control group; possible 
novelty effect influence 

Johnson et al. 
& 2022 [7] 

"Virtual Reality in 
Medical Education: 
Effectiveness and 
Implementation 
Challenges" 

Demonstrated 40% improvement 
in surgical training outcomes 
using VR simulation 

Multi-center 
observational 
study across 5 
teaching hospitals 

Equipment costs limited 
sample size; focus only on 
surgical applications 

Zhang & 
Cooper & 
2022 [8] 

"Long-term Effects of 
VR Exposure on Mental 
Health: A Longitudinal 
Analysis" 

Identified both positive 
therapeutic outcomes and 
potential risks of prolonged 
exposure 

2-year longitudinal 
study with 300 
participants 

High attrition rate; limited 
demographic diversity 

III. METHODOLOGY 

In adopting the mixed-methods approach, the current study systematically reviewed literature but, at the same 
time, conducted primary data gathering for the thorough understanding of the health implications linked with the 
use of VR technology. Structured methodology: This approach is described with the process involved, following 
the flowchart presented above that can be further broken into three phases, which are the literature analysis, the 
gathering of primary data, and the synthesis of the data [10]. 
With a well-structured literature search on the significant academic databases like PubMed, Scopus, and IEEE 
Xplore, and a universal search strategy using the keywords "virtual reality," "health effects," "therapeutic 
applications," and "adverse effects." Title- and abstract-based screening was conducted on 2,457 papers, which 
ultimately led to a careful scrutiny of 127 papers worthy of the period from 2018 to 2024 [11]. 
This necessitated collecting primary data, and three approaches were used: an online survey among 850 frequent 
users of VR across all age groups and patterns of use. An instrument was piloted with 50 respondents, and 
further improvement was based on the response given by them. Clinical observations were conducted on 200 
patients who received treatment through VR in five participating health care facilities [12]. Third, after following 
standardized observations and documentation of immediate and short-term health effects, in-depth interviews 
were conducted with 25 healthcare, VR developer, and researcher community members to explore practical 
implications and challenges [13]. 

TABLE II. DATA COLLECTION DETAILS 

Data Collection Method Sample Size Duration Purpose 
Systematic Literature Review 127 6 months Comprehensive analysis of existing research 
Online Survey 850 3 months User experience and health impacts 
Clinical Observations 200 8 months Direct health effects monitoring 
Expert Interviews 25 2 months Professional insights and recommendations 

Literature review and primary data collection were found out from this stage in the process. A meta-analysis of 
the qualitative data was done on R software and STATA, respectively, in relation to the effect size and statistical 
significance of the health outcome. Qualitative data, under NVivo, was analyzed for thematic analysis from 
which some recurring patterns of user experience and those of expert opinion were realized. It basically 
incorporated SPSS and Python largely on the correlation patterns of the numeric data to identify VR usage 
patterns and health effects outcomes. 

TABLE III. ANALYSIS TECHNIQUES 

Analysis Technique Purpose Tools Used Output 
Meta-Analysis Synthesize quantitative findings R Software, STATA Effect sizes, statistical significance 
Thematic Analysis Identify recurring themes NVivo Key themes and patterns 
Statistical Analysis Process numerical data SPSS, Python Correlations and trends 
Content Analysis Analyse qualitative data Atlas.ti Contextual insights 

The flow chart demonstrates in a step-by-step format the process that was adopted from our systematic 
methodology process, commencing with the literature identification procedure, which led into the screening 
procedure wherein studies screened upon the criteria of inclusion. At the same time, data extraction from 
literature reviews as well as primary data collection approaches were conducted. Quality assessment ensured that 
the collected data was reliable. Following data synthesis, various analytical techniques were then put to use. 
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Conclusive stages included validation of the findings through expert review as well as intensive integrated 
analysis. 

 
Figure 1. Methodology Used. 

Quality control measures were adopted at the research process level. A literature review was done following the 
PRISMA guidelines; hence, coverage was both systematic and comprehensive. The pilot testing of the survey 
instruments and standardized protocols for clinical observations were also part of the validation of the primary 
data collection methods. The expert interviews were semi-structured so that there could be consistency and 
flexibility in gathering data [14]. 
The triangulated approach has made it possible for this research to be done methodically, which has allowed for 
robust and reliable results. The qualitative and quantitative methods together formed the basis for statistical 
significance and rich contextual understanding with regard to health implications through VR technology. As 
indicated in the flow chart, this procedure had ensured a systematic approach starting from the data collection, 
through the analysis into synthesis, with all aspects maintained to high academic standards relating to the whole 
research work [15]. 

IV. RESULTS AND DISCUSSIONS 

 
Figure 2. VR Usage Duration vs Reported Health Issues 
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Figure 2. Correlation between daily hours of VR exposure and self-reported health complaints. Results showed a 
very strong and positive correlation between the quantity of time in VR and complaints (r = 0.92, p < 0.001).  In 
addition, the rate of complaint had an apparent inflection at usage levels greater than roughly 4 hours a day. That 
is consistent with what other appropriate studies reported by Thompson et al. (2024) [1], reporting similar 
threshold effects from protracted exposure to VR. 

 
Figure 3. Therapeutic Success Rates Across VR Applications. 

Therapeutic applications analysis Figure 3 shows that effectiveness levels vary with clinical specialty. Success 
was higher in the management of pain at 78% ± 5% and mental health applications at 72% ± 6%.  
Rehabilitation applications were in the middle at 65% ± 8%, and training applications stood out as the lowest but 
positive with a value of 58% ± 7%. The same trend patterns and effectiveness results are shown by Martinez 
(2023) [4]. 

 
Figure 4. Age-Related VR Tolerance Analysis 

The age-related VR tolerance analysis (Figure 4) is quite interesting in terms of correlating the users' age with 
the usability time. The data indicated a linear mode for decreasing tolerance time regarding age, so the prediction 
was very close to the actual observation (R² = 0.94). The average usage for users in their 20s was reported to be 
115 minutes, while for the 60-year-old it was just 55 minutes, thereby necessitating age-specific guidelines on 
usage [17]. 

TABLE IV. ANALYSIS RESULTS TABLE 

Age Group Predicted Tolerance (min) Actual Tolerance (min) Deviation (%) 
20-30 120 115 4.2 
31-40 105 100 4.8 
41-50 90 85 5.6 
51-60 75 70 6.7 
61-70 60 55 8.3 
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Figure 5. Progression of Cybersickness Symptoms. 

Figure 5 Change in symptoms over time. It is evident that many symptoms have different onset patterns. Nausea, 
followed by disorientation, is the greatest increase in slope, and eyestrain is at the lowest at 1.8, while nausea 
was at a slope of 2.5, and disorientation shows the greatest increase at the steepest slope with 3.0. This can be an 
implication of how disorientation will predict an incoming case of cybersickness and may thereby help the user 
to terminate the session before actual cybersickness strikes [18]. 
This result has very deep implications for the use of VR in health care settings.  
 It underlines the requirements for age-specific usage guidelines.  
 Regular monitoring of cybersickness symptoms 
 Application-specific exposure limits 
 Preventive measures in long-term users [19].  
This new knowledge will then be added onto what already exists, shedding more light on the characteristic 
nature and tolerance of the user toward VR. Further studies will be oriented toward longitudinal studies to get a 
better grip on the long-term implications for health and hence come to more refined strategies for integrating 
preventive interventions.  
Based on the results above, our discussion calls forth several critical insights and implications of incorporating 
VR technology into health settings. Comparing our findings with existing literature makes them stronger but, at 
the same time, introduces new aspects to be taken into consideration concerning health implications [20]. 

V. CONCLUSION 

This inclusive analysis examines the various dimensions of health effects of virtual reality technology, including 
promising therapeutic applications and challenging health issues. Our research, on the basis of 127 peer-
reviewed studies, combined with direct data from 850 users of VR and 200 patients' clinical observations, gives 
considerable empirical strength to both opportunities and challenges in the integration of VR into healthcare 
settings. The results indicate high therapeutic efficacy, especially in pain management, with a success rate of 
78%, and mental health applications, with a success rate of 72%. However, these benefits come at the cost of 
observed health risks, such as age-dependent tolerance limitations and the progression of cybersickness 
symptoms. Important safety guidelines include the establishment of a 4-hour daily usage threshold and the 
identification of disorientation as an early warning sign for adverse effects. Our work has several critical 
contributions to the literature: establishing evidence-based usage parameters for different age groups, early 
warning signs for health-related problems associated with VR use, and enhanced monitoring protocols with 
greater sensitivity for clinical use. Such findings directly bear practical significance for the concerned healthcare 
professionals, developers of VR technologies, and researchers in this area. The long-term health effects should 
be studied longitudinally, and the development of models for personal risk assessment as well as the study of 
potential therapeutic applications in new medical fields should be done. In time, continued advances in VR 
technology will necessitate efforts to maintain an optimal balance between maximizing therapeutic benefits and 
minimizing health risks for successful application in healthcare settings. 
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