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ABSTRACT

Introduction: Reviews of exergame and serious game trials rarely state where the trials took place or how they were registered. This study
described the design, population, conditions and outcome definitions of registered trials with Latin American sites and estimated how
often their records show prospective registration and posted results. Methods: Cross-sectional analysis of interventional ClinicalTrials.gov
records first submitted between 2011 and 2023 with sites in 24 Latin American and Caribbean countries. Wilson 95% confidence intervals
and exploratory Fisher exact tests were used. Results: Of 51 records, 40 were eligible (31 exergame and 9 serious game trials). Brazil hos-
ted 33 trials, 82.5% were randomized, and the median sample size was 48.5. Registration preceded or matched the study start month
in 45.0% of trials (95% Cl 30.7-60.2), and results were posted for 5.0% (95% CI 1.4-16.5). Serious game trials included children more often
than exergame trials (78% versus 23%; Fisher exact p = 0.004). Conclusions: Registered trials with Latin American sites were few, small
and concentrated in Brazil, and their records offered little information on results. Prospective registration, results posting and linkage of
publications would make these trials easier to find, appraise and combine.

Keywords: video games; serious game; clinical trials as topic; registries; Latin America.

RESUMEN

Introduccioén: Las revisiones de ensayos de exergames y juegos serios rara vez indican dénde se realizaron o como se registraron. Se
describieron el disefio, la poblacién, las condiciones y los desenlaces de los ensayos registrados con sedes latinoamericanas, y se estimo
la frecuencia de inscripcion prospectiva y de resultados publicados. Métodos: Analisis transversal de registros intervencionales de Cli-
nicalTrials.gov enviados entre 2011y 2023 con sedes en 24 paises de América Latina y el Caribe. Se usaron intervalos de Wilson al 95 % y
pruebas exactas de Fisher exploratorias. Resultados: De 51 registros, 40 fueron elegibles (31 ensayos de exergames y 9 de juegos serios).
Brasil albergd 33 ensayos, 82,5% fueron aleatorizados y la mediana del tamafo muestral fue 48,5. La inscripcion fue anterior o coincidio
con el mes de inicio en 45,0% de los ensayos (IC 95 %: 30,7-60,2) y se publicaron resultados en 5,0% (IC 95 %: 1,4-16,5). Los ensayos de juegos
serios incluyeron niflos con mas frecuencia que los de exergames (78% frente a 23%; prueba exacta de Fisher, p = 0,004). Conclusiones: Los
ensayos registrados con sedes latinoamericanas fueron pocos, pequefos y concentrados en Brasil, con poca informacion sobre resultados.
La inscripcion prospectiva, la publicacion de resultados y el enlace de las publicaciones facilitarian encontrarlos, valorarlos y combinarlos.

Palabras clave: videojuegos; juegos serios; ensayos clinicos como asunto; sistema de registros; América Latina.
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INTRODUCTION

Calcaterra et al.(1)defined exergames as digital games that require bodily movement to play,
so that the game itself works as a form of physical activity. Damasevicius et al.(2)used the term
serious game for a game designed for a primary purpose other than entertainment, such as edu-
cation, training or health promotion. The two terms overlap in clinical research, because a console
game that asks a stroke survivor to reach for virtual objects can carry either label. In this study an
exergame is a movement-based game used as exercise or rehabilitation, and a serious game is a
digital game built for education, cognitive or motor training, assessment, therapy or distraction.

Most of the evidence on exergames comes from syntheses of randomized trials. Ren et al.(3)
pooled 23 studies of virtual reality games in older adults with impaired balance, and Lapierre et
al.(4) pooled 27 randomized trials with 1415 participants to estimate the effect of exergame-assisted
rehabilitation on fall rate and fall risk. For Parkinson disease, Chuang et al.(5) ran a network me-
ta-analysis of 23 trials with 949 participants and found that exergames and virtual technology-as-
sisted rehabilitation were associated with better balance and gait than usual treatment. Wang et
al.(6) compared exercise modalities across 60 trials with 3537 participants in a network meta-analy-
sis and reported that exergaming improved Timed Up and Go time (SUCRA 91.5%). Children have
received attention too: Tobaiqi et al.(7) reviewed exergaming in cerebral palsy, and Chen et al.(8)
analysed 11 experimental studies with 508 children for executive functions.

The evidence on serious games covers more varied purposes. Kim et al.(9) analysed 17 studies
with 1280 older adults to examine serious games for depression, and Saragih et al.(10) restricted their
meta-analysis to 12 randomized trials in people with dementia. Thangavelu et al.(11) synthesised 22
experimental studies of digital serious games for nursing clinical competence, and Tori et al.(12)
found that tasks, score and level progression were the game elements most often used in health
education games. A Brazilian example is the InsuOnline trial of Diehl et al.,(13) who randomized
primary care physicians to an electronic game or to a traditional continuing education session on
insulin therapy.

These reviews seldom state where the underlying trials took place, yet trials of both kinds
are conducted in Latin America. Saposnik et al.(14) enrolled patients with ischaemic stroke in 14
inpatient units in Canada, Argentina, Peru and Thailand, da Cruz et al.(15) tested virtual reality in
maintenance cardiac rehabilitation in Brazil, and Junior et al.(16) recruited stroke survivors at a
university hospital in Salvador, Brazil. Furtado et al.(17) identified 94 studies of physical therapy for
Brazilian children with cerebral palsy, of which 67% had low levels of evidence and appeared in
journals without an impact factor. Their scoping review shows the volume of regional work and
the weakness of its evidence, but it does not cover game-based interventions in particular.

How such trials are registered and reported is a separate question. Silva et al.(18) sampled
physiotherapy trials published in 2019 and found that 63% were registered, 18% prospectively, and
that selective outcome reporting occurred in 73% of those in which it could be assessed. Alay-
che et al.(19) analysed Canadian trials in ClinicalTrials.gov and reported that 59% were registered
prospectively and 39% posted results in the registry. Taylor and Gorman (20) found that 68 of 136
behavioral health trials were prospectively registered. None of these authors examined exergame
or serious game trials, and none addressed trials with Latin American sites, so the registry profile
of this research field in the region remains undescribed.

The objective of this study was to describe the design, population, condition and outcome
definitions of interventional exergame and serious game trials registered in ClinicalTrials.gov be-
tween 2011 and 2023 with at least one site in Latin America, and to estimate how often their registry
records show prospective registration and posted results, overall and by intervention type.

METHODS

The study was a cross-sectional analysis of trial registry records. It follows the registry-based
approach of Alayche et al.,(19)who assessed prospective registration and result reporting in the
registry for trials listed in ClinicalTrials.gov, and the unit of analysis is the registered trial. The repor-
ting was guided by the items of the STROBE statement that apply to a study of registry records,
and no participants were contacted.

Records were obtained from the ClinicalTrials.gov Data(21)with a single paginated query. The
guery combined interventional study type, first submission to the registry between 2011 and 2023,
and a text search for the terms exergame, exergaming, exer-game, active video game, Nintendo
Wii, Wii Fit, Xbox Kinect, Kinect, dance dance revolution, serious game, game-based, gamified,
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video game, videogame and virtual reality game. The location filter listed 24 countries and territo-
ries: Argentina, Belize, Bolivia, Brazil, Chile, Colombia, Costa Rica, Cuba, the Dominican Republic,
Ecuador, El Salvador, French Guiana, Guatemala, Guyana, Haiti, Honduras, Mexico, Nicaragua, Pa-
nama, Paraguay, Peru, Suriname, Uruguay and Venezuela. Puerto Rico was left out because it is a
territory of the United States. The data correspond to the snapshot available from the public API,
which requires no registration or login.

A record was eligible when at least one specified intervention was an exergame or a serious
game under the definitions given in the Introduction and when at least one listed site was in the
countries above. Records were excluded when the only game element was a gamified application
without a game, when the trial treated video game addiction, when the intervention was a sport
or physical programme without a digital game, when the trial was surgical or pharmacological
and had been retrieved by a keyword, when the intervention was robotic device training, when
commercial video games served only as a placebo comparator, or when a video game was one
unspecified component of a multicomponent mobilization protocol.

Registry variables were read directly from the records. They comprised the year of first sub-
mission, the study start date, the listed site countries and number of sites, the lead sponsor class,
the enrolment count, allocation, intervention model, masking, phase, overall status, the standard
age groups and the conditions. Conditions were grouped into six domains by keyword rules: neuro-
logical, cardiometabolic or respiratory, ageing, neurodevelopmental or sensory, musculoskeletal or
pain, and perioperative anxiety. The platform was recorded as mentioned when the title, summary
or intervention text named a Nintendo Wii or a Microsoft Kinect or Xbox system.

Each trial counted once through its registry identifier, and countries were counted once per
record from the listed locations, so a trial with several sites in one country contributed one country.
The lead sponsor class is the category assigned by the registry, where the class other covers uni-
versities, hospitals and similar organizations and the class individual covers investigator-sponsored
records. Enrolment is the number listed in the record, whether estimated or actual, because the
enrolment type was not used to exclude records. A trial was said to include children when the child
age group was listed in the eligibility module. Masking was treated as present when any level other
than none was declared, and the phase was treated as not applicable when the record listed no
drug phase.

The distinction between prospective and retrospective registration follows Haslberger et
al.,(22)who treated registration after the start of the study as retrospective. A trial was classified
as prospectively registered when its first submission fell in the same month as the study start or
earlier. For retrospectively registered trials, the lag was the number of months between the start
month and the first submission month. Prospective registration was assessed in the 40 eligible
trials because every one of them listed a start date.

Outcome definition indicators covered the number of primary outcomes, the presence of a
time frame for every primary outcome, the presence of a free-text description for every primary
outcome, the number of secondary outcomes, and the domain of the first listed primary outcome.
The domain was assigned by keyword rules applied to the outcome title and description. These
indicators describe the completeness of the registry entry. They do not test whether the published
outcomes differ from the registered ones, which is the comparison made by Holst et al.(23)and
Siddiqgi et al.(24)and which would require locating each article.

Results reporting was read from the registry flag that marks records with posted results,
and linked publications were read from the references section of each record, separating refe-
rences typed as results from other types. Following Diakonoff et al.,(25)who examined completed,
discontinued and unknown-status trials separately, the status of each trial was tabulated, and a
second analysis of results posting was restricted to completed or terminated trials whose primary
completion year was 2021 or earlier, to allow at least one year between completion and the end of
the registration window.

Categorical variables are presented as counts and percentages, and proportions carry Wilson
95% confidence intervals. Continuous variables are presented as medians with interquartile ranges
because the sample size distribution was right-skewed. Exergame and serious game trials were
compared with the Fisher exact test for randomization, masking, inclusion of children, prospecti-
ve registration and results posting. These tests are exploratory, no correction for multiplicity was
applied, and the significance level was 0.05.

The study used publicly available registry records and did not involve human participants or
the collection of new data, so no ethical review was sought.
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RESULTS

The registry query returned 51 interventional records, and 40 met the eligibility rules after
11 exclusions. Gamified applications without a game accounted for 3 exclusions, and the other
8 were mostly surgical, drug or non-game programme trials retrieved by keyword. Exergames
accounted for 31 trials (77.5%) and serious games for 9 (22.5%). First submissions ranged from 2011
to 2023, with 29 trials registered in 2011 to 2017 and 11 in 2018 to 2023, and the peak year was 2017
with 9 trials (Figure 1).

Figure 1. Registered exergame and serious game trials with Latin American sites by year of first registry
submission.

HEl Exergame
8 [ Serious game

Registered trials (n)

Year of first registry submission

Note: Bars are stacked by intervention type. Years without bars had no eligible registration.

Sites were located in 7 Latin American countries. Brazil hosted 33 trials, 32 of them with Brazi-
lian sites only, followed by Mexico(3), Chile(2), and one trial each in Argentina, Bolivia, Costa Rica and
Peru. Single-site trials numbered 36, 2 trials listed sites in more than one country, and the largest
network had 13 sites. The lead sponsor was classed as other, a category that includes universities
and hospitals, in 39 trials, and as an individual in one trial. No trial had an industry lead sponsor.

Records named a specific platform or game in 35 trials, and 5 described the intervention
only in general terms. The word virtual appeared in the title of 21 trials, and 19 of these described
a console system based on Wii, Kinect or Xbox.

Neurological conditions were the largest domain, with 19 trials. Parkinson disease appeared
in 7 trials, stroke or cerebrovascular disorders in 6, and cerebral palsy or hemiplegia in 3. The record
text named a Nintendo Wii in 12 trials and a Microsoft Kinect or Xbox system in 19. Children were
among the eligible participants in 14 trials (35.0%), and the share was higher in serious game trials
(7 of 9) than in exergame trials (7 of 31; Fisher exact p = 0.004) (Table 1).

Randomized allocation was recorded for 33 trials (82.5%; 95% Cl 68.0-91.3), non-randomized
allocation for 4 and no allocation for 3. Parallel-group designs numbered 31, crossover designs 4
and single-group designs 3. Masking of at least one party was declared in 22 trials (55.0%), and the
share was lower in serious game trials (22%) than in exergame trials (65%; Fisher exact p = 0.053).
The phase was not applicable in 39 trials.

The enrolment listed in the registry had a median of 48.5 participants (IQR 32 to 76), with a
range of 13to 170 and a total of 2,351 participants across the 40 trials. Enrolment was below 50 par-
ticipants in 21 trials (52.5%) and reached 100 or more in 6. Serious game trials had a larger median
enrolment (100; IQR 60 to 120) than exergame trials (40; IQR 27 to 60). Randomization did not differ
by intervention type (p = 0.645, Fisher exact test).
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Table 1. Characteristics of registered exergame and serious game trials with Latin American sites by
intervention type.

Characteristic All trials (n = 40) | Exergame (n = 31) | Serious game (n =9)

Registered 2011-2017, n (%) 29 (72.5) 22 (71.0) 7 (77.8)

Registered 2018-2023, n (%) 1 (27.5) 9 (29.0) 2(222)

Brazil as the only Latin American country, n (%) 32 (80.0) 25 (80.6) 7 (77.8)

Sample size, median [IQR] 48 [32-76] 40 [27-60] 100 [60-120]

Randomized allocation, n (%) 33(82.5) 26 (83.9) 7 (77.8)

Any masking, n (%) 22 (55.0) 20 (64.5) 2 (22.2)

Participants include children, n (%) 14 (35.0) 7 (22.6) 7 (77.8)
Condition domain, neurological, n (%) 19 (47.5) 16 (51.6) 3(33.3)
Condition domain, cardiometabolic or respiratory, n (%) 7 (17.5) 6 (19.4) 1(1.7)
Condition domain, ageing, n (%) 6 (15.0) 5(16.J) 1(1.7)

Condition domain, neurodevelopmental or sensory, n (%) 4 (10.0) 1(3.2) 3(33.3)
Condition domain, musculoskeletal or pain, n (%) 3(75) 3(9.7) 0 (0.0)
Condition domain, perioperative anxiety, n (%) 1(2.5) 0 (0.0) 1(11.0)

Status, completed, n (%) 29 (72.5) 23 (74.2) 6 (66.7)

Status, unknown, n (%) 9 (22.5) 7 (22.6) 2 (22.2)

Status, recruiting, n (%) 1(2.5) 0 (0.0) 1(1.0)

Status, terminated, n (%) 1(2.5) 1(3.2) 0 (0.0)

Note: IQR = interquartile range. Percentages use the number of trials in each column as denominator. Sample size is the enrolment listed
in the registry.

Primary outcomes numbered one in 28 trials and more than one in 12, with 7 trials listing
three or more and a maximum of 11. Every primary outcome had a stated time frame in all 40 trials,
and every primary outcome carried a description beyond its title in 37 trials (92.5%; 95% CI 80.1-97.4).
The first listed primary outcome belonged to the motor function domain in 12 trials, to balance,
gait or mobility in 11, and to cardiorespiratory function or body composition in 10. Anxiety was the
first primary outcome in 2 trials, and 9 trials listed no secondary outcome.

Registration preceded or matched the study start month in 18 of 40 trials (45.0%; 95% CI
30.7-60.2), which leaves 22 retrospectively registered trials. Their registration lag had a median of
10 months (IQR 6 to 18) and exceeded 12 months in 8, with a maximum of 33 months. Prospective
registration was found in 10 of 29 trials registered in 2011 to 2017 (34.5%) and in 8 of 11 trials regis-
tered in 2018 to 2023 (72.7%). Intervention type made no difference (exergames 14 of 31, serious
games 4 of 9; p = 1.000).

Table 2. Registration timing, outcome definition and results reporting indicators.

Indicator n/N % (95% Cl)
Prospective registration 18/40 45.0 (30.7-60.2)
Single primary outcome 28/40 70.0 (54.6-81.9)
Primary outcome time frame stated 40/40 100.0 (91.2-100.0)
Primary outcome described beyond its title 37/40 925 (80.1-97.4)

At least one secondary outcome 31/40 775 (62.5-87.7)
Linked publication of any type 23/40 57.5 (42.2-71.5)
Results posted, all trials 2/40 5.0 (1.4-16.5)
Ssrijgﬁzggitkis’z?z?pleted or terminated trials with primary 2/28 71(2.0-22.6)

No posted results and no linked results publication, same subset 23/28 821 (64.4-92.)

Note: Cl = Wilson confidence interval. Prospective registration means first submission in the same month as the study start or earlier. The
last two rows use completed or terminated trials with primary completion by 2021.

The overall status was completed for 29 trials and unknown for 9. Results were posted in the
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registry for 2 trials (5.0%; 95% Cl 1.4-16.5), both of them exergame trials, and for none of the serious
game trials. Among the 28 completed or terminated trials with primary completion by 2021, 2 had
posted results (7.1%; 95% Cl 2.0-22.6). A linked publication of any type was listed for 23 trials (57.5%),
and a publication typed as results for 5. In the same subset of 28 trials, 23 (82.1%) had neither posted
results nor a linked results publication (Table 2).

DISCUSSION

The registry records describe a small set of exergame and serious game trials with Latin
American sites. Most were single-site randomized trials of exergames led by academic sponsors,
concentrated in Brazil, enrolling around fifty participants and addressing neurological conditions
or ageing. Fewer than half were registered by the month the study began, and posted results
were present for only a very small share of trials. These features agree with part of the registration
literature and diverge from it where authors sampled trials in a different way, as the comparisons
below show.

The Brazilian concentration is the clearest pattern. Furtado et al.(17)found 94 studies of phy-
sical therapy in Brazilian children with cerebral palsy and reported that two thirds had low levels of
evidence, a profile of many small studies that our records resemble. Diakonoff et al.(25)reported that
oral health trials conducted in Brazil had higher odds of publication, which suggests that Brazilian
investigators use ClinicalTrials.gov enough to make the country visible in it. Brazilian trials may also
be entered elsewhere, as Zeigelboim et al.(26)show with a Wii-based protocol that carries a num-
ber from the Brazilian clinical trials registry. The Brazilian share seen here is therefore best read as
a floor for the country and not as its share of the region. The text search also relied on terms that
investigators choose, and a combined search of ClinicalTrials.gov, the WHO International Clinical
Trials Registry Platform and the Brazilian registry would raise coverage.

The only multinational network in the records is the one described by Saposnik et al.,(14)who
randomized 141 patients in 14 units, among them one in Argentina and one in Peru. Their design
contrasts with the usual record in our data, which resembles the trials of Henrique et al.(27)with
31 participants and Gouveia e Silva et al.(28)with 39. Saposnik et al. found that both the Wii group
and the recreational activity group shortened their Wolf Motor Function Test time, so a comparison
between an exergame and an active comparator has to detect a difference on top of the improve-
ment in each arm. Trials of fifty participants have little precision for such a difference, a limitation
that cannot be removed by the registry data alone and that argues for pooled protocols across sites.

For Parkinson disease, the most frequent single condition in our records, the literature does
not agree on the position of exergames. Chuang et al.(5)found better balance and gait with exer-
games and virtual technology-assisted rehabilitation than with usual treatment, and Wang et al.(6)
reported improved Timed Up and Go time with exergaming (SUCRA 91.5%) among 60 trials. Rocha
et al.(29)reached a more guarded position in an overview of systematic reviews, noting that no
consensus exists on whether exergaming beats conventional physical therapy. Marotta et al.(30)
added that the evidence for cognitive function remains weak. The disagreement among these
authors seems to arise from the outcome chosen and the comparator, and a registry that records
an unambiguous primary outcome and a named comparator would let reviewers anticipate it.

In stroke and cerebral palsy, the records fit the interest shown by reviewers and trialists el-
sewhere. Duta et al.(31)reviewed exergames for cognitive impairment after stroke in older adults,
Pelaez-Vélez et al.(32)randomized 24 patients to physiotherapy with or without a virtual reality pro-
gramme, and Junior et al.(16)compared proprioceptive neuromuscular facilitation with Wii games
and with their combination in 48 participants in Brazil. Protocols such as the one of Bessa et al.(33)
on postural balance and the one of Mazzini et al.(34)on real and virtual environments show that
the same question is being posed with planned samples of 36 and 42 participants, close to the
median of our records. Tobaigi et al.(7)named motivation as the reason for choosing exergaming
in children with cerebral palsy, an argument that the registry fields cannot test.

Older adults appear in the records through the ageing category and through disease-specific
trials. Ren et al,,(3)Leal et al.(35)and Lapierre et al.(4)pooled 23, 20 and 27 studies, respectively, and
Chen et al.(36)added a meta-analysis restricted to long-term care facilities. The Brazilian trial of
dos Santos et al.(37)with 22 elderly women and a Kinect dance game is typical of what the region
contributes, a small community-based study. Because the ageing category in our grouping exclu-
ded trials of named diseases such as Parkinson disease or stroke, older participants are present in
many more records than the category suggests, and the difference between the review literature
and our records may be one of classification. An established condition classification applied by two
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coders would remove the dependence of these counts on the order of the keyword rules.

Children were more often included in serious game trials than in exergame trials, and this
difference was the only one among our comparisons that reached the conventional level. Vacca
et al.(38) reviewed serious games in neurodevelopmental disorders, and Simon-Martinez et al.(39)
designed a crossover trial of stereoptic serious games for residual amblyopia, so the link between
games and paediatric visual or developmental conditions is established outside the region. In exer-
game research Cavalcante Neto et al.(40) randomized 32 children with developmental coordination
disorder, Lee and Jin (41) 23 children with developmental disabilities, and Suarez-Villadat et al.(42)
49 adolescents with Down syndrome. Those samples are of the same order as our median. The test
was one of five and carries no correction, so the result should be read as a pointer for confirmation.

Larger samples in serious game trials fit the nature of the interventions. Diehl et al.(13)re-
cruited primary care physicians by telephone and email in southern Brazil and allocated them to
a game or a traditional session, a recruitment route that does not depend on a flow of patients.
Al Kahf et al.(43)and Aster et al.(44)likewise randomized medical students, and Chagas et al.(45)
randomized schools in the Federal District of Brazil in a cluster trial of 319 adolescents. Rehabilita-
tion exergame trials draw on patients attending a service, which limits enrolment. The reading is
a hypothesis, because the serious game category is heterogeneous and contains only nine trials,
including motor-task games for people with neuromuscular disease and a tablet game used to
distract children before anaesthesia. With so few trials the confidence intervals are wide and the
comparisons cannot rule out differences of moderate size, so pooling records from other registries
is the way to test them.

Labels deserve attention in their own right. The word virtual appeared in the title of about
half of our trials, and most of these described commercial console systems. Pelaez-Vélez et al.(32)
present virtual reality and videogames as one treatment in stroke, and Radwan et al.(46)compa-
red transcranial direct current stimulation with virtual reality training for gait in 40 children with
bilateral spastic cerebral palsy. A reviewer who searches a registry for exergames will miss trials
labelled virtual reality, and one who searches for virtual reality will retrieve immersive headset trials
such as the MOVE protocol of Fraga et al.(47)in acute decompensated heart failure, set in Brazil.
Naming the platform and the game, as most of our records did, is the practice that allows these
trials to be classified. Our own classification of the trials was made by an Al language model that
applied written rules, so borderline records may be misplaced, and an audit by two human coders
with agreement statistics should precede any reuse of the categories.

The conditions addressed by registered serious game trials differ from those that dominate
the review literature. Kim et al.(9)and Saragih et al.(10)focused on depression and dementia, and
Vacca et al.(38)on neurodevelopmental disorders, whereas none of the nine serious game trials
listed depression or dementia as a condition. Thangavelu et al.(11)and Tori et al.(12)covered the
education of health professionals, which our records represent with the InsuOnline trial. Diehl et
al.(48)published the design of that trial before the results article,(13)an example of traceability from
protocol to report that registry indicators alone do not capture.

Pilot and confirmatory work share the same registry fields. The Costa Rican record names the
game Bootle Blast for home rehabilitation of children with hemiplegic cerebral palsy and lists 15
participants. Chan-Viquez et al.(49)studied the same game in four children over 12 weeks at home
in a mixed methods case series, and Shih et al.(50)describe a later stage in which a Kinect-based
constraint-induced program was compared with therapist-based therapy in children with unilateral
cerebral palsy. A reader of the registry cannot tell a feasibility study from a definitive trial unless the
record says so, which weakens any count of trials by size.

Combination designs add another difficulty. Vojciechowski et al.(51) combined Wii Fit Plus
training with protein supplementation in five groups, Kunitake et al.(52) added transcranial direct
current stimulation to video game balance training, and Bezerra et al.(53) paired pelvic floor training
with game therapy in 32 women. In such trials the game is one component, and a keyword search
retrieves the record only if the registrant mentions it. The records we excluded because a game
was one unspecified component of a protocol belong to the same family of designs.

Games also act as an exposure in the region, and this affects how trials are justified. Custddio
et al.(54)surveyed 495 adolescents in Curitiba and reported that one in five used exergames while
55.5% did not reach recommended levels of physical activity. Chagas Brandao et al.(55)found that
85.85% of 3939 Brazilian eighth-grade students had played video games in the past year and 28.17%
met their criteria for problematic use. Calcaterra et al.(1)described exergames as a possible stra-
tegy against weight gain in children with obesity, a purpose present in our records of overweight
children. These surveys do not show that trials of game-based interventions are justified, but they
show that the population exposed to games is large.
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Registration timing is the point on which the literature differs most from our result. Silva et
al.(18)reported that 18% of physiotherapy trials published in 2019 were prospectively registered, while
Alayche et al.(19)found 59% among Canadian trials registered in ClinicalTrials.gov. Our estimate of
45% sits between them. The two authors sampled differently, since Silva et al. started from published
articles and searched for registrations, which favours trials that were registered at all, and Alayche
et al. started from registry records, as we did. Haslberger et al.(22)found that 53.7% of German trials
with a results publication were registered retrospectively, a share close to the retrospective share
in our records, even though they limited their sample to trials with a publication.

The improvement over time deserves comment. Silva et al.(18)reported that prospective
registration in physiotherapy trials rose from 6% in 2009 to 18% in 2019, and our records point in
the same direction, since the proportion rose between the 2011-2017 and 2018-2023 registration
periods. Imam et al.(56)and Taylor and Gorman(20)describe low prospective registration in shoulder
arthroplasty and behavioral health trials, so the problem is not unique to game-based research.
The time trend in our data comes from small groups of trials, and a registry cannot tell whether
the change reflects journal policies, funder requirements or the composition of the groups.

Outcome definitions were complete on the fields the registry form demands. All records
stated a time frame, and most described each primary outcome beyond its title. Mello et al.(57)
reached a more critical conclusion for nutrition trials, 69% of which were registered but often lac-
ked a sufficient specification of outcomes and intended treatment effects. The discrepancy comes
from the standard applied: Mello et al. required elements such as the metric and the method of
aggregation, whereas we counted the presence of a time frame and a description. Our indicator
therefore overstates completeness relative to their standard, and a reanalysis with their elements
would be a direct way to compare the fields.

Selective reporting is the next step that registry records alone cannot settle. Siddiqi et al.(24)
found inconsistencies in 13% of heart failure trials published in high-impact journals, Syed et al.(58)
found a low risk of outcome reporting bias in stroke trials that had a registry record or protocol but
could locate a record in only one fifth of their sample, and Liu et al.(59)compared registrations and
publications in nursing journals. Holst et al.(23)added that the history of registry entries reveals
changes that the last version hides. We examined the current entry only, and our trials with a linked
publication are the natural sample for a comparison with the published outcomes.

Posting of results was the weakest indicator. Alayche et al.(19)found that 39% of Canadian
trials reported results in the registry, and our figure is far lower. Part of the gap is regulatory, becau-
se Zarin et al.(60)described a rule that makes results submission mandatory for a defined class of
trials regulated in the United States, a class that academic trials with Latin American sites only are
unlikely to belong to. Part of it may be a matter of habit, since Diakonoff et al.(25)found that more
than half of the oral health trials in their sample were unpublished. Salholz-Hillel et al.(61)showed
for COVID-19 trials that results travel through registries, preprints and journal articles, which is why
we also counted linked publications. Even so, most completed trials in our subset had neither route
documented. The results flag reflects the registry as it stood when the data were drawn and cannot
capture later postings, which repeated extractions at fixed intervals would reveal.

For practice, the findings support three actions by trialists in the region: registering before the
first participant is enrolled, naming a single primary outcome with its measurement method and
time point, and posting results or linking the results article to the record. Journals and funders can
ask for the registration date to be stated in the article, as Haslberger et al.(22)found that retrospec-
tive registration is seldom disclosed or explained. Reviewers of exergame and serious game trials
can use the registry to find studies that have not been published, following the nonpublication
problem that Diakonoff et al.(25)documented in another field.

CONCLUSIONS

The registered exergame and serious game trials with Latin American sites were few, mostly
single-site randomized trials of exergames in neurological and ageing conditions, concentrated in
Brazil and small in sample size, with serious game trials larger and more often including children.
Their registry entries defined primary outcomes with a time frame and, in most cases, a descrip-
tion, but fewer than half were registered by the month the study began. Posted results were rare
in both intervention types, and linking publications to the records, registering before enrolment
and posting results would make this research easier to find and to combine.

https://doi.org/10.62486/gr202318 8


https://doi.org/10.62486/gr202318

Lucia Gerez et al. SAP Gamification and Augmented Reality. 2023;2:18

REFERENCES

1. Calcaterra V, Vandoni M, Marin L, Carnevale Pellino V, Rossi V, Gatti A, et al. Exergames to Limit Weight Gain
and to Fight Sedentarism in Children and Adolescents with Obesity. Children. 2023;10(6):928. doi: 10.3390/
children10060928

2. Damasevicius R, Maskelilnas R, Blazauskas T. Serious Games and Gamification in Healthcare: A Meta-Re-
view. Information. 2023;14(2):105. doi: 10.3390/info14020105

3.RenY, Lin C, Zhou Q, Yingyuan Z, Wang G, Lu A. Effectiveness of virtual reality games in improving physical
function, balance and reducing falls in balance-impaired older adults: A systematic review and meta-analysis.
Archives of Gerontology and Geriatrics. 2023;108:104924. doi: 10.1016/j.archger.2023.104924

4. Lapierre N, Um Din N, Belmin J, Lafuente-Lafuente C. Exergame-Assisted Rehabilitation for Preventing
Falls in Older Adults at Risk: A Systematic Review and Meta-Analysis. Gerontology. 2023;69(6):757-767. doi:
10.1159/000528854

5. Chuang CS, Chen YW, Zeng BY, Hung CM, Tu YK, Tai YC, et al. Effects of modern technology (exergame
and virtual reality) assisted rehabilitation vs conventional rehabilitation in patients with Parkinson'’s disea-
se: a network meta-analysis of randomised controlled trials. Physiotherapy. 2022;117:35-42. doi: 10.1016/j.phy-
$i0.2022.07.001

6. Wang D, Cui WJ, Hou ZH, Gao V. Effectiveness of different exercises in improving postural balance among Par-
kinson'’s disease patients: a systematic review and network meta-analysis. Front Aging Neurosci. 2023;15:1215495.
doi: 10.3389/fnagi.2023.1215495

7. Tobaigi MA, Albadawi EA, Fadlalmola HA, Albadrani MS. Application of Virtual Reality-Assisted Exerga-
ming on the Rehabilitation of Children with Cerebral Palsy: A Systematic Review and Meta-Analysis. JCM.
2023:12(22):7091. doi: 10.3390/jcm12227091

8. Chen J, Zhou X, Wu X, Gao Z, Ye S. Effects of exergaming on executive functions of children: a systematic
review and meta-analysis from 2010 to 2023. Arch Public Health. 2023;81(1):182. doi: 10.1186/513690-023-01195-z
9. Kim Y, Hong S, Choi M. Effects of Serious Games on Depression in Older Adults: Systematic Review and
Meta-analysis of Randomized Controlled Trials. J Med Internet Res. 2022;24(9):e37753. doi: 10.2196/37753

10. Saragih ID, Everard G, Lee BO. A systematic review and meta-analysis of randomized controlled trials on
the effect of serious games on people with dementia. Ageing Research Reviews. 2022;82:101740. doi: 10.1016/].
arr.2022.101740

1. Thangavelu DP, Tan AJQ, Cant R, Chua WL, Liaw SY. Digital serious games in developing nursing clinical
competence: A systematic review and meta-analysis. Nurse Education Today. 2022;113:105357. doi: 10.1016/].
nedt.2022.105357

12. Tori AA, Tori R, Nunes FDLDS. Serious Game Design in Health Education: A Systematic Review. IEEE Trans
Learning Technol. 2022:15(6):827-846. doi: 10.1109/t1t.2022.3200583

13. Diehl LA, Souza RM, Gordan PA, Esteves RZ, Coelho ICM. InsuOnline, an Electronic Game for Medical Edu-
cation on Insulin Therapy: A Randomized Controlled Trial With Primary Care Physicians. J Med Internet Res.
2017;19(3):e72. doi: 10.2196/jmir.6944

14. Saposnik G, Cohen LG, Mamdani M, Pooyania S, Ploughman M, Cheung D, et al. Efficacy and safety of
non-immersive virtual reality exercising in stroke rehabilitation (EVREST): a randomised, multicentre, sin-
gle-blind, controlled trial. The Lancet Neurology. 2016;15(10):1019-1027. doi: 10.1016/s1474-4422(16)30121-1

15. da Cruz MMA, Ricci-Vitor AL, Borges GLB, da Silva PF, Turri-Silva N, Takahashi C, et al. A Randomized, Con-
trolled, Crossover Trial of Virtual Reality in Maintenance Cardiovascular Rehabilitation in a Low-Resource Se-
tting: Impact on Adherence, Motivation, and Engagement. Physical Therapy. 2021;101(5):pzab071. doi: 10.1093/
ptj/ozab071

16. Junior VADS, Santos MDS, Ribeiro NMDS, Maldonado IL. Combining Proprioceptive Neuromuscular Faci-
litation and Virtual Reality for Improving Sensorimotor Function in Stroke Survivors: A Randomized Clinical
Trial. 3 Cent Nerv Syst Dis. 2019;11:1179573519863826. doi: 10.1177/1179573519863826

17. Furtado MAS, Ayupe KMA, Christovao IS, Sousa Junior RR, Rosenbaum P, Camargos ACR, et al. Physical
therapy in children with cerebral palsy in Brazil: a scoping review. Develop Med Child Neuro. 2022;64(5):550-
560. doi: 10.1111/dmcn.15067

18. Silva NS, Elkins MR, Lemes IR, Stubbs PW, Franco MR, Pinto RZ. Clinical trial registration has become more
prevalent in physical therapy but it is still inadequate: A meta-research study. Musculoskeletal Science and
Practice. 2023;67:102854. doi: 10.1016/j.msksp.2023.102854

19. Alayche M, Cobey KD, Ng 3V, Ardern CL, Khan KM, Chan AW, et al. Evaluating prospective study registra-
tion and result reporting of trials conducted in Canada from 2009 to 2019. FACETS. 2023;8:1-10. doi: 10.1139/
facets-2022-0208

20. Taylor NJ, Gorman DM. Registration and primary outcome reporting in behavioral health trials. BMC Med
Res Methodol. 2022;22(1):41. doi: 10.1186/512874-021-01500-w

21. National Library of Medicine. ClinicalTrials.gov Data API, version 2 [Internet]. ClinicalTrials.gov; 2023. Available
from: https://clinicaltrials.gov/data-api/api

22. Haslberger M, Gestrich S, Strech D. Reporting of retrospective registration in clinical trial publications: a
cross-sectional study of German trials. BMJ Open. 2023;13(4):e069553. doi: 10.1136/bmjopen-2022-069553

23. Holst M, Haslberger M, Yerunkar S, Strech D, Hemkens LG, Carlisle BG. Frequency of multiple changes
to prespecified primary outcomes of clinical trials completed between 2009 and 2017 in German university
medical centers: A meta-research study. PLoS Med. 2023;20(10):e1004306. doi: 10.1371/journal.omed.1004306

https://doi.org/10.62486/gr202318 9


https://doi.org/10.62486/gr202318

Lucia Gerez et al. SAP Gamification and Augmented Reality. 2023;2:18

24. SIDDIQI T3, SHAHID I, ARSHAD MS, GREENE SJ, PANDEY A, VADUGANATHAN M, et al. Inconsistent Out-
come Reporting in Heart Failure Randomized Controlled Trials. Journal of Cardiac Failure. 2023;29(4):425-433.
doi: 10.1016/j.cardfail.2022.11.008

25. Diakonoff H, Khalil G,Jungo S, Treluyer IJM, Fron-Chabouis H, Smail-Faugeron V. Nonpublication and Selec-
tive Outcome Reporting of Oral Health Trials. J Dent Res. 2023;102(6):599-607. doi: 10.1177/0022034523115854 4
26. Zeigelboim BS, José MR, Santos GIBD, Severiano MIR, Teive HAG, Stechman-Neto J, et al. Balance reha-
bilitation with a virtual reality protocol for patients with hereditary spastic paraplegia: Protocol for a clinical
trial. PLoS ONE. 2021;16(4):0249095. doi: 10.1371/journal.pone.0249095

27. Henrique PPB, Colussi EL, De Marchi ACB. Effects of Exergame on Patients’ Balance and Upper Limb
Motor Function after Stroke: A Randomized Controlled Trial. Journal of Stroke and Cerebrovascular Diseases.
2019;28(8):2351-2357. doi: 10.1016/].jstrokecerebrovasdis.2019.05.031

28. Gouveia e Silva EC, Lange B, Bacha JIMR, Pompeu JE. Effects of the Interactive Videogame Nintendo Wii
Sports on Upper Limb Motor Function of Individuals with Post-Polio Syndrome: A Randomized Clinical Trial.
Games for Health Journal. 2020;9(6):461-471. doi: 10.1089/g4h.2019.0192

29. Rocha PS, de Sousa BBL, D'’Amelio M, Pompeu JE, Garcia PA, Leal JC, et al. Exergaming in the treatment
of gait, balance, and quality of life in Parkinson’s disease: Overview of systematic reviews. Physiotherapy Res
Intl. 2023;28(3):2002. doi: 10.1002/pri.2002

30. MAROTTA N, CALAFIORE D, CURCI C, LIPPI L, AMMENDOLIA V, FERRARO F, et al. Integrating virtual
reality and exergaming in cognitive rehabilitation of patients with Parkinson disease: a systematic review of
randomized controlled trials. Eur J Phys Rehabil Med. 2023:58(6):818-826. doi: 10.23736/51973-9087.22.07643-2
31. Duta TF, Tsurayya G, Naufal MA. Exergame for post-stroke rehabilitation among elderly patients: A syste-
matic review and meta-analysis. Narra X. 2023;1(1):e73. doi: 10.52225/narrax.v1i1.73

32. Peldez-Vélez FJ, Eckert M, Gacto-Sanchez M, Martinez-Carrasco A. Use of Virtual Reality and Videogames in
the Physiotherapy Treatment of Stroke Patients: A Pilot Randomized Controlled Trial. IJERPH. 2023;20(6):4747.
doi: 10.3390/ijerph20064747

33. Bessa NPOS, Lima Filho BFD, Medeiros CSPD, Ribeiro TS, Campos TF, Cavalcanti FADC. Effects of exergames
training on postural balance in patients who had a chronic stroke: study protocol for a randomised controlled
trial. BMJ Open. 2020;10(11):e038593. doi: 10.1136/bmjopen-2020-038593

34. Mazzini NA, Almeida MGR, Pompeu JE, Polese JC, Torriani-Pasin C. A combination of multimodal physical
exercises in real and virtual environments for individuals after chronic stroke: study protocol for a randomized
controlled trial. Trials. 2019;20(1):436. doi: 10.1186/513063-019-3396-2

35. Leal 3C, Belo VS, Santos IM, Ferreira RV, de Melo SN, da Silva ES. Exergames in Older Adult Community
Centers and Nursing Homes to Improve Balance and Minimize the Risk of Falls in Older Adults: A Systematic
Review and Meta-Analysis. Healthcare. 2023:11(13):1872. doi: 10.3390/healthcarel131872

36. Chen PJ, Hsu HF, Chen KM, Belcastro F. VR exergame interventions among older adults living in long-
term care facilities: A systematic review with Meta-analysis. Annals of Physical and Rehabilitation Medicine.
2023;66(3):101702. doi: 10.1016/j.rehab.2022.101702

37.dos Santos RG, de Freitas JVR, Alcantara LM, Lopes GGC, Galvao LL, de Queiroz BM, et al. Effects of twelve
weeks of dance Exergames on the quality-of-life variables of elderly Brazilian women enrolled in a community
program. Journal of Bodywork and Movement Therapies. 2023;36:5-13. doi: 10.1016/j.jbmt.2023.04.056

38. Vacca RA, Augello A, Gallo L, Caggianese G, Malizia V, La Grutta S, et al. Serious Games in the new era of
digital-health interventions: A narrative review of their therapeutic applications to manage neurobehavior
in neurodevelopmental disorders. Neuroscience & Biobehavioral Reviews. 2023;149:105156. doi: 10.1016/j.neu-
biorev.2023.105156

39. Simon-Martinez C, Antoniou MP, Bouthour W, Bavelier D, Levi D, Backus BT, et al. Stereoptic serious games
as a visual rehabilitation tool for individuals with a residual amblyopia (AMBER trial): a protocol for a crossover
randomized controlled trial. BMC Ophthalmol. 2023:23(1):220. doi: 10.1186/512886-023-02944-y

40. Cavalcante Neto JL, Steenbergen B, Wilson P, Zamunér AR, Tudella E. Is Wii-based motor training better
than task-specific matched training for children with developmental coordination disorder? A randomized
controlled trial. Disability and Rehabilitation. 2020;42(18):2611-2620. doi: 10.1080/09638288.2019.1572794

41. Lee HK, Jin J. The effect of a virtual reality exergame on motor skills and physical activity levels of chil-
dren with a developmental disability. Research in Developmental Disabilities. 2023;132:104386. doi: 10.1016/].
ridd.2022.104386

42.Suarez-Villadat B, Sadarangani KP, Villagra A. Effectiveness of exergames programme to modify body com-
position and health-related physical fitness in adolescents with down syndrome after COVID-19 quarantine.
European Journal of Sport Science. 2023;23(11):2210-2220. doi: 10.1080/17461391.2023.2214805

43. Al Kahf S, Roux B, Clerc S, Bassehila M, Lecomte A, Moncomble E, et al. Chatbot-based serious games: A
useful tool for training medical students? A randomized controlled trial. PLoS ONE. 2023;18(3):e0278673. doi:
10.1371/journal.pone.0278673

44, Aster A, Scheithauer S, Middeke AC, Zegota S, Clauberg S, Artelt T, et al. Use of a Serious Game to Teach
Infectious Disease Management in Medical School: Effectiveness and Transfer to a Clinical Examination. Front
Med. 2022:9:863764. doi: 10.3389/fmed.2022.863764

45, Chagas CMDS, Melo GRS, Botelho RBA, Toral N. Effects of the Rango Cards game intervention on food
consumption, nutritional knowledge and self-efficacy in the adoption of healthy eating practices of high
school students: a cluster randomised controlled trial. Public Health Nutr. 2020;23(13):2424-2433. doi: 10.1017/
51368980020000531

https://doi.org/10.62486/gr202318 10


https://doi.org/10.62486/gr202318

Lucia Gerez et al. SAP Gamification and Augmented Reality. 2023;2:18

46. Radwan A, Eltalawy HA, Abdelziem FH, Macaluso R, O'Brien MK, Jayaraman A. Effect of Transcranial Direct
Current Stimulation versus Virtual Reality on Gait for Children with Bilateral Spastic Cerebral Palsy: A Rando-
mized Clinical Trial. Children. 2023;10(2):222. doi: 10.3390/children10020222

47. Fraga IB, Caballero LG, Lago PD, de Oliveira JLC, Scherer M, Haeffner MP, et al. Perceived dyspnea and ex-
perience of hospitalized patients with acute decompensated heart failure undergoing an early MObilization
protocol with immersive Virtual rEality: MOVE study protocol for a parallel superiority randomized clinical trial.
Trials. 2023;24(1):751. doi: 10.1186/513063-023-07786-2

48. Diehl LA, Souza RM, Alves JB, Gordan PA, Esteves RZ, Jorge MLSG, et al. InsuOnline, a Serious Game to
Teach Insulin Therapy to Primary Care Physicians: Design of the Game and a Randomized Controlled Trial for
Educational Validation. IMIR Res Protoc. 2013:2(1):e5. doi: 10.2196/resprot.2431

49. Chan-Viquez D, Khan A, Munce S, Fehlings D, Wright FV, Biddiss E. Understanding a videogame home in-
tervention for children with hemiplegia: a mixed methods multi-case study. Front Med Technol. 2023;5:1217797.
doi: 10.3389/fmedt.2023.1217797

50. Shih TY, Wang TN, Shieh 3JY, Lin SY, Ruan SJ, Tang HH, et al. Comparative effects of kinect-based versus
therapist-based constraint-induced movement therapy on motor control and daily motor function in chil-
dren with unilateral cerebral palsy: a randomized control trial. J NeuroEngineering Rehabil. 2023;20(1):13. doi:
10.1186/512984-023-01135-6

51. Vojciechowski AS, Biesek S, Melo Filho J, Rabito El, Amaral MPD, Gomes ARS. Effects of physical training
with the Nintendo Wii Fit Plus® and protein supplementation on musculoskeletal function and the risk of falls
in pre-frail older women: Protocol for a randomized controlled clinical trial (the WiiProtein study). Maturitas.
2018;111:53-60. doi: 10.1016/j.maturitas.2018.02.013

52. Kunitake Al, Corréa JCF, Nascimento KS, Oliveira BBCD, Muniz NM, Silva SM, et al. Protocol for a controlled,
randomized, blind, clinical trial to assess the effects of transcranial direct current stimulation associated with
balance training using games in the postural balance of elderly people. FIOOORes. 2020;9:1018. doi: 10.12688/
f1000research.25164.1

53. Bezerra LO, de Oliveira MCE, da Silva Filho EM, Vicente da Silva HK, Menezes de Oliveira GF, da Silveira
Gongalves AK, et al. Impact of Pelvic Floor Muscle Training Isolated and Associated with Game Therapy on
Mixed Urinary Incontinence: A Randomized Controlled Trial. Games for Health Journal. 2021;10(1):43-49. doi:
10.1089/94h.2019.0207

54. Custdédio IG, Hino AAF, Rodriguez CC, Camargo EMD, Reis RS. EXERGAMES IN ADOLESCENTS: ASSOCIA-
TED FACTORS AND POSSIBLE REDUCTION IN SEDENTARY TIME. Rev paul pediatr. 2019;37(4):442-449. doi:
10.1590/1984-0462/:2019:37;4:00019

55. Chagas Brandao L, Sanchez ZM, de O. Galvao PP, da Silva Melo MH. Mental health and behavioral problems
associated with video game playing among Brazilian adolescents. Journal of Addictive Diseases. 2022;40(2):197-
207. doi: 10.1080/10550887.2021.1971941

56. Imam N, Sudah SY, Bonney AA, Hahn AK, Manzi JE, Nicholson AD, et al. Prospective registration of rando-
mized clinical trials for total shoulder arthroplasty is low: a systematic review. Journal of Shoulder and Elbow
Surgery. 2023;32(9):1763-1769. doi: 10.1016/j.jse.2023.04.004

57. Mello AT, Kammer PV, Nascimento GM, de Lima LP, Pessini J, Valmorbida A, et al. Credibility at stake: only
two-thirds of randomized trials of nutrition interventions are registered and lack transparency in outcome and
treatment effect definitions. Journal of Clinical Epidemiology. 2023;161:74-83. doi: 10.1016/j.jclinepi.2023.06.021
58. Syed M, Martin H, Sena ES, Williamson PR, Al-Shahi Salman R. Selective outcome reporting in randomised
controlled trials including participants with stroke or transient ischaemic attack: A systematic review. European
Stroke Journal. 2023:8(4):923-931. doi: 10.1177/23969873231194811

59.LiuH,SuC, LiZ YueS, Cheng S, Peng D. Assessment of consistency between peer-reviewed publications
and clinical trial registrations in nursing journals. Worldviews Ev Based Nurs. 2023:20(6):574-581. doi: 10.1111/
WVN.12644

60. Zarin DA, Tse T, Williams R3J, Carr S. Trial Reporting in ClinicalTrials.gov — The Final Rule. N Engl J Med.
2016;375(20):1998-2004. doi: 10.1056/nejmsr1611785

61. Salholz-Hillel M, Pugh-Jones M, Hildebrand N, Schult TA, Schwietering J, Grabitz P, et al. Dissemination of
Registered COVID-19 Clinical Trials (DIRECCT): a cross-sectional study. BMC Med. 2023:21(1):475. doi: 10.1186/
s12916-023-03161-6

https://doi.org/10.62486/gr202318 n


https://doi.org/10.62486/gr202318

Lucia Gerez et al. SAP Gamification and Augmented Reality. 2023;2:18

FUNDING

No financing

CONFLICT OF INTEREST

None

AUTHORSHIP CONTRIBUTIONS

Drafting — original draft: Lucia Gerez, Berneides de Jesus Marmol Maestre.
Writing-review and editing: Lucia Gerez, Berneides de Jesus Marmol Maestre.

https://doi.org/10.62486/gr202318 12


https://doi.org/10.62486/gr202318

	Registered exergame and serious game trials with Latin American sites: study design and results reporting
	INTRODUCTION
	METHODS
	DISCUSSION
	CONCLUSIONS
	References
	Funding
	Conflict of interest
	Authorship contributions


