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Abstract

Objective: Over the past decade, serious games (SGs) have played a growing role in medical education and health
promotion; however, little is known about their use in the field of oral health. This study provides a comprehensive
synthesis about SGs developed for training oral health professionals or for health promotion in oral health.
Material and Methods: A systematic search was conducted. The following electronic databases were reviewed:
MEDLINE (1966 to September 2019), Embase (1980 to September 2019), and Cochrane Central Register of
Controlled Trials (CENTRAL), LILACS and Scopus from inception to September 2019. Two reviewers in-
dependently screened and assessed the study’s quality and extracted data. The Sardi and collaborators’ tool was
used to assess the quality of the evidence presented.

Results: A total of 19 studies (25 articles) were selected. Games were divided into two categories: for specific
educational purposes and for oral health promotion. Most studies involved oral health professions’ students
(n=9) or school/preschool children (n=9). Two studies included preschool children and parents. Interactive
SGs were as effective as traditional noninteractive methods in improving oral health outcomes. Nonetheless,
participants’ feedback reflected a higher level of satisfaction in learning through games. The quality of the
studies was limited due to the lack of a proper technical description of the games and the absence of discussion
of the limitations and challenges of the games.

Conclusion: The use of SGs in oral health is limited, and little valid empirical evidence is available to confirm
their effectiveness. Further studies are required for using more rigorous designs, evaluation, and follow-ups.
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Introduction

OVER THE PAST DECADE, serious games (SGs) have be-
come highly relevant in the fields of medical education and
health promotion.' SGs are a form of game-play with specific
learning aims. They have been defined as “interactive computer
application, with or without significant hardware component,
that has a challenging goal, is fun to play and engaging, incor-
porates some scoring mechanism, and supplies the user with
skills, knowledge or attitudes useful in reality.”* SGs are de-
signed to complement education-based content with gameplay,
providing users with the capability to apply specific learning
outcomes to the real world. In game-based learning a player
engages in the game’s activity and loses the sense of effort and
repetition, and gains knowledge and satisfaction from solving
the game’s challenges. Motivation and engagement are funda-
mental elements to framing learning from gaming experience.’

Due to their engaging and entertaining aspects, such as
competitive and feedback elements, learning through SGs
has become an increasingly popular approach to medical
education, health promotion, and disease prevention.4 When
playing a game, players are motivated to keep on playing to
reach the game’s objective. Repeated attempts to achieve this
goal stimulate the brain, promoting knowledge acquisition
and skills development.’

The SGs created for training purposes have been shown to be
as effective as conventional methods, in improving both the
knowledge of medical students and health professionals and as a
complement to traditional learning methods.' There is also a
preference for learning through interactive games rather than
through a conventional method.® Adults tend to learn based on
their experiences; therefore, a more enjoyable learning process
may improve motivation for proactive learning.” A recent sys-
tematic review found that medical educators prefer simulations

'Department of Pediatric Dentistry and Orthodontics, Faculty of Dentistry, Universidad de La Frontera, Temuco, Chile.
“Center for Research in Epidemiolog, Economics and Oral Public Health (CIEESPO), Faculty of Dentistry, Universidad de La Frontera,

Temuco, Chile.

3Melbourne Dental School, University of Melbourne, Melbourne, Australia.



Downloaded by 148.222.205.34 from www.liebertpub.com at 11/29/25. For personal use only.

96

and quizzes focused on knowledge retention and skill devel-
opment through repetition, over more sophisticated games.’
However, games developed for this purpose may require fur-
ther, more rigorous evaluation and follow-up.®

In the context of health promotion programs, SG have
been found to be effective in the prevention or treatment of
diverse areas, such as diabetes, asthma, cancer, mental health
and among different Populations, both children and adults.’
A systematic review'° assessed whether SGs are useful in
improving health outcomes and showed that SGs have the
potential to improve health outcomes, particularly in the
areas of psychological therapy and physical therapy. How-
ever, this review found that most studies were of low quality
and more rigorous randomized controlled trials are needed.
The changes in health outcomes through SGs are achieved
via the provision of health-related information, modeling of
positive health behaviors, or the creation of opportunities to
practice healthy lifestyle skills."’

There is a consensus that the application of SG approaches
provides an accessible source of new information, as most
people these days have access to a computer and mobile
technology. Moreover, these technologies do not require
higher levels of education to operate, therefore, they allow
learning improvements independent of age and educational
background.'*"? Although initial development of SG can be
costly, they are relatively cheap to run and they may ulti-
mately drive significant advancements in oral health
knowledge and learning and oral health promotion. The SGs
in oral health comprise an emerging area and little is known
about their current uses and potential.

Thus, the aim of this scoping review is to provide a
comprehensive synthesis on the use of SGs that have been
developed in the oral health field. By identifying current
practice, assessing the design of studies included in the re-
view and their theoretical base, we aim at contributing to a
better understanding of the factors that determine successful
(or failed) SG adoption in the oral health field.

Methods

This scoping review was reported according to Preferred
Reporting Items for Systematic reviews and Meta-Analyses
extension for Scoping Reviews (PRISMA-ScR) guidelines.'*

ZAROR ET AL.

To obtain a detailed view on the use of SG in dentistry, the
following research questions and specific objectives listed in
Table 1 were developed. We included primary studies and
conference papers focused on the use of SGs in dentistry,
published in English, Spanish, and Portuguese. Papers that
described a prototype, evaluating the application or the impact
of an SG for education or health promotion in the oral health
field, were also included. We excluded secondary studies or
those published in the form of abstracts, tutorials, or posters.

Sources of information and search strategy

A systematic search of the literature was conducted by
using the following electronic databases: MEDLINE (1966
to September 2019), Embase (1980 to September 2019), and
Cochrane Central Register of Controlled Trials (CEN-
TRAL), LILACS and Scopus from inception to September
2019.

Reference listings of selected articles and previous sys-
tematic reviews were hand searched to identify other possi-
ble studies. The details of the search strategy used are given
in Table 2.

Study selection and data extraction

All references identified were extracted to an EndNote X9
database to facilitate their management, and duplicate arti-
cles were eliminated.

Titles and abstracts of studies retrieved by using the search
strategy were screened independently by two review authors
(C.Z. and C.A.-A)) to identify studies that potentially met the
inclusion criteria. We obtained the full text of all relevant
and potentially relevant studies, those appearing to meet the
inclusion criteria, and those for which there are insufficient
data in the title and abstract to make a clear decision. Further,
only studies that fulfilled all the eligibility criteria were in-
cluded. Any disagreement between the two review authors
over the eligibility of studies was resolved through discus-
sion with a third reviewer (R.M.). The authors extracted the
following information from each article by using a stan-
dardized, predefined data collection form: author, year, aims
of studies reviewed (education or promotion), study design,
theoretical model, setting, target group, details of SG, main
results, and authors’ conclusion.

TABLE 1. RESEARCH QUESTIONS

Research question

Specific objective

1. How is the research focused on serious game in dentistry
distributed?

2. What are the design types of the studies related to serious
games in dentistry?

3. What are the purposes and topics for which serious games
in dentistry are developed?

4. What are the game elements used in the serious games in
dentistry?

5. What is the methodological quality of the reports about
serious games in dentistry?

6. What is the theory behind the design of the serious games
in dentistry?

7. What is the effectiveness of serious games in dentistry?

Explore the temporal and geographical relationship and the
setting in which studies on serious games have been
developed

To identify the main types design used in studies on serious
games in dentistry

To identify purpose and topics most frequently investigated
in the studies about serious games in dentistry

To identify the main mechanics used to develop serious
games in dentistry

To analyze the methodological quality of the included
studies

To describe the theoretical perspective used to develop the
serious games in dentistry

To summarize the effectiveness of serious game in
dentistry?
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TABLE 2. SEARCH STRATEGY USED IN EACH DATABASE

Source

Strategy

Medline

(((((((game-based) OR ‘““Games, Experimental’”’[Mesh]) OR ‘“Video Games’’[Mesh]) OR ((((game*) OR

gaming)) AND ((((((((video) OR serious) OR digital) OR educational) OR web) OR learning) OR online)

Embase #21. #16 AND #
#20. #17 OR #18 OR #19
#19. oral AND health
#18. dentist*
#17. dental
#16. #4 OR #5 OR #15
#15. #3 AND #14

OR training)))) AND ((((‘‘Oral Health’’[Mesh]) OR oral health) OR dentist*) OR dental)))
1 20

#14. #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13

#13. training
#12. online
#11. learning
#10. web
#9. educational
#8. digital
#7. serious
#6. video
#5. ‘video game’/exp
#4. ‘game based’
#3. #1 OR #2
#2. gaming
#1. game*
Scopus

TITLE-ABS (game* OR gaming) AND TITLE-ABS (video OR serious OR digital OR educational OR web

OR learning OR online OR training) AND TITLE-ABS (“‘oral health”> OR dentist* OR dental)
Lilacs (game$ OR gaming) AND (video OR serious OR digital OR educational OR web OR learning OR online OR
training) AND (MH:““oral health”” OR dentist$ OR dental)

Cochrane #18. #17 AND # 16
Central #17. #3 AND # 12
#16. #13 OR #14 OR #15
#15. (oral health):ti,ab,tw
#14. (dentist®):ti,ab,tw
#13. (dental):ti,ab,tw

#12. #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11

#11. (training):ti,ab,tw
#10. (online):ti,ab,tw
#9. (learning):ti,ab,tw
#8. (web):ti,ab,tw

#7. (educational):ti,ab,tw
#6. (digital):ti,ab,tw
#5. (serious):ti,ab,tw
#4. (video):ti,ab,tw
#3. #1 OR #2

#2. (gaming):ti,ab,tw
#1. (game™):ti,ab,tw

Critical appraisal

Two investigators (C.Z. and C.A.-A.) independently analyzed
the quality of the reports of the included articles, employing a
checklist previously developed to assess articles about gamifi-
cation, which was adapted for the objectives of this study.'” The
quality assessment checklist is shown in Table 3. Question QA1
scores partially when the paper does not provide details about the
game elements employed in the application. QAS is rated by
analyzing the CORE Conference Ranking Exercise 2018 (http://
portal.core.edu.au/conf-ranks) and the Journal Citation Reports
(JCRs) 2018 (https://jcr.clarivate.com). The sum of scores of
each question provided an overall assessment score for each
study, with a range of 0 to 6. Discrepancies between reviewers
were also resolved by a third reviewer (R.M.).

Finally, the results were synthetized following Green et al.
recommendations.'® A narrative overview model, which is a
broad narrative synthesis of formerly published studies, was
constructed. Studies were grouped by type of purpose. Formal
ethical approval is not required as no primary data will be col-
lected. All information is freely available in the public domain.

Results

The search identified 923 citations. After 253 duplicates
were excluded, 670 titles and abstracts were reviewed, and 40
articles were fully read. Of the full-text articles reviewed, 11
were excluded because they were not SGs, 6 were not SGs in
dentistry, 3 were secondary studies, and 1 paper was in French
language.®'"® In addition, six studies were identified by


http://portal.core.edu.au/conf-ranks
http://portal.core.edu.au/conf-ranks
https://jcr.clarivate.com
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TABLE 3. REPORT QUALITY ASSESSMENT CHECKLIST
No. Quality assessment question Answer
QA1 Does the paper present a detailed description of the game elements (+1) Yes
employed? (+0) No
(+0.5) Partially
QA2 Does the study present empirical results? (+1) Yes
(+0) No
QA3 Are the limitations of the serious games addressed explicitly? (+1) Yes
(+0) No
QA4 Does the paper discuss the benefits of the serious games? (+1) Yes
(+0) No

QA5 Has the study been published in a relevant journal or conference

proceedings?

For conferences, workshops, and symposia:
(+1.5) if it is ranked CORE A

(+1) If it is ranked CORE B

(+0.5) If it is ranked CORE C

(+0) If it is not in the CORE ranking
For journals:

(+2) If it is ranked Q1

(+1.5) If it is ranked Q2

(+1) If it is ranked Q3 or Q4

(+0) if it has no JCR ranking

For others: (+0).

JCR, Journal Citation Reports.

hand search. Finally, 25 articles,*'**"~5 corresponding to 19

studies, were included, because six studies were reported more
than once.”* Figure 1 shows the flow diagram of the se-
lection process of our review. The main characteristics of the
included studies are presented in Table 4.

RQ1: How is the research focused on SG
in dentistry distributed?

The included studies were published between 2008 and
2019, with the majority (n=13) conducted in or after 2013.
The year 2017 was the peak year.

About half of the SGs (n=9) were developed in
Brazil,'%38:3941.4447-50 hee in the United Kingdom,43’5 1,52
two in Taiwatl,37’45 and two in the United States.®>® A
smaller number (n=1) were developed in Germany,*
Spain,** and South Africa.*® Regarding the setting for the
games, the largest group of them took place in universities or
dental schools (n=9); followed by preschools or schools
(n=06), health centers or hospitals (n=3), and home (n=1).

RQ2: What are the design types of the studies related
to SGs in dentistry?

According to the design of the study, most of them used
either qualitative (n=8) or quasi-experimental designs
(n=6). Three had true experimental designs (randomized
clinical trial [RCT]). In addition, two studies only presented
a description of the prototype without reporting any kind of
assessment. The qualitative studies were expert or users’
technical evaluations of the prototype. For experimental and
quasi-experimental designs, follow-ups were generally short
(up to 3 months) and only the study of Jacobson et al.> had a
follow-up period of 1 year. The number of participants in-
volved in the evaluation process ranged from 10 to 109. The
randomized control trials included larger numbers of par-
ticipants (n=_80-109).

RQ3: What are the purposes and topics for which SGs
in dentistry are developed?

Overall, SGs were designed with varying objectives (i.e.,
knowledge and skills acquisition), and we identified two main
categories: learning aids for specific educational purposes that
involved oral health professions’ students or professionals; and
oral health promotion. Nine SGs were available as learning
aids to train undergraduate oral health students. One SG also
targeted oral health professionals. The topics included: im-
provements in clinical knowledﬁge and practical skills to per-
form suitable Dentin Bonding, dental casting techniques,”’
dental prothesis,” and anesthetic procedure based on the
haptic interface*'; two studies**** focused on the morphology
of the teeth. Two SGs were developed to teach about biosafety
in dentistry*®**; another one was developed as an e-learning
Dental Public Health resource for dental undergraduates.*

Ten SGs were developed for oral health promotion; of
these, five were designed for school children,46’48’50’52’53
three for preschool children,'**** and two for both pre-
school children and parents.*’>! The togics included dental
caries prevention,”’ 7,48 di(at,ll’38’47’49’5 oral hygiene,'2’45_
47.50.51.33 ther oral health habits,'>*® dental eruption, and
dentition.*” Huntington et al.’* developed an SG for children
and their families (parents or caregivers) to reduce perio-
perative anxiety and improve children’s behavior and ac-
ceptance of procedures, among children who would undergo
a tooth extraction under general anesthesia.

RQ4: What are the devices and game elements used
in the SGs in dentistry?

Eleven games were developed for computer devices, three
for mobile devices, and two for both types of devices. One game
was developed for console use (Wii), Haptic and Microsoft
Kinect©. One study*® did not report the type of devices used.

The game design elements varied. For dental education
games they used mainly the quiz as a playful strategy (5/9).
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> 253 Duplicates removed

630 Articles Excluded by title and abstract

21 Full text articles excluded with reasons:
- 11 Not serious games

- b Not serious games in oral health
- 3 Secondary studies
- 1 Language not included

P
E 923 Citations identified from electronic
'ﬂ database searches
a! - 408 Embase
'E - 320 Medline
-g - 139 Scopus
— - 32 Cochrane
| S
r oS
E 670 Potentially relevant articles
g identified by tittle and abstract
A
40 Potentially relevant articles
identified by data extraction
£
3
- "
m L
v
k-
ﬁ 19 Studies (25 Articles) included in
S qualitative synthesis
| =

6 Articles identified by hand-search

FIG. 1. Flow diagram of the scoping review.

These games included different levels of complexity; how-
ever, a few reported incorporating rewards, feedback, sound
effects, or players rankings as motivational strategies.”>*!4>%4
Rodriguez-Andrés et al.* used autostereoscopy, a method of
displaying images in three dimensions, as the main element.

Some SGs developed for oral health promotion used per-
sonalized avatars to represent the players. Also, they used the
scores, rankings, levels of difficulty, and feedback as moti-
vational strategies.

Wiimote was incorporated in some games to facilitate the
interaction of the avatar.*®

None of the studies included the social interaction to en-
courage playability.

RQ5: What is the methodological quality of the reports
about SGs in dentistry?

Report’ quality assessment scores ranged from 1 to 5 with
a mean of 2.7 (standard deviation 1.2). None of the studies

reviewed obtained the highest possible score of 6. One study
obtained five points, and about two-thirds (63.2%) scored 3
or less. The main limitations to obtaining the maximum score
were the lack of the provision of a proper technical de-
scription of the game and the absence of a discussion of the
limitations and challenges of the game, which may affect the
games’ use, implementation, function, and/or operation.
Among the few limitations reported was the difficulty of
adapting SG for preschool children due to their short span of
attention, inability to adapt to new situations, and lack of
ability regarding abstract thinking and understanding of the
assessed concepts.'> Another limitation reported in some
studies was the difficulty of assessing knowledge retention
after a longer period.*®

Seven studies did not provide technical descriptions or pro-
vided only poor technical descriptions. Eight studies did not
present empirical results since they were prototype reports or
technical evaluations. One of the questions in the instrument
asked about the JCRs ranking of the targeted journal or
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conference proceedings. The majority of studies (n=12) were
published in journals and seven as conference proceedings. The
journals were either not ranked or belonged to the Q3 or Q4 of
the JCR ranking. Three studies’'>* were published in a Q2
journals. For those published in conference proceedings, only
two were ranked according to the CORE ranking.>"

RQ6: What is the theory behind the design of SGs
in dentistry?

Ten studies did not report any theory-based conceptual
model. These studies were either exgert or users’ technical
evaluations of prototypes, *=*1 444849 o1 due to unclear re-
ports of the use to the theoretical framework utilized to develop
the game, it was not possible to determine.®'**>* Of these,
three studies did not state the theoretical model used to develop
the game,®'*>Z and another indicated that the game was theory
based, but a theoretical background was not reported.>

Of the remaining SGs, in four the evidence indicated that
some Game-Based Learning Theory was employed,®’#*47°
and another five used different theories to conceptualize the
process of game-based learning, including the social cognitive
theory®'; the Framework for the Rational Analysis of Tech-
nology Education model*’; teaching learning theory®’; Bloom’s
learning domain model*®; and behavioral learning theory.**

RQ7: What is the effectiveness of SGs in dentistry?

Excluding studies with no evaluations (n =2), three studies
were as effective as traditional, noninteractive methods in
improving outcomes®**%; another three did not use com-
parisons groups.'>***° One study reported better outcomes
than traditional education/interventions.”’ Two studies
showed that the game improves the toothbrushing skills.*>>
Aljafari et al.>' reported improvement in the recognition of
unhealthy foods, improvements in diet, including reducing
sweetened drinks and noncore foods intake. The other eight
studies either reported ciualitative evaluations by small
samples of end users,*****"4? or were technical evaluations
by experts*'*** and their effectiveness was difficult to assess.
Overall, however, the results from the studies would indicate
a higher level of satisfaction in learning through games.

Discussion

The aim of our scoping review was to establish how SGs
have been developed and used in oral health. After the se-
lection process, 19 studies met our inclusion criteria, cov-
ering a range of oral health-focused games. Those studies
showed a substantial variability in study design, target pop-
ulation, characteristics of the game, outcome measures, and
results. Some of the studies reviewed involved oral health
profession students’ learning clinical skills, clinical problem
solving, patient management, and/or other professional and
basic sciences knowledge. In addition, SGs were found to be
used in oral health promotion and education for specific
populations (e.g., preschool and school children).

RQ1: How is the research focused on SG
in dentistry distributed?

The evidence of SG in Dentistry is very recent. Our
findings suggest that there is a gap in the literature and in the
mobile game market regarding the use of SGs in oral health,

ZAROR ET AL.

compared with other health fields. For example, a single
PubMed search on games in medicine produced 797 hits.
Despite this, current findings showed a general increase in
publications of studies after 2013.

Caution should be exercised when generalizing the find-
ings, because most of the studies came from Brazil. However,
there is a growing interest in the field throughout the world.
The only continent that was not represented was Oceania.

RQ2: What are the design types of the studies related
to SGs in dentistry?

Since most of studies identified were prototype descrip-
tions and qualitative studies, it was not possible to assess the
effectiveness of SGs for the purpose for which they were
developed. Only three RCTs were identified, therefore, fur-
ther research using RCT are needed to provide stronger ev-
idence of the effectiveness of SGs and to uncover the benefits
and limitations of their use in the oral health field. This is
consistent with that reported by Sipiyaruk et al. in their re-
view on SGs in dental education, where they only identified
one RCT.% However, in other health, RCT was more fre-
quently used to assess the effectiveness of the SGs."

RQ3: What are the purposes and topics for which SGs
in dentistry are developed?

We identified two main categories: dental educational and
oral health promotion. Although the SG topics developed for
educational purposes were varied, a few were created for
postgraduate students or professionals. Although the evi-
dence is not conclusive, evidence shows that SGs can im-
prove the skills or knowledge of health care professionals.®!

In relation to oral health promotion, all SGs, except one,
were developed for children. Despite the lack of evidence
found in the adult population in the oral health field, evidence
in other health areas has shown that SGs are effective even in
the elderly population.®? Therefore, more studies that include
the adult population are necessary in the field of health
promotion of oral health.

RQ4: What are the platform and elements used in SGs
in dentistry?

A poor description of the game elements in most of the
articles identified was reported; therefore, this makes it dif-
ficult to attribute some effects to individual game elements.

For dental education games a quiz was the main element
used. Those are games designed to test the knowledge of the
players by rewarding players who can successfully answer a
question® Evidence supports that rewards drive health be-
haviors.®® Feedback was also frequently integrated in the SGs;
however, the type of feedback (sound, text, or visual) was not
stated in most of the studies. It has been pointed out that the
adjustment of real-time feedback is crucial, because the game
needs to provide feedback appropriate to the level of the user. '

Avatars are commonly employed as a gamification tech-
nique to represent the user in the application context.®® The
evidence shows that avatars are associated with positive
outcomes, mainly because they were found to increase mo-
tivation.®® Although SG included in our review show an
improvement in health outcomes, it was not better than for
the control groups.
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Unlike what was reported in other reviews on SGs, none of
the SGs included implemented a socialization component as
a motivational strategy.

RQ5: What is the methodological quality of the reports
about SGs in dentistry?

None of the included studies met all of the factors included
in the quality assessment checklist. The quality of the studies
was limited due to small samples, limited age range of par-
ticipants, lack of a comparison group, length of follow-up
periods to review knowledge retention, and poor follow-up
attendance. In addition, none of the games included were
tested in different settings or in a population with different
cultural backgrounds, so their effectiveness can hardly be
evaluated. In addition, most of the reports of SGs were
published in journals with limited impact and visibility,
making it difficult to disseminate and implement them in
other settings. These findings are consistent with other sys-
tematic reviews of SGs in other health fields, which show
that the effectiveness of SGs over traditional approaches is
inconclusive."*

RQ6: What is the theory behind the design of the SGs
in dentistry?

This review indicated that there may still be room to im-
prove in several areas, for example, in the use of theory in the
design of SG. SGs content and design must be driven by
sound learning and behavioral change theories. Several key
theories underpin the design of SGs.>*>%® Nonetheless, in
the present review, only about half of the studies declared the
peda§0§ical or theoretical Eerspective used to develop the
SGs.01237:40:42.43.4547.50.51.33 At 3 minimum level, they all
would fit Ericsson et al.’s theory of deliberate practice.’
Thus, it is implied that the SGs were not based on sound
theories, merely that those theories were not clearly pre-
sented. The use of theory in the design of SGs is an important
aspect to consider since their perspective determines the
intentions of the game’s authors and the architecture of the
games. However, the evidence shows that the connection
between pedagogical perspectives and SGs is weak, since the
developers are more concerned with the practical aspects of
their games than their theoretical fundaments.”*

Gorbaneyv et al. explored pedagogical strategies used by
developers when creating games for medical education,
concluding that developers who used pedagogical strategy
designed more robust games, which facilitated the learning
process. They also concluded that behaviorism and cogni-
tivism were the main pedagogical strategies incorporated
by the developers.” For these purposes, it is important that
the games be developed together with designers, educators,
and public health practitioners to resolve appropriately a
specific educational or oral health problem. This would also
allow for a better theorization of the evaluation design of
the SG.”’

RQ7: What is the effectiveness of SGs in dentistry?

This review found limited empirical evidence available to
confirm games’ effectiveness. Some studies only reported a
description of the game or were in their pilot phases; con-
sequently, the evidence available from these projects is only
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partial to allow for their complete assessment. In the present
review, six quasi-experimental designs and three randomized
clinical trials were identified. Studies that provided some
effectiveness evaluation were found to be as effective as
conventional, noninteractive methods in improving out-
comes (i.e., teaching oral health concepts).

The SGs must be reviewed and scrutinized, and proof of
their validity, efficacy, and effectiveness must be presented.
Several aspects of SGs should be evaluated before their
implementation, such as game design, user’s satisfaction,
usability, usefulness, understandability, motivation, perfor-
mance, playability, pedagogical aspects, learning outcomes,
engagement, user’s experience, efficacy, social impact, en-
joyment, acceptance, and user interface, as well as privacy,
security, and safety.®® Only then can SGs be considered as
learning aids or health promotion tools. However, the in-
cluded reports only considered some of these aspects, which
were mostly poorly described. Games that are well designed
and that integrate the game’s technology adequately have
higher levels of usability and acceptability by end users;
thus, they are more successful in engaging users in game
content and in achieving better outcomes.

Implications of the results

One of the advantages of SGs over conventional learning
strategies is that they can be developed and adapted ac-
cording to the characteristics of the target populations (e.g.,
age, learning styles, cultural background, etc.).”® In this re-
spect, findings would indicate that because of differing
learning styles, more studies involving diverse populations
are recommended to identify effective gamification strate-
gies. This study shows how SG technologies can be related to
learning and education and have the potential to improve
knowledge, attitudes, and behaviors in relation to oral health
in the general population. However, as with teaching, there
are limited data on their effectiveness and outcome. Still,
although gamification has been successful, thorough research
on the validity of SG and their effectiveness are required
before wide implementation.

From a public health perspective, additional information
and evidence of the usefulness of SGs in oral health will not
only increase present knowledge regarding the use of ga-
mification, but this information will also provide the neces-
sary evidence to support maintenance, future expansion, or
the introduction of this technology, under specific conditions
prevailing in particular situations and populations. Although
there may be many logistic or practical situations that might
render gamification unsuitable for all populations, our con-
tention is that expansion of their use in oral health will in-
crease in the future. Although current results provide limited
evidence, they tend to suggest that gamification has the po-
tential to be successful. The review also highlights the lim-
itations of how studies are reported. To provide more
attractive and robust input to decision makers, further studies
are required for using more rigorous designs, evaluation, and
follow-ups.

Limitations during review process

Although we were systematic in our review, it is possible
that we may have missed publications. However, we believe
that this was minimized due to the sensitive search strategy
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used, the additional search of references by hand, and the
double independent review process used. In addition, the
gray literature was not systematically reviewed; therefore,
some conference papers or ongoing RCT may not have been
identified.

Quality assessment was hampered by poor reporting of
included studies. We tried to contact the authors for more
information but did not get a satisfactory answer.

Conclusions

Despite the strengths of this scoping review, it is worth
noting that we did not distinguish by type of design and
included articles that described the prototype or that made a
qualitative evaluation of the games. Nor did we limit by time
period. The overall methodological quality of the studies
included was poor, so the findings assessed in the included
studies should be interpreted with caution. In summary, SGs
are used scarcely in oral health, and there is little valid em-
pirical evidence available to confirm their effectiveness.
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