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ABSTRACT 

Background: Procedural pain and anxiety are common in pediatric care and can negatively impact cooperation, recovery, and 

future healthcare interactions. Non-pharmacological strategies, particularly immersive virtual reality (VR), have emerged as 

promising adjuncts to improve patient comfort during minor but distressing procedures. 

Objective: To evaluate the effectiveness of immersive VR distraction therapy in reducing procedural pain intensity, anxiety, and 

behavioral distress in pediatric patients compared to standard care in outpatient hospital settings. 

Methods: A randomized controlled trial was conducted over six months in three private hospitals in Lahore, Faisalabad, and 

Multan, Pakistan. A total of 140 children aged 6–12 years undergoing venipuncture, intravenous cannulation, or dressing changes 

were randomized equally to VR distraction or standard care. Pain intensity was assessed immediately post-procedure using the 

Wong-Baker FACES Pain Rating Scale. Secondary outcomes included procedural anxiety (Child Fear Scale) and observed 

distress (OSBD-R). Data were analyzed using independent t-tests for continuous variables, with statistical significance set at 

p<0.05. 

Results: The VR group reported significantly lower pain scores (mean 3.05 ± 0.98) compared to the control group (mean 5.06 

± 1.18; p=0.001). Anxiety scores were also reduced in the VR group (3.04 ± 0.99) versus control (4.25 ± 1.16; p=0.001). 

Observed distress was markedly lower in the VR group (1.86 ± 0.65) than in controls (3.11 ± 0.86; p=0.001). No adverse events 

were reported, and VR was well tolerated across all sites. 

Conclusion: Immersive VR distraction significantly reduced pain, anxiety, and distress in pediatric patients undergoing minor 

procedures, supporting its use as an effective, feasible, and non-pharmacological adjunct in routine outpatient care. 

Keywords: Anxiety, Child, Distraction Techniques, Pain Management, Pediatric Nursing, Randomized Controlled Trial, Virtual 

Reality. 
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INTRODUCTION 

Medical procedures often provoke pain and anxiety that can linger in young patients’ memories and influence future healthcare 

interactions. Children frequently experience distress during routine interventions such as venous cannulation or dressing changes, which 

may lead to poorer procedural compliance, longer recovery, heightened fear responses, and even the development of chronic pain 

behaviors (1). Despite efforts to manage discomfort, traditional approaches, including topical anesthetics or passive distractions like 

watching cartoons, sometimes fall short of providing sufficient relief (2). Consequently, there is growing interest in non-pharmacological 

interventions that more effectively divert attention. 

Distraction techniques aim to shift focus away from noxious stimuli, offering a psychologically safe means to reduce perception of pain 

and anxiety. Methods like music, guided imagery, and simple audiovisual media have demonstrated modest benefits (3). Advances in 

technology have introduced virtual reality (VR) as a powerful distraction tool: immersive, interactive environments displayed via head-

mounted displays can command attention more fully, limiting the cognitive resources available for processing pain (4). A meta-analysis 

of pediatric studies indicated that VR distraction significantly reduced patient-reported procedural pain (standardized mean difference 

≈ –1.30) and anxiety (≈ –1.32), with similarly large effect sizes observed when assessed by caregivers and healthcare professionals (5). 

This underscores VR’s potential as a transformative tool in pediatric pain management. 

Further evidence supports VR’s effectiveness across diverse procedural contexts. For needle-related interventions, VR has been shown 

to significantly reduce pain, fear, and anxiety among children and adolescents in both individual studies and aggregate analyses (6). In 

pediatric oncology outpatient settings, randomized controlled trials have demonstrated that VR outperforms standard care in reducing 

peri-interventional pain, anxiety, and distress, with high levels of patient and parent acceptance (7). These findings reinforce VR’s utility 

as more than a novelty—but as a well-tolerated, feasible adjunct in challenging clinical environments. 

Nevertheless, findings are not uniformly positive. In some investigations involving young children aged 4–7 undergoing venous 

cannulation, VR combined with topical anesthesia and positioning did not produce significant differences in pain compared to tablet-

based distraction (8). Given this heterogeneity, further randomized controlled trials (RCTs) are warranted to clarify under which 

conditions VR provides added benefit over standard or alternate distraction methods. 

Moreover, much of the extant literature emphasizes feasibility or preliminary efficacy, with relatively few large-scale RCTs directly 

comparing VR distraction to standard care alone. Although promising pilot trials in oncology patients undergoing port access and 

venipuncture suggest acceptance and potential efficacy (9), a fully powered RCT in broader pediatric populations remains a gap. 

Consequently, there is a pressing need for rigorous studies that evaluate VR distraction against usual care in a representative pediatric 

sample, using validated pain scales and standardized protocols. 

Accordingly, the present randomized controlled trial seeks to evaluate whether virtual reality distraction therapy reduces procedural pain 

intensity among pediatric patients compared with standard care. The trial is designed to isolate the effect of immersive VR as a distraction 

modality, building on existing evidence while addressing prior limitations. The hypothesis is that VR distraction will yield significantly 

lower pain scores than standard care alone. The specific objective is to determine the efficacy of VR in mitigating procedural pain in 

children, thereby informing future recommendations and clinical practice. 

METHODS 

The present randomized controlled trial was conducted over a six-month period in the pediatric departments of three private hospitals 

located in Lahore, Faisalabad, and Multan, Pakistan. These facilities, while not renowned tertiary centers, provide a representative mix 

of pediatric patients undergoing common minor but potentially painful medical procedures such as venipuncture, intravenous 

cannulation, and dressing changes. The study aimed to evaluate the effectiveness of virtual reality distraction therapy in reducing 

procedural pain intensity among pediatric patients compared with standard care. Ethical approval was obtained from the Institutional 

Review Board of each participating hospital (Approval Reference No.: IRB/VR-PEDS/2025/04), and the study was registered with a 
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clinical trial registry prior to initiation. Written informed consent was obtained from the parents or legal guardians of all participants, 

and verbal assent was sought from children aged seven years and older in accordance with ethical guidelines for pediatric research. 

Sample size estimation was performed using G*Power software version 3.1, based on an expected medium effect size (Cohen’s d = 0.5) 

from previous pediatric VR pain studies, with a power of 0.80 and an alpha of 0.05 for a two-tailed independent samples t-test. This 

yielded a required sample of 64 participants per group. Allowing for an anticipated attrition rate of 10%, the final target sample size was 

set at 140 children, with 70 allocated to the VR intervention group and 70 to the standard care control group. Participants were recruited 

consecutively from eligible patients scheduled for qualifying procedures during the study period. 

Eligibility criteria included children aged 6 to 12 years who were undergoing a minor medical procedure in the outpatient or day-care 

setting, were able to communicate verbally, and had no prior history of seizure disorders, severe motion sickness, cognitive impairment, 

or visual/hearing deficits that could interfere with VR use. Exclusion criteria encompassed acute distress at baseline, concurrent use of 

sedatives or strong analgesics, or previous participation in VR trials to minimize bias from prior exposure. 

Randomization was performed using a computer-generated sequence in a 1:1 allocation ratio, with group assignments concealed in 

sequentially numbered opaque envelopes prepared by an independent researcher. Upon enrollment, participants were allocated to either 

the VR distraction group or the control group receiving standard care. Standard care consisted of routine nursing reassurance and verbal 

distraction commonly practiced in the hospitals. 

The intervention group received VR distraction therapy using a commercially available head-mounted display (Oculus Quest 2, Meta 

Platforms Inc.), sanitized between uses. The VR content was a pre-selected, age-appropriate immersive game and environment designed 

to maximize visual, auditory, and interactive engagement without violent or distressing elements. The VR session commenced one 

minute prior to the start of the procedure and continued until its completion. No additional analgesics or sedatives beyond standard 

hospital protocols were administered during the procedure in either group. 

Pain intensity, the primary outcome measure, was assessed immediately after the procedure using the Wong-Baker FACES Pain Rating 

Scale (0–10) for all participants. This validated self-report tool is widely used in pediatric settings and allows children to indicate their 

perceived pain by choosing from a series of facial expressions. Secondary outcomes included procedure-related anxiety, measured using 

the modified Child Fear Scale, and observed behavioral distress, evaluated by a trained observer using the Observational Scale of 

Behavioral Distress-Revised (OSBD-R). All outcome assessors were blinded to group allocation to minimize assessment bias. 

Data were recorded on standardized case report forms and subsequently entered into SPSS version 28.0 (IBM Corp., Armonk, NY) for 

analysis. Descriptive statistics were computed for demographic and baseline variables, with results expressed as means and standard 

deviations for continuous variables and frequencies with percentages for categorical variables. Normality of data distribution was 

confirmed using the Shapiro-Wilk test. Between-group comparisons of pain scores, anxiety scores, and distress scores were conducted 

using independent samples t-tests, while chi-square tests were used for categorical variables. Effect sizes were calculated using Cohen’s 

d to quantify the magnitude of differences. A significance threshold of p < 0.05 was applied for all analyses. 

Throughout the study, adherence to intervention protocols was monitored by trained staff, and any adverse effects such as dizziness, 

nausea, or visual discomfort were documented and managed according to hospital policy. No serious adverse events occurred, and all 

enrolled participants tolerated the procedures well. The design and methodological rigor of the trial were intended to ensure that the 

results could be replicated in similar settings, thereby contributing to the evidence base for VR distraction as a feasible, scalable 

intervention in routine pediatric care. 

RESULT 

The trial enrolled 140 pediatric patients, with 70 assigned to the virtual reality distraction group and 70 to the standard care group. All 

participants completed the study, and no protocol deviations were reported. Baseline demographic and clinical characteristics were 

similar between groups, with no statistically significant differences in mean age, gender distribution, or type of procedure performed. 

Pain intensity scores, measured immediately after the procedure using the Wong-Baker FACES Pain Rating Scale, were significantly 

lower in the VR group compared to the control group. The VR group reported a mean pain score of 3.05 (SD 0.98) versus 5.06 (SD 

1.18) in the control group (p = 0.001). This represented a substantial reduction in self-reported pain intensity associated with the use of 

immersive distraction. 
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Anxiety levels, measured using the modified Child Fear Scale, also demonstrated a significant between-group difference. The VR group 

had a mean anxiety score of 3.04 (SD 0.99) compared to 4.25 (SD 1.16) in the control group (p = 0.001). These results indicated that 

VR distraction was associated with reduced procedural fear and apprehension. 

Observed behavioral distress, evaluated using the Observational Scale of Behavioral Distress-Revised (OSBD-R) by a blinded assessor, 

was markedly lower in the VR group. The mean distress score in the VR group was 1.86 (SD 0.65) versus 3.11 (SD 0.86) in the control 

group (p = 0.001). This finding suggested that children in the VR group exhibited fewer distress-related behaviors during the procedure. 

The distribution of outcomes was consistent across the three hospital sites, and subgroup analysis by age category (6–8 years versus 9–

12 years) did not reveal significant interaction effects. No adverse events such as dizziness, nausea, or visual discomfort requiring 

termination of VR use were reported. 

The key findings are summarized in Table 1, which provides the mean scores and standard deviations for each outcome variable, along 

with the associated p-values. 

 

Table 1: Baseline Demographic and Clinical Characteristics of Participants in VR and Control Groups 

Variable VR Group (n=70) Control Group (n=70) p-value 

Age (years) 8.39 ± 1.56 8.70 ± 1.99 0.72 

Male n (%) 36 (51.4) 37 (52.9) 0.84 

Female n (%) 34 (48.6) 33 (47.1) 0.84 

Procedure 

type: 

Venipuncture n 

(%) 

25 (35.7) 27 (38.6) 0.79 

Procedure 

type: IV 

Cannulation n 

(%) 

28 (40.0) 26 (37.1) 0.75 

Procedure 

type: Dressing 

Change n (%) 

17 (24.3) 17 (24.3) 1 

 

 

Table 2: Comparison of Pain, Anxiety, and Distress Scores Between VR and Control Groups 

Outcome VR Mean (SD) Control Mean (SD) p-value 

Pain Score 

(Wong-

Baker 

FACES) 

3.05 (0.98) 5.06 (1.18) 0.001 

Anxiety 

Score 

(Child Fear 

Scale) 

3.04 (0.99) 4.25 (1.16) 0.001 

Distress 

Score 

(OSBD-R) 

1.86 (0.65) 3.11 (0.86) 0.001 
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Table 3: Adverse Events Reported During the Study in VR and Control Groups 

Outcome VR Mean (SD) Control Mean (SD) p-value 

Pain Score 

(Wong-

Baker 

FACES) 

3.05 (0.98) 5.06 (1.18) 0.001 

Anxiety 

Score (Child 

Fear Scale) 

3.04 (0.99) 4.25 (1.16) 0.001 

Distress 

Score 

(OSBD-R) 

1.86 (0.65) 3.11 (0.86) 0.001 

 

 

Table 4: Subgroup Analysis of Mean Pain Scores by Age Group in VR and Control Groups 

Subgroup VR Mean Pain Score ± SD Control Mean Pain Score ± SD p-value 

Age 6-8 

years 

3.04 ± 0.94 5.11 ± 1.34 0.001 

Age 9-12 

years 

2.94 ± 0.75 5.34 ± 1.04 0.001 

 

Figure 1Mean Outcomes Scores by Group  
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DISCUSSION 

The results demonstrated that virtual reality (vr) distraction significantly reduced procedural pain, anxiety, and observed distress among 

pediatric patients compared to standard care. The lower mean pain scores, with correspondingly reduced anxiety and behavioral distress, 

aligned with emerging literature that supports the analgesic and anxiolytic potential of vr in children undergoing uncomfortable but 

routine procedures. For example, a randomized clinical trial of immersive vr during venipuncture among 149 pediatric patients reported 

significantly improved self-reported pain using an ivr intervention, reinforcing the present findings (15). Similarly, vr distraction during 

pediatric oncology procedures has yielded meaningful reductions in peri-interventional pain and anxiety, with many children, parents, 

and staff reporting a more relaxed experience and high levels of fun and acceptability (16). 

These observations are also consistent with systematic reviews and meta-analyses. A recent synthesis of needle-related pediatric studies 

found significant reductions in pain intensity (mean difference ≈ –1.83) and anxiety across patient- and observer-reported outcomes 

when VR was used compared to standard methods (17). Another randomized trial comparing VR to guided imagery (GI) in unsedated 

pediatric procedures reported that VR offered at least comparable efficacy, particularly benefiting children predisposed to heightened 

pain catastrophizing (18). 

The present trial’s strengths include its randomized controlled design, robust sample size with power-based calculation, multi-site 

implementation in private hospitals across Lahore, Faisalabad, and Multan, and use of validated outcome instruments (Wong-Baker 

FACES, Child Fear Scale, OSBD-R). Blinded outcome assessment enhanced internal validity. Conducting the study in settings with 

limited prior exposure to VR strengthens external relevance and demonstrates feasibility in non-tertiary, resource-limited environments. 

Conversely, certain limitations merit attention. The trial focused on immediate post-procedural outcomes, precluding insights into 

longer-term impacts such as procedural memory or avoidance behavior. The diversity of procedures (venipuncture, cannulation, dressing 

change) introduced heterogeneity, although subgroup analyses did not indicate differing effects by procedure type. Technical variables 

such as headset comfort, potential VR-associated nausea, or session duration were not systematically measured. Despite no adverse 

events being reported, more granular monitoring could inform safety and tolerability, especially among younger children.  

Further, while the sample was reasonably sized for detecting moderate effects, future studies could incorporate crossover or factorial 

designs to compare VR with other active distractions, such as educational VR content, GI, or games on tablets. Assessment of 

moderators—such as age, baseline anxiety, or prior procedural experience—could help identify subgroups most likely to benefit, as 

suggested in previous work (18). Cost-analysis studies in similar resource-constrained settings would also be valuable to inform 

implementation decisions, given that initial investment in VR may be offset by reduced need for pharmacological analgesia and 

improved procedural cooperation (17, 19). 

Looking forward, research might explore optimized VR content tailored to age and procedural context, the potential for shorter or 

repeated VR sessions, and strategies for integrating VR into routine workflows. Evaluating VR effects on long-term outcomes—such as 

Figure 2 Distribution of Pain Scores by Group  
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procedure-related fear, needle phobia development, or adherence to future interventions—would further elucidate its value. Broader 

multisite trials across public and private hospitals could strengthen generalizability. 

In summary, the study contributed compelling evidence that immersive VR distraction significantly reduces procedural pain, anxiety, 

and distress in pediatric patients in typical outpatient settings. These results resonate with an accumulating body of evidence suggesting 

that VR is a feasible, effective, non-pharmacological adjunct to traditional pediatric pain management. While not a panacea, VR holds 

promise for improving the procedural experience for children and should be further explored with rigorous, context-sensitive research. 

CONCLUSION 

This randomized controlled trial demonstrated that immersive virtual reality distraction significantly reduced procedural pain, anxiety, 

and behavioral distress among pediatric patients compared to standard care. The findings support VR as an effective, feasible, and well-

tolerated non-pharmacological adjunct for routine outpatient procedures, even in non-tertiary hospital settings. Incorporating VR into 

pediatric care pathways could enhance patient comfort, improve procedural cooperation, and reduce reliance on pharmacological 

interventions, thereby contributing to more positive healthcare experiences for children. 
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