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Mobile applications (apps) play an increasingly important role in day to day life. With the number of
orthodontic-related apps continuing to increase, and the rapid development of artificial intelligence, the
potential to yield tremendous benefits to both clinicians and patients is apparent. However, if ortho-
dontic apps are to become mainstream and obtain greater acceptance, scientific validation and inves-
tigation of these apps are to be undertaken. This scoping review aimed to determine the scope and extent
of the published literature on mobile apps in orthodontics, as well as identify the types of studies
published, and summarize the outcomes studied- thus also giving direction for future research in a
rapidly evolving subject area.

© 2020 World Federation of Orthodontists.

1. Introduction

The slide and swipe culture symbolizes life in the 21st century
[1,2]. The past decade has seen mobile phones become the primary
means of communication and internet access. Worldwide, the
number of smartphone users has continued to increase from 2.5
billion in 2016 to 3.5 billion in 2020 [3]. Meanwhile mobile app
revenues have increased from $218.2 billion to $581.9 billion in the
same amount of time [4]. It is not surprising then, that mobile ap-
plications (apps) play an increasingly important role in day-to-day
life. However, the role of apps in health care, and orthodontics in
particular, has achieved only limited popularity and acceptance
thus far. The potential to yield tremendous benefits to all
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stakeholders is apparent; however, if greater acceptance is to be
obtained, orthodontic apps require validation and proven treat-
ment benefits.

The number of orthodontic apps, across the Google Play Store
and Apple App Store, has increased steadily with time until
recently. The first study on the number and type orthodontic apps
was performed by Singh [5] in 2013, who found only 19 apps on the
Google Play Store and Apple App Store. In 2014, this number had
jumped to 119 [6]. By 2017, Gupta and Vaid [7] had discovered 354
apps. The most recent study by Siddiqui et al. [8] in 2019, put the
number of orthodontic apps at 305, which for the first time had
decreased. These apps, both patient- and clinician-focused, vary
tremendously in genre and objective. Despite the large number of
orthodontic apps, very few have been studied to investigate their
veracity.

Over the past 2 decades, scoping reviews have become a
somewhat popular approach for reviewing literature and have
been widely used within the health care sector. In the orthodontic
literature, however, very few scoping reviews have been under-
taken [9]. A scoping review is usually performed to study the
extent, range, and type of research within a topic area and helps
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to direct future research. Scoping reviews become especially
beneficial when conducted on novel topics with fast-evolving
evidence, in which a scarcity of randomized controlled trials
(RCTs) prevent systematic reviews from having meaningful con-
clusions [10]. This is such a case for mobile apps in orthodontics.
This scoping review therefore aims to determine the scope and
extent of the published literature on mobile apps in orthodontics,
identify the types of studies published, and summarize the out-
comes studied.

2. Materials and methods

A scoping review of the published literature was performed
following the Preferred Reporting Items for Systematic reviews and
Meta-Analyses extension for Scoping Reviews (PRISMA-ScR)
guidelines. A review protocol was created to address the research
questions, but was not previously published. EMBASE, PubMed, and
Google scholar databases were searched from January 2010 until
June 2020. The initial date was chosen because the use of mobile
apps for orthodontics is a relatively new phenomenon, and
smartphones and mobile apps have only gained popularity at the
turn of the decade. In hindsight, the earliest study to meet our
criteria was published in 2014. The search terms used were “or-
thodontic” AND (“app” OR “application” AND/OR “smartphone”)
and the results were limited to studies published in the English
language. Studies were considered suitable for selection based on
the following criteria:

e Study type: RCTs, case-controlled trials, retrospective and
prospective studies, and cross-sectional studies.

e Participants: Patients aged 10 years and older receiving or-
thodontic treatment.

o Intervention: Any type of orthodontic treatment, method, or
approach using an app.

e Comparison: Any type of comparison, mode of orthodontic
treatment method, or approach.

e Outcomes: All outcomes.

e Exclusions: Opinion or review articles, case reports, articles on
techniques, and studies with fewer than 10 participants.

The abstracts of all suitable articles were evaluated by one
reviewer (L.H). The full texts of those articles meeting the selection
criteria and those that were ambiguous were then obtained for
screening. A second reviewer (N.R.V) aided in resolving uncertainty
regarding final inclusion until consensus was reached. The data
were extracted onto a spreadsheet that contained the first author
and year of publication, study type, participants, interventions,
comparison, outcomes (both primary and secondary), method of
measurement, focus group, and outcome domain. The primary and
secondary outcomes were determined from within the text of the
study. If not explicitly mentioned, the aim, sample size calculation,
or first reported outcome in the results section was used. Any other
outcomes reported were designated as secondary outcomes. The
outcome domains were chosen after review of the results and
refined by two reviewers (I.H. and N.R.V). The outcome domains
were thus categorized as apps used for reminders, diagnosis, and/or
remote monitoring. These were further grouped into patient- and
clinician-centric apps.

3. Results
3.1. Search and selection of studies

The initial search using the strategy resulted in 33 records after
exclusion of duplicates. After review of the abstracts, 25 full-text
articles were evaluated for eligibility and 17 articles fulfilled the
selection criteria (Fig. 1). The articles included in the scoping review
are displayed in Table 1, and excluded articles, with reasons, are
shown in Table 2.
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Fig. 1. PRISMA flowchart.



Table 1

Characteristics of included studies (n = 17)

Author Study type Participants Intervention Comparison Outcome (primary) Outcome Method of Focus Outcome
(secondary) measurement group of domain
apps
Abdul Case-control 40 randomly selected Analyses using Analyses using manual  Accuracy and reliability of an Cephalometric Clinician Diagnostics
Khader cephalometric OneCeph: app-based tracing app-based cephalometric Measurements of the
[11] radiographs of patients tracing software (OneCeph) Tweed triangle
2020 younger than 15 years
Aksakalli Case-control 20 randomly selected Analyses using Analyses using Dolphin  Accuracy and reliability of app- Cephalometric Clinician Diagnostics
[12] cephalometric CephNinja and Imaging software based (CephNinja) and PC- Measurements
2017 radiographs SmartCeph Pro (app- based (Dolphin) cephalometric
based) software
Alkadhi RCT 44 patients undergoing App with OH reminders Verbal OH instructions Oral hygiene Clinical measurements  Patient Reminders
[13] orthodontic treatment 3 times a day during routine using plaque
2017 aged 12 or older orthodontic visits index and gingival
index (
Loe and Silness)
Deleuse RCT 38 patients aged Interactive oscillating/  Oscillating/rotating Oral hygiene Clinical measurements  Patient Reminders
[14] between 12 and 18 rotating electric electric toothbrush using plaque
2020 with full fixed toothbrush connected alone index and gingival
appliances to an app index (
Loe and Silness)
Goracci Case-control 20 cephalometric Analyses using Analyses using manual  Accuracy and reliability of an Cephalometric Clinician Diagnostics
[15] radiographs SmileCeph (app) tracing and NemoCeph  app-based (SmileCeph) measurements
2014 (PC) cephalometric software
Hansa [16]  Retrospective 155 consecutively Treatment with Dental =~ Treatment without Treatment duration, number of Patient Records review and Patient; Remote
2020 cohort study treated Invisalign Monitoring (app) Dental Monitoring appointments, number of perspectives of questionnaire Clinician monitoring
patients refinements, total number of DM
refinement aligners, and time
to initial refinement
Kumar [17] Case-control 100 cephalometric Analyses using Analyses using Accuracy and reliability of an Cephalometric Clinician Diagnostics
2020 radiographs of CephNinja (app) NemoCeph (PC) app-based (CephNinja) measurements
consecutively treated cephalometric software
orthodontic patients
Kuriakose Case-control 20 consecutively Measurements from Measurements from an  Accuracy of maxillary Posterior Digital model Patient; Remote
[18] treated patients with Dental Monitoring intraoral scanner and intermolar width crossbite Measurements, Clinical ~clinician monitoring
2019 Hyrax expander (app) intraoral correction measurements
measurements
Li[19]2016 RCT 224 orthodontic Received regular Received conventional  Effect on duration of tx Effect on failed Records review and Patient Reminders
patients reminders and management and late clinical measurements
educational message attendance, using plaque
via WeChat group bracket failure  index and gingival
and oral index
hygiene
Livas [20] Case-control 50 cephalometric Analyses using Analyses using Accuracy and reliability of app- Cephalometric Clinician Diagnostics
2019 radiographs of CephNinja and Viewbox (PC) based (CephNinja and measurements
consecutively treated OneCeph (apps) OneCeph) cephalometric
orthodontic patients software
Morris [21]  Case-control 10 typodonts 3D digital models 3D digital models Accuracy of the 3D digital Digital model Patient; Remote
2019 generated by Dental generated by the iTero  models measurements clinician monitoring
Monitoring (app) Element intraoral
scanner
Moylan Case-control 12 patients between Measurements from Measurements froma  Accuracy of maxillary Digital and plaster Patient; Remote
[22] the ages of 10 and Dental Monitoring plaster model intercanine and intermolar model measurements clinician monitoring
2019 17 years treated with (app) width
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Outcome
domain
Diagnostics
Reminders
Reminders
Reminders;
remote

group of
Clinician
Patient
Patient
Patient;
clinician

Focus
apps

Al-Anezi and Harradine

plaque index and
Clinical measurements,

Bleeding on Marginal
Probing Index
plaque index and

measurements
Questionnaire

measurement
Cephalometric

Method of

Outcome
(secondary)
White spot
lesions and
caries

Outcome (primary)

Accuracy and reliability of app-
based (CephNinja)
cephalometric software
Perception of BrushD] (OH app)

Oral hygiene
Oral hygiene

Received conventional

Analyses using manual
management

Comparison
tracing
Usual care only

Use of the WhiteTeeth

app
Patients using BrushD]

(OH app)
—based competition

Intervention
Analyses using
CephNinja (app)
WhatsApp group

Participants

55 randomly selected
cephalometric
radiographs of
orthodontic patients
132 orthodontic
patients between ages
12 and 16

189 patients

80 orthodontic patients

Study type
Case-control
RCT

Author
Sayar [23]
2017
Scheerman

[24]
2020
Underwood Cross-sectional
[25]
2015
Zotti [26]
2016

Table 1 (Continued )
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3.2. General characteristics of included scoping reviews

The included publications ranged in date from 2014 to 2020. One
study was published in 2014; one in 2015; two in 2016; three in
2017; zero in 2018; five in 2019; and five in the first 7 months of
2020. With respect to type of studies performed, six RCTs were
identified (35%), nine were case-controls (53%), one cohort study
(retrospective) (6%), and one cross-sectional (6%) (Fig. 2).

monitoring
Reminders;

remote
monitoring

Patient;
clinician

3.3. Outcome domains of included studies

There were six studies (35%) based on apps used for diagnostics,
and all were cephalometric apps. The most commonly investigated
apps were CephNinja (studied four times), OneCeph (twice),
SmartCeph Pro (once), and SmileCeph (once). Seven studies (41%)
using apps for reminders were present, with the primary outcome
of four of them being oral hygiene (OH), one was patient perception
of an OH app, one investigated the effect on treatment duration, and
one studied the effect on postorthodontic stability. The apps used
for reminders were varied and included popular messaging apps
such as WhatsApp and WeChat. Four studies (24%) investigated
dedicated remote monitoring apps and all four studied Dental
Monitoring (Fig. 3). Twelve studies were based on clinician-centric
apps, and 11 were patient-centric. These were not mutually exclu-
sive, as some apps were both patient- and clinician-centric.

gingival index (Loe and

Silness)
measurements,
intercanine width

Study cast

4. Discussion

Only 17 studies were found investigating the effects and func-
tionality of orthodontic apps. Although our search criteria included
years 2010 to 2020, the first study that fit our criteria was published
in 2014. The number of studies have generally increased year-on-
year with the exception of 2018, from one study in 2014 to five in
the first half of 2020. This increase reflects the larger trend of in-
creases in the number and usage of orthodontic apps, as well as the
continuous digitization in orthodontics.

The domain outcome with the greatest representation in the
literature was apps used in reminder therapy (41%). This is in
accordance with the total number of apps in this genre found in the
Apple App Store and Google Play Store [7]. This is a broad genre and
overlaps somewhat with practice management software. Patient
reminders have been shown to improve compliance [27], reduce
the number of missed appointments [33—35], improve OH
[13,26,35—37], reduce white spot lesions [26], and reduce treat-
ment times and bracket failure. [19] App-based oral hygiene re-
minders need not be a specialized orthodontic app. In fact, two
studies [19,26] used WhatsApp and WeChat messages in various
ways to improve compliance and OH. The advantages of using these
apps for reminder therapy are their low costs and simple imple-
mentation. Small changes to a private practice to implement some
type of reminder therapy can make significant improvements to the

Orthodontic stability/relapse

management

and instruction to share
monthly oral hygiene
selfies with other

participants
WhatsApp group-based Received conventional

competition, with
photos showing the
occlusion every week

60 post-orthodontic

patients

Table 2
Studies excluded from the scoping review (n = 8)

Author Reason for exclusion

Baheti [6] 2014 Review article

Gupta [7] 2017 Review article

Hansa [28] 2018 Review/opinion article
Mamillapalli [29] 2016 Description of technique
Phatak [30] 2019 Review article

Rao [31] 2018 Review article

Singh [5] 2013 Review article
Scheerman [32] 2018 Description of technique

Zotti [27]
2019

3D, three-dimensional; RCT, randomized controlled trial; OH, oral hygiene; DM, dental monitoring; tx, treatment; RME, rapid maxillary expansion.
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m RCT = Case-control

u Cohort study

= Cross-sectional

Fig. 2. Distribution of study types.

aforementioned areas. This area of research may occupy more space
in published literature in the coming years.

Thirty-five percent of the apps studied were used for di-
agnostics; all were cephalometric apps. CephNinja and OneCeph
seemed to be the most popular app studied for cephalometrics and
have generally been found to be accurate and reliable [11,12,17,20].
These apps tend to mimic conventional PC-based programs (which
have been proven to be accurate [38—40]), and thus should theo-
retically also be as accurate. One of the pitfalls of app-based ceph-
alometry is their lack of integration with practice management
software. It may be cumbersome for a private practice to use a
separate app solely for cephalometric analysis without integration
with the patients’ other records. A more prudent use of app-based
cephalometry may be for cloud-based orthodontic software to
develop an accompanying app that would allow for seamless
syncing of patient records across devices.

With the rapid development of artificial intelligence (A.l.) and
machine learning [41], we can foresee greater integration of A.l. and
orthodontic apps in aiding diagnostics and treatment planning
[42—45]. AL has already been used for automated cephalometric
tracings [46,47], and may soon find itself common practice in mo-
bile apps [48]. In fact, WebCeph [49], a cloud-based A.L-driven or-
thodontic platform, is currently available free to clinicians and
offers automatic A.L-driven cephalometric landmark identification,
tracing, and analysis. The validity of this software, however, is yet to
be tested.

Remote monitoring encompassed 24% of the included studies,
and all studies investigated Dental Monitoring. These studies veri-
fied the accuracy of measurements obtained using the Dental
Monitoring app and its movement-tracking algorithm. Hansa et al.
[16] concluded that its use reduced the number of office visits for
Invisalign patients, and also had a generally positive perception by

m Diagnostics

= Reminders

= Remote monitoring

Fig. 3. Distribution of outcome domains studied.
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users. The use of remote monitoring has the potential to improve
chairside efficiency and may well be beneficial during the COVID-19
pandemic [50,51]. No studies have been performed on the financial
viability of Dental Monitoring, however. Studies by Zotti et al.
[26,27] and Li et al. [19] have incorporated a simpler aspect of
remote monitoring, by using popular messaging apps (WhatsApp
and WecChat) to share photos and reminders, which offers a free,
albeit limited, alternative to Dental Monitoring.

Overall, there were only 17 studies investigating this novel area
of orthodontics, and only six were RCTs. There were a small number
of outcome domains identified in the included studies. Apps used in
orthodontics for purposes other than reminders, cephalometry, or
remote monitoring have not been studied. Some examples of such
apps include model and space analysis, treatment planning for
interceptive orthodontics, force system calculators, and Index of
Treatment Need and Peer Assesment Rating calculators.

The past decade has been revolutionary for mobile devices, and
this trend will likely continue well into the foreseeable future and
beyond! Words like automation, A.l, and machine learning are
already a part of the orthodontic glossary [41]. The words of futurist
Ray Kurzweil [52] exemplifies 21st century orthodontic trends:
“...we won't experience 100 years of progress in the 21st
century—it will be more like 20,000 years of progress (at today's
rate).” It is only prudent that, like everything else in the orthodontic
armamentarium, every technological application is also subjected
to clinical audits and scholarly scrutiny [53].

4.1. Limitations

Pertinent studies may have been missed if they were published
in a language other than English or in databases not searched in this
study. Similarly, some studies may not have been found due to the
search terms used.

An app, by definition, is essentially software designed specif-
ically for mobile devices and includes phones, tablets, and watches.
These apps are particularly suited to consumers, and may be most
appropriately used for reminder therapy or aiding in remote
monitoring. With browser-/cloud-based orthodontic software
becoming more popular, these can now be accessed from any de-
vice with a browser and Internet connection. This blurs the line
between traditional PC-based and mobile-based diagnostic soft-
ware; hence, some studies that may have used cloud-based diag-
nostic software, and are functional on mobile devices, were not
included, and is thus a limitation of our review. Future reviews,
whether scoping or systematic, may have the difficult task of
identifying and including studies investigating cloud-based
software.

5. Conclusions

e This scoping review indicates that only limited research (17
studies) has been undertaken on apps used in orthodontics.

o Six studies were RCTs (35%), nine were case-controls (53%), one

was a cohort study (retrospective) (6%), and one cross-sectional

study was found (6%).

Six studies (35%) were based on apps used for diagnostics, and

all were cephalometric apps. Seven studies (41%) investigating

apps used for reminders were present. Four studies (24%)

investigated dedicated remote monitoring apps, and all four

studied Dental Monitoring.

Apps used for orthodontic purposes other than reminders, di-

agnostics (cephalometry), or remote monitoring have not been

studied.

References

[1]
2

3

[4

(5]
(6]

(7

8

[9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]
[29]
[30]
[31]

[32]

Vaid N. Up in the air : orthodontic technology unplugged! APOS Trends
Orthod 2017;7(1):1.

Gandedkar NH, Vaid NR, Darendeliler MA, Premjani P, Ferguson DJ. The last
decade in orthodontics: a scoping review of the hits, misses and the near
misses! Semin Orthod 2019;25:339-55.

Statista. Number of smartphone users worldwide from 2016 to 2021. Available
at: https://www.statista.com/statistics/330695/number-of-smartphone-users-
worldwide/. [Accessed 25 July 2020].

Statista. Worldwide mobile app revenues in 2014 to 2023. 2020. Available at:
https://www.statista.com/statistics/269025/worldwide-mobile-app-revenue-
forecast/. [Accessed 25 July 2020].

Singh P. Orthodontic apps for smartphones. ] Orthod 2013;40:249—-55.
Baheti M]J, Toshniwal N. Orthodontic apps at fingertips. Prog Orthod
2014;15:36.

Gupta G, Vaid N. The world of orthodontic apps. APOS Trends Orthod
2017;7:73-9.

Siddiqui NR, Hodges S, Sharif MO. Availability of orthodontic smartphone
apps. ] Orthod 2019;46:235—41.

Pham MT, Raji¢ A, Greig ]D, Sargeant JM, Papadopoulos A, Mcewen SA.
A scoping review of scoping reviews: advancing the approach and enhancing
the consistency. Res Synth Methods 2014;5:371—85.

Vaid N. Scoping studies: should there be more in orthodontic literature? APOS
Trends Orthod 2019;9:124.

Abdul Khader D, Peedikayil FC, Chandru TP, Kottayi S, Namboothiri D. Reli-
ability of One Ceph software in cephalometric tracing: a comparative study.
SRM ] Res Dent Sci 2020;11:35—9.

Aksakalli S, Yilanci H, Gorukmez E, Ramoglu SI. Reliability assessment of or-
thodontic apps for cephalometrics. Turkish J Orthod 2017;29:98—102.
Alkadhi OH, Zahid MN, Almanea RS, Althageb HK, Alharbi TH, Ajwa NM. The effect
of using mobile applications for improving oral hygiene in patients with ortho-
dontic fixed appliances: a randomised controlled trial. ] Orthod 2017;44:157—63.
Deleuse M, Meiffren C, Bruwier A, Maes N, Le Gall M, Charavet C. Smartphone
application-assisted oral hygiene of orthodontic patients: a multicentre ran-
domized controlled trial in adolescents [published online ahead of print
February 1, 2020]. Eur J Orthod. doi:10.1093/ejo/cjz105 1-7

Goracci C, Ferrari M. Reproducibility of measurements in tablet-assisted, PC-
aided, and manual cephalometric analysis. Angle Orthod 2014;84:437—42.
Hansa I, Semaan SJ, Vaid NR. Clinical outcomes and patient perspectives of
Dental Monitoring ® GoLive ® with Invisalign ® — a retrospective cohort
study. Prog Orthod 2020;21:16.

Kumar M, Kumari S, Chandna A, et al. Comparative evaluation of CephNinja for
Android and NemoCeph for computer for cephalometric analysis: a study to
evaluate the diagnostic performance of CephNinja for cephalometric analysis.
J Int Soc Prev Community Dent 2020;10:286—91.

Kuriakose P, Greenlee GM, Heaton L], Khosravi R, Tressel W, Bollen AM. The
assessment of rapid palatal expansion using a remote monitoring software.
J World Fed Orthod 2019;8:165—70.

Li X, Xu ZR, Tang N, et al. Effect of intervention using a messaging app on
compliance and duration of treatment in orthodontic patients. Clin Oral
Investig 2016;20:1849—59.

Livas C, Delli K, Spijkervet FKL, Vissink A, Dijkstra PU. Concurrent validity and
reliability of cephalometric analysis using smartphone apps and computer
software. Angle Orthod 2019;89:889—-96.

Morris RS, Hoye LN, Elnagar MH, et al. Accuracy of Dental Monitoring 3D
digital dental models using photograph and video mode. Am J Orthod Den-
tofacial Orthop 2019;156:420—8.

Moylan HB, Carrico CK, Lindauer SJ, Tiifekgi E. Accuracy of a smartphone-based
orthodontic treatment—monitoring application: a pilot study. Angle Orthod
2019;89:727—-33.

Sayar G, Kilinc DD. Manual tracing versus smartphone application (app)
tracing: a comparative study. Acta Odontol Scand 2017;75:588—94.
Scheerman JFM, van Meijel B, van Empelen P, et al. The effect of using a mobile
application (“WhiteTeeth”) on improving oral hygiene: a randomized
controlled trial. Int ] Dent Hyg 2020;18:73—83.

Underwood B, Birdsall ], Kay E. The use of a mobile app to motivate evidence-
based oral hygiene behaviour. Braz Dent | 2015;219:E2.

Zotti F, Dalessandri D, Salgarello S, et al. Usefulness of an app in improving oral
hygiene compliance in adolescent orthodontic patients. Angle Orthod
2016;86:101-7.

Zotti F, Zotti R, Albanese M, Nocini PF, Paganelli C. Implementing post-
orthodontic compliance among adolescents wearing removable retainers
through whatsapp: a pilot study. Patient Prefer Adherence 2019;13:609—15.
Hansa I, Semaan S, Vaid NR, Ferguson DJ. Remote monitoring and “Tele-or-
thodontics”: Concept, scope and applications. Semin Orthod 2018;24:470—81.
Mamillapalli PK, Sesham VM, Neela PK, Mandaloju SP, Keesara S. A Smart-
phone app for cephalometric analysis. J Clin Orthod 2016;50:694—9.

Phatak SM, Daokar SS. Orthodontic apps: a stairway to the future. Int ] Orthod
Rehabil 2019;10:75—-81.

Rao GKL, Mokhtar N, Iskandar YHP. Managing orthodontic needs through
mobile apps. ] Hosp Manag Heal Policy 2018;2:12.

Scheerman JFM, van Empelen P, van Loveren C, van Meijel B. A mobile app
(Whiteteeth) to promote good oral health behavior among dutch adolescents


http://refhub.elsevier.com/S2212-4438(20)30047-3/sref1
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref1
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref2
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref2
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref2
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref2
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/330695/number-of-smartphone-users-worldwide/
https://www.statista.com/statistics/269025/worldwide-mobile-app-revenue-forecast/
https://www.statista.com/statistics/269025/worldwide-mobile-app-revenue-forecast/
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref5
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref5
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref6
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref6
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref7
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref7
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref7
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref8
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref8
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref8
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref9
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref9
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref9
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref9
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref9
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref10
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref10
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref11
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref11
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref11
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref11
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref12
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref12
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref12
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref13
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref13
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref13
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref13
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref15
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref15
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref15
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref16
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref17
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref17
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref17
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref17
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref17
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref18
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref18
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref18
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref18
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref19
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref19
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref19
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref19
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref20
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref20
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref20
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref20
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref21
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref21
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref21
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref21
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref22
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref22
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref22
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref22
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref22
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref23
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref23
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref23
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref24
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref24
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref24
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref24
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref25
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref25
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref26
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref26
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref26
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref26
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref27
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref27
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref27
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref27
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref28
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref28
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref28
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref29
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref29
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref29
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref30
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref30
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref30
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref31
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref31
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref32
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref32

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

N.R. Vaid et al. / Journal of the World Federation of Orthodontists 9 (2020) S67—S73

with fixed orthodontic appliances: Intervention mapping approach. JMIR
mHealth uHealth 2018;6:e163.

Oshagh M, Pishbin L, Saadati F, Razmjouei F, Dalaie K. Efficacy of different
reminders to reduce missed orthodontic appointments. ] Dent Sch
2017;35:187-99.

Wegrzyniak LM, Hedderly D, Chaudry K, Bollu P. Measuring the effectiveness
of patient-chosen reminder methods in a private orthodontic practice. Angle
Orthod 2018;88:314—8.

Mohammed H, Rizk MZ, Wafaie K, Ulhaq A, Almuzian M. Reminders improve
oral hygiene and adherence to appointments in orthodontic patients: a sys-
tematic review and meta-analysis. Eur ] Orthod 2019;41:204—13.

Eppright M, Shroff B, Best AM, Barcoma E, Lindauer SJ. Influence of active
reminders on oral hygiene compliance in orthodontic patients. Angle Orthod
2014;84:208—13.

Nayak P, Nayak S, Vikneshan M, Acharya S, Sathiyabalan D. Smartphone apps:
a state-of-the-art approach for oral health education. ] Oral Res
2019;8:386—-93.

Farooq MU, Khan MA, Shahid I, et al. Assessing the reliability of digitalized
cephalometric analysis in comparison with manual cephalometric analysis.
] Clin Diagnostic Res 2016;10:20-3.

Celik E, Polat-Ozsoy O, Toygar Memikoglu TU. Comparison of cephalometric
measurements with digital versus conventional cephalometric analysis. Eur ]
Orthod 2009;31:241—6.

Polat-Ozsoy O, Gokcelik A, Toygar Memikoglu TU. Differences in cephalo-
metric measurements: a comparison of digital versus hand-tracing methods.
Eur ] Orthod 2009;31:254-9.

Faber ], Faber C, Faber P. Artificial intelligence in orthodontics. APOS Trends
Orthod 2019;9:201-5.

[42]

[43]

[44]

[45]

[46]

(47]
(48]
(49]

(50]

(51]
(52]

(53]

S73

Li P, Kong D, Tang T, et al. Orthodontic treatment planning based on artificial
neural networks. Sci Rep 2019;9:1-9.

Jung SK, Kim TW. New approach for the diagnosis of extractions with
neural network machine learning. Am ] Orthod Dentofac Orthop
2016;149:127-33.

Takada K. Artificial intelligence expert systems with neural network machine
learning may assist decision-making for extractions in orthodontic treatment
planning. ] Evid Based Dent Pract 2016;16:190—2.

Takada K, Yagi M, Eriko H. Computational formulation of orthodontic tooth-
extraction decisions. Angle Orthod 2009;79:885—91.

Kunz F, Stellzig-Eisenhauer A, Zeman F, Boldt ]. Artificial intelligence in or-
thodontics: evaluation of a fully automated cephalometric analysis using a
customized convolutional neural network. ] Orofac Orthop 2020;81:52—68.
Arik SO, Ibragimov B, Xing L. Fully automated quantitative cephalometry using
convolutional neural networks. ] Med Imaging 2017;4:014501.

Allareddy V, Rengasamy Venugopalan S, Nalliah RP, Caplin JL, Lee MK, Allareddy V.
Orthodontics in the era of big data analytics. Orthod Craniofac Res 2019;22:8—13.
WebCeph. Available at: https://www.webceph.com/en/about/. [Accessed 25
July 2020].

Srirengalakshmi M, Venugopal A, Pangilinan PJP, et al. Orthodontics in the
COVID-19 era: the way forward. Part 2 orthodontic treatment considerations.
J Clin Orthod 2020;LIV:341—9.

Keim RG, Bowman SJAY. JCO ROUNDTABLE: clinical practice in the pandemic
era. J Clin Orthod 2020;LIV:325—35.

Kurzweil R. The law of accelerating returns. 2001. Available at: https://www.
kurzweilai.net/the-law-of-accelerating-returns. [Accessed 25 July 2020].

Vaid NR. Digital technologies in orthodontics-an update. Semin Orthod
2018;24:373-5.


http://refhub.elsevier.com/S2212-4438(20)30047-3/sref32
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref32
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref33
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref33
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref33
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref33
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref34
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref34
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref34
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref34
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref35
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref35
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref35
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref35
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref36
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref36
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref36
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref36
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref37
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref37
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref37
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref37
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref38
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref38
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref38
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref38
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref39
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref39
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref39
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref39
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref40
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref40
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref40
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref40
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref41
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref41
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref41
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref42
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref42
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref42
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref43
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref43
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref43
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref43
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref44
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref44
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref44
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref44
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref45
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref45
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref45
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref46
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref46
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref46
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref46
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref47
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref47
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref48
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref48
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref48
https://www.webceph.com/en/about/
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref50
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref50
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref50
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref50
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref51
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref51
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref51
https://www.kurzweilai.net/the-law-of-accelerating-returns
https://www.kurzweilai.net/the-law-of-accelerating-returns
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref53
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref53
http://refhub.elsevier.com/S2212-4438(20)30047-3/sref53

	Smartphone applications used in orthodontics: A scoping review of scholarly literature
	1. Introduction
	2. Materials and methods
	3. Results
	3.1. Search and selection of studies
	3.2. General characteristics of included scoping reviews
	3.3. Outcome domains of included studies

	4. Discussion
	4.1. Limitations

	5. Conclusions
	References


