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Virtual reality for managing pain and fear and anxiety
during pediatric needle procedures: an umbrella review
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Needle-involving procedures often cause significant pain
and anxiety, particularly in the pediatric population.
Virtual reality (VR) has emerged as a nonpharmacological
tool for alleviating these effects. However, the methodolo-
gical quality and consistency of current meta-analyses of
VR tools remain unclear. Here we performed an umbrella
review to evaluate published meta-analyses that assessed
the ability of VR to reduce pain, fear, and anxiety during
medical procedures involving needles. A systematic
search following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-analyses) 2020 guide-
lines was performed of the PubMed, Web of Science,
Embase, ScienceDirect, and Cochrane Library databases
in May 2026. Study methodological quality was assessed
using A MeaSurement Tool to Assess systematic Reviews,
version 2 (AMSTAR 2). The primary study overlap was
quantified using the corrected covered area (CCA) and
visualized using the GROOVE (Graphical Representation
of Overlap of OVErviews) approach. An umbrella meta-
analysis was performed using a metaumbrella analysis
tool, with sensitivity analyses varying for inter- and
intrastudy variance estimators and correlations. Eleven
meta-analyses were included, containing 49 unique pri-
mary studies. The CCA was 15.7%, indicating very high
overlap. The AMSTAR 2 ratings were predominantly low
or critically low, with only one high-confidence review.
The umbrella meta-analysis demonstrated statistically
significant reductions in pain (1>=90.5%), fear (I=91.1%), and
anxiety (I=89.9%), with a significant publication bias for
pain and fear. The GRADE (Grading of Recommendations
Assessment, Development and Evaluation) classification
was "very weak" for all 3 outcomes. Although available
meta-analyses consistently suggest that VR reduces
procedural pain, fear, and anxiety in children, the evi-
dence base is undermined by high heterogeneity, sub-
stantial primary study overlap, and predominantly low
methodological quality. VR may serve as an additional
distraction tool for selected pediatric needle procedures;

however, current evidence is insufficient to recommend it
as areplacement for established analgesic strategies.
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Key message

Meta-analyses suggest that virtual reality (VR) reduces
self-reported pain, fear, and anxiety in children during
needle procedures but has high heterogeneity, high
overlap between primary studies, and low methodological
quality, leading to a "very weak" GRADE (Grading of Re-
commendations Assessment, Development and Evalua-
tion) classification. Clinicians should view VR as a promi-
sing additional distraction tool; however, VR cannot yet
replace current analgesic and anxiolytic strategies. Fu-
ture research should focus on age-stratified analyses,
measurement tool standardization, and modern VR
technology

Introduction

Needle-involving procedures are often extremely stress-
ful, with many patients developing a phobia due to past
negative experiences."? General anxiety and pain are
the most commonly reported reasons that patients avoid
needles.” Although important as a major reason patients
avoid treatment, needle phobia remains an under-studied
problem.)

Many strategies to help patients manage needle phobia
and injection-associated pain have been developed over
the years, with anesthetic creams, distraction mecha-
nisms, and buzzing toys being popular methods.>* How-
ever, although anesthetic creams effectively help with
pain, they can feature side effects and cannot reduce
patient anxiety.>” Virtual reality (VR) is a novel method
of reducing fear and anxiety in patients undergoing
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Umbrella Review:

ual Reality Alleviates Pain, Fear, and Anxiety in Pediatric Needle Procedures

B. VR Intervention

A. Purpose & Population

Needle procedures cause
pain/anxiety, especially in
children.

VR as a non-pharmacological
intervention.

E. Methodological Quality
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Graphic abstract. VR, virtual reality; CCA, corrected covered area; GROOVE, Graphical Representation of Overlap of OVErviews; PRISMA,
Preferred Reporting Items for Systematic Reviews and Meta-analyses; AMSTAR 2, A MeaSurement Tool to Assess systematic Reviews,
version 2; GRADE, Grading of Recommendations Assessment, Development and Evaluation.

procedures that does not require pharmacological seda-
tives, which are associated with risks and cost.

VR is also increasingly used in medical settings, parti-
cularly in pediatrics, where it has been used for indi-
cations ranging from reducing preoperative anxiety to
helping patients undergo burn treatments.®” An emerg-
ing and increasingly studied use of VR is to help relieve
fear and anxiety in children undergoing needle-involving
procedures.®”

Some meta-analyses have examined the use of VR
in needle-involving procedures, but they have used
different inclusion and exclusion criteria, leading to the
inclusion of numerous slightly different studies in each.
5716) This variation makes it difficult to draw overall con-
clusions due to overlapping, yet slightly diverging, data.
Furthermore, many published meta-analyses have ques-
tionable methodologies that may complicate the imple-
mentation of their suggestions. In this umbrella review,
we collected and examined published meta-analyses
of the use of VR to alleviate pain and fear in patients
undergoing needle-involving procedures and performed
a new meta-analysis. Therefore, this study aimed to de-
termine the quality of different existing meta-analyses
and determine the usefulness of VR for needle-involving
procedures. Although some studies reported scores given
by guardians or other researchers, we chose to focus on
patients’ scores, which are universally reported. This
review aimed to appraise the methodological quality,
overlap, and interpretive consistency of published meta-
analyses evaluating VR for pain, fear, and anxiety dur-

ing pediatric needle-related procedures to help anes-
thesiologists, emergency physicians, pediatric procedural
sedation teams, and perioperative clinicians navigate the
literature that is simultaneously promising and metho-
dologically inconsistent, thereby equipping them to cri-
tically appraise VR evidence before committing to its
implementation.

Methods

This umbrella review followed the updated 2020 version
of the Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) guidelines.” The eligibility
criteria, databases, search terms, A MeaSurement Tool to
Assess systematic Reviews, version 2 (AMSTAR 2) assess-
ment, and overlap analysis were defined. The review
was retrospectively registered with the Open Science
Framework on June 8, 2026, upon completion of the data
collection and analysis.

Our PICO was as follows.

Population (P): Patients undergoing needle-involving
medical procedures (e.g., venipuncture, intravenous can-
nulation, vaccination, and lumbar puncture), primarily
pediatric patients (<18 years), in clinical settings.

Intervention (I): Use of VR interventions (immersive or
nonimmersive; active or passive) during needle-related
procedures

Comparison (C): Standard care without VR, including
routine care, no distractions, or alternative nonpharma-
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cological distraction methods (e.g., topical anesthetics,
distraction cards, television, Buzzy device [Pain Care
Labs, USA])

Outcome (O): Self-reported procedural factors: pain,
fear, anxiety.

Needle and “needle procedures” and “needle-related
procedures” were defined as any procedure in which
needles were used to pierce the patient's skin, including
vaccination, vascular access, phlebotomy procedures,
biopsies, and spinal taps.

1. Inclusion criteria

Systematic meta-analyses with literature reviews re-
porting the effects of VR on patients undergoing needle-
involving procedures were considered eligible for review.
The studies were considered containing VR if they self-
reported as being so without any distinction between
active, passive, immersive, and nonimmersive VR. Pedia-
tric patients were the target population, with meta-
analyses self-reporting their population as being “pedia-
tric” in nature being eligible for review. No differentiation
was made between active and passive VR techniques. No
limitations were imposed regarding study timing, setting,
language, or date, and all studies performed in medical
settings were included.

2. Exclusion criteria

Studies other than meta-analyses were ineligible for
review. Meta-analyses that aimed to study the effects of
devices other than VR as the primary outcome were also
excluded. Meta-analyses of the use of VR in settings other
than needle-involving procedures as well as studies with
unverifiable data or those lacking full-text availability
were also excluded. Studies conducted outside of medical
settings were also excluded. Network meta-analyses, in-
dividual participant data meta-analyses, conference ab-
stracts, and preprints were excluded. Studies combining
both pediatric and adult data were eligible if they self-
reported being pediatric in nature and separately re-
ported pediatric and adult data.

As fear and anxiety are often used interchangeably in
meta-analyses and source randomized controlled trials
(RCTs), they were considered equivalent for the purposes
of this review.

3. Search strategy

One author conducted sequential searches of the
PubMed, Web of Science, Embase, ScienceDirect, and
Cochrane Library databases on May 3, 2026. Multiple
databases were searched to reduce selection bias. The
search terms were related to meta-analyses, needle use,
and VR. The list of full search terms and number of arti-

cles found in each search are shown in Supplementary
Table 1. Studies were uploaded to Abstrackr (Brown Uni-
versity, USA) for analysis. Two authors reviewed the study
titles and abstracts. In cases of disagreement, the decision
to include the study was resolved through discussion.
The full texts were examined by both authors; their
acceptance or rejection was based on the established
inclusion and exclusion criteria, and disagreements were
resolved by discussion. The references of the selected
studies were manually reviewed to identify additional
meta-analyses. Further reference searches of related
articles and the gray literature were also performed. The
PRISMA flowchart is available as Fig. 1.
The data extraction was performed by a single author.

4. Results analysis

The content of the meta-analyses was analyzed by 2
authors.

For the statistical analysis, an umbrella meta-analysis
was planned using the metaumbrella (Paris Nanterre
University, France) tool.® We planned to extract the data
from the meta-analyses using the standardized mean
difference (SMD) and mean difference (MD). There is cur-
rently no standard way to mitigate primary study overlap
when conducting a meta-analysis.'” In cases in which
the same data from a primary study were reported by
multiple meta-analyses, those from the most recent study
were used. If an inconsistency was found in the data from
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Fig. 1. PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-analyses) flowchart. VR, virtual reality.
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the meta-analysis, such as incorrect attribution in the
figures from which the data were extracted or confusing
or unexplained data, the data were sourced from the
second most recent study.”

Results

Searches of various databases using the search terms
resulted in 271 matches (PubMed, 31; Web of Science, 112;
Embase, 52; ScienceDirect, 72; and Cochrane Library, 4).
Duplicates were removed at this stage using Abstrackr
(Brown University). Of these, 25 were retained after the
title screening. Of these, 25 were retained after the ab-
stract screening. One was rejected for not being a meta-
analysis; one was rejected for including only VR training;
3 were rejected for including many different types of pro-
cedures, not only needle-based procedures; and 9 were
rejected because they did not focus solely on VR. Eleven
studies were subjected to the full-text analysis, of which
all were retained.>420 Furthermore, a reference search
revealed no further studies.

The following studies warranted discussion before
exclusion: Dong et al.,>® which was excluded since it in-
cluded studies that did not involve needles, such as those
that used VR to psychologically prepare patients for
chemotherapy; and Tololiu et al.,?’ which was rejected
for not being mainly about VR despite having a subgroup
analysis of VR-treated patients.

The list of meta-analyses and their main characteristics
isshowninTable 1.

A citation matrix was constructed to assess the degree
of overlap of the primary studies across the included
systematic reviews (Table 2). These studies cited 49 arti-
cles with 128 unique citations.?2>

Overlap degree was quantified using corrected covered
area (CCA). This was calculated as 15.7%, revealing a very
high overlap according to Pieper et al.>®

To facilitate the data interpretation, CCA values were
visually summarized using the GROOVE (Graphical Re-
presentation of Overlap of OVErviews) approach.*” Differ-
ent colors were assigned to predefined CCA ranges to
indicate increasing overlap levels among the reviews:
Green indicates no overlap (CCA=0), slight yellow indicates
slight overlap (0%-5%), orange indicates moderate overlap
(6%-10%), light brown indicates high overlap (11%-15%),
and dark brown indicates very high overlap (>15%) (Table
3).

Meta-analysis quality was examined by a single author
using the AMSTAR 2 checklist (Table 4).5®

1. Data extraction for umbrella analysis

The data extraction was performed by a single author.

Data extraction was attempted from the Karatas et
al!® meta-analysis; however, it was deemed unreliable
as the authors reported their included studies as “study
1 “study 2,” and so forth in their figures. Attempts were
made to identify the matching studies using the number
of subjects; however, this proved impossible, with one
study from the selfreported pain figure being cited as
having nearly double the number of participants of the
studies that the authors claimed to have used, and this
study did not correspond to any of them. Their self-re-
ported fear figure also exhibited a similar problem, with
anumber of patients claiming not to correspond to anyth-
ing. Therefore, their data regarding self-reported pain
and fear were not included in the umbrella meta-analysis
calculations.

For the meta-analysis of Gergeker et al.?? we used the
data from Niaz et al.” instead of Céceres-Matos et al?
when examining procedural pain since it was mislabeled
as a 2019 study in the latter’s figures and subdivided into
2 separate segments without an adequate explanation.
With regard to procedural fear, we encountered a pro-
blem with the same study from the Céceres-Matos et al.
meta-analysis for the same reasons; however, no other
study used those data, so it was not included.>*?? Other
examples of mislabeled study years included the study
of Kog Ozkan and Polat?® being labeled as 2019 instead of
2020 by Wei et al.¥) Similarly, Niaz et al.” labeled the study
of Yildirim and Gergeker?® as having been published
2022 in their tables but correctly labeled it as 2023 in the
references. Another case of tables not corresponding to
the text and references was found in the meta-analysis
of Wang et al,'” in which the paper of Gold and Maher*?
2018 was mislabeled as 2017 in the figures. There were
also some variations in values depending on whether the
study reported the SMD or MD, such as the difference
between the meta-analysis of Caceres-Matos et al.® and
those by Jenabi et al.') and Wei et al¥’ when reporting on
the study of Hsu et al.>¥

The resulting table (Supplementary Table 2) was pre-
pared for entry into a metaumbrella tool.'®)

2. Umbrella meta-analysis

An umbrella meta-analysis was conducted using the
metaumbrella suite.’® The results showed that VR effec-
tively decreased pain, fear, and anxiety. However, there
was significant publication bias in terms of pain and
fear. Furthermore, there was significant heterogeneity,
with I? values of 90.5%, 91.1%, and 89.9% for pain, fear,
and anxiety, respectively (Table 5). Overall, this yielded a
Grading of Recommendations Assessment, Development
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Table 1. Main characteristics of analyzed meta-analyses

Study context Pain portion Anxiety portion Fear portion Synthesis summary
Meta- ) Search Con- Con- Con-
analysis Endpc:nt rozgz:;f/a a@ raAr?ee Dsz;arkc)ﬁzzs date Studies \(ﬁ) trol  Studies X\IR) trol  Studies X\T) trol Outcome Numerical findings
paper P P 9 range (N) (N) (N)
Saliba Painand  Needle procedures 4to  PubMed, PMC, CENTRAL, Sp- To 26th De- 10 474 472 6 340 339 Bundled - VRreducespainand VR reduces pain and fear/anxiety. Pain:
etal” fear/an- 12yr  ringerlink, ScienceDirect cember with an- fear/anxiety SMD=-2.54, P=0.038 (10 studies); Fear/
xiety 2020 xiety anxiety: SMD=-0.89, P=0.017 (6 studies)
Czech Painand 1V placement or blood <18yr PubMed, Cochrane Library, Web To March 14 512 508 Not re- - - 5 211 211 VRreduced painbut VR reduced pain but not fear. Pain
etal® fear draw of Science, Scopus, Embase 2021 ported not fear (WBFPRS): MD=-2.85; Pain (FPS-R): MD=-
0.19
Lluesma- Painand  Needle procedures <21yr PubMed, Web of Science, Tojune2021 10 421 418 Notre - - 5 224 220 VRreducespainand VR reduces pain and fear. Pain: MD=-2.37,
Vidal fear Scopus, PsycINFO, CINAHL, ported fear P<0.001 (10 studies); Fear: MD=-1.26,
etal” Cochrane P<0.001 (5 studies)
Wang Pain, fear  Venipuncture, IV can- <21yr PubMed, Embase, and the Co- ToJune 2021 15 645 622 8 362 355 9 398 384 VR reduces pain, VR reduces pain, fear and anxiety. Pain
etal’” andan-  nulation, venous port chrane Library fear and anxiety (WBFPS): WMD=-2.17, P<0.001; Pain
xiety access, blood draws (FPS-R): WMD=-0.85, P=0.105; Fear: WMD=-
1.52, P<0.001; Anxiety: WMD=-2.79,
P<0.001
Jenabi Pain IV injections <18yr PubMed, Web of Science, ToAugust?7, 9 315 310 Not re- - - Not re- - VR reduces pain VR reduces pain. Pain: SMD=-0.47 (9 studies)
etal" Scopus, Cochrane Central 2022 ported ported
Regjister (CENTRAL)
Gao Pain, anxi- Lumbar puncture, IV <21yr Cochrane Library, PubMed, Web To February =~ 20 892 885 7 310 318 10 412 415 VRreducespainand VR reduces pain and fear. Pain: SMD=-0.48,
etal.”? etyand insertion, blood draw, of Science, EMBASE, CINAHL, 2022 fear P<0.001 (20 studies); Fear: SMD=-0.61,
fear anesthesia, port need- CBM, CNKI, Wanfang P=0.003 (10 studies); Anxiety: MD=-0.81,
le insertion, laceration P=0.007 (7 studies)
repair
Céceres-  Pain,anxi- Needle-related invasive 4-22 CINAHL, Scopus, WOS, and 2014to 2024 19 842 815 10 412 419 8 320 315 VR reduces pain, VR reduces pain, fear and anxiety. Pain
Matos etyand  procedures yr Cochrane Library fear and anxiety (WBFPS): MD=-1.83, P<0.001 (9 studies);
etal”™®  fear Pain (NRS/VAS): SMD=-0.71, P<0.001 (10
studies); Anxiety (CAM-S): MD=-2.92,
P<0.01 (4 studies); Anxiety (CFS): MD=-1.27,
P=0.0005 (6 studies)
Wei Painand  Vein puncture 3to PubMed, Web of Sciences, To July 6, 10 388 380 2 108 113 2 50 50 VR reduces pain, VR reduces pain, fear and anxiety. Pain:
etal." anxiety 12yr  Scopus, Cochrane Library, 2024 fear and anxiety SMD=-0.48, P<0.001 (10 studies); Fear:
CINAHL, Embase, Medline, SMD=-0.47, P<0.001 (2 studies)
CNKI, Wanfang, Weipu, CBM
Lin Painand  Venous access <18yr CNKI, Wanfang, VIP, CBM, ToJuly2025 6 210 215 Notre - - 5 185 190  VRreduces pain but VR reduces pain but not fear. Pain: SMD=-
etal™  fear PubMed, Cochrane Library, ported not fear 0.73, P=0.04 (6 studies), 2=91%; Fear:
Embase, Web of Science SMD=-0.94, P=0.12 (5 studies), >=97%
Karatas  Painand  Suture needle, IV can- <18yr PubMed, ERIC, Cochrane Library, 2010 to Oc- 3 120 121 2 80 82 Bundled - VR reduces pain VR reduces pain. Pain: Cohen d=-0.85,
and anxiety nulation, blood draw and Web of Science tober 1, with an- P>0.001 (3 studies); Anxiety/fear: Cohen
Gok' 2025 xiety d=-0.85, P=0.01 (2 studies), ’=86.7%

VR, virtual reality; SMD, standardized mean difference; MD, mean difference; IV, intravenous; WBFPRS, Wong-Baker FACES Pain Rating Scale; FPRS-R, Faces Pain Scale - Revised; WMD. Weighted mean difference.
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Table 2. Matrix representation of studies included in each analyzed meta-analysis

Crech  Saliba  DUSTE o Wei Caceres- Jenabi Wang Niaz Karatas Lin

Matos -
etal®  etal” 9  etal”  etal etal etal  etal' etal? andGok'® etal'™

Study

Gerceker et al.*? (2018) X X X
Ozalp Gerceker et al.” (2020) X X X X X
Yildirim & Gerceker®” (2023) X
Aydin & Ozyazicioglu®™ (2019) X
Kog Ozkan & Polat™® (2020)
Chen etal.”” (2020)

inangil et al.® (2020)
Mohamed et al.* (2020)
Erdogan & Aytekin Ozdemir™® (2021) X X X

Ustuner Top & Kuzlu Ayyildiz®" (2021) X X
Wong & Choi*? (2023) X
Piskorz & Czub®® (2018) X
Hsu et al.>¥ (2022) X
Gold et al.** (2006) X X
Dumoulin et al.>® (2019) X

Gold et al.*” (2021)

Lee etal® (2021)

Litwin et al.* (2021)

Chan et al.*? (2019) X
Gerceker et al.*" (2021) X

Gold & Mahrer? (2018)

Semerdi et al.*® (2021) X

Wolitzky et al.*” (2005)

Windich-Biermeier et al.** (2007)

Diaz-Hennessey et al.*” (2019)

Sander Wint et al.?® (2002) x9

Caruso et al.®” (2020) X
Walther-Larsen et al.® (2019)

Clerc et al.*® (2021)

Hundert et al.” (2021)

Canares et al.”" (2021)

Osmanlliu et al.”? (2021)

Mohanasundari et al.”® (2021)

Schlechter et al.” (2021)

Goldman & Behboudi®® (2021)

Goldman & Behboudi*? (2021)

Atzori et al.” (2022)

Czub et al.”® (2024)

Gil Piquer et al.”” (2024)

Goktas & Avci®” (2023)

Orhan & Gozen’™ (2023)

Thybo et al.” (2022)

Van den Berg et al.*” (2023)

Babaie et al.*® (2019) X
Artuvan et al.*® (2025)

Rocha et al.*? (2025)

Goktas & Avci®" (2023)

Gémez-Neva et al.>” (2024)

Akarsu et al. (2023)

Total studies 6 9 9 27 8 21 8 10 1 9

xX X X X
x
x
x
x
x
x
X X X X X X
X X X X X X X X X X X
x

x
xX X X X

xX X X X X
X X X X X X X X X X X X X X X X X X X X
X X X X X X
x

X X X X X X X

N X X X X X

They miscited by saying it was 2019 and not 2020. Children aged 5-17, they did not respect their own criteria. “Not included in meta-analysis.
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Table 3. Graphical Representation of Overlap for OVErviews table showing overlap amount between individual analyzed meta-analyses

Study Czechetal® Salibaetal.”  Lluesma-vidal et al.” Gaoetal.'” Weietal." Céceres-Matosetal.””  Jenabietal.'” Wang et al.”” Niaz et al.” Karatagand Gék'®  Linetal.”
Czechetal®

Saliba et al.” 15.4%

Lluesma-vidal et al.” 21.4%

Gaoetal.”? 18.5% 20.7% 13.3%

Wei etal."¥ 333% 35.7% 38.5% 24.1%

Céceres-Matos et al.” 28.6% 13.0% 18.9% 21.7%

Jenabi et al."” 17.9% 21.4%

Wang et al.'” 16.7% 13.3% 17.2% 20.0% 18.2%

Niaz et al.” 20.0% 50.0% 27.3% 10.3% 45.5% 26.3% 27.3%

Karatas and Gok'® 46.7% 31.3% 30.0% 35.3% 40.9% 10.5% 35.7%
Linetal 16.7% 28.1% 13.6% 15.8% 27.8% 10.5%
Legend: - No overlap (CCA=0%) 1 Slight overlap (0%-5%) - Moderate overlap (6%-10%) n High overlap (11%-15%) Very high overlap (>15%)
CCA, corrected covered area.

Table 4. AMSTAR 2 analysis of included meta-analyses

12.0%

* 3. o " s 7 * 11%, 12%, 13%, 15%,
Sy PI160 Prc>2tdcol dsélslg){] Se‘}a rch  Selection Extrgc'tion E:tﬂlé?eid Desc?fption l?oé Fur112 ing m?tﬁtgd 5 ianS 5 & int er;%? o Heterggéneity = bll)iéastion Corlg icts Co%%reargce
Wei et al.' (2024) Yes No Yes Partial yes Yes Yes Partial yes Yes Yes No Yes No Yes Yes Yes Yes Critically low
Saliba et al.” (2021) Yes No Yes Partial yes No No Partial yes Yes Yes No Yes Yes Partial yes Yes No Yes Critically low
Wang et al.'? (2022) Yes No Yes Partial yes Yes Yes Partial yes Yes Yes No Yes No Partial yes Yes No Yes Critically low
Czech et al.? (2021) Yes Yes Yes Partial yes Yes No Partial yes Yes Yes No Yes Yes Partial yes Yes Yes Yes Moderate
Céceres-Matos et al.'®(2024)  Yes Yes Yes Yes Yes Yes Partial yes Yes Yes No Yes Yes Partial yes Yes Yes Yes High
Gao et al.'? (2023) Yes Yes Yes Yes Yes Yes Partial yes Yes Yes No Yes Yes Partial yes Yes No Yes Low
Lluesma-vidal et al.” (2022) Yes Yes Yes Partial yes Yes Yes Partial yes Yes Yes No Yes No Partial yes Yes No Yes Low
Jenabi et al." (2023) Yes No Yes Partial yes Yes Yes Partial yes Yes Yes No Yes No Partial yes Yes Yes Yes Low
Niaz et al.” 2023) Yes No Yes Yes Yes No Partial yes Yes Yes No Yes No Partial yes Yes Yes Yes Low
Karatag and Gok'® (2026) Yes No Yes Partial yes Yes No Partial yes Yes Yes No Yes Yes Yes Yes Yes Yes Low
Lin et al."™ (2026) Yes No Yes Partial yes Yes Yes Partialyes  Partial yes Partial yes No Partial yes No No No No No Critically low
AMSTAR 2, A MeaSurement Tool to Assess systematic Reviews, version 2; PICO, Population, Intervention, Comparison, Outcome; RoB, risk of bias. *Critical domains.
Table 5. Umbrella review results showing evidence quality for VR-based procedural pain, fear, and anxiety reduction
Cuizaie CRACENNL e gha EX%F??engS)ted 9(g‘z/)oRc)I Pzl incll\llJLéir:c? Stru%fies EX';)):rcii?nﬂtal paTt(i);ﬂts (‘;27) gty PUblloiéastion iil;ig\i/;tli?g) (Iow/?g\c’ijlrarge)
VR pain (procedural) Veryweak  -1.049  -1.542t0-0.557 0.149 0.061-0364  2.95x10° 43 1977 3882 90.5 5.10x10* Significant -4.344 10 2.246 100/100/100
VR fear (procedural) Veryweak  -0.829  -1.213t0-0.445 0.222 0.111-0446  2.33x10° 25 1060 2071 91.1 2.05x10° Significant -2.809t0 1.152 99.5/100/100
VR anxiety (procedural) ~ Veryweak  -0.889  -1.249t0-0.529 0.199 0.104-0.383  1.31x10° 19 780 1559 89.9 1.26x10" Not significant -2.535t0 0.757 97.6/100/100
VR, virtual reality; GRADE, Grading of Recommendations Assessment, Development and Evaluation; CI, confidence interval; OR, odds ratio.
Table 6. Sensitivity analysis: GRADE classification across 12 estimators and intrastudy correlations
T2 estimator r GRADE class VR pain, g (95% CI) Pain P VR fear, g (95% CI) Fear P VR anxiety, g (95% CI) Anxiety P 2 all outcomes (pain/fear/anxiety) Egger pain
DL (default) 0 Very weak -1.049 (-1.542 t0 -0.557) 2.95x10° -0.829(-1.213t0-0.445) 2.33x10° -0.889 (-1.249 t0 -0.529) 131x10° 90.5/91.1/89.9 Significant
REML 0 Very weak -1.049 (-1.542 t0 -0.557) 2.95x10° -0.829 (-1.213 t0 -0.445) 2.33x10° -0.889 (-1.249 t0 -0.529) 1.31x10° 90.5/91.1/89.9 Significant.
PM 0 Very weak -1.072(-1.639 to -0.505) 2.12x10* -0.830(-1.223t0-0.437) 3.48x10° -0.889 (-1.250 t0 -0.529) 1.33x10° 90.5/91.1/89.9 Significant.
REML 0.5 Very weak -1.049 (-1.542 t0 -0.557) 2.95x10° -0.829(-1.213 t0-0.445) 2.33x10° -0.889 (-1.249 t0 -0.529) 131x10° 90.5/91.1/89.9 Significant.
PM 0.5 Very weak -1.072 (-1.639 to -0.505) 2.12x10* -0.830(-1.223t0-0.437) 3.48x10° -0.889 (-1.250 t0 -0.529) 1.33x10° 90.5/91.1/89.9 Significant.

GRADE, Grading of Recommendations Assessment, Development and Evaluation; VR, virtual reality; CI, confidence interval; DL, DerSimonian-Laird; PM, Paule-Mandel; REML, restricted maximum likelihood.
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and Evaluation (GRADE) classification of “very weak”
for all 3 analyses, the lowest level that can be assigned.
The sensitivity analyses were conducted by variation of
the interstudy variance estimators (DerSimonian-Laird,
restricted maximum likelihood, and Paule-Mandel) and
the assumed intrastudy correlation between outcomes
(r=0 and r=0.5) to exclude estimated-related artifacts
(Table 6). This did not modify the “very weak” GRADE
classifications across all 3 outcomes, confirming the
robustness of the findings.

Discussion

1. Mechanism of VR effects

The use of VR as a nonpharmacological method for
reducing pain in patients is growing. Although the exact
mechanism by which it accomplishes this has not yet
been determined, the so-called gate control theory is
a possible explanation. According to this theory, pain
perception is modulated by the interaction of various
neurons that pass through open nerve “gates” in the
dorsal horn of the spinal cord before continuing to the
brain.*® Just as these gates can be opened, they can be
blocked, resulting in a decreased pain sensation.”® By
competing for the attention of the patient and potentially
blocking external stimulation, VR could lessen the
subjective feeling of pain.*>®® This attentional shift may
also alter the patient’s behavior, making them feel more at
ease than they might otherwise.®®

2. Overall efficacy of VR for procedural pain, fear, and

anxiety

Across all 10 meta-analyses reviewed, evidence consis-
tently showed that VR reduced self-reported pain in
children and adolescents undergoing needle-related pro-
cedures. Evidence for fear and anxiety reduction follows
a broadly similar direction, although it is based on fewer
studies. One notable exception to this pattern comes from
the analyses restricted to the emergency department
setting. Lin et al.” found a statistically significant pain
reduction (SMD=-0.73) but no significant effect on fear
(SMD=-0.94, P=0.12), while Karatag and Gok' similarly
found high heterogeneity and only modest pain effects
(Cohen d=-0.85). Both groups attributed this attenuation
to the ambient stress of the emergent environment, which
may overwhelm VR's distraction capacity. Nevertheless,
as Lin et al!’® noted, marginal improvements in the
emergent context may have meaningful clinical value.

3. Methodological approaches to scale heterogeneity
A persistent challenge across all included reviews was

the use of various pain and fear measurement instru-
ments across primary studies, with the approaches adopt:
ed to address this phenomenon varying considerably
across meta-analyses. Most meta-analyses employed
SMD values to pool across scales.>’M121416) A subset, in-
stead of stratified analyses by instrument, reported
separate pooled estimates for the Wong-Baker Faces Pain
Rating Scale, Faces Pain Scale-Revised, and numerical
rating scale/visual analogue scale (NRS/VAS) family.3'013)
While stratification avoids assumptions about scale
equivalence, it produces multiple smaller subanalyses
and substantially reduces the statistical power. Czech
et al® illustrated this as their Wong-Baker group
yielded a significant MD of -2.85, while their Faces Pain
Scale-Revised group did not, with a MD of only -0.19, a
divergence that may reflect genuine scale differences,
reduced power, or both. Caceres-Matos et al.® adopted
a hybrid approach using SMD values to NRS/VAS stud-
ies that addresses the known limitation that these 2
scales correlate but cannot be directly converted while
stratifying other scale groups without clearly justifying
the asymmetry. A further concern is the practice of
splitting individual study arms into multiple independent
entries, as done by Lluesma-Vidal et al.” to capture differ-
ent procedural subgroups within the same trial, which
inflates effective sample size and risks violating the inde-
pendence assumption underpinning the meta-analytic
model.

4. Reporting consistency and internal study quality

Several meta-analyses have internal inconsistencies
that reduced the confidence of their findings. Gao et
al? reported discrepant study counts between their
PRISMA flowchart (27 studies) and the title of their Table
1 (28 studies) and stated that 21 studies were included in
the pain analysis before the removal of one study post
hoc to reduce heterogeneity without full methodological
justification. Karatas and Gok'® cited patient counts for
their self-reported pain and fear analyses that did not
correspond to the studies they listed as sources, and their
figures were confusingly labeled. Lluesma-Vidal et al.”
claimed in their introduction that only a single meta-
analysis had previously examined VR use in children,
citing Eijlers et al.,®) apparently unaware of the studies by
Saliba et al.” and Czech et al.,¥ which had been published
the year before.

These issues do not necessarily invalidate the overall
conclusions, but they underscore the importance of
transparent reporting. When assessed using the AMSTAR
2 criteria, only 1 study was rated as high confidence, 1 as
moderate, 5 as low, and 4 as critically low. None of the
reviews adequately explained the exclusion decisions for
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individual studies or documented the conflicts of interest
among the included primary studies.

5. Study overlap and redundancy

A notable feature of this body of literature is the high
degree of overlap among the meta-analyses. The CCA
was 15.7%, indicating that a substantial proportion of the
primary studies were repeatedly pooled across successive
reviews. For instance, Wang et al.') shared 5 studies with
Czech et al.¥ and 7 with Saliba et al.”? This redundancy
limits the degree to which each subsequent meta-analy-
sis truly added new information and reinforced the im-
portance of evaluating the methodological quality and
scope of individual reviews rather than simply treating
convergent findings as independent corroborations. A
related concern is incomplete search strategies: Saliba et
al.”) was the only group to include the study of Babaie et
al.*® despite meeting the inclusion criteria of several other
reviews. Whether this reflects the study being published
in a low-visibility journal, insufficiently indexed, or
inadequately described by its title and abstract, it points to
search strategies that do not consistently capture the full
literature.

A major determinant factor for the fear of needles is
the age of patients.? As might be expected, younger
children have far greater rates of fear as compared to
older children or adults.? Studies have found that the
majority of children are afraid of needles versus 20%-
50% of adolescents, 20%-30% of young adults aged 20-40
years, and <5% of adults >40 years old.? In the context of
a meta-analysis, unless accounted for by analyses that
are specific to each age group, this may be problematic.
This is because younger patients reportedly benefit more
from VR exposure than teenage patients.%? Therefore, by
mixing older and younger patients, the efficacy of VR may
be under-reported, with unimpressive results in adole-
scents masking the benefits in younger children. Restrict-
ing patients to younger children is, in our mind, a major
factor that can contribute to the results.

When we judged the meta-analyses using the AMSTAR
2 criteria, it was apparent that many were of critically
low or low quality, with only one being awarded a mo-
derate confidence rating and one having a high overall
confidence rating. None of the studies achieved a perfect
score, with even the most highly rated study failing 1
criterion and receiving only partial marks for 2 criteria.”®
On the lower end, 1 study failed 4 criteria, of which 3 were
considered critical, and achieved partial scores for 3 other
critical areas.” Notably, none of the studies adequately
explained why they had excluded any particular study or
reported whether the included studies had any conflicts
of interest regarding funding. This indicates a wide range

in study quality.

Another important factor worth consideration is the
heterogeneity between the RCTs including fear/anxiety,
terms that were seemingly used interchangeably. More-
over, the scales used to measure them were also quite
variable, creating a risk of conflating the different con-
cepts and possibly diminishing the effects found when
pooling the studies as suggested by Liu et al.” It would
be important for future related studies to precisely define
what they are measuring beforehand. However, patient
responses may also be affected by patient shyness, parti-
cularly among younger patients, with potentially mis-
leading results.®® However, as Gok and Karatas®® pointed
out, caregivers of younger children may also be able to
provide useful insights, as the patients themselves may
not be able to adequately articulate their feelings.

Another trend is to include old research, such as that
of Gold et al.* in current meta-analyses. Although the
research was certainly ground-breaking when it was
performed, technology has evolved to the point that
the equipment used in 2006 cannot be compared with
current VR headsets. This may lead to an underestimation
of VR usefulness in older studies in which experience
quality would have been less immersive, resulting in a
lesser sense of presence.®® Future meta-analyses would
likely benefit from the inclusion of only studies that use
contemporary technology (for example, post-2015), thus
ensuring that the conclusions drawn are applicable to
current technology.

A factor common to nearly all of these meta-analyses
was the significant heterogeneity in the results. This is
likely due to many factors, including the different VR
headsets used, differences in VR experiences (ranging
from films to interactive experiences), different types of
procedures, and other factors related to the individual
methodologies employed in the studies, such as the tim-
ing of the collection of results and the different scales
used. Another inherent problem with studies of VR is the
inability to blind the subjects. However, if we consider the
experience as a whole as being part of the “distraction”
effect, then this is not necessarily problematic, although
it makes it more challenging to account for a placebo or
nocebo effect.

Although these studies indicate the potential usefulness
of VR, meta-analyses tend to pool very different needle-
involving procedures and have very high heterogeneity.
This resulted in a “very weak” GRADE score for pain, fear,
and anxiety.

6. Limitations
First, despite this review being conducted in accordance
with PRISMA 2020 guidelines, its protocol was retrospec-
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tively registered with the Open Science Framework upon
completion of the data collection and analyses, and no
a priori protocol was published. Second, although age
heterogeneity has been discussed extensively as a key mo-
derator of VR efficacy, we did not perform a structured,
stratified comparison of the meta-analyses using age
bands. Third, we did not differentiate between differ-
ent types of VR interventions included in the meta-
analyses. Although this is a methodological weakness,
it was unavoidable because most meta-analyses did not
differentiate between active and passive VR. Fourth, the
meta-analyses included in this umbrella review included
immersive interactive environments, passive headset
videos, cartoon viewing, and potentially nonimmersive
interventions. Furthermore, standard care, no distraction,
topical anesthetic, Buzzy device, distraction cards, and
television are different comparators. This limits the ge-
neralizability of the conclusions because of the vastly
different variables in the primary RCTs. Another limita-
tion is that, although we were able to divide our meta-
analyses into fear and anxiety because some studies ex:
plicitly reported one or both, some studies treated them
as interchangeable despite the 2 representing related but
conceptually distinct psychological constructs. There are
also limitations inherent to umbrella reviews. Because
there is no standard way to manage primary study over-
lap, we took the pragmatic approach of including only
primary studies after deduplication; thus, only data from
the most recent meta-analysis were included. This was
done to avoid overstating the sample size and providing a
false impression of robustness.

Current meta-analyses suggest that VR may be an ad-
junctive distraction tool for selected children undergoing
short needle-involving procedures, particularly veni-
puncture. However, the evidence is insufficient to re-
commend VR as a replacement for topical anesthesia,
preparation, caregiver presence, or established proce-
dure-pain bundles.

In conclusion, this umbrella review identified 11 meta-
analyses that examined VR as a distraction intervention
for pediatric needle-involving procedures. Although all
studies reported directionally consistent benefits for
self-reported pain, fear, and anxiety, the evidence base
was substantially undermined by predominantly low or
critically low AMSTAR 2 ratings, a CCA of 15.7% (indicat:
ing a very high primary study overlap), and I? values
exceeding 90% for all 3 outcomes in the umbrella meta-
analysis. Significant publication bias was detected for
pain and fear, and the GRADE certainty was rated as "very
weak" across all outcomes. Therefore, convergent findings
across reviews should not be interpreted as independent
corroborations.

The key drivers of heterogeneity include wide age
ranges, inconsistent outcome measurements, variable
comparators, and the inclusion of outdated VR technolo-
gies. Future studies should address these issues through
age-stratified analyses, standardized outcome instru-
ments, contemporary hardware restrictions, and protocol
preregistration.

VR may be a feasible low-risk distraction tool for
selected children undergoing short needle-involving pro-
cedures. However, the current evidence is insufficient to
recommend it as a replacement for established manage-
ment strategies.
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