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Abstract: Chronic pain is a pervasive national health issue, imposing significant economic and social burdens. This review 

explores the potential of virtual reality (VR) as a non-pharmacological tool for pain management. By examining existing literature, 
we highlight VR's efficacy in reducing pain across various conditions, including acute, chronic, and procedural pain. The 

mechanisms by which VR exerts its analgesic effects involve distraction and neurobiological modulation, offering a safer alternative 

to traditional pain medications. VR has been shown to effectively reduce pain during medical procedures and improve patient 
outcomes in diverse clinical settings. However, future research should focus on standardizing protocols, conducting rigorous trials, 

and ensuring accessibility to diverse patient populations. This study underscores VR's potential to address a critical healthcare 

challenge, aligning with national interests in improving healthcare outcomes and reducing healthcare costs. As VR technology 
continues to evolve, its integration into pain management protocols could provide a valuable non-pharmacological option, enhancing 

patient care and reducing reliance on opioids. By addressing current challenges and barriers, VR can be optimized for widespread 

adoption, offering a promising solution to the complex issue of chronic pain management. This review provides a comprehensive 
overview of VR's role in pain management, emphasizing its potential to transform healthcare practices and improve patient well-

being. 
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INTRODUCTION 
The imperative for effective pain management 

strategies has never been more pressing, given the 

widespread prevalence and substantial economic 

burden of chronic pain. Chronic pain affects 

millions worldwide, imposing significant costs on 

healthcare systems and economies. In the United 

States alone, chronic pain is estimated to cost over 

$600 billion annually in medical expenses and lost 

productivity (Gaskin, & Richard, 2012). Current 

treatments, such as opioids, often have limitations, 

including side effects and dependency risks, 

underscoring the need for non-pharmacological 

alternatives. Virtual reality (VR) has emerged as a 

promising tool in healthcare, particularly in pain 

management, by providing immersive experiences 

that can alter pain perception. Preliminary studies 

have shown that VR maintains its efficacy over 

repeated sessions, speeds up pain rehabilitation, 

and increases the range of motion (Hoffman, et al., 

as discussed in). The effectiveness of VR in pain 

management is attributed to its ability to act as a 

non-pharmacologic form of analgesia, exerting 

emotional, affective, cognitive, and attentional 

processes on the body's pain modulation system 

(as discussed in Gold, et al., 2020). Studies have 

consistently demonstrated VR's effectiveness in 

reducing pain across various settings. For instance, 

VR has been used to manage pain and distress 

associated with medical procedures, with 

participants reporting reduced levels of pain and 

general distress (Hoffman, et al., 2000). 

Additionally, VR is effective in managing 

procedural pain, such as during burn therapy, 

where it reduces pain intensity and increases the 

range of motion (Sharar, et al., as discussed in). 

The potential of VR as a complementary therapy 

to traditional pain management strategies is 

significant. It offers a novel approach by 

leveraging distraction and immersion to reduce 

pain perception, potentially addressing the 

limitations of current treatments. As VR 

technology continues to evolve and become more 

accessible, its integration into pain management 

protocols could provide a valuable alternative for 

patients seeking non-pharmacological relief. The 

growing need for innovative pain management 

strategies, combined with the promising evidence 

supporting VR's effectiveness, positions VR as a 

critical tool in addressing the national health 

challenge of chronic pain. By providing a non-

pharmacological, immersive experience that 

reduces pain perception, VR aligns with national 

interests in improving healthcare outcomes and 

reducing healthcare costs. 
 

Chronic pain is a pervasive global health issue, 

affecting millions of people worldwide and 

imposing substantial economic and social burdens. 

In the United States, chronic pain is estimated to 

cost over $600 billion annually, encompassing 

both medical expenses and lost productivity 

(Gaskin & Richard, 2012). This financial burden 

surpasses that of major diseases like heart disease, 

cancer, and injuries, highlighting the urgent need 

for effective pain management strategies (Moreau, 

et al., 2024). Current treatments for chronic pain 
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often have significant limitations. Opioids, 

commonly used for pain relief, carry risks of 

addiction and side effects, underscoring the need 

for non-pharmacological alternatives (e.g., Gaskin, 

& Richard, 2012). The reliance on opioids has led 

to a public health crisis, with millions struggling 

with opioid use disorder. Moreover, chronic pain 

frequently results in reduced productivity, as 

individuals may miss workdays or experience 

decreased hourly wages due to their condition 

(Moreau et al., 2024). The prevalence of chronic 

pain is substantial, with estimates suggesting that 

one-third of the world's population experiences 

pain daily, affecting individuals across all age 

groups (Moreau, et al., 2024). Chronic pain not 

only individuals but also their families and 

communities, as caregivers and family members 

often need to adjust their lives to support loved 

ones with chronic pain (Malloy, et al., 2010). The 

economic impact of chronic pain is compounded 

by its interrelationship with socio-economic 

factors. Individuals from socio-economically 

deprived backgrounds are more likely to 

experience chronic pain and face greater pain-

related disability. The economic burden of chronic 

pain can account for up to 3% of a country's GDP, 

emphasizing the need for innovative solutions to 

manage this condition effectively (Hooten, 2016). 

Virtual reality (VR) offers a promising non-

pharmacological approach to pain management. 

By leveraging distraction and immersion, VR can 

alter pain perception, providing immediate relief 

and potentially reducing the need for traditional 

pain medications. This innovative technology 

aligns with the growing demand for safer, more 

effective pain management strategies, addressing 

both the economic and social challenges posed by 

chronic pain. The challenges of chronic pain 

management are multifaceted, involving 

significant economic costs, personal suffering, and 

societal impacts. The need for innovative, non-

pharmacological solutions like VR is critical to 

addressing these challenges and improving the 

quality of life for millions affected by chronic 

pain. 
 

METHODS 
This review aimed to explore the potential of 

virtual reality (VR) as a non-pharmacological tool 

for pain management. The methods involved a 

comprehensive literature search and analysis of 

existing studies on VR's efficacy in managing 

various types of pain. 
 

 

LITERATURE SEARCH 
A systematic search of major databases, including 

PubMed, Scopus, and Web of Science, was 

conducted using keywords such as "virtual 

reality," "pain management," "acute pain," 

"chronic pain," and "procedural pain." The search 

was limited to studies published in English within 

the past decade to ensure the relevance and 

currency of the findings. 

Inclusion Criteria. 
 

Studies were Included if They: 

 Focused on VR as a pain management tool: 

The primary intervention had to be VR. 

 Involved human subjects: Studies involving 

animal models were excluded. 

 Reported pain outcomes: Studies had to 

measure pain reduction or management as an 

outcome. 

 Were published in peer-reviewed journals: 

To ensure quality and reliability of the data. 

 Exclusion Criteria 
 

Studies were Excluded if They: 

 Did not focus on pain management: Studies 

where VR was used for purposes other than 

pain management were excluded. 

 Were not published in English: To ensure 

accessibility and understanding of the 

literature. 

 Were not peer-reviewed: To maintain the 

quality of the included studies. 
 

Data Extraction and Analysis 

Relevant data from included studies were extracted 

and analyzed to identify patterns and trends in 

VR's efficacy across different pain conditions. This 

included examining the types of VR interventions 

used, the populations studied, and the outcomes 

reported. 
 

Quality Assessment 

The quality of included studies was assessed using 

appropriate tools such as the Cochrane Risk of 

Bias Tool for randomized controlled trials or the 

Newcastle-Ottawa Scale for observational studies. 

This ensured that only high-quality evidence was 

considered in the analysis. 
 

Synthesis of Findings 

The findings were synthesized to provide a 

comprehensive overview of VR's role in pain 

management. This involved summarizing the 

efficacy of VR across different pain conditions, 

discussing the mechanisms by which VR exerts its 

analgesic effects, and highlighting future 

directions for research and clinical practice. 
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MECHANISMS OF VIRTUAL REALITY 
IN PAIN MANAGEMENT 
Virtual reality (VR) has emerged as a promising 

tool in pain management, leveraging several 

mechanisms to reduce pain perception. The 

primary mechanism by which VR exerts its 

analgesic effects is through distraction. By creating 

an immersive environment, VR diverts attention 

away from pain stimuli, engaging multiple senses 

such as visual, auditory, and tactile inputs (Gold, et 

al., 2020). This cognitive and affective modulation 

alters nociceptive neural signals, effectively 

reducing pain perception. The distraction 

mechanism is supported by theories such as the 

Gate Control Theory, which suggests that attention 

to pain modifies suffering, and distractions can 

reduce suffering related to pain (Tsao, et al., 

2024). Additionally, VR's ability to integrate 

multimodal sensory distractions aligns with the 

concept of multiple resources, which posits that 

various cognitive and perceptual processes are 

involved in task performance (Tsao, et al., 2024). 

Beyond distraction, VR can decrease activity in 

cortical regions of the pain matrix, further 

contributing to pain relief. Functional MRI studies 

have shown that VR influences the insular and 

sensory cortex, similar to the effects of opioids 

(Gromala, et al., 2015). Other proposed 

mechanisms include conditioned pain modulation, 

where pain is reduced through a concomitant 

painful stimulus, and the influence of VR on 

emotional and sensory processing (Gold, et al., 

2020). VR also incorporates strategies like 

mindfulness, meditation, and guided imagery to 

control stress and mood, which are known to 

exacerbate pain (Hooten, 2016). By integrating 

these therapies into immersive environments, VR 

enhances their effectiveness, providing a holistic 

approach to pain management (Hooten, 2016). 

VR's mechanisms in pain management are 

multifaceted, involving distraction, 

neurobiological modulation, and psychological 

interventions. As VR technology continues to 

evolve, understanding these mechanisms is crucial 

for optimizing its use in clinical settings and 

enhancing its potential as a non-pharmacological 

pain management tool. 
 

Outcomes of Virtual Reality in Pain 

Management 

Virtual reality (VR) has been extensively studied 

for its potential in pain management, with 

numerous studies demonstrating its efficacy across 

various pain conditions. The outcomes of VR 

interventions are promising, showing significant 

reductions in pain intensity and improvements in 

patient satisfaction and psychological well-being. 

Systematic reviews have consistently shown that 

VR significantly reduces pain, particularly in 

patients with moderate to severe pain and in 

younger subjects (Gold, et al., 2020). An umbrella 

review encompassing 17,680 patients concluded 

that VR is effective in managing various pain 

conditions, including chronic and acute pain 

(Viderman, et al., 2023). This evidence supports 

VR as a valuable adjunct to traditional pain 

management strategies, offering a non-

pharmacological alternative that can reduce 

reliance on opioids and other medications 

associated with side effects and dependency risks. 
 

VR has been applied in various clinical settings to 

manage acute and chronic pain. For instance, in 

post-operative pain management, VR has been 

shown to significantly reduce pain perception 

when used as an adjunct to standard care 

(Thippabathuni, et al., 2024). Patients undergoing 

VR interventions reported lower pain scores and 

expressed a positive inclination toward using VR 

in future care (Thippabathuni, et al., 2024). 

Additionally, VR has been effective in reducing 

procedural anxiety and pain during medical 

procedures such as colonoscopies and needle 

injections (Viderman et al., 2023). Beyond pain 

reduction, VR has been shown to improve patient 

satisfaction and psychological outcomes. Studies 

have found that VR can reduce anxiety and 

distress associated with medical procedures, 

enhancing overall patient experience (Gromala, et 

al., 2015). The immersive nature of VR provides a 

sense of presence and engagement, which can lead 

to improved mood and reduced stress levels, 

further contributing to better pain management 

outcomes (Viderman, et al., 2023). 
 

While the evidence supporting VR's effectiveness 

in pain management is strong, there are limitations 

to its widespread adoption. Few studies have 

explored VR's effectiveness in diverse populations, 

such as older adults or historically marginalized 

communities (Wells, et al., 2021). Future research 

should focus on developing VR systems that are 

accessible and effective for these populations, 

ensuring that VR can be a viable option for a 

broader range of patients. VR offers a promising 

approach to pain management, with significant 

benefits in reducing pain intensity, improving 

patient satisfaction, and enhancing psychological 

outcomes. As VR technology continues to evolve, 

its integration into clinical practice could provide a 



  

 
 

19 
 

Esho, O. and Kaiser, F. Jr. Inn. Sci. vol-1, issue-2 (2025) pp-16-21 

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 
 

valuable non-pharmacological tool for addressing 

the complex challenges of chronic and acute pain. 

Applications and Future Directions 

Virtual reality (VR) is increasingly being applied 

in various healthcare settings to manage pain and 

anxiety effectively. Its applications span from 

hospitals to paediatric care, where VR has been 

used to manage procedural pain and anxiety during 

medical procedures such as surgeries, dental 

treatments, and burn care (Gold, et al., 2020). The 

use of VR in these settings has shown promising 

results, reducing the need for sedatives and 

painkillers by providing immersive, distracting 

experiences that alleviate pain and distress (Malloy 

et al., 2010). In hospitals, VR is utilized to 

enhance patient comfort and reduce pain during 

medical procedures. Studies have demonstrated 

that VR can significantly reduce pain and anxiety 

in these settings, enhancing patient satisfaction and 

reducing the need for analgesics (Hoffman et al., 

2000). This is particularly beneficial in reducing 

the reliance on opioids and other medications 

associated with side effects and dependency risks. 

In paediatric settings, VR is employed to manage 

procedural pain and anxiety in children undergoing 

medical care. This includes reducing distress 

during vaccinations, blood draws, and other 

painful procedures, making VR a valuable tool in 

paediatric pain management (Gold, et al., 2020). 

By providing an engaging and immersive 

experience, VR helps children cope with medical 

procedures more effectively, reducing their overall 

stress and anxiety levels. VR is also being 

explored for chronic pain conditions such as 

fibromyalgia, arthritis, and neuropathic pain. By 

providing immersive environments that teach pain-

coping skills or offer therapeutic exercises, VR 

helps patients manage chronic pain through 

distraction, relaxation, and the promotion of 

positive mental health (Wells, et al., 2021). This 

approach aligns with the growing demand for non-

pharmacological pain management strategies that 

can reduce reliance on traditional pain 

medications. Future directions for VR in pain 

management include integrating it into standard 

pain management protocols and developing cost-

effective systems tailored to specific patient needs. 

This could involve creating personalized VR 

experiences that address individual pain profiles 

and preferences, enhancing the effectiveness of 

VR interventions (Viderman, et al., 2023). 

Personalized VR experiences can be designed to 

meet the unique needs of different patient 

populations, ensuring that VR interventions are 

both effective and accessible. Several barriers to 

widespread adoption must be addressed. There is a 

need for more rigorous, large-scale studies to 

establish the long-term efficacy and safety of VR 

in pain management. These trials should compare 

VR with traditional pain management strategies to 

provide robust evidence for its effectiveness 

(Pretat, et al., 2025). Developing standardized VR 

protocols is also crucial for ensuring consistency in 

treatment outcomes across different patient 

populations and healthcare settings. This includes 

establishing guidelines for VR content, duration of 

sessions, and integration with other therapies 

(Pretat, et al., 2025). While VR technology is 

becoming more affordable, it remains a significant 

investment for many healthcare providers. 

Developing cost-effective VR systems and 

ensuring accessibility for diverse patient 

populations is essential for widespread adoption 

(Wells, et al., 2021). This involves exploring 

affordable VR solutions that can be easily 

integrated into existing healthcare infrastructure, 

making VR accessible to a broader range of 

patients. VR holds significant potential to 

transform pain management by offering a non-

pharmacological, immersive approach that can 

reduce pain perception and improve patient 

outcomes. As VR technology continues to evolve, 

addressing the current challenges and barriers will 

be crucial for integrating VR into mainstream 

healthcare practices. 
 

Summary Key findings  

 

Table 1: shows the summary of key findings 

Key Findings Description References 

Efficacy in Acute 

Pain 

VR significantly reduces acute pain, particularly in inpatient 

settings for procedures like pediatric phlebotomy and burn care. 

Tsao et al., 

2024 

Effectiveness Across 

Pain Conditions 

VR is beneficial for managing various pain conditions, including 

perioperative, periprocedural, and chronic pain. 

Viderman et 

al., 2023 

Mechanisms of Pain 

Relief 

VR reduces pain through distraction and influences the brain's 

pain modulation system, altering activity in regions like the 

insular and sensory cortex. 

Viderman et 

al., 2023 

Chronic Pain VR shows promise for chronic pain but requires more studies, Wells et al., 
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Management especially in diverse populations such as older adults and 

marginalized groups. 

2021 

Future Directions Future research should focus on standardizing VR protocols, 

conducting high-quality trials, and ensuring cost-effectiveness for 

widespread adoption. 

Pretat et al., 

2025. 

 

DISCUSSIONS  
The effectiveness of VR in reducing acute pain 

during medical procedures is noteworthy. By 

providing an immersive distraction, VR diverts 

attention away from pain stimuli, effectively 

reducing pain perception (Ji et al., 2020). This 

mechanism suggests that VR can be particularly 

beneficial in settings where procedural pain is a 

significant concern, such as pediatric care and burn 

therapy. The success of VR in these contexts 

implies that it could be integrated into standard 

pain management protocols to enhance patient 

comfort and reduce reliance on traditional pain 

medications. The broad applicability of VR across 

different pain conditions, including perioperative, 

periprocedural, and chronic pain, underscores its 

potential as a versatile tool in pain management 

(Viderman et al., 2023). This versatility suggests 

that VR could be tailored to meet the specific 

needs of diverse patient populations, offering a 

personalized approach to pain management. 

However, further research is needed to fully 

explore VR's potential in managing complex 

chronic pain conditions, where individualized 

treatment plans are often necessary. The 

neurobiological mechanisms by which VR 

influences pain perception are complex, involving 

both distraction and modulation of the brain's pain 

processing pathways (Hooten, 2016). This dual 

approach not only reduces pain intensity but also 

enhances psychological well-being by promoting 

relaxation and reducing stress. The psychological 

benefits of VR, such as improved mood and 

reduced anxiety, are particularly important in 

chronic pain management, where mental health 

outcomes are closely linked to pain perception. 

While VR shows promise for chronic pain 

management, the need for more research in diverse 

populations is evident (Viderman et al., 2023). 

Developing personalized VR experiences that 

address individual pain profiles and preferences 

could enhance VR's effectiveness in chronic pain 

management. This personalized approach could 

also help address disparities in healthcare access, 

ensuring that VR is accessible and effective for 

historically marginalized groups. 
 

Future research should focus on standardizing VR 

protocols and conducting high-quality randomized 

controlled trials to establish the long-term efficacy 

and safety of VR interventions (Zamponi, 2011). 

Additionally, ensuring cost-effectiveness and 

accessibility will be crucial for widespread 

adoption, making VR a viable option for diverse 

patient populations. Addressing these challenges 

will be essential for integrating VR into 

mainstream healthcare practices and realizing its 

full potential as a non-pharmacological pain 

management tool. The analysis of key findings 

suggests that VR is a promising tool in pain 

management, offering a non-pharmacological 

approach that can reduce pain perception and 

improve patient outcomes. As VR technology 

continues to evolve, addressing current challenges 

and barriers will be essential for optimizing its use 

in clinical settings. 
 

CONCLUSION 
Virtual reality (VR) holds significant potential in 

addressing the national health challenge of chronic 

pain management. By providing a non-

pharmacological, immersive experience that 

reduces pain perception, VR aligns with national 

interests in improving healthcare outcomes and 

reducing healthcare costs. The evidence supporting 

VR's effectiveness in pain management is 

substantial, with numerous studies demonstrating 

its ability to reduce pain across various conditions, 

including acute, chronic, and procedural pain. 

VR’s mechanisms in pain management are 

multifaceted, involving distraction, 

neurobiological modulation, and psychological 

interventions. By leveraging distraction and 

immersion, VR diverts attention away from pain 

stimuli, altering nociceptive neural signals and 

reducing pain perception. This approach not only 

provides immediate relief but also offers a safer 

alternative to traditional pain medications, which 

often carry risks of addiction and side effects. The 

application of VR in healthcare settings is 

expanding, with promising results in managing 

procedural pain and anxiety in hospitals and 

pediatric care. Studies have shown that VR can 

significantly reduce pain perception during 

medical procedures, enhancing patient satisfaction 

and reducing the need for analgesics. Additionally, 

VR has been effective in chronic pain 

management, particularly for conditions like 
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chronic low back pain, where it improves quality 

of life and reduces stress hormones. Despite the 

promising evidence, further research is necessary 

to optimize VR interventions and integrate them 

into clinical practice. There is a need for high-

quality randomized controlled trials to establish 

the long-term efficacy and safety of VR in pain 

management. Standardizing VR protocols and 

developing cost-effective systems will also be 

crucial for widespread adoption, ensuring that VR 

is accessible to diverse patient populations. VR is a 

promising tool in pain management, offering a 

non-pharmacological approach that aligns with 

national interests in improving healthcare 

outcomes and reducing healthcare costs. As VR 

technology continues to evolve, addressing the 

current challenges and barriers will be essential for 

integrating VR into mainstream healthcare 

practices. 
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