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Abstract

Purpose. The first statewide teledentistry (TD) Summit in North Carolina (NC) was convened by the University of North
Carolina (UNC) at Chapel Hill in 2018. The purpose of this analysis is to compare Summit participants’ understanding of
TD, its benefits, challenges, solutions and the role of dental hygienists, pre- and post-Summit.

Methods. Summit invitees included leaders in related policy, education, advocacy, legislation, technology and UNC
dental hygiene and dental students. Descriptive analyses and exact McNemar’s matched pair tests compared proportions of
participants’ responses to pre- and post-Summit surveys.

Results. Response rates were pre-Summit 75.3% (n= 58) and post-Summit 70.1% (n= 47); matched pre-post survey pairs
(n=42). Pre-Summit respondents reported their primary role in administration (48.0%), teaching and mentoring (21.0%),
patient care (12.0%) or as a student (19.0%). Among respondents, overall self-reported TD knowledge increased from 38.1%
t0 92.9%, p< 0.001. Their reported extent TD should be developed in NC increased from 78.6% to 95.2%, p = 0.07; the
extent hygienists should have a role in TD services increased from 83.3% to 88.1%, p = 0.73. The most frequently mentioned
challenge was state practice acts requiring direct supervision of dental hygienists, limiting their TD use in community settings,
which increased in the pre- to post-surveys from 33.3% to 59.5% respectively, p = 0.01.

Conclusion. Among attendees at the statewide TD Summit, self-reported knowledge was high and attitudes favorable for
moving forward with TD in NC. However, state dental practice act barriers restricting dental hygienist participation in TD
was the first challenge respondents thought needed to be addressed.
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Introduction

According to Khan and Omar! “Teledentistry (TD)
can be defined as “the remote provision of dental care,
advice, or treatment through the medium of information
technology, rather than through direct personal contact
with any patient(s) involved.” It is a field whose roots lie
in telemedicine. Telehealth is a broader term that includes
telemedicine and TD. According to the website glossary of
the American Telemedicine Association, now known as ATA,
telehealth “is often used to encompass a broader definition
of remote healthcare that does not always involve clinical
services. Videoconferencing, transmission of still images,
e-health including patient portals, remote monitoring of vital
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signs, continuing medical education and nursing call centers
are all considered part of telemedicine and telehealth.”

The initial TD concept was developed as part of the
blueprint for dental informatics drafted at a 1989 conference
in Baltimore, funded by the Westinghouse Electronic Systems
Group.? The United States (US) Army’s Total Dental Access
(TDA) project in 1994 was considered to be at the forefront
of the birth of TD. A traditional Plain Old Telephone System
(POTS) was utilized with two different communication
methods, real time, and store and forward.? In 1995, Rocca and
colleagues conducted a pilot study in Haiti to connect a general
dentist with a dental specialist in Washington DC, via a satellite
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link.* The following year, an integrated services digital network
(ISDN) — based TD was tested by the Department of Defense
to establish a medical network in Bosnia to connect Army field
dentists with dentists at five regional military medical centers in
the US (Washington, Texas, California, District of Columbia,
and Hawaii). Using commercially available technology, dentists
transmitted radiographs, color images and full motion videos
to remote field hospitals for diagnostic support. The main
TD hub was at the Landstuhl Regional Medical center in
Germany, where the data was integrated into the Internet and
the commercial ISDN gateway link to the world. In 1997,
ISDN - based TD was tested in Belgium, Italy and Germany;
subsequently, additional studies were conducted in the UK,
Japan and Taiwan’

Teledentistry has been used in several parts of the US, to
increase access to care and provide screenings and referrals
for vulnerable and underserved populations in locations such
as school and pre-school settings, nursing homes and rural
clinics.®’ It is also used in education for health professionals
and continuing education.’ Systematic reviews of the literature
have demonstrated favorable results regarding diagnostic
accuracy between TD and other assessment methods for the
detection of early childhood caries in preschool children.®?
A randomized clinical trial compared TD to conventional
screening and referral methods for new patients seeking
orthodontic treatment.’® There was moderate agreement,
kappa = 0.46, between the two methods in patients being
accepted for orthodontic treatment."

The diagnostic efficacy of TD in oral diagnosis was
demonstrated by comparing the TD diagnosis of oral lesions
among nursing home residents with the reference standard
diagnosis obtained from a clinical exam." Teledentistry is
also being used by dentists for consultations and referrals with

dental specialists'>"

and specialist supervision. One example
is orthodontic treatment performed by general dentists but
supervised remotely by orthodontists." In Brazil, a cloud-
based telediagnosis program, EstomatoNet, has been used for
specialists to advise primary care dentists and physicians about
their patients” oral mucosal lesions and whether referrals to
specialists are recommended. This program greatly reduced
the need for face-to-face consultation, an advantage where
there are few specialists and long waiting and travel times
for patients.” While a number of studies have evaluated the
clinical aspects of TD, few studies have evaluated its economic

impact or cost-effectiveness.'

In 2019, 2.4 million North Carolinians, almost a fourth
of the population, resided in 175 dental health professional
shortage areas located throughout the state.””"* Many of these
counties are largely rural, creating a need for reaching people
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with limited access to dental care who could potentially
benefit from TD. In contrast, one study of telemedicine
utilization in an insured population, found that telemedicine
is frequently used in urban areas where convenience may be
the driving factor rather than limited access to care.” Thus,
TD benefits both those who need better access to dental care
as well as the larger population who have access but also seek
convenience.

Teledentistry models vary, but they typically employ
several team members to support data collection, analysis,
and provision of care. Dental hygienists are well positioned to
facilitate screening, counseling, and referral in support of TD
initiatives. Depending on state practice acts and additional
training, some may provide preventive and therapeutic
measures as well. The utilization of dental hygienists is
essential in establishing a team focused on prevention and
education, in addition to the identification of dental disease
and treatment needs.

Although TD has been in existence for over 30 years,
it is relatively new in North Carolina (NC). The current
environment for TD is more restrictive than many other states
due to current state legislative regulations and policies. In
order to learn more about TD and share ideation, a task force
held the first statewide summit in October 2018. Participants
included individuals holding positions with the ability to
overcome current challenges and advance TD, if desired.
The goals of the Summit included increasing participants’
knowledge and understanding of TD, reimbursement and
regulatory policies, information technology options, benefits,
challenges and solutions. The purpose of this study was to
compare participants’ pre- and post-Summit self-reported
knowledge and attitudes toward TD, the potential role of
dental hygienists, and to determine priorities for overcoming
barriers to implementation.

Methods

The study was reviewed by the University of North
Carolina at Chapel Hill (UNC) Office of Human Research
Ethics and determined exempt (Study #18-2039). A planning
committee and professional facilitator led the planning and
implementation of the Summit. The individuals invited
to the Summit (n=77) included experts in telemedicine,
information technology, oral health and related policy, leaders
in dental education, advocacy, business, organized dentistry
and dental hygiene, representatives from health insurers,
foundations and legislators and selected UNC students
(8 dental students, 1 dental hygiene student, and 1 dental
hygiene master’s student). The Summit consisted of oral
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presentations describing the use of telemedicine and UNC’s
Health Care’s 24/7 Virtual Urgent Care Center in NC,* a
video TD demonstration, and the role of TD in California in
the provision of the Virtual Dental Home System of Care in
community sites.” Six afternoon breakout groups were held
with the following topics: 1) private practice, 2) community,
3) education, 4) information technology, 5) policies, and 6)
finance/reimbursement. Participants were asked to address
key questions in each of their domains and share highlights
of each group’s discussion.

The survey questions were developed by a subset of
the planning group. Pilot-testing was conducted with 3
individuals who were invited but had indicated, prior to
the pilot-testing, that they were unable to attend the event.
Pre-Summit surveys were distributed via e-mail using online
software (Qualtrics”; Provo, UT) to the individuals who
indicated that they planned to attend the Summit (n=77).
Post- surveys were sent to the Summit attendees (n=67).
The e-mail described the survey and confidentiality process;
consent was indicated by clicking the survey link. The initial
pre-Summit survey mailing was sent twice, ten and four
days before the event. Post-Summit survey e-mails were sent
two and four weeks following the event. No names were
recorded on the surveys. To maintain confidentiality and
permit matching of individual pre-and post-Summit surveys,
the initial five questions on the surveys were used for each
respondent to create a unique ID (i.e., what is the first letter
of your favorite color). Questions regarding participants’

professional roles were only asked on the pre-Summit survey.

Respondents evaluated the format and content of the
program in the post-Summit survey. The surveys consisted of
questions asking participants to rate the extent of their overall
knowledge about TD, and extent of their current knowledge
of NC telemedicine policies for Medicaid reimbursement, (a
joint state and federal funded program that assists low-income
families with healthcare, including basic dental services),
each on a scale of 1 (no knowledge) to 7 (very knowledgeable.
Responses were grouped from 1-4 and 5-7 to create a derived
binary variable for analysis.

Participants were asked to rank the extent to which TD
should be developed in NC, and the extent to which dental
hygienists should have a role in the delivery of services
through TD in NC ranging from 1 (not at all) to 5 (a great
deal). Responses 1-3 and 4-5 were grouped. Three sets of
questions and response options asked: “What issues do you
think TD can address in NC?”, “In what ways do you think
TD could be used in NC?”, and “There are many challenges
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for implementing and delivering TD services in NC. Which
one do you think should be addressed first?”

Statistical analysis

The analytical dataset was limited to information from
respondents with pre- and post-survey ID matches. The
analysis included descriptive statistics for each variable,
comparison of frequency distributions for categorical variables,
and exact McNemar’s matched pair test to compare pre- and
post-Summit proportions of the participants’ responses to
the surveys. Multi-level responses were converted to binary
responses for comparison due to the small sample size. For
the question regarding the challenge to be addressed first,
the comparison was whether a choice was selected or not.
Each of the pre- and post-survey questions were analyzed
separately; first ignoring whether or not the participants were
involved in patient care (practicing clinicians) or had other
roles. Subsequent analyses were performed to determine
whether results differed by the “practicing clinician” (yes/
no) classification. The 95% confidence intervals associated
with each difference (increase) in proportion were reported.
A sensitivity analysis was conducted to assess whether
conclusions changed if students were classified as practicing
clinicians or not. A 5% statistical significance level was
used for the comparison of the proportions. SAS version 9.4
(TS1IM1 SAS Institute Inc.; Cary, NC, USA) was used for the

data analyses.

Results

The pre-Summit and post-Summit response rates were
75.3% and 70.1% respectively. However, not all of the pre-
and post-Summit surveys (62.7%, n=42) could be matched,
as not everyone completed both surveys. Of those who
completed the post-Summit surveys, notall of the participants
provided consistent responses to the five questions needed to
create their unique identifier. The results assessing pre- and
post-survey change are based on 42 participants, including
eight students. A comparison of the characteristics of these
42 and all 58 who completed the pre-Summit survey was
performed and the frequency distributions were found to be
very similar (Table I).

Participant characteristics

Of the participants with matched pre-post data (n=42),
about half, (47.6%) reported that their primary role was
in administration, 21.4% teaching and mentoring, 12.0%
patient care. Students comprised 19.0% of the data set. Of
the participants who were not students, 32.0% were currently
practicing clinicians; others were educators or administrators.
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Table I. Participant characteristics and selected pre-Summit survey

response proportions

Pre-Summit Matched
Characteristic or Survey Item Respondents (n=58) | Datasets(n=42)
n (%) n (%)
Primary Role
Administration 28 (48.3) 20 (47.6)
Teaching and Mentoring 12 (20.7) 9 (21.4)
Patient Care 8 (13.8) 5(12.0)
Student 10 (17.2) 8 (19.0)
Practicing Clinician
(excluding students) 17352) 11z
Rating of extent of current overall
knowledge about TD* 21(36.2) 16 (38.1)
Rating of extent of current knowledge
about NC telemedicine policies for 8 (13.8) 7 (16.7)
Medicaid reimbursement*
Rating of extent to which TD should
be developed in NC** 47 81.0) 33 (78.6)
Rating of extent of dental hygienists’
role in delivering TD in NC** 2 5 83)
First challenge to address for
implementing and delivering TD
services in NC: State dental practice 22 37.9) 14 (33.3)
act or not

* Rating of 5-7 on scale from 1 (no knowledge) to 7 (very knowledgeable);

** Rating of 4-5 on scale from 1 (not at all) to 5 (a great deal).

Figure 1. Frequency distribution of responses to item: Please rate the
extent of your current overall knowledge about TD on a scale of 1 to 7
(1=no knowledge, 7=very knowledgeable) (n=42)
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Changes in self-reported knowledge and
attitudes

Opverall, self-reported knowledge about TD
significantly increased pre- (38.1%) to post-
Summit (92.9%) as indicated by respondents
providing a knowledge score of 5-7, p<0.001
(Figure 1, Table I). There was also a significant
increase in knowledge about NC telemedicine
policies for Medicaid reim-bursement; 16.7%
of participants provided responses from 5-7
pre-Summit, increasing to 69.1% post-Summit,
<0.001 (Figure 2, Table II). The majority,
78.6%, indicated in the pre-Summit survey that
TD should be developed in NC, providing scores
of 4-5; the proportion increased to 95.2% post-
Summit, p=0.065 (Figure 3, Table II). Responses
regarding the extent to which dental hygienists
should have a role in the delivery of services
in NC, was high at both time points, (83.3%
pre- and 88.1% post), thus the change was not
significant, p=0.727.

Teledentistry issues and utilization

Responses to the nine issues that TD can
address in NC were favorable at both time
points. Pre-Summit, all participants responded
“yes” to seven items: increasing access to care
and patient outreach, efficient use of clinician’s
and patient’s time, improving oral health in
rural NC, facilitating consultation with health
care specialists, and reducing patients’ travel
costs. Almost all respondents agreed with
the remaining two items; TD can increase
reimbursement to dentists by provision of
more services (97.6%) and TD can increase
the number of dentists who are prepared
to treat patients in NC’s rural/underserved
communities (85.7%). There were minor vari-
ations in the responses post-Summit, with
100.0% responding “yes” to four of the same
issues, and 88.1% to 97.6% responding “yes”
to the remaining issues.

Participants were asked about seven possible
ways that TD could be used in NC (Table III).
Pre-Summit, 92.9% responded that it could be
used in the following ways: 1) synchronous use
such as for real-time patient consultations, 2)
asynchronous use called, “store and forward”
to send patient information for specialty
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Figure 2. Frequency distribution of responses to item: Please rate the
extent of your current knowledge about NC telemedicine policies for
Medicaid reimbursement on a scale of 1 to 7 (1=no knowledge,

7=very knowledgeable) (n=42)
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Figure 3. Frequency distribution of responses to item: Please rank the
extent to which TD should be developed in NC on a scale of 1 to 5
(1=not at all, 5=a great deal) (n=42)
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consultation, and 3) patient education. A majority, 88.1%, indicated that it
could be used for mHealth (mobile health such as smart phones/iPads for
monitoring patient health) or oral health screening (i.e., schools, nursing
homes, prisons) and for continuing education (85.7%). The greatest response

The Journal of Dental Hygiene 17

change was for Remote Patient Monitoring
(RPM) such as for patients in an intensive care
unit in a distant location; pre-Summit (71.4%)
and post-Summit (95.2%). For the remaining
items, post-Summit responses ranged from
78.6% to 100.0%. Asynchronous use was the
only item where the proportion of affirmative
responses declined, from 92.3% to 78.6%,
reflecting current statutory regulations.

Challenges

Participants were given a list of seven
challenges for implementing and delivering TD
services in NC and asked which one should be
addressed first (Table IV). Both pre- and post-
Summit, the most frequent challenge reported
was the “state practice act requiring direct
supervision of dental hygienists, limiting their
TD use in community settings.” This challenge
was selected by 33.3% (pre-Summit) and 59.5%
(post-Summit), a significant increase compared
to all other responses, p=0.013 (Table II, IV).
Because respondents were asked to select one
challenge, the increase in the state practice act
category was balanced by decreases in some of the
other categories such as reimbursement issues.
Further examination was performed on whether
the choice of state practice act regarding dental
hygiene varied between those self-identified as
practicing clinicians vs other professional roles.
The pre-post change in proportions was a little
larger for practicing clinicians than others, but
was not significant for either group, p=0.063
(95% CI: 0.05, 0.72) and p=0.147 (95% CI:
0.30, 0.63), respectively.

Student classification sensitivity analysis

Students could have self-identified as
practicing clinicians or not. Students were not
asked to indicate their year of enrollment in
their respective programs. The sensitivity analysis
compared findings as if all the students had been
classified as practicing clinicians or not, and
indicated that the conclusions did not change
regardless of how the students were classified.

Discussion

Dental hygienists are powerful advocates for
the community and are vastly underutilized when
addressing access to care needs. Teledentistry
is a model that can incorporate utilization
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Table II. Proportional differences in pre- and post- survey item agreement

between the respondents (n=42)

of dental hygienists to screen,
counsel, and refer; addressing both

Est Diff* preventive needs and connection

Survey Items (%) SE* 95% CI* | p-value* to a dental care provider. A major

Participants’ rating of extent of current overall 548 0.11 (0.33.0.76) 0.001 ﬁ.ndfng Of' this Stl'ldy_ Wa's .the

knowledge about TD : : -33,0. <0. significant increase in identifying

the NC State Practice Act as the

Participants’ rating of extent of current first challence to be addressed
knowledge about NC telemedicine policies . &

for Medicaid reimbursement 524 | 0.11 | (031,074 | <0.001 | to implement TD among the

— : Summit respondents. The scope

fﬁ;ﬂlcélp;::ei:f;ni;ﬁzxg ét to which TD 16.7 0.08 | (0.01,0.32) | 0.065 of practice for dental hygienists in

P NC is one of the most restrictive

Participants’ rating of extent of dental 48 0.07 | (:0.09.0.19) 0.727 in the nation, requiring direct, on-

hygienists’ role in delivering TD in NC site supervision of dental hygienists

“State practice act requiring direct supervision and a prior dentist examination.**

of dental hygienists, limiting their TD use in 262 0.10 | (0.07,0.46) 0.013 Unique circumstances can allow

community settings” selected as first challenge ' ' T ’ for indirect supervision of dental

to address hygienists, but a prior examination

*Estimated difference between pre-and-post proportions

SE: Asymptotic standard error

CI: 95% Confidence Interval

Table III. Proportion of respondents indicating the ways

TD could be utilized in NC (n=42)

In what ways do you think Pre- Post-
teledentistry could be used in NC2 Summit | Summit
“Yes” responses n (%) n (%)
Synchronous use such as for real-time 39 42
patient consultations (92.9%) | (100.0%)
Asynchronous use called, “store and
forward” to send patient information 2 2
f . . (92.9%) (78.6%)
or specialty consultation
Patient education 39 40
(92.9%) (95.2%)
mHealth (mobile health such as smart
phones/iPads for monitoring patient o 34
0, [0)
health) (88.1%) (81.0%)
Oral health screening (i.e., schools, 37 39
nursing homes, prisons) (88.1%) (92.9%)
Continuing education 36 39 (92.9%)
(85.7%)
Remote Patient Monitoring (RPM)
such as for patients in an ICU in a 30 40
) P (71.4%) | (95.2%)
distant location
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p-value: exact McNemar’s p-value

by a dentist is always required.

Teledentistry can provide an
alternative method to the current
on-site clinical examination process.
The findings provide impetus for working with the legislature, to
make modifications, so that dental hygienists can play a key role
in the implementation of TD. The virtual dental home model
in California is a successful example of dental hygienists being
a key part of the TD team.”

In a TD literature review that included evaluation of
clinical outcomes and costs, Daniel et al., found that different
types of oral health care personnel have been used to conduct
remote clinical screenings and capture intraoral images.
The authors discussed that “expanding the roles of dental
hygienists and removing practice restrictions would increase
the number of oral health care providers who could perform
screenings, care and referrals using TD.”** In a Tennessee
study comparing decayed and filled surface (DFS) scores
of 4-7-year-old children obtained by a dentist and dental
hygienist using clinical methods versus a dentist and dental
hygienist using TD (intraoral photographs) methods, found
that the DFS scores between the two groups and methods
were not significantly different, p >0.10.” Studies comparing
larger numbers of dentists’ diagnoses via TD and hygienists’
screening assessments may be needed.

A key barrier to the implementation of TD practices
has been found in the restrictive dental practice acts that
states, such as NC, place on the roles and functions of
dental hygienists. Teledentistry can be used as an effective
tool for conducting a remote consultation between a patient
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Table IV. Proportion of respondents indicating the first challenge
to be addressed to implement TD in NC (n=42)

There are many challenges for

c g o . Pre- Post-
implementing and delivering teledentistry Summit | Summit
services in NC. Which one do you think n (%) n (%)
should be addressed first? ’ >
State practice act requiring direct supervision 14 25
of dental hygienists, limiting their 0 0
teledentistry use in community settings (33.3%) (59.5%)
. 8 4
Reimbursement Issues (19 0%) (9.50)
Lack of education/continuing education for 7 6
using TD (16.7%) (14.3%)

Telemedicine Medicaid policies requiring
that consultation takes place by two-way 6 3 (

real-time interactive audio and video (14.3%) 7.1%)
telecommunication systems
Costs of purchasing, installing and 3 0
maintaining technology (7.1%) (0.0%)
Difficulties scheduling synchronous TD 1 1
services at distant sites (2.4%) (2.4%)
No Response ! !
p (2.4%) | (2.4%)
Other (Please Specify) g .
P (4.8%) | (4.8%)

at the originating site and a consulting provider at the distant site.
Its benefits lie in the convenience for both patient and provider,
improving access to care for those who reside in rural and underserved
communities, avoidance of having to travel considerable distances and
the knowledgeable triaging of patient referrals.

A 2014 TD survey of Australian dental practitioners supports the
findings of this study. Authors expressed agreement with its advantages
and usefulness for patients, especially those in rural locations, and
aspects of dental practice including communication with patients,
colleagues and facilitation of referrals. Concerns were expressed
regarding data security, patient consent and privacy, equipment costs
and technical compatibility,” indicating mutual issues to address
in order for TD to advance globally. A systematic review of multi-
national barriers to adopting telemedicine also identified similar
barriers for TD, in addition to high cost, lack of reimbursement, and
public policy barriers regarding state provider licensing and inter-state
commerce restrictions in the United States.”

This study had limitations. Since the Summit participants were
invited and agreed to attend an all-day event, they may have been more
likely to be interested in learning about the topic and predisposed to
having more favorable attitudes towards TD than individuals who
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were not invited to attend. Regardless, initial self-
reported TD knowledge was relatively low among
the invitees. While these results do not reflect TD
knowledge of NC residents or clinicians at large, it
would also be likely to be low. To advance TD, more
extensive communication and education to both lay
and clinician audiences will be necessary.

Not all attendees completed the post-Summit survey
or remembered the responses they provided on the
pre-survey to create a code that could be used for the
identifier to match the post-survey. Thus, the number
of matched pairs to assess differences before and after
the Summit was limited to a subset of the total number
of participants. However, the pre-Summit survey
distributions of characteristics for all respondents (n=58)
were similar to those used in the analytical matched
sample (n=42). The number of dental hygienists or
dental hygiene students who attended the Summit was
small (n=2). It is not known if they completed the survey.
While the dental hygienist perspectives regarding TD
were of interest, in order to maintain confidentiality,
the responses were not segregated.

Conclusions

Teledentistry Summit participants’ self-reported
knowledge was high following the event and attitudes
were found to be favorable for moving forward with
TD in NC. Respondents indicated that TD should
be developed in NC and could address many issues
to improve patient care. The majority felt dental
hygienists should have a role in TD and that the state
practice act governing their scope of practice was the

first challenge that should be addressed.
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