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Abstract

Background Did the COVID-19 pandemic affect orthodontists' use of remote monitoring platforms? The goal of this
research was to examine orthodontists' experiences implementing remote monitoring platforms before, during, and
after the initial COVID-19 lockdown.

Methods In this descriptive cross-sectional survey study, an electronic, anonymous questionnaire consisting of a
series of 31 short-answer and multiple-choice questions was administered to an international sampling of practicing
orthodontists. The target population in the study included currently practicing orthodontists who were graduates
of an accredited orthodontic residency program. Participants were recruited in 2021 through collaboration with

the American Association of Orthodontists (AAQ) Partners in Research Program and the Harvard School of Dental
Medicine Orthodontic Alumni Association. Descriptive analysis was conducted, reporting frequency (N and %)
distributions for each question. The questionnaire aimed to describe whether orthodontists incorporated remote
monitoring platforms into their practices, their experiences doing so, and if the COVID-19 pandemic influenced their
use of these resources.

Results Orthodontists' use of remote monitoring platforms was negligible prior to the pandemic; however, a quarter
of surveyed orthodontists began using a remote monitoring platform during COVID-19 and nearly all respondents
plan to continue using remote monitoring for the foreseeable future. Approximately half of orthodontists believe
most patients’treatment progress can be monitored to the standard of care between in-person orthodontic
appointments using remote monitoring platforms. Half of the orthodontists who do not currently use a remote
monitoring platform in their practice are interested in learning more about how to implement one.

Conclusions The COVID-19 pandemic led to an increase in the interest and adoption of remote monitoring
platforms in orthodontic practices. Most orthodontists had not incorporated remote monitoring platforms into

their practices prior to the COVID-19 pandemic. However, this study revealed that a subset of orthodontists utilized
the pandemic as motivation to incorporate remote monitoring into their practices and an additional group of
orthodontists were interested in incorporating one in the future. Remote monitoring platforms garnered interest and
importance with the arrival of the COVID-19 pandemic and may only have an increasing role in the field in years to
come.
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Background

Over the last decade, many orthodontists have adopted
advances in digital technology that allow an increase
in office efficiency and improve the patient experi-
ence, including the use of clear aligners, three-dimen-
sional (3D) printers, cone-beam computed tomography
(CBCT), and intraoral scanners for digital 3D dental
models [1-6]. The present study focused on one such
advancement that has entered the market in recent years,
remote monitoring platforms. Before these remote moni-
toring platforms were created, orthodontists could only
evaluate the progression of their patient’s treatment via
in-person appointments. Today, remote monitoring plat-
forms can be used to the benefit of orthodontists and
patients. Virtual check-ins can allow for fewer in-person
appointments and an increased duration between in-
office visits [7]. Further, the use of this technology can
facilitate increased patient-provider communication,
improved patient compliance, and less frequent emer-
gency in-person appointments [8, 9]. Virtual monitoring
can also allow patients to receive a more efficient, indi-
vidualized, and satisfying care experience [8]. Notably,
these platforms have proven capable of being incorpo-
rated into not only simple cases but also more compli-
cated surgical orthodontic cases [7, 8, 10].

Remote monitoring platforms are defined in this study
as any comprehensive Health Insurance Portability and
Accountability Act (HIPAA)-secure digital platform that
orthodontists can use to remotely monitor the treatment
of their orthodontic patients. Further, these platforms
enable patients to scan their teeth with a smartphone
from the comfort of their homes and allow orthodontists
to be able to monitor and communicate with patients vir-
tually via a remote monitoring application. Dental Moni-
toring® and Grin® are two examples of remote monitoring
companies that provide orthodontists with a means of
virtually managing patient case progression. Den-
tal Monitoring®, for example, converts the video scans
patients take into 3D digital dental models for clinicians
to evaluate [11, 12]. For the purposes of this study, the
phrase “remote monitoring platforms” did not include
Direct-to-consumer orthodontic companies or platforms
that only allow patients to send photographs [13].

The need for having an alternative means of communi-
cation and evaluation of orthodontic treatment progres-
sion became evident during the COVID-19 pandemic,
when social distancing guidelines and restrictions led
to reduced office capacity [14]. Previous research out-
lines the potential benefits of incorporating orthodon-
tic remote monitoring into practice but the willingness
of orthodontists to incorporate this technology and the

experiences of those who have done so already remains
unknown. The aim of this study was to illuminate the
past, current, and projected use of remote monitoring
platforms in orthodontic practices, especially consider-
ing the influence of the COVID-19 pandemic. Through
examining orthodontists’ usage of, experiences with, and
opinions about remote monitoring platforms, such as
Dental Monitoring®, the authors aimed to better under-
stand the role that this key digital advancement will play
in the field of orthodontics.

Methods

In this descriptive cross-sectional survey study, an elec-
tronic, anonymous questionnaire consisting of a series
of 31 short-answer and multiple-choice questions was
administered to practicing orthodontists. The target
population in the study included currently practicing
orthodontists who were graduates of an accredited orth-
odontic residency program. Participants were recruited
through collaboration with the American Association
of Orthodontists (AAO) Partners in Research Program
and the Harvard School of Dental Medicine Orthodon-
tic Alumni Association. International American Associa-
tion of Orthodontists (AAO) members were included in
the study; however, AAO student members and retired
or honorary AAO members were excluded to ensure the
survey participants were most likely to be graduates of an
accredited orthodontic residency and currently practic-
ing orthodontics. The questionnaire aimed to understand
whether orthodontists have incorporated remote moni-
toring platforms into their practices, their experiences
doing so, and if the COVID-19 pandemic has influenced
their use of these advancing resources.

After receiving approval from the Institutional Review
Board (IRB) of the Harvard Faculty of Medicine (IRB21-
0129) and the AAO legal/academic review teams, the
recruitment email was sent out by the AAO to a subsec-
tion of their members (a random, deidentified sample and
the maximum number they allow a single survey to be
sent to) and the consent form was included in the survey
as the first question. AAO has a membership of approxi-
mately 19,000 orthodontists; however, per the AAO Part-
ners in Research program policy, the recruitment email
could only be sent to approximately 2,300 members. Fur-
ther, the AAO only allows surveys to be sent out once
with one reminder email. The questionnaire was deliv-
ered via email to a random sample of 2,303 AAO listserv
members on June 21, 2021, with a reminder email sent
four weeks later. The AAO Partners in Research Program
initially identified all members that met the inclusion
criteria (i.e., active service, U.S. and international AAO
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members who were not students, retired, or honorary
members), had not opted out of their emails and had not
received a different Partners in Research survey within
the last 45 days. Of that total, they then used the RAND
function in Microsoft Excel to assign each eligible mem-
ber a random number and selected 2,303 members to
be sent the survey recruitment email and questionnaire.
The Partners in Research Program did not factor member
demographics into the sample selection.

Due to the low response rate, the questionnaire was
sent out in a second wave in hopes of collecting more
responses. A question was added at the beginning of the
survey to confirm the participant had not taken the sur-
vey previously. If a participant indicated they had previ-
ously taken the survey, the survey would automatically
end. The questionnaire was sent to a new random sample
of 2,153 orthodontists from the AAO listserv on Decem-
ber 15, 2021, with a reminder email sent approximately 4
weeks later.

Survey design

A panel of practicing orthodontists were recruited to
conduct a cognitive interviewing technique to construct
and validate the questionnaire. The content validation
process included having the orthodontic experts inde-
pendently complete the survey followed by one-on-one
Zoom meetings between the PI and the experts, to con-
duct cognitive interviews to gather their feedback [15,
16]. The survey consisted of a series of 31 short-answer
and multiple-choice questions about the orthodontists’
usage, experiences, and opinions of utilizing remote
monitoring platforms to monitor clear aligner and braces
treatment prior to, during, and following the COVID-
19 pandemic. Examples of survey questions included
multiple-choice questions such as, “In a practice where
you work, [prior to/during] the COVID-19 pandemic,
did you use a remote secure video conferencing platform
(e.g., Zoom for Healthcare) for initial orthodontic patient
consults or treatment planning appointments?” and “In
a practice where you work, on average, what was the
interval between clear aligner orthodontic appointments
[prior to/during] the COVID-19 pandemic?’. Addition-
ally, statements followed by Likert scale responses (rang-
ing from “strongly agree (1) ” to “strongly disagree (5)”)
were asked such as “Orthodontists can use remote moni-
toring platforms to monitor treatment progress between
in-person orthodontic appointments to the standard of
care for the majority of patients” in which participants
were asked to rate how much they agreed with the given
statement. Moreover, participants were asked several
demographic questions including their age, gender, and
location of practice. The initial set of questions confirmed
participants’ interest in completing the survey and inclu-
sion criteria: currently practicing orthodontists who have
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graduated from accredited orthodontic residency pro-
grams. Following these eligibility questions, subsequent
survey questions were optional.

Survey Administration: This study was designed as
an anonymous, voluntary, electronic survey (Qual-
trics, Provo, UT). An introductory email was sent to the
AAO listserv by the AAO Partners in Research Program
describing the study along with the link to the question-
naire. Interested participants clicked on the link and
were directed to the Qualtrics survey, starting with the
Longwood Medical Area (IRB21-0129) Exempt Human
Research Consent statement. The survey was designed to
take approximately 10 min to complete. No compensa-
tion was provided to participants.

Data Analysis: De-identified data were collected via
Qualtrics and analyzed. Descriptive analysis was con-
ducted and frequency (N and %) distributions for each
question were reported.

Results

Survey responses from both the first and second survey
administration waves were combined. 180 responses
were collected, and 146 responses were included. Those
who did not consent, did not graduate from an accred-
ited orthodontic residency, or did not currently practice
orthodontics were excluded from the study. Addition-
ally, 16 respondents did not answer any survey questions
beyond the questions for inclusion. Table 1 describes the
survey respondents’ demographics. Survey respondents
were primarily male (68%, #»=88/130), had an average
of 39 years in practice, and currently practice in 24 US
states and territories and 32 countries. Some participants
did not answer every question, therefore the number of
responses (N) for specific questions varies.

Figure 1 demonstrates that very few respondents (12%,
n=16/130) used a remote secure video conferencing plat-
form (e.g. Zoom for Healthcare®) for initial orthodontic
patient consults or treatment planning appointments
prior to the COVID-19 pandemic. However, during
the COVID-19 pandemic, almost half (42%, 55/130) of
the orthodontists reported using a remote platform.
Since reopening during the COVID-19 pandemic, 45%
(n=58/130) of respondents noticed that the number of
patients seeking orthodontic treatment increased and
39% (n=51/130) noted that the proportion of patients
starting clear aligner treatment relative to those starting
braces treatment increased (see Fig. 2).

The most common interval between in-person
appointments for both braces and clear aligner patients
remained at 6—8 weeks both before the start of COVID-
19 and since reopening (Table 2). The percentage of
braces patients being seen every 6—8 weeks increased
from 52% (n=67/130) to 56% (n=73/130) from before
COVID-19 and since reopening. Prior to COVID-19, 41%
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Table 1 Survey respondent demographics N=130

Respondent Demographics

Demographics
Gender
Male
Female
Non-binary
Years Practicing Orthodontics
Minimum
Maximum
Mean

Location of practice
US Territories and States Represented (24)

Countries Represented (32)

67.7% (N = 88)
31.5% (N =41)
0.8%<1% (N=1)

2 years
58 years
39 years

California (8), Colorado (5), Missouri (5), Michigan (5), Georgia (4), Ohio (4), New York (3), Florida (3),
Texas (3), South Carolina (3), lllinois (3), New Hampshire (2), Hawaii (2), Alabama (2), Massachusetts
(2), lowa (2), Peurto Rico (2), Pennsylvania (1), Arkansas (1), Nevada (1), South Carolina (1), Virginia
(1), Maryland (1), Idaho (1), Kansas (1)

United States (66), Canada (12), Netherlands (5), India (4), Mexico (4), Greece (3), Italy (3), Spain (3),
Pakistan (2), France (2), South Korea (2), United Kingdom (2), Australia (2), Brazil (2), Ireland (1), Haiti
(1), Egypt (1), Nigeria (1), Switzerland (1), Columbia (1), Jordan (1), Malaysia (1), Czech Republic (1),
Philippines (1), South Africa (1), Chile (1), United Arab Emirates (1), Armenia (1), Saudi Arabia (1),
Israel (1), El Salvador (1), Kuwait (1)

HAVE YOU USED A REMOTE SECURE VIDEO CONFERENCING
PLATFORM (E.G., ZOOM FOR HEALTHCARE) FOR INITIAL
ORTHODONTIC PATIENT CONSULTS OR TREATMENT
PLANNING APPOINTMENTS? (N=130)

PERCENTAGE OF RESPONDANTS

1 Yes

H No

PRIOR TO THE COVID-19 PANDEMIC DURING THE COVID-19 PANDEMIC

Fig. 1 Influence of COVID-19 on use of remote secure video conferencing platforms (N=130)
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NUMBER OF PATIENT STARTS SINCE REOPENING DURING THE
COVID-19 PANDEMIC

PERCENTAGE OF RESPONDANTS

NUMBER OF PATIENTS STARTING
ORTHODONTIC TREATMENT

Fig. 2 Influence of COVID-19 on patient case starts

W Unsure

M Stayed the Same

Decreased

M Increased

PROPORTION OF CLEAR ALIGNER
STARTS TO BRACES STARTS

Table 2 Interval between clear aligner and braces orthodontic appointments prior to and during the COVID-19 pandemic

Interval between in-person appointments

Prior to the COVID-19 pandemic: % (N) Since reopening during the COVID-19 pandemic: % (N)
For clear aligner patients: For clear aligner patients:
3-5 weeks 22% (28) 3-5 weeks 15% (20)
6-8 weeks 45% (58) 6-8 weeks 43% (56)
9-11 weeks 22% (29) 9-11 weeks 25% (33)
12 +weeks 11% (15) 12 +weeks 16% (21)
For braces patients: For braces patients:
3-5 weeks 41% (54) 3-5 weeks 35% (45)
6-8 weeks 52% (67) 6-8 weeks 56% (73)
9-11 weeks 7% (9) 9-11 weeks 8% (11)
12+ weeks 0% (0) 12 +weeks <1% (1)

(n=54/130) of patients with fixed appliances were seen
for in-person appointments every 3-5 weeks, the sec-
ond most-common interval. That percentage decreased
to 35% (n=45/130) since reopening during the COVID-
19 pandemic. Clear aligner patients were seen every 6-8
weeks according to 45% (2=>58/130) of the respondents
prior to the COVID-19 pandemic, and since reopening
during the COVID-19 pandemic, that number decreased
to 43% (n=56/130). Notably, the percentage of clear
aligner patients being seen every 12 or more weeks for
in-person appointments increased from 11% (n=15/130)
to 16% (n=21/130) from before the COVID-19 pandemic
and since reopening.

The opinions of orthodontists regarding remote moni-
toring platforms are reported in Table 3. More than half
of respondents 57% (n=70/123) neither agree nor dis-
agree that use of remote monitoring platforms increases
patient compliance. The same number of respondents
somewhat agree (38%, n=47/123) and neither agree
nor disagree (38%, n=47/123) that the use of remote
monitoring platforms decreases the overall number of
in-person appointments. 29% (n=36/123) of respon-
dents somewhat agree that orthodontists can use remote
monitoring platforms to monitor progress between
in-person appointments to the standard of care and
18% (n=22/123) strongly agree with that statement.
Most respondents (20%, n=24/123 strongly agree; 37%,
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D0 = <% =& n=46/123 somewhat agree) believe patients appreciate
g0 § 50 S22 == the convenience of using remote monitoring platforms to
ABEE oo® AR track their care remotely, with only 8% (7=10/123) some-
¢ 5 what disagreeing and 2% (n=3/123) strongly disagreeing.
g = > s og 2 % 2= A fifth of respondents (20%, n=25/123) believe remote
SE8x2 Jg%° g% monitoring platforms can improve patient-provider com-
munication in orthodontic settings with 37% (n=45/123)

5 f s somewhat agreeing with that statement.
g g S o% 58 §8 Of the 35% (n=43/123) of respondents who currently
E Eng S § § ié § use a remote monitoring platform in their office, 43%
_ (n=18/42) were using Dental Monitoring®, 2% (n=1/42)
5 ~2-°~ & were using Grin®, and 55% (n=23/42) were using another
H E Og S8 22 platform. 83% (12=25/30) of those respondents did not
§ o) g :}3 § § é require that all patients use a remote treatment moni-
toring platform. Nearly all (94%, n=-32/34) respondents
e 8 4 oo did not charge an additional fee for patients who use a
g‘ $ % % % % % remote monitoring platform. 69% (n=29/42) of respon-
2= cd % $ 95 dents who use a remote monitoring platform began using

the platform between 2020 and 2021. It follows that
24% (n=29/123) of respondents started using a remote
monitoring platform between 2020 and 2021. 89%
(n=25/29) strongly or somewhat agreed with the state-
ment that COVID-19 affected their decision to begin
using a remote monitoring platform in their office, and
93% (n=26/28) planned to continue using the platform
after COVID-19. Respondents, when asked to select one
or more reasons for using remote monitoring platforms
reported that patients who are in clear aligner treatment,
live far away, or have busy schedules are most likely to be
encouraged to use the platform.

Out of the 65% (n=80/123) of respondents who do not
currently use a remote monitoring platform, half (50%,
n=40/80) reported that they are interested in learning
more about using the platform for their patients and 39%
(n=31/80) would like to use remote monitoring plat-
forms in the future. Survey respondents who used remote
treatment monitoring platforms in the past (12.5%,
n=10/80) were asked to select one or more reasons they
stopped using the platform. The most common reasons
reported for discontinuing use were that the platform
did not work as advertised (n=4/19) and patients did not
use the platform as instructed (n=4/19). Other reasons
reported were the high cost (#=3/19), having insufficient
staff to train patients (n-3/19), and having insufficient
staff to monitor patients on the platform (n=2/19). Three
respondents indicated they discontinued use of the plat-
form for another reason.

123)

Discussion

Remote monitoring platforms, such as Dental Monitor-
ing®, Grin®, and Align Technology’s Virtual Care® have
entered the market in recent years [14], allowing ortho-
dontists to observe their patients between in-person
office visits. During the COVID-19 pandemic, lockdowns

Decreases the overall number of appointments for the majority of orthodontic patients.

Increases compliance in the majority of orthodontic patients.

Orthodontists can use remote monitoring platforms to monitor treatment progress between in-person orthodontic appointments to

the standard of care for the majority of patients.
The majority of orthodontic patients appreciate the convenience of using remote monitoring platforms to track their care remotely.

Remote monitoring platforms can improve patient-provider communication for the majority of orthodontic patients.

Table 3 Respondents’opinions of remote monitoring platforms (N

Using remote monitoring platforms
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became necessary in many parts of the world. Lock-
downs necessitated decreases in live interactions, includ-
ing dental appointments. In agreement with a survey by
Orthodontic Products, which reported that only 29% of
orthodontists had a remote monitoring platform in place
prior to the COVID-19 pandemic [14], the present study
shows that few orthodontists were using remote moni-
toring platforms prior to COVID-19. Further, we found
that a quarter of all orthodontists surveyed began using
a remote monitoring platform during the COVID-19
pandemic, with more than two-thirds of orthodontists
who currently use remote monitoring platforms having
started their use during COVID-19. This rise was likely
in direct response to the urgent need for safe patient-
provider communication during a period when in-person
contact was deemed highly risky by public health offi-
cials. A dramatic increase of more than threefold was
noted in the use of remote secure video conferencing
platform (e.g. Zoom for Healthcare®) for initial orthodon-
tic patient consults or treatment planning appointments
during COVID-19 as compared to before the pandemic.
Dhanasekaran et al. showed that 81% of orthodontists
experienced disturbances in routine practice during
the initial COVID-19 lockdown, with 65% of orthodon-
tists communicating with patients via phone and video
calls [17]. The present study found that prior to the pan-
demic, only 12% of orthodontists used a remote secure
video conferencing platform (e.g., Zoom for Healthcare)
for initial orthodontic patient consults or treatment
planning appointments; however, 42% of orthodontists
incorporated the platforms into their practice during the
pandemic. The need for HIPAA-secure visual and verbal
communication modalities was pressing, which explains
the quick surge in use. Dental Monitoring® was the most
popular remote monitoring platform among respon-
dents, although a large proportion used another plat-
form on the market. Around half of participants believe
orthodontists can use remote monitoring platforms to
observe progress between in-person appointments to
the standard of care, patients appreciate the convenience
of using remote monitoring platforms to remotely track
care, and such platforms can improve patient-provider
communication.

Additionally, a stark uptick was reported in the number
of patients seeking orthodontic treatment after reopen-
ing during COVID-19 and an increase in the proportion
of patients seeking clear aligner treatment compared to
braces. Hansa et al. [8, 18] reported that Dental Moni-
toring® significantly reduced the number of in-person
appointments. We found little difference in intervals
between appointments prior to or after reopening from
COVID-19, although there was a small rise in the num-
ber of orthodontists seeing clear aligner patients on
12+week intervals. The increase in clear aligner patients
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might be attributed to the decrease of the burden of care
with less frequent in-person appointments required by
some practitioners.

Based on our findings, it is not common to require
all patients in a practice to participate in remote moni-
toring. However, patients who live far away, are in clear
aligner treatment, or have busy schedules may be most
suited to using a remote monitoring platform. Despite
the cost associated with remote monitoring platforms,
respondents are not charging a fee for patients being
monitored remotely. In contrast to the 57% of orthodon-
tists surveyed by Severs et al. [19], nearly all orthodon-
tists included in the present survey who started using a
remote monitoring platform in 2020 or 2021 plan to con-
tinue using it going forward.

Study Limitations: One limitation of this study was that
the AAO Partners in Research Program could not report
duplicates between the recipient list of the June and
December emails. Additionally, because the survey was
sent to 210 (Institution Name Removed) Orthodontics
alumni, some participants may have been surveyed twice.
To mitigate potential bias, a question was added ask-
ing participants if they had previously taken the survey.
An additional study limitation is the low-response rate
of 3.86% (180/4666). While survey research can allow
for the possibility of greater statistical power through a
larger sample size, a disadvantage of an electronic format
is the potential of non-response [20]. Remote monitoring
is still a relatively new advancement in the field of ortho-
dontics and some orthodontists who lack experience
with remote monitoring may be generally unfamiliar with
the technology. If the low response rate is due to under
coverage bias in which only orthodontists familiar with
remote monlitoring responded to the questionnaire, the
generalizability of our findings would be limited. The low
response rate may have been improved had AAO allowed
more than one reminder email to be sent to the study
population. However, the total number of responses this
study received is similar to that of other recent surveys of
orthodontists [21-23]. Because this survey was voluntary,
participants could exit freely or skip any question. There-
fore, not all participants responded to every question
that pertained to them, resulting in a variable number
of responses. Another study limitation is that the survey
is that orthodontists from over 30 countries responded
to the survey. These orthodontists likely faced varying
levels of restrictions associated with the pandemic. Par-
ticipants each responded comparing their individual
experiences prior to the pandemic, in the height of the
pandemic, versus their experience post COVID-19. Par-
ticipants who faced a complete lockdown may have been
more motivated to incorporate remote monitoring into
their practices than those in countries facing minimal
pandemic-related restrictions.
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New orthodontic technology will continue to emerge
and further research will be required to determine what
motivates orthodontists to incorporate new and advanc-
ing resources like virtual monitoring. However, amid and
following the COVID-19 pandemic. remote monitor-
ing platforms provided orthodontists with an additional
means of patient-provider communication and can be
utilized to provide a safe means of patient and provider
communication during future periods of public emer-
gency. Additionally, future work may further investigate
whether certain orthodontic emergencies are best triaged
by remote monitoring and which practice demographics
are best associated with a need for remote monitoring
implementation.

Conclusions

Remote monitoring platforms garnered interest and
importance with the arrival of the COVID-19 pandemic.
The present study found that the COVID-19 pandemic
has led to an increase in the interest in and adoption of
remote monitoring platforms into orthodontic prac-
tices. Most orthodontists had not incorporated remote
monitoring platforms into their practices prior to the
shutdowns associated with the COVID-19 pandemic.
However, this study revealed that a notable subset of
orthodontists utilized the pandemic as motivation to
incorporate remote monitoring into their practices
and an additional group of orthodontists are interested
in incorporating one in the future. Further, approxi-
mately half of orthodontists believe most patients’ treat-
ment progress can be monitored to the standard of care
between in-person orthodontic appointments using
remote monitoring. While remote monitoring platforms
garnered interest and importance with the arrival of the
COVID-19 pandemic, they may only have an increasing
role in the field in years to come.

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512903-024-04245-2.

[ Supplementary Material 1 ]

Acknowledgements

The authors would like to acknowledge the support and generosity of the
Harvard School of Dental Medicine Orthodontic Alumni Association and the
American Association of Orthodontics Partners in Research Program. The
authors would like to give special thanks to the individuals who participated
in the survey validation process via cognitive interviewing.

Author contributions

SL and NK were responsible for study conception and design, data collection,
analysis, and interpretation of results. CR validated the survey and conducted
the project’s statistics. KH prepared and revised the manuscript. All authors
read and approved the final manuscript.

Funding
Not applicable.

Page 8 of 9

Data availability
The datasets used and/or analysed during the current study available from the
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Institutional Review Board (IRB) of the Harvard Faculty of Medicine (IRB21-
0129) approved the study and waived the requirement for informed consent.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Developmental Biology, Harvard School of Dental
Medicine, Boston, MA, USA

’Department of Oral Health Policy and Epidemiology, Harvard School of
Dental Medicine, Boston, MA, USA

3Harvard School of Dental Medicine, Boston, MA, USA

“Department of Developmental Biology, Harvard School of Dental
Medicine, Boston, MA, USA

Received: 18 November 2023 / Accepted: 10 April 2024
Published online: 20 April 2024

References

1. White DW, Julien KC, Jacob H, Campbell PM, Buschang PH. Discomfort associ-
ated with invisalign and traditional brackets: a randomized, prospective trial.
Angle Orthod. 2017,87(6):801-8. https://doi.org/10.2319/091416-687.1

2. Azaripour A, Weusmann J, Mahmoodi B, Peppas D, Gerhold-Ay A, Van
Noorden CJ, et al. Braces versus Invisalign®: gingival parameters and patients’
satisfaction during treatment: a cross-sectional study. BMC Oral Health.
2015;15(1). https://doi.org/10.1186/512903-015-0060-4

3. Aragén ML, Pontes LF, Bichara LM, Flores-Mir C, Normando D. Validity and
reliability of intraoral scanners compared to conventional gypsum models
measurements: a systematic review. Eur J Orthod. 2016;38(4):429-34. https://
doi.org/10.1093/ejo/cjw033

4. Goracci C, Franchi L, Vichi A, Ferrari M. Accuracy, reliability, and efficiency of
intraoral scanners for full-arch impressions: a systematic review of the clinical
evidence. Eur J Orthod. 2015;38(4):422-8. https://doi.org/10.1093/ejo/cjv077

5. Kapila SD, Nervina JM. CBCT in orthodontics: Assessment of treat-
ment outcomes and indications for its use. Dentomaxillofacial Radiol.
2015;44(1):20140282. https://doi.org/10.1259/dmfr.20140282

6. Wesemann C, Muallah J, Mah J, Bumann A. Accuracy and efficiency of full-
arch digitalization and 3D printing: a comparison between desktop model
scanners, an intraoral scanner, a CBCT model scan, and stereolithographic
3D printing. Quintessence Int. 2017;48(1):41-50. https://doi.org/10.3290/j.
qi.a37130

7. Impellizzeri A, Horodinsky M, Barbato E, Polimeni A, Salah P, Galluccio G.
Dental Monitoring Application: it is a valid innovation in the Orthodontics
Practice? Clin Ter. 2020;171(3):e260-7. https://doi.org/10.7417/CT.2020.2224

8. Hansal, Semaan SJ,Vaid NR, Ferguson DJ. Remote monitoring and
Tele-Orthodontics: Concept, scope and applications. Semin Orthod.
2018;24(4):470-81. https://doi.org/10.1053/j.50d0.2018.10.011

9. FaveroL, Pavan L, Arreghini A. Communication through telemedicine: home
teleassistance in orthodontics. Eur J Paediatr Dent. 2009;10(4):163-7.

10.  Hannequin R, Ouadi E, Racy E, Moreau N. Clinical follow-up of corticotomy-
accelerated invisalign orthodontic treatment with dental monitoring. Am
J Orthod Dentofac Orthop. 2020;158(6):878-88. https://doi.org/10.1016/j.
2j0d0.2019.06.025

11. Morris RS, Hoye LN, Elnagar MH, Atsawasuwan P, Galang-Boquiren MT, Caplin
J, etal. Accuracy of dental monitoring 3D digital dental models using pho-
tograph and video mode. Am J Orthod Dentofac Orthop. 2019;156(3):420-8.
https://doi.org/10.1016/j.aj0d0.2019.02.014


https://doi.org/10.1186/s12903-024-04245-2
https://doi.org/10.1186/s12903-024-04245-2
https://doi.org/10.2319/091416-687.1
https://doi.org/10.1186/s12903-015-0060-4
https://doi.org/10.1093/ejo/cjw033
https://doi.org/10.1093/ejo/cjw033
https://doi.org/10.1093/ejo/cjv077
https://doi.org/10.1259/dmfr.20140282
https://doi.org/10.3290/j.qi.a37130
https://doi.org/10.3290/j.qi.a37130
https://doi.org/10.7417/CT.2020.2224
https://doi.org/10.1053/j.sodo.2018.10.011
https://doi.org/10.1016/j.ajodo.2019.06.025
https://doi.org/10.1016/j.ajodo.2019.06.025
https://doi.org/10.1016/j.ajodo.2019.02.014

Logan et al. BMC Oral Health

(2024) 24:480

Moylan HB, Carrico CK, Lindauer SJ, Tufekgi E. Accuracy of a smartphone-
based orthodontic treatment-monitoring application: a pilot study. Angle
Orthod. 2019;89(5):727-33. https://doi.org/10.2319/100218-710.1

Kravitz ND, Burris B, Butler D, Dabney CW. Teledentistry, Do-It-Yourself
orthodontics, and Remote Treatment Monitoring. J Clin Orthod.
2016,50(12):718-26.

Johnson T. Remote monitoring and virtual consults come Center Stage.
Orthod Prod. 2020;27(3):10-2.

Ryan K, Gannon-Slater N, Culbertson MJ. Improving survey methods with
cognitive interviews in small- and medium-scale evaluations. Am J Evalua-
tion. 2012;33(3):414-30. https://doi.org/10.1177/1098214012441499
Shepperd JA, Pogge G, Hunleth JM, Ruiz S, Waters EA. Guidelines for conduct-
ing virtual cognitive interviews during a pandemic. J Med Internet Res.
2021,23(3). https://doi.org/10.2196/25173

Dhanasekaran M, Shaga Ib, Ponniah H, Sankaranarayanan P, Nagappan N,
Parameswaran T. The pandemic impact of covid 19 on orthodontic practice:
a Cross Sectional Study. J Pharm Bioallied Sci. 2021;13(6):1024. https://doi.
0rg/10.4103/jpbs.jpbs_127_21

Hansa I, Semaan SJ, Vaid NR. Clinical outcomes and patient perspectives of
Dental Monitoring® Golive® with INVISALIGN®—a retrospective cohort study.
Prog Orthodont. 2020;21(1). https://doi.org/10.1186/540510-020-00316-6

20.

21.

22.

23.

Page 9 of 9

Severs G. Orthodontists’ Perceptions of Teledentistry and Remote Dental Monitor-
ing in Orthodontic Treatment. ProQuest Dissertations Publishing; 2021.

Jones TL, Baxter MA, Khanduja V. A quick guide to survey research. Ann R Coll
Surg Engl. 2013;95(1):5-7.

Al-Shayea E. A survey of Orthodontists’ perspectives on the timing of
treatment: a pilot study. J Orthodontic Sci. 2014;3(4):118. https://doi.
0rg/10.4103/2278-0203.143232

Ab Rahman N, Low TF, Idris NS. A survey on retention practice among ortho-
dontists in Malaysia. Korean J Orthod. 2016;46(1):36. https://doi.org/10.4041/
kjod.2016.46.1.36

Park J. Assessment of Graduate School registered Practice Management
Course Effectiveness on Financial Success of orthodontists. M.S. Temple
University; 2022.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://doi.org/10.2319/100218-710.1
https://doi.org/10.1177/1098214012441499
https://doi.org/10.2196/25173
https://doi.org/10.4103/jpbs.jpbs_127_21
https://doi.org/10.4103/jpbs.jpbs_127_21
https://doi.org/10.1186/s40510-020-00316-6
https://doi.org/10.4103/2278-0203.143232
https://doi.org/10.4103/2278-0203.143232
https://doi.org/10.4041/kjod.2016.46.1.36
https://doi.org/10.4041/kjod.2016.46.1.36

	﻿Orthodontists’ use of remote monitoring platforms pre-, amid, and post-COVID-19: a survey study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Survey design

	﻿Results
	﻿Discussion
	﻿Conclusions
	﻿References


