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ABSTRACT

Introduction: Immersive virtual reality (VR) trials are multiplying, but the clinical areas they address in Latin America and the completeness
of their registry entries are unknown. This study described their clinical areas and populations and appraised the registration of primary
outcomes, sample size justification, timing and results. Methods: Cross-sectional registry study of interventional ClinicalTrials.gov records
with a VR intervention, at least one Latin American site and a start year from 2011 to 2023. Immersive trials documented a head-mounted
display or explicit immersive wording. Counts, medians, Wilson 95% confidence intervals and crude Fisher exact tests were used; no adjus-
ted model was fitted. Results: Of 62 records, 61 had a Latin American site and 14 were immersive VR trials, all single-site, from 5 countries.
Procedural pain and anxiety (4 trials) and neurological rehabilitation (3) predominated, and median registered enrollment was 50. All
trials registered primary outcomes with measure, description and time frame, 6 of 14 were registered prospectively, 1 stated a sample
size justification and 1 of 8 closed trials posted results. No indicator differed from the 47 other VR-labelled trials. Conclusions: Registered
immersive VR trials with Latin American sites were few, small and concentrated in pain, anxiety and neurological rehabilitation. Primary
outcome fields were complete, but prospective registration, sample size justification and results posting were limited.

Keywords: virtual reality; clinical trials as topic; registries; Latin America; research design.

RESUMEN

Introduccion: Los ensayos de realidad virtual (RV) inmersiva se multiplican, pero se desconocen las areas clinicas que abordan en América
Latinay la completitud de sus registros. Este estudio describid sus areas clinicas y poblacionesy valoro el registro de desenlaces primarios,
justificacion del tamafio muestral, momento y resultados. Métodos: Estudio transversal de registros intervencionistas de ClinicalTrials.gov
con una intervencién de RV, al menos una sede latinoamericana e inicio entre 2011 y 2023. Los ensayos inmersivos documentaban un
visor de realidad virtual o una descripcion explicita de inmersion. Se usaron recuentos, medianas, intervalos de Wilson al 95 % y pruebas
exactas de Fisher crudas; no se ajusté ningun modelo. Resultados: De 62 registros, 61 tenian sede latinoamericana y 14 eran ensayos de
RV inmersiva, todos con una sede, de 5 paises. Predominaron el dolor y la ansiedad en procedimientos (4 ensayos) y la rehabilitacion
neurolégica (3), con una mediana de inclusién registrada de 50. Todos registraron desenlaces primarios con medida, descripcidon y marco
temporal, 6 de 14 se registraron de forma prospectiva, 1justificé el tamafo muestral y 1de 8 ensayos cerrados publicé resultados. Ningudn
indicador difiri¢ de los otros 47 ensayos de RV. Conclusiones: Los ensayos registrados de RV inmersiva con sedes latinoamericanas fueron
pocos, pequefos y concentrados en dolor, ansiedad y rehabilitacion neurolégica. Los campos de desenlaces primarios estaban completos,
pero la inscripcion prospectiva, la justificacion del tamafio muestral y la publicacion de resultados fueron limitadas.

Palabras clave: realidad virtual; ensayos clinicos como asunto; sistema de registros; América Latina; proyectos de investigacion.
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INTRODUCTION

Head-mounted displays have moved virtual reality (VR) from laboratories into hospital wards,
rehabilitation units and dental clinics. Immersive VR reduced self-reported pain in a meta-analysis
of 122 randomized trials, with similar effects in acute, chronic and procedural pain.(1)In children
undergoing needle procedures and other medical interventions, VR distraction lowered pain and
anxiety.(2,3) Head-mounted systems have also been applied to neurological rehabilitation, where
scoping and systematic reviews describe uses in stroke, Parkinson disease and multiple sclero-
sis,(4,5) and to anxiety disorders, in which 16 of 17 randomized trials in one meta-analysis relied on
head-mounted displays.(6)Reviews of this evidence repeatedly point to low methodological qua-
lity, to the impossibility of blinding participants and staff, and to incomplete reporting of adverse
effects.(3,7,8)A CONSORT appraisal of nine VR exposure studies for posttraumatic stress disorder
likewise found variable methodological quality.(9)Cybersickness is the best-known adverse effect
of head-mounted displays, and a systematic review identified 88 studies on techniques to reduce
it;(10)among older adults, most of 39 studies reported only minor cybersickness but relied on a
single session and had weak sample generalizability.(11)

Whether these weaknesses can be traced and corrected depends on the registration of
trials. The International Committee of Medical Journal Editors requires prospective registration, yet
most trials in a sample of journals were registered retrospectively,(12)and only 41.7% of randomized
trials published in 2018 complied with prospective registration.(13)Registered entries are often too
vague to detect later changes: in registry records from 2008 and 2009, more than half of the trials
were registered after recruitment of the first participant and only 34.9% of reported outcomes
were specific measures with a meaningful time frame,(14) and a repeated assessment of registry
records found that 57.6% of primary outcomes were specific measures with a meaningful time
frame, an improvement over 38.2% in the earlier sample.(15)In physiotherapy, 34% of randomized
trials published in 2009 were registered and registration was adequate in 2.5%.(16)Results are fre-
guently missing, with 29% of large registered trials unpublished and most of them lacking results
in the registry.(17)Sample size justification is another reporting gap in several specialties,(18,19)
and outcome switching has been documented in both general and specialty journals.(20,21) Psy-
chiatry journals have been examined for correct prospective registration and selective outcome
reporting,(22)and cross-sectional analyses of registry records have characterized trials in fields as
different as COVID-19, neuropsychiatric mobile health and sepsis,(23-25)but no comparable analysis
has addressed immersive VR.

Latin America offers a distinct setting for this question. Globally, the annual number of re-
gistered trials rose from 3,294 in 2004 to 23,384 in 2013.(26)In Latin America and the Caribbean,
registration increased between 2007 and 2013, with Brazil leading South America,(27)and a later
survey of trials published in 2015 found that 59.9% were registered, half of them prospectively.(28)
More accessible and affordable head-mounted systems have appeared in recent years,(5)and me-
thodological guidance for VR trials now exists.(29)What clinical areas and populations the region’s
registered immersive VR trials address, and how completely they are registered, remains undes-
cribed. The objective of this study was to describe the clinical areas and populations of registered
immersive VR trials with Latin American sites and to appraise the completeness of their registration
of primary outcomes, sample size justification, timing of registration and results.

METHODS

Study design

A cross-sectional, registry-based meta-research study was conducted on public records of
interventional trials. The report follows the STROBE statement for cross-sectional studies, adapted
to registry records, and the unit of analysis was the registered trial. The protocol, which fixed the
definition of immersive VR, the indicators of registration completeness and the statistical plan,
was written before any analysis and is summarized below. Two rules were refined after reading the
records: a keyword pattern for sample size justification was corrected after reviewing its hits, and
one record was reassigned to the comparison group, as described below.

Setting

The study covered interventional trials with at least one listed site in a Latin American country
and a start year between 2011 and 2023. Latin American countries were Argentina, Bolivia, Brazil,

https://doi.org/10.62486/gr202320 2


https://doi.org/10.62486/gr202320

Alfredo Cabrera et al. SAP Gamification and Augmented Reality. 2023;2:20

Chile, Colombia, Costa Rica, Cuba, the Dominican Republic, Ecuador, El Salvador, Guatemala, Haiti,
Honduras, Mexico, Nicaragua, Panama, Paraguay, Peru, Uruguay and Venezuela, plus Puerto Rico.
Coverage is described by start year only, and the records reflect the snapshot available from the
public interface of the registry.

Participants

Records were eligible when the study type was interventional, the intervention search mat-
ched virtual reality, at least one site listed in the location field belonged to one of the countries
above, and the start year ranged from 2011 to 2023. The location search matched country names
as text, so the country field of every returned record was checked individually, and records without
a Latin American site were excluded at that point.

Among eligible records, immersive VR trials were those whose title, summaries, arm and in-
tervention descriptions, keywords or primary outcome descriptions documented a head-mounted
display, VR glasses, goggles, lenses, headset or helmet, or used the word immersive for the inter-
vention. Records documenting only sensor-based or screen-based systems (such as Kinect, Wii,
Xbox, Leap Motion, projectors or touchscreens), mixed reality devices, or no display at all formed the
comparison group of other VR-labelled trials. One record in which the word immersive described a
previous version of the software, without naming a display, was assigned to the comparison group.
Reference lists and eligibility criteria were not used for classification, to avoid counting devices
mentioned only as background or as exclusion criteria.

Variables

Exposure was the documented immersive display. Descriptive variables were the clinical area
and population, the countries and number of listed sites, the start year, the allocation, intervention
model, masking and primary purpose, the registered enrollment and its type (actual or estimated),
the lead sponsor class, the eligible age groups and the overall status. Clinical areas were coded
from the conditions, summary and eligibility fields into seven categories: procedural pain and
anxiety, neurological rehabilitation, mental health and psychosocial, musculoskeletal conditions,
cardiovascular conditions, palliative and oncology care, and healthy ageing.

Registration completeness was appraised with seven indicators defined in the protocol. Pros-
pective registration was defined as a first submission no later than the month in which the trial
started. A primary outcome entry was complete when the measure, the description and the time
frame were all filled in, and the indicator required this for every primary outcome of the record.
Sample size justification was recorded when the free-text fields stated how the sample size was
calculated or why a given sample was chosen, by searching for terms such as sample size, a priori
and power analysis and reading each hit. Results posting and a linked publication of results were
evaluated among trials with a completed or terminated status, because only those trials can be
expected to have results. The presence of a plan to share individual participant data was recorded
when the field stated yes, no or undecided.

Data sources

Records were obtained from the ClinicalTrials.gov interface version 2,(30)by programmatic
requests that did not require registration or login. The intervention search used the phrase virtual
reality. The location search listed the country names above. The filter kept interventional studies
with a start date from January 2011 to March 2023. The structured fields used were the identification,
status, design, eligibility, outcomes, sponsor, location, reference and data sharing modules, and
the free-text fields were the titles, summaries and descriptions. A sensitivity search added terms
such as head-mounted display, VR headset, immersive, virtual environment, 360 video, goggles
and glasses to identify records not captured by the main phrase. The data were saved as a single
file and processed with a script that reproduces every figure in this report.

Study size

No sample size calculation was made, since the study included every eligible record. The
number of immersive trials fixed the precision of the estimates, and Wilson intervals were reported
to make that precision explicit.

Statistical analysis
Categorical variables were summarized as counts and percentages. Continuous variables were
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summarized as median with 25th and 75th percentiles because enrollment was skewed. Percen-
tages for each registration indicator carried Wilson 95% confidence intervals. Immersive trials were
compared with the other VR-labelled trials by two-sided Fisher exact tests for proportions and a
Mann-Whitney test for enrollment, at a 5% significance level and without correction for multiplicity,
and all comparisons were treated as exploratory. Estimates were crude. No adjusted model was
fitted, because the number of immersive trials did not allow stable estimation with covariates. The
denominator of each indicator is shown in the table. The analysis was written in Python with SciPy
for the tests and Matplotlib for figures, and it was run twice with identical output.

RESULTS

Participants

The search returned 62 records, of which 1 listed no Latin American site and was excluded
(Figure 1). The remaining 61 records started between 2011 and 2023, and 14 of them (23.0%) docu-
mented an immersive display.

The other 47 records were screen or sensor based in 31 cases, used mixed reality in 2 cases,
or did not state the display in 14 cases. The sensitivity search returned 36 records, of which 20 had
Latin American sites and were not in the main set. Headset or goggle terms matched 7 of them,
in each case as protective eyewear or a headset for music during a photobiomodulation or similar
procedure, and O of the 20 mentioned virtual reality.

Figure 1. Flow of ClinicalTrials.gov records from the search to the immersive virtual reality trials.

Records returned by the search
(n=62)

No Latin American site listed
(h=1)

Records with a Latin American site
and start year 2011-2023 (n = 61)

Not documented as immersive
(n=47)
Screen or sensor based: 31
Mixed reality: 2
Display not stated: 14

Immersive VR trials analyzed
(n = 14)

Note: VR = virtual reality. Records not documented as immersive formed the comparison group.

Descriptive data

Among the 14 immersive trials, sites were listed in 5 countries: Brazil(5), Chile(5), Argentina(2),
Colombia (1) and Ecuador(1). Every trial listed a single site. Start years ranged from 2016 to 2023,
with a median of 2022, and 10 trials started from 2021 onward (Table 1).

Procedural pain and anxiety was the most frequent clinical area (4 trials), followed by neuro-
logical rehabilitation(3), mental health and psychosocial conditions (2) and musculoskeletal con-
ditions(2). Cardiovascular conditions, palliative and oncology care, and healthy ageing contributed
one trial each (Table 2).

Among participants, adults were the eligible population in 11 trials, and 3 trials admitted chil-
dren or adolescents, 2 of them restricted to children. The adult populations included people with
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undergoing breast biopsy, university students and older adults.

Table 1. Characteristics of the registered immersive virtual reality trials.

Characteristic Immersive VR trials (n = 14)
Start year, median (range) 2022 (2016-2023)
Start year 2011-2017, n (%) 1(7.7)

Start year 2018-2020, n (%) 3(21.4)

Start year 2021-2023, n (%) 10 (71.4)

Site country: Brazil, n (%) 5 (35.7)

Site country: Chile, n (%) 5 (35.7)

Site country: Argentina, n (%) 2 (14.3)

Site country: Colombia, n (%) 1(7.7)

Site country: Ecuador, n (%) 1(7.7)

Single listed site, n (%) 14 (100.0)
Randomized allocation, n (%) 1 (78.6)
Single-group design, n (%) 4 (28.6)
Masking: none, n (%) 6 (42.9)
Masking: single, n (%) 5(35.7)
Masking: double or more, n (%) 3(21.4)
Enrollment, median (P25-P75) 50 (25.5-79.5)
Enrollment type actual, n (%) 8 (57.)

Child participants eligible, n (%) 3(21.4)

Lead sponsor class other than industry or government, n (%) 14 (100.0)
Status completed, n (%) 7 (50.0)
Status unknown, n (%) 6 (42.9)
Status terminated, n (%) 1(7.)

Note: n (%) unless stated. P25-P75 = 25th to 75th percentile. Percentages use the 14 immersive trials as denominator.

The registered design was randomized in 11 trials and single-group in 4 trials. Masking was
absent in 6 trials, single in 5 and double or higher in 3. Treatment was the primary purpose in 11
trials, supportive care in 2 and another purpose in 1.

The registered enrollment totaled 923 participants, with a median of 50 per trial (25th to 75th
percentile 25.5 to 79.5) and a range from 9 to 240. Fewer than 30 participants were registered for
4 trials, and enrollment was recorded as actual in 8 trials and as estimated in 6.

The overall status was completed in 7 trials, unknown in 6 and terminated in 1. All 14 lead
sponsors belonged to the category other, which comprises universities, hospitals and individual
investigators.
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Table 2. Clinical area, population and registration data of each immersive virtual reality trial.

Registry ] . Enrollment
Ty Country Clinical area Population Start year (type) Status
NCTO5596292 Brazil Cardloya_scular Hospitalized a_dults with heart 2022 '66 .
conditions failure (estimated)
NCT05535088 Argentina Healthy ageing Older adults 2022 35 (actual) completed
NCT05393596 Chile iz health and University students (adults) 2022 122 (actual) completed
psychosocial
NCT06219642 Beupaley | CoeiEl pesiin el Cligter eelblim wilid etz @ 2023 84 (actual) | completed
psychosocial depression symptoms
NCTO5950100 Brazil Musculq;keletal Adolescents after scoliosis 2023 '56 unknown
conditions surgery (estimated)
NCT06606132 Chile Musculq;keletal Adults with fibromyalgia 2023 20 (actual) completed
conditions
NCT05403788 Chile Neurqlpgpal Adults with Parkinson disease 2021 9 (actual) completed
rehabilitation
NCTO05687773 Brazil Neurqlpgl_cal Adults with Parkinson disease 2021 .30 unknown
rehabilitation (estimated)
NCTO07086365 Chile Neurc')l.oglfzal Adults with early-stage stroke 2023 1 (actual) completed
rehabilitation
NCTO5603767 Argentina Palliative and Hospitalized adults with 2022 _60 unknown
oncology care advanced cancer (estimated)
NCT03202433 Chile FeeseluEl Elin 2| Adult blood donors 2016 240 unknown
anxiety (estimated)
NCTO3877094 Brazil ez [pain 2 Aaluliss ineligeig) et 2019 24 (actual) | terminated
anxiety biopsy
NCT03902158 Brazil Procedura'l pain and Children aged 5to 9 years in 2019 '44 unknown
anxiety dental care (estimated)
NCT03985930 | Colombia | Procedural painand clilighem aeed Sio o yeers 2020 122 (actual) | completed
anxiety undergoing needle procedures

Note: Enrollment gives the registered number of participants and whether it was recorded as actual or estimated. Clinical areas were
coded from the conditions, summary and eligibility fields.

Main results

The immersive share of VR-labelled trials changed with the start period. In the crude com-
parison by period, 3.3% of the 30 trials started in 2011-2017 were immersive, against 21.4% of 14 in
2018-2020 and 58.8% of 17 in 2021-2023 (Figure 2).

Figure 2. Virtual reality trials with Latin American sites by start year and type of display.

I Immersive VR (n = 14)
8 Other VR-labelled (n = 47)
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Note: Immersive VR trials documented a head-mounted display or explicit immersive wording. Other VR-labelled trials were screen or
sensor based, mixed reality or did not state the display.
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For the registration of primary outcomes, every immersive trial had at least one primary out-
come (14 of 14, 95% CI 78.5 to 100.0), and every record filled the measure, the description and the
time frame of all its primary outcomes (14 of 14). The 14 trials listed 25 primary outcomes, and 7 of
them registered two or more (Table 3).

Prospective registration was documented for 6 of 14 trials (42.9%, 95% Cl 21.4 to 67.4). The 8
remaining trials were first submitted a median of 10 months after their start month, with delays
from 1to 26 months.

A sample size justification was found in the free text of 1 of 14 trials (7.1%, 95% CI 1.3 to 31.5).

Table 3. Registration completeness indicators of immersive and other virtual reality trials.

Indicator Immersive VR trials, n/N (%; 95% | Other VR-labelled trials, n/N (%; p (Fisher
Cl) (n=14) 95% Cl) (n = 47) exact)

Prospective registration (first submitted . : . .
o later than the start month) 6/14 (42.9; 21.4-67.4) 18/47 (38.3; 25.8-52.6) 0.77
At least one primary outcome registered 14/14 (100.0; 78.5-100.0) 47/47 (100.0; 92.4-100.0) 1.00
All primary outcomes with measure, 14/14 (100.0; 78.5100.0) 45/47 (95.7, 85.8-98.8) 1.00

description and time frame
Sample size justification stated in the 4 (71:13-31.5) 347 (6.4;2.2-17.2) 1.00
record
Results posted in the registry (completed 1/8 (12.5;2.2-47]) 0/30 (0.0; 0.0-11.4) 021
or terminated trials)
Publication of results linked in the record . .

fcormpleted or terminated trials} 1/8 (12.5; 2.2-471) 5/30 (16.7; 7.3-33.6) 1.00
Irginsle) pa”'c'ftzggata snziing gl 10/14 (71.4; 45.4-88.3) 30/47 (63.8, 49.5-76.0) 075

Note: Cells show n/N (percentage; Wilson 95% Cl). Other VR-labelled trials were screen or sensor based, mixed reality or did not state the
display. p values come from two-sided Fisher exact tests and are exploratory without correction for multiplicity. Cl = confidence interval;
IPD = individual participant data.

Among the 8 completed or terminated trials, results were posted in the registry for 1 (12.5%,
95% Cl 2.2 to 47.1) and a publication of results was linked in the record for 1 (12.5%, 95% CI 2.2 to 47.1).
A plan on individual participant data sharing was stated by 10 of 14 trials (71.4%, 95% Cl 45.4 to 88.3).

Other analyses

In the crude analysis, the immersive trials did not differ from the other 47 VR-labelled trials
in any indicator (Table 3). Prospective registration was documented for 42.9% of immersive trials
and 38.3% of the others (p = 0.77), and a sample size justification for 7.1% and 6.4% (p = 1.00). None of
the 30 closed comparison trials posted results, against 1 of 8 immersive trials (p = 0.21). No adjusted
estimates were produced.

The 47 comparison trials were listed in Brazil in 39 cases and in Chile in 5, with a median start
year of 2017. Randomized allocation was registered for 37 of them, and 29 were completed and 16
had an unknown status. Their median registered enrollment was 48 (25th to 75th percentile 27.0
to 64.0), similar to the immersive trials (p = 0.86).

When the cohort was restricted to records first submitted by 2023, 11 immersive trials and 56
records in total remained, and 6 of the 11 immersive trials were registered prospectively. The restric-
tion removed 3 immersive trials, first submitted after the end of the window, and 5 records overall.

Some findings were unexpected. One immersive trial recorded a randomized allocation to-
gether with a single-group intervention model, which are contradictory entries. Among the 14
immersive trials, 6 kept an unknown status, and 3 described feasibility, usability or a pilot design
in their titles.

https://doi.org/10.62486/gr202320 7
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DISCUSSION

Key results

Registered immersive VR trials with Latin American sites were few, since only 14 of 61 VR-labe-
lled trials documented a head-mounted display, and they were small, single-site and concentrated
in procedural pain and neurological rehabilitation. Their registry entries were complete in the fields
that every record is required to fill, but the elements that allow a reader to judge validity were less
often present: prospective registration was documented in fewer than half of the trials, almost
none stated how the sample size was chosen, and results were posted for a single completed trial.

With respect to the three objectives, the registry shows a small and recent group of trials,
mostly from Brazil and Chile and mostly in adults, a registered design that is randomized in most
cases but modest in size, and a registration profile in which the fields that describe the measure-
ment of the primary outcome are filled in while the fields that document planning and dissemina-
tion are not. None of these indicators differed in the crude comparison with the other VR-labelled
trials, so the gaps appear to belong to the registration culture of the region and the field more than
to the immersive technology.

Interpretation and comparison with other studies

The distribution of clinical areas matches the areas in which immersive VR has the most pu-
blished evidence. Procedural pain and anxiety was the largest group, and meta-analyses show that
immersive VR lowers pain across acute, chronic and procedural conditions(l)and that distraction
lowers pain and anxiety in children undergoing needle procedures.(2,3) In this group, 2 of the 4 trials
enrolled children, which is consistent with the pediatric focus of those reviews. The neurological
rehabilitation trials, which involved Parkinson disease and stroke, correspond to the applications
described in reviews of head-mounted displays in physical rehabilitation(4,5) and to the stroke
literature summarized in an overview of 58 systematic reviews.(8)Safety work with head-mounted
displays in Parkinson disease(31)provides the clinical background for these trials.

Fewer registered trials addressed anxiety disorders than the international literature would
suggest, since 16 of 17 randomized trials in a recent meta-analysis of anxiety treatments used
head-mounted displays.(6)The two mental health trials in our set targeted stigma among univer-
sity students and anxiety or depression symptoms in older adults, which are psychosocial rather
than disorder-specific questions. The older-adult trials in the set, a balance study in healthy older
people among them, align with a review of 54 studies of immersive technologies for exercise in
older people, which found good acceptability and a small increase in simulator sickness scores,(32)
and with a synthesis of 39 studies of cybersickness in older adults.(11)The palliative care and cancer
trial agrees with the symptom-management emphasis of VR applications in palliative care(33)and
with trials of immersive VR in chemotherapy patients.(34)The rise of the immersive share from 3.3%
to 58.8% of VR-labelled trials suggests a shift away from screen or sensor based systems, which
account for 31 records in this cohort and which in the international literature are used for unsuper-
vised rehabilitation at home.(35)

Design features of the immersive trials reflect the practical constraints of VR research. Masking
was absent in 6 of the 14 trials and single in 5, which is plausible given that participants and staff
can hardly be blinded to a head-mounted display, a limitation already highlighted in trials of VR
distraction during needle procedures.(3)Randomized allocation was recorded for 11 trials, a larger
share than in a systematic review of VR for unilateral spatial neglect, in which 42.3% of the studies
had a control group and 19.2% were randomized trials.(36)The registry shows who was masked, not
whether a sham or neutral VR condition was used, and that detail plausibly matters for outcomes
such as pain, anxiety and stigma that depend on expectation. One record combined randomized
allocation with a single-group model, an inconsistency that a validation rule in the registry could
prevent.

The small, single-site profile of the trials is typical of an emerging technology. Registered
enrollment ranged from 9 to 240 participants, and the trials of VR distraction during needle pro-
cedures in one meta-analysis ranged from 15 to 220 participants.(3)Sponsorship by universities,
hospitals and individual investigators, together with the feasibility or usability designs in some
titles, places part of these trials in the early phases of a framework that separates content develo-
pment, feasibility testing and efficacy trials.(29)Registration should therefore state which phase a
trial represents, because an efficacy claim from a trial of 50 participants carries a different weight
than a usability result.

The 42.9% prospective registration in the immersive trials is close to the 41.7% compliance
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reported for randomized trials published in 2018,(13)higher than the 31% found in BMC journals,(12)
and clearly above the 18% reported for physiotherapy trials published in 2019.(37)It is also lower than
the 51.7% of registered trials published in 2015 by authors in Latin America and the Caribbean.(28)
These figures use different denominators, because published trials were assessed in those studies
and registry records in this one, and the month-level definition used here is more lenient than a
comparison with the date of first enrollment. Retrospective registration close to the time of publi-
cation has been interpreted as selective registration bias.(13)The delays of up to 26 months in the
retrospectively registered trials were measured from the start month, and this study cannot say
whether they were linked to submission to a journal.

The completeness of primary outcome fields was higher here than in older audits. Registry
records sampled in 2012 contained specific measures with a meaningful time frame for 57.6% of
primary outcomes,(15)and only 30% of registered physiotherapy trials in 2019 had unambiguous
primary outcomes.(37)Adequate registration, meaning prospective with unambiguous primary
outcomes, was found for 2.5% of physiotherapy trials published in 2009.(16)The comparison is not
exact, because our indicator checked that the measure, the description and the time frame were
filled in, not that they were unambiguous. Registry fields therefore appear to be used more fully
than before, and the next step is to judge their precision and to compare them with published
reports, as studies of outcome switching do.(20,21) The frequency of switching depends on the
field and the method, since 88% of plastic surgery trials had discrepancies between registered and
published outcomes(21)while no overt switching was observed in 84 of 86 registered trials with
available protocols in Indian journals,(38)so complete fields do not guarantee stable outcomes. En-
tries that repeat the same primary outcome name several times appeared in 2 trials, and a reader
cannot distinguish them without the time frame, so such entries deserve a check in future audits.

The scarcity of sample size justification in the immersive trials needs careful reading. Clinical-
Trials.gov has no dedicated field for it, so the justification was observed only when authors wrote it
in the description. Audits of published trials find sample size reporting more often: the sample size
items were adequately reported in 53% of surgical trials,(18)a calculation was reported in 91.7% of
trials in anaesthesia journals,(39)in 57.3% of rehabilitation trials in 2008(40)and for 64.1% of nursing
trials,(19)and reporting in non-pharmacological rehabilitation trials has been reviewed separately.(41)
These results describe papers, so the 7.1% found here should not be read as a failure of the trials. It
does show that the registry, by itself, does not allow a reader to see whether the 4 trials with fewer
than 30 registered participants were designed as pilot studies or as confirmatory trials, a distinction
that frameworks for VR research place at the center of trial phases.(29)Feasibility, usability or pilot
designs appeared in the titles of 3 immersive trials, which fits the early phases of that framework.

Results posting was rare. One of eight completed or terminated immersive trials posted re-
sults and none of the 30 comparison trials did, in contrast with the 57.4% of US-based depression
studies that posted some results(42)and the 18.5% of neuropsychiatric mobile health trials with
results in any public location.(24)In a registry analysis of sepsis trials, results underreporting reached
91.6% and was more likely for trials registered outside the United States.(25)Because results posting
is mandatory for some trials in the United States,(42)low posting rates in trials from other regions
are expected. The absence of linked publications for most closed trials should be interpreted with
care, since a publication may exist without being linked, and non-publication of registered trials
is documented elsewhere.(17)The 6 immersive trials with an unknown status illustrate a related
problem: registry status was outdated or wrong, or delayed by more than a year, for 31% of sampled
trials in another study.(43)

Immersive displays raise safety questions that registry entries rarely answer. Techniques
to reduce cybersickness with head-mounted displays have been catalogued in a systematic re-
view,(10)45 of 73 psychiatric VR studies did not mention adverse effects at all,(7)and the studies
of fully immersive VR in older adults mostly used a single session and scored the Simulator Sick-
ness Questionnaire in variable ways.(11)In the registry, adverse events become visible only when
results are posted, which happened for 1 of the 14 immersive trials, so the safety experience of the
remaining trials cannot be read from ClinicalTrials.gov. For Parkinson disease, the safety of longer
walking bouts in a head-mounted display has been evaluated in older adults and patients,(31)and
the Parkinson disease trials in this set could adopt comparable measures.

Registration of trials in Latin America has been studied mainly through publications and
the WHO platform.(27,28) The concentration of immersive trials in Brazil and Chile fits the leading
position of Brazil in regional registration and the use of ClinicalTrials.gov by most of the registered
Latin American trials in the 2015 survey.(28)At the global level, the number of registered trials rose
fivefold relative to publications between 2004 and 2013.(26)A registry analysis from sub-Saharan
Africa found results posted for 16.5% of completed trials in ClinicalTrials.gov,(44)a figure of the same
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order as the proportion found here, although the immersive estimate rests on 8 trials. These pa-
rallels suggest that the pattern described here may reflect regional research capacity and registry
practice as much as VR itself.

Limitations

- Trials registered only in regional registries were not seen, and a search that adds the WHO pla-
tform and the Brazilian registry would show how much of the region’s activity is missed.(28)

- The number of trials: with 14 immersive trials the intervals are wide, comyparisons had little
power, and no adjusted model was possible, so the absence of differences should not be
read as equivalence. A pooled analysis of registrations from several regions, or a repetition
after more trials accumulate, would give narrower estimates.

- Registry entries were examined at a single point in their history. Changes to primary outcomes
after registration could not be detected, and the comparison between registered and pu-
blished outcomes that detects outcome switching(20,21) requires the version history and
the publications, which future studies should extract.

- The indicator for sample size justification, which relied on keywords in free text and on reading
each hit and may miss other wordings. The sixth is that the window was defined by start
year, so records created after 2023 entered the cohort. Three immersive trials were first sub-
mitted after 2023, and the sensitivity analysis restricted to earlier submissions gave a similar
picture; future work could fix the window by registration year as well.

- Reqgistry audits describe what is declared before and after a trial, while CONSORT appraisals of
published reports, such as the one made for VR exposure therapy trials,(9)describe what is
reported; both approaches are needed and neither replaces the other.

Generalizability

The results describe registered interventional trials in ClinicalTrials.gov with at least one Latin
American site, and they cannot be extended to unregistered studies, to observational VR research,
or to trials registered in other platforms. They also say nothing about the effectiveness of immer-
sive VR, since no outcome data were analyzed. Within these limits, the findings are relevant to
trial teams, registries, funders and journals in the region. Teams planning immersive VR trials can
register them before enrollment, state the display device and the sample size rationale in the des-
cription, and update status and results. Registries can add a structured field for the display modality
and prompt for sample size justification. Funders and journals that require registration can verify
that the record is complete and current at the time of publication. Hospitals and universities that
sponsor most of these trials could add an institutional check of registration, and ethics committees
could request the registry number and the sample size rationale at approval. Studies that read
the registered records together with their publications would give the next level of detail on how
immersive VR trials are conducted and reported in the region, and a repetition of this analysis in
five years would show whether the share of prospective registration and of posted results changes
as the technology matures.

CONCLUSIONS

Registered immersive virtual reality trials with Latin American sites were few, single-site and
small, and addressed mainly procedural pain and anxiety and neurological rehabilitation in adults,
with a minority enrolling children or adolescents.

The designs were mostly randomized, enrollment was modest, and half of the trials had a
completed status while most of the rest had an unknown status.

The registration of primary outcomes was complete in the required fields, whereas prospecti-
ve registration, sample size justification and posting of results were limited, and crude comparisons
showed no difference from other virtual reality trials in the region.
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