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Abstract
Background: Amid COVID-19, and other possible future infectious disease pandemics, dentistry needs to consider modified
dental examination regimens that render quality care, are cost effective, and ensure the safety of patients and dental health care
personnel (DHCP). Traditional dental examinations, which number more than 300 million per year in the United States, rely on
person-to-person tactile examinations, pose challenges to infection control, and consume large quantities of advanced-level
personal protective equipment (PPE). Therefore, our long-term goal is to develop an innovative mobile dentistry (mDent) model
that takes these issues into account. This model supplements the traditional dental practice with virtual visits, supported by mobile
devices such as mobile telephones, tablets, and wireless infrastructure. The mDent model leverages the advantages of digital
mobile health (mHealth) tools such as intraoral cameras to deliver virtual oral examinations, treatment planning, and interactive
oral health management, on a broad population basis. Conversion of the traditional dental examinations to mDent virtual
examinations builds upon (1) the reliability of teledentistry, which uses intraoral photos and live videos to make diagnostic
decisions, and (2) rapid advancement in mHealth tool utilization.
Objective: In this pilot project, we designed a 2-stage implementation study to assess 2 critical components of the mDent model:
virtual hygiene examination (eHygiene) and patient self-taken intraoral photos (SELFIE). Our specific aims are to (1) assess the
acceptance and barriers of mDent eHygiene among patients and DHCP, (2) assess the economic impact of mDent eHygiene, and
(3) assess the patient’s capability to generate intraoral photos using mHealth tools (exploratory aim, SELFIE).
Methods: This study will access the rich resources of the National Dental Practice-Based Research Network to recruit 12
dentists, 12 hygienists, and 144 patients from 12 practices. For aims 1 and 2, we will use role-specific questionnaires to collect
quantitative data on eHygiene acceptance and economic impact. The questionnaire components include participant characteristics,
the System Usability Scale, a dentist-patient communication scale, practice operation cost, and patient opportunity cost. We will
further conduct a series of iterative qualitative research activities using individual interviews to further elicit feedback and

https://www.researchprotocols.org/2021/10/e32345

XSL• FO
RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 10 | e32345 | p. 1
(page number not for citation purposes)

JMIR RESEARCH PROTOCOLS

Xiao et al

suggestion for changes to the mDent eHygiene model. For aim 3, we will use mixed methods (quantitative and qualitative) to
assess the patient’s capability of taking intraoral photos, by analyzing obtained photos and recorded videos.
Results: The study is supported by the US National Institute of Dental and Craniofacial Research. This study received “single”
institutional review board approval in August 2021. Data collection and analysis are expected to conclude by December 2021
and March 2022, respectively.
Conclusions: The study results will inform the logistics of conducting virtual dental examinations and empowering patients
with mHealth tools, providing better safety and preserving PPE amid the COVID-19 and possible future pandemics.
International Registered Report Identifier (IRRID): PRR1-10.2196/32345
(JMIR Res Protoc 2021;10(10):e32345) doi: 10.2196/32345
KEYWORDS
teledentistry; mDentistry; oral diseases; virtual visit; intraoral camera; pandemic response; COVID-19; mHealth

Introduction
Urgent Need to Transform the Dental Visit Format
During Infectious Disease Outbreaks
Amid the COVID-19 pandemic, dental health care personnel
(DHCP) are at great risk of contracting the SARS-CoV-2 virus
due to their close physical proximity to their patients, as well
as the enhanced potential for transmission of airborne viruses
in the dental setting [1]. When delivering dental services, DHCP
consume increased amounts and enhanced levels of personal
protective equipment (PPE), equivalent to the ones used by
other health care providers who provide care to
COVID-19–positive patients. This PPE includes N95 respirators,
goggles, gowns, head covers, and face shields. Although
dentistry has practiced for years utilizing person-to-person
visual-tactile examinations, now, more than ever, utilizing a
wide variety of new technologies and approaches to deliver
virtual dental services would have significant utility.
Aggressively converting traditional dental examinations (eg,
comprehensive, limited, and hygiene recall examinations) to
virtual examinations could significantly reduce the exposure
risk for patients and DHCP and preserve a large volume of PPE
essential to the medical and dental communities. According to
the American Dental Association, as of 2019, 200,419 dentists
were practicing dentistry in the United States, with 158,331
(79%) general dentists (GD) providing a range of examination
visits on a daily basis [2]. GDs in the United States are
conducting 564 million patient visits per year (an average of
3566 patient visits per GD) [3]. Importantly, 316 million of
these 564 million patient visits (56%) are examination visits.
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These visits comprise 67 million (21%) new patient
examinations, 40 million (13%) limited examinations, and 209
million (66%) hygiene recall examinations, which are often not
linked to definite treatment delivery at the same visit. If these
316 million examinations were all (or partially) converted to
virtual visits, serving as remote triage of patients’ needs, 316
million person-to-person contacts would be avoided, preserving
at least 1 billion pieces of PPE per year.
In the current dental examination model (Figure 1), patients
often need to have one examination visit and one hygiene visit
before they get to a definite treatment visit. A dentist hygiene
check visit usually includes x-rays taken by the dental hygienist
and an examination completed by the dentist [4]. In a regular
dental office, the dentists usually conduct hygiene examinations
in between treating their chairside patients [4]. In the current
COVID-19 environment and for the foreseeable future, the
dentist needs to change PPE between seeing his or her chairside
patient and the hygiene patient and then change to another PPE
when completing the hygiene check and returning to the original
chairside patient. A single hygiene check examination consumes
2 sets of PPE for the dentist alone and increases the challenge
of infection control due to frequent switching of PPE and the
dentist running between dental operatories. Moreover, with
added time from changing PPE, extended waiting can add more
frustration to that already reported by patients and dental
hygienists while waiting for dentists during traditional hygiene
examinations [4]. Dentistry needs changes to the dental
examination regimens, especially hygiene examinations, to
render quality care and ensure the safety of patients and the
DHCP amid the COVID-19 outbreak.
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Figure 1. Current and proposed mobile dentistry (mDent) model for dental examinations. PPE: personal protective equipment.

Rationale for Developing the mDent eHygiene Model in a
Digital Era
Our long-term goal is to develop an innovative mobile dentistry
[5] (mDent) model in this digital era (illustrated in Figure 1).
The mDent model refers to the practice of dentistry supported
by mobile devices such as mobile telephones, tablets, personal
digital assistants, and a wireless infrastructure. The mDent
model combines virtual dental visits with the use of digital
mobile health (mHealth) tools, such as intraoral cameras, to
complete oral health screening, treatment planning, virtual
hygiene examinations, and interactive oral health education, on
a broad population basis. In the mDent model, before patients
arrive at the dental office, they would have a virtual visit with
dental office personnel to take a series of intraoral photos at
home. Capable patients could do this independently by watching
a photo-taking tutorial video, minimizing DHCP instruction
time during a virtual visit. With the intraoral photos, the DHCP
would have a preliminary idea of the patient’s oral health. The
second visit would be an in-office hygiene visit conducted by
the dental hygienist to complete intraoral x-ray records, a soft
and hard tissue examination, and additional intraoral photos, if
needed. Patients will then have a virtual dental visit, scheduled
https://www.researchprotocols.org/2021/10/e32345
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at a convenient time with the dentist, to review the findings and
treatment plans before they proceed with an in-office visit to
confirm the examinations and receive a definite dental treatment
plan and dental treatment, as appropriate.
This mDent model will fully engage relevant stakeholders
(patients, dental hygienists, and dentists) to conduct interactive
oral health practices. The mDent model will also utilize a
patient-driven mobile device to increase the accessibility of
dental care. Moreover, in the era of COVID-19 risk, this remote
virtual dental service model will lead to a well-planned dental
service, better infection control, and reduced PPE consumption.
As this eHygiene implementation study is a
hypothesis-generating pilot study, our immediate objective is
to assess the following 3 aims in the National Dental
Practice-Based Research Network [6]: (1) Aim 1 is to assess
the acceptance and barriers of mDent eHygiene among patients
and DHCP, (2) aim 2 is to assess the economic impact of mDent
eHygiene, (3) and aim 3 is to assess patients’ capability for
generating intraoral photos using mHealth tools (SELFIE).
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Methods
Overall Study Design
This study will use a 2-stage implementation study to assess

Xiao et al
the acceptance of 2 components (eHygiene and SELFIE) of the
mDent eHygiene model among patients and DHCP (dentists
and dental hygienists). The components are illustrated in Figure
2.

Figure 2. Specific aims, study design, and outcome measures. DPC: dentist-patient communiation; SUS: System Usability Scale.

This mDent eHygiene study will use mixed methods
(quantitative and qualitative) to collect outcome measures and

conduct data analysis. For details, see Table 1 and the following
subsections.

Table 1. Mobile dentistry (mDent) model eHygiene objectives and outcome measures.
Aims

Outcome measurements

Brief description and justification of the outcome measures

Aim 1: assess the accep- System Usability Scale (SUS); dentist-patient communica- The SUS instrument will be used to assess the acceptance of
tance of and barriers to
tion (DPC); theme of acceptance and barriers analyzed
the mDent eHygiene approach. The SUS instrument [7-9] is
mDent eHygiene among from individual qualitative interviews with the DHCP
widely adopted in business and technology industries and
patients and DHCPa

a

mHealthb fields to measure and quantify the perception of
product and service usability. The DPC component will be
used to assesses how well the patients understand the planned
treatment and the quality of the communication between the
patients and dentists using eHygiene. We will use a modified
questionnaire from a validated DPC questionnaire [10].
Qualitative analysis will be conducted for data from 15 individuals (5 patients, 5 dentists, 5 dental hygienists) via 30minute virtual individual interviews. The questions during the
interview will address the feedback, perceived challenges, and
suggestions for improvement for the mDent eHygiene model.

Aim 2: assess the economic impact of mDent
eHygiene

PPEc consumption and estimated cost and eHygiene chair
time per patient; eHygiene virtual visit time per patient;
DHCP (dentist and dental hygienist) personnel cost related
to eHygiene

Aim 3: assess patients’
capability for generating
intraoral photos using
mHealth tools (SELFIE)

Quantity and quality of intraoral photos taken by patients, This objective will provide preliminary data on patient engageassessed by 1 dentist in the study team who will be trained ment with using mHealth tools, which is essential to empowfor photo assessment; themes of challenges encountered
ering patients in the complete mDent model.
by patients while taking intraoral photos themselves, by
analyzing the video recordings from the SELFIE session

Studies from other groups have shown improved cost-effectiveness using virtual dental visits [11,12]. Now, facing the
PPE shortage amid the COVID-19 outbreak, the economic
benefits of mDent eHygiene are promising. The magnitude,
however, must be carefully evaluated, which will be assessed
using the outcome measured listed in this objective via rolespecific baseline and post-eHygiene questionnaires.

DHCP: dental health care personnel.

b

mHealth: mobile health.

c

PPE: personal protective equipment.
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Participants and Recruitment

to evaluate their capability for taking intraoral photos by
themselves, with guidance from the dental hygienist.

The mDent eHygiene study will be conducted in the
Northeastern node of the National Dental Practice-Based
Research Network in the United States. This mDent eHygiene
study will enroll 144 patients and 24 DHCPs from 12 practices.
Each practice will enroll 12 patients, 1 dentist, and 1 dental
hygienist. All 144 patients and 24 DHCPs will conduct the
eHygiene session (1st stage) of the study. Among enrolled
patients and DHCPs, 5 patients, 5 dentists, and 5 dental
hygienists will be invited for a 30-minute recorded telephone
interview for a qualitative session of the eHygiene study. In
addition, 12 patients will be invited to conduct a SELFIE session

Intraoral Photo Taken by a Dental Hygienist in an
eHygiene Session
The dental hygienist will complete a routine hygiene visit,
update x-rays, and perform a hard and soft tissue examination
as part of routine clinical care. Intraoral photos of patients will
be taken for research purposes following a recommended
template (See Multimedia Appendix 1). Intraoral photos will
be stored in Mouthwatch Teledent—a cloud-based platform for
conducting Teledent visits. A series of intraoral photos will be
taken by a tablet and an intraoral camera connected to a tablet.
Examples of intraoral photos are shown in Figure 3.

Figure 3. Patient self-taken intraoral photos: (A) front view taken on an iPhone X, on which gingival erythema and multiple white spots (de-calcification)
are seen; (B) posterior photos taken with a Mouthwatch intraoral camera, where the upper panel includes photos of the lower left first molar and lower
panel photos of the upper right first molar.

Patient-Dentist Virtual Visit in the eHygiene Session
The dentist will then conduct a virtual visit with the patient
lasting approximately 30 minutes at a later and suitable time
within 14 days of the eHygiene intraoral photo visit, to review
eHygiene findings and treatment plans.

SELFIE Session
The self-taking of intraoral photos (SELFIE session) will be
piloted by 12 (1 from each practice) of the 144 study patients
who complete the eHygiene session. The intraoral camera and
instructional video will be given to the patient when the patient
leaves the hygiene visit. During a virtual visit with the dental
hygienist, the patient will use an intraoral camera while being
supervised by the dental hygienist to take a series of intraoral
photos of the front and posterior teeth. This virtual visit session
will be recorded.
Patients will be encouraged to think-aloud [13] about their
feelings and difficulties encountered while taking photos. The
think-aloud process asks users to verbalize their thoughts as
they complete various tasks, allowing investigators to gain
insight on participants’ thought processes in relation to the
technology products.
https://www.researchprotocols.org/2021/10/e32345
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Study Questionnaires
Each participating patient, dentist, and dental hygienist will
complete baseline and post-eHygiene role-specific
questionnaires (see Multimedia Appendix 2 for the dentist
questionnaire, Multimedia Appendix 3 for the hygienist
questionnaire, and Multimedia Appendix 4 for the patient
questionnaire) as per the study schedule. The questionnaires
include the System Usability Scale (SUS), dentist-patient
communication (DPC) scale, office operation, and other items
detailed in Table 1.

Qualitative Interviews
After receiving the SUS scores from all patients and DHCPs,
the study team will randomly select 15 individuals (5 patients,
5 dentists, 5 hygienists) for virtual individual interviews lasting
approximately 30 minutes. These 15 individuals will include
those who rated above and below the average SUS score. The
questions asked during the interview will address feedback and
recommendations, perceived challenges, and suggestions for
improvement of the mDent eHygiene model. The interviews
will be standardized using an interview guide (see Multimedia
Appendix 5), and interviews will be audio-recorded.
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Statistical Analysis
Sample Size Considerations
The sample size calculation for the primary outcome
(eHygiene—SUS) was based on the primary outcome of the
SUS score from patients. Various studies [7,14,15] have used
the SUS scale to assess the usability of a medical service or
mHealth tool and reported mean SUS scores of 47.5-81.2 (SD
9.9-21.1). Since the patients in the eHygiene study are clustered
by practice, we used a cluster randomized design calculation
for the sample size calculation. Assuming the difference in the
SUS score between the patient-evaluated eHygiene model and
other published mHealth tools has a mean of 8 and an SD of
10, a sample size of 72 patients from 12 practices (6 per practice)
will achieve 90% power, at an alpha of .05. Considering the
potential dropout rate, a sample size of 144 patients will satisfy
the statistical power of the primary outcome.
Dentists and dental hygienists will complete the SUS for each
patient when the dentist and hygienist complete an eHygiene
visit, which means each dentist and hygienist will evaluate the
eHygiene model 12 times. Assuming a mean difference of 30
(SD 20) between the first and last patients evaluated by the
dentists and hygienists, using a paired t test, a sample of 7
dentists or hygienists will achieve 90% power, at an alpha of
.05. Considering potential dropouts, recruiting 12 dentists and
12 dental hygienists will achieve satisfactory statistical power
for this aim.
Using a cluster randomized design to calculate the sample size
for the primary outcome of DPC and assuming a mean
difference in the patient-evaluated DPC score between the
current hygiene model and the eHygiene model of 8 (SD 10),
a sample size of 48 patients from 12 practices (4 per practice)
will achieve 85% power, at an alpha of .05. A sample size of
144 patients will satisfy the statistical power of the DPC
outcome, while considering potential dropouts.
For the sample size calculation of the tertiary outcome
(SELFIE), we expect to reach data saturation [16] (no new
themes are identified) after conducting 12 individual tests. The
sample size was determined based on previously published
studies, where between 6 and 11 usability tests were conducted
to assess technology products, for instance, smartphone app
usability [17,18].

Analyses for Aim 1: eHygiene
We will calculate SUS scores for the eHygiene model
(post-eHygiene SUS) as rated by patients, dentists, and dental
hygienists. The SUS score from the patients and DHCPs
between practices will be compared. A linear mixed effects
model will be used to examine factors that influence the SUS
score as perceived by patients, including patient factors
(demographic, socioeconomic, education, profession, and
experience with using a digital device and mHealth tools) and
DHCP factors (demographic and dental practice experience),
while considering the clustering effects within practices and
providers. The eHygiene SUS score as rated by dentists and
dental hygienists from treating the first patient through the last
study patient will be compared to assess whether the
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DHCP-determined SUS score is associated with a learning
curve.
We will calculate the DPC score as rated by patients, which
assesses how well the patients understand the planned treatment
and the quality of the communication between the patients and
dentists who participate in eHygiene. We will use a linear mixed
effects model to examine factors that influence the DPC score
perceived by patients, including patient factors (demographic,
socioeconomic, education, profession, and experience with
using a digital device and mHealth tools), DHCP factors
(demographic and dental practicing experience), and time spent
on the eHygiene visit, while controlling for the clustering effects
within practices and providers. We will run separate models for
patients and DHCP.
Regarding qualitative data, the interviews will be standardized
using interview guides, audio-recorded, transcribed, coded, and
analyzed for thematic content. The audio recordings will be
transcribed by the Temi (San Francisco, CA) transcription
service and further verified by 2 trained research personnel.
Transcribed data will be analyzed using MAXQDA software
(VERBI GmbH, Berlin, Germany). The data will be coded by
2 trained coders with predetermined open codes using a
codebook with a description of the coding tree. Thematic content
will be further analyzed using categorizing and contextualizing
strategies to understand the factors associated with acceptance
of and barriers to eHygiene among patients and DHCPs.

Analyses for Aim 2: Economic Impact
We will conduct analysis for the following parameters: (1) PPE
consumption and estimated cost and comparison between
eHygiene and traditional hygiene examination models for each
practice; (2) eHygiene chair time per study patient, learning
curve–related fluctuations in chair time per practice, and
comparisons between practices; (3) eHygiene virtual visit time
and comparison between practices; and (4) DHCP (dentist and
dental hygienist) personnel cost related to eHygiene in-office
and virtual visits, compared with traditional hygiene examination
visits.

Analysis for Aim 3: SELFIE Intraoral Photos
Parameters to be evaluated include time spent on photo taking,
number of photos, and readable photos by a dentist evaluator
using a photo assessment from (Multimedia Appendix 6).
Factors including patient demographic, education, and
experience with using a digital device and mHealth tools that
potentially relate to patient capability will be further assessed.
The “think-aloud” videos recorded during the SELFIE sessions
will be reviewed by a trained study evaluator to analyze common
themes of challenges patients encounter, using a SELFIE
assessment form (Multimedia Appendix 7). The key tasks are
connecting cameras with a tablet, locating the photo-taking
module in the TeleDent software, using a cheek retractor, taking
front-view and posterior teeth photos, and ensuring photos are
stored in the TeleDent software. User performance for these
key tasks will be ranked as critical (requiring assistance to
proceed), severe (major delay and/or frustration), or cosmetic
(minor) and annotated to the specific task. Based on rankings,
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Discussion

engaging dental hygienists and patients to obtain intraoral
images using an intraoral camera has not been assessed. Second,
transforming the traditional one-on-one tactile dentist
examination to an eHygiene visit requires a team effort from
several stakeholders: the patient, dental hygienist, and dentist.
This level of teamwork in dental offices is innovative. The team
effort could lead to better DHCP-patient communication and a
better understanding and compliance with this approach to dental
treatment. Third, integrating the mHealth concept into dentistry
to achieve population-wide oral health screening and monitoring
is extremely innovative and offers a vehicle to promote
patient-engaged oral health education and patient-driven early
detection of oral disease. Fourth, the eHygiene model is a novel
way of preserving PPE during the COVID-19 and other
respiratory-transmissible disease outbreaks.

Study Innovation

Impact on Clinical Practice

This study is innovative in several ways. First, conducting virtual
dental examinations (the mDent model) using intraoral photos
and x-rays is novel and potentially transformative to dental
practice. Using smartphones and mobile devices to take photos
of the mouth and teeth and conduct oral disease screening has
been recently reported [19-21]; however, the feasibility of

Successful completion of this eHygiene pilot study will provide
data on the acceptance and economic impact of virtual dental
examinations during eHygiene visits, which will be a test vehicle
for the future mDent model. The results will inform potential
immediate modification of the dental service system to provide
better safety and preserve PPE amid COVID-19 and other
infectious disease outbreaks and beyond.

Results
The study has been peer-reviewed and funded by the US
National Institute of Dental and Craniofacial Research. This
study received single institutional review board approval from
the University of Alabama at Birmingham (#300006506) and
local context review from the University of Rochester (#6077).
The eHygiene study is expected to launch in August 2021. Data
collection and analysis are expected to conclude by December
2021 and March 2022, respectively.
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