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In a matter of one week, all dental hygiene programs in 
the U.S. and Canada were closed. Dental offices across the 
nation were closed; and everyone was told to “stay at home”.  
Thus began months of what could only be imagined in a 
Netflix® horror movie. Dental hygiene as a profession, and its 
education, would never be the same.  

For the past few months dental hygiene program directors, 
faculty, students, professional associations, state dental 
boards, and legislators have been grappling with COVID-19.  
Universities and colleges were closed. All external rotations 
were cancelled. When and how could students and faculty 
safely return to campus? How will students get licensed when 
regional licensing examination were closed? Will patients feel 
comfortable returning to the campuses for dental care from the 
students? How will these issues be addressed by the Commission 
on Dental Accreditation (CODA)? When will students be able 
to sit for the Dental Hygiene National Board Examination? As 
of today, many programs have been able to return to campus in 
some capacity; others will not return until January 2021, greatly 
delaying student graduation and licensure.  

CODA released a statement allowing programs to maximize 
on-line learning. If faculty could demonstrate competency 
assessment on-line, it was acceptable. Program directors and 
faculty had the opportunity to think outside the box and find 
new ways to insure graduates were competent. Dental hygiene 
faculty now have a huge cadre of on-line assessment and 
teaching methods that stretched their creativity and skills. The 
immediate move to on-line only education required stamina, 
patience and collaboration. Webinars focusing on creative and 
useful on-line learning methodologies flourished. Discussion 
boards lit up. Document sharing was rampant.    

Rebecca L. Stolberg,  
RDH, MSDH

Guest Editorial

COVID-19: Education and  
Licensure Disruption 

If students were competent, the issue now was licensure.  
The American Dental Hygienists’ Association (ADHA), the 
American Dental Education (ADEA) and the American 
Dental Association (ADA) have been working diligently 
on the elimination of single encounter live patient clinical 
examination for licensure long before the era of COVID-19.  
The Coalition for Modernizing Dental Licensure was formed 
in October 2018 to move this agenda forward.  State governors 
and dental boards were motivated like never before to move 
on this issue because live patient clinical examinations could 
not be held, nor could they be held in the near future, given 
the social distancing requirements and amount of Personal 
Protective Equipment (PPE) necessary to conduct an exam. 
Regional testing agencies began the race of a lifetime 
developing manikin base exams for consideration.  States 
such as Washington, Utah, Illinois, and Vermont chose to 
allow temporary licensure to dental hygiene graduates until 
such time a regional board examination can be conducted. 
In addition, thanks to the efforts of dental hygiene educators 
rallying their state legislators and dental boards, some states, 
such as Oregon, Arkansas, and Texas, now allow for manikin-
based exams for dental hygiene licensure indefinitely. If there 
is one positive outcome of COVID-19 for dental hygiene 
education, it is that states have begun to understand that a 
single encounter live patient examination is not in the best 
interests of students, patients, and is not possible during a 
national crisis.  

The National Dental Hygiene Board Examination still 
poses another licensure barrier. When the virus hit, over 
5,000 dental hygiene students had not yet taken the nine-
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hour, dental hygiene national board. This examination, 
administered at computerized testing centers, had come to a 
standstill across the nation.  Months of testing appointments 
were cancelled. Computerized testing has resumed in most 
states, and fortunately the Joint Commission on National 
Dental Examinations reduced the exam time by half, so that 
more applicants to could test in a day.  

Dental hygiene program clinics have begun to re-open. 
Dentistry, well versed in blood borne pathogens, must now  
deal with airborne pathogens. New issues involve lack of 
appropriate PPE, social distancing, appropriate air filtration, 
and appropriate barriers in open bay clinics. In school dental 
clinics where there is not six foot spacing between chairs, only 
every other operatory may be used or some sort of barrier must 
be built/placed between chairs. Banning the use of ultrasonics 
has made a huge impact on all dental hygienists.  Students 
taking regional licensure examinations on live patients, will 
be doing without the use of ultrasonic instruments - a return 
to the 1980’s! 

The future effects of COVID-19 on dental education are yet 
to be realized.  Budgets are of grave concern. While students 
don’t generate large amounts of income in the educational 
clinics, some programs rely on that income to stay in business. 
Colleges of all sizes, in all locations, are facing large budget 
shortfalls due to decreased state government support and/or 
loss of income from students leaving campuses and dormitories. 
Some colleges have refunded tuition and dorm dollars. Program 
directors are forced to deal with budget shortcomings while also 
purchasing more PPE than ever. The long-term impacts of such 
budget shortfalls are yet to be actualized.  

Along with the pandemic, a national crisis on diversity 
and inclusion has surfaced. What are the mental health 
considerations for dental hygiene students and faculty 
returning to their campus communities? Faculty have lost 
loved ones. Students have lost jobs. Families have lost security. 
Dental hygiene programs are working hard to provide 
an equitable inclusive, safe, supportive and welcoming 
environment for all students.  

The role of the professional association has never been 
more important. The sense of community and networking 
offered by associations such as ADHA, is unmeasurable in 
times like this. The 24-7 advocacy work our association on 

behalf of dental hygiene programs to include dental hygiene 
in relief packages, and to also include dental hygiene clinics 
in these relief packages and obtainment of PPE from FEMA, 
are unmeasurable. These examples and experiences should 
be more than enough to convince every graduating dental 
hygiene student the value of their membership in ADHA.  
Without association leadership and advocacy, dental hygiene 
as a profession, and the faculty who educate our future 
professionals, would not be surviving and even thriving, 
during COVID-19.  

Rebecca L. Stolberg, RDH, MS is the Senior Director 
of Allied Dental Education and Faculty Development at the 
American Dental Education Association in Washington, DC.
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Abstract
Purpose: Scholarly inquiry and research are core competencies for graduate dental hygiene education as defined by American 
Dental Education Association (ADEA). The purpose of this study was to examine how graduate dental hygiene programs in 
the United States (US) are meeting these competencies.

Methods: The study sample consisted of the graduate programs in the US that award a terminal degree specific to dental 
hygiene (n=14). Graduate program directors were invited via email to participate in an electronic survey. The survey questions 
were developed based on the ADEA graduate dental hygiene education competency for scholarly inquiry and research. 
Descriptive statistics including frequencies and percentages were used to analyze the data. Exploration of relationships between 
variables were conducted using correlational analyses and t-tests.

Results: A response rate of 71% was achieved (n=10). There was a significant difference in the minimum number of scholarly 
activity requirements between programs with lower student enrollments (M=4.43, SD=1.61) versus those with higher enrollments 
(M=2.00, SD=0; t(8)=2.51, p=.036). A negative correlation was found between the submission of a manuscript to a peer reviewed 
journal and the number of students accepted per year in the graduate program (r (10)= -.655, p <.05 ), indicating that students 
graduating from programs with larger enrollments were less likely to submit their scholarly work for publication. 

Conclusions: All program directors reported requiring students to participate in at least one scholarly activity as defined in 
the ADEA Core Competencies for Graduate Dental Hygiene Education.  Program size was the biggest variable in relationship 
to the number of scholarly requirements. Schools with smaller enrollments required their students to participate in over twice 
the number of scholarly activities as compared to programs with larger enrollments.  More research is needed to evaluate how 
graduate level dental hygiene programs are meeting the ADEA competencies. 

Keywords:  scholarship, scholarly activities, research, dental hygiene graduate education

This manuscript supports the NDHRA priority area, Professional development: Education (evaluation).

Submitted for publication: 9/10/19; accepted: 3/17/20.

Scholarly Inquiry and Research: An assessment of graduate  
dental hygiene schools’ requirements 
Karen L. Brungardt-Davis, RDH, MSDH; Tanya Villalpando Mitchell, RDH, MS;  
Christopher J. Van Ness, PhD; Cynthia C. Gadbury-Amyot, RDH, MSDH, EdD

Introduction 
The dental hygiene profession has the potential to grow 

exponentially in the near future. Multiple states are passing 
legislation supporting advanced practice acts and there has 
been renewed discussion regarding the possibility of a dental 
hygiene doctorate degree. As public understanding of the 
relationship between oral and systemic health grows, dental 
hygienists are positioned to fill greater roles of responsibility in 
the healthcare system, and a body of knowledge specific to the 
dental hygiene discipline will be crucial to this advancement.

Research

The American Dental Hygienists’ Association (ADHA) 
has long recognized the importance of original research in its 
strategic vision to advance the profession.1 Graduate education 
provides the foundation for the development of scholars 
who are able to participate in the conduct and generation 
of research that ultimately validates the dental hygiene 
discipline. However, graduate dental hygiene programs are 
not required to go through an accreditation process with the 
Commission on Dental Accreditation (CODA) and this can 
result in large variances in program requirements and rigor. 
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In 2011, ADHA collaborated with the American Dental 
Education Association (ADEA) to develop the ADEA Core 
Competencies for Graduate Dental Hygiene Education.2   The 
core competencies emphasize the importance of developing 
scholar researchers and preparing dental hygiene professionals 
to assume leadership roles in health care and education. 
Purposes outlined for the creation of the document include: 1) 
to concisely establish the competencies expected of graduates, 
2) to offer direction to graduate dental hygiene programs 
in regards to curriculum development, enhancement, and 
establishment of a benchmark of educational quality, and 
3) to assist new professionals by defining what it means to 
be a graduate of a master’s degree program in dental hygiene 
and offer direction to those seeking a graduate degree in the 
profession.2 Eight core competencies were defined, including 
scholarly inquiry and research. 

National Dental Hygiene Research Agenda

The ADHA published its first National Dental Hygiene 
Research Agenda (NDHRA) in 1993.3 The agenda supported 
the organization’s strategic vision for the advancement of 
the profession and was intended to serve as a framework 
to guide researchers in adding to the body of knowledge 
unique to dental hygiene.1 The most recent version of the 
ADHA Research Agenda was released in June of 2016.1 The 
revised agenda highlights the need to focus research efforts 
on questions that will support the growth of the profession. 
The authors of the 2016 agenda stated that the revisions were 
intended to promote research that will assist in the further 
transformation of dental hygiene as a profession, along with 
facilitating interprofessional collaboration and practice.

There is a gap in the literature regarding how scholarly 
inquiry and research is addressed in graduate dental hygiene 
education. It is unknown whether these programs are 
addressing this particular competency as one of the eight 
core competencies for graduate dental hygiene education, 
as set forth by the ADHA and ADEA. Research unique 
to the discipline of dental hygiene is fundamental for the 
advancement of the profession, however the role of graduate 
dental hygiene education requirements with regards to the 
publication of peer-reviewed graduate research is unknown. 
The purpose of this study was to examine how graduate dental 
hygiene degree programs in the US are meeting the ADEA/
ADHA core competency for scholarly inquiry and research. 

Methods 
This descriptive research survey study design was 

deemed exempt by the University of Missouri, Kansas City 
Institutional Review Board (#18-363). Survey questions were 

developed by the authors using ADEA Core Competencies 
for Graduate Dental Hygiene Education, Competency eight: 
Scholarly Inquiry and Research.2 Since these guidelines were 
first published in 2011, it was determined that all programs 
would have had adequate time for implementation. Program 
directors of the schools in the US awarding graduate degrees 
specific to dental hygiene dental hygiene were invited to 
participate (n=14, Table I).4 Only programs awarding a 
Master of Science degree in Dental Hygiene were included in 
the study sample obtained from the ADHA website.

Survey instrument

Using the sub-competencies for Scholarly Inquiry and 
Research, an investigator designed survey was developed 
to include: 1) apply the research process to an identified 
problem, 2) demonstrate professional writing and presentation 
skills in the dissemination of research findings, 3) conduct 
a comprehensive systematic literature search relevant to a 
specific topic and critically evaluate the evidence gathered, 
4) demonstrate skill in proposal development and writing, 5) 
analyze and interpret quantitative and qualitative data from 
the research literature to guide problem-solving and evidence-
based decision making, 6) synthesize information from 
evidence-based literature to apply to a community health, 
education, clinical practice and/or research problem, 7) design 
and implement a scholarly project in an area of emphasis. 

The survey consisted of three parts. Part one consisted of 
five demographic questions including average number of years 
it takes students to complete the program, number of credit 
hours required for graduation, type of academic units used, 
average number of credit hours taken by students per semester, 
and the number of students accepted each calendar year. The 
second part of the survey had four items addressing scholarly 
inquiry and research with two of those questions related 
specifically to the ADEA sub-competencies. Participants 
were asked to identify which of the sub-competencies were 
part of the required curriculum, as well as the percentage of 
time devoted to each sub-competency. The two remaining 
questions in this section examined minimum requirements 
for scholarly activities, and the resources available to graduate 
students at their respective institutions.  Part three of the 
survey consisted of four retrospective questions regarding the 
number of graduates and scholarly activity over the past five 
years. 

The survey was pilot tested for validity by three faculty 
members from the University of Missouri Kansas City, 
School of Dentistry (UMKC-SOD) with experience in 
survey and program development. Following minor changes, 
the survey, including cover letter and informed consent, was 
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sent to dental hygiene graduate program directors via an online survey platform (Qualtrics; 
Provo, UT). Participants were asked to reply within two weeks and informed that their 
answers would be anonymous. A follow up email was sent at the conclusion of the initial 
two-week period, inviting non-respondents to take the survey. Data were analyzed using 
the statistical software program SPSSv25 (IBM Corp., Armonk, NY). Descriptive statistics 
including frequencies and percentages were calculated. Exploration of relationships between 
variables were conducted using correlational analyses and t-tests.

Results
An overall response rate of 71% was achieved (n=10).  Participants reported that students 

take an average of 1-4 years to complete the graduate programs, with 34 to 41 credit hours 
required for graduation. Students take an average of 3-9 credit hours per semester, and programs 
accept anywhere from of 4-20 students per year. All programs use semesters to define academic 
units. Program characteristics are shown in Table II.

In the second part of the 
survey, respondents were referred 
to a list of activities associated 
with the ADEA Scholarly Inquiry 
and Research sub-competencies2 
(Table III). The participants were 
asked to indicate which of those 
scholarly inquiry and research 
sub-competency activities were  
included in their required curri-
culum. Finally, they were asked 
to estimate the percentage of 
time devoted to each required 
activity identified in the pre-
vious step. The participants did 
not appear to understand the 
intent of the final step as results 
for this item totaled greater than 
100%. Because the data were not 
interpretable, they were excluded 
from further analysis. Over 
half, 67% (n=8) of the scholarly 
inquiry and research activities 
included in the survey were 
identified as required curriculum 
by all respondents. Writing a  
research proposal (90%) and  
conducting a systematic literature 
review (80%) were required by 
the majority of programs. Grant 
proposal writing and conducting 
case reports or case series were 
indicated as required curriculum 
elements by fewer programs 
(50% and 30%, respectively).  

The reported minimum 
requirements for scholarly 
inquiry and research are shown 
in Figure 1. Participation in a 
scholarly project (90%), and 
submission of an institutional 
review board application (80%) 
were the two most frequency 
reported requirements followed 
by submission of a written 
report (60%), submission of a  
manuscript to a peer review 
journal (50%) and a local pre-
sentation (50%). National and 

Table I. US graduate programs with a Master of Science in Dental Hygiene degree* 

University of California;  
San Francisco** https://dentistry.ucsf.edu/programs/dental-hygiene 

University of Bridgeport, Fones 
School of Dental Hygiene https://online.bridgeport.edu/degrees/master-dental-hygiene

Idaho State University http://coursecat.isu.edu/graduate/healthscience/
dentalhygiene/#text 

Massachusetts College of Pharmacy 
and Health Sciences (MCPHS, 
Forsyth School of Dental Hygiene)

https://www.mcphs.edu/academics/school-of-dental-hygiene/
dental-hygiene 

University of Michigan http://www.dent.umich.edu/about-school/department/pom/
dental-hygiene/dental-hygiene-masters-degree 

University of Minnesota https://www.dentistry.umn.edu/degrees-programs/dental-
hygiene/master-science 

University of Missouri-Kansas City https://dentistry.umkc.edu/academics/dental-hygiene-
education-master-of-science/ 

University of North Carolina https://www.dentistry.unc.edu/academicprograms/dh/msdh/ 

University of New Mexico http://online.unm.edu/online-programs/dental- 
hygiene-m.s..html 

Ohio State University https://dentistry.osu.edu/prospective-students/dental-hygiene-
programs/graduate-program-dental-hygiene

University of Texas Health Science 
Center at San Antonio

http://www.uthscsa.edu/academics/dental/departments/
periodontics/dental-hygiene/master-science 

Old Dominion University https://odu.edu/dental/dental-hygiene-overview#tab102=2 

Eastern Washington University https://www2.ewu.edu/chsph/programs/dental-hygiene/
master-of-science-in-dental-hygiene 

West Virginia University https://dentistry.hsc.wvu.edu/education/programs/dental-
hygiene-programs/master-of-science/ 

* Study sample, programs accepting students as of fall 2018 
** Program on hiatus since 2019-20 academic year
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regional presentations were identified as requirements by a much 
lower percentage of the respondents (20% and 10% respectively).  

Program directors were asked about resources offered 
to students enrolled in the participating programs to assist 
with scholarly inquiry (Table IV). All programs (100%) 
reported having a faculty mentor to assist with the research 
process and most (70%) reported having a statistician and/or 
research director. A positive correlation was found between 
the availability of a research director and submission of a 
manuscript to a peer reviewed journal (r=.655, n=10, p=.04). 
In addition, a positive correlation was also found between 
availability of a statistician and the submission of a manuscript 
to a peer reviewed journal (r=.655, n=10, p=.04). Programs 
where students have access to a statistician and/or a research 
director were more likely to have students submit their 
manuscripts to a peer reviewed journal. 

Due to the large variance in program enrollment and 
size, the variable of program was dichotomized for further 
analysis. Programs accepting 10-20 students a year formed 
one group, and those accepting 4-9 students a year formed 
the second group. In addition, scholarly activities marked 
as required by the program director, were summed to create 
a frequency scale reflecting the degree of scholarly activity 
characteristic of each program. A t-test was conducted to 
evaluate program scholarly activity as indicated in part two 
of the survey. The test was significant, (t(8) = 2.51, p = .03) 
with programs accepting 10-20 students a year reporting 
a significantly lower degree of scholarly activity (M=2.00, 
SD=0) as compared to schools with smaller enrollments 
of 4-9 students per year (M=4.43, SD=1.61). Further, a 
negative correlation was found between submission of 
a manuscript to a peer reviewed journal and the number 
of students accepted per year, (r = -.655, n = 10, p =.04). 
Programs with lower enrollments were significantly more 
likely to graduate students who submitted manuscripts to 
peer review journals.

The third part of the survey included a series of 
retrospective questions spanning over a period of five-
years (Table V). Two hundred and forty-six students have 

Table II. General program characteristics:

Minimum Maximum Mean

On average, how many 
years do students 
take to complete your 
program?

1 4 2.4

How many credit hours 
does your program 
require for graduation?

34 41 36.8

What is the average 
number of credit hours 
taken per semester?

3 9 7.3

How many students do 
you accept into the 
program in a calendar 
year?

4 20 8.5

Table III. List of scholarly inquiry and research activities  
and activity percentage of the required curriculum (n=10)

Activity n (%)

Conducting case reports or case series  
(with references). 3 (30%)

Writing a grant proposal. 5 (50%)

Conducting a systematic literature review. 8 (80%)

Writing a research proposal. 9 (90%)

Applying the research process to an  
identified problem. 10 (100%)

Applying professional skills in the dissemination 
of research findings. 10 (100%)

Applying professional presentation skills in the 
dissemination of research findings. 10 (100%)

Submitting a proposal to an IRB review board. 10 (100%)

Completing original research studies. 10 (100%)

Analyzing and interpreting qualitative and  
quantitative data. 10 (100%)

Synthesizing information from evidence-based 
literature to apply to a community health, education, 
clinical practice, and/or research problem.

10 (100%)

Designing and implementing a scholarly project. 10 (100%)

Figure 1. Minimum requirements reported for scholarly 
inquiry and research (n=10)
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graduated from the participating dental hygiene programs (n=10) over the past 
five years. Of those graduates, 15% presented at a regional conference (n=37), 
22% had presented at a national or international conference (n=54), and 26% 
had manuscripts published in peer reviewed journals (n= 64). Exploration of the 
relationship between the reported requirement of submission of a manuscript to a 
peer-reviewed journal and subsequent publication in the past five years, identified 
that institutions that required submission of a manuscript to a peer-reviewed 
publication were also more likely to report graduates who had published in the 
past 5 years (r(10)=.683, p<.05).

Discussion  
The purpose of this study was to address 

how graduate dental hygiene programs in 
the US are meeting the scholarly inquiry 
and research competency as defined 
in the ADEA Core Competencies for 
Graduate Dental Hygiene Education. 
The initial investigation at comparing 
program requirements proved difficult 
to interpret for a variety of reasons. 
First, words such as thesis, non-thesis, 
special project, and capstone project are 
used interchangeably. Second, program 
lengths can vary anywhere from 12 
months to 7 years. Third, some programs 
offering the same terminal degree allow 
students to pursue different “tracks” or 
areas of emphasis, meaning that while 
the degree awarded might be named the 
same (master of science) the requirements 
are quite different. For the purpose of 
this study, scholarship and research was 
defined according to the ADEA Core 
Competencies for Graduate Dental 
Hygiene Education, (Competency 8, 
Scholarly Inquiry and Research.)2 Using 
this document as a common parameter, 
the researchers were able to eliminate 
confusion ensuing from words such as 
thesis/non-thesis, and create a metric 
that would allow reasonable comparison 
across programs.  

The magnitude of the significance 
of scholarship and research in graduate 
education and its contribution to the  
advancement of the profession, is sup-
ported by national organizations such 
as ADEA and ADHA, as well as within 
the educational institutions themselves. 
Universities generally define graduate 
education as the discovery, preservation 
and dissemination of knowledge.  The 
importance of research is so ingrained 
in higher education that universities are 
found to address its significance in their 
mission and values statements.5 While the 
importance of scholarship and research 
is stressed, there are obvious barriers 
that have been noted in the literature.  
Studies examining graduate education 

Table IV. Resources available for scholarly inquiry (n=10)

Mean SD Frequency Percent

Scholarship review committee .40 .516 4 40.0

Research track within your program .40 .516 4 40.0

Research Director .70 .483 7 70.0

Statistician .70 .483 7 70.0

Faculty Mentor 1.00 .000 10 100.0

Other (Focus Groups) .10 .316 1 10.0

Table V. Number of graduates and scholarship activities in the past 5 years 
(n=10)

Minimum Maximum Mean Total (%)

How many students graduated 
from your program in the past  
5 years?

12 65 24.6 246(NA)

In the past 5 years, how many 
students have presented their 
scholarly activity at a regional 
conference?

0 15 3.8 37(15%)

In the past 5 years, how many 
students have presented their 
scholarly activity at a national/
international conference?

2 15 5.5 54(22%)

In the past 5 years, how many 
students have published their 
scholarly activity in a peer-
reviewed journal?

2 10 6.5 64(26%)
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in nursing,6-7 emergency medicine,8 and obstetrics and 
gynecology9 have identified a variety of obstacles including 
a lack of time devoted to the process in the curriculum, lack 
of adequate staff to serve as mentors, and insufficient support 
from the administration. Results from this study of graduate 
dental hygiene education corroborates that when graduate 
students have access to research mentors/directors and 
statisticians (adequate staff), they are more likely to submit 
their manuscripts to a peer reviewed journal. The results also 
indicated that when submission of a research manuscript to a 
peer-reviewed journal is a program requirement, those students 
are significantly more likely to ultimately have their work 
published. While this study endeavored to quantify the amount 
of time devoted to scholarship and research, the resulting data 
were not interpretable. It would be interesting in future studies 
to try and determine more closely the amount of time allocated 
to these activities in the graduate dental hygiene program 
curriculum and conduct comparative analysis to determine 
optimal time commitments dedicated to the generation and 
dissemination of knowledge. This information would be 
helpful for addressing the lack of time devoted to the process of 
scholarship and research barriers identified in the curriculum.  

Since the ADEA Core Competencies were approved and 
released by their ADEA House of Delegates in 2011, it seemed 
reasonable that programs would have had adequate time to 
adopt these national competencies. This study identified a 
great deal of variability still exists across programs’ scholarly 
inquiry and research requirements. Variations in program size 
was found to be the biggest factor in determining the amount 
and level of requirement difficulty. Results show that schools 
with smaller enrollments require over twice the amount of 
scholarly activity as their larger counterparts. As noted in the 
research from nursing, emergency medicine, and obstetrics, 
administrative support is critical for fostering scholarship 
and research.6-9 Discussion between the graduate programs 
and their respective administrations is key in regards to 
determining the mission and goal of graduate education at their 
institutions. As a profession, it will be important to continually 
scan the environment of graduate dental hygiene education to 
ensure that an emphasis on scholarship and research continues 
to be a priority and ultimately results in the generation and 
dissemination of new knowledge.  

The second research question guiding this study inquired 
whether the research requirements of graduate dental 
hygiene programs are contributing to the advancement of the 
profession through published peer-reviewed research. One-
half (50%) of programs reported submission of a manuscript 
to a peer reviewed journal as a program requirement, with 

one-fourth (26%) of all graduates (n=246) in the past 5 
years publishing their research. This important finding 
needs further examination from both an institutional and 
a professional perspective. As discussions continue around 
doctoral level education in dental hygiene, preparing students 
at the graduate level will be critical for their success with 
doctoral education and research.10-12

This study had limitations. There is always the potential 
for responder bias with a self-reporting survey. Program 
directors may have overestimated their programs participation 
in scholarly inquiry and research. Data obtained from this 
survey was completely dependent on the participants own 
knowledge and recollection. Also, given the small number 
of graduate dental hygiene education programs (n=14), it 
would have been even more informative to have had a 100% 
response rate. 

This is the first study to examine how graduate dental 
hygiene programs are meeting the ADEA competency of 
scholarly inquiry and research. Further refinement of the 
survey would be beneficial since there appeared to be a 
disconnect in reported responses, minimum requirements 
and percentage of time spent on each sub-competency. 
Future research should also examine how graduate dental 
hygiene programs are preparing students for possible doctoral 
level dental hygiene education as well as how programs are 
fulfilling the other seven core competencies. Perceptions of 
graduates, in regards to their preparedness in meeting all of 
the ADEA core competencies, would be informative from the 
both the educational and professional perspective.

Conclusion
All of the dental hygiene graduate program director 

respondents reported requiring students to participate in 
at least one scholarly activity as defined in the ADEA Core 
Competencies for Graduate Dental Hygiene Education.  
Program size was the biggest variable in relationship to the 
number of scholarly requirements. Schools with smaller 
enrollments required their students to participate in over 
twice the number of scholarly activities as compared to 
programs with larger enrollments.  In order to advance the 
dental hygiene profession, programs awarding a graduate 
degree in dental hygiene need to prepare their students with 
the tools and knowledge to contribute scholarly work beyond 
the program requirement basics. Ongoing research is needed 
to evaluate how graduate level dental hygiene programs are 
meeting the ADEA competencies. More information and 
discussion among stakeholders will also better prepare the 
profession in moving towards a doctorate degree.  
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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% 
to 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. 

Key Words. teledentistry, dental hygiene, health services, access to care, health policy, telehealth, telemedicine
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Teledentistry Knowledge and Attitudes: Perspectives on the role  
of dental hygienists 
Jane A. Weintraub, DDS, MPH; Leiana R. Edwards, BS; Jennifer L. Brame, RDH, MS;  
Lewis Lampris, DDS, MPH; B. Alex White, DDS, DrPH; Reuben Adatorwovor, PhD;  
N. Shaun Matthews, DDS, MD

Introduction
According to Khan and Omar,1 “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 

Research

signs, continuing medical education and nursing call centers 
are all considered part of telemedicine and telehealth.”2

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.3 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.3 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.4 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.4 In 1997, 
ISDN - based TD was tested in Belgium, Italy and Germany; 
subsequently, additional studies were conducted in the UK, 
Japan and Taiwan.5

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.6,7 It is also used in education for health professionals 
and continuing education.3  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.8,9  
A randomized clinical trial compared TD to conventional 
screening and referral methods for new patients seeking 
orthodontic treatment.10 There was moderate agreement, 
kappa = 0.46, between the two methods in patients being 
accepted for orthodontic treatment.10 

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.11 Teledentistry is 
also being used by dentists for consultations and referrals with 
dental specialists12,13 and specialist supervision. One example 
is orthodontic treatment performed by general dentists but 
supervised remotely by orthodontists.14 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.15 While a number of studies have evaluated the 
clinical aspects of TD, few studies have evaluated its economic 
impact or cost-effectiveness.16

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.17,18 Many of these 
counties are largely rural, creating a need for reaching people 

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.19 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,20 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.21 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 

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 
(TS1M1 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, not all 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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Changes in self-reported knowledge and 
attitudes 

Overall, 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,  
p<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 

Table I. Participant characteristics and selected pre-Summit survey  
response proportions 

Characteristic or Survey Item
Pre-Summit 

Respondents (n=58) 
n (%)

Matched 
Datasets(n=42) 

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) 17 (35.2) 11 (32.4)

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 
Medicaid reimbursement*

8 (13.8) 7 (16.7)

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** 48 (82.8) 35 (83.3)

First challenge to address for 
implementing and delivering TD 
services in NC: State dental practice 
act or not

22 (37.9) 14 (33.3)

* 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). 
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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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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 

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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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) 

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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of dental hygienists to screen, 
counsel, and refer; addressing both 
preventive needs and connection 
to a dental care provider. A major 
finding of this study was the 
significant increase in identifying 
the NC State Practice Act as the 
first challenge to be addressed 
to implement TD among the 
Summit respondents. The scope 
of practice for dental hygienists in 
NC is one of the most restrictive 
in the nation, requiring direct, on-
site supervision of dental hygienists 
and a prior dentist examination.22 
Unique circumstances can allow 
for indirect supervision of dental 
hygienists, but a prior examination 
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.23

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.”24 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 >0.10.25 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 

Table II. Proportional differences in pre- and post- survey item agreement  
between the respondents (n=42)

Survey Items Est Diff*  
(%) SE* 95% CI* p-value*

Participants’ rating of extent of current overall 
knowledge about TD 54.8 0.11 (0.33,0.76) <0.001

Participants’ rating of extent of current 
knowledge about NC telemedicine policies  
for Medicaid reimbursement 52.4 0.11 (0.31, 0.74) <0.001

Participants’ rating of extent to which TD 
should be developed in NC 16.7 0.08 (0.01,0.32) 0.065

Participants’ rating of extent of dental 
hygienists’ role in delivering TD in NC 4.8 0.07 (-0.09,0.19) 0.727

“State practice act requiring direct supervision 
of dental hygienists, limiting their TD use in 
community settings” selected as first challenge 
to address 

26.2 0.10 (0.07,0.46) 0.013

*Estimated difference between pre-and-post proportions 
SE: Asymptotic standard error      CI: 95% Confidence Interval      p-value: exact McNemar’s p-value

Table III. Proportion of respondents indicating the ways 
TD could be utilized in NC (n=42)

In what ways do you think 
teledentistry could be used in NC? 
“Yes” responses 

Pre-
Summit 
n (%)

Post-
Summit 
n (%)

Synchronous use such as for real-time 
patient consultations

39  
(92.9%)

42  
(100.0%)

Asynchronous use called, “store and 
forward” to send patient information 
for specialty consultation

39  
(92.9%)

33  
(78.6%)

Patient education 39  
(92.9%)

40  
(95.2%)

mHealth (mobile health such as smart 
phones/iPads for monitoring patient 
health)

37  
(88.1%)

34  
(81.0%)

Oral health screening (i.e., schools, 
nursing homes, prisons)

37  
(88.1%)

39  
(92.9%)

Continuing education 36  
(85.7%) 39 (92.9%)

Remote Patient Monitoring (RPM) 
such as for patients in an ICU in a 
distant location

30  
(71.4%)

40  
(95.2%)
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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,26 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.27  

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 

Table IV. Proportion of respondents indicating the first challenge 
 to be addressed to implement TD in NC (n=42) 

There are many challenges for 
implementing and delivering teledentistry 
services in NC. Which one do you think 
should be addressed first? 

Pre-
Summit 
n (%)

Post-
Summit 
n (%)

State practice act requiring direct supervision 
of dental hygienists, limiting their 
teledentistry use in community settings

14  
(33.3%)

25  
(59.5%)

Reimbursement Issues 8  
(19.0%)

4  
(9.5%)

Lack of education/continuing education for 
using TD

7  
(16.7%)

6  
(14.3%)

Telemedicine Medicaid policies requiring 
that consultation takes place by two-way 
real-time interactive audio and video 
telecommunication systems

6  
(14.3%)

3 ( 
7.1%)

Costs of purchasing, installing and 
maintaining technology

3  
(7.1%)

0  
(0.0%)

Difficulties scheduling synchronous TD 
services at distant sites

1  
(2.4%)

1  
(2.4%)

No Response 1  
(2.4%)

1  
(2.4%)

Other (Please Specify) 2  
(4.8%)

2  
(4.8%)

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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Abstract
Purpose: Occupational stress and burn-out among dental hygienists may produce a decrease in overall mental health and 
well-being. The purpose of this study was to determine prevalence of mental health concerns as well as perceived stressors and 
self-care strategies among dental hygienists in Oregon. 

Methods: Dental hygienists belonging to the Oregon Dental Hygienists’ Association were invited to participate in an 
electronic survey. The validated and pilot tested-survey consisted of 28 items that addressed experiences with stress, mental 
health issues and coping mechanisms.  Descriptive and inferential statistics were used to analyze the data. 

Results: Of the email invitations that were successfully delivered (n=251), 83 dental hygienists volunteered to participate 
(n=83), for a 33% response rate.  Difficulty maintaining work-life balance (35%, n=28), dysfunctional work teams (34%, 
n=28), and not enough time in the work schedule (65%, n=54) were the most common stressors. Respondents who worked 
≥20 hours per week were more likely to attribute their daily stress primarily or entirely to work (p=0.009).  Self-care methods 
included exercise, quiet time, spending time with loved ones, and self-care activities. Only 21% of respondents (n=17) reported 
that they received information or training on stress management and or burn-out in as part of their dental hygiene education. 
Conclusion:  Symptoms linked to depression and anxiety are common among dental hygienists in Oregon. Stress 
management education and training should be incorporated in dental hygiene educational programs to prepare graduates to 
effectively manage the stressors that may lead to burn-out. Additional research should be conducted on a national level to 
gain a more representative sample.

Key words: dental hygienist, anxiety, depression, mental health, burn-out, self-care
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Introduction  
Mental health and overall well-being have long been 

recognized in the United States (US) as areas of concern, as 
evidenced by the National Mental Health Act, signed into law 
in 1946.1 Recent estimates from the National Institute of Mental 
Health, indicate that approximately 19% of adults in the U.S. 
have experienced anxiety, and about 16.2 million adults have 
had one or more major depressive episodes at some point in 
their life.2 Anxiety, like many mental health disorders, can 
interfere with daily activities such as work performance, school, 
and personal relationships.3 In regards to work performance, 
one major concern is professional burn-out. Professional burn-
out is characterized by emotional and physical exhaustion, 

Research

detachment from work, and feelings of professional lone-
liness.4 When a person experiences an overload of chronic 
stress that is work-related, burn-out is frequently the end 
result.4 Professional burn-out is a concerning factor among 
many professions and has been shown to have a greater impact 
on individuals who work closely with others.4 Because the 
dental team works closely together to care for patients, dental 
professionals are at risk of experiencing burn-out.4

Recently, there has been growing interest and awareness 
of mental health as an essential component of overall health.  
However, there has been limited research on this topic 
among dental health professionals. The first study regarding 
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the mental health and well-being of dental hygienists was 
conducted 20 years ago by Deckard and Rountree and 
focused specifically on burn-out.5 Respondents reported 
feeling emotionally exhausted, experienced high levels of 
depersonalization, and had negative feelings about their 
daily tasks in general.5 More current research has identified 
additional factors for occupational stress and negativity 
within the profession, with lack of autonomy and decision 
making in the workplace common reasons.6 Individuals 
with lower levels of autonomy, who struggled to identify 
their professional roles, were shown to experience the most 
burn-out.6 Another common theme in the literature has been 
the need to incorporate stress management courses within 
dental hygiene programs.4,6 By addressing stress management 
as part of the dental hygiene curriculum, new graduates 
can have a better understanding of how they like to work, 
and this knowledge may help to reduce the likelihood of 
experiencing burn-out.4 Stress assessment tools, policies, and 
open communication are methods currently suggested in the 
literature for stress reduction among dental professionals.4

There is an overall lack of research pertaining to the mental 
health of dental hygienists in the US, however an number of 
studies have been conducted outside of the US.6 In a study 
pertaining to job satisfaction among Dutch dental hygienists, 
those who held a four-year degree in the Netherlands had 
more autonomy and felt fewer symptoms associated with 
stress than those with a two-year degree.6 Dental hygienists in 
Canada reported lack of job satisfaction and stress stemmed 
from low pay and insufficient benefits.6 These studies suggest 
dental hygienists in different areas of the world experience 
various stressors related to their scope of practice.6 In addition 
to a lack of autonomy, existing literature identifies other 
stressors that contribute to low job satisfaction. These stressors 
include demanding schedules and patients, lack of time, and 
musculoskeletal complaints.7,8 Musculoskeletal disorders are 
a common issue among the dental hygiene profession and can 
lead to a decrease in clinical working hours.7 Sick leave among 
dental hygienists has been shown to be significantly higher 
among professionals with musculoskeletal complaints.7 

Organizational work factors and work-family overload 
are additional contributing stressors that can lead to a 
greater prevalence of reduced mental health and well-being.8 
Elevated mental health and well-being were associated with a 
high perception of personal mastery, active leisure, and high 
levels of management support.8 Similar research has been 
conducted on stress, anxiety, and burn-out of dentists.9 These 
studies conclude that due to the nature of clinical practice, 
general dentists and those in the field of dentistry are likely to 
experience burn-out in their profession. 9 

While there is limited research available regarding burn-
out of dental professionals, there are multiple studies on burn-
out within other health professions. A study conducted on 
the incidence of burn-out in US physicians revealed almost 
half of the studied physicians reported feeling symptoms of 
burn-out.10 Burn-out was described as feelings characterized 
by loss of enthusiasm at work, feeling cynical, and having a 
low sense of personal accomplishment.10,11 Long-term effects 
of burn-out experienced by physicians can lead to adverse 
effects towards patient care.10  Nurses and other medical staff 
members experience similar feelings of low job satisfaction 
and burn-out. In a study of hospital nurses working in the 
US, the majority reported experiencing symptoms of burn-
out.12 When staff members are experiencing burn-out, they 
are typically not preforming to the best of their abilities. This 
diminished level of job performance can place added stress 
on the doctor and supporting staff they are working with, 
decreasing the overall quality of care being provided.11  

The majority of current research on mental health and 
well-being of dental hygienists has been limited focusing on  
ergonomics and musculoskeletal issues associated with dental 
hygiene occupational stress.7,8 Existing research suggests 
occupational stress and burn-out among dental hygienists 
may produce a decline in overall mental health and well-
being, increase physical strain, and may lead to chronic 
disease over time.4,9 However, little is known about the 
prevalence of mental health conditions and self-care strategies 
among dental hygienists. More in-depth investigation of the 
incidence, risk factors, and resources available is needed, in 
order to determine better coping methods and ways to avoid 
job related burn-out for dental hygienists.4 The purpose of 
this study was to gather data regarding the mental health 
status, self-care practices, and stress triggers among dental 
hygienists. 

Methods 
This cross-sectional survey study of dental hygienists in the 

state of Oregon was deemed exempt by the Pacific University 
Institutional Review Board. The survey instrument was 
developed by the authors and was pilot tested by 3 dental 
hygienists and 1 mental health professional, and revisions 
were made based on feedback. The final survey instrument 
consisted of 28 items which addressed the following areas: 
participants’ experiences with symptoms of depression and 
anxiety, perception of stress, support system, consultation 
with a mental health professional, strategies for stress relief, 
work benefits and incentives surrounding mental health 
and wellbeing, work history, and demographics. The online 
survey was developed using Qualtrics software (Qualtrics; 
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Provo, UT) and administered via email to members of the 
Oregon Dental Hygienists Association (ODHA). A total of 
251 invitations were successfully delivered to the ODHA 
membership listserv. 

Descriptive and inferential statistics were computed using 
SPSS version 23 (IBM; Armonk, NY). Inferential analyses 
(Fisher’s Exact Tests) were conducted to determine whether 
perceptions of stress and stress management practices varied 
based on the total number of hours worked per week, type of 
dental hygiene position, and clinical practice type. The level 
of statistical significance was set at 0.05.

Results 
A total of 83 ODHA member dental hygienists agreed 

to participate for a response rate of 33%. Ninety-five percent 
(n=79) of the population surveyed worked in general dentistry, 
5% (n=4) in periodontics, 1% (n=1) in pediatric dentistry, 
and 10% (n=8) in a public health setting.  Regarding the 
number of hours worked per week, 45%, worked 31-40 hours 
per week (n=38), while 40% (n=33) worked on average, less 
than 30 hours per week.

Respondents were asked to rate their average daily stress 
level in 3 categories; low, moderate and high. Sixteen percent 
of respondents (n=13) reported having high daily stress levels, 
while over half (65%, n=54) reported having a moderate 
daily stress level and 19% reported low daily stress (n=16).  
Participants were also asked to what extent they felt their daily 
stress levels were due to work. Eleven percent (n=9) felt their 
stress was entirely due to work, while 57% (n=46) felt it was 
primarily due to work, 28% (n=25) felt it was somewhat due 
to work, and 4% (n=3) felt it was not related to work.  Fisher’s 
Exact tests revealed that dental hygienists who worked ≥20 
hours per week were more likely to attribute their daily stress 
primarily or entirely to work (p=0.009). Participants were 
also asked to rate how well they were managing 
their daily stress levels.  Seventeen percent (n=14) 
indicated extremely well, 60% (n=50) somewhat 
well, 10% (n=8) neutral, and 13% (n=11) 
somewhat poorly.  Fisher’s Exact tests revealed 
that the number of hours worked per week was 
directly related to the perception of managing 
stress, indicating that participants who worked 
more hours per week felt less able to manage 
their stress (p=0.006).  

Thirty-eight percent of respondents (n=32) 
reported on their reason(s) for taking leave from 
work (Figure 1). Of these respondents, 11% 
percent (n=9) responded that their work leave 

was due to physical pain, while 12% (n=10) reported work 
leave was taken for unspecified specified reasons. None of the 
respondents indicated mental health as a reason for taking 
leave from work. When asked to select what most often 
triggered stress among those who responded, 35% (n=29) 
of the participants stated difficulty maintaining a work-life 
balance, while 34% (n=28) mentioned a dysfunctional work 
team as a stress trigger, and 65% (n=54) indicated not enough 
time in the work schedule as a stress trigger (Figure 2). 

When the participants were asked what type of support 
system they had outside of their work environment, a majority 
(92%, n=76) identified their family while three-fourths 
(78%, n=65) stated that their friends served as their support 
system. Additionally, 8% (n=16) of respondents sought 
support outside of work with a mental health professional and 
8% (n=16) sought support with a community organization. 
About one third (36%, n=30) of the participants reported 
that their employer offered incentives to help with stress 
reduction. Examples of employer provided incentives 
included team building opportunities (17%, n=14), travel 

Figure 1. Reasons for taking leave from work (n=32)
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Figure 2.  Stress triggers (n=83)
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opportunities (6%, n=5), and other unspecified incentives (8%, 
n=7). Eight percent (n=7) found these incentives to be very 
beneficial, 11% (n=9) found the incentives somewhat beneficial, 
and 4% (n=3) stated they had neutral feelings about how helpful 
their office incentives contributed to their mental health. None of 
the participants indicated that the incentives were detrimental to 
their mental health and well-being. 

Respondents were asked to identify symptoms of depression 
and anxiety experienced over multiple consecutive days. These 
conditions were not labeled as symptoms of anxiety and depression 
on the survey. Data revealed the most common symptoms of 
depression were anger, irritability, and frustration (n=44), appetite 
and weight changes (n=26), and difficulty thinking, concentrating 
and making decisions (n=25) (Figure 3). Data identified symptoms 
of anxiety were trouble sleeping (n=45) and feeling nervous, 
restless, or tense (n=42). Nineteen percent of the respondents 
indicated that they had consulted a mental health professional 
about their mental health concerns (Figure 4).  

The majority of respondents reported that having more time to 
engage in self-care activities (71%, n=59) and improved working 
conditions (57%, n=47) would be the most successful stress 
reduction interventions. Other responses included additional 
education (14%, n=12), and seeking a new profession (17%, n=14). 
When the respondents were prompted to identify how they learned 
to manage stress, over one third (37%, n=31) identified learning 
through self-help books and instructions and a little less than one-
third (31%, n=26) reported learning stress management through 
other unspecified methods. Only 21% (n=17) reported receiving 
information or training on stress management and or burn-out 
during their dental hygiene education (Figure 5).

When prompted to identify all of the various types 
of stress relief activities the respondents engaged in, 85% 
(n=71) reported exercise, 73% (n=61) quiet time, 67% 
(n=57) spending time with loved ones, 62% (n=51) self-
care activities, and 4% (n=3) other (Figure 6). Examples of 
self-care activities included manicure, pedicure, massage, 
meditation, and yoga. Respondents were asked how 
often they engaged in stress reduction activities, both on 
the average, and during times of significant stress. Rates 
of participation in stress-relief activities were shown to be 
lower during times of significant stress, with the majority 
39% (n=33) stating 1-2 days per week, followed by 27% 
(n=22) who selected 3-4 days per week. In regards to the 
average frequency of stress-relief activities, 26% (n=21) 
selected 1-2 days per week, 42% (n=34) selected 3-4 days 
per week, 21% (n=17) selected 5-6 days per week, and 
11% (n=9) selected daily.  

Figure 5.  Sources of stress management skills (n=83)
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Figure 4.  Symptoms of anxiety (n=83)

    *Choose all that apply



The Journal of Dental Hygiene 26 Vol. 94 • No. 4 • August 2020

Discussion 
Results from this study support findings from other studies in the existing 

pool of literature. Nearly half of the participants experienced symptoms of 
nervousness, tiredness, restlessness, trouble sleeping, anger, and irritability 
for multiple consecutive days. Similar symptoms have been noted in general 
dentists as well.9 Of the study participants, over half had not consulted with a 
mental health professional regarding mental health concerns. In addition, over 
half of the respondents reported moderate levels of daily stress, with lack of time 
in schedule, physical pain, and the neediness of patients the most commonly 
identified triggers. These findings are relevant as they identify specific stress 
symptoms and triggers. Data suggest that a large portion of practicing dental 
hygienists experience work related stressors that may contribute to burn-out. 

These findings have importance for practicing dental hygienists, because 
they shed light on the prevalence and nature of decreased mental health and 
well-being within dentistry. Members of the profession should understand 
that increases in symptoms such as mental fatigue, impatience, headache, and 
anxiety can contribute to more frequent leaves from work and to an overall 
decrease in longevity of clinical career.7 In addition to expanding the research 
within this area, this study identified methods of stress management currently 
utilized by practicing dental hygienists. It is important that stress triggers and 
symptoms be identified to help prevent future negative mental health disorders 
and burn-out within the dental hygiene profession. 

The majority of participants in this study did not receive training during 
their dental hygiene education regarding stress management. While data 
suggests stressors and poor mental health are prevalent in practice, there is a  
lack of curricular content dedicated to the subject within formal education 
programs. Results from this study supported the existing literature regarding 
a need for dental hygiene schools to implement stress management courses in 
their curriculum.4,6,8 Other studies have also suggested that incorporating stress 
management into dental hygiene education would provide new practitioners 

the opportunity to reflect on their ideal work 
environment, resulting in decreased work-
related stress.4 However, education on stress 
management is not currently a required 
element according to the standards set forth 
by the Commission on Dental Accreditation 
(CODA).13 While it is not required, the addition 
of a stress management course or related 
content could benefit students by preparing 
them to deal with stressors that could lead to 
burn-out in addition to improving conflict 
resolution and communication skills.4  

Participants reported learning to unwind, 
including participating in leisure and self-
care activities, helped with managing work 
related stress. Previous research has shown 
that stressors experienced by practicing dental 
hygienists were related to lack of time in the 
schedule and musculoskeletal complaints.4,7,8 
Findings from this study support previous 
research showing that dental hygienists 
identify a lack of time in their schedule as a 
major contributor to stress in the work place. 
Physical pain was an additional reason for 
taking time off from work and the second 
most commonly experienced stressor among 
the participants in this study.

Burn-out is universal among all health care 
providers and has been shown to negatively 
affect the care that patients receive.14 Research 
has shown that when the health and work 
life of providers improves, better patient care 
follows.14 Physicians experiencing burn-out 
have been shown to have less empathy for 
their patients, deviate from treatment plans, 
and prescribe unnecessary medications.15,16,17 

Burn-out has been shown to be particularly 
prevalent among professions with a high 
number of interactions with other people18 
making it reasonable to expect to see a higher 
level of burn-out among dental hygienists. 

Previous research focusing on burn-out 
and mental well-being of dental hygienists 
has shown that lack autonomy was one of 
the largest stressors leading to symptoms 
of stress, anxiety, depression, and burn-out 
among dental hygienists.4,6 While this study 
did not specifically inquire about lack of 
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autonomy, lack of decision making was an included item. 
A relatively small proportion of respondents (14%, n=12) 
reported that lack of decision-making ability was a stressor. 
This inconsistency with existing literature could be a result of 
Oregon’s progressive practice act and broad scope of practice 
for dental hygienists.  

This study had limitations. The sample population was 
limited to the 251 members of the ODHA and does not 
reflect dental hygienists outside of the state of Oregon. 
While a 33% response rate is acceptable for survey research, 
a larger sample size would increase the generalizability of 
the results. There is also the potential for non-response bias 
due to the sample population. Participants were all members 
of the ODHA and may not be representative of the entire 
population of dental hygienists. Future research on this topic 
should include a more representative sample of all dental 
hygienists by expanding the survey nationwide. A national 
survey would also allow for a comparison between practice 
acts with differing responsibilities and levels of autonomy. 
A larger survey sample would add knowledge regarding the 
impact of the dental industry on mental health and identify 
areas where changes in education and professional practice 
could be made.

Conclusion 
Dental hygienists in Oregon experience symptoms 

associated with depression and anxiety. The most common 
triggers for feeling stressed were a lack of time to spend 
with  patients, demanding needs of patients, work schedules, 
physical and musculoskeletal pain, and difficulty maintaining 
a balance between work and personal life. The most common 
methods of stress management used were exercising, quiet 
time, and spending time with loved ones. ile mental health 
symptoms were indicated by some of the respondents, few 
have sought services with a mental health care provider. 
Future research is needed on the mental health and well-
being of dental hygienists on a national level to provide 
an understanding and a way to help manage symptoms of 
anxiety and depression to prevent burn-out.
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Abstract
Purpose: The purpose of this study was to evaluate the effects of using mobile text messages and a novel floss holder as compared 
to finger flossing or the novel floss holder alone, on the psychological, behavioral, and clinical parameters of patients with gingivitis.

Methods: A total 165 adults were assessed for eligibility and 144 met the criteria for randomization into three groups: Finger Floss 
(FF, n=43), Novel Floss Holder (NFH, n= 40 ), and Novel Floss Holder plus Text Messages (NFH+TM, n= 61) following a dental 
hygiene consultation appointment. Gingival bleeding points were measured on probing (BOMP) at baseline and four months later 
by a calibrated dental hygienist, blinded to the experimental groups. Participants also self-reported their oral hygiene behaviors, and 
indicated psychological determinants of behavior change prior to the dental hygiene consultation and at four months. Descriptive 
statistics and repeated measures analysis of variance (ANOVA) were used to compare groups over time.

Results: Two subjects dropped out of the study making the total number of participants 142. At the four month follow-up, 
the NFH group and the NFH+TM groups demonstrated significantly higher levels of self-reported flossing, action self-
efficacy, intention, action planning, and action control. The NFH+TM group showed lower levels of bleeding and higher 
levels of oral hygiene and recovery self-efficacy than the other groups, in addition to higher levels of maintenance self-efficacy 
as compared to the FF group.

Conclusions: The use of a novel floss holder, NFH, was shown to improve the behavioral and psychological determinants 
of periodontal health four months after introduction of the device. However the clinical measures of BOMP only improved 
significantly when used in conjunction with text messages (NFH+TM). The use of a consciousness awareness technique,TMs,  
in combination with a novel device, may help patients to reach therapeutic objectives and contribute to the management of 
periodontal pathologies such as gingivitis.

Keywords: flossing, interdental cleaning, gingivitis, patient motivation, oral self-care, oral hygiene, mobile text messages
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The Effect of Mobile Text Messages and a Novel Floss Holder on 
Gingival Health: A randomized control trial
Mário-Rui Araújo, M. Psych, BSDH; Maria-João Alvarez, PhD; Cristina A Godinho, PhD

Introduction 
Mechanical control of biofilm is the primary therapeutic 

strategy for preventing gingival diseases.1,2 Toothbrushing 
plays an important role to that end and is the most commonly 
used means of controlling plaque2 but toothbrushing alone is 
not sufficient for efficiently reaching into interdental surfaces.3 
Recent literature reviews have identified interdental brushes 
(IDB) as the most effective interdental cleaning devices.3,4 
However, some limitations have been noted for IDB, as several 
shapes and sizes are required and most of the interdental 
spaces in the anterior teeth are too narrow for their use.3 
Additionally, other researchers have drawn attention to the 
scarcity of well-designed studies demonstrating the relative 

Research

clinical value of flossing, arguing that it may be premature 
to discontinue the use of floss.5 A more recent systematic 
review mentions that both floss and interdental brushes 
may contribute to reducing gingivitis.4 Many researchers are 
advocating for oral health care professionals to change their 
mindset from flossing to interdental cleaning. Selection of the 
best interdental cleaning device should be made according 
the dimensions of the embrasure space combined with 
patients’ skill levels and motivation, not based exclusively on 
the comparative results of efficacy.3-5

Individuals often fail to exert control over their own 
behavior despite being motivated to do so,6 and this self-
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control can be even more challenging when routine behaviors are involved, such as 
those related to oral hygiene. Some models of health behavior change, such as the 
Health Action Process Approach (HAPA),7 take volitional or self-regulatory aspects of 
behavior into consideration. According to the HAPA, a change in health behavior is 
the result of a motivational phase where individuals form an intention to act. However, 
it also involves volition, the cognitive process by which an individual decides on and 
commits to a particular course of action, as well as a post-intentional phase where the 
individual plans how to put their intentions into practice and maintain their behavioral 
changes.6-9 When compared to other social cognitive models, the HAPA has been 
shown to be a good predictor of oral hygiene behaviors.8,9 The HAPA is illustrated in 
Figure 1.

It is also known that individuals thrive on novelty and challenge, seeking new 
experiences and stimulating activities.10,11 Under most theories of motivation, both 
curiosity and a personal sense of control influence readiness and motivation to initiate 
behavior and expend effort.12 This is particularly important when approaching new 
situations, such as using a novel floss holder or receiving text messages about oral 
health issues. Floss holders have a long history of use, with studies showing benefits for 
patients lacking the dexterity to use finger flossing, and in helping patients establish a 
long-term flossing habit as compared to finger flossing.13,14 New or novel floss holders 
(NFH) may be a way to increase curiosity, control, and flossing frequency, thereby 
fostering oral hygiene efficacy. 

One method of disrupting undesired habits, such as failing to control plaque 
biofilm in interdental spaces, is by bringing habitual behavior and its context to 
conscious awareness.9 Consciousness-raising for health behavior may be facilitated by 
mobile digital technologies, which provide the opportunity to display habit-disrupting 
cues.15 Mobile text messages (TM) may offer an opportunity to disrupt an undesirable 
habitual behavior by keeping a goal salient or by bringing the goal back to working 
memory at an appropriate point in time. Moreover, according to a recent systematic 
review and meta-analysis,16 the use of mobile health interventions has been shown 
to positively influence communication between patients and providers, facilitating 
patient-centered healthcare. In the same vein, TMs have also been shown to foster 
social support mechanisms.17 

It is not known whether the use of 
a consciousness awareness technique 
such as a TM in combination with a 
novel device such as the NFH, could 
lead to a new behavior and ultimately 
improved oral health. The purpose of 
this randomized controlled trial was to 
investigate whether the effect of using 
a NFH would improve compliance 
and help to develop positive health 
behaviors to promote gingival health 
and to investigate the effect of TMs on 
increasing the sustainability and clinical 
efficacy of those behaviors between 
dental hygiene care appointments. 

Methods 
Sample selection

Interested participants were recruit- 
ed among the local urban community, 
through newspaper ads and advertise-
ments in local shops in Caldas da Rainha, 
Portugal. A total of 165 patients were 
initially assessed, however 21 patients 
failed to meet the inclusion criteria (age 
18 years or older, having 20 teeth with 
a minimum of five teeth per quadrant, 
periodontal pockets >3mm and Bleeding 
on Marginal Probing >0.5, non-smoker, 
not pregnant, not in orthodontic 
treatment and not having removable 
partial dentures). A dental hygiene 
consultation appointment including 
professional mechanical plaque removal 
(scaling and polishing) and oral hygiene 
instruction was delivered to participants 
by an experienced dental hygienist in 
two private dental clinics; the clinical 
trial was conducted over a span of four 
months with two assessment points. 
Data confidentiality and anonymity 
were assured and the ethics committees 
of the University of Lisbon and the 
Escola Superior de Saúde de Portalegre 
approved the clinical trial (Ethics 
Committee Doc. No. 6/14). The study 
was registered at the ClinicalTrials.gov 
database (NCT03120559).
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Procedures
Participants meeting the inclusion criteria, with the 

exception of the periodontal status, completed an online 
informed consent and a questionnaire with items addressing 
psychological determinants and oral health behaviors. Two 
weeks later, the gingival condition, Bleeding on Marginal 
Probing, (BOMP)18 was evaluated by the experienced dental 
hygienist. After the bleeding index values were collected, each 
qualified participant was allocated, via computer-generated 
random sequencing, into one of three groups: Finger Floss 
(FF), Novel Floss Holder (NFH), or Novel Floss Holder 
plus Text Messages (NFH+TM). Next, a dental hygiene 
consultation appointment was provided by the experienced 
dental hygienist who was blinded to the participant groups. The 
60 minute dental hygiene appointments (professional scaling, 
polishing, and individualized oral hygiene instructions) 
were free of charge. Each session included behavior change 
techniques,20 that were the same regardless of the participant’s 
clinical trial group. Individualized oral hygiene instructions 
were delivered thorugh verbal and practical demonstration 
(tell, show, and do) with the help of a hand mirror. The 
same BOMP assessments were performed and recorded four 
months later and the participants were asked to complete the 
post-questionnaire addressing psychological determinants 
and oral health behaviors. Items regarding TMs were added 
to the post-questionaire. A flow chart of the study is illustrated 
in Figure 2. 

A novel floss holder (GumChucks®; Oral Wise Inc.; 
Calabasas, CA, USA) was provived to the participants in the  
NFH and NFH+TM groups during the dental hygiene 
consultation appointment. The NFH resembles miniature 
nunchucks, featuring disposable tips connected by a piece of 
dental floss. The two-handle system is designed to increase 
dexterity and control, facilitating the recommended “C” shape 
with the floss. The FF group was provided a waxed, flavor free 
floss (GUM, ButlerWeave®; Sunstar Europe; Etoy, CH).

Subjects assigned to the NFH+TM group were informed 
about how the messaging system would operate and asked  to 
provide their mobile phone number in order to receive the 
TMs, at the rate of one per week, over the next four months. 
Messages consisted of approximately 140 characters. Content 
related to oral hygiene and gingival inflammation and was 
designed to include characteristics described as important 
for improving efficacy and compliance, such as assertiveness, 
comprehensibility, originality, individualization and humor.19 
The TMs were pretested to an independent sample of 40 adults  
in order to evaluate their perceptions of the messages. A sample 
TM stated: “It is impossible to sneeze with your eyes open, BUT it 

is possible to take care of the gums between your teeth, even if it has 
been some time without doing so. You’ ll see! If you can, your gums 
will be healthy again. (Dental hygienist’s name)”

Assessments

Gingival condition was assessed using the BOMP index, 
as described by Van der Weijden et al.18 In this index, bleeding 
is scored during 30 seconds of probing using a 3‐point scale, 
from 0 to 2 (0 = no bleeding, 1 = pinprick bleeding and 2 = 
excessive bleeding). Moderate gingivitis was defined as having 
at least 40% of the test sites showing bleeding on probing at 
the initial screening.18 A healthy BOMP score was considered 
to be equal to or less than 0.5, or fewer than 25% of sites 
bleeding on marginal probing.21 Four months after the initial 
appointment, the same procedure and measures were used. 
One-fifth of the patients were re-evaluated for BOMP by 
a second dental health professional blinded to the assigned 
groups, to determine inter-rater agreement at baseline and 
four months. High agreement was found between the two 
dental health professionals who evaluated the BOMP (κ= 
.718; 95% CI, .50; .94, p< .001).  

Participants were asked two questions regarding brushing 
and flossing habits using a 5-point scale, 1) not using, 2) 
barely, 3) once a day, 4) twice a day, 5) more than twice a 
day, in order to evaluate their oral hygiene habits. Scores for 
brushing and flossing were calculated and a composite (mean) 
score for oral hygiene was also computed. Satisfaction with 
the NFH was assessed by: “How do you rate the use of the 
NFH? Response options included: “They are easy to use and 
I like them, I like them, but they are difficult to use, I don’t 
like them, and  They are a waste of time”.

Measures were adapted for oral health behaviors from 
previous studies using the HAPA model22 using a seven-
point Likert-type scale ranging from 1)“totally disagree,” to 
7) “totally agree.” Evaluation of the TM, according to the 
overall interest (comprehensibility, interest, and relevance) 
and usefulness, was measured by adapting a 10-item scale22 
with responses using a five-point Likert scale.  A four-point 
scale ranging from 1) “Less than one message per week” to 
4)“More than three messages per week” was also used to 
determine the frequency at which participants were willing 
to receive more messages. In order to inquire regarding 
how participants reacted to receiving the TM, a five-point 
scale was used, ranging from 1) “Ignored it” to 5) “Read it 
immediately.”

To ensure that the effects on gingival health were not 
dependent on the dental hygiene consultation appointment, a 
four-item checklist (introduction and diagnosis, explanations, 
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Assessed for eligibility
(>18 years old, +20 teeth (minimum 5 per quadrant), no smoking, 
no orthodontics, not pregnant, and no removable partial dentures) 

n=165
Questionnaire about oral health behaviors and psychological 

assessment at baseline (two weeks prior to dental 
hygiene consultation appointment)

Gingival clinical assessment.  BOMP index. 
Results blinded until the interdental 

education at the consultation

Randomized allocation
n=144

A novel floss holder was introduced to NFH and TM+NFH groups. The control 
group used finger flossing (FF). TM were used to reinforce the importance 

of gingival health and dental hygiene techniques in the NFH+ TM group

Dental Hygiene Consultation Appointment
1 – Establish rapport. Clinical assessment of oral health status (15 min).

2 – Patient motivation; discussion about desired outcomes and treatment needs. Goal setting 
(dental hygiene strategies, interdental strategies) followed by professional mechanical 

plaque removal(scaling and polishing) (30 min).
3 – Summation and scheduling follow-up appointment, if patient qualified for the trial. (15 min).

FF group n=43
Received intervention n=43

NFH group n=40
Received intervention n=40

TM+NFH group n=61
Received intervention n=61

FF group. Lost after intervention: 
n=0

NFH group. Lost after intervention: 
n= 2 (missed the appointment)

TM+NFH group. Lost after intervention: 
n= 0

4 month evaluation: n=43 
Excluded from analyses: n=0

4 month evaluation: n=38
Excluded from analyses: n=0

4 month evaluation: n=61
Excluded from analyses: n=0

Patients not meeting the inclusion 
criteria (periodontal probing depths 

(pockets >3mm and BOMP>0.5) (n=21)

Figure 2. Flowchart of randomized control trial
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hygiene goals, and clinical procedures) was used. In order to 
verify whether the consultation script was similar for all the 
patients, the fidelity of the intervention was checked by two 
other oral health professionals for more than one-fifth of 
the randomly selected consultion appointments. In 80% of 
the checked appointments, 100% fidelity was obtained; the 
fidelity was above 90% for the remaining 20%.

Data analysis

A dropout analysis and a randomization check was 
performed through multivariate analysis of variance 
(MANOVA) for the psychological determinants, behavior, 
and clinical gingival outcome; ANOVA and Chi-square tests 
were used to compare continuous and categorical variables, 
respectively. Distribution normality (Shapiro-Wilk) and 
variance homogeneity (Levene’s test) were verified for all 
outcome variables. To compare the three groups at the four-
month follow-up, mixed between/within-subject repeated 
measures ANOVA with each intervention group (FF, NFH, 
NFH+TM) times the assessment time (baseline vs. four 
months) were computed. Whenever differences of interest 
were found at baseline in outcome variables, the same analysis 
was repeated introducing baseline scores as a covariate. 

Results
Dropout analysis and randomization check

No significant differences between the longitudinal sample 
(n=142) and those who dropped out (n=2) were found in any 
baseline sociodemographic variables. However, a difference 
was identified in intention, which was lower among those 
who dropped out (M=4.00, SD=4.24) as compared to those 
who remained in the study (M=6.00, SD=.86), p=.003. No 
differences across the three groups were found at baseline 
in relation to sociodemographics, frequency of flossing, 
tooth brushing, or BOMP, nor on most of the psychological 
determinants (p>.10). Exceptions were found for intention, 
maintenance self-efficacy, and coping planning. At baseline, 
intention was significantly higher in the FF group than in the 
NFH+TM group; maintenance self-efficacy was significantly 
higher in the FF and NFH groups than the NFH+TM group; 
and coping planning was higher in the NFH+TM than the 
NFH group (all at p<.05). 

Descriptive statistics

Descriptive demographic data for the sample are presented 
in Table I. Participants’ daily frequency of flossing was low at 
baseline (M=1,7, SD= .79); the majority either never or barely 
used dental floss. Reference to other interdental devices for 
dental plaque control was low, with only 2.8% of individuals 
using interdental brushes. However, the majority of the sample 

brushed their teeth twice a day. The initial level of BOMP 
for the entire sample was relatively high, with an average of 
60% bleeding points. The majority of the NFH+TM sample 
considered the messages useful for the new behavior and rated 
the TM very positively overall in regards to comprehensibility, 
interest, and relevance. Regarding the use of the NFH, 69% 
liked it after four months of usage, although around a third 
of participants reported some difficulties in using it. Oral 
hygiene behaviors  at baseline and 4-months are shown in 
Table II.

Intervention effects on clinical and behavioral outcomes

Values for interaction between group and time, and for 
the main effects of group and time at baseline and at the 
four-month follow-up, are presented in Table III. Significant 
interactions between the intervention group and time were 
obtained for BOMP (F [1,139]=262.95, p<.001), flossing 
(F[1,139]=134.74, p<.001), and oral hygiene (F [1,139]=103.07, 

Table I. Sample demographics (n = 142) 

Demographic 
characteristics

FF 
(n = 43)

n (%) 
NFH 

(n = 38)

NFH+TM 
(n = 61)

Sex

    Women 28 (65%) 21 (55%) 35 (57%)

    Men 15 (35%) 17 (45%) 26 (43%)

Age

    18-24 years 12 (28%) 4 (10%) 7 (12%)

    25-34 years 10 (23%) 9 (24%) 18 (30%)

    35-44 years 8 (19%) 11 (29%) 24 (39%)

    45-54 years 7 (17%) 8 (21%) 8 (13%)

    55-75 years 5 (11%) 5 (13%) 4 (6%)

    > 75 years 1 (2%) 1 (3%) 0 (0%)

Highest level of education 

    Basic education 1 (12%) 3 (8%) 0 (0%)

    Secondary 
    education 3 (7%) 7 (18%) 3 (5%)

    Higher secondary 
    education 14 (33%) 15 (39%) 24 (39%)

    University and 
    post-graduate 
    education

25 (48%) 13 (35%) 34 (56%)

Occupation

    Actively employed 36 (83%) 29 (77%) 50 (82%)

    Unemployed 5 (12%) 7 (18%) 9 (15%)

    Retired 2 (5%) 2 (5%) 2 (3%)
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p<.001). While no differences between the groups were found for any of these 
three outcomes at baseline, the NFH+TM group presented a significantly lower 
BOMP values (i.e., 0.6; SD=.32) and a significantly higher level of oral hygiene 
than the other two groups at the four-month follow-up.

The average BOMP score in the NFH+TM group decreased from 1.2 
(SD=.35) at baseline, to 0.6 (SD=.32) at 4 months, which corresponds to the 
decrease in bleeding sites at baseline from 60% to 30%, at 4 months. While 
the number of bleeding sites in the NFH+TM group was lower than the FF and 

NFH groups, bleeding sites in the NFH group 
were not significantly lower than the FF group. 

The NFH+TM group reported higher 
frequency of flossing at the four-month follow-
up (67% of the individuals started using floss 
daily) as compared to the NFH group (50% 
started to use it daily), demonstrating a higher 
flossing frequency than the FF group (37% 
started to use it daily). 

Intervention effects on psychological 
determinants of oral hygiene

Interaction effects between intervention 
group and assessment time were obtained for 
nearly all the assessed psychological deter-
minants. The two exceptions were for outcome 
expectancies, which were not affected by 
either time or the intervention, and for coping 
planning, which was significantly affected by 
time alone. All groups demonstrated an increase 
in the planning of coping responses from 
baseline to four months, despite this increase 
only being significant in the NFH group (Mdiff 

4month – baseline = 0.56, SE =0.24, p = .02). While 
no significant differences existed between the 
groups at baseline in relation to action self-
efficacy, action planning, or action control, the 
levels for these determinants at the four-month 
follow-up were significantly higher in both the 
NFH and NFH+TM groups as compared to the 
FF group.

Despite the FF group demonstrating a 
slight, but significantly higher, level of inten-
tion at baseline, the level of intention among 
participants in this group was significantly 
lower than those in the other two groups at 
the four-month follow-up. Participants in the 
NFH+TM group demonstrated a significantly 
higher level of intention than the NFH group. 
At the four-month follow-up, participants in 
the NFH+TM group showed significantly 
higher levels of maintenance self-efficacy as 
compared to FF, as well as demonstrating 
significantly higher levels of recovery self-
efficacy than both FF and NFH groups. In 
summary, for the psychological determinants, 
the NFH+TM and the NFH groups showed a 
positive and significant change in action self-
efficacy, action planning, and action control 

Table II. Oral hygiene behaviors at baseline and 4-months (n =142)  NFH   

Baseline 
n (%)

4 months 
n (%)

Flossing

Daily use 27 (19%) 81 (56%)

Never use 115 (81%) 61 (44%)

Toothbrushing

Daily use 135 (95%) 139 (98%)

Never or barely use 7 (5%) 3 (2%)

Other interdental device

Daily use 4 (3%)

Never use 138 (97%)

Novel Floss Holder* 

I like the NFH and it’s easy to use. 68 (69%)

I like the NFH but it’s not easy to use. 25 (25%)

I don’t like the NFH. 6 (6%)

Text Messages**

Overall positive opinion about TM. 55 (90%)

Overall negative opinion about TM. 6 (10%)

The mobile TM are useful. 54 (89%)

The mobile TM are not useful. 7 (11%)

I am willing to receive messages less 
than once per week. 17 (28%)

I am willing to receive one message  
per week. 34 (57%)

I am willing to receive more than one 
message per week. 10 (15%)

When I received a message, I read  
it immediately.

36 (59%)

When I received the message, I read it 
later that day.

12 (20%)

When I received the message, I didn’t 
read it that same day.

13 (21%)

*NFH+TM groups (n =99); **NFH+TM (n =61)
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as compared to the FF group. Intention and recovery self-
efficacy increased in the NFH+TM as compared to the FF 
and NFH groups. Maintenance self-efficacy was higher in  
the NFH+TM group as compared to the FF group.

Discussion
This study was designed to evaluate the effects of using a 

NFH combined with TMs between appointments, with the 
goal of improving gingival health. Changes in adherence to 
interdental hygiene cleaning behaviors, clinical outcomes, 
and underlying psychological determinants among patients 
with gingivitis were assessed. Participants who received TMs 
in addition to the NFH demonstrated higher frequencies 
of flossing four months following their initial appointment. 
Participants in the NFH+TM group, on average, attained 
the recommended daily frequency of dental floss use and 
consequently had lower levels of gingival bleeding than 
participants who used FF or the NFH exclusively. 

The average BOMP score in the NFH+TM group 
decreased significantly from a baseline of 60% to 30% at 
the four-month follow-up and approached less than 25% 
of bleeding on probing sites, which has been considered to 
correspond to gingival health established by Barendregt et 
al.21 However, it should also be acknowledged that the values 
for percentage of bleeding sites has been updated by Chapple 
et al, who definined periodontal stability as corresponding to 
fewer than 10% of bleeding on probing sites.23 The use of floss 
by way of a NFH was more frequent at four months than in 
the FF group, although this difference in behavior was not 
translated into a significant difference in BOMP scores.4 It 
was hypothesized that the NFH without TMs would also 
present a significantly lower BOMP scores than the FF group, 
however the results did not demonstrate any differences and 
supports findings from other studies where the efficacy of 
floss holders was no more effective than finger flossing.13,14 

The use of TMs as reminders or “cues to action,” increasing 
proximity with the patient and frequency of flossing, was 
considered as a means of contributing toward effective use. 
In this regard, significant results were obtained for frequency 
of use. The combined use of TMs with the NFH contributed 
to a higher frequency of use in the NFH+TM group. These 
results were higher than those found previously in systematic 
reviews demonstrating that dental floss has a weaker effect on 
plaque or bleeding indices when used alone,3 due to patients’ 
difficulty in accepting and using it correctly, as well as low 
levels of motivation and of dexterity.2,3,4 Reported levels of 
satisfaction with the use of floss holders found in earlier studies, 
were also lower than the level of satisfaction with the NFH 

identified in this study.13,14 This higher level of satisfaction 
could have contributed to the increased motivation at follow-
up, inferred by increases in action self-efficacy and intention, 
thus supporting the hypothesis that the NFH would increase 
motivation to use dental floss, due to its novelty and ease of use. 

Levels of recovery self-efficacy were higher in the 
NFH+TM group, but the other self-regulation variables were 
shown to be as high as in the NFH group. One explanation 
for this may be that, as the messages functioned as reminders 
for oral hygiene behaviors, they reinforced the subjects’ beliefs 
that it is possible to return to and reach the objective, even 
following a lapse in the behavior (i.e., recovery self-efficacy). 
However, the NFH+TM group showed improved results at 
the behavioral level, without any significant differences in self-
regulation variables (except in recovery self-efficacy), and may 
indicate that part of the TM effect on behavior operated via 
non-deliberated, automatic processes and was not mediated 
by deliberate self-regulatory cognitive processes.24

Results from this study showed an increase in motivation 
resulting from the use of a novel device to facilitate flossing, 
however only when accompanied by the use of TMs does 
the use of the NFH ultimately help reduce levels of gingival 
bleeding. Similarly to results previously described in the 
literature,25 findings from this study showed that the use of 
floss improved with increasing levels of intention. However, 
intention alone did not attain the desired outcome, and 
other self-regulatory processes or cues to action must also be 
deployed. The TMs seem to have worked as a cue to action 
in the NFH+TM group, contributing to an effect on flossing 
that could not be fully explained through an increase in self-
regulation. It was not the changes in planning, but rather 
changes in self-efficacy that helped to explain the behavioral 
(flossing frequency) and clinical modifications (improved 
gingival health) obtained.

Study participants had positive reactions to the TMs. 
Considering the formality that traditionally characterizes 
the relationship between the oral health professional and 
the patient,20 the use of friendly and collaborative TMs 
may have contributed to forming closer relationships, 
facilitating patient-centered healthcare.16 The TMs may also 
have contributed to behavior changes as they consisted of 
persuasive messages from a credible source and were also a 
source of social support, fostering patients’ self-efficacy and 
belief in being able to handle the challenge.16,20

Several limitations should be considered in the 
interpretation of the study findings. Although all participants 
used floss less often than the daily frequency recommended, 
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participants were generally motivated towards oral hygiene 
behaviors, as inferred by high levels of intention at baseline. 
This is not surprising, considering that all participants had 
gingivitis and had been invited to have it treated at no cost. 
Therefore the results can only be generalized to similarly 
motivated individuals with low levels of floss usage. In order 
to better understand the motivational contribution of a 
NFH, a group combining the use of FF with TMs will be 
important to include in future studies. Future studies should 
also consider the comparison of floss holder devices vs another 
type of interdental cleaning aid such as interdental brushes, 
water flossers, and wood sticks. In spite of its limitations, this 
study had several strengths. The study included the objective 
BOMP clinical measures as well as self-reported measures. 
Second, the dental hygiene consultation appointment  was 
designed to include important behavior change techniques 
for all groups, representing an important addition to the 
routine care included in these appointments. Third, was the 
inclusion of a follow-up at four months, a shorter interval 
than normally used.4,20 Future studies should look at the 
maintenance of these behaviors and gingival health status 
over longer periods of time. 

Findings from this study have additional implications for 
practice, especially considering that TMs are inexpensive, 
easy to compose and apply. Text-messaging may be easily 
introduced into the routines of oral health professionals and 
integrated within a broader stepped, patient care approach.16 
The option of articulating different interventions (NFH+TM) 
is also innovative, seeking to create a multiaction strategy to 
optimize the oral health behaviors addressed in the dental 
hygiene appointment. Simply telling patients to brush and 
floss as part of their dental hygiene care appointment is just not 
working for many people.26 However, flossing can be effective, 
if people become motivated to do it correctly and regularly.4,5 
Moving beyond motivation, demonstrating positive results in 
the self-regulation processes underlying behavioral change, 
is a useful finding. Even when interventions are effective in 
fostering motivation for change, translating intention into self-
regulation for behavior change, is more difficult to achieve.22, 27 

Conclusion
The use of a novel floss holder, NFH, was shown to improve 

behavioral and psychological determinants of periodontal 
health four months after introduction of the device. However, 
clinical parameters measured by reduction in bleeding points 
on probing, only improved significantly when the NFH 
was used in conjunction with text messages delivered via a 
mobile device. Mobile text messages can support patients’ 
motivation and serve as an alternative pathway to create cues 

to action, forming alternative routines and strategies. The use 
of a consciousness awareness technique, in combination with 
a novel device, such as a NFH, may help patients to reach 
therapeutic objectives and contribute to the management of 
periodontal pathologies such as gingivitis.
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Abstract 
Purpose: Dental hygienists have the potential for filling critical roles in multidisciplinary victim identification teams. The 
purpose of this pilot study was to evaluate the accuracy of dental hygiene students utilizing dental charting, bitewings, and 
skull dentitions for the purpose of making identification matches.  

Methods: Thirty senior dental hygiene students (n=30) independently viewed an asynchronous online multimedia-based 
presentation on the procedures used for collecting and recording forensic dental evidence. Following the presentation 
participants attempted to chart and match three bitewing radiograph sets to three human skull dentitions by correlating 
matches/exclusions. Immediately following the activity, each student completed a questionnaire rating the difficulty of the 
exercise, as well as their confidence, and willingness to volunteer as a forensics team member. Descriptive statistics were used 
to analyze the data.

Results: Of the total sample 36.7% (n=11) reported having prior experiences with dental radiography; while the majority 
(63.33%, n=19) reported no prior experience. Participants’ accuracy scores for dental charting ranged from 91.23% (SD=9.42) 
to 99.06% (SD=3.60), with no statistically significant difference based on prior experience (p>0.05). The average interrater 
reliability was 86% (p<0.0001), indicating a high level of agreement with charting skulls and radiographs. No statistically 
significant differences were found for charting time, perceived difficulty, or level of confidence when comparing experience 
among the participants (p>0.05). 

Conclusions: Regardless of previous experience, dental hygiene students were able to match postmortem dentitions and 
radiographs with good interrater reliability and did not differ statistically for charting time, perceived difficulty, or confidence.  
Results suggest dental hygienists can work as effective victim identification team members when educational programs are 
implemented.    

Keywords: dental hygienists, dental hygiene students, dental radiology, radiographic interpretation, forensic odontology, 
forensic education
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Introduction
Historically, the scientific process of collecting and 

comparing dental evidence for the purposes of identifying 
human remains has been utilized with great success.1,2  
Comparing antemortem (AM) and postmortem (PM) unique 
concordant features of the human dentition and surrounding 
structures is a reliable biometric tool for establishing the legal 
identification of human remains.2-4 Human teeth maintain 
integrity during exposure to extreme temperatures and during 
the process of human decomposition.5,6 Dental charting and 

Research

comparisons of AM and PM dental radiographic evidence are 
of central importance, especially in cases of physical damage 
rendering the body incapable of producing fingerprints or any 
other form of biometric identification.2,7,8  

During previous occurrences of mass fatalities, comparison 
teams, including volunteer dental and non-dental members, 
have been utilized to assist in victim identification when 
the availability of forensic odontologists was limited.9-16  
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Concerns have been raised regarding the use of disaster  
victim identification (DVI) team members who are not 
forensic odontologists, due to lack of standardization in 
volunteers’ formal education, experience, and cognitive 
bias.4,7,16-18 Wenzel et al. and Zohn et al. suggest that prior to 
DVI participation, volunteers should demonstrate competence 
in simulated scenarios.16,17 Several studies have tested the 
competence of participants with various education and 
experience to see if there are differences in how they perform 
with DVI tasks. Participants with formal dental-related 
education have been shown to outperform participants who 
have no dental-related education.4,7,17 Having prior dental-
related education could be beneficial, especially during mass 
fatality incidents (MFI) when there is a shortage of forensic 
odontologists and comparison team members.4,7,17 Pinchi et 
al. conducted a study comparing the abilities of participants 
with no dental education (emergency room specialists, legal 
medicine specialists) to participants with dental education 
(dental students, dentists, dentists with forensic education, 
and forensic odontologists), and found participants with 
dental education had correct answer rates of 85% to 96% 
and significantly outperformed participants with no dental 
education with a correct answer rate of 67%.7 Pinchi et al. 
also found that the accuracy of dental students was similar 
to dentists who had forensic education; however, forensic 
odontologists outperformed all participants, especially in 
very difficult cases.7 The inter-operator variability for the 
forensic odontologists was also lower when compared to other 
groups in the study, pointing to reliable consistency in expert 
opinion among forensic odontologists.7  

Dental hygienists can fill critical roles as members of 
multidisciplinary victim identification and records reconcili-
ation teams.9-13,15 The literature has shown that dental hygienists 
have been beneficial members of AM, PM, and comparison 
teams, and have the ability to aid in the management of 
administrative and miscellaneous duties as they relate to DVI 
during MFIs.15 Additionally, a 2014 survey of dental hygienists 
in the United States (n=334) found that 85.6% were interested 
in DVI as a community service opportunity and of those 
showing interest, 91.6% indicated intentions for becoming 
involved.15 Dental hygienists have relevant educational 
coursework closely interrelated with the curriculum covered 
in forensic odontology, including anatomy, radiology, 
embryology, oral pathology, and biomaterials.4,19,20 However, 
little has been reported in the literature evaluating the 
effectiveness and reliability of the curriculum, assessments, 
or in-time trainings for dental hygienists with an interest 
in forensic-based practice.13,14,16 A review of the literature 
revealed that curriculum guidelines and best practices for 

assessment of skills and competencies related to DVI are not 
well established and lack standardization.2,7,8,17,18 In a study by 
Sholl et al., forensic odontologists, dental students, and dental 
hygiene students compared dental radiographs taken from 
dry skulls to test accuracy of matching influenced by rater 
experience.4 Dental hygiene students performed better than 
the dental students, 89.7% versus 85.2% accuracy, however, 
forensic odontologists performed best with 93.3% accuracy.4 
While the authors suggested that dental hygiene students may 
have performed better than the dental students due to more 
recent coursework in anatomy and a more acute awareness of 
tooth morphology, they also concluded that a DVI team with 
allied dental professionals who have successfully completed 
discipline related coursework, could benefit DVI.4  

Research by Sholl et al. also identified that forensic 
odontologists with DVI experience performed better than  
odontologists with only formal education, suggesting that  
competence for accurate matches may increase with 
experience.4 This observation was also noted by Pinchi et 
al. who stated that actual experience in forensic odontology 
was a better indicator of identification performance when 
compared to formal education in forensic odontology alone.7 
A study of non-forensically trained dental students (n=152) by 
Sivaneri et al. found that 92.1% of the first, second, and third 
year students were able to correctly match PM radiographs 
of heat altered teeth to AM radiographs, and that there were 
no statistically significant differences in the students’ abilities 
to make matches based on their standing in the program.19 
These researchers hypothesized that knowledge and skills 
gained from formal coursework in dental anatomy and 
radiology could transfer to dental forensic skills, despite an 
absence of dental forensics in the curricula.19 

When evaluating the amount of time for raters to make 
forensic matches, two studies found that dental students 
spent less time completing identification tasks as compared 
to experienced forensic odontologists, while non-dental 
professionals took considerably more time when completing 
identification tasks.7,16 Pinchi et al suggested that a lack of 
experience with dental radiographic interpretation could 
explain the increased time taken by non-dental specialists.7 It 
has also been hypothesized that the increased time required 
by experienced forensic odontologists may be the result of a 
more thorough examination conducted with caution, versus 
haste, in assignment of matches.7,18 

It has been suggested that the forensic odontology 
curriculum for dental volunteers should include simulated 
disaster events with hands-on activities, and exercises 
allowing learners the opportunity to attempt identification 
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matches.17 In a study by Wenzel et al., dental students, forensic 
odontologists, and a radiologist tested pattern recognition of 
anatomical morphology in unrestored teeth using film AM 
radiographs and digital PM images from dry skulls.16 In this 
study, the number of incorrect scores between the experts 
and the students was found to be low and not statistically 
significant (p<0.02). Dental students were found to spend 
less time deciding on matches, but needed more PM images 
to decide on matches as compared to the experts.16 Wenzel et 
al. found that the ability of the participants to make matches 
increased with periapical images as compared to bitewings,16 
which conflicts with the findings of Sholl et al.4 However, in 
a retrospective study of a closed roster airplane crash by Bux 
et al., while the absence of AM radiographs did not impede 
identification efforts, the importance of AM radiographs for 
open disasters with many victims was also cited.21 According 
to the American Board of Forensic Odontology (ABFO) 
2017 Diplomates Reference Manual, PM radiographs are 
required for most victim identifications and should be relied 
on as a primary tool, especially when AM radiographs are 
not available.22 Currently, there is no standard protocol for 
comparing radiographs when deciding on matches.3,7,18 

The lack of standardization among DVI volunteers 
can make it difficult to determine whether volunteers are 
competent.17 Dental volunteers involved in DVI activities 
must be competent in their ability to critically evaluate 
dental evidence and accurately make conclusions regarding 
identification matches in a manner consistent with acceptable 
medico-legal standards.3,18,19 The purpose of this pilot study 
was to evaluate the accuracy of dental hygiene students in the 
utilization of dental charting bitewings and skull dentitions 
for the purpose of making identification matches.  

Methods 
A convenience sample of senior dental hygiene students 

(n=30) from Old Dominion University (ODU) were invited 
by email and verbal announcement to participate in this ODU 
Institutional Review Board exempt (#1322640-3) study. All 
participants had successfully completed the same formal 
coursework of head and neck anatomy, histology, embryology, 
periodontology, dental radiology, and dental materials; and 
completed the informed consent letter. Participants then 
logged into the learning management system (Blackboard, 
Inc©; Providence Equity Partners, Washington, D.C.) to 
view a researcher-designed, online multimedia PowerPoint 
presentation explaining the concepts and procedures for 
collecting and recording forensic dental evidence and 
comparisons of the evidence for the purpose of making 
identification matches. Students viewed the asynchronous 

presentation independently at their convenience through the 
learning management system. Time lapses between viewing 
the presentation and participating in the research project were 
not tracked. Participants then were asked to chart and match 
three bitewing radiograph sets to three human skull dentitions 
by correlating matches/exclusions. At the completion of the 
charting and matching activity, the participants completed 
a researcher designed questionnaire rating the difficulty of 
the exercise, as well as their confidence, and willingness to 
volunteer as a forensics team member.

Identification procedure

The principal investigator (PI) exposed a set of four 
horizontal bitewing digital radiographic images on three 
dry human skulls; the skulls were then mounted to reclined 
dental chairs. The radiographic image sets were enlarged, 
printed, and placed on podium stands next to the mounted 
skulls (Figure 1). The bitewings were randomly labeled 1, 
2, 3 and the corresponding skulls were randomly labeled 
A, B, C. The participants were informed that the bitewings 
had been mismatched from the skulls. Each participant was 
provided with six paper dental charting forms (one for each 
set of radiographs and one for each of the three skulls). The 
forms were in the same order as the randomized bitewings 
and skulls, and each participant proceeded in the same order 
in the room where the study took place.

Each participant identified the imaged teeth for the three 
sets of PM dental radiographs and identified the dentition of the 
three skulls in the following order: skull C, bitewing set #1, skull 
A, bitewing set #2, skull B, bitewing set #3. Participants were 
asked to identify each tooth in the image as: present, missing, 
or as having a dental restoration. They were then asked to do 
the same for each tooth in the three human skulls. Finally, the 
participants were asked to match each bitewing radiographic 
set with its corresponding skull based on the dental evidence 
recorded on the six dental charting forms. Participants were not 

Figure 1. Bitewing radiographic set randomly 
mismatched with a skull 
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asked to qualify their answers for matches based on categories 
and terminology for identification as required by the ABFO 
(e.g. positive identification, possible identification, insufficient 
evidence, exclusion).  

Each participant was timed while completing the dental 
charting and deciding on identification matches however this 
was unknown to the participant. Entry to the study operatory 
was limited to one participant at a time and participants 
were allowed to revisit the bitewing sets and skulls to check 
their answers during the session.  At the conclusion of the 
identification exercise, participants completed a researcher-
designed, paper questionnaire consisting of twelve items 
regarding the difficulty of the tasks, their level of confidence, 
and their feelings about volunteering as a forensics comparison 
team member in the future. Participants indicated whether 
they had previous work experience with exposing and 
interpreting dental radiographs. A follow-up question for 
positive responders inquired whether they felt that their 
formal dental hygiene coursework helped to improve their 
skills with exposing and interpreting radiographs, recognizing 
dental restorations, and recognizing anatomical differences 
in teeth and bone. Prior experience, or the lack thereof, was 
utilized to conduct the interrater reliability comparison, and 
to investigate whether prior experience influenced accuracy, 
charting time, perceived difficulty, and confidence while 
making identification matches.

The study’s methodology was supported by the experi-mental 
design by Sholl et al., which included forensic odontologists, 
dental students, and dental hygiene students who attempted 
to make matches with AM and PM bitewings and periapicals 
from dry skulls and also suggested that the type of radiograph 
did not affect the accuracy when used as a matching tool.4 
The research design also took into consideration the amount 
of time participants would devote to the identification exercise 
between classes and other obligations. Therefore, the exercise 
limited the number of radiographs and skulls to three each, 
to avoid overwhelming the participants with an activity that 
would be too time consuming. The amount of time required 
for subjects to complete research activities has been considered 
in other studies along with a consideration of not causing 
mental fatigue for participants.

Statistical analysis

The participants’ demographic information, their accuracy 
grades for dental charting, as well as their levels of perceived 
difficulty and confidence were summarized and compared 
between level of experience using the Chi-square test or the 
Fisher’s Exact test for categorical variables, and the Student’s t 
test for continuous variables. Level of experience was a binary 

variable, representing whether a participant had experience 
with exposing and interpreting dental radiographs prior 
to entering dental hygiene school. Categorical data were 
presented as frequencies and proportions, whereas continuous 
data were presented as means and standard deviations. The 
%MAGREE macro for multiple raters with multi-categorical 
ratings, was used to compute the Kappa statistics to test 
charting agreement among all participants.23 All statistical 
analyses were performed using SAS 9.4 (SAS Institute, Inc., 
Cary, NC), and statistical significance was determined using 
an alpha level of 0.05.

Results
A convenience sample of senior dental hygiene students 

agreed to participate and completed the simulated dental 
charting and identification matching activity and post-
questionnaire. All participants were female (n=30) and a little 
more than one-third (36.67%, n=11), reported having at least 
one year of work experience with exposing and interpreting 
dental radiographs prior to entering the dental hygiene 
program. Participant demographic data is shown in Table I.  

The participants’ mean accuracy scores for the dental 
charting of bitewing radiographs ranged from 91.23% (SD 
9.42) to 95.49% (SD 7.20), and ranged from 93.94% (SD 7.70) 
to 99.06% for charting the skull dentitions. No statistically 
significant difference was found between experienced and 
non-experienced participants in terms of accuracy for dental 
charting the bitewing radiographs or skull dentitions (all  
p>0.05). Additionally, all participants successfully matched 
the radiographic sets and corresponding skulls with 100% 
accuracy. The participants’ dental charting accuracy is shown 
in Table II.

Table I. Sample demographic characteristics (n=30)

Demographics n %

Gender

    Female 30 100%
    Male 0 0%
Age Range

    18-22 11 36.67%
    23-27 12 40%
    28-32 6 20%
    38-42 1 3.33%
Experience with exposing and interpreting dental 
radiographs prior to dental hygiene school

    ≥1 year prior experience 11 36.67%
    No prior experience 19 63.33%
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Kappa statistics for assessing dental charting reliability agreement 
between participants ranged from 0.81 to 0.89 for the three sets of 
radiographs, and from 0.76 to 0.96 for the skull dentitions; all were 
statistically significant (p<0.0001), indicating stronger agreement 
than can be expected by chance (Table III). Overall, there was an 
86% agreement between all participants in charting present, missing, 
and restored teeth for both bitewing radiographs and skull dentitions. 
Participants used a minimum of 12 minutes and a maximum of 46 
minutes to complete the activity and post-questionnaire, with an average 
time of 19.23 minutes (SD = 6.61). Although not statistically significant 
(p = 0.351), the trend of the data showed the average charting time was 
higher among non-experienced as compared to experienced participants 
[20.11 min (SD = 7.77) vs. 17.73 min (SD = 3.74)].

Students were asked to rate the level of 
difficulty they experienced while: 1) dental charting 
the radiographs, 2) dental charting the skull 
dentitions, and 3) matching the radiographs to the 
corresponding skulls. No statistically significant 
difference was found in levels of perceived difficulty 
between the experienced and non-experienced 
participants (p>0.05 for all). However, over half of 
the participants reported experiencing a slight level 
of difficulty while dental charting the bitewing 
radiographs (n=16, 53.33%), and while dental 
charting the dentitions of the skulls (n=18, 60%).  
However, a majority (80%, n=24) reported slight 
or no difficulty in matching the radiographic image 
sets with the corresponding skulls. Participants 
were also asked about their perceived confidence 
regarding their accuracy with matching the 
radiographs to the corresponding skulls. Although 
not statistically significant (p = 0.8498), perceived 
confidence levels were slightly higher among 
participants with prior experience as compared to 
those without prior experience (81.82% vs. 78.95%, 
respectively). When asked about their willingness 
to volunteer as a member of a forensic comparison 
team in collaboration with forensic odontologists, 
the majority (93.33%, n=28,) indicated that they 
would consider it. The participants’ perceived 
levels of difficulty, and confidence, along with 
their reported interest in dental forensics is shown 
in Table IV. When participants with previous 
experience in radiography were asked whether 
or not their formal dental hygiene coursework 
helped to improve skills, perceived improvement 
was indicated in the following areas: exposing 
radiographs (100%, n=11), interpreting radiographs 
(90.91%, n=10), recognizing dental restorations 
(100%, n=11), and anatomical differences in teeth 
and bone (90.91%, n=10).

Discussion
This pilot study assessed senior dental 

hygiene students’ ability to apply knowledge 
gained during their entry level dental hygiene 
curriculum, to match PM dental radiographs 
with human skull dentitions within a researcher-
designed dental forensic scenario. All participants 
were able to match radiographic sets with the 
corresponding skulls with 100% accuracy and 
scored 91% or better when charting the dental 

Table II. Mean accuracy for dental charting of skulls and  
bitewing radiographs

Dental Charting 
Accuracy

Overall 
sample 
n=30

Prior 
experience  

n=11

No 
experience 

n=19
p value

Skull A, Mean (SD) 98.21 
(2.70)

98.56  
(2.94)

98.00 
(2.62) 0.5912

Skull B, Mean (SD) 99.06  
(3.60)

100.0  
(0.00)

98.51 
(4.48) 0.2830

Skull C, Mean (SD) 93.94  
(7.70)

93.75  
(8.39)

94.05 
(7.52) 0.9197

BWX* 1, Mean (SD) 95.49  
(7.20)

96.85  
(3.96)

94.71 
(8.55) 0.4435

BWX* 2, Mean (SD) 91.23  
(9.42)

93.16  
(7.26)

90.11 
(10.49) 0.4018

BWX* 3, Mean (SD) 92.68  
(5.82)

92.86  
(5.43)

92.57 
(6.19) 0.8982

*Bitewing radiographs

Table III. Kappa statistics for interrater reliability for dental  
charting of skulls and bitewing radiographs

Skulls and Bitewing 
Radiographs: Kappa Standard Error p value

Skull A 0.92 0.0085 <.0001

Skull B 0.96 0.0064 <.0001

Skull C 0.76 0.0064 <.0001

BWX 1 0.89 0.0054 <.0001

BWX 2 0.81 0.0055 <.0001

BWX 3 0.83 0.0060 <.0001
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evidence. Findings from this study 
are comparable to a previous study in 
which dental hygiene students were 
found to have an almost 90% accuracy 
rate.4 The high level of accuracy 
demonstrated by these participants 
can be used to support efforts aimed 
at incorporating dental hygienists 
into multidisciplinary teams with 
forensic odontologists during MFIs. 
Furthermore, these results support the 
need for including forensics as part of 
dental and dental hygiene education as 
identified by Sivaneri et al.

The majority of participants (93.3%) 
indicated that they would consider 
volunteering as part of a MFI forensic 
comparison team, which concurs with a 
previous study by Bradshaw et al., where 
almost 92% of U.S. dental hygienists 
indicated willingness to serve in this 
capacity.15  This pilot study helps fill gaps 
in the literature by assessing the skills 
obtained from a bachelor’s degree dental 
hygiene program curriculum which could 
be successfully applied to identification 
match scenarios, and demonstrates the 
effectiveness of including this source of 
willing volunteers into future forensic 
comparison teams.  

Inclusion of hands-on activities of  
matching skull anatomy with radio-
graphs can be incorporated into the 
radiology course curriculum in dental 
hygiene programs. These activities would  
allow students the opportunity to build 
the conceptualization skills to better 
understand how unique anatomical 
features produce unique images. This 
pattern recognition skill has been 
identified by several researchers as one 
that could be learned through simulated 
activities similar to the design of this 
pilot study.16,17 Pinchi et al. supports the 
inclusion of comparative activities for 
dental radiology coursework in forensic 
training, stating that it increases the 
performance of volunteers with dental 
education over non-dental volunteers.7

Table IV. Descriptive statistics of levels of perceived difficulty and confidence 

Levels of perceived 
difficulty and 

confidence

Overall 
sample  

n=30 (%)

Prior 
experience 
n=11 (%)

No 
experience 
n=19 (%)

p value

What level of difficulty did you experience while dental charting the three sets of 
bitewing radiographs?

None 13 (43.33%) 5 (45.45%) 8 (42.11%) 0.7402

Slight 16 (53.33%) 6 (54.55%) 10 (52.63%)

Moderate 1 (3.33%) 0 (0%) 1 (5.26%)

What level of difficulty did you experience while dental charting the three skulls?

None 9 (30%) 4 (36.36%) 5 (26.32%) 0.8458

Slight 18 (60%) 6 (54.55%) 12 (63.16%)

Moderate 3 (10%) 1 (9.09%) 2 (10.53%)

What level of difficulty did you experience while matching the three bitewing sets to 
the three corresponding skulls?

None 13 (43.33%) 7 (63.64%) 6 (31.58%) 0.1921

Slight 11 (36.67%) 2 (18.18%) 9 (47.37%)  

Moderate 6 (20.0%) 2 (18.18%) 4 (21.05%)  

What level of confidence did you feel in your accuracy with matching the 
radiographs to the corresponding skulls?

Very confident 24 (80.0%) 9 (81.82%) 15 (78.95%) 0.8498

Moderately confident 6 (20.0%) 2 (18.18%) 4 (21.05%)

Not confident at all 0 (0%) 0(0%) 0 (0%)

In the future, would you consider volunteering on a forensic comparison team to aid 
forensic odontologists with identifying victim remains?

Yes 28 (93.33%) 10 (90.91%) 18 (94.74%) 0.6855

Maybe 2 (6.67%) 1 (9.09%) 1 (5.26%)  

No 0 (0%) 0 (0%) 0 (0%)  
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No statistically significant differences were found in the 
charting or identification match skills between participants 
with and without prior radiography experience in this pilot 
study. It is possible that the two semesters of radiology and 
three semesters of clinical curriculum completed by the 
participants included enough coursework so that the skills of 
non-experienced participants were comparable to experienced 
participants; yielding high accuracy for both. The vast majority 
of the participants in the pilot study reported slight to no 
difficulty when charting the radiographs, charting the skulls, 
and deciding on the matches. Considering these results, it is 
not surprising that the majority of the participants reported 
being very confident (80%) or moderately confident in their 
performance (20%).

This pilot study had limitations. The convenience sample 
was small and limited to one dental hygiene baccalaureate-
degree granting institution. The pilot study was researcher-
designed and not in complete alignment with other dental 
forensic study designs. Repeating previously published dental 
forensic studies is difficult for several reasons. There is a lack 
of standardization among the designs of dental forensic studies 
regarding the materials, methods, and participants.  Second, 
dental features of the radiographs and skulls will be unique to 
each study. Third, the inclusion of dental hygienists in dental 
forensic research studies has been lacking.

The current study was limited to PM bitewing sets and did 
not include AM radiographs. This could be a limitation when 
considering that AM radiographs and a full mouth series of 
radiographs would also provide additional detail useful in 
forensic dentistry. Wenzel et al. also found that the ability of 
the participants to make matches increased with periapical 
images as compared to bitewings.16 Some studies have been 
designed without AM radiographs, as they are not always 
available for forensic cases as cited in the ABFO Diplomates 
Reference Manual22 and by Bux et al.21 This supports the 
rationale for designing research studies requiring participants 
to rely on PM radiographs as the primary identification tool, 
which was a feature of this pilot study.  

Another limitation was participants did not include 
qualifications of their answers to the identification matches 
to indicate degrees of probability. Not using qualification 
categories of “positive identification, possible identification, 
insufficient evidence, and exclusion,” may have impacted 
the generalizability of the results. According to Pinchi et al, 
confidence reported by forensic odontologists relates to the 
rater’s assignment of the likelihood of the positive match as 
it relates to a “probable” degree, rather than actual match 
accuracy.7 Therefore, the cognitive bias of the participants 

cannot be compared to findings of forensic odontologists 
from other studies.

Dental hygienists have shown evidence of being interested 
and committed to supporting forensic dentistry in their 
communities when the availability of forensic odontologists 
is limited.15 Still, more evidence of the effective utilization 
of dental hygienists as a supportive adjunct for DVI is 
needed. Future studies should include large sample sizes of 
dental hygienists from areas throughout the United States, a 
variety of simulated forensic scenarios, and include students 
and graduates from a variety of dental hygiene education 
programs.

Conclusions
Results from this pilot study demonstrate that dental 

hygiene students were able to match postmortem skull 
dentitions and radiographs with good interrater reliability 
and that they did not differ statistically for charting time, 
perceived difficulty, or confidence regardless of previous 
experience in dental radiography. A high level of agreement 
and accuracy among raters for dental charting and matching 
indicates dental hygienists are knowledgeable and well suited 
to work in a forensic-based capacity. Education in records 
comparison can help prepare dental hygienists for activities 
related to dental forensic victim identification. More research 
is needed to utilize the skills of dental hygienists related to 
dental forensics.  Published reports of pedagogy used to teach 
forensic dentistry could aid future research in developing 
study designs to test educational best practices.
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Abstract
Purpose:  Tobacco use initiated during adolescence often leads to continued use in adulthood. There are multiple factors 
influencing initiation, including low perceived risk of harm. Adolescents involved in school-based extracurricular activities 
have opportunities to interact with coaches, leaders, and group supervisors who may influence their perception of risk. The 
purpose of this study was to examine the role of extracurricular activities and adolescents’ perceived risks of harm of tobacco 
use, utilizing an existing dataset. 

Methods: The 2016 National Survey on Drug Use and Health (NSDUH) dataset was used for a cross-sectional study of 
youth, ages 12 to <18 years. Adolescents involved in one or more school-based, extracurricular activities were compared with 
adolescents involved in no activities. The key variable was the response to the NSDUH question regarding perceived risk of 
harm from daily smoking (≥1 packs of cigarettes). Chi-square tests and multinomial logistic regression were used to analyze 
the data. 

 Results: At the time of the 2016 NSDUH study period, among the adolescents aged 12 to <18 years (n=4,308), 17.5% indicated 
that they did not participate in any extracurricular activities and 10.6% reported no/slight perceived risk of harm associated with 
tobacco use. Adolescents who did not participate in extracurricular activities were more likely to report no/slight risk of harm from 
smoking (Adjusted Odds Ratio, AOR= 2.21 [95%CI: 1.62, 3.02]) as opposed to the perception of great risk of harm.  

Conclusion: Adolescents who are not involved in extracurricular activities are more likely to endorse the perception that 
cigarettes have no/slight risk of harm.  School-based extracurricular activities may provide unintended benefits to adolescents; 
health care professionals, including dental hygienists, should be aware of this associated health benefit.

Key words:  adolescent smoking, perceived health risk, tobacco use, extracurricular activities, dental public health
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Adolescents’ Perceived Risk of Harm Due to Smoking: The role  
of extracurricular activities 
R. Constance Wiener, DMD, PhD; Ruchi Bhandari, PhD, MPA, MBA; Susan Morgan, DDS;   
Alcinda K. Trickett Shockey, RDH, DHSc; Christopher Waters, MS

Introduction
Adolescence, the life stage of increasing independence, 

development, and change, is also a period associated with 
increased risk-taking behaviors.1 Adolescent autonomy often 
occurs during the same time as reduced adult supervision. 
There are risk-taking, novelty-seeking, independence-seek-
ing behaviors during adolescence, that theoretically increase 
success in separating from the family, transitioning into 
adulthood, and finding a mate.1  However, this developmental 
pattern may have consequences that are at odds with modern 
life, such as living longer with a parent or parents, being 
financially dependent upon one’s family longer, and selecting 
a mate later in life.1 Opportunities frequently arise during 

Research

adolescence to initiate or engage in risk-taking behaviors, 
some of which may be biologically driven, that would not 
be sanctioned by parents/guardians/other adults. These risk-
taking behaviors include the unhealthful use of a wide range 
of substances, particularly alcohol and tobacco. Research has 
shown that adolescent risk-taking behaviors increase in the 
presence of peers, even when the adolescent has been provided 
information regarding negative outcomes.2 Adolescents 
engaging in inappropriate risk-taking behaviors pose concern 
to their parents/guardians and other caring adults, including 
counselors, teachers, and health care providers.3
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There are numerous negative health consequences associ-
ated with tobacco use, including smoking-related cancers, 
cardiovascular and metabolic diseases, pulmonary disease, and 
conditions associated with negative pregnancy and childbirth 
outcomes.4 Additional consequences include lung cancer 
and coronary heart disease from secondhand smoke as well 
as fires.4 Some of the specific oral health implications of 
tobacco use include oral cancer, periodontal disease, tooth 
loss, gingivitis, halitosis, and palatal petechiae. Since 1964, 
over 20 million deaths in the United States (US) have been 
attributed to smoking.4 Over 90% of adult smokers began 
using tobacco before the age of 18.4 It is also concerning that 
68.9% of cigarette smokers who ever tried a cigarette just 
once, progressed to daily smoking.5 Tobacco use remains a 
major public health issue and is of particular relevance to oral 
health care professionals. Overall health as well as oral health 
are impacted by tobacco use and dental professionals have 
been called on to promote never beginning to use tobacco, 
as well as tobacco cessation, through a variety of programs.  

Considering the high conversion rate, adolescence is an 
important time to address and reduce tobacco experiment-
ation.5 An increase in activities, with adult oversight of 
adolescent time, may be helpful in reducing the conversion 
rate. Extracurricular activities, such as sports, cheerleading, 
choir, band, student government, and clubs all have adult 
coaches, leaders, and group supervisors. Sports participation, 
recreational physical activity, and physical education classes 
have been shown to have the potential for preventing or 
delaying unhealthful use of harmful substances.6 

While a number of studies have examined the specific 
relationship between sports and unhealthful substance use, 
results are inconclusive.7-9 Some researchers identified a lower 
use of cigarettes in adolescents involved in sports as compared 
with adolescents who were not involved with sports.6,10 
However, other studies have indicated that the protective 
effects are dependent on the type of sport, such as the non-
contact sports of cross-country, gymnastics, swimming, 
tennis, track and volleyball. Negative effects have been found 
in high-contact sports such as football, wrestling, hockey, 
and lacrosse.11 In a meta-analysis of tobacco use among male 
high school athletes, sports participation was shown to be a 
predictor for smokeless tobacco use but not cigarette use.12 

In regards to other extracurricular activities, researchers 
who examined non-sport activities (music, choir, dance, band, 
and clubs), as well as sports, found that students, ages 10 to 
14 years, were less likely to use tobacco if they participated 
in team sports; while the role of other activities failed to 
reach significance.13 Another study examining the role 

of extracurricular activities, showed that adolescents 
participating in extracurricular activities were less likely to 
use tobacco; however, the effect of the activities diminished 
over time.14  

The Health Belief Theoretical Model (HBTM) of 
Behavior is based on the concept that the likelihood of 
adopting preventive, healthful behaviors is influenced by 
demographic/socio-psychological variables.15 According to 
the HBTM, individuals are willing to adopt or aspire to 
certain health-related behaviors or habits in order to avoid 
illness/sickness/poor health outcomes, if certain constructs 
are met. The HBTM of Behavior includes: the individual’s 
perceptions of susceptibility to poor health consequences; 
severity of the consequences; benefits to complete the 
preventive, healthful behavior; barriers to take action to 
complete the healthful behavior; and the self-efficacy to 
accomplish the healthful behavior. 

Two other features of HBTM of Behavior, cues to action 
to encourage an action, and modifying variables, such as 
demographic and psychosocial variables, also are recognized 
as influencing healthful behavioral practices. Perception of 
harm as it relates to health consequences of tobacco use is a  
variable of particular interest.16 Perceived harm is recognized 
as a key component of several other behavioral health change 
theories, and is targeted in interventions. Risk perception 
is a critical determinant of health behavior. Successful 
interventions include changing these perceptions to improve 
health behaviors.16 

Adolescence is a formative period and an opportune 
time to engage change; it is possible that by modifying risk 
perception in adolescence through school-based activities will 
prevent or delay future tobacco use. The purpose of this study 
was to determine if there is an association between adolescents 
participating in extracurricular activities at school and their 
perception of harm from smoking ≥1 packs of cigarettes daily.

Methods
The study received approval as a non-human subject 

exempt study (secondary data analysis) from the West 
Virginia University Institutional Review Board (protocol 
number: 1801928895). The data source was obtained from 
the publicly available 2016 National Survey on Drug Use and 
Health (NSDUH) Center for Behavioral Health Statistics and 
Quality, 2017.17,18  Researchers at the Center for Behavioral 
Health Statistics and Quality conduct a yearly survey of 
civilian, non-institutionalized residents in the US, ages 12 
years and above, concerning tobacco, alcohol, and other 
substance use, through in-person interviews at the participant’s 
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residence, following an introductory letter.17,18 States within 
the US were the first level of stratification in the sample. 
Each state was then further stratified into equally populated 
sampling regions, census tracks, census block groups, area 
segments and dwelling units; sample sizes were proportional 
to the state population.17,18 Participants were then screened 
and interviewed; data were encrypted and transmitted to the 
contracted data collection/analysis corporation.17,18 Interviews 
were randomly selected for verification, after which the data 
were cleaned; imputations were made as necessary; and 
analysis weights were created (Center for Behavioral Health 
Statistics and Quality, 2017).17,18   

Study design

This study used a cross-sectional design; researchers 
conducted a secondary data analysis of existing data. 
Questionnaire data collected from the 2016 NSDUH 
were used for analysis. Inclusion criteria were participants 
between the ages 12 to less than 18 years; participants who 
responded to the question concerning perception of risk of 
harm from smoking one or more packs of cigarettes per day; 
and, participants who responded to the question regarding 
number of school-based extracurricular activities in which 
they participated. There were 4,308 eligible participants.

Measures

The outcome variable was based on the NSDUH question: 
“How much do people risk harming themselves physically and 
in other ways, when they smoke one or more packs of cigarettes 
per day?”17,18 The raw data were presented with the potential 
responses of “no risk; slight risk; moderate risk; and, great risk.” 
Participants were grouped into three categories: 1) no/slight risk 
of harm; 2) moderate risk of harm; and, 3) great risk of harm. 
The primary independent variable of interest was school-based 
extracurricular activities from the NSDUH question: “During 
the past 12 months, in how many different kinds of school-based 
activities, such as team sports, cheerleading, choir, band, student 
government, or clubs, have you participated?”17,18 The raw data 
were presented with the potential responses of “none; one; two; 
and, three or more.” The response was dichotomized to no 
activities, and ≥1 activities. 

Other available variables were considered in the study 
with regards to the HBTM of Behavior. The following were 
chosen relating to the theory’s inclusion of demographic/
socio-psychological variables: sex (female, male); age in 
years (12-13, 14-15, 16-17); family income level (less than 
$20,000, $20,000-$49,999, $50,000-$74,999, $75,000 and 
above); metropolitan/non-metropolitan residence (large 
metropolitan, small metropolitan, non-metropolitan); and  
parental support (a summative scalar variable). The 

summative parental support variable was based upon never, 
seldom, sometimes, and always responses (coded 1, 2, 3, 4, 
respectively) which were added to create a summative score 
from seven NSDUH parental involvement questions. The 
following variables were chosen in relationship to the HBTM 
of Behavior inclusion of perceived benefits minus perceived 
barriers: smoking status (current smoker; former smoker; 
never smoker) and sensation seeking/enjoyment in dangerous 
things (a summative scalar variable from four NSDUH 
questions) were included as factors related to risk assessment 
(Figure 1). 

Smoking status was determined from the responses to the 
questions regarding whether the participant had ever smoked; 
negative responses were categorized into the never smoker 
group. If the participant responded with a positive response 
to the ever-smoking question, he or she was identified as a 
current smoker if he/she had smoked within the past 30 days. 
Participants were identified as a former smoker if it had been 

How often did your parents check on whether you had done  
your homework?

How often did your parents provide help with your 
homework when you needed it?

How often did your parents make you do chores around the 
house? 

How often did your parents limit the amount of time you 
watched TV?

How often did your parents limit the amount of time you 
went out with friends on school nights?

How often did your parents let you know when you’d done 
a good job?

How often did your parents tell you they were proud of you 
for something you had done? 

How often do you get a real kick out of doing things that are 
a little dangerous?

How often do you like to test yourself by doing something a 
little risky?

How often do you wear a seatbelt when you ride in the front 
passenger seat of a car?

How often do you wear a seatbelt when you drive a car? 
(only applies to respondents of driving age) 

Figure 1. Interview items used to construct summative scores 
for parental support and sensation seeking* 

*Summative parental support variable based on: never, seldom, sometimes,  
and always. Responses were coded 1, 2, 3, 4, respectively 
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more than 30 days since the last time he/she had smoked. 
Health insurance (yes, no) was included as a factor related 
to the HBTM of Behavior “inclusion of cues for healthful 
action.” Improved access to access to care through health 
insurance increases access to health-related information 
developed to cue healthful behavior change.

Statistical analyses

Data analyses were conducted with SAS® version 9.3 (SAS 
Institute, Inc., Cary, NC). Variables were analyzed for frequency. 
A Chi-square test was completed to identify bivariate associ-
ations of the perception of harm from smoking ≥ 1 packs of 
cigarettes per day and the other categorical variables. Multinomial 
logistic regression was used to analyze the association among the 
variables. Analyses were adjusted for strata, design, and sample 
weights; significance level was p ≤ 0.05.

Results
The sample consisted of participants who were ages 12 to 

less than 18 years (n=4,308). There was an equal distribution 
of sex (53.0% male, 47% female), and age (31.8% 12-13 
years; 33.6% 14-15 years; 34.7% 16-17 years). The majority 
of the adolescents had health insurance (95.8%) and self-
identified as never smokers (84.0%). Approximately half were 
non-Hispanic white (52.1%) and lived in large metropolitan 
areas (51.3%).  

There were 17.5% of adolescents who reported no school-
based extracurricular activities. In terms of perception of the 
risk of harm from smoking ≥1 packs of cigarettes per day, 
10.6% reported there was no/slight risk of harm, 20.3% 
reported moderate risk of harm, and 69.1% who reported great 
risk of harm associated with smoking ≥1 packs of cigarettes 
per day. Sample demographics are shown in Table I.

Results of bivariate Chi Square analyses on the variables 
of interest and the perceived risk of harm from smoking 
≥1 packs of cigarettes per day are also presented in Table 
I. Significant differences were identified in school-based 
extracurricular activities when compared with race/ethnicity, 
age, family income, smoking, enjoyment of dangerous things, 
and parental support. Categories with the highest weighted 
percentages of “no/slight risk” perceptions as compared with 
the lowest weighted percentages were found in participants 
with fewer extracurricular school-based activities (8.4% 
difference), Non-Hispanic blacks (8.7% difference), children 
ages 12-13 years (4.0% difference), participants from families 
with incomes less than $20,000 (8.8% difference), and 
current smokers (5.1% difference). 

Adolescents who had no extracurricular, school based- 
activities were shown to be more likely to consider smoking 

to be either no/slight risk or moderate risk, than great risk, 
as compared to cohorts with one or more extracurricular, 
school-based activity. The unadjusted odds ratio (UOR) was 
2.29 [95% Confidence level {CI} 1.71, 3.06]; p<.0001.  The 
UOR for indicating moderate risk of harm from smoking 
as compared to great risk of harm from smoking was 1.33 
[95%CI: 1.04, 1.72]; p=0.024.

Multivariate logistic regression results are presented in 
Table II. In the analysis adjusted for sex, age, race, health 
insurance, smoking, residence, income, parental support and 
sensation seeking/enjoyment in dangerous things, the adjusted 
odds ratio (AOR) was 2.21 [95%CI: 1.62, 3.02] p<.0001, for 
no/ slight risk of harm from smoking as compared to great risk 
of harm from smoking.The AOR for moderate risk of harm 
from smoking as compared to great risk of harm was 1.23 
[95%CI: 0.95, 1.61]; p= 0.107.

There was an association of the perception of no/slight 
risk of harm from smoking as compared with great risk of 
harm in current smokers versus never smokers: UOR=1.90 
[95%CI: 1.12, 3.23]; p=0.0190; AOR = 2.69 [1.58, 4.60];  
p=0.001. Similarly, current smokers versus never smokers 
were also more likely to endorse moderate, as compared with 
great risk of harm from smoking: UOR= 1.77 [95%CI: 1.26, 
2.48]; p=0.0190; AOR= 2.06 [95% CI: 1.48, 2.85]; p <.0001. 
For former smokers versus never smokers, the perception 
of no/slight risk of harm from smoking as compared with 
great risk of harm had: UOR = 1.13 [95%CI: 0.64, 1.99]; 
p=0.6787; and the AOR=1.43 [95%CI: 0.79, 2.58]; p= 0.232. 
For former smokers versus never smokers and the perception 
of moderate risk of harm as compared with great risk of harm, 
the odds ratios were: 1.34 [95%CI:1.01, 1.79]; p=0.0459; and 
the AOR=1.41 [95%CI: 1.02, 1.96]; p=0.039. Also, current 
smokers were more likely to have no versus ≥ 1 school-based 
extracurricular activities than never smokers: UOR = 2.70 
[95%CI:1.92, 3.80]; p<.0001; AOR= 1.99 [95%CI:1.37, 2.89]; 
p<.001. Former smokers were more likely than never smokers 
to have no versus ≥ 1 school-based extracurricular activities 
than never smokers: UOR= 1.98 [1.46, 2.69]; p<.0001; AOR= 
1.86 [95%CI: 1.34, 2.59]; p<.0001. 

Discussion
This study examined adolescents’ perception of risk of 

harm from daily smoking of ≥ 1 packs of cigarettes and the 
role of school-based extracurricular activities. Adolescents 
who did not participate in any school-based extracurricular 
activities were more likely to report no/slight risk of harm 
from smoking as compared to adolescents who participated 
in one or more school-based extracurricular activities. These 
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Table I. Sample demographics (2016 NSDUH17,18)

Total sample
Perception of risk of harm of ≥ 1 packs cigarettes/day

p-valueNo/slight risk 
Smoking harm

Moderate risk 
Smoking harm

Great risk Smoking 
harm

n 
4,308

Wt %* 
100

n 
423

Wt %** 
10.6

n 
835

Wt %** 
20.3

n 
3.050

Wt %** 
69.1

Sex 0.182

   Female 2,013  47.0 193 9.9 401 21.5 1,419 68.6
   Male 2,295  53.0 230 11.2 434 19.2 1,631 69.6
Race/Ethnicity <.0001

   Non-Hispanic White 2,252 52.1 159 7.7 378 16.6 1,715 75.6
   Non-Hispanic Black 622 15.2 89 16.4 144 24.9 389 58.8
   Hispanic 920 23.0  115 13.4 208 25.9 597 61.7
   Other 514 9.7 60 10.1  105 21.6 349 62.3
Age in years 0.038

   12-13 1,395  31.8 168 13.1 259 18.9 968 68.0
   14-15  1.485  33.6 128   9.7 277 20.3 1,080 70.0
   16-17 1,428  34.7 127 9.1 299 21.5 1,002     70.0
Family income level <.0001

   Less than $20,000 841 18.6 124 15.4 200 24.5 517 60.1
   $20,000 - $49,999 1335 30.8 142 11.4 281 22.8 912 65.7
   $50,000 - $74,999 673 15.1 72 12.2 103 16.2 498 71.6
   $75,000 and above 1,459 35.5 85 6.6 251 17.6 1,123 75.8
Health Insurance 0.083

   Yes 4,148 95.8 400 10.4 799 20.0 2,949 69.5
   No 160 4.2 23 14.4 36 25.8 101 59.8
Metropolitan/non-metropolitan  0.573

   Large metropolitan 1,763  51.3 188 11.5 363 20.4 1,212 68.1
   Small metropolitan 1,581  31.6 134 9.2 299 19.8 1,148 71.0
   Non-metropolitan 964 17.1 101 10.3 173 20.8 690 68.8
Smoking 0.008

   Current smoker 282 5.9 38 15.3 73 27.9 171 56.7
   Former smoker 457 10.2        45 11.0 101 23.9 311 65.1
   Never smoker 3,569  84.0 340 10.2 661 19.3 2,568 70.5
Extracurricular school-based activities*** <.0001

   No activities 758 17.5 117 17.5 166 22.4 485 60.1
   1 or more activities 3,540 82.4 306 9.1 669 19.8 2,565 71.1
Parental support 
(mean, SE) 13.41 (0.1) 12.7               (0.3) 13.4 (0.2) 13.5 (0.1) <.0001

Sensation seeking 
(mean, SE) 5.07 (0.04) 4.97 (0.1) 5.00 (0.01) 5.1 (.1) <.0001

* wt%= weighted column percent 
 **wt% =weighted row percent;  
***School activities = team sports, cheerleading, choir, band, student government, clubs, etc.  
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Table II. Odds Ratios and Multinomial Logistic Regression of School Activities on Increasing Perception of  
Risk of Harm (2016 NSDUH, n=4,308)

Unadjusted Logistic Regression 
Odds ratio [95% Confidence Interval] p-value

Adjusted Logistic Regression 
Adjusted odds ratio [95% confidence Interval] p-value

Moderate risk to smoking 
OR [95% CI] p-value

No/slight risk to smoking 
OR [95% CI] p-value

Moderate risk to smoking 
OR [95% CI] p-value

No/slight risk to smoking 
OR [95% CI] p-value

Extracurricular**

No activities 1.33 [1.04, 1.71] 0.024  2.29 [1.71, 3.06] <.0001 1.23 [0.95, 1.61] 0.107 2.21 [1.62, 3.02] <.0001
1 or more Reference group Reference group Reference group Reference group
Sex

Male 0.91 [0.76, 1.08] 0.276 1.23 [0.88, 1.46] 0.343
Female Reference group Reference group
Race/ethnicity

Hispanic 1.77 [1.27, 2.46] 0.001 1.94 [1.33, 2.84] 0.001
Non-Hispanic black 1.84 [1.30, 2.60] 0.001 2.51 [1.67, 3.76] <.0001
Other 1.46 [1.03, 2.07] 0.033 1.51 [0.96, 2.335] 0.071
Non-Hispanic white Reference group Reference group
Age

12-13 0.94 [0.71, 1.25] 0.669 1.81 [1.21, 2.70] 0.005
14-15 0.96 [0.75, 1.23] 0.735 1.26 [0.86, 1.84] 0.2274
16-17 Reference group Reference group
Family income level

<$20,000 1.28 [0.96, 1.73] 0.095 1.81 [1.28, 2.55] 0.001
$20,000-$49,999 1.21 [0.95, 1.54] 0.125 1.50 [1.03, 2.17] 0.034
$50,000-$74,999 0.87 [0.59, 1.28] 0.478 1.69 [1.17, 2.44] 0.007
≥$75,000 Reference group Reference group
Insurance

No 1.34 [0.77, 2.32] 0.289 1.50 [0.99, 2.26] 0.054
Yes Reference group Reference group
Metropolitan/non-metropolitan

Non-metropolitan 1.10 [0.77, 1.58] 0.584 0.90 [0.63, 1.28] 0.551
Small metropolitan 0.98 [0.78, 1.24] 0.886 0.76 [0.56, 1.02] 0.070
Large metropolitan Reference group Reference group
Smoking

Current 2.06 [1.48, 2.85] <.0001 2.69 [1.58, 4.60] 0.001
Former 1.41 [1.02, 1.96] 0.039 1.43 [0.79, 2.58] 0.232
Never Reference group Reference group

Parental support 0.98 [0.96, 1.01] 0.199 0.95 [0.92, 0.99] 0.010

Sensation seeking 0.98 [0.92, 1.05] 0.562 1.04 [0.95, 1.15] 0.368

*Adjusted model adjusted for sex (female, male); race/ethnicity (non-Hispanic white, non-Hispanic black, Hispanic, other); age in years (12-13, 14-15, 16-17); 
family income level (<$20,000, $20,000-$49,999, $50,000-$74,999, $75,000 and above); health insurance (yes, no); metropolitan/non-metropolitan (large  
metropolitan, small metropolitan, non-metropolitan); smoking (current, former, seldom/never); parental support (scalar); and sensation seeking (scalar).

**Extracurricular School Activities=team sports, cheerleading, choir, band, student government, clubs, etc.
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results support the theory that an individual’s perceived 
beliefs regarding risks of harm are factors in health behavior 
consequences, as proposed in the HBTM of Behavior.15 
Although not a focus of this study, associations were also 
found in the perception of no/slight risk of harm from smoking 
≥1 packs of cigarettes per day in adolescent who identified 
as smokers when compared with non-smoking adolescents.  
Also, adolescent smokers and former adolescent smokers 
were more likely not to have any school-based extracurricular 
activities. Due to the nature of the interview questions 
posed in the data source, it was not possible to determine 
the type of activity (non-sport, contact sport, or team sport) 
nor the amount of time that was associated with the activity.  
Nevertheless, there was a difference in perceptions between 
the groups not participating and the groups participating in 
school-based extracurricular activities.

Considering that the vast majority of adult smokers (90%) 
report having begun smoking as adolescents or pre-teens,19 
there is a critical need to determine effective prevention 
interventions and opportunities. Encouraging extracurricular, 
school-based activities may be helpful in shaping perceptions 
about smoking and ultimately influence health behavior. 
Understanding adolescent perceptions, knowledge, attitudes, 
and behaviors with respect to tobacco use, is important in 
developing interventions.  

There are few studies in the literature regarding the effects 
of school-based extracurricular activities on the perceived 
beliefs of harm in smoking cigarettes, for direct comparisons 
with the results of this study. In a literature review on the 
reasons why children smoke20 only one study was cited 
regarding the potential protective aspects of sports and 
regular physical activity classes.6 In the study by Dunn, an 
association was found between physical activity and substance 
abuse behaviors among high school students, similar to the 
findings of this study.6 The protective effects of sports and 
other extracurricular activities has been reported in a variety 
of studies.6,10,14 El-Toukhy et al. examined smoking related 
beliefs using the 2012 National Youth Tobacco Survey data, 
and found that over two-thirds of all youth surveyed strongly 
agreed that all tobacco products were dangerous.21 Results 
from this study were consistent with the findings observed by 
El-Toukhy et al., in that 69.3% of the participants believed 
there was a perceived of risk of harm from smoking ≥1 packs 
of cigarettes per day.

Adolescents are influenced by the character of the setting 
in which they live and spend their time, including their social 
setting.22 Therefore, safe settings, such as those ostensibly 
provided in school-based extracurricular activities, can make 
a difference in harm reduction in adolescents.22 School-

based extracurricular activities also have the potential to help 
adolescents develop self-regulating skills. Sports, music, and 
other activities require discipline, practice and self-regulation.  
Higher behavioral self-regulation has been associated with 
reduced odds of initiating tobacco use.23

Results from this study may be useful in informing 
public health interventions and messaging regarding the 
underlying importance of school-based extracurricular activi-
ties beyond the social, physical, or mental benefits that are 
commonly associated with these activities. Many school-
based extracurricular programs have been cut for budgetary 
reasons; however, their intrinsic benefits should be considered.  
Structural, school-level participation in organized activities 
were shown to be negatively associated with smoking in a study 
of Japanese boys.24 Tobacco cessation interventions are needed 
and programs are being developed to help teachers and coaches 
to deliver self-efficacy programs for tobacco use prevention in 
sports.25 Similar workshops are needed for adults who work 
with adolescents in similar extracurricular activities.

Study strengths and limitations

A large, nationally representative, current data source 
was used for the sample population in this study. While 
the retrospective study design did not permit causality to 
be determined, there was a strong association between the 
adolescents who were involved in school-based extracurricular 
activities and their perceived risk of harm from smoking 
as compared with adolescents who were not. The study 
design was limited by the nature of the questions posed to 
the participants. The question regarding extracurricular 
activities was restricted to school-based activities. Adolescents 
may also participate in community-based activities, church-
based activities, clubs, and other activities not sponsored by 
schools that were not captured in this study. In addition, the 
nature of the question in the data source, which included 
all school-based activities, did not allow for stratification by 
contact/non-contact sports, or all-encompassing versus minor 
participation in the activities. It was not possible to determine 
whether adult supervision was a mediator in the results or if 
other smoking patterns would have influenced the findings. 

This study only addressed the association of extracurricular 
activities and the perceived harm of smoking one or more 
packs of cigarettes per day, a smoking pattern which is not 
common among adolescents. The data collected did not 
address other tobacco products, such as smokeless tobacco nor 
the use of electronic cigarettes. Other studies have indicated 
an increased risk of smokeless tobacco use among youth 
engaging in athletics, due to lower perceived risk of harm 
from this product,26, 27 and the emulation of professional 



The Journal of Dental Hygiene 54 Vol. 94 • No. 4 • August 2020

athletes who use smokeless tobacco.28  Similarly, other studies 
have indicated that the relatively common use of electronic 
cigarettes is more likely to occur among youth who participate 
in intramural, competitive, and team sports.29

Adolescents not involved in school-based extracurricular 
activities are more likely to endorse that perception that 
cigarettes have no/slight risk of harm rather than great 
risk of harm than their cohorts who are engaged in one or 
more school-based extracurricular activities. School-based 
extracurricular activities may provide unintended benefits to 
adolescents concerning tobacco use. Further research is needed 
to address potential confounding factors that may contribute to 
the perception of harm including family, regional differences, 
types of activities, and influences/education of coaches or 
other adult supervisors. Additionally, other forms of tobacco 
use should be examined. The widespread use of electronic 
cigarettes, and the ability of the user to easily conceal them, 
are factors for researchers to explore. Understanding the use 
of smokeless tobacco products, snuff, snus, cigars, pipes, 
and hookahs by adolescents would also provide important 
knowledge to inform policies and provide healthcare providers 
with information critical for anticipatory guidance.  

Health care practitioners in general, have opportunities to 
speak one-on-one with adolescents within their provider roles. 
Dental hygienists, as prevention-based health care professionals, 
have a unique role with the opportunity to develop trust and 
rapport with patients, especially adolescents. Tobacco use and 
prevention strategies can be initiated, discussed and reinforced 
regularly, along with tobacco cessation practices within the 
dental hygiene care appointment. As health care providers, 
dental hygienists are invested in their patients’ health and 
well-being.  Given the frequency of visits for dental hygiene 
care, providers have the opportunity to discuss the additional 
benefits of extracurricular activities, which could lead to 
delaying or preventing tobacco initiation. Dental hygiene care 
appointments can provide opportunities to present information 
concerning risk perception, and support patients in making 
healthful life choices.

Conclusion
Adolescents who are not involved in extracurricular 

activities are more likely to endorse the perception that 
cigarettes have no/slight risk of harm. School-based extra-
curricular activities may provide unintended benefits to 
adolescents in promoting the perception that tobacco use is 
harmful to one’s health.
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Factors Associated with Burnout in California Dental 
Hygienists

*Laurie Bercasio, RDH, MS 
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San Francisco, CA

Purpose: To quantify the distribution of burnout, as 
identified by the Maslach burnout inventory (MBI), and to 
assess the key occupational factors associated with burnout in 
dental hygienist members of the California Dental Hygienists’ 
Association.

Methods: A 36-item survey, consisting of questions 
assessing burnout, demographic information, clinical care 
and occupational environment, was electronically sent 
to dental hygienists who were members of the California 
Dental Hygienists’ Association (n=2,211). Mean scores 
for each of the burnout subscales (emotional exhaustion-
EE, depersonalization-DP, and personal accomplishment-
PA) were computed using the MBI manual guidelines, and 
statistically related to the occupational factors. 

Results: The response rate was 20.9% (n=443). Thirty percent 
(30.9%) of respondents reported burnout, as identified by 
the MBI guidelines; 30.0% of respondents reported high 
emotional exhaustion (scores>27) and 11.3% reported 
high depersonalization (scores>10). Only 41.1 reported 
low personal accomplishment. Emotional exhaustion and 
depersonalization decreased with increasing age categories (EE: 
F=5.78, p<0.05; DP: F=9.26, p<0.05). Respondents between 
the ages of 35-44 had the highest emotional exhaustion 
(EE=24.7) and depersonalization (DP=6.34). Respondents 
reporting higher levels of self-perceived appreciation at work 

were more likely to have lower EE and DP (EE: F=5.12,  
p<0.05; DP: F=8.66, p<0.05). 

Conclusion: Approximately 3 in 10 dental hygienists in this 
sample experienced burnout. Data indicate the importance 
of expressing well-deserved appreciation to colleagues and the 
need to develop educational programs to teach practicing dental 
hygienists as well as dental hygiene students, ways to prevent and 
alleviate the symptoms of stress that often lead to burnout.  

Dental hygienists’ role in the opioid syndemic: 
Assessing attitudes, perceptions, and practices

*Michelle DeMoss RDH, MS 
Carol A. Nguyen, RDH, MS 
Robert C. Wood, MPH, DrPH 
James W. Tysinger, PhD 
Lynn A. Smiley, RDH, MEd

UT Health  
San Antonio, TX

Purpose: The purpose of this study was to assess dental 
hygienists’ role in recognizing opioid use disorder (OUD) 
and to determine the relationship between attitudes and 
perceptions, interprofessional collaboration, and level of 
training in evidence-based screening tools.

Methods: This cross-sectional study was conducted using the 
validated Drug and Drug Problems Perceptions Questionnaire 
(DDPPQ). The survey was distributed to a convenience 
sample of dental hygienists (n=197) using Texas Dental 
Hygienists’ Association components’ Facebook® pages, for 
seven weeks. Survey items included demographics, professional 
characteristics and employment, DDPPQ subscales related 
to attitudes and perceptions, interprofessional relationships, 
and training in evidence-based screening tools. Responses 

2020 Dentsply Sirona/ADHA Graduate Student
Research Abstracts
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collected in Qualtrics® were imported into SPSS® Version 25 
for data analysis.   Descriptive and inferential statistics were 
used to associate the data. 

Results: The survey completion rate was 90.9% (n=179).  
Respondents’ attitudes and perceptions were assessed by 
measuring the DDPPQ subscale results of role adequacy, role 
legitimacy, role support, and role motivation/ self-efficacy 
(p<0.01). Only 3% of respondents reported working closely 
with other professionals; exhibiting significance to each 
subscale (p<0.01). 13% of participants reported training 
in evidence-based screening tools for opioid abuse; group 
statistics found significant relationships to subscales of role 
adequacy, support, and motivation/ self-efficacy (p<0.05). 

Conclusion: Results from this study combined with existing 
research, indicate the need for increased interprofessional 
involvement and OUD education amongst practicing dental 
hygienists. Dental hygienists who perceive themselves as 
knowledgeable, prepared, and supported, are shown to exhibit 
increased security and commitment toward their evolving 
role; further promoting patient-centered comprehensive care.    

Patients’ Perspectives of Dental Hygienists’ Social 
Intelligence on Self-Care Commitment: A person-
centered model

*Jennifer Evans, RDH, MS 
Ellen J. Rogo, RDH, PhD 
Kathleen O. Hodges, RDH, MS

Idaho State University 
Pocatello, ID

Purpose: The purpose of this study was to examine patients’ 
perspectives regarding the Social Intelligence of dental hygienists 
that influence self-care commitment. Three null hypotheses were 
tested to determine differences between patient perspectives and 
recare interval, generation, and gender. 

Methods: The University of Idaho’s Human Subjects 
Committee approved this descriptive comparative study 
(IRB-FY2019-131). In the spring of 2019, patients (n=108) 
were surveyed at a bachelor’s degree dental hygiene program’s 
clinic after at least one 15-minute self-care education session. 
The self-designed questionnaire was tested for reliability 
and validity and required participants to rate two Social 
Intelligence abilities, Social Awareness and Social Skills, on a 
7-point Likert scale. Thirteen related capabilities defined the 
two abilities. 

Results: The means ranged from 6.4 to 6.6 for the Social 
Awareness capabilities of empathy, service orientation, 

developing others, leveraging diversity and political awareness. 
Means ranged from 6.0 to 6.55 for the Social Skills capabilities of 
influence, communication, leadership, change catalyst, conflict 
management, building bonds, collaboration and cooperation, 
and teamwork. Participants agreed or strongly agreed that all 
capabilities were highly influential on commitment to self-
care. There was a statistically significant difference for gender 
(p=0.013); females scored the capabilities higher than males. 
Thirteen definitions of the capabilities were constructed based 
on patients’ perspectives.  

Conclusion: A new Social Intelligence Self-Care Commit-
ment Model was created by combining the study’s results, the 
Client Self-Care Commitment Model, and person-centered 
care concepts. Educators should consider incorporating 
the capabilities and the new model into curricula for oral 
healthcare students to increase the potential for patient 
commitment to oral self-care.

Validation of a Grading Rubric Designed to Evaluate 
Reflective Ability of Predoctoral Dental Students

*Angela K. Heathman, RDH, BSDH 
Tanya Villalpando Mitchell, RDH, MS 
Christopher Van Ness, PhD 
Lance W. Godley, DMD 
Caryn J. Ehrenberger, DDS 
Meghan Wendland, DDS, MPH 
Cynthia C. Gadbury-Amyot, RDH, EdD

University of Missouri, Kansas City 
Kansas City, MO

Purpose: The ability to reflect and self-assess are critical 
skills for healthcare providers. The Commission on Dental 
Accreditation (CODA) includes critical thinking in dental 
and dental hygiene accreditation standards and states that 
graduates must be competent in the use of critical thinking 
skills. Without the ability to reflect and self-assess, lifelong 
learning is less likely to be effective. However, self-reflection 
does not come naturally for students and is a skill that 
must be taught and learned. To assist dental and dental 
hygiene educators with reflective writing and self-assessment 
assignments, this study aimed to validate a grading rubric 
designed to measure students’ reflective ability.  

Methods: Dental students at the University of Missouri–
Kansas City (UMKC) develop e-portfolios throughout their 
four years of dental school, completing assignments that 
require development of reflection and self-assessment skills.  
The final piece of the portfolio includes a global reflection 
discussing the achievement of program competencies. 
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UMKC faculty raters independently evaluated 106 dental 
student global reflections from the graduating class of 2018.  
Reflections were scored against a grading rubric adapted from 
the work conducted by O’Sullivan and Bain. The rubric 
ranged from Level 0 (does not respond to the assignment) to 
Level 5 (reconstructing).  

Results: After multiple rounds of calibration, evaluation, 
and a final focus group, the analysis resulted in an intraclass 
correlation of .708. Collectively, ratings of the 106 global 
reflections ranged from 1.3 to 5.0 (M=3.1, SD=0.66).

Conclusion: Results from this study show that even with 
calibration, it is difficult to acquire consensus regarding 
students’ levels of reflection and further supports the need to 
have a reliable instrument for measuring reflective ability.

The Profession of Dental Hygiene: Pathways to career 
choice and influences on professional identity

*Shani L. Hohneck, RDH, BS 
Iwonka Eagle, RDH, MS 
Stefanie VanDuine, RDH, MS 
Mark Fitzgerald, DDS 
Janet S. Kinney, RDH, MS

The University of Michigan 
Ann Arbor, MI

Purpose: The purpose of this study was to ascertain factors 
that influenced dental hygienists to choose the profession and 
identify the resources from the American Dental Hygienists’ 
Association (ADHA) that promote and sustain members’ 
professional identity.

Methods: A 48-item survey was designed and pilot tested. The 
survey included demographic, Likert-scale, and open-ended 
questions. The survey was disseminated on ADHA’s website via 
Qualtrics® to Student and Professional Members. Descriptive 
and inferential statistics were used to analyze the data.  

Results: A total of 1,983 completed surveys (n=1,983) were 
returned, response rate of 6.3%. The majority (86%, n=1,699) 
of respondents were Professional Members. Most participants 
were female (98%, n=1,940), White (84%, n=1,668), and 
55+ years of age (37%, n=727). Both Student and Professional 
Members rated a desire to work in a health/dental field as 
the most influential reason for entering the profession (21%, 
n=59, and 28%, n=468, respectively). Both groups identified 
continuing education and evidence-based research resources 
as positively affecting their professional identity (4.1±1.0 and 
4.1±1.0, p=0.41, respectively) and (4.1±1.0 and 4.0±1.0, 
p=0.13, respectively). Advocacy efforts, Journal of Dental 

Hygiene, and Access had a significantly greater positive 
influence on Professional Members’ professional identity 
(p=0.001, p=0.028, and p=0.001, respectively). Student 
Members reported greater influence on their professional 
identity in the areas of patient care resources and support of 
their career (p=0.01, p<0.001, respectively).

Conclusion: The desire to have a career in the health/dental  
field was the most influential factor for selecting the dental 
hygiene profession. ADHA’s continuing education and 
evidence-based research resources most positively affects both 
members’ professional identity. 

Attitudes of Virginia Dentists Toward Mid-Level  
Dental Providers

*Adaira Howell, RDH, MS 
Susan L. Tolle, RDH, MS 
Denise Claiborne, RDH, PhD 
Emily Ludwig, RDH, MS

Old Dominion University 
Norfolk, VA

Purpose: The purpose of this study was to determine 
perceptions of Virginia (VA) dentists toward mid-level dental 
providers, specifically dental therapists (DT), and determine 
whether membership in the American Dental Association 
(ADA) affected attitudes.

Methods: After IRB approval, data was collected with an 
online survey sent to 1,208 VA dentists. Participants responded 
to 11 Likert type scale questions ranging from 1 (strongly 
disagree) to 7 (strongly agree) assessing their attitudes toward 
DTs. Participants also responded to questions regarding the 
appropriate level of education and supervision of a DT, as 
well as five demographic questions. Statistically significant 
differences for Likert type scale questions were determined 
using a one-sample t-test. 

Results: A response rate of 12% was obtained (n=145). Most 
participants were males (73%), members of ADA (84%), and 
over the age of 40 (65%). Results suggest most participants 
did not perceive (M=l.90, p<0.001) that a DT was needed in 
Virginia, and did not support (M=2.08, p<0.001) legislation 
for a DT model. Most participants (M=2.0l, p<0.001) were 
not comfortable having a dental therapist perform authorized 
procedures or ever employing one in their practice (M=l.82, 
p<0.001). Comfort having a DT perform authorized 
procedures (β=.63, p<0.001), but not years of practice β=-.09, 
p=0.18), was significantly associated with support for a DT. A 
lower tolerance towards DTs was associated with an increased 
likelihood of membership in the ADA (β=.14, p=0.0 4). 
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Conclusions: VA dentists surveyed have negative attitudes 
toward DTs. Findings support the need for more research 
with a larger, more diverse sample population.

Student Incivility in Dental Hygiene Education: 
Faculty perceptions

*Jennifer McCarthy, RDH, MS;  
Lori Giblin-Scanlon, RDH, DHSc 
Kristeen Perry, RDH, MS 
Linda Boyd, RDH, RD, EdD 
Jared Vineyard, PhD

MCPHS University 
Boston, MA

Purpose: Conflict and discourtesy between college students 
and faculty have become increasingly common in higher 
education. Fallout from uncivil student encounters can have 
numerous effects on educators’ overall health and has been 
shown to negatively impact learning environments. This 
research assessed the severity and frequency of student incivility 
in dental hygiene education and explored the relationship 
uncivil behavior has on faculty feelings of confidence, career 
satisfaction, and longevity.

Methods: Cross-sectional survey research was conducted 
among dental hygiene educators (n=601) in the US and 
Canada using purposive and snowball sampling. The survey 
(47-item) was developed based on the literature and validated 
prior to administration. Spearman’s correlation coefficient 
was used to assess the relationship between variables and 
mean item category scores and thematic analysis was used to 
identify themes for the open-ended questions.

Results: The survey completion rate was 78% (n=469). 
Behaviors ranked mildly uncivil like eating/drinking in class 
occurred more frequently and incivility had less impact on 
faculty confidence with increased age (r=-.19, p≤0.01). 
The level of severity of behaviors did not impact educators; 
however, how often certain behaviors occurred had some 
effect. Contemptuous behaviors like using a disrespectful/
sarcastic tone (r=.34, .32, .31, p≤0.01) had the most impact.

Conclusion: This study determined student incivility exists 
within dental hygiene education. The day-to-day, minor 
uncivil behaviors seemingly take a greater emotional toll 
than the occasional, highly uncivil encounter. Understanding 
how faculty perceive these behaviors may influence the 
development of management strategies, fostering a sense of 
career satisfaction for educators.   

Dental and Dental Hygiene Students’ Knowledge and 
Attitudes Regarding Teledentistry  

*Caroline McLeod, RDH, MS  
Reuben Adatorwovor, PhD  
Jennifer L. Brame, RDH, MS  
Alex White, DDS, DrPH 
Jane A. Weintraub, DDS, MPH

University of North Carolina 
Chapel Hill, NC

Purpose: To identify the knowledge and attitudes about 
teledentistry among UNC Adams School of Dentistry (UNC 
ASoD) dental (DDS) and dental hygiene (DH) students in 
North Carolina (NC) where teledentistry is less developed in 
part because of policy restrictions.

Methods: A faculty presentation and video demonstration 
regarding teledentistry was followed by small group discus-
sions and a large group debriefing session for an audience 
of dental and dental hygiene students at the UNC ASoD. 
Participants completed an optional electronic survey before 
and after the session. McNemar’s matched pair test and 
Fishers exact test were used to compare the participants’ pre- 
and post-intervention responses.

Results: Participants (n=44) included 30 DH and 14 DDS 
students. A significant increase in the participants self-reported 
knowledge of teledentistry (p<0.01) was found however there 
was no change in attitudes about adoption of teledentistry into 
the curriculum. There was a significant difference in regards 
to attitudes of DHs’ role using teledentistry (p=0.04) and 
89% of students identified DH restricted scope of practice as 
a barrier to its implementation.

Conclusion: The educational session resulted in significant 
increase in knowledge and demonstrated positive attitudes 
toward the adoption of teledentistry into multiple facets of 
DDS and DH curriculum. A major barrier to its adoption 
into practice is the DH restricted scope of practice in NC.



The Journal of Dental Hygiene 60 Vol. 94 • No. 4 • August 2020

Digital Scan to Enhance Patient Education

*Dana Tasche RDH, MSDH 
Lisa Bilich RDH, MSEd 
Mary Jones, RDH, MSDH

Eastern Washington University 
Spokane, WA

Purpose: The purpose of this pilot study was to evaluate 
whether the use of a 3D intraoral scan as a visual aid, improves 
a patient’s communication self-efficacy and risk-literacy 
concerning their periodontal disease status. 

Methods: This pilot study used a parallel experimental 
research design and collected quantitative data through a pre-
test and two post-tests for both groups. The Ask, Understand, 
Remember Assessment (AURA) survey was used to collect 
quantitative data pertaining to patient communication self-
efficacy and the Protection Motivation Survey (PMS) was 
used to evaluate each patient’s risk-literacy of their periodontal 
disease. The addition of four Likert-scale questions concerning 
experience with the periodontal chart was added to the 
control group. An additional eight questions were added to 
the experimental group’s post-test concerning experience and 
understandability with the periodontal chart and 3D digital 
intraoral scan. 

Results: Participant communication self-efficacy (AURA 
survey) in the 3D intraoral scan experimental group did not 
statistically improve compared to the control group. The change 
in risk-literacy (PMS questionnaire) for the pre- and post-tests 
and individual questions between the control and experimental 
groups was not statistically significant. A high correlation (p< 
0.03; n=21) was found between an elevated PMS post-test 
#1 score and elevated experience post-test score for the whole 
group, indicating that a high risk-literacy score is correlated 
to a high level of comprehension. Although no significant 
differences were found in AURA and PMS scores, anecdotal 
discussion and a post survey follow up with the experimental 
group found that communication between provider and patient 
was enhanced and the 3D digital scan was seen as a helpful 
visual aid in communicating severity of recession. 

Conclusion: Statistical significance was difficult to achieve 
due to a small sample size and the high education level of 
participants. There were no significant findings regarding 
whether the use of a 3D digital scan as a visual aid, can 
improve patient communication self-efficacy and risk-literacy 
concerning periodontal disease. This pilot study did however 
show an increase in patient to provider communication 
concerning gingival recession. 

Implant Maintenance Curriculum Among Dental 
Hygiene Programs in the United States

*Sarah J. Youssef, RDH, MDH 
Rachel C. Kearney, RDH, MS 
Damian J. Lee, DDS, MS, FACP  
Brian B. Partido, RDH, MSDH

The Ohio State University 
Columbus, OH

Purpose: There is a range of clinical practices that dental 
professionals use to maintain implants, revealing a need for a 
more standardized approach.  The purpose of this study was to 
determine the curricular content for dental hygiene programs 
in the United States (US) regarding implant maintenance.  
This research aimed to find out if the curricular content 
aligned with the CPG published by the ACP.  

Methods: This descriptive research study utilized a survey to 
explore the implant maintenance curriculum in US dental 
hygiene programs.  Descriptive statistics were used to examine 
the data.

Results: A total of 53 participants responded to the survey 
(n=53). All of the programs (100%) felt that implant 
maintenance was important to include in the curriculum 
and 98.1% teach implant maintenance.  This study helped 
identify the curricular content for implant maintenance: 
94.3% teach preventative care techniques, 90.6% teach 
appropriate tools/materials, 92.5% teach patient education, 
88.7% teach radiographic interpretation, and 83.0% teach 
recall frequency. This research has helped recognize where the 
curricular content aligns with the current CPG published by 
the ACP and that most programs are not utilizing the CPG as 
a resource for curricular development.  

Conclusions: Dental hygiene programs are teaching dental 
implant maintenance but there is variety among the content 
and the resources used to develop that content.  If more 
programs were to standardize their content, there could be 
less variety in treatment modalities in clinical settings for 
implant maintenance.


