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ABSTRACT

Introduction: Virtual reality is used to train balance in Parkinson’s disease, yet the trials registered with Latin American sites have not
been described. This study characterized their designs, sample sizes and registered outcomes. Methods: Registry-based cross-sectional
study of interventional records in ClinicalTrials.gov that listed Parkinson disease as a condition, had at least one site in a Latin American
country and were first submitted between 2012 and 2024. Records testing a virtual reality or exergame intervention were included.
The proportion with a registered balance outcome was estimated with a Wilson 95% confidence interval, and design, enrollment, sites,
platforms, primary outcome domains and results posting were described. Results: Of 88 eligible Parkinson disease records, 12 (13.6%)
tested virtual reality. A balance outcome was registered in 4 of 12 (33.3%; 95% Cl, 13.8-60.9), as a primary outcome in 3. Median registered
enrollment was 30 participants (P25-P75, 20 to 46). Brazil hosted 11 registrations and Chile 1; 9 were randomized, and results were posted
for 1. Conclusions: Registered virtual reality research for Parkinson’s disease in Latin America consisted of small, mostly single-site trials
concentrated in Brazil, and about one third registered a balance outcome. Prospective registration with explicit balance measures would
make the regional portfolio easier to evaluate.

Keywords: Parkinson disease; virtual reality; postural balance; clinical trials as topic; Latin America.

RESUMEN

Introduccién: La realidad virtual se usa para entrenar el equilibrio en la enfermedad de Parkinson, pero no se han descrito los ensayos
registrados con sedes latinoamericanas. Este estudio caracterizé sus disefios, tamafnos de muestra y desenlaces registrados. Métodos:
Estudio transversal basado en registros de ClinicalTrials.gov: registros intervencionistas con enfermedad de Parkinson como condicion, al
menos una sede en un pais latinoamericano y primer envio entre 2012 y 2024. Se incluyeron los que evaluaban realidad virtual o videojue-
gos de ejercicio. Se estimé la proporcion con un desenlace de equilibrio registrado mediante un intervalo de confianza de Wilson del 95
%, y se describieron disefo, reclutamiento, sedes, plataformas, dominios del desenlace primario y publicaciéon de resultados. Resultados:
De 88 registros elegibles de enfermedad de Parkinson, 12 (13,6%) evaluaron realidad virtual. Se registré un desenlace de equilibrio en 4 de
12 (33,3%; IC 95 %, 13,8-60,9), como desenlace primario en 3. La mediana del reclutamiento registrado fue de 30 participantes (P25-P75, 20
a 46). Brasil albergd 11 registros y Chile 1; 9 fueron aleatorizados y se publicaron resultados en 1. Conclusiones: La investigacion registrada
con realidad virtual en la enfermedad de Parkinson en América Latina consistié en ensayos pequefios, en su mayoria de una sola sede
y concentrados en Brasil, y alrededor de un tercio registré un desenlace de equilibrio. El registro prospectivo con medidas explicitas de
equilibrio facilitaria la evaluacion del portafolio regional.

Palabras clave: enfermedad de Parkinson; realidad virtual; equilibrio postural; ensayos clinicos como asunto; América Latina.
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INTRODUCTION

Parkinson'’s disease affects an estimated 472 per 100,000 people in Latin America, and older
adults with the disease face higher risks of dependency and death than those without it.(1,2) Pos-
tural instability turns this burden into falls. About one in two people with the disease fall at least
once during follow-up, and gait and balance disorders, together with earlier falls, are the most
consistent predictors of new ones.(3,4) Falls and fear of falling can be reduced when prevention
and management are effective, which makes balance a priority target for rehabilitation research.(5)

Virtual reality and console-based exergames are widely tested for balance training because
they deliver repeated practice with feedback in a controlled setting. Meta-analyses of randomized
trials report better balance scores after virtual reality than after conventional exercise or no inter-
vention, although gains in gait, daily activities and quality of life are less consistent.(6-9)The pooled
trials are modest in size: one meta-analysis combined 14 trials with 524 participants, and a network
meta-analysis combined 51 trials with 2095.(6,7) What the Latin American trial portfolio contains
is unknown, and registry records are a source that includes initiated, ongoing, completed and ter-
minated studies, published or not.(10)This study aimed to describe the designs, sample sizes and
registered outcomes of virtual reality trials in Parkinson'’s disease with Latin American sites and to
estimate how many of them registered a balance outcome.

The analysis covers interventional records in ClinicalTrials.gov first submitted between 2012
and 2024 that listed Parkinson disease as a condition and a site in a Latin American country. The
design is a descriptive cross-sectional study of registry records, reported following the STROBE
statement.(1)Registry-based portfolio analyses have been done for the region before, for COVID-19
trials,(12)and the same approach is applied here to rehabilitation technology. No individual parti-
cipant data and no trial publications were analyzed.

METHODS

Design and reporting

The study is a cross-sectional analysis of trial registrations. Registry records were treated as
the units of analysis, and no trial publications were searched or linked to them. Reporting followed
the STROBE statement, adapted to registry records.(11)

Statistical analysis

The main estimate was the proportion of included registrations that listed at least one ba-
lance outcome among their primary, secondary or other registered outcomes. Its 95% confidence
interval was computed with the Wilson score method, which keeps the limits inside 0% to 100%
in small samples. A second proportion, restricted to balance outcomes registered as primary, was
computed in the same way.

Continuous variables were summarized as median and 25th to 75th percentile (P25-P75), cal-
culated by linear interpolation. Categorical variables were summarized as counts and percentages
of the included registrations. No hypothesis tests were applied, because the number of registrations
was too small for the comparison of subgroups to be informative.

Data source

Records came from the ClinicalTrials.gov application programming interface, version 2, which
is open and requires no login.(13)The snapshot available from the public APl was queried for in-
terventional studies with Parkinson as the condition term and with a location in any of 20 Latin
American countries or territories: Argentina, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, the
Dominican Republic, Ecuador, El Salvador, Guatemala, Honduras, Mexico, Nicaragua, Panama,
Paraguay, Peru, Puerto Rico, Uruguay and Venezuela.

The query also returned records that were not about Parkinson disease, so records whose
condition field did not list it were removed after download. A second, independent query started
from the intervention side. It searched all interventional records with a Latin American location
for the terms virtual reality, exergame, exergaming, video game, Kinect, Nintendo Wii, augmented
reality and serious game, and the Parkinson records it returned were compared with those from
the first query. The limits of the registry as a research source, including its dependence on what
sponsors choose to enter, were considered when the variables were defined.(10)

Each query was a single request to the studies endpoint with a page size of 1000 records,
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which exceeded the number of matching records, so pagination was not needed. The returned
JSON was stored unchanged, and every later step was scripted. The fields extracted were the
identifier, conditions, interventions, arm groups, outcome lists, design information, enroliment,
locations, status, lead sponsor, date of first submission and start date.

Eligibility and selection

A registration was eligible if it listed Parkinson disease among its conditions, had at least one
site in the countries above and was first submitted to the registry between 2012 and 2024. The year
of first submission was used as the registration year because it is available for every record and
does not change with later updates.

Eligible records were screened in two steps. A text search of the title, conditions, arms, in-
terventions and descriptions flagged records that mentioned virtual reality, exergames, console
video games, motion-sensing controllers or head-mounted displays. The flagged records were
then read one by one, and a record was included when the intervention under study, or the task
that carried it, was delivered through such a system. Records in which a motion-sensing device
served only to assess movement were excluded; one such record, from Mexico, was identified. A
broader exploratory text search for game, simulation, avatar, motion capture, biofeedback and
dance terms was also read, and it did not add any record that delivered an intervention through a
virtual reality or exergame system.

Variables

The primary outcome of the study, a registered balance outcome, was defined as any lis-
ted outcome measure whose name referred to balance or to one of three instruments: the Berg
Balance Scale, the Balance Evaluation Systems Test (BESTest) or the Rapid Turns Test. Outcomes
were classified by the position in which the sponsor entered them (primary, secondary or other).

Registered enrollment was taken as entered, whether the type was actual or estimated. Allo-
cation, intervention model and masking were taken from the design fields. The number of arms
was counted from the arm groups. Countries and sites came from the location field, and overall
status and the presence of posted results came from the status fields. A registration was marked
as having a start year earlier than its registration year when the recorded start date fell in an earlier
calendar year than the first submission, a comparison of years only, because the registry stores
some start dates by month.

Four further descriptors were extracted. Comparator type was read from the arm groups and
grouped as active exercise or physiotherapy, a second virtual reality variant, sham stimulation, heal-
thy controls or no comparator. The lead sponsor class and the city of each Brazilian site came from
the sponsor and location fields, and cities were grouped into the macro-regions of Brazil. Outcome
instruments were identified by keyword in the outcome measure names: the Unified Parkinson's
Disease Rating Scale, quality of life, the Montreal Cognitive Assessment, gait or walking tests, falls
or fear of falling, simulator sickness, usability, hand function tests, and adverse events or safety. The
full text of arms, interventions and summaries was searched for terms indicating home-based or
remote delivery, and every match was read.

Missing values were not imputed. A field left empty by the sponsor was counted as not re-
gistered, and every count uses the number of included registrations as its denominator, except
where the text states a different denominator.

Coding of records

Two variables required judgment and were coded from the registry text: the delivery platform
and the domain of the primary outcome. Platforms were grouped as console motion sensing (Xbox
Kinect and Nintendo Wii), hand tracking (Leap Motion), head-mounted display, or not specified.
A registration that tested two displays was assigned to hand tracking in the platform groups and
was also counted as a head-mounted display registration. For the domain, each registration re-
ceived the construct that dominated its primary outcomes, for example balance and gait, upper
limb function or falls. This coding was done by an Al assistant (Claude, Anthropic) working from
the registry text and has not yet been verified by the authors.

Ethics

The study used only publicly available registry records. It did not involve contact with parti-
cipants or access to individual data.
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RESULTS

The proportion of registrations that listed a balance outcome stood at 33.3% (95% Cl, 13.8-60.9),
which corresponds to 4 of 12 trials (Table 1). Balance was a primary outcome in 3 registrations (25.0%;
95% Cl, 8.9-53.2). One further registration listed it only as a secondary outcome. All 4 registrations
with a balance outcome registered randomized allocation and a Brazilian site. A time frame was sta-
ted for the balance outcome in 4 registrations, and 1included a follow-up after the end of training.

Table 1. Registered virtual reality trials in Parkinson’s disease with Latin American sites, by year of first
submission.

Registration Year Enroliment (n) Primary outcome domain Balance outcome
NCT02023034 2013 20 Functional exercise capacity Not registered
NCT02622737 2015 79 Falls Secondary
NCT02680522 2016 30 Autonomic function Not registered
NCT02786433 2016 20 Disease severity and quality of life Not registered
NCT03235284 2017 45 Balance and gait Primary
NCT03774225 2018 49 Balance and gait Primary
NCT04527809 2020 54 Motor skill Not registered
NCT04796246 2020 20 Upper limb function Not registered
NCTO04717271 2021 40 Balance and gait Primary
NCT05403788 2022 9 Neurophysiological signal Not registered
NCT05687773 2022 30 Upper limb function Not registered
NCT05922046 2023 16 Upper limb function Not registered

Three instruments carried the balance outcomes. The BESTest appeared in 3 registrations,
the Rapid Turns Test in 2 and the Berg Balance Scale in 1. Registrations with a balance outcome
appeared in both halves of the period (Figure 1). Two of the 5 registrations submitted in 2012 to
2017 listed one, and so did two of the 7 submitted in 2018 to 2024.

Figure 1. Registrations per year of first submission, by presence of a balance outcome.
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Second, the primary outcome domain differed across registrations. Balance and gait was the

domain of 3 registrations and upper limb function of 3 (25.0%). The remaining 6 each covered a
different domain: falls, functional capacity, disease severity, autonomic function, a neurophysiologi-
cal signal and motor skill. Falls were the primary outcome of 1 registration. Registered enrollment
had a median of 30 participants (P25-P75, 20 to 46) and reached 79 at most (Table 2). The smallest
registration planned 9 participants. The 12 registrations together planned 412 participants.
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Registrations with a balance outcome had a median of 47, against 20 in the others. Below
30 participants fell 5 registrations. By platform, median enrollment was 42.5 for console registra-
tions, 20 for hand tracking and 30 for the other platforms. The medians were 30 for registrations
submitted in 2012 to 2017 and 30 for 2018 to 2024.

Table 2. Characteristics of the included registrations.

Characteristic Value
Registered enrollment, median [P25-P75] | 30 [20-46]
Registered enrollment, range 9-79
Estimated enrollment, n (%) 1(8.3)
Randomized allocation, n (%) 9 (75.0)
Parallel-group model, n (%) 10 (83.3)
Crossover model, n (%) 1(8.3)
Single-group model, n (%) 1(8.3)
No masking, n (%) 3(25.0)
Single masking, n (%) 7 (58.3)
Double or quadruple masking, n (%) 2 (16.7)
Site in Brazil, n (%) 1 (91.7)
Site in Chile, n (%) 1(8.3)
Console motion sensing, n (%) 6 (50.0)
Hand tracking, n (%) 3(25.0)
Other or unspecified platform, n (%) 3(25.0)
Completed status, n (%) 8 (66.7)
Results posted, n (%) 1(8.3)

Note: P25-P75 = 25th to 75th percentile. Percentages use 12 registrations as denominator.

Randomized allocation was registered for 9 of 12 trials, and 2 were non-randomized. One
single-group study reported no allocation. Parallel-group models represented 10 trials, a crossover
model 1and a single-group model 1. Two-arm designs accounted for 8 registrations and three-arm
designs for 3.

Masking was absent in 3 registrations and single in 7. At the same time, 2 registrations de-
clared double or quadruple masking.

Control conditions varied. An active exercise or physiotherapy comparator was registered for 6
registrations, and a second virtual reality variant for 2. Sham stimulation served as the comparator in
1registration and a healthy control group in 1. No comparator was listed for 2. Among registrations
with a balance outcome, 3 used an active exercise or physiotherapy arm.

The median number of primary outcomes was 1, with a maximum of 6. More than one primary
outcome was listed by 5 registrations.

Secondary and other outcomes totaled 42, with a median of 3 per registration and a maxi-
mum of 10. No secondary outcome was listed by 3 registrations. The Unified Parkinson’s Disease
Rating Scale appeared in 4 registrations, and a quality-of-life measure in 5. The Montreal Cognitive
Assessment was listed by 4, gait or walking tests by 4 and a falls or fear-of-falling measure by 3.

Hand function tests were registered by 3 registrations, all of them with Leap Motion. Simulator
sickness was assessed in 2 and usability in 2. No registration listed adverse events or safety as an
outcome. None described home-based or remote delivery of its own intervention.

Brazil hosted 11 registrations and Chile 1. No other country appeared, and every registration
listed a single country. One registration listed more than one site.

Within Brazil, registrations were spread over 6 cities. The South region contributed 4 regis-
trations, the Southeast 3, the Northeast 3 and the North 1. Sdo Paulo alone listed 3. The Chilean
site was in Punta Arenas. All 12 lead sponsors were classified by the registry as other, the class that
excludes industry and government agencies.

Console motion sensing was the platform of 6 registrations, Xbox Kinect in 4 and Nintendo
Wii in 2. Hand tracking with Leap Motion accounted for 3, and head-mounted displays for 2.

Completed status was recorded for 8 registrations, unknown status for 3 and terminated
status for 1. Results were posted for 1 registration. A start year earlier than the registration year was
recorded for 8 registrations. Registration years ran from 2013 to 2023.
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The query retrieved 242 records, of which 144 listed Parkinson disease as a condition. Of these,
132 had a Latin American site and 88 were first submitted between 2012 and 2024. Virtual reality
interventions accounted for 12 of the 88 (13.6%; 95% Cl, 8.0-22.3).

Two further virtual reality registrations fell outside the window, 1 submitted before 2012 and 1
after 2024. The intervention-side query returned the same 12 eligible registrations. It added none.

DISCUSSION

The balance outcome is registered in a minority of virtual reality trials for Parkinson's disease
in Latin America, and this limits what the regional registry can say about the clinical question that
motivates the technology. Where balance is the stated target, the registry tells the reader which
instrument, which time frame and which comparator to expect. Where it is absent, the reader
must wait for a publication, if one appears. The first implication is therefore practical: registration
quality, rather than the number of trials, is the constraint on judging this portfolio.

The balance share found here is not out of line with the wider registry. A review of United
States registrations in Parkinson disease found that balance problems and falls were the primary
outcome of 16.3% of 766 trials, with a rising trend over the decade.(14) In this study, 3 of 12 virtual
reality registrations named balance and gait as the primary domain, which is higher, as expected
when balance training is a stated use of the intervention. The two figures are not directly com-
parable, since the denominators differ, but both indicate that balance is a recognized target that
remains a minority outcome.

Instrument choice adds to the picture. The BESTest was the instrument in 3 of the 4 regis-
trations with a balance outcome, and the Berg Balance Scale in 1. The meta-analyses that support
virtual reality for balance rely largely on the Berg Balance Scale and balance confidence scales,(6,8)
and a network meta-analysis reported pooled balance scale scores.(7) The BESTest reports balan-
ce by domain, and it has been used to compare balance across neurodegenerative diseases.(15)
It also correlated with force-platform measures in 20 older men with Parkinson's disease, which
supports its use where posturography is unavailable.(16) A Kinect pilot study from Brazil already
included the BESTest among its clinical outcomes,(17) and the same instrument appears in 3 of the
registrations here. A registry dominated by one instrument and a literature dominated by another
will not pool easily.

Sample sizes are the clearest point of agreement with the published literature. The median
registered enrollment sits between early feasibility work and larger published trials. A Kinect fea-
sibility study in seven patients at a Brazilian rehabilitation center was an early example,(17) and a
protocol for a Kinect feasibility trial planned 32 participants.(18) Immersive exergame studies have
enrolled 12 participants,(19,20) and a home-based Kinect exergame trial randomized 23.(21) Larger
designs exist, with 60 participants in a three-arm trial and 97 in a multicenter telerehabilitation trial
of the Italian Neuroscience and Rehabilitation Network.(22,23) Only one Latin American registration
exceeded 60 planned participants.

The mean registered enrollment of 34.3 participants is close to the average size of the ran-
domized trials behind the pooled estimates. Dividing the reported totals by the number of trials
gives 37.4 participants per trial in one meta-analysis and 41.1 in another.(6,7) The regional portfolio
is therefore comparable in scale to the trials that support the pooled estimates, and small size is a
feature of the field, not only of the region.

Small registered samples have a design consequence that registrations rarely address. A
systematic review of 18 randomized trials of virtual reality for balance and gait found a pooled
dropout of 5.6% and advised that this figure enter sample size calculations.(24) The registry fields
studied here do not show whether the registered targets of 9 to 79 participants incorporate such
an allowance. This is a discrepancy between what the literature recommmends and what the registry
makes visible, and it cannot be resolved from registry data alone.

Control conditions give the portfolio its comparative value. Registrations comparing virtual
reality with active exercise or physiotherapy numbered 6, which is the contrast behind the me-
ta-analytic statements on balance.(6,7) A trial that compared virtual reality, motor imagery and
routine physical therapy in three arms shows how a design can separate the contribution of the
technology from that of the practice it delivers.(22) Registrations that compared two virtual reality
variants, as the two with guidance or display differences did here, answer a different question and
do not inform the balance effect of the technology itself.

The concentration of registrations in Brazil, and the near absence of other countries, contrasts
with the epidemiological picture. Prevalence of Parkinson's disease in Latin America was estimated

https://doi.org/10.62486/gr202417 6


https://doi.org/10.62486/gr202417

Analia Ortigoza et al. SAP Gamification and Augmented Reality. 2024;3:17

across studies from 13 countries, and the burden in older adults was documented in six.(1,2) The
registry shows only two countries. Similar patterns have been described for other registries in the
region: trials registered for COVID-19 in Latin America and the Caribbean tended to be small and
repetitive,(12) and a scoping review of trials with ethnic minorities in the region found a limited set
of 24 trials, of which only 15 mentioned ethics approval.(25) Single-country concentration of this
kind weakens regional generalization. All lead sponsors were classified as other, a class that includes
universities, hospitals, associations and individual investigators, and the registrations came from
6 cities in the South, Southeast, Northeast and North of Brazil and from one city in Chile. Older
people with the disease in the region may have limited access to health services,(2) and none of
the registrations planned remote delivery, although a multicenter telerehabilitation trial elsewhere
has shown that a non-immersive virtual reality design can reach patients at home.(23)

Secondary outcomes cover the domains in which the evidence disagrees. One meta-analysis
found no significant differences in gait, daily activities, motor function or quality of life, while an
umbrella review reported moderate improvements in daily activities and quality of life.(6,9) Quali-
ty-of-life measures were registered by 5 registrations and motor severity scales by 4, so the registe-
red portfolio could in principle contribute to settling that disagreement if its results are reported.

Platform choice followed the outcome. Console motion sensing dominated, and every re-
gistration with a balance outcome used Kinect or Wii, whereas hand tracking was used for upper
limb outcomes. The upper limb trials coincide with pilot work in which Leap Motion serious game
scores were correlated with clinical scales of upper limb function.(26) Head-mounted displays
appeared in two registrations, although fully immersive exergames have been tested in small
feasibility studies that also tracked cybersickness.(19) In this registry, immersive hardware was not
paired with a balance outcome.

Engagement was not registered either. No registration listed adherence, motivation, enjoy-
ment or attendance as an outcome (O of 12). The registry text shows that the games were console
games adapted to rehabilitation, such as a set of Wii Balance Board games and four balance games
on Xbox Kinect. Published trials of virtual reality for balance and gait pooled a dropout of 5.6%.(24)
Attrition was counted in those trials and was not registered as an outcome here. Usability was the
only user-side outcome, and it was registered for 2 registrations.

Safety was the least registered domain. No registration listed adverse events or safety as
an outcome, and simulator sickness was assessed in 2. Published work shows what is feasible: a
Kinect pilot in Brazil reported adverse events as a feasibility outcome and found none,(17) a later
protocol listed the proportion of participants with intervention-related adverse events as a process
outcome,(18) and a fully immersive study applied a simulator sickness questionnaire.(19) Safety
measures matter more as head-mounted displays enter rehabilitation.

Falls, the clinical event that balance training is meant to prevent, were the primary outco-
me of a single registration. This agrees with the registry review in the United States, where falls
and balance combined were a minority of primary outcomes, and with the burden documented
in prospective cohorts, in which about half of people with the disease fall.(3,14) Because gait and
balance disorders are the most consistent predictors of falls, a balance outcome is a defensible
surrogate,(4) yet falls themselves remain the target of prevention and management programs.(5)

Timing of registration was the weakest point of the portfolio. A recorded start year earlier
than the registration year applied to 8 of the 12 registrations, a coarse indicator that nonetheless
indicates retrospective registration. Retrospective registration is not unique to this field. In malaria
trials registered over a decade, 36.6% were registered retrospectively,(27) and in a Cochrane review
of exercise for low back pain only 23.3% of 361 trials were prospectively registered.(28) A study of
behavioral health trials summarized earlier work in which one third to two thirds of registered
trials were registered after the study had started.(29) Retrospective registration weakens the main
function of the registry, which is to fix outcomes in advance.

Registered outcomes matter because the outcomes reported later sometimes differ from
them. Among gastroenterology trials, 26.7% showed at least one discrepancy between registered
and published primary outcomes, usually in assessment times or in omitted outcomes.(30) In
neurology trials registered in India, the primary outcome differed from the registered one in 28.3%
of published trials, and only 31.4% were published at all.(31) One registration here listed 6 primary
outcomes. Such breadth leaves wide room for later selection, and the registry cannot show whe-
ther it happened.

The reporting of results in the registry was almost absent, with a single registration that
posted results. This coincides with the low dissemination found in the United States Parkinson
registrations, where 40.9% of completed trials had no published manuscript,(14) and with malaria
trials, in which 81.6% missed the World Health Organization standard for posting summary results
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within 12 months.(27)

The network meta-analysis searched ClinicalTrials.gov among its sources,(7) so the registra-
tions described here can be found by the same route. Reviewers who rely on the registry will find
that only 4 of the 12 state a balance outcome, which makes outcome-specific screening difficult
and increases the chance that eligible trials are overlooked.

A registered balance outcome is useful only if it is specific. The instrument should be named,
because balance scales differ in what they cover; the BESTest, for example, reports several domains
of balance control.(15,16) The time frame should state whether the assessment follows the end of
training or a later follow-up. When falls are the clinical target, they should be a primary outcome
and not a secondary one, since they are the event that postural training is meant to reduce.(3,5)

Three features strengthen the study. The data came from an open interface and every step
fromn download to table was scripted, so the extraction can be repeated. Two queries entered from
different sides, the condition and the intervention, and they returned the same set of eligible re-
gistrations. The outcome definition and the eligibility rules were written down before the script
was run, which limits flexibility in how the main proportion could be calculated.

The analysis has limits that readers should weigh. First, only ClinicalTrials.gov was searched,
and trials registered solely in regional registries or in the WHO platform would be missed; the
count of 12 is therefore a lower bound, and a joint search of the regional registries and the platform
would size the gap. Second, registrations were not linked to publications, so the match between
registered and published outcomes is unknown; linking each identifier to its publication would
allow this to be measured. Third, the confidence interval around the balance proportion spans 47
percentage points, which reflects the small number of registrations, and a repeated extraction at
fixed intervals would show whether the proportion is stable.

Fourth, the coding of platforms and primary domains was done by a single Al assistant and
has not been checked by the authors; independent double coding with a reconciliation step would
estimate the error. Fifth, a trial is found only if it lists Parkinson disease in the conditions field and
a Latin American country in the locations field, so incomplete entries are lost; a supplementary
search by sponsor country and by free-text description would recover some of them. Sixth, Latin
America was defined by the 20 countries and territories listed in the query, so Haiti and the French
and Dutch overseas territories were not searched, and a site in one of them would not have been
retrieved. Seventh, the definition of virtual reality was broad and included console exergames, so
the findings apply to this wider category and not to immersive systems alone.

For investigators and registrars in the region, three practices follow from these findings.
Trials of virtual reality for balance should be registered before enrollment, list a validated balance
measure as the primary outcome, state the time frame, and give a justification for the planned
sample that includes expected attrition. Posting results in the registry should be treated as part of
the study, since it is the only record that survives when a manuscript is never written. For reviewers
and funders, the portfolio described here points toward collaborative, multi-site designs in place
of repeated single-site trials of similar size.

CONCLUSIONS

Registered virtual reality trials for Parkinson’'s disease with Latin American sites formed a
small portfolio, concentrated in Brazil and made up of single-country, mostly randomized trials of
modest size, in which a balance outcome was registered in about one third. Platforms were mainly
console-based or hand-tracking systems, primary outcomes covered many domains, and results
were almost never posted. Prospective registration with an explicit balance measure, a justified
sample size and posted results would make the regional evidence on virtual reality and balance in
Parkinson'’s disease easier to assess.
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