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Abstract: This scoping review aims to investigate the latest literature concerning the use of smart-
phone applications (apps) in the prevention, management, and monitoring of oral diseases. Smart-
phone applications are software programs that are designed to run on smartphones. Nowadays,
smartphones are regularly used by people of all ages, and mobile health apps (MHAs) represent an
important means of spreading information related to oral health, which is the state of the mouth and
teeth, including the gums and other tissues. Several apps have been designed to promote prevention,
diagnosis, and therapeutic adherence monitoring. This scoping review considered randomized
clinical trials, cross-sectional studies, before—-after (pre—post) studies with no control group, and
observational studies. Once the inclusion and exclusion criteria had been defined, a preliminary
confined search was performed on PubMed and Scopus; key terms from the collected articles were
selected to design a search strategy, and then a search of all the included articles’ reference lists was
run for further research. Studies were excluded if they did not fulfill the inclusion criteria. The
preferred reporting items for scoping reviews (PRISMA-ScR) consensus was followed. The risk of bias
was evaluated by providing a qualitative analysis of the clinical studies via the National Heart, Lung,
and Blood Institute (NHLBI) Quality Assessment of Controlled Intervention Studies, Observational
Cohort Studies, and Cross-Sectional Studies (NHLBI, NIH). A total of 21 studies were included in
this review. As it is clear from the studies selected, the literature indicates that MHAs are effective in
improving oral hygiene in adolescents and children and reducing the dental plaque index, including
in patients undergoing orthodontic treatment. MHAs are also able to reduce the symptoms of patients
affected by obstructive sleep apnea-hypopnea syndrome (OSAHS) and improve the swallowing-
related quality of life of elderly patients. MHAs are furthermore recommended to decrease dental
anxiety among patients, both during dental procedures and the post-operative period. MHAs are
useful to spread knowledge about traumatic dental injuries among non-oral health professionals and
to monitor dental erosion and awake bruxism. MHAs’ clinical outcomes might have been influenced
by the demographic features of the subjects involved. Further studies considering a longer follow-up
period and larger samples are needed. In conclusion, MHAs can be considered a useful tool to
monitor oral disease and increase patients” quality of life related to oral health.

Keywords: mHealth; mobile applications; oral health; smartphone; dentistry

1. Introduction

The concept of “mobile health” (mHealth) refers to the promotion of healthcare
through mobile apps and wireless connections [1].
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Nowadays, mobile phones are regularly used by people of all ages and may also be
useful in medicine to promote prevention and healthy behaviors, allowing everyone to
access reliable information anytime and anywhere [2]. These tools aim to monitor significant
factors related to diet, exercise, and therapeutic adherence, which play an important role in
several diseases [3-5]. The development of mobile apps was meant to promote prevention,
diagnosis, disease management, and therapeutic adherence monitoring [6].

In recent years, dentistry has made steps forward as far as research and technological
innovation are concerned, leading to significant progress in all the main dental fields [7].

The invention of 3D printing has revolutionized the production of drill guides and
implants in oral surgery and of physical models in orthodontics and prosthodontics [8].

Intraoral scanners have become a fundamental part of the digital workflow; digital
impressions allow a more precise bite registration, avoiding distortions related to analogue
procedures [9].

Nowadays, it is possible to combine 3D printing and intraoral and extraoral scans
to design and manufacture customized appliances for patients affected by craniofacial
disorders [10].

Some authors have experimented with the ability of Al (artificial intelligence) to
diagnose oral diseases, such as head and neck cancer lesions and periodontitis, but also
to make therapeutic decisions, for example, to choose between an extractive and a non-
extractive treatment for an orthodontic patient [11].

Research about the use of Al in dentistry is currently growing, involving mainly
radiological diagnostic imaging [12].

Al can also play a significant role in orthodontics, helping clinicians to make diagnoses,
manage orthodontic treatments, assess patients’ compliance, and make patients feel more
involved and cared for [13].

The introduction of teledentistry, a combination of telecommunications and dentistry,
has represented an interesting innovation to improve oral healthcare [14].

MHAs represent one of the latest trends arousing interest in the literature [7].

MHAs also represent an important means of spreading oral health care informa-
tion [15]. In the last few years, an increasingly high number of available health-related
apps has been evident, reaching 325,000 apps in 2017 [16], with 612 oral health-related apps
that could be downloaded from the App Store in 2019 [17]. MHAs provide meaningful
information as far as different fields of dentistry are concerned. They motivate patients
to maintain good oral hygiene using positive reinforcement to prevent dental caries [18].
These tools could be particularly helpful for orthodontic patients to avoid plaque accumu-
lation, gingival inflammation, and dental caries, which can lengthen treatment times and
result in periodontal health worsening [19].

Studies have confirmed that facial scans obtained using mobile applications may be
accurate enough for orthodontic assessments [20].

MHAs also help patients to manage and overcome dental anxiety, which is still
very common despite technological advances in modern dentistry [21]. Furthermore,
some apps have been developed to increase parents’ awareness about oral health in early
childhood [22], for example, by teaching their children good eating habits and proper oral
health practices [23]. Other MHAsS, on the contrary, are addressed to elderly people and
provide specific oral exercises that could increase salivary flow rate, reduce xerostomia, and
improve swallowing [24]. Moreover, some MHAs have been created to monitor jaw-muscle
behaviors, such as awake bruxism [25].

Other scoping reviews in the literature investigated the role of MHAs in dentistry.
Vaid et al. analyzed the importance and clinical significance of MHAs in orthodontics [26].
Ben-Omran et al. evaluated the use of MHAS to monitor older adults’ oral health [27].

Considering the significant increase in MHAs related to oral healthcare in the last
decade, the present scoping review aims to:

- Analyze the latest literature regarding the prevention, management, and monitoring
of oral diseases using MHAs;
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- Evaluate the clinical outcomes of MHAs in different fields of dentistry among people
of different ages;
- Define future perspectives for the research on MHAs.

2. Materials and Methods
2.1. Focused Questions

Do mobile health apps (MHAs) provide clinical advantages in dentistry? Are they
useful to improve oral healthcare?

2.2. Eligibility Criteria
The inclusion criteria adopted in this review are set out below:

()  Study model: interventional studies, observational studies, cohort studies, case se-
ries/case reports studies;

(I) Participants: adolescents, adolescents with fixed orthodontic appliances, mothers
of small children, oral practitioners, patients with severe apnea—hypopnea sleep
obstructive syndrome, elderly patients affected by systemic disease or having relied
on oral health care professionals, patients with fixed orthodontic appliances, dental
practice patients, children, adult patients, healthy dental students;

(IlT) Interventions: use of MHAs related to oral healthcare;

(IV) Outcome: clinical results of the use of MHAS related to oral healthcare.

Only studies fulfilling all the inclusion criteria were taken into consideration.
The exclusion criteria adopted are set out below:

(I)  Abstracts of articles written and published in languages different from English;

() Duplicate studies;

(III) Non-relevant studies (full-text articles whose purpose was not appropriate to answer
the focused questions; analysis of different supplementary treatments; full-text content
not corresponding to the abstract);

(IV) No Ethics Committee approval was provided;

(V) Narrative reviews, systematic reviews, or systematic and meta-analysis reviews.

2.3. Search Strategy

In accordance with the Journal of Biomedical Informatics (JBI) methodology for scoping
reviews, a three-step searching process has been followed: (I) preliminary confined search
on PubMed (MEDLINE) and Scopus; (II) selection of key terms from collected articles
to design a search strategy; (III) search of all included articles’ reference lists for further
research [28].

Furthermore, the person-centered care (PCC) model was followed; it is focused on
the following three aspects: population (patients and dentists using MHAs related to oral
healthcare), concept (using MHAs related to oral healthcare), and context (in this regard,
this review does not provide restrictions to any specific cultural issue or setting). Abstracts
of studies concerning clinical outcomes of MHAs related to oral healthcare were analyzed.
The present scoping review was performed following the preferred reporting items for
scoping reviews (PRISMA-ScR) consensus (Table S1 Supplementary Material) [29].

2.4. Research

The medical subject heading (MeSH) terms used were mobile applications, mHealth,
oral health, and smartphone. Online research was conducted on PubMed (MEDLINE) and
Scopus databases. The last search was performed on 31 May 2023. The articles selected were
published between 2017 and 2022. Data were extracted from the articles selected between
February 2023 and May 2023. The search was performed by three calibrated reviewers
(M.G.N., M.P. and M.P.). Disagreements and discrepancies were resolved by consensus,
and three other reviewers were involved (A.S., S.G. and P.Z.). All the previously collected
articles’ titles and abstracts were carefully analyzed, excluding non-relevant studies. All
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relevant articles were reviewed by analyzing their full texts, documenting the findings, and
detecting any similar studies that followed the inclusion criteria adopted.

The present protocol has been registered within the Open Science Framework platform
(Registration DOI-10.17605/OSEIO/A9CX2).

The elaborated strategies designed for each online database are exhibited in Table 52
(Supplementary Material).

2.5. Quality Assessment of Included Studies

In the present review, the risk of bias was evaluated by providing a qualitative analysis
of the clinical studies via the National Heart, Lung, and Blood Institute (NHLBI) Quality
Assessment of Controlled Intervention Studies, Observational Cohort Studies, and Cross-
Sectional Studies (NHLBI, NIH).

3. Results

Based on the MeSH terms, 158 articles were identified in the primary search. Subse-
quently, 126 articles were discarded (13 abstracts of articles published in languages different
from English, 81 duplicates, 0 in vitro or animal clinical studies, 24 not pertinent, and
8 without Ethics Committee approval), and 32 articles were screened based on their titles
and abstracts. The remaining 32 full-text articles were assessed for eligibility. Moreover,
11 full-text articles were further discarded as not relevant (4 articles were excluded because
they were pilot studies that needed further insights, 6 articles were excluded since they
evaluated mobile applications as a learning tool for dental students, and 1 article was
excluded since it considered the role of smartphone applications as a means of communica-
tion with dental students). The remaining 21 articles were considered relevant and thus
included in this review. Figure 1 below describes the flow chart of the review process.

ke Records identified through database ‘
5 (PubMed and Scopus) searching
b [n=158]
g ‘ Records excluded from database (PubMed
= and Scopus)
[n=126]
Reasons
- Abstract of articles published in
non-English languages, n =13
- Duplicates, n =81
- Invitro or animal clinical studies,
n=0
Ec Records screened - Not pertinent, n =24
5] [n=32] - Absence of Ethics Committee
‘§ approval, n=8

Full-text articles assessed for eligibility
[n=32]

Records excluded because:
- Pilot studies (4)
- About smartphone applications
as learning tools for dental
students (6)
— - About smartphone applications
as means of communication
with dental students (1)
[n=13]

Eligibility

Total studies included in this scoping review
[n=21]

o
v
=
=
9
9
S

Figure 1. PRISMA-ScR flow diagram.
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Table S3 (Supplementary Materials) shows the studies excluded from this review and
the reasons for exclusion [30-40].

The studies belonged to four categories: randomized controlled clinical trials [41-51],
cross-sectional studies [52], before-after (pre—post) studies with no control group [53], and
observational studies [54-60].

Risk of Bias
The Cochrane Collaboration tool was applied to assess the risk of bias in the articles

included in this review (Table 1), using the judging criteria for risk of bias shown in Table
54 (Supplementary Materials). A moderate risk of bias was observed in this review.

Table 1. Risk of bias of the studies included in this review: the green symbol represents a low risk of
bias, while the yellow symbol represents a high risk of bias.
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Table 1. Cont.
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The key features of the patients included in the selected studies are set out in Table 2.

Table S5 (Supplementary Materials) explains the evidence of the studies included in
this review (study design and aim, methods, results, and conclusions).

Table S6 (Supplementary Materials) illustrates the NHLBI Quality Assessment Tool for
Controlled Intervention Studies. The NHLBI Quality Assessment Tool for Cross-Sectional
Studies is shown in Table S7. The NHLBI Quality Assessment Tool for before-after (pre—
post) studies with no control group is represented in Table S8 (Supplementary Materials).
The NHLBI Quality Assessment Tool for Observational Cohort Studies is provided in Table
59 (Supplementary Materials).
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Table 2. Baseline characteristics of patients included in the selected studies.

References No. of Participants
(Autl}ors., Year of Women (W) Age (Years), Inclusion and Exclusion Criteria Clinical Outcome
Publication, and Mean (SD or Range)
. Men (M)
Study Design)
Inclusion criteria:
- Patients with orthodontic
fixed appliance treatment;
Group 1: 22 - Patients aged 12 years old )
Ww: 11 and above; ) Oral hygleng
Alkadhi et al., 2017; M: 11 Group 1:16.6+32 -  Owning mobile phones; lrr.‘pro"er.“;“ft. "
RCT [41] Group 2: 22 Group2:172+52 - Patients willing to comply ~ patients with fixe
W: 14 with given oral hygiene orthqdontlc
M: 8 instructions. appliances.
Exclusion criteria:
- Not having mental or
physical disabilities.
Inclusion criteria:
- Aged5to6;
- Almost complete deciduous
dentition;
) Group 1: 26 - Owning a smartphone with ]
Alkilzy et al., 2019; Group 2: 23 514062 an i0S/ Android operating Improvement in
RCT [42] W:27 system. toothbrushing.
M: 22 . I
Exclusion criteria:
- Severe general conditions;
- Orthodontic appliances;
- Motor restrictions.
Group 1: 1839
W:N.R.
Butera et al., 2022; M: N.R. Grg;g ul IZ\IR Inclusion criteria: N.R. Dental erosion
OS [54] Group 2: 3894 36.72 :|:p1 4'52 Excluded criteria: N.R. evaluation.
W: 2002 ’ ’
M: 1892
Inclusion criteria:
- Being regularly enrolled in
the college preparatory exam
course;
- Having a cell phone
compatible with the )
dedicated EMA application; ~ Correlation of AB
- Being dentate; frequency W_lth
Camara-Souza 69 - Having general good health. levels of anxiety,
et al., 2020 [55] W: 50 186+ 1.5 Exclusi teria: depression, stress,
., M- 19 xclusion cri er.la. . and OHRQoL in
- Any ongoing medical, college preparatory
psychological, or students.

pharmacological treatment;
- Report of TMD or any other
orofacial pain conditions;
- History of any therapy for
AB or TMD in the previous
12 months.
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Table 2. Cont.

References No. of Participants
(Autl}ors., Year of Women (W) Age (Years), Inclusion and Exclusion Criteria Clinical Outcome
Publication, and Mean (SD or Range)
. Men (M)
Study Design)
Inclusion criteria:
- Healthy dental students
attending the last 3 years of
School of Dentistry at the
University of Ferrara.
Colonna et al., 2019; 60 Exclusion criteria: Awake bruxism
W: 35 242 +41 - P : -
OS [56] M: 25 resence o evaluation.
: temporomandibular disorder
(TMD) pain and/or any
documented neurological,
psychiatric, sleep, or
systemic (e.g., rheumatologic,
hormonal) diseases.
Inclusion criteria:
Group 1: 82 - Aged4to6; .
Desai et al., 2021; Group 2: 83 - Present on the day of Improvement in
” ! Group 3: 82 4.98 £+ 0.84 L children’s oral
RCT [43] examination; .
W:121 - Owning a smartphon hygiene.
M: 126 § a smartphione.
Exclusion criteria: N.R.
Inclusion criteria:
- Ability to access the internet
Group 1: 180 via cellular data or Wi-Fi
H L 202 W- 104 with smartphones, either
uaI]‘;gAeSt [2153’] 022; M: 76 Group 1: 3to 74 independenﬂy or with the Dental anxiety
Group 2: 20 Group 2: N.R. help of relatives. evaluation.
W:9 Exclusion criteria:
M:11 - Inability to use the
smartphone to complete the
questionnaire.
Inclusion criteria:
- Being an OHP and/or being
in or having been in a dental
practice in SSA.
Exclusion criteria were:
10 - Not owning a smartphone; . ,
Kanoute et al., 2022; W:NR. NR. - Inability to download Chlldren s ora.l
CSS [52] M: N.R. applications from the iOS hygiene evaluation.
(App Store) or Android
(Google Play Store) stores;
- Lack of experience in using
mobile applications;
- Having hearing, visual, or
motor disabilities.
Group 1: 53
W: 34 Inclusion criteria:
Kay et al., 2019; M: 19 Group 1: 36.6 = N.R. - Dental practice patients Improvement in
RCT [44] Group 2: 51 Group 2: 39.1 £ N.R. P P ' oral hygiene.
W-: 27 Exclusion criteria: N.R.

M: 24
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Table 2. Cont.

References
(Authors, Year of
Publication, and

Study Design)

No. of Participants
Women (W)
Men (M)

Age (Years),
Mean (SD or Range)

Inclusion and Exclusion Criteria

Clinical Outcome

Ki et al., 2021;
RCT [45]

Group 1: 20
W: 10
M: 10

Group 2: 20
W:13
M:7

>65

Inclusion criteria:

Comprehension of the
design and the aim of the
study;

Will to participate;
Capability to communicate
in the absence of linguistic,
auditory, or visual
disabilities;

Normal cognitive capacity.

Exclusion criteria:

Skipping at least two
sessions of the program;
Oral health behaviors’ rate of
practice inferior to 80%;

A history of systemic disease
that could affect oral health
(drugs affecting saliva
secretion, Sjogren syndrome,
oral cancer, and stroke).

Improvement in
oral health and
swallowing-related
quality of life.

Lietal,, 2016;
RCT [46]

Group 1: 112
W:79
M: 33 Group 1: 17.6 £ 0.8
Group 2: 112 Group 2: 18.7 £ 1.0
W: 77
M: 35

Inclusion criteria:

Adolescents or adults
admitted for orthodontic
treatment;

Orthodontic patients with
fixed appliances and
single-phase treatments.

Exclusion criteria:

Unable to read Chinese;
Impossibility of using a
smartphone and installing
the WeChat app;
Preference for lingual or
invisible bracketless
technique;

Planned for a multiphase
treatment, like combined
orthodontic—orthognathic
treatment;

Too complicated to be
finished within 3 years;
Chance to migrate to another
city within the predicted
treatment period.

Orthodontic
patients’
compliance and
duration of
treatment
evaluation.
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Table 2. Cont.

References
(Authors, Year of
Publication, and

Study Design)

No. of Participants

Women (W)
Men (M)

Age (Years),
Mean (SD or
Range)

Inclusion and Exclusion Criteria

Clinical Outcome

Marchetti et al.,
2018; RCT [47]

291
W:159
M: 132

16.1 £1.21

Inclusion criteria:

- Adolescents of both sexes;

- Aged 14-19 years;

- Enrolled in a technical high school in
the city of Curitiba, Parana, Brazil.

Exclusion criteria:

- Adolescents with some physical or
mental condition that made
interventions impossible;

- Adolescents using fixed orthodontic
devices at the time of clinical
examination.

Adolescents’
periodontal health
improvement.

Nykénen et al.,
2023 [57]

Group 1: 68
W: 60
M: 8

Group 2: 47

W: 41M: 6

Group 1:
45.7 £10.6
Group 2:
435 +9.8

Inclusion criteria:

- Presenting a poor response to TMD
treatment provided according to the
Finnish National Guidelines for
TMD management.

Exclusion criteria:

- Being under 18 years of age.

AB’s prevalence
evaluation.

O’Connor-Reina
et al., 2020;
RCT [48]

Group 1: 18
W:4
M: 14
Group 2: 10
W:2
M: 8

Group 1: 59.17
(53.7-64.6)
Group 2: 63.9
(56.4-71.38)

Inclusion criteria:

- Aged 18 to 75;

- Recently diagnosed with severe
sleep apnea but with no previous
experience with this pathology;

- Provision of informed written
consent.

Exclusion criteria:

- BMI>40 kg/m?;

- Inability to complete the
questionnaires;

- Severe drug or alcohol abuse;

- Use of hypnotic medication;

- Uncontrolled coronary disease;

- Decompensated heart failure;

- History of stroke;

- Systemic disease associated with an
inflammatory-related entity (e.g.,
arthritis, sarcoidosis, vasculitis,
lupus);

- Neuromuscular disease (e.g.,
Duchenne muscular dystrophy);

- Craniofacial deformity;

- Active oncology;

- Any previous use of MT treatment
or other treatments for sleep apnea
that could affect the study results
(e.g., surgery, MAD, or CPAP).

OSAHS severity
and symptoms.

Osiewicz et al.,
2019 [58]

N.R.

N.R.

N.R.

Bruxism evaluation.
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Table 2. Cont.

References No. of Participants
(Authors, Year of : p Age (Years), . . . Clinical
. .. Women (W) Inclusion and Exclusion Criteria
Publication, and Mean (SD or Range) Outcome
. Men (M)
Study Design)
Group 1: 67 Inclusion criteria: )
Scheerman et al W: 41 - Adolescents with fixed irr?rra(i\?e};izerﬂcein
v M: 26 Group 1: 13.2 £ 1.01 orthodontic appliances visiting pr .
2020; A patients with
Group 2: 65 Group 2: 13.5 £ 0.97 orthodontic clinics in Alkmaar . .
RCT [49] . fixed orthodontic
W: 32 and Leiden. appliances
M: 33 Exclusion criteria: N.R. .
Inclusion criteria:
- Owning a smartphone;
- Mother of children aged 2 to 6.
Shirmohammadi Group 1: 45 . - . ,
. ) Exclusion criteria: Children’s oral
etal., 2022; Group 2: 45 356 + 5.0 health
RCT [50] W-: 90 : : - Unwillingness to attend the ) ealt
M: 0 trial; improvement.
- Mother of children with
systemic diseases and health
conditions.
Group 1: 10
W:6 Group 1: aged between
Stanisic et al., M: 4 23 and 30 Inclusion criteria: N.R. Awake bruxism
2023 [39] Group 2: 10 Group 2: aged between  Exclusion criteria: N.R. evaluation.
W:7 42 and 67
M:3
Inclusion criteria:
20 - Being an undergraduate
) student attending different Awake bruxism
Zani et al., 2019 [59] W: 21 24 +35 university courses. evaluation.
M:9 . L
Exclusion criteria:
- NR
Inclusion criteria:
Zaror et al., 2019; 182 - Participants from health care Traumatic dental
W: 129 36.2 +9.3 .. .
0OS [60] M: 53 centers. injury evaluation.
Exclusion criteria: N.R.
Inclusion criteria:
. Group 1: 29 . . . ,
Zolfaghari et al., Group 2: 29 Group 1: 36.5 + 4.9 - Owninga sm.artphone, Children’s oral
2021; - Mother of children not older health
W: 58 Group 2: 36.3 £4.5 .
RCT [51] M: 0 than 6. improvement.

Exclusion criteria: N.R.

Legend: W: Women. N.R.: Not reported. BMI: Body Mass Index. MT: Myofunctional therapy. MAD: Mandibular
Advancing Device. CPAP: Continuous Positive Airway Pressure. OSAHS: Severe apnea-hypopnea sleep obstruc-
tive syndrome. OHP: Oral health professional. SSA: Sub-Saharian Africa. TMD: Temporomandibular disorders.
RCT: Randomized clinical trial. CSS: Cross-sectional study. BAS: Before-after study. OS: Observational study.
AB: Awake bruxism.

4. Discussion

In the last few years, mHealth has improved to become a useful tool in modern
dentistry. It allows practitioners to collect data about oral healthcare and to constantly
monitor and motivate patients. Many MHAs have been developed to spread oral health
information among people of all ages. MHAs are meant to educate patients about the
importance of proper oral hygiene, which is essential for good oral health [61]. Apps for
smartphones and tablets provide patients with reliable information and alert them through
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push notifications to raise awareness about proper dental behaviors [62]. MHAs could
therefore be used to prevent, manage, and monitor oral disease, promoting a more active
and appealing involvement of patients in their oral healthcare. As described in the recent
literature, several authors tested many MHAs on patients of different ages to assess their
effectiveness in preventing oral diseases, spreading positive behaviors, and promoting
good oral hygiene.

The studies included in this review showed that MHAs are effective tools to im-
prove the prevention, management, and monitoring of oral disease. Nevertheless, MHAs’
outcomes might differ according to the demographical features of the subjects to whom
they are addressed, affecting their effectiveness in some contexts. Furthermore, MHAs’
outcomes should be evaluated over a longer follow-up period and on larger samples.

The present scoping review aims to evaluate the clinical outcomes of MHAs in dif-
ferent branches of dentistry and on patients of different ages, as opposed to other studies
published in the literature focusing on single fields and patients of a particular age.

This scoping review aims to detect the clinical outcomes of MHAs related to oral
healthcare in the general population.

4.1. Oral Hygiene

The role of microbial plaque in the etiology of dental caries and periodontal disease is
well-known and documented [63].

Although most of the population performs daily oral hygiene, several studies have
reported that most individuals fail to reduce their mouth plaque scores [64].

According to Toniazzo et al., MHAs can represent an effective tool to improve patients’
oral hygiene [65].

Some studies showed that MHASs providing patients with brushing instructions re-
sulted in raising awareness of the importance of proper brushing and improving patients’
brushing techniques [42,44].

MHAs have proved to be effective in reducing mouth plaque scores and, consequently,
periodontal inflammation and gingival bleeding [42,44,47]. Alkadhi et al. observed that
MHAs providing oral hygiene instructions can the decrease dental plaque index compared
to verbal oral hygiene instructions, although further studies with longer follow-up periods
are recommended. A short-term follow-up is mentioned as the limitation of the study. [41]

Similarly, Alkilzy et al. found out that MHAs are useful to reduce plaque accumulation;
the results might have been influenced by Hawthorne effects, according to whom subjects
involved in a study may tend to modify their behaviors. Furthermore, a longer follow-up
period should be considered [42].

Kay et al. showed that MHAs are successful in improving brushing outcomes, at least
in the short term [44].

It has been observed that adolescents prefer receiving oral health information through
smartphone applications and social media [66]. In fact, Marchetti et al. showed that the
use of a mobile oral health app leads to an improvement in adolescents’ periodontal health
over a long period of time. The study was conducted in a single school, and this could be
a limitation, even if subjects were selected to be representative of the study population.
Another limitation is the absence of validation of the questionnaire used [47].

4.2. Children’s Oral Health

Early childhood caries (ECC) is known to be the most common chronic disease in
early childhood [67]. Young children are not typically able to perform proper brushing
autonomously, so the supervision of parents plays a fundamental role in their oral hy-
giene [68]. Parents must teach little children health skills and good eating habits [23].
Morais et al. described MHAs in their integrative review as effective tools for children,
combining educational and interactive approaches [69].

It has been shown that the use of MHAs improves mothers” knowledge and practice
about children’s oral health. In particular, MHAs were successful in improving children’s
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gingival status over a long period of time. The study faced some limitations: some smart-
phones blocked notifications because of security systems, and subjects without smartphones
and preschoolers could not take part in it [50]. Moreover, MHAs represent a modern and
particularly successful tool to teach children the correct brushing technique, as reported by
the work of Desai et al., in which a significant positive impact on children’s brushing skills
was noticed compared to traditional oral hygiene instructions. The limitations of the study
are that the sample may not be representative of the study population, a longer follow-up
should be taken into consideration, subjects not using a smartphone cannot be involved in
the study, and tongue cleaning was not contemplated. Furthermore, the study promoted
the modified bass technique, which is difficult to learn for children [43]. A reduced dental
plaque index and better hygienic control were observed in children whose mothers used
oral health mobile applications. Nevertheless, it would be necessary to analyze MHAs’
outcomes on dental caries over time and to investigate mothers’ oral hygiene to seek a
correlation between mothers” and children’s oral healthcare [51]. Oral health practitioners
have shown to be favorable to advising MHAs to little children’s parents. Further stud-
ies are recommended, extending the research to all the existing app stores and adopting
different scales to evaluate clinical outcomes in children’s oral hygiene [52].

4.3. Severe Apnea—Hypopnea Sleep Obstructive Syndrome

Obstructive sleep apnea-hypopnea syndrome (OSAHS) causes impaired sensorimotor
deficits in the upper airway muscles [70]. Myofunctional therapy with daily exercises is
one of the most novel treatments designed to reinforce the oropharyngeal muscles to avoid
the collapse of the upper airways [71]. According to the recent literature, MHAs provide
healthy sleep habits and raise enthusiasm among patients with OSAHS, although further
studies are needed to achieve major accuracy and reliability in these apps [72].

Patients can learn oropharyngeal exercises using MHAs. It has been shown that
oropharyngeal exercises performed with the support of mobile applications reduce OS-
AHS gravity and symptoms. Future studies involving a large number of participants are
encouraged to support this evidence. [48].

4.4. Compliance and Duration of Treatment of Orthodontic Patients

In recent years, research has led to significant advances in fixed orthodontics, improv-
ing bonding techniques with high-performance and innovative materials [73]. It is well
documented that fixed orthodontic appliances make it more difficult to maintain good
oral hygiene [74]. As a result, patients with fixed orthodontic appliances might undergo
plaque accumulation, which can lead to the development of white spot lesions or even
dental caries [75]. The duration of orthodontic treatment might be influenced by behavioral
factors such as missed appointments, an unplanned debonding of brackets, and bad oral
hygiene, which are signs of poor patient compliance [76].

According to a systematic review, professionals should recommend MHAs since they
can be effective in reducing the duration of orthodontic treatment and the intensity of
self-reported pain among orthodontic patients [77]. Furthermore, MHAs can also remind
patients about elastic and mobile device wear, promote better oral hygiene, and result in
earlier treatment outcomes [78].

However, it has been observed that a very low to moderate level of evidence supports
the effects of MHAs in improving orthodontic patients’” behaviors [79].

It has been shown that MHAs providing oral hygiene instructions and timely re-
minders through push notifications improve the oral hygiene of patients with fixed or-
thodontic appliances, leading to reduced plaque indices and gingival inflammation lev-
els [41,49].

According to Li et al., MHAs are effective in reducing orthodontic treatment duration
by improving patients” compliance and decreasing bracket bond failure. It would be
necessary to perform the study on larger samples, involving complex orthodontic cases
and adopting a longer follow-up period [46].
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4.5. Oral Care and Swallowing-Related Quality of Living in Elderly Age

Many elderly people experience xerostomia, swallowing alteration, reduced tongue
pressure, and functional impairment of the tongue, mouth, and lips [80], which can inter-
fere with proper food intake and digestion and, consequently, a good quality of life [81].
Recently, several MHAs addressed to elderly people have been devised to improve their
health and related quality of life [82]. In particular, some MHAs have been designed to
teach elderly people to perform oral exercises and intraoral and extraoral massages to
improve their oral health. As a result, Ki et al. described positive effects on elderly people’s
oral care: tongue pressure increase, oral dryness reduction, basal salivary flow rate increase,
and swallowing-related quality of living improvement. Further studies adopting a longer
follow-up period and a larger number of participants are required [45].

4.6. Dental Anxiety

Despite the impressive technological innovation of modern dentistry in recent years,
many people still suffer from dental anxiety [21]. Due to this condition, anxious patients
tend to postpone or even avoid dental treatments, with consequent negative outcomes for
their oral health and related quality of life [83]. It has been proven that mHealth may be
useful to overcome this issue; mobile applications can produce large effects in reducing
dental anxiety compared to other non-pharmacological methods [84].

Huang et al. reported that MHAs allow dentists to perform a teleconsultancy assessing
both the physical and psychological patient status. Using this effective tool, the oral health
practitioner can follow the patient before the dental procedures, helping to manage dental
anxiety up to the post-operative period and addressing possible complications. It should be
considered that MHASs’ impact on dental anxiety might be influenced by some aspects, such
as sex, age, and possible anxiety disorders, which were not homogeneously represented in
the study population [53].

4.7. Traumatic Dental Injuries

Dental trauma often occurs in children and adolescents; a proper diagnosis and timely
treatment are necessary to allow a favorable long-term prognosis [85]. In their review, van
Mechelen et al. included 18 MHAs, among which only 1 app recommended the use of
mouth guards to prevent dental injuries, while none of them suggested how to manage
them [86]. Parents have to be able to properly manage dental trauma. Iskander et al.
compared the effectiveness of MHASs and posters to deliver dental trauma information to
parents and showed that both these tools were effective [87]. It is also extremely important
to spread knowledge about the management of traumatic dental injuries among non-oral
health professionals such as teachers, gym instructors, etc., for whom MHAs have been
designed. Zaror et al. validated an MHA regarding dental injury identification and related
epidemiologic information collection. The next step is to test this MHA in real cases of
trauma in different settings (e.g., schools and gyms) to evaluate its usability in stressful
conditions [61].

4.8. Dental Erosion

The prevalence of dental erosion is increasing, mainly among young people [88].
This process has a multifactorial etiology and, if not correctly diagnosed and treated, can
lead to esthetic and functional problems [89]. MHAs have been designed to improve the
management of dental erosions. These tools are addressed both to oral practitioners and
patients, promoting a stronger relationship between professionals and patients. Butera
et al. demonstrated that oral practitioners can use this type of app to monitor the status of
patients” dental erosion over time, detecting possible progressions in the erosive process,
while patients can receive personalized oral hygiene instructions from oral practitioners
to avoid further deterioration. Preliminary clinical results have been encouraging, and
important enhancements to these apps are expected in the future [54,90].
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4.9. Awake Bruxism

Bruxism has been described as a jaw-muscle behavior in otherwise healthy individu-
als [91]. Several studies recommended the use of ecological momentary assessment (EMA)
principles to study awake bruxism [25]. A smartphone application has been developed for
the EMA of awake bruxism. By sending push notifications, it alerts patients and collects
data about their jaw-muscle condition in real time. A good compliance rate has been
detected, encouraging further adoption of this tool both for clinical management and
research [56]. Camara-Souza et al. managed to evaluate awake bruxism frequency in
college preparatory students in correlation to psychological factors thanks to MHAs. The
authors did not find any difference as far as compliance is concerned between workdays
and weekends but noticed that some subjects showed a lack of compliance, probably due to
the impossibility of using their smartphones during the day and, consequently, of reacting
to the alerts. Therefore, it would be necessary to rely on other technological devices, such
as smartwatches [55].

According to the studies included, MHAs are an effective tool to gather data about
awake bruxism that can be used both for clinical activity and research. In fact, these
data enable patients to become aware of their habits and monitor their changes over time,
promoting a deeper knowledge of this condition [39,58].

It is desirable to carry out further studies involving MHAs to detect the frequency of
AB in healthy subjects and in subjects with conditions such as orofacial pain, sleep disorders,
and psychosocial impairment to better analyze the correlation with this phenomenon [57,59].

4.10. Limitations and Future Perspectives

This scoping review has some limitations: The results might have been influenced
by demographical factors, such as age and geographic localization. Eight studies were ex-
cluded because of the absence of Ethics Committee approval. MHA development involves
high costs both for professionals and patients; therefore, it might be difficult and expensive
to develop and maintain high-quality applications. A further challenge is undoubtedly
meeting the requirements of different populations with different levels of oral knowledge
and healthcare. The approach should be adapted to the population groups; for example,
MHAs for children should be provided with gamification to promote their use.

Furthermore, some MHAs need to be improved as far as accuracy and reliability are
concerned to be effective.

It is desirable that future studies evaluate long-term results to confirm MHAS'’ effec-
tiveness and use them as part of daily clinical activities. Furthermore, studies involving
larger samples are needed. MHASs’ success in different populations and settings and for
longer periods should be investigated. It would be necessary to design more user-friendly
and engaging MHAs to entice consumers to use them. MHAs should be advertised by
dental practitioners to make patients aware of their existence and benefits. The ethical and
legal implications of the use of MHAs should be carefully considered. It would also be
interesting to combine MHAs with Al, which is an arousing and current research topic.

5. Conclusions

Several MHAs have been recently designed to promote the prevention, diagnosis, and
therapeutic adherence monitoring of oral disease. MHAs seem to be effective in improving
adolescents” and children’s oral hygiene, including patients undergoing orthodontic treat-
ment; promoting proper oral behaviors; raising awareness about dental injuries; reducing
dental anxiety; monitoring oral disease and parafunctions; and increasing patients” oral
health-related quality of life. These outcomes should encourage researchers to enhance
existing MHAs and design new ones, improving some features, such as user-friendliness
and appeal. Patients should be informed about the positive clinical results of MHAs to
encourage them to trust these innovative tools. Further studies are required to evaluate
the results in the long term and to assess their possible use as part of daily clinical activi-
ties. Most studies included in this review provided a short follow-up period; it would be
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interesting to observe MHAS’ clinical outcomes in the long term while also investigating
patients” compliance and interest over time.

Supplementary Materials: The following supporting information can be downloaded at https:/ /www.
mdpi.com/article/10.3390/dj11100243/s1, Table S1. PRISMA-ScR checklist.; Table S2: Search strategies
for electronic databases.; Table S3. Summary table of studies excluded in this scoping review.; Table S4.
Criteria for judging risk of bias in the “Risk of bias” assessment tool.; Table S5: Evidence of studies
included in this scoping review.; Table S6. NHLBI Quality Assessment of Controlled Intervention
Studies.; Table S7. NHLBI Quality Assessment for Cross-Sectional Studies.; Table S8. NHLBI Quality
Assessment Tool for before-after (pre—post) studies with no control group; Table S9. NHLBI Quality
Assessment Tool for Observational Cohort Studies.

Author Contributions: Conceptualization, A.S. and P.Z.; methodology, A.S.; software, M.P. (Maurizio
Pascadopoli) and M.P. (Matteo Pellegrini); validation, A.S. and P.Z.; formal analysis, A.S. and P.Z.;
investigation, M.G.N. and M.P. (Maurizio Pascadopoli); resources, M.G.N.; data curation, M.G.N.
and M.P. (Maurizio Pascadopoli); writing—original draft preparation, M.G.N.; writing—review
and editing, A.S. and M.P. (Maurizio Pascadopoli); visualization, M.P. (Maurizio Pascadopoli) and
M.P. (Matteo Pellegrini); supervision A.S. and M.P. (Maurizio Pascadopoli); project administration,
A.S.; funding acquisition, A.S. All authors have read and agreed to the published version of the
manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are available upon motivated request to the corresponding authors.
Acknowledgments: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

*®

10.

11.

12.

13.

Luxton, D.D.; McCann, R.A.; Bush, N.E.; Mishkind, M.C.; Reger, G.M. mHealth for mental health: Integrating smartphone
technology in behavioral healthcare. Prof. Psychol. Res. Pract. 2011, 42, 505-512. [CrossRef]

Underwood, B.; Birdsall, J.; Kay, E. The use of a mobile app to motivate evidence-based oral hygiene behaviour. Br. Dent. J. 2015,
219, E2. [CrossRef] [PubMed]

Kebede, M.M,; Liedtke, T.P,; Mollers, T.; Pischke, C.R. Characterizing active ingredients of ehealth interventions targeting persons
with poorly controlled type 2 diabetes mellitus using the behavior change techniques taxonomy: Scoping review. J. Med. Internet
Res. 2017, 19, €348. [CrossRef] [PubMed]

Nelligan, R K.; Hinman, R.S.; Atkins, L.; Bennell, K.L. A short message service intervention to support adherence to home-based
strengthening exercise for people with knee osteoarthritis: Intervention design applying the behavior change Wheel. JMIR
mHealth uHealth 2019, 7, €14619. [CrossRef] [PubMed]

Badawy, S.M.; Shah, R.; Beg, U.; Heneghan, M.B. Habit strength, medication adherence, and habit-based mobile health interven-
tions across chronic medical conditions: Systematic review. |. Med. Internet Res. 2020, 22, e17883. [CrossRef]

Estai, M.; Bunt, S.M.; Esther, K.; Marc, T. The use of mobile health applications in school dental screening. Aust. Dent. |. 2017, 62,
394-396. [CrossRef]

Gandini, P; Scribante, A. Clinical Applications for Dentistry and Oral Health. Appl. Sci. 2023, 13, 2428. [CrossRef]

Dawood, A.; Marti, B.M.; Sauret-Jackson, V.; Darwood, A. 3D printing in dentistry. Br. Dent. J. 2015, 219, 521-529. [CrossRef]
Stanley, M.; Paz, A.G.; Miguel, I.; Coachman, C. Fully digital workflow, integrating dental scan, smile design and CAD-CAM:
Case report. BMC Oral Health 2018, 18, 134. [CrossRef]

Thurzo, A.; Urbanova, W.; Neuschlova, L; Paouris, D.; Cverha, M. Use of optical scanning and 3d printing to fabricate customized
appliances for patients with craniofacial disorders. Semin. Orthod. 2022, 28, 92-99. [CrossRef]

Nguyen, T.T,; Larrivée, N.; Lee, A.; Bilaniuk, O.; Durand, R. Use of Artificial Intelligence in Dentistry: Current Clinical Trends
and Research Advances. Dent. News 2021, 28, 50-57. [CrossRef]

Thurzo, A.; Urbanova, W.; Novak, B.; Czako, L.; Siebert, T.; Stano, P.; Marekova, S.; Fountoulaki, G.; Kosnacova, H.; Varga, I.
Where Is the Artificial Intelligence Applied in Dentistry? Systematic Review and Literature Analysis. Healthcare 2022, 10, 1269.
[CrossRef] [PubMed]

Strunga, M.; Urban, R.; Surovkova, J.; Thurzo, A. Artificial Intelligence Systems Assisting in the Assessment of the Course and
Retention of Orthodontic Treatment. Healthcare 2023, 11, 683. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/dj11100243/s1
https://www.mdpi.com/article/10.3390/dj11100243/s1
https://doi.org/10.1037/a0024485
https://doi.org/10.1038/sj.bdj.2015.660
https://www.ncbi.nlm.nih.gov/pubmed/26315196
https://doi.org/10.2196/jmir.7135
https://www.ncbi.nlm.nih.gov/pubmed/29025693
https://doi.org/10.2196/14619
https://www.ncbi.nlm.nih.gov/pubmed/31628786
https://doi.org/10.2196/17883
https://doi.org/10.1111/adj.12527
https://doi.org/10.3390/app13042428
https://doi.org/10.1038/sj.bdj.2015.914
https://doi.org/10.1186/s12903-018-0597-0
https://doi.org/10.1053/j.sodo.2022.10.005
https://doi.org/10.12816/0059360
https://doi.org/10.3390/healthcare10071269
https://www.ncbi.nlm.nih.gov/pubmed/35885796
https://doi.org/10.3390/healthcare11050683
https://www.ncbi.nlm.nih.gov/pubmed/36900687

Dent. ]. 2023, 11, 243 17 of 20

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Magsood, A.; Sadiq, M.S.K.; Mirza, D.; Ahmed, N.; Lal, A.; Alam, M.K,; Bin Halim, M.S. The Teledentistry, Impact, Current
Trends, and Application in Dentistry: A Global Study. BioMed Res. Int. 2021, 2021, 5437237. [CrossRef] [PubMed]

Wang, L.; Ren, J.; Fiscella, K.A.; Bullock, S.; Sanders, M.R.; Loomis, E.L.; Eliav, E.; Mendoza, M.; Cacciato, R.; Thomas, M.; et al.
Interprofessional collaboration and smartphone use as promising strategies to improve prenatal oral health care utilization among
US underserved women: Results from a qualitative study. BMC Oral Health 2020, 20, 333. [CrossRef]

Tiffany, B.; Blasi, P.; Catz, S.L.; McClure, ].B. Mobile apps for oral health promotion: Content review and heuristic usability
analysis. JMIR mHealth uHealth 2018, 6, €11432. [CrossRef]

Fijatko, N.; Gosak, L.; Cilar, L.; Novsak, A.; Creber, R.M.; Skok, P; étiglic, G. The effects of gamification and oral self-care on oral
hygiene in children: Systematic search in app stores and evaluation of apps. JMIR mHealth uHealth 2020, 8, €16365. [CrossRef]
Chen, R; Santo, K.; Wong, G.; Sohn, W.; Spallek, H.; Chow, C.; Irving, M. Mobile Apps for Dental Caries Prevention: Systematic
Search and Quality Evaluation. JMIR mHealth uHealth 2021, 9, €19958. [CrossRef]

Patil, S.; Hedad, I.A,; Jafer, A.A.; Abutaleb, G.K.; Arishi, T.M.; Arishi, S.A.; Arishi, H.A; Jafer, M.; Gujar, A.N.; Khan, S.; et al.
Effectiveness of mobile phone applications in improving oral hygiene care and outcomes in orthodontic patients. J. Oral Biol.
Craniofacial Res. 2021, 11, 26-32. [CrossRef]

Thurzo, A.; Strunga, M.; Havlinov4, R.; Rehakova, K.; Urban, R.; Surovkova, J.; Kurilovd, V. Smartphone-Based Facial Scanning
as a Viable Tool for Facially Driven Orthodontics? Sensors 2022, 22, 7752. [CrossRef]

El Hajj, H.K,; Fares, Y.; Abou-Abbas, L. Assessment of dental anxiety and dental phobia among adults in Lebanon. BMC Oral
Health 2021, 21, 2-10. [CrossRef]

Zhang, C.; Ran, L.; Chai, Z.; Yu, C.; Song, J. The design, development and usability testing of a smartphone-based mobile system
for management of children’s oral health. Health Inform. J. 2022, 28, 14604582221113432. [CrossRef] [PubMed]

Abduljalil, H.S.; Abuaffan, A.H. Knowledge and practice of mothers in relation to dental health of pre- school children. Adv.
Genet. Eng. 2016, 5, 1-7. [CrossRef]

Dj, R;; Li, G. Use of a Smartphone Medical App Improves Complications and Quality of Life in Patients with Nasopharyngeal
Carcinoma Who Underwent Radiotherapy and Chemotherapy. Experiment 2018, 24, 6151-6156. [CrossRef]

Manfredini, D.; Bracci, A.; Djukic, G. BruxApp: The ecological momentary assessment of awake bruxism. Minerva Stomatol. 2016,
65, 252-255.

Vaid, N.R.; Hansa, I; Bichu, Y. Smartphone applications used in orthodontics: A scoping review of scholarly literature. J. World
Fed. Orthod. 2020, 9, S67-S73. [CrossRef]

Ben-Omran, M.O.; Livinski, A.A.; Kopycka-Kedzierawski, D.T.; Boroumand, S.; Williams, D.; Weatherspoon, D.J.; Iafolla, T.J.;
Fontelo, P.; Dye, B.A. The use of teledentistry in facilitating oral health for older adults: A scoping review. J. Am. Dent. Assoc.
2021, 152,998-1011.e17. [CrossRef]

Tufanaru, C.; Aromataris, E.; Campbell, J.; Hopp, L. JBI Manual for Evidence Synthesis. 2020. Available online: https://
synthesismanual.jbi.global (accessed on 24 April 2023).

Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.; Horsley, T.; Weeks, L.;
et al. PRISMA extension for scoping reviews (PRISMA-ScR): Checklist and explanation. Ann. Intern. Med. 2018, 169, 467-473.
[CrossRef]

Choi, E.; Mun, S.; Han, S.; Kang, J.; Choi, J.; Noh, H. Learning outcomes of a mobile application for dental infection control
education. . Dent. Educ. 2022, 86, 1678-1684. [CrossRef]

Golshah, A.; Dehdar, F; Imani, M.M.; Nikkerdar, N. Efficacy of smartphone-based Mobile learning versus lecture-based learning
for instruction of Cephalometric landmark identification. BMC Med. Educ. 2020, 20, 287. [CrossRef]

Humm, V,; Wiedemeier, D.; Attin, T.; Schmidlin, P.; Gartenmann, S. Treatment Success and User-Friendliness of An Electric
Toothbrush App: A Pilot Study. Dent. J. 2020, 8, 97. [CrossRef] [PubMed]

Khatoon, B.; Hill, K.B.; Walmsley, A.D. Instant Messaging in Dental Education. J. Dent. Educ. 2015, 79, 1471-1478. [CrossRef]
[PubMed]

Matos Lamenha-Lins, R.; Maria de Carvelho Pugliesi, D.; José Camello de Lima, F.; Regina Oliveira Moreira, A.; Gongalves Correia
de Leite de Marcelos, P.; Dos Santos, V.E., Jr. Mobile application as a learning tool for improving dental students’” knowledge
regarding dental trauma. Eur. |. Dent. Educ. 2022, 26, 700-706. [CrossRef] [PubMed]

Mergany, N.N.; Dafalla, A.-E.; Awooda, E. Effect of mobile learning on academic achievement and attitude of Sudanese dental
students: A preliminary study. BMC Med. Educ. 2021, 21, 121. [CrossRef]

Moylan, H.B.; Carrico, C.K.; Lindauer, S.J.; Ttifekgi, E. Accuracy of a smartphone-based orthodontic treatment-monitoring
application: A pilot study. Angle Orthod. 2019, 89, 727-733. [CrossRef]

Panchal, V.; Gurunathan, D.; Shanmugaavel, A K. Smartphone application as an aid in determination of caries risk and prevention:
A pilot study. Eur. J. Dent. 2017, 11, 469-474. [CrossRef]

Singh, R.P,; Gopalakrishnapillai, A.C.; Bhat, N.; Pawar, A. Perception of Dental and Medical Teaching Faculty Regarding Mobile
Dental Application. J. Pharm. Bioallied Sci. 2019, 11, 530-539. [CrossRef]

Stanisic, N.; Do, C.T.; Skarping, S.; Chrcanovic, B.; Bracci, A.; Manfredini, D.; Higgman-Henrikson, B. Smartphone application to
report awake bruxism: Development and testing of the Swedish version and a pilot study to evaluate family history in young
adults and their parents. J. Oral Rehabil. 2023. [CrossRef]


https://doi.org/10.1155/2021/5437237
https://www.ncbi.nlm.nih.gov/pubmed/34845437
https://doi.org/10.1186/s12903-020-01327-9
https://doi.org/10.2196/11432
https://doi.org/10.2196/16365
https://doi.org/10.2196/19958
https://doi.org/10.1016/j.jobcr.2020.11.004
https://doi.org/10.3390/s22207752
https://doi.org/10.1186/s12903-021-01409-2
https://doi.org/10.1177/14604582221113432
https://www.ncbi.nlm.nih.gov/pubmed/35817593
https://doi.org/10.4172/2169-0111.1000153
https://doi.org/10.12659/MSM.908146
https://doi.org/10.1016/j.ejwf.2020.08.007
https://doi.org/10.1016/j.adaj.2021.06.005
https://synthesismanual.jbi.global
https://synthesismanual.jbi.global
https://doi.org/10.7326/M18-0850
https://doi.org/10.1002/jdd.13069
https://doi.org/10.1186/s12909-020-02201-6
https://doi.org/10.3390/dj8030097
https://www.ncbi.nlm.nih.gov/pubmed/32882808
https://doi.org/10.1002/j.0022-0337.2015.79.12.tb06048.x
https://www.ncbi.nlm.nih.gov/pubmed/26632303
https://doi.org/10.1111/eje.12750
https://www.ncbi.nlm.nih.gov/pubmed/34936159
https://doi.org/10.1186/s12909-021-02509-x
https://doi.org/10.2319/100218-710.1
https://doi.org/10.4103/ejd.ejd_190_17
https://doi.org/10.4103/jpbs.JPBS_261_18
https://doi.org/10.1111/joor.13515

Dent. ]. 2023, 11, 243 18 of 20

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Suner, A.; Yilmaz, Y.; Piskin, B. Mobile learning in dentistry: Usage habits, attitudes and perceptions of undergraduate students.
Peer] 2019, 7, €7391. [CrossRef]

Alkadhi, O.H.; Zahid, M.N.; Almanea, R.S.; Althaqeb, H.K.; Alharbi, T.H.; Ajwa, N.M. The effect of using mobile applications for
improving oral hygiene in patients with orthodontic fixed appliances: A randomised controlled trial. ]. Orthod. 2017, 44, 157-163.
[CrossRef]

Alkilzy, M.; Midani, R.; Hofer, M.; Splieth, C. Improving Toothbrushing with a Smartphone App: Results of a Randomized
Controlled Trial. Caries Res. 2019, 53, 628-635. [CrossRef]

Desai, R.V.; Badrapur, N.C.; Mittapalli, H.; Srivastava, B.K.; Eshwar, S.; Jain, V. “Brush up”: An innovative technological aid for
parents to keep a check of their children’s oral hygiene behaviour. Rev. Paul Pediatr. 2021, 39, €2020085. [CrossRef] [PubMed]
Kay, E.; Shou, L. A randomised controlled trial of a smartphone application for improving oral hygiene. Br. Dent. ]. 2019, 226,
508-511. [CrossRef] [PubMed]

Ki, J.Y;; Jo, S.R.; Cho, K.S;; Park, J.E.; Cho, J.W,; Jang, J.H. Effect of Oral Health Education Using a Mobile App (OHEMA) on the
Oral Health and Swallowing-Related Quality of Life in Community-Based Integrated Care of the Elderly: A Randomized Clinical
Trial. Int. |. Environ. Res. Public Health 2021, 18, 11679. [CrossRef]

Li, X.; Xu, Z.-R; Tang, N.; Ye, C.; Zhu, X.-L.; Zhou, T.; Zhao, Z.-H. Effect of intervention using a messaging app on compliance
and duration of treatment in orthodontic patients. Clin. Oral Investig. 2016, 20, 1849-1859. [CrossRef]

Marchetti, G.; Fraiz, F.C.; Nascimento, WM.D.; Soares, G.M.S.; Assuncao, L.R.D.S. Improving adolescents” periodontal health:
Evaluation of a mobile oral health App associated with conventional educational methods: A cluster randomized trial. Int. J.
Paediatr. Dent. 2018, 28, 410-419. [CrossRef] [PubMed]

O’Connor-Reina, C.; Garcia, ].M.L; Ruiz, E.R.; Dominguez, M.D.C.M.; Barrios, V.I; Jardin, P.B.; Morente, J].C.C,; Iriarte, M.T.G,;
Plaza, G. Myofunctional Therapy App for Severe Apnea—Hypopnea Sleep Obstructive Syndrome: Pilot Randomized Controlled
Trial. JMIR mHealth uHealth 2020, 8, €23123. [CrossRef] [PubMed]

Scheerman, J.EM.; van Meijel, B.; van Empelen, P; Verrips, GHW.,; van Loveren, C.; Twisk, JW.R.; Pakpour, AH,;
Braak, M.C.T.v.D.; Kramer, G.J.C. The effect of using a mobile application (“WhiteTeeth”) on improving oral hygiene: A
randomized controlled trial. Int. |. Dent. Hyg. 2020, 18, 73-83. [CrossRef] [PubMed]

Shirmohammadi, M.; Razeghi, S.; Shamshiri, A.R.; Mohebbi, S.Z. Impact of smartphone application usage by mothers in
improving oral health and its determinants in early childhood: A randomised controlled trial in a paediatric dental setting. Eur.
Arch. Paediatr. Dent. 2022, 23, 629-639. [CrossRef]

Zolfaghari, M.; Shirmohammadi, M.; Shahhosseini, H.; Mokhtaran, M.; Mohebbi, S.Z. Development and evaluation of a gamified
smart phone mobile health application for oral health promotion in early childhood: A randomized controlled trial. BMC Oral
Health 2021, 21, 18. [CrossRef]

Kanoute, A.; Carrouel, E; Gare, J.; Dieng, S.N.; Dieng, A.; Diop, M.; Faye, D.; Fraticelli, L.; Bourgeois, D. Evaluation of Oral
Hygiene-Related Mobile Apps for Children in Sub-Saharan Africa. Int. ]. Environ. Res. Public Heal. 2022, 19, 12565. [CrossRef]
[PubMed]

Huang, X.; Zeng, J.; Zhao, N.; Fan, L.; Ruan, D.; Wang, ]J.; Hong, X.; Yu, C. Experience of using a smartphone WeChat applet for
dental anxiety assessment and preoperative evaluation: A nationwide multicenter study. Front. Public Health 2022, 10, 900899.
[CrossRef] [PubMed]

Butera, A.; Maiorani, C.; Gallo, S.; Pascadopoli, M.; Buono, S.; Scribante, A. Dental Erosion Evaluation with Intact-Tooth
Smartphone Application: Preliminary Clinical Results from September 2019 to March 2022. Sensors 2022, 22, 5133. [CrossRef]
[PubMed]

Camara-Souza, M.B.; Carvalho, A.G.; Figueredo, O.M.C.; Bracci, A.; Manfredini, D.; Garcia, R.C.M.R. Awake bruxism frequency
and psychosocial factors in college preparatory students. Cranio® 2023, 41, 178-184. [CrossRef]

Colonna, A.; Lombardo, L.; Siciliani, G.; Bracci, A.; Guarda-Nardini, L.; Djukic, G.; Manfredini, D. Smartphone-based application
for EMA assessment of awake bruxism: Compliance evaluation in a sample of healthy young adults. Clin. Oral Investig. 2019, 24,
1395-1400. [CrossRef]

Nykénen, L.; Manfredini, D.; Lobbezoo, F.; Kdmppi, A.; Bracci, A.; Ahlberg, ]. Assessment of awake bruxism by a novel bruxism
screener and ecological momentary assessment among patients with masticatory muscle myalgia and healthy controls. J. Oral
Rehabil. 2023. [CrossRef]

Osiewicz, M.A.; Lobbezoo, F.; Bracci, A.; Ahlberg, J.; Pytko-Poloniczyk, J.; Manfredini, D. Ecological Momentary Assessment
and Intervention Principles for the Study of Awake Bruxism Behaviors, Part 2: Development of a Smartphone Application for a
Multicenter Investigation and Chronological Translation for the Polish Version. Front. Neurol. 2019, 10, 170. [CrossRef]

Zani, A.; Lobbezoo, F,; Bracci, A.; Ahlberg, J.; Manfredini, D. Ecological Momentary Assessment and Intervention Principles for
the Study of Awake Bruxism Behaviors, Part 1: General Principles and Preliminary Data on Healthy Young Italian Adults. Front.
Neurol. 2019, 10, 169. [CrossRef]

Zaror, C.; Espinoza-Espinoza, G.; Atala-Acevedo, C.; Mufioz-Millan, P; Li, Y.; Clarke, K.; Onetto, J.; Diaz, J.; Hallet, K.; Manton, D.;
et al. Validation and usability of a mobile phone application for epidemiological surveillance of traumatic dental injuries. Dent.
Traumatol. 2019, 35, 33-40. [CrossRef]


https://doi.org/10.7717/peerj.7391
https://doi.org/10.1080/14653125.2017.1346746
https://doi.org/10.1159/000499868
https://doi.org/10.1590/1984-0462/2021/39/2020085
https://www.ncbi.nlm.nih.gov/pubmed/33825795
https://doi.org/10.1038/s41415-019-0202-1
https://www.ncbi.nlm.nih.gov/pubmed/30980006
https://doi.org/10.3390/ijerph182111679
https://doi.org/10.1007/s00784-015-1662-6
https://doi.org/10.1111/ipd.12371
https://www.ncbi.nlm.nih.gov/pubmed/29756308
https://doi.org/10.2196/23123
https://www.ncbi.nlm.nih.gov/pubmed/33093013
https://doi.org/10.1111/idh.12415
https://www.ncbi.nlm.nih.gov/pubmed/31291683
https://doi.org/10.1007/s40368-022-00731-9
https://doi.org/10.1186/s12903-020-01374-2
https://doi.org/10.3390/ijerph191912565
https://www.ncbi.nlm.nih.gov/pubmed/36231862
https://doi.org/10.3389/fpubh.2022.900899
https://www.ncbi.nlm.nih.gov/pubmed/35923975
https://doi.org/10.3390/s22145133
https://www.ncbi.nlm.nih.gov/pubmed/35890813
https://doi.org/10.1080/08869634.2020.1829289
https://doi.org/10.1007/s00784-019-03098-2
https://doi.org/10.1111/joor.13462
https://doi.org/10.3389/fneur.2019.00170
https://doi.org/10.3389/fneur.2019.00169
https://doi.org/10.1111/edt.12444

Dent. ]. 2023, 11, 243 19 of 20

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.
74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Bourgeois, D.; Bravo, M.; Llodra, J.-C.; Inquimbert, C.; Viennot, S.; Dussart, C.; Carrouel, F. Calibrated Interdental Brushing for
the Prevention of Periodontal Pathogens Infection in Young Adults—A Randomized Controlled Clinical Trial. Sci. Rep. 2019,
9, 15127. [CrossRef]

Timmers, T.; Janssen, L.; Kool, R.B.; Kremer, J.A. Educating Patients by Providing Timely Information Using Smartphone and
Tablet Apps: Systematic Review. J. Med. Internet Res. 2020, 22, e17342. [CrossRef] [PubMed]

Hausmann, E.; Hausmann, B. Motivation—Key to patient success in mechanical plaque control. |. Am. Dent. Assoc. 1976, 92,
403-408. [CrossRef]

National Institute for Clinical and Healthcare Excellence. Oral Health Promotion: General Dental Practice. NICE Guideline [NG30].
2015. Available online: https://www.nice.org.uk/guidance/ng30 (accessed on 30 August 2023).

Toniazzo, M.P,; Nodari, D.; Muniz, EW.M.G.; Weidlich, P. Effect of mHealth in improving oral hygiene: A systematic review with
meta-analysis. J. Clin. Periodontol. 2019, 46, 297-309. [CrossRef] [PubMed]

El Tantawi, M.; Bakhurji, E.; Al-Ansari, A.; AlSubaie, A.; Al Subaie, H.A.; AlAli, A. Indicators of adolescents’ preference to receive
oral health information using social media. Acta Odontol. Scand. 2019, 77, 213-218. [CrossRef]

Anil, S.; Anand, PSS. Early Childhood caries: Prevalence, risk factors, and prevention. Front. Pediatr. 2017, 5, 157. [CrossRef]
Chang, Y.C,; Lo, ].L.; Huang, C.J.; Hsu, N.Y.; Chu, H.H.; Wang, H.Y.; Chi, P.Y.; Hsieh, Y.L. Playful toothbrush: Ubicomp technology
for teaching tooth brushing to kindergarten children. In Proceedings of the CHI ‘08: Proceedings of the SIGCHI Conference on
Human Factors in Computing Systems, Florence, Italy, 5-10 April 2008; pp. 363-372.

Morais, E.R.; Vergara, C.M.A.C,; Brito, F.O.; Sampaio, H.A.C. Serious games for children’s oral hygiene education: An integrative
review and application search. Cien. Saude Colet. 2020, 25, 3299-3310. [CrossRef]

Hanning, C.D. Laryngeal and Velopharyngeal Sensory Impairment in Obstructive Sleep Apnea. Sleep 2005, 28, 1335. [CrossRef]
Camacho, M.; Certal, V.; Abdullatif, J.; Zaghi, S.; Ruoff, C.M.; Capasso, R.; Kushida, C.A. Myofunctional Therapy to Treat
Obstructive Sleep Apnea: A Systematic Review and Meta-analysis. Sleep 2015, 38, 669-675. [CrossRef]

Baptista, PM.; Martin, F.; Ross, H.; O’Connor Reina, C.; Plaza, G.; Casale, M. A systematic review of smartphone applications and
devices for obstructive sleep apnea. Braz. ]. Otorhinolaryngol. 2022, 88 (Suppl. S5), 5188-S197. [CrossRef]

Sfondrini, M.F.; Scribante, A. New Materials and Techniques for Orthodontics. Materials 2023, 16, 1924. [CrossRef]

Huang, J.; Yao, Y,; Jiang, J.; Li, C. Effects of motivational methods on oral hygiene of orthodontic patients: A systematic review
and meta-analysis. Medicine 2018, 97, e13182. [CrossRef] [PubMed]

Sudjalim, T.; Woods, M.; Manton, D. Prevention of white spot lesions in orthodontic practice: A contemporary review. Aust.
Dent. J. 2006, 51, 284-289. [CrossRef] [PubMed]

Loke, S.; Tan, S. Factors influencing duration of orthodontic treatment: A 12-year retrospective study. Malays. Dent. ]. 2012,
34, 16-30.

Choi, E.; Park, B.; Noh, H. Efficacy of mobile health care in patients undergoing fixed orthodontic treatment: A systematic review.
Int. ]. Dent. Hyg. 2021, 19, 29-38. [CrossRef]

Baheti, M.].; Toshniwal, N. Orthodontic apps at fingertips. Prog. Orthod. 2014, 15, 36. [CrossRef]

Al-Moghrabi, D.; Alkadhimi, A.; Tsichlaki, A.; Pandis, N.; Fleming, P.S. The influence of mobile applications and social media-
based interventions in producing behavior change among orthodontic patients: A systematic review and meta-analysis. Am. J.
Orthod. Dentofac. Orthop. 2022, 161, 338-354. [CrossRef]

Minakuchi, S.; Tsuga, K.; Ikebe, K.; Ueda, T.; Tamura, F.; Nagao, K.; Furuya, J.; Matsuo, K.; Yamamoto, K.; Kanazawa, M.; et al.
Oral hypofunction in the older population: Position paper of the Japanese Society of Gerodontology in 2016. Gerodontology 2018,
35, 317-324. [CrossRef]

Park, S.J. Dysphagia risk and associated factors among community-dwelling elders. . Korean Soc. Food Sci. Nutr. 2015, 4, 49-56.
[CrossRef]

Yerrakalva, D.; Yerrakalva, D.; Hajna, S.; Griffin, S. Effects of Mobile Health App Interventions on Sedentary Time, Physical
Activity, and Fitness in Older Adults: Systematic Review and Meta-Analysis. . Med. Internet Res. 2019, 21, e14343. [CrossRef]
Armfield, ] M. What goes around comes around: Revisiting the hypothesized vicious cycle of dental fear and avoidance.
Community Dent. Oral Epidemiol. 2012, 41, 279-287. [CrossRef]

Dhar, V,; Randall, C.L.; Marghalani, A.; Jayaraman, J.; Chen, C.-Y.; Wells, M.; Law, C.; Gosnell, E.; Majstorovi¢, M.; Townsend, J.;
et al. Nonpharmacological Behavior Guidance for Children During Preventive Dental Visits: A Systematic Review—Part 1.
Pediatr. Dent. 2023, 45, 181-196. [PubMed]

Cagetti, M.G.; Marcoli, P.A.; Berengo, M.; Cascone, P.; Cordone, L.; Defabianis, P.; De Giglio, O.; Esposito, N.; Federici, A.;
Laino, A ; et al. Italian guidelines for the prevention and management of dental trauma in children. Ital. |. Pediatr. 2019, 45, 157.
[CrossRef] [PubMed]

van Mechelen, D.M.; van Mechelen, W.; Verhagen, E.A.L.M. Sports injury prevention in your pocket?! Prevention apps assessed
against the available scientific evidence: A review. Br. ]. Sports Med. 2014, 48, 878-882. [CrossRef] [PubMed]

Iskander, M.; Lou, J.; Wells, M.; Scarbecz, M. A poster and a mobile healthcare application as information tools for dental trauma
management. Dent. Traumatol. 2016, 32, 457-463. [CrossRef] [PubMed]

Vieira Pedrosa, B.R.; de Menezes, V.A. Prevalence of Erosive Tooth Wear and Related Risk Factors in Adolescents: An Integrative
Review. J. Dent. Child. 2020, 87, 18-25.


https://doi.org/10.1038/s41598-019-51938-8
https://doi.org/10.2196/17342
https://www.ncbi.nlm.nih.gov/pubmed/32281936
https://doi.org/10.14219/jada.archive.1976.0382
https://www.nice.org.uk/guidance/ng30
https://doi.org/10.1111/jcpe.13083
https://www.ncbi.nlm.nih.gov/pubmed/30761580
https://doi.org/10.1080/00016357.2018.1536803
https://doi.org/10.3389/fped.2017.00157
https://doi.org/10.1590/1413-81232020258.11782018
https://doi.org/10.1093/sleep/28.10.1335
https://doi.org/10.5665/sleep.4652
https://doi.org/10.1016/j.bjorl.2022.01.004
https://doi.org/10.3390/ma16051924
https://doi.org/10.1097/MD.0000000000013182
https://www.ncbi.nlm.nih.gov/pubmed/30461616
https://doi.org/10.1111/j.1834-7819.2006.tb00445.x
https://www.ncbi.nlm.nih.gov/pubmed/17256301
https://doi.org/10.1111/idh.12459
https://doi.org/10.1186/s40510-014-0036-y
https://doi.org/10.1016/j.ajodo.2021.09.009
https://doi.org/10.1111/ger.12347
https://doi.org/10.3746/jkfn.2015.44.1.049
https://doi.org/10.2196/14343
https://doi.org/10.1111/cdoe.12005
https://www.ncbi.nlm.nih.gov/pubmed/37381126
https://doi.org/10.1186/s13052-019-0734-7
https://www.ncbi.nlm.nih.gov/pubmed/31801589
https://doi.org/10.1136/bjsports-2012-092136
https://www.ncbi.nlm.nih.gov/pubmed/23511697
https://doi.org/10.1111/edt.12278
https://www.ncbi.nlm.nih.gov/pubmed/27140068

Dent. ]. 2023, 11, 243 20 0f 20

89. Picos, A.; Badea, M.E.; Dumitrascu, D.L. Dental erosion in gastro-esophageal reflux disease. A systematic review. Med. Pharm.
Rep. 2018, 91, 387-390. [CrossRef]

90. Butera, A.; Pascadopoli, M.; Pellegrini, M.; Trapani, B.; Gallo, S.; Radu, M.; Scribante, A. Biomimetic hydroxyapatite paste for
molar-incisor hypomineralization: A randomized clinical trial. Oral Dis. 2022, 29, 2789-2798. [CrossRef]

91. Lobbezoo, F.; Ahlberg, J.; Raphael, K.G.; Wetselaar, P.; Glaros, A.G.; Kato, T.; Santiago, V.; Winocur, E.; De Laat, A.; De Leeuw, R,;
et al. International consensus on the assessment of bruxism: Report of a work in progress. J. Oral Rehabil. 2018, 45, 837-844.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.15386/cjmed-1017
https://doi.org/10.1111/odi.14388
https://doi.org/10.1111/joor.12663

	Introduction 
	Materials and Methods 
	Focused Questions 
	Eligibility Criteria 
	Search Strategy 
	Research 
	Quality Assessment of Included Studies 

	Results 
	Discussion 
	Oral Hygiene 
	Children’s Oral Health 
	Severe Apnea–Hypopnea Sleep Obstructive Syndrome 
	Compliance and Duration of Treatment of Orthodontic Patients 
	Oral Care and Swallowing-Related Quality of Living in Elderly Age 
	Dental Anxiety 
	Traumatic Dental Injuries 
	Dental Erosion 
	Awake Bruxism 
	Limitations and Future Perspectives 

	Conclusions 
	References

