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ABSTRACT
PREDICTORS OF DENTAL STUDENTS’ BEHAVIORAL INTENTION USE OF
TELEDENTISTRY: AN APPLICATION OF THE UNIFIED THEORY OF ACCEPTANCE
AND USE OF TECHNOLOGY (UTAUT) MODEL
Jafar Hassan Alabdullah
Old Dominion University, 2020
Co-Directors: Dr. Bonnie L. Van Lunen
Dr. Denise M. Claiborne
Shortages of dental professionals and access barriers to dental care are challenges to
improving oral health and decreasing the burden of dental diseases. There are more than 57
million individuals in the U.S. who live in dental health professional shortage areas (DHPSA).
The U.S. DHPSA areas need 9,951 dental practitioners to overcome the obstacles to oral care
access. Due to dental care needs for these populations, it is imperative to find a new method to
reach these underserved populations. Teledentistry is an innovative technology that can be used
to improve access to care and oral health outcomes. Unfortunately, there is still limited
utilization of teledentistry in dental practice in the U.S. Many studies have investigated factors

associated with the applications of telehealth and telemedicine; however, limited investigations

have addressed the barriers to the use and implementation of teledentistry.

The overarching purpose of this dissertation was to explore factors associated with the
future use of teledentistry among predoctoral dental students. To achieve this purpose, three
interrelated projects were conducted. The first project involved a systematic review to investigate
the validity of using teledentistry in dental practice. The second project examined demographics,
individual characteristics, and prior experience with teledentistry associated with U.S. dental
students’ intention to use teledentistry in their dental practice. The final project utilized the

unified theory of acceptance and use of technology model (UTAUT) to predict the future use of



teledentistry by evaluating U.S dental students’ behavioral intention to use teledentistry in

practice.

The systematic review confirmed that a teledentistry oral diagnosis was comparable to
face-to-face diagnosis and suggests the need for methodologically designed studies with
appropriate statistical tests to further investigate the validity of teledentistry. Project Il results
indicated that dental students with prior teledentistry experience were more likely to utilize this
technology in their future practice. Project 111 identified that the UTAUT model significantly
predicted dental students’ behavioral intention to use teledentistry. All the UTAUT constructs
were significantly associated with dental students’ behavioral intention. Findings from these
three projects indicate that exposure to teledentistry while in dental school increases the

likelihood of use as a licensed dentist.



Copyright, 2020, by Jafar Hassan Alabdullah, All Rights Reserved.



This dissertation is dedicated to my beloved family who always gave me continuous support.
To my parents for their ongoing sacrifices.
To my country who gave me this opportunity to pursue the PhD degree.

To myself in appreciation of my effort.



ACKNOWLEDGMENTS

First and foremost, | would like to thank God Almighty for giving me the ability and
opportunity to do this research and pursue my Ph.D. degree.

Second, 1 would like to thank my committee co-chairs Dr. Bonnie and Dr. Denise for
their willingness to be part of my committee and for their endless support. They were
knowledgeable sources of advice. Thank you very much for your informative guidance and
critical feedback that had an impact on my success to pursue my Ph.D. degree. | am really
honored to be your student. | would like also to extend many thanks to all my committee
members for their guidance and mentoring. Without their support, expertise, and encouragement,
| would not have been able to finish this dissertation. | want to express sincere thanks to Dr.
Susan who was the first person with whom | started my doctoral journey. Thanks to Dr. Tina
who provided valuable information about telehealth. Thanks to Dr. Yen who helped me in all my
statistical analyses and provided valuable advice.

Third, my sincere thanks to my fellow students who turned into friends. Your continuous
support and encouragement, Mohammed Alsuliman, and Saad Alotaibi, had an impact on my
progress in this program.

My family also deserves and has been given constant thanks and appreciation for their
continuous support and encouragement to achieve my academic goal. A multiple of thanks are
owed to my father —Hassan Alabdullah- and my dear mother for everything that they have done
for me. Thank you for sacrificing and enduring my absence in their life. O, Father, without your
continuous support throughout my school life starting from my first day of college in Jordan, |
would not be able to achieve the success | have reached today. Dear Mother, without your

prayers for us every moment, our life and my study would not be progressed as it did. in. Thank



vi
you for every second from your life I spent away from you, thank you for unconditional love. |
am proud of such parents.

Last but not least, I would like to extend my appreciation to my soulmate my wife “Alaa”
for her sacrifice for years with me. She was with me in every moment throughout this long
journey. Alaa, you are really a great woman, wife, and mother. You spent your time taking care
for our children and not complaining about all the time | was away from you. | could not have
completed my degree without your sincere support. Thank you very much for all the love and
support that you provide our family. Many thanks to my children; Hassan, Faris, and Sara for
being with me in my dissertation journey. O, Sara, you were born during my dissertation journey

and now you are almost 3 years old. Thank you my little one for being part of this educational

journey.



Vi

TABLE OF CONTENTS
Page
LIST OF TABLES ...ttt IX
LIST OF FIGURES ...t X
LIST OF GRAPHS ...ttt Xi
Chapter

[, INTRODUCTION ..ottt ettt bbb b e nesbe e ene e 1
BACKGROUND ..ottt 1
STATEMENT OF THE PROBLEM ......ccocciiiiiiiiteees e 3
PURPOSE OF THE STUDY ..ottt 4
THEORETICAL FRAMEWORK ..ottt 5
THE APPLICATION OF UTAUT IN HEALTHCARE ..., 6
GAP IN THE LITERATURE ..ottt 8
SPECIFIC AIMS AND HYPOTHESES ........ccooiiiiiiiieeese e 10
DEFINITIONS OF TERMS ..ottt 11
ASSUMPTIONS ...ttt 12
LIMITATIONS ...ttt et bttt 12
[I.  REVIEW OF THE LITERATURE ..ot 16

PROJECT I: A SYSTEMATIC REVIEW ON THE VALIDITY OF
TELEDENTISTRY w.eceieeese ettt 16
INTRODUGCTION ...ttt 16
METHODLOGY ..ottt sttt 17
RESULTS bbbttt b e 19
DISCUSSION ...ttt sttt sttt ene e 23
LIMITATIONS AND FUTURE RESEARCH.........ccooiiiiiiiici e, 27
CONCLUSIONS. ...ttt 28

1. PROJECT II: THE ASSOCIATION OF DEMOGRAPHIC FACTORS, INDIVIDUAL
CHARACTERISTICS, AND PREVIOUS EXPERIENCE WITH DENTAL

STUDENTS’ INTENTION TO USE TELEDENTISTRY ....oooiiiiiiiiiiiceieeee e 36
INTRODUCTION ..ottt 36
METHODS ...ttt 37
RESULTS . 39
DISCUSSION ..ottt 42

CONCLUSIONS ... 47



viii

IV.  PROJECT lIl: APPLICATION OF THE UNIFIED THEORY OF ACCEPTANCE
AND USE OF TECHNOLOGY MODEL TO PREDICT DENTAL STUDENTS’
INTENTION TO USE TELEDENTISTRY ...ocviiiiiiiiiiiiii s 56
INTRODUCTION ..ottt 56
METHODS ... 58
RESULTS e 61
DISCUSSION ..ottt 63
CONCLUSIONS ... 67
V. CONCLUSIONS. ... ..o 71
REFERENGCES ... .ot sb e n e b e ne e 75
APPENDICES ... 82
APPENDIX A. THE ONLINE SURVEY ....cciiiiiiiiiieeee e 82
APPENDIX B. PARTICIPATING DENTAL SCHOOLS LIST AND
CLASS SIZE ..ottt 85
APPENDIX C. ASSUMPTIONS TESTING AND DATA PREPARATION ............. 86
VT A s 87



Table

10.

11.

12.

LIST OF TABLES

Page
Definitions of the theoretical constructs of the UTAUT model ..........ccoooeriiiiiiiiicienn, 14
Search terms and databaSES. .........oiveiieiiie s 29
Characteristics of the included studies in the SystematiC reView ............ccocoovvvvvvvenennene. 30
The result of the quality assessment appraised by two reviewers ...........cccocvvvvivniveieennen, 32
Summary of the statistical results of the included study in the systematic review............ 33
Geographic regions of dental schools and access population by region.............ccoceevenee. 48
Dental students sample demographics and characteristiCs ..........cccccvvveriveresinnneriesiennnn, 49
Descriptive statistics of the outcome (Bl)........c.ooveieiiiiiiiiiiieeee e 51
The full model of all predictors from the multiple regression analysis. ...........cccceeveveneen. 52
The UTAUT constructs and its measuring scale items..........c.coovvvienenencninieniseeee, 68
Descriptive statistics Of the UTAUT CONSEIUCES ......ccuevverieririieiieiesieseeie e 69

Correlation coefficients between behavioral intention and each UTAUT construct......... 70



LIST OF FIGURES

Figure Page
1. The proposed research model adopted from Venkatesh et al ............c.ccccoovvviiiicvnenee, 15
2. PRISMA flowchart of included studies in the systematic reView ...........ccccceeeveeveieiinennnn, 34
3. The item lists of the quality assessment of studies of diagnostic

accuracy (QUADAS) appraisal toOl ...........cooveiiiieiieiece e 35

4. Recruitment process for included schools and sample Size...........cccoveveeieiicvecce e, 53



Xi

LIST OF GRAPHS
Graph Page

1. Participants' previous experience with teledentistry ...........ccccoocevveiieiie i, 54

2. Participants source of experience or knowledge about teledentistry. .............ccccevevvinennnn. 55



CHAPTER |
INTRODUCTION

Background

Most developed countries are experiencing challenges related to their healthcare systems.
These challenges include access, affordability demand for health care, efficiency of services, and
limited financial support.® The rapid development of information technology (IT) offers a new
avenue for addressing some of these challenges.? Information technology has been rapidly
integrated into healthcare systems to address accessibility and delivery of care challenges to

remote communities.?

Technology use in healthcare began over 50 years ago with the purpose of delivering
healthcare to patients in remote areas.® Telemedicine- or telehealth- is a good example of using
IT for medical services. Telehealth can be broadly defined as the exchange of medical
information from one place to another via electronic communication in order to improve health
conditions of patients.* Telehealth exchanges information using applications such as video,
smartphones, email, pictures, and any other communication system technologies.® There has
been increased interest in the use of telehealth in healthcare services. Telehealth technology has
contributed to increased access to health services, reduced costs of healthcare treatment, and
reduced equipment costs.5 Therefore, telehealth has been found to improve access to healthcare

and enhance the quality and efficiency of health services.*%!

The use of telehealth in dentistry is known as teledentistry and was introduced after
telehealth had been practiced throughout the world for years.'?2 The concept of teledentistry
was first developed in 1989 at a conference in Baltimore that focused on the use of dental

informatics to deliver dental care.®!* Teledentistry began with phone calls between dental



professionals and patients, as well as dentists seeking consultations from dental specialists or
medical providers.'® Today, current technology allows dental experts to receive different forms
of media, such as dental charts, photographs, radiographs, and written records that allow for
consultation with dental specialists.>!® Therefore, telehealth in dentistry- teledentistry- can be
defined as using telecommunication to exchange dental information, images, and video over
extensive distances for consultation between and among patients, general dentists, dental

specialists, and other care providers.™

Telehealth in dentistry can improve access to oral care and reduce the prevalence of oral
diseases, such as dental caries.!” Dental caries is the most prevalent oral disease, particularly in
children.'® For 2015-2016, the prevalence of treated and untreated dental caries among youth
aged 2-19 was 45.8%, and about 13% of dental caries were untreated.*® Lack of dental visits is
associated with dental caries.!” Therefore, improving access to dental care and facilitating dental
visits for individuals may help to decrease the prevalence of dental caries. Telehealth
technologies can improve access to dental care and increase the opportunity of oral assessments

for underserved populations, which has the potential to increase the treatment of dental caries.

Teledentistry, as a new technological modality, has not been as widely accepted in
dentistry as in medicine, and the application and development of teledentistry is limited in the
U.S.2%2L One of the main reasons for the failure of implementation of technology, such as
telehealth, is an insufficient understanding of how individuals accept information technology.?
User acceptance of IT is a critical factor in the successful implementation of this new healthcare
modality.?® Understanding factors associated with the acceptance and non-acceptance of

telehealth in dental practices could help improve access to dental services. Therefore, an



investigation of the facilitating factors and barriers that predict the acceptance of teledentistry

among dental professionals is needed.
Statement of the Problem

A shortage of dental professionals and barriers to access dental care services are
challenges to improving oral health and decrease the burden of dental diseases.?*?> Remote
regions suffer from a significant shortage of dental professionals and those who live in rural
areas encounter difficulties in accessing general dental care and finding dental specialists.16% In
the U.S., there are more than 56 million individuals who live in dental health professional
shortage areas.?” These underserved areas need at least 9,951 dental practitioners in order to
overcome the overwhelming obstacles to oral care access.?’ The number of dentists is inversely
proportional to the distance from urban areas.?”?® About 70% of rural areas have an unmet need
for dental professionals; limiting access to dental care for individuals with considerable dental
care needs.?”?° People who live in rural areas bare challenges such as poverty, limited insurance
coverage, no dental providers, and travel long distances to obtain dental care.®® Hence, inequity

in oral health exists where underserved populations experience greater oral diseases.®!

Accordingly, finding new methods to facilitate communication between dental
professionals and patients becomes essential to the improvement of oral health care services. The
use of telehealth in dentistry is an approach for delivering oral care and facilitating consultations
between dental professionals and patients.?%*? Use of teledentistry would improve virtual
communication and diagnosis between dental professionals and patients without the need for

physical presence.®®



Health professionals’ acceptance of technology is a key factor in the successful
implementation of telehealth interventions,®* thus provider acceptance is imperative for
utilization. There is a strong perception that technology is going to offer improvements over the
current system;3 however, the adoption of technological interventions cannot be achieved if
health professionals are unwilling to use the system. Therefore, it is necessary to understand
future dentists' willingness and readiness to implement new technology and effectively

incorporate it into their future practices.

User acceptance and adoption behavior of technology have been examined in healthcare
settings such as telemonitoring, telemedicine, electronics medical records, and
telerehabilitation.*3%3" However, to our knowledge, no studies have examined factors associated
with the behavioral intention (BI) of dental students’ use of teledentistry. ldentifying predictors
related to dental students’ intention to use teledentistry is important for future planning and
curriculum development. Hence, it is necessary to conduct a study that would investigate factors

affecting the implementation of teledentistry from dental students’ perspectives to fill these gaps.
Purpose of the Study

The main purpose of this dissertation was to identify barriers and facilitating factors
related to the future utilization of teledentistry. To achieve this main goal, three projects were
conducted. The validity of teledentistry is a critical factor that might impact the adoption of
teledentistry. The first project was to systematically review the literature to investigate whether
previous studies addressed the validity of teledentistry use in dental practice (Project I). The
second project explored the association of demographic factors, individual characteristics, and
prior experience with teledentistry of U.S. dental students’ intention to use teledentistry in their

future practice (Project Il). Lastly, the final project sought to predict the future intention to use



teledentistry among 4™-year dental students by utilizing the unified theory of acceptance and use

of technology (UTAUT) model (Project Il1).
Theoretical Framework

Several models and theories have been developed in psychology, sociology, and individual
behavior to explain the adoption and use of technology.*®2° To provide a better evaluation of the
barriers and facilitators of the intention to use teledentistry among dental students, this study
utilized the UTAUT model as a theoretical framework.3® The UTAUT model was used to explain

and predict dental students’ Bl to use telehealth.
The Unified Theory of Acceptance and Use of Technology

The UTAUT model is one of the most common models used when studying new
technological adoptions in healthcare settings by healthcare professionals.*®4! The model
attempts to explain BI to use technology in order to predict future usage behavior. The UTAUT
constructs were developed after reviewing and combining eight different models that have been
widely employed to assess technology usage behavior. The unified models are the Technology
Acceptance Model (TAM), Theory for Reasoned Action (TRA), Motivational Model (MM),
Theory of Planned Behavior (TPB), Combined TAM and TPB model (C-TAM-TPB), Model of
PC Utilization, Social Cognitive Theory (SCT), and Innovation Diffusion Theory (IDT).%
Subsequently, the UTAUT model was validated and found to account for 70% variance of

individuals’ BI, while the other models only explained 40% of behavioral intention.®

The UTAUT model represents factors that influence individuals’ intention and
implementation of healthcare technology. Venkatesh et al.*® suggested that the UTAUT model

should include four constructs as direct predictors to assess individuals’ Bl of technology



acceptance. Thus, the BI of using a particular technology is influenced by four main
determinants as illustrated in Figure 1 and include: 1) performance expectancy (PE) or an
individual’s perceptions about the usefulness of a system, 2) effort expectancy (EE) is the degree
individuals believe that a system would be easy to use, 3) social influence (SI) or user perception
that important others such as friends believe that a particular system should be used, and 4)
facilitating conditions (FC) which is an individual’s perception that technical infrastructure is
available to support use of the technology (Table 1). In essence, individuals are more likely to
use technology when they perceive the usefulness of a system, believe it is easy to use, have
support from significant others such as team members or colleagues, and when infrastructure is

available.3®

Moreover, the UTAUT model suggests four moderating variables (age, gender,
experience, and voluntariness) that moderate the relationship between the main predictors and
the behavioral intention. The UTAUT model was adopted for this study to determine constructs
that significantly predict the acceptance and intention of dental students to use teledentistry

(Figure 1).
The Application of UTAUT in Healthcare

Increasing the worldwide application of IT in healthcare organizations has led to the
identification of users’ acceptance as a significant factor on the likelihood of adoption.*?** The

UTAUT model was recently contextualized to understand adoption of technology in healthcare

settings.%¢37

Liu et al.%" utilized the UTAUT model to examine factors that influence the acceptance

and BI to use technology for rehabilitation by occupational therapists in Canada. A self-



administered paper questionnaire was adopted from previous studies that applied the UTAUT
model. The questionnaire was sent to 138 participants of which 91 returned the questionnaire for
a response rate of 64%. By using partial least square (PLS) for the analysis, the researchers found
that performance expectancy was the most important predictor for determining occupational
therapists’ acceptance and use of technologies (p = 0.585, p < 0.01). These findings regarding
performance expectancy were consistent with Rho et al.*’ (B = 0.345, p <0.01) who aimed to
find factors that would predict the use of telemedicine by diabetic patients. They concluded that
the stronger the perceptions that the technology would help users or healthcare professionals

improve their performance or outcome, the greater the Bl to use telemedicine.

Some studies found significant relationship between EE, SI, and B1.4>4% Rho et al.*°
also found that SI (B = 0.246, p < 0.05) and EE ( = 0.227, p < 0.05) were significant predictors
of the participants’ intention to utilize telemedicine services. The more effort required when
using and implementing technology, the less likely users are to continue use.*>*** Hence, if
dental students believe teledentistry is easy to use, future usage and adoption rates are expected

to increase accordingly.

However, Liu et al. study was similar to Asua et al.® study that also used the UTAUT
model to examine nurses’ acceptance of hospital information systems (HIS) in Iran. Data was
collected through a cross-sectional survey of about 300 nurses. All the UTAUT constructs (PE,
EE, SI, and FC) were found to be significant predictors of nurses’ Bl to use a HIS, whereas PE
was the strongest factor on the participants’ intention to use. Asua et al.3® found that FC was the
most powerful predictor of medical professionals’ intention to use a telemonitoring system, and
FC also had a positive effect on the behavioral intention. Therefore, it was concluded that

participants are more likely to consider telehealth to be a helpful system if they believe that it has



a vigorous infrastructure to support the use of telehealth.®® The effects of UTAUT constructs on
Bl explained 72% of the variance of nurses’ Bl to use health information system. Accordingly,
the prediction power of the UTAUT constructs was significantly strong and accounted for the

nurses’ intention to use hospital information system.

The above studies had some limitations.®”**While they found a significant relationship
between the UTAUT constructs and Bl, the HIS was found to have a limited application in Iran’s
hospitals. The target population included participants from a limited number of hospitals,
limiting the external validity. Similarly, the study by Liu et al.*” was conducted only in one
hospital. For that reason, the generalizability of the study was limited. Thus, the goal of this
dissertation was to invite all the American dental schools to participate to overcome this
limitation. Another limitation of a previous study was that 90% of the participants were female.*®
Gender differences were found to be related to Bl of acceptance and use of technologies.®

Pointing to the need for an equal or comparable number of males and females in a sample to

observe gender differences.

The aforementioned studies®®374%46 strongly suggest use of the UTAUT model in
healthcare studies to achieve a better understanding of the adoption of telehealth in oral care. The
model significantly predicted the Bl to use technology by healthcare professionals and patients.
Therefore, this study utilizes the UTAUT model to provide more evidence-based theory that

would increase knowledge about the future use and adoption of telehealth in dental practices.
Gap in the Literature

This study aims to: 1) determine dental students’ perceptions of telehealth in dental

practices in an effort to improve dental care services and communication issues, 2) predict dental



students’ willingness to use telehealth, and 3) determine dental students’ perceived obstacles
related to use of telehealth in dental practice. User acceptance and adoption behavior of
technology have been examined in healthcare settings such as telemonitoring, telemedicine,
electronic medical records, and telerehabilitation.3*363" However. the literature revealed a lack of
studies that investigated dental students’ intended use of teledentistry in their future professional
practice. It is still unclear to what extent dental student professionals are willing to adopt and
accept this technology for dental practices. Therefore, this study was designed to investigate

barriers that could affect teledentistry implementation from the viewpoint of dental students.

Additionally, this study utilizes the UTAUT model as the main framework. While the
UTAUT model has been utilized to predict health professionals’ Bl in several healthcare
fields,%®=74! the application of a theoretical framework to the acceptance of telehealth technology
by dental students has not been conducted. Therefore, this project is innovative in its use of a
theoretical approach to investigate dental students’ Bl to use teledentistry. The model provides
information and factors necessary for understanding the implementation of telehealth in dental
practices. The initial efforts of the project aimed to find an efficient and effective evidence-based

method to identify barriers for application of telehealth in dental practice.

Moreover, for health services research, it is crucial to investigate factors that will
improve the quality of health for people. A primary objective of Healthy People 2020 is to
increase the use of health information technology in order to improve health outcomes, increase
health quality and achieve health equity.*” With the concern of adopting telehealth technology in
dentistry, the question arises as to the intention of dental students to utilize IT in dental practice.

Therefore, understanding dental students’ intention is essential in creating dental school curricula
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that encourage the use and acceptance of telehealth among future dental professionals, fill the

literature gap, and meet Healthy People 2020 goals.

As a result, the findings from this research will fill the literature gap by focusing on
dental students as the end-user of telehealth and viewing the problem from a psychosocial
perspective of the end-user utilizing the UTAUT model. Therefore, this study is the first to
develop and validate a socio-behavioral approach related to intention to use telehealth among

dental students.

Specific Aims and Hypotheses

Project |

Aim 1: To systematically review the literature in order to investigate the presence of evidence to

support the validity of telehealth in dental practices.

Hypothesis 1: the literature will reveal strong evidence that supports the validity of

telehealth in dental practices.

Project 11

Aim 2: To determine the association of demographic factors, individual characteristics, and

previous experience with dental students’ intention to use teledentistry.

Hypothesis 3.1: There are no significant differences with demographic characteristics

(age, gender, ethnicity, race, degree before dental school, type of dental institution,
geographic location) and students’ Bl to use telehealth in dental practice.
Hypothesis 3.2: Participants who have telehealth experience or exposure to telehealth

are more likely to use teledentistry compared to those who have no experience.
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Project 111

Aim 3: We seek to utilize the UTAUT model to predict dental students’ Bl to use telehealth in

dental practices.

Hypothesis 3.1: Performance Expectancy is positively associated with dental students’

behavioral intention to use teledentistry.

Hypothesis 3.2: Effort Expectancy is positively associated with dental students’

behavioral intention to use teledentistry.

Hypothesis 3.3: Social Influence is positively associated with dental students’ behavioral

intention to use teledentistry.

Hypothesis 3.4: Facilitating Conditions are positively associated with dental students’

behavioral intention to use teledentistry.
Hypothesis 3.5: Overall, the UTAUT model would significantly predict dental students’
behavioral intention to use telehealth.

Definition of Terms

e Behavioral Intention (BI): an individual’s likelihood to use the system.3®

e Effort Expectancy (EE): “defined as the degree of ease associated with the use of

the system.”®

e Facilitating Conditions (FC): “are defined as the degree to which an individual
believes that an organizational and technical infrastructure exists to support the use of

a system”.%8
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e Performance Expectancy (PE): “is defined as the degree to which an individual
believes that using the system will help him or her to attain gains in job
performance”.*®

e Social Influence (SI): “is defined as the degree to which an individual perceives that
important others believe he or she should use the new system”.%®

e Teledentistry/Telehealth: is defined as using telecommunication technology,
electronic medical records, video, and digital images to facilitate dental services

delivery for distant or isolated people or for consultations among.*®

Assumptions
For Chapter 111 and 1V:

e Dental students have a basic level of knowledge and awareness of telehealth.

e Participants understand the definition of telehealth/teledentistry.

e Participants will provide honest and accurate answers when completing the
survey.

e Participants will be able to completely understand the content of the survey and
answer all the questions.

Limitations

Findings from the three studies were influenced by several factors. First, the study sample
consisted of a convenience sample of fourth-year U.S. dental students. Thus, the demographic
and individual characteristics of the study sample may not be reflective of all dental students.
Therefore, generalization of findings to all U.S. dental students should be cautioned. Given, these

limitations, this was the best approach to reach all U.S. dental schools in order to increase study
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participants. Moreover, to attain a sample of sufficient size, it is very crucial to contact many
prospective subjects; thus, the larger the sample size, the more statistical power to find
significant relationships among variables.

Second, this project is only a study of the perceptions of dental students to use telehealth
in dental practice instead of the behavior of actual use. There is a probability that participants’
behavior may change after graduation. Third, the study is a descriptive cross-sectional study and
cannot establish causality. Fourth, the study utilized a self-administered questionnaire that could
have posed bias in participants’ responses depending on their ability to understand the questions

and willingness to answer.
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Table 1. Definitions of the theoretical constructs of the UTAUT model.38

Construct Definition

Performance Expectancy The degree to which an individual believes that using the system
will help to improve job performance

Effort Expectancy The degree to which an individual believes of the ease associated
with the use of the system

Social Influence The degree to which an individual perceives that important others
believe he or she should use the new system

Facilitating Conditions The degree to which an individual believes that an organizational
and technical infrastructure exists to support the use of the system




Figure 1. The proposed research adopted from Venkatesh et al.3®
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CHAPTER 1l

REVIEW OF THE LITERATURE
PROJECT I: ASYSTEMATIC REVIEW ON THE VALIDITY OF TELEDENTISTRY*

Introduction

Teledentistry emerged as a part of telemedicine following years of global telemedicine
practice. In 1989 at a conference in Baltimore Maryland focused on the delivery of dental care
using dental informatics, the term, “teledentistry”, was introduced.*® Teledentistry is defined as
using telecommunication technology, electronic medical records, video, and digital images to
facilitate dental services delivery for distant or isolated people or for consultations among
specialists.®® Teledentistry does not only encompass technology or a varied set of related forms
of technologies; rather, it is a collection of clinical processes and organizational arrangements
combined with technologies. Incorporating teledentistry in dental health services has the
potential when used appropriately to improve access, improve health education, enhance the

quality, efficiency, and effectiveness of dental health services.*®

There are barriers that could slow the adoption of telemedicine technology such as
reimbursement issues, license regulations, costs, limitations in physical examinations and
equipment required.*°! Reimbursement is one of the main challenges that slow the development
and adoption of teledentistry. Medicaid reimbursement is available in some cases providing
limited compensation limiting adoption of this technology by dental professionals in their dental
practices.?! The use of telemedicine technology to deliver healthcare services has contributed to a
reduction in the cost of healthcare treatment for patients and equipment for providers.> Yet,
teledentistry has not been as widely accepted as telemedicine even though the use of teledentistry

increases access to dental services for those who live in rural areas.?
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Systematic reviews of teledentistry, adoption and use are few. The first systematic
review published in 2013 comprehensively reviewed all published studies in teledentistry.> A
second systematic review focused on the application of teledentistry in three areas; clinical
outcomes, utilization and costs.?* The third reviewed the accuracy of dental images for the
diagnosis of dental caries.> It is crucial to assess the validity of teledentistry in the delivery of
oral care before making a decision to adopt the technology and implement use in dental practice.
No previous systematic reviews that evaluate the validity of teledentistry have been published to
the best of our knowledge. Evidence that teledentistry is valid in the delivery of oral care may
change policymakers and dental professionals’ decisions leading to adoption of the technology.
Thus, the purpose of this systematic review was to evaluate the validity of teledentistry for

examination and diagnosis.
Methodology
Information sources and search strategy

The primary investigator performed a systematic search of the literature for studies
assessing the validity of teledentistry without time limitation during June 2016. Search filters
were to limit retrieval to peer-reviewed journal articles published in English. Books, editorials,
reviews, commentary reports, dissertations, unpublished materials, and letters to the editor were
not included in the search. Three databases to retrieve articles related to the purpose of this study
were: PubMed/Medline, Scopus, and EBSCO host (EBSCO host included several databases such
as CINAHL, Dentistry and Oral Sciences, ERIC, Academic Search Complete, etc. Search terms
with different alterations included the following: “teledentistry and validity,” “teledentistry and

reliability,” “telemedicine or telecare or telehealth or teleconsultation and validity and dentistry
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or dental.” The Boolean operator “AND” and “OR” were used to combine the search key terms

(Table 2).
Study selection and data extraction

The first step was to evaluate each article identified from the database against the
inclusion criteria. Second, two reviewers independently screened each article. Three articles
required discussion between the reviewers to determine inclusion. Fifty-eight articles were
reviewed by title and abstract. Forty-four articles removed after reviewing titles and abstracts.
Full text articles were retrieved on the remaining 14 publications. Abstracts found to be relevant
were obtained for review. Full text of thirteen articles that met the inclusion criteria were
retrieved and reviewed for eligibility. All the articles were analyzed, discussed, and reviewed by

2 investigators. Figure 2 shows the flow chart of article selection.
Inclusion and exclusion criteria

Articles were included if they met the following criteria: 1) related to telehealth or
teledentistry, 2) written in English and full text available, 3) compared teledentistry to visual
examination or gold standard (GS) examination, 4) used any form of telecommunication or
telehealth for the examination, and 5) had clear statistical tests to evaluate validity. The
following articles were excluded: 1) not related to teledentistry or telehealth, 2) pilot studies due
to small sample size or the main study was included in the systematic review, 3) studies with
insufficient or missing information to be included in the study, 4) full text was unavailable, 5)
insufficient data analysis, 6) no description of gold standard, and 7) only a published abstract

was available. Since this systematic review focused on the validity of teledentistry when
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compared to the GS or clinical assessment, there was no restriction with respect to the study

design, population characteristics and sample selection.
Quality assessment

Two reviewers independently assessed the quality of methods for the included studies.
The “Quality Assessment of Studies of Diagnostic Accuracy” (QUADAS) tool was used to
assess the methodological quality of the validity for studies included in this systematic review.*
The QUADAS tool has 14 components with a rating of “yes,” “no,” or “unclear” for each
component. Reviewers discussed each component of the QUADAS to resolve any differences.
According to the QUADAS guidelines, a study is considered high quality if the QUADAS score

was more than 60%.>® No studies were excluded based on the quality assessment.
Statistical considerations

The focus of the systematic review is to assess the literature on the validity of
teledentistry. Statistical tests are crucial to determine the validity of research findings in any
quantitative study and therefore, the need for appropriate statistical tests to measure validity in
the reviewed articles. Agreement between teledentistry examination and visual examination as
the GS are also important to assess validity. Statistical tests to measure validity such as Kappa,

specificity and sensitivity needed to show the percentage of true or false agreement.

Results
Figure 2 shows a total number of 79 studies identified from database searches: 49
studies from EBSCO Host, 18 from PubMed, and 12 from Scopus. Once duplicate articles were

removed, 58 potentially relevant articles were screened based on their titles and abstracts.
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Fourteen of these relevant articles met the criteria for a full-text review. After reviewing the 14,
only nine articles met the inclusion criteria and were included in the review.
Characteristics of the included studies

Most of the nine publication dates were 2002 to 2016. Research occurred in several
countries: three from the USA, two in the UK, and one in each of the following countries: Brazil,
Portugal, Australia, and Germany. Four studies were in pediatric dentistry, two in general
dentistry, one in maxillofacial radiology, endodontics and orthodontics. Articles were published
in different journals and one book. Most journals were not related to telehealth or teledentistry
(Table 3).

Only two studies used random sampling to recruit participants.>”>® The remaining studies
used convenience sampling; however, not all the studies involved human participants, one paper
used facial radiographs, and another study used extracted teeth as the basis for comparison. In
those with human participants, the number of participants ranged from 29 to 327 (Table 3).

Four studies were conducted on children and young adults from 1 year to 19 years of
age.>"°%®1 The study which used facial radiography did not include the age of participants.®?> Two
studies recruited subjects of different ages as the age of the individual was not the variable of
interest. The variables of interest were the accuracy and validity of the teledentistry
diagnosis.>®%% An additional study used extracted comprised teeth from adults aged between 40
and 70 years old.®* The majority of studies were cross-sectional design performed in a specific
time, and there were only two randomized control studies.>”* Eight studies were conducted in a

clinical setting and only one in a laboratory (Table 3).54
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Quality assessment of validity studies

The QUADAS tool was used to assess each article (Figure 3). The results of the
assessment varied from 9 to 13 out of 14 items indicating that the reviewed studies met 60% or
more of the quality assessment items. Table 4 shows the results of the quality assessment
appraisal. Most of the studies addressed the validity of teledentistry technology in dental
diagnosis and did not include random sampling; instead, convenience sampling was used which
is unlikely to be representative of the population.

The intervention

There was some variation among the studies in the type of equipment used for
teledentistry. Four out of nine studies used an intraoral camera to gather images of teeth for later
examination.3°76%64 Three studies used a digital extra-oral camera,®®°®6 and one study used a
smartphone camera.®® All of the included studies utilized store and forward mode- asynchronous-
and no study used real-time communication or video conferencing —synchronous.

The gold standard reported most often was the traditional visual examination. Methods
and items used for visual examination varied among the studies. Methods and items used for
examinations included the following: use of light soucrce,>" sterilized exploration kit,®*
probe,> air syringe,>® mirror,33575%60 explorer,35” and palpation.3 Visual clinical examination
for dental caries assessment was used in four studies.>”5°6063

The validity of teledentistry compared to visual examination in the decision accuracy of
referrals was reported.5®%%6! Diagnosis from a radiograph (GS) was compared to the diagnosis of
the same radiograph accessed remotely through the telemedicine system.5? Treatment decisions
based on a dentist or allied dental professional’s visual assessment as GS to virtual examination

have been reported.® An endodontic study captured, intraoral images of the entire pulp canal
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floor of extracted third molars for later visual examination. Remote assessment of canal orifices
compared to the histological images of the dental pulp (GS) determined validity.®*

Personnel varied in the studies. General dentists performed both the GS and teledentistry
examination possessed a range of experience.**"% Oral and maxillofacial surgeons, and
accident and emergency personnel assessed maxillofacial fractures from radiographs.®? Two
dental therapists performed the teledentistry examination in another study,% and an oral surgeon
and an orthodontist conducted the GS examination in two studies.*®®! Other studies reported only
that the examination was performed by a dental examiner, researcher, or observer with no
specifics as to experience or type of examiner.5%6064
Statistical analysis

Table 5 shows sensitivity and specificity reported by the majority of studies. Eight out of
nine reported calculated sensitivity with values ranging from 25% to 100%, and seven with
specificity values from 68% to 100%. Moreover, positive predictive value (PPV) of teledentistry
examinations ranging from 57% to 100% and negative predictive value (NPV) ranging from
50% to 100% were reported. Five studies used the Kappa statistic to evaluate agreement between
teledentistry and visual examinations (Table 5).

Agreement between the GS examinations and teledentistry examinations ranged from
46% to 93%. One study found the mean difference of decayed-filled surface scores between the
teledentistry and control groups was not significantly different (p >.001).>” In the area of
maxillofacial radiology,®? the diagnosis of facial fracture by plain radiograph was more accurate
than images sent by a telemedicine system. Images with low quality were poorly diagnosed by a

telemedicine system (sensitivity 25%-100%, specificity 68%-100) (Table 5).62
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Discussion

The aim of this systematic review was to explore the body of literature to determine the
diagnostic validity of teledentistry for use in dental practice. System validity reflects the degree
of accuracy of measuring what it is to measure.®® Investigating teledentistry validity is an
important step in determining whether teledentistry is as accurate as traditional oral
examinations. The validity of a teledentistry system is crucial because clinical decision making
through telecommunication may not be accurate as face-to-face traditional examinations.
Moreover, there is a shortage of studies with consistent methods to assess the validity of
teledentistry applications. For this systematic review, nine studies met the inclusion criteria to
assess the validity of teledentistry compared to a traditional visual examination as a gold

standard.

Furthermore, a cross-sectional design was used with only two randomized controlled
trials that divided participants into control and intervention (teledentistry) groups.>”>® The
randomized controlled trial is preferable and therefore, provides stronger evidence to support the
validity of teledentistry. Both studies using the randomized control trial reported the teledentistry
group not significantly different from the control group which supported the validity of

teledentistry.>"8

Table 5 shows most studies reported scores higher than 75% for sensitivity and
specificity indicating teledentistry screening could be comparable to traditional examination.
However, few studies reported low sensitivity scores (< 60%).5%6263 which indicates weak
comparability to traditional examination. Thus, the majority of the studies reported the value of
specificity and NPV were higher than sensitivity and PPV, indicating more true negative

agreement between visual examination and teledentistry. These results mean that teledentistry
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assessment is more consistent with the visual examination in the assessment of sound teeth

without any lesion.

Additionally, Kappa statistics revealed that there were moderate to almost perfect
measures of agreement between teledentistry and the visual examination (Table 5). Some studies
reported examiners found it difficult to detect oral lesions using photographs as detail on all teeth
was not clear. Face-to-face interaction with patients was reported as an important factor that
could result in the moderate agreement between teledentistry screening and visual examination.
However, the Kappa findings strengthen the assumption that the two modalities are comparable
methods for use in dental examinations. These findings were also consistent with other studies

investigating the reliability of teledentistry.5%67

More than half (n =5) of the studies found teledentistry examination comparable to the
traditional clinical examination when screening for dental caries. The teledentistry system was
able to transmit a clear picture of teeth with dental caries to a doctor for the purpose of caries
assessment. Interproximal caries were not evaluated in these studies because it might need
radiographs to provide the best diagnosis. Dental caries is one of the most prevalent chronic
diseases causing tooth loss, pain, time away from school or work, and decrease in quality of
life.®8 Also, dental caries is one of the most prevalent diseases among children. According to the
Centers for Disease Control and Prevention, 28% of children between 2 and 5 years are affected
by dental caries.®® No statistically significant differences in early childhood caries detection
between teledentistry and visual examinations have been reported.>”® therefore, teledentistry is a
viable technology for early diagnosis of dental caries among children. Moreover, teledentistry is
cost-effective for dental caries assessment to reduce the epidemic of dental caries among the

population.®
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Teledentistry examination can be useful in rural areas where people cannot access dental
services or specialists. Methodology in many of the articles transmitted oral images from remote
sites for teledentistry screening. Distance diagnoses of oral lesions, such as dental caries,
provided very good sensitivity and specificity scores.>"8%-83 Teledentistry is not only an effective
tool for dental examinations, it can increase access to dental specialist consultations and
subsequent care.*>>° Teledentistry provides access to dental care, reduces travel miles, costs, time
and suffering.81-7° Berndt F. et al.” found that interceptive orthodontic treatments delivered by
trained general dentists remotely supervised by orthodontists through teledentistry are a feasible
approach to treat the severity of malocclusions for underserved children with limited access to

the specialist.

A twelve-month teledentistry trial was conducted in general dentistry practices to
evaluate the cost-effectiveness of teledentistry.’® The study obtained costs associated with a visit
to a dental practice, loss of productivity time and accommodation expenses. Patients could lose
about 12 to 25 hours of productivity by visiting distance dental offices. The study found that
patients who live in rural areas could save about $1,060 by implementing teledentistry in dental

practices.”™

Time management is important to providers; therefore, teledentistry could improve time
utilization to assess needs and perhaps provide care to those in rural areas. Teledentistry is a
useful tool for consultations between providers providing electronic access to a patient’s oral
condition before the appointment time. The time saved would provide more time for treatment.?
The findings of this review support dental professionals not being present physically with a
patient to perform an oral assessment and treatment needs. This finding is consistent with a

teledermatology study that reported a 69.05% agreement between teledermatology and face-to-
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face diagnosis; representing a high level of validity and considered a useful method for the

diagnosis of distance patients reducing the face-to-face consultations 40%.

The intra-oral camera captured the dental detail for remote diagnoses in most studies
(Table 3). Intraoral cameras are not available in every practice; however, a smartphone camera
can obtain images for remote diagnosis or assessment. Only one study used the mobile phone
camera in this review.%® Transmission of patient data over the internet may require encryption.

Further, healthcare personnel should not use personal camera phones for patient data.

Most importantly, the quality of the photographic image is key to the validity for
teledentistry adoption and application. Poor quality images reported lower sensitivity and
specificity scores than higher quality photosgraphs.®? Low photographic quality might prevent
the dental professional from accurate identification of treatment needs. An advantage of using
good quality photographs obtained during a teledentistry assessment is that magnification on the
computer can provide better detail of the image. Magnification and illumination provided by
teledentistry were contributing factors to better accuracy in the examination over the visual
examination.®%’3™ Findings of the present review were consistent with the findings of a
systematic review to investigate whether photographic screenings were comparable to visual
clinical examination.> Three studies in their review found photographic analysis superior to
visual clinical inspection while six studies found the two methods comparable.>* Teledentistry
use requires appropriate training of personnel to obtain and review quality images. To implement
an accurate teledentistry system training and quality equipment should be used to deliver

accurate images to dental professionals.”

Differences among dental professionals exist concerning the use of teledentistry. Some

professionals reported that they were not satisfied making a diagnosis using telecommunication
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images without clinical information.®*%® Access to patients’ information is one of the main
limitations that could affect the validity of teledentistry. Face-to-face examinations provide an
opportunity to talk with patients to obtain information to assist with diagnosis. Lack of
information could decrease the dental professional’s confidence in making a diagnosis using a
teledentistry system only and therefore, decrease the validity score of teledentistry. With the
availability of video conferencing, a consultation could occur in real-time or after the review of

oral images.

Furthermore, experience of the dental professional plays an important role in the ability
to diagnose using teledentistry. Remote diagnosis by experienced professionals provided more
accurate diagnosis than those with less experience.®* Experience could affect the validity of
teledentistry and increase or decrease the sensitivity or specificity scores. A teledentistry system
could assist experienced specialists with consultations, provide a more accurate diagnosis to
patients and reduce untreated disease. These findings were consistent with previous studies that
found no differences between intra-examiner agreements in treatment decisions when using

teledentistry.33.66.67
Limitations and Future Research

While the number of teledentistry studies is increasing, few use research methods and
statistical analyses that can provide strong evidence for comparison of traditional visual
examination to teledentistry examination. The searched databases and the search terms might not
identify all the studies published on teledentistry. The included studies were different in the area
of application, settings, methods, equipment, and examiners. Therefore, because of the
methodology variability among studies, it was difficult to generalize the findings of this

systematic review. Future studies need to look at standardization of cameras, examiners, settings,
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and types of statistical analyses to facilitate comparisons. Further research is essential to examine
the accuracy of using live video in conjunction with photo conferencing for dental diagnosis and
consultation. Further investigation is needed to enhance the quality of images to improve the
validity of teledentistry. The present review suggests that more investigation to foster the validity
of teledentistry outside the clinical setting is needed, such as use of mobile phone cameras and a

cost analysis to address savings from teledentistry.

Conclusions

Teledentistry examinations are valid, feasible, and comparable to visual examination for
oral screening. Studies concluded that dental professionals make valid decisions about treatment
based on a virtual examination. One study reported a loss of picture quality when using the
telecommunication system that could decrease diagnostic confidence, sensitivity, and specificity.
Nevertheless, a diagnostic collaboration between dental specialists using teledentistry could
improve dental treatment and access to care.

Teledentistry is a valid tool to reduce inappropriate orthodontic referrals. Teledentistry
use in general dentistry does not appear to affect judgment of the dental professional
significantly when compared to the judgment with a visual examination. Moreover, the same
conclusion can be reached and appropriate decisions regarding needed treatment and referral
using the two modalities. Teledentistry could be a comparable tool to face-to-face technology for
oral screening especially for school-based programs, caries assessment, referrals, and
teleconsultations. Some studies reported low scores of sensitivity for teledentistry when
compared to traditional clinical examination. Therefore, the validity of teledentistry in dental

specialties requires further research



Table 2. Search terms and databases
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Electronic Databases =~ PubMed/Medline, EBSCO Host and Scopus

Search Terms Teledentistry Validity Dentistry
Telehealth Reliability Dental
Telecare Oral health

Telemedicine




Table 3. Characteristics of the included studies in the systematic review

Authors, Purpose Area Gold (GS) GS TD TD Sample Design  Subjects
Year, Standard Examiners  Examination  Examiners
Jacobs et To assess the Maxillo- Plain 8 OMFS,8  Radiographs Same Convenience Cross- 20 facial
al., accuracy of facial radiographic  Accident viewed Examiners  sampling sectional radiographs
(2002).62  diagnosis of facial radiology Images and through -2 weeks
radiographs emergency  telemedicine  washout
compared with the doctor period
same radiographs
viewed through the
telemedicine
system
Estai,et  To assess the General Visual Dentist 500 Images 2 Convenience Cross- 100
al., validity and dentistry Examination by smart Australian ~ sampling sectional patients,
(2016).7%  reliability of phone registered (adult and
intraoral images for MLDPs children)
dental screening
Morosini  To assess the Pediatric Visual Researcher 5 intraoral 2 distant Convenience Cross- 102
(2014).%°  validity teledentistry ~ dentistry examination images/patient examiners  sampling sectional  Juvenile
system to screen for (DMFT) offender 15
the presence of — 19 years
dental caries of age
Kopycka To assess the Pediatric Oral Dental Six intraoral Same Convenience Cross 50
etal., feasibility and dentistry Examinations examiner images/ Examiner sampling sectional preschool
(2007).7"  reliability of using (dfs) participants -2 weeks children 4-
washout 6 years old
intraoral images and period
teledentistry to
screen children for
oral disease
Amavel  To investigate the Pediatric Traditional in  Experienced Oral images 4 dentists Convenience Cross 66 children
etal., validity of dentistry person dental  dentist sampling sectional 4- 6 years
(2009).5'  teledentistry to consultation old

diagnose children
dental problems
remotely using non-
invasive
photographs
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Table 3. Continued

Authors, Purpose Area Gold (GS) GS TD TD Sample Design Subjects
Year, Standard Examiners = Examination Examiners
Mandal et To evaluate the Ortho- Clinical Orthodontist  TD decision Same Random Randomized 327
al., validity of dontics decision, accept based on examiner sampling for  controlled patients
(2005).® teledentistry for or not accept images dental trial from 15
screening new referral practices dental
patient orthodontic practices
referrals
Namakian, To evaluate the General In-person 3 general Virtual Same Convenience  Cross- 29 adults,
etal., agreement of a dentistry examination dentists examination examiners sample Sectional 20 -68
(2012).38 dentist’s decision and decision and treatment At least 3 years old
about dental decision weeks
treatment washout
reached through period
visual versus a
virtual
examination
Brullman To evaluate the Endodontics  Histological Experienced  Photograph 20 Convenience  Cross- 50
etal., ability of dental slices of the oral of the entire independent  sample sectional Extracted
(2011).7 examiners to canal orifices surgeon pulp, canal observers teeth of
remotely locate under a light  floor patients
dental pulp microscope aged 40-
orifices from an 70
images.
Kopycka et To compare the Pediatric Traditional General Intra oral Same Random Cohort 291
al., effectiveness dentistry visual dentist images Examiner sampling longitudinal ~ preschool
(2013).%7 of teledentistry examination, study — children
versus the dfs Randomized 12 to 60
traditional Control months
examination in Trail

screening early
childhood caries

T€



Table 4. The result of the quality assessment appraisal by two reviewers

Items Jacobset Kopyckaet Kopyckaet Estai, et Namakian, et  Morosiniet  Amavelet Brullmanet Mandal et

al.%? al.%’ al.”” al.’ al.® al.>® al %! al.” al.’®
1 N Y N N N N N N Y
2 uc Y N Y Y Y Y Y uc
3 Y Y Y Y Y Y Y Y Y
4 Y Y Y Y Y Y Y Y Y
5 Y Y Y Y Y Y Y Y Y
6 Y Y Y Y Y Y Y Y Y
7 Y Y Y Y Y Y Y Y Y
8 Y Y Y Y Y Y Y Y uc
9 Y Y Y Y uc Y uc Y uc
10 Y Y Y Y Y Y Y Y Y
11 Y Y Y Y N Y Y Y Y
12 Y ucC ucC ucC N ucC ucC N Y
13 uc Y Y Y Y Y Y ucC Y
14 Y Y Y Y ucC Y uc ucC Y
Total 11/14 13/14 11/14 12/14 9/14 12/14 10/14 10/14 11/14

Y: Yes, N: No, UN: Unclear.
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Table 5. Summary of the statistical analysis of the included studies in the systematic review

Studies Sensitivity Specificity Kappa PPV NPV Accuracy
Jacobs et al.®? 25-100% 68-100%

Estai, et al.” 60-62% 97-98% 57-61% 57-66% 97-98% 95-96%
Morosini et al.*® 48-73% 97-98% 78 -86%  83-89% 96-97% 93-95%
Kopycka et al.”” 100% 81% 61%

Amavel et al.5 94-100% 52-100% 67-100% 94-100%

Mandal et al.”® 80% 73% 46% 92% 50%

Namakian, et al.% 81.3-87.5%  81.6-94.7% 50-80% 87.9-94.7 65.0-87.5%

Brullman et al.” 73-100% 87-92%
Kopycka et al.> 87-93

PPV: Positive predictive value, NPV: Negative productive value.

€€



Figure 2. PRISMA flowchart of included studies in the systematic review
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Figure 3. The item lists of the quality assessment of studies of diagnostic

accuracy (QUADAS) appraisal tool.>®
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CHAPTER Il

PROJECT Il: THE ASSOCIATION OF DEMOGRAPHIC FACTORS, INDIVIDUAL
CHARACTERISTICS, AND PREVIOUS EXPERIENCE WITH DENTAL STUDENTS’

INTENTION TO USE TELEDENTISTRY
Introduction

The shortage of U.S. dental professionals, specifically dentists continues to be a concern
in accessing dental services, which impacts the burden of dental diseases.?*?® People who live in
rural areas find it difficult to access dental care and dental care specialists.?® There are more than
57 million individuals in the U.S. who live in dental health professional shortage areas.?” There is
70% unmet need for dental professionals in rural areas, which limits access to individuals with
considerable dental care needs.?”?® The U.S. is in need of at least 9,951 dental practitioners in
underserved areas to overcome barriers to accessing oral care.?” Thus, identifying innovative
technology such as telehealth/teledentistry to facilitate communication between dental

professionals and patients would likely improve access to oral health care.

The application of information and communication technology (ICT) in healthcare, such
as telehealth and telecommunication, is a new approach for delivering oral care and facilitating
consultations between dental professionals.?’ Telemedicine or teledentistry is the use of
information communication technology and dental expertise to enable distance diagnosis and
consultation with patients and dental specialists.'® Teledentistry allows dental professionals to

make decisions about treatment without physically meeting patients.®®

The benefits of a teledentistry system have been established in previous studies.33°961

Teledentistry is a valid method for providing dental examinations. Studies have shown that there
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is no difference between visual examinations or distance teledentistry examinations.*8€ In
addition, teledentistry can be a helpful tool for interprofessional communications and for use in
dental education.®! Unfortunately, the adoption of teledentistry in U.S. dental practices is still

limited.?

Dental professionals’ knowledge and acceptance of IT is a critical factor in the successful
implementation of this new dental care modality. The use of technological interventions cannot
be achieved if health professionals such as dentists are unwilling to use the system.?34
Therefore, it is necessary to understand factors associated with future dentists' willingness and
readiness to use teledentistry and effectively incorporate it into their future clinical practices.
Also, identifying factors related to dental students’ intention to use teledentistry is important for

planning and curriculum development.

As far as we know, no studies have examined factors such as knowledge, experience, and
individual characteristics associated with the intention to use teledentistry among dental students
in the U.S. Therefore, it is necessary to conduct a study that would investigate these factors to fill
the gap in the literature and to increase knowledge and utilization of teledentistry among future
dentists. Thus, the purpose of this study was to expand the knowledge base related to factors
such as knowledge, experience, and sociodemographic characteristics of 4th-year predoctoral

dental students’ intention to use teledentistry in their future clinical practice.
Methods
Study design and population

Permission to conduct the study was obtained from the Human Subject Institutional

Review Board (IRB) of the University (IRBNet ID: 1387448-2). A cross-sectional design was
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used to describe factors related to the intention to use teledentistry among U.S. fourth-year pre-
doctoral dental students in their last semester of dental school. An invitational email was sent to
all academic deans of the U.S accredited. dental schools (N=66) listed on the American Dental
Association’s (ADA) webpage. Dental schools that agreed to participate with no additional IRB
approval requirements were included in the study.
Data Collection Procedures

Sixteen academic deans agreed to participate in the study and met the inclusion criteria.
The academic Deans were then asked to electronically disseminate the survey through an
anonymous link using Qualtrics® software to their dental students. The academic Deans received
weekly emails over the course of 4 weeks to remind students to complete the survey. The survey
was distributed to the students during spring semester (March-April 2019). To promote
completion of the survey and to ensure an adequate response rate, a raffle to win Amazon gift
cards was used as an incentive (ten $50 Amazon gift cards). Recipients of the gift cards were
chosen through a random process. Confidentiality during gift card distribution was maintained.
The survey was disseminated to a total of 1,416 dental students; 210 completed the survey
representing a 14.8% response rate (Figure 4). Participation in this study was completely
voluntary without any obligations, and participants were assured that their response would be

anonymous.

Questionnaire and Instrument

The survey included demographic characteristics (age, gender, race, ethnicity, experience
with teledentistry, previous degree, dental institution type, and geographic locations). Students’
degree acquired before entering the dental schools and the major area of study was also reported.

Participants were asked to report their previous experience with teledentistry, and they were
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asked to identify the methods in which teledentistry had been introduced, such as courses
lectures, continuing education, clinical experience, and self-study (Appendix A).

The dependent variable was future intention to use teledentistry. Iltems that measured the
dependent variable were derived from Venkatesh et al.*® A five-point Likert scale (1 = strongly
disagree, 5 = strongly agree) was used with the higher score indicating a greater intention to use
and adopt teledentistry 8283 Three-statement items were used to measure the dependent variable
such as: “I intend to use teledentistry in next 6 months” (Appendix A). Reliability was tested to
ensure the outcome items were consistent with one another and to indicate how well they were
measured. To ensure clarity of the survey, four research experts reviewed the instrument for
content validity and reliability before dissemination from a leading university.

Data Analysis

Statistical Package for the Social Sciences Software (SPSS. Version 21.0) was used to
analyze the data. The alpha level was set at 0.05. Cronbach’s alpha (o) was used to test reliability
for items measuring the Bl to use teledentistry. Simple linear regression with dummy coding was
used to determine the association between demographic factors and dental student’s intention to
use teledentistry. The independent t-test was used to compare the means of any two independent
groups. To test the prediction of the set of variables, multiple linear regression was utilized to
test the linear relationship between the dependent variable (BI) and the predictors.

Results

Figure 4 showed that a total of sixteen dental schools participated in the study with a total
of 210 completed surveys included in analyses. Table 6 shows the geographic regions of the
participated dental schools. Most of the included dental schools (n= 6) were in the Southwest

region of the U.S. The complete list of dental schools and class sizes are listed in Appendix B.
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Descriptive statistics and demographics

The majority of the participants were female (n = 134, 63.8%) and 36% were male.
Participants’ mean age was 27.20 years (n =210, SD = 3.22, Range = 22-49 years) and most of
the respondents were between 22 to 30 years old (n = 191) accounting for 90% of the total
participants. The majority, of participants were White (58.9%) and Asian (24.7%). In terms of
education, (63.5%, n = 155) reported earning a Bachelor of Science (B.S.) degree prior to
entering the dental school. Most participants (70%) reported that their schools were in urban
areas (n = 174). Also, participants were asked about the geographic locations that were
associated with their adolescent-childhood years. Among 210 participants, 54.7% had lived in
suburban locations, 23.8% urban areas, and 21.4% in rural areas (Table 7).

Students were asked about their previous experience and knowledge with teledentistry.
For the purpose of the analysis, participants were divided into two groups based on their previous
exposure and knowledge of teledentistry. The first group included participants with no
experience (n = 68) which accounted for 32.4% of participants. The second group included those
who had some knowledge, experience, training, etc. about teledentistry (n= 142), which
accounted for 67.6 % of participants (Graph 1). In addition, those who had experience were
asked to report their source of exposure and knowledge of teledentistry. Part of the participants
(50%) reported that they attended course lectures about teledentistry (Graph 2).

The dependent variable and analyses

The behavioral intention measurement was obtained from three survey items (Table 8).
The mean of the Bl was 2.87 (SD = 10.1). The Bl reported excellent reliability (a > 0.90).

The regression findings revealed that there was no statistically significant relationship

with participants’ age, gender, race, and ethnicity and their Bl to use teledentistry (F (1, 208) =
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0.02, p = 0.896. R = 0.00, F (1, 208) = 2.76, p = 0.098, R2 = 0.013, F (4, 205) = 0.71, p = 0.585,
R?=0.014, F (1, 208) = 0.92, p = 0.340, R? = 0.004, respectively). In addition, there was no
significant association with institution type (public vs. private) and types of degrees earned
before dental schools with the Bl to use teledentistry (F (1, 208) = 3.7, p = 0.057, R? =0.017, F
(6, 203) = 0.37, p = 0.897, R? = 0.01, respectively). Thus, all these factors were not predictors of

BI to use teledentistry among dental students.

We assumed participants lived in rural areas prior to enrolling in dental schools would be
more likely to use teledentistry than those living in urban or suburban areas. However, there was
no statistically significant association with living in rural areas and the Bl to use teledentistry (F

(2, 207) = 1.47, p = 0.233, R = 0.014).

Participants who had teledentistry experience were anticipated to be more likely to use
teledentistry compared to those who had no experience. Testing results supported a significant
positive (r = 0.22) association of prior teledentistry exposure on the Bl to use teledentistry (F (1,
208) = 10.35, p < 0.01, R? = 0.05). Moreover, to determine whether participants had been
exposed to teledentistry or telehealth, they were asked if they had been patients when telehealth
or teledentistry was used for any dental or medical purposes. Only 21.4% of the respondents had
ever been a patient when teledentistry or telehealth technology was utilized (Table 7). The results
showed that the BI to use teledentistry was significantly higher among those who had been

exposed to telehealth as a patient (t (208) = 3.6, p < 0.01).

To test the extent of the previous exposure of teledentistry in predicting the Bl over and
beyond the demographic variables, hierarchical multiple regression was performed to investigate

the overall correlation in the model in predicting the outcome. The first step included
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demographic variables and the second included previous exposure to teledentistry (exposure in
dental schools, or as a patient).

Results showed that the overall model after controlling for the demographic variables was
positively significant in predicting the Bl to use teledentistry (F (8, 201) = 4.40, p < 0.01, R? =
0.15). The independent variables combined were able to explain 15% of the variance in the
dependent variable (BI). The teledentistry exposure beyond the demographic factors
significantly explained an additional 10% of the variance in the Bl of using teledentistry (R?-
change = 0.10).

The full model showed that school type, adolescent-childhood location of participants,
exposure to teledentistry as a patient and previous experience with teledentistry added statistical
significance to the prediction of the model (Table 9). In the model, the B coefficient of the
exposing to telehealth as a patient was negative indicating the contrary results of the bivariate
analysis. A possible explanation is that there were not enough variations in the variable as only
21% of the participants were exposed to telehealth as a patient. Another explanation is that
possible multicollinearity exists between the “exposing to telehealth as a patient” variable and
other variables. Further analysis was conducted to test the model after removing the “exposure
to telehealth as a patient” variable from the model. The results showed that the model still
significantly predicting the outcome and were able to explain 12% of the variance of the Bl (F
(7,202) =3.92, p < 0.01, R? = 0.12).

Discussion

Due to the limited application and utilization of telehealth in dental practices, there is a
need to investigate factors that could be associated with the future implementation of this

technology. Dental students who soon will be dental care providers are an ideal population to
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study perceptions and factors related to their intention to use teledentistry in order to predict the
future use of this technology. Moreover, knowledge and perceptions of dental students about
teledentistry would reflect the depth of their institution’s curriculum contents regarding
teledentistry. Thus, this study was conducted to investigate individual factors and previous
exposure to telehealth/ teledentistry associated with 4th-year dental students’ future intention to

use teledentistry.

Findings from this study showed that dental students reported lower intention to use
teledentistry in general. The mean of their BI to use teledentistry in their future practice was
2.87. This means participants mainly tend to disagree or strongly disagree with the statements in
Table 8 that measure their intention to use teledentistry in the future. These findings were in line
with previous research that found health care professionals typically express lower intention
toward technological interventions.8* Therefore, these findings lead to future investigations to

explore other factors that may be related to intention to use teledentistry.

The present study findings did not reveal a significant association between dental
students’ demographic factors and intention to use teledentistry. However, some studies have
found age and gender to be associated with acceptance and adoption behavior when
implementing new technological innovations,®2® In terms of age, younger users were found to
be more likely to implement new technological innovations than older users.8*8” Male primary
care physicians were found to be significantly more likely to use computers and electronic health
records (EHR) compare to female physicians.®” However, the present study is consistent with
some previous studies that found age and gender not to be significant predictors of dental
students’ intention to utilize teledentistry.8#°3" This could be due to the homogenous nature of

the demographics in the present study; for example, the majority of the participants were aged
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22-30 years, female, and non-Hispanic. The fact that the participants were from one level (4th
year), they shared common individual characteristics which might help to control the influence
of demographic variables among groups; therefore, no significant association was found with the

demographic factors and the outcome in the study’s sample.

The present study supports previous evidence on prior experience as a key predictor of
the BI. Health professionals with prior experience with e-health interventions were more likely to
accept new innovations.2**° Individuals’ attitude toward technological intervention is influenced
by previous experience and education.®>°2 Exposure to teledentistry in dental schools was
directly correlated to the dental student’s Bl to use teledentistry in practice; therefore, exposure
to teledentistry in school may be a predictor for dental students’ acceptance and willingness to
integrate teledentistry in clinical practice. It is well known that perceptions and attitudes toward
technological innovations change by gaining more knowledge and experience.® If dental
students are exposed to didactic and clinical experiences related to teledentistry during their
professional programs, they may be more likely to use it in the future. Education and exposure
should be considered as factors to change dental students’ attitudes and behavior toward

teledentistry and thereafter, improve the future acceptance of this technology.

The commission on dental accreditation (CODA) did not clearly state using teledentistry
in dental school as a mandatory standard for accreditation. However, they required application of
technologies in the educational environment.®® Graduates from dental schools should be able to
apply emerging science and technology in their clinical practice. Dental institutions must have a
curriculum plan that incorporates clinical and didactic technologies to support the education

program in dental schools.® In addition, the CODA standards for patient care CODA emphasizes
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the use of evidence to assess new technologies that would help in diagnosis and treatment

decisions.

The commission on dental accreditation recommends that dental institutions use
technologies for dental education since it has the potential to decrease teaching expenses.® The
commission on dental accreditation standard related to technology mainly focuses on the use of
technology for dental education to support asynchronous and distance learning. Thus, when
dental students receive experience with teledentistry in dental schools, they become more adept
and willing to use teledentistry in their future. This concept is in alignment with Cilliers et al.*
who found that previous experiences were the second largest predictor of students’ Bl to use

mobile phones to search for health information.

Interestingly, it seems that dental students did not receive enough education regarding the
use of teledentistry technology in their schools. Only 23% of dental students stated they had
clinical experience and 50% attended lectures about teledentistry (Graph 2). These findings
explained the low intention among dental students to use teledentistry as it has been suggested,
the more education about IT, the greater exposure may create a positive perception toward IT
innovations.* Hands-on experience with a technological system is hypothesized to be a factor
associated with the formation of perception that determines BI. With limited experience with a

system, individuals’ Bl would not be expected to be well-formed and stable.*

In line with this study, Steininger and Stiglbauer®® used a nationwide survey to find
factors that impacted Austrian general practitioners’ intention and acceptance to use electronic
health records (EHR). The study found that experience with health information technology
significantly related to a positive perception of EHR, which in turn had an impact on physicians’

intention to use the EHR system. Moreover, the current study found that dental students who had
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been patients when teledentistry or telehealth was used reported significantly higher intention to
use teledentistry. Therefore, these findings suggest that not only previous experience but also

familiarity with the telehealth system may foster dental students’ intention to use teledentistry.

Furthermore, the model showed that demographic variables and previous exposure to
teledentistry significantly predicted the 4th-year dental students’ intention to use teledentistry.
The demographic factors explained only 5% of the variance in the Bl but after adding exposure
to teledentistry factors, the model explained 10% of the outcome variance above and beyond the
demographic variables, indicating the importance of the prior experience on the behavioral
intention. However, in the model and after accounting for the demographic factors in the first
block, the exposing to telehealth as a patient showed a negative association with the behavioral
intention. Therefore, further studies should investigate if exposure to telehealth as a patient could
increase the likelihood of dental professional use of telehealth or teledentistry in the future.
Future research should focus on factors other than demographics such as dental school curricular

content that may influence the future implementation of teledentistry.

Several limitations were associated with this study. First, the generalizability of results
was limited due to possible selection bias where the participants had their own decision to
participate. After sending an invitation to all U.S. dental schools, only 16 dental schools met the
inclusion criteria and agreed to participate. Moreover, in some states, the use of teledentistry is
not legal and may limit the interest of dental schools to teach teledentistry. Self-reporting and
recall bias are also limitations to consider based on the data collection method. Lastly, due to the
cross-sectional nature of the study, findings only applied to the time during which the study was

conducted and cannot be applied to future students. Further research should consider a
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longitudinal study that investigates other barriers such as curriculum content related to dental

students’ future utilization of teledentistry.

Further, this study has educational and practice implications. Additional research is
needed that examines the comparison of dental professionals currently using teledentistry and
experiences to professionals that do not use teledentistry and identify reasons for non-use. Future
research should also identify dental education schools/colleges that teach teledentistry and use
technology in clinical care. Moreover, research should consider identifying dental and allied
dental professionals in clinical practices (private or public health settings) that use teledentistry
to determine benefits and costs. Further research is needed to identify a viable method to obtain
input from teledentistry patients regarding the satisfaction and benefits of the technology and
subsequent care.

Conclusions

The present study is the first to investigate factors related to dental students’ intention to
use teledentistry. Dental students are future dental care providers; therefore, they are the main
element in the adoption and implementation of teledentistry in clinical practice. Findings from
this study will assist in understanding the barriers associated with the adoption of teledentistry
and facilitate starting points to integrate teledentistry into dental education. Even though there is
growing evidence on the validity and efficacy of teledentistry, studies that have investigated
barriers to implementation are limited. Previous exposure to teledentistry seems to have a greater
association on the dental students’ intention to use teledentistry than other individual factors. It is
incumbent upon dental institutions to consider the importance of teledentistry in oral care and

incorporate the use of this technology in the educational curriculum.



Table 6. Geographic regions of dental schools and access population by region

Geographic Regions  # Participating Schools ~ Access Population

West 3 205
Southwest 2 200
Midwest 2 253
Southeast 6 398
Northeast 3 360
Total 16 1,416
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Table 7. Dental students sample demographics and characteristics

49

Demographics Characteristics Frequency Percentage %0  P-Value
Gender
Male 76 36.19 0.098
Female 134 63.81
Age
22-30 191 90
31-40 16 7.6 0.896
40-50 3 1.4
Race
American Indian/Alaskan Native 3 1.4
Asian 53 24.7
Black/African American 15 7 0.585
Native Hawaiian/ Pacific Islander 0 0
White 126 58.9
Other 17 7.9
Ethnicity
Hispanic or Latino 28 13.3 0.340
Not Hispanic or Latino 182 86.7
Degrees before dental school
B.A. 49 20
B.S. 155 63.5
M.A 4 1.64 0.897
M.S. 16 6.6
Ed.D. 1 0.41
Ph.D. 2 0.82
Other 17 7
School type
Public 181 86.2 0.057
Private 29 13.8
School geographic area
Urban 174 70
Suburban 57 27.1 0.981
Rural 6 2.9



Table 7. Continued
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Demographics Characteristics Frequency Percentage % P-Value
Adolescent- childhood geographic areas
Urban 50 23.8 0.233
Suburban 115 54.8
Rural 45 21.4
Exposure to telehealth as a patient
Yes 45 21.4 <0.001*
No 165 78.6




Table 8. Descriptive statistics of the outcome (BI)

Behavioral Intention items Mean SD  Cronbach’s (o)
“I intend to use teledentistry in next 6 months” 2.89 1.05
“I plan to use teledentistry in the next 6 months” 2.85 1.03 96
“I predict I will use teledentistry in the next 6 2.89 1.06
months”.
2.87 1.05
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Table 9. The full model of all predictors from the multiple regression analysis

Predictors B  Std. Error Beta t P
Age 012 .022 .037 529 597
Gender 220 140 105 1571 118
Ethnicity 298 .198 100 1.510 .133
School type -519 .205 -177 -2.530 .012*
Adolescent-childhood geographic area -.217 .101 -144 -2.159 .032*
School geographic area 079 .129 041 611 542
Exposing to telehealth as patient -439 .167 -178 -2.632 .009**
Experience with teledentistry 470 146 218 3.211 .002**

Dependent Variable: Behavioral Intention
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Graph 1. Participants’ previous experience with teledentistry
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Graph 2. Participants’ source of experience or knowledge about teledentistry.
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CHAPTER IV

PROJECT I11: APPLICATION OF THE UNIFIED THEORY OF ACCEPTANCE AND
USE OF TECHNOLOGY MODEL TO PREDICT DENTAL STUDENTS’ INTENTION

TO USE TELEDENTISTRYY
Introduction

The rapid development of information technology offers a new avenue for addressing
challenges healthcare systems encounter such as access to healthcare.>? Information technology
has been rapidly integrated into healthcare systems to address accessibility and delivery of care
challenges to remote communities.! Telemedicine- or telehealth- is a good example of using IT
for medical and dental services. Telehealth can be broadly defined as the exchange of medical
information from one place to another via electronic communication in order to improve health
conditions of patients.* Telehealth exchanges secure information using applications such as
video, smartphones, email, pictures, and any other communication system technologies.®
Telehealth technology increases access to health services, reduces costs of healthcare treatment,
and equipment.5® In addition, telehealth has been found to enhance the quality and efficiency of

healthcare services by increasing utilization.%64

The use of telehealth in dentistry is known as teledentistry.'2%* Today, technology allows
dental experts to receive different forms of media, such as dental charts, photographs,
radiographs, and written records that allow for consultation with dental specialists.*>*® Therefore,
telehealth in dentistry or teledentistry can be defined as using telecommunication to exchange
dental information, images, and video over extensive distances in order to consult with a

specialist, either by patients or by other oral care providers.'>" Although previous studies have
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confirmed the validity and effectiveness of teledentistry for dental diagnosis,®*’® the adoption of
teledentistry is still limited in the U.S. Teledentistry, as a new technological modality, has not

been as widely accepted in dentistry as telehealth and telemedicine by medical professionals.?%?

User acceptance of IT is a critical factor in the successful implementation of this new
healthcare modality.?® One of the main reasons for the failure of implementation of technology is
an insufficient understanding of how individuals accept information technology.?? Thus,
assessment of the association of the social-psychological aspect with the adoption or intention to
use a technological system is a key factor.*® Hu et al.*® found that physicians’ acceptance of
telemedicine is a very important factor in the implementation and utilization of this technology in
the health care system. Thus, understanding factors associated with the acceptance and non-

acceptance of telehealth in dental practices could improve access to dental services.

Previous studies have used theoretical frameworks to understand determinants and factors
related to users’ intention to accept and use technological innovations in the healthcare 364082
One of the main models utilized to assess individuals’ acceptance of a new technological system
is the UTAUT presented by Venkatesh (2003).28 The UTAUT model seeks to explain
individuals’ intentions to use IT from four main variables which are: performance expectancy,
effort expectancy, social influence and facilitating conditions.® A study conducted by Sharifian
et al.® utilized the UTAUT model to investigate factors associated to nurses’ acceptance of
using information systems. The study found that the UTAUT constructs were significantly
predicted the nurses’ intention to use the hospital information system and the model explained
72.8% of their intentions’ variance.®? Utilizing the UTAUT model to predict BI has been

investigated in various settings in healthcare such as telerehabilitation technology,®” electronic

medical record,** telemonitoring,® eHealth interventions,3* and telehealth.®®
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To our knowledge, research is not available surrounding the application of a theory-based
approach to understand the acceptance and Bl of dental students toward the use of teledentistry.
An investigation of the factors that predict the acceptance of teledentistry innovation among
dental professionals is needed to fill this literature gap. The aim of this study was to use the
UTAUT model to predict 4th-year dental students’ Bl to use teledentistry. We hypothesized that
each UTAUT construct and the whole model would significantly predict dental students’ Bl to

use teledentistry.
Materials and Methods

Permission to conduct the study was obtained from the Human Subject Institutional
Review Board (IRB) of the University (IRBNet ID: 1387448-2). An observational cross-
sectional approach was performed for a seven-week period in the latter part of a traditional
spring semester 2019, to study dental students’ intention to use teledentistry. The UTAUT model
was utilized in order to determine factors associated with fourth-year dental students’ intention to

use teledentistry in the United States.
Sample

The target population included dental students enrolled in U.S. dental schools. The list of
accredited dental schools was obtained from the American Dental Association’s webpage (ADA)
and all institutions were invited to participate. After sending invitations to the deans of sixty-six
U.S. dental schools, sixteen schools agreed to participate. The anonymous questionnaire link was
sent to academic deans for dissemination to their 4" year dental students. An electronic survey
was developed through Qualtrics® tool and the survey link was distributed to a total of 1,416

dental students. To promote completion of the survey and ensure adequate response rate, 10
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Amazon gift cards ($50 each) were raffled as an incentive. After collecting the data and deleting
surveys with missing responses, the sample size included a total of 210 dental students

representing a 14.8% final response rate (Figure 4).

The Theoretical Framework

The study utilized the UTAUT as a theoretical framework for the research. The UTAUT
constructs explained 70% of the outcome variance of behavioral intetnion.®® The main constructs
of the model proposed to predict individuals’ BI to use technology, PE, EE, Sl and FC that play
the role of independent variables (Figure 1). Performance expectancy measures the participants’
beliefs in the usefulness and efficiency of teledentistry in the dental field. Effort expectancy
measures participants’ perception about the difficulty or ease of using teledentistry in dental
practice. Social influence measures the participants’ beliefs of the impact to significant others
such as: colleagues or employers concerning the use of teledentistry. Facilitating conditions
measures participants’ perception about the availability of enough infrastructure that supports the
use of teledentistry (Figure 1).%

The dependent variable in the proposed model was Bl which would measure participants’
intention to use teledentistry in their future dental practice. The intention was used as an outcome
instead of the actual use of teledentistry because the application of teledentistry services has not
been widely commercialized.*® Also, participants in this study were dental students who may not
have had previous clinical experience with teledentistry. Moreover, previous studies have shown
that Bl is a good representation of actual behavior.6%° Moderating effects of age, gender and
experience were not tested in this study.®?

Based on UTAUT model, this study aimed to test five hypotheses:
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e H1: Performance Expectancy is positively associated with dental students’ behavioral
intention to use teledentistry.
e H2: Effort Expectancy is positively associated with dental students’ behavioral
intention to use teledentistry.
e H3: Social Influence is positively associated with dental students’ behavioral
intention to use teledentistry.
e H5: Facilitating Conditions is positively associated with dental students’ behavioral
intention to use teledentistry.
e H5: Overall, the proposed UTAUT model significantly predicts dental students’
behavioral intention to use teledentistry.
Questionnaire and Instrument
The questionnaire covered four constructs measuring the UTAUT variables to predict
BI. The items of the survey were arranged in the order in which items that measure each
construct would be grouped. Participants were asked to report their response to PE (3 items),
perception of EE (4 items), perception about SI (3 items), and their belief about FC (4 items).
Three-statement items were used to measure the dependent variable (BI) such as “I intend to use
teledentistry in the next 6 months” (Table 10). Consistent with previous studies, the responses
were recorded using a five-point Likert scale (1= strongly disagree to 5 = strongly agree) in
which the higher score values would indicate a higher level of a construct, and a higher score of

the outcome (B1) indicating greater intention to use teledentistry. 368284

To ensure the validity of the survey, all questions were adopted with minimum
modification from the original instrument developed by Venkatesh et al.*® The original survey

also was validated and applied to previous studies based on the UTAUT model.36-38:84100.101 T
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main modification to the original instrument utilized by Venkatesh et al.3® was changing the
word “system” to teledentistry. To ensure clarity of the survey and content validity, research
experts reviewed the instrument for content validity, and reliability before dissemination. A
panel of four research experts with health services research, telehealth, and dental sciences from
the lead institution reviewed the questionnaire.

Data Analysis

Survey data were exported from the Qualtrics online database. For the purpose of
analysis, the Statistical Package for the Social Sciences Software (SPSS. Version 21.0) was used.
Cronbach’s alpha (o) was calculated to test reliability for the items’ scales. Reliability was tested
to ensure construct items were consistent with one another and to indicate how well the same
constructs were measured (Table 10). Simple linear regression was utilized to determine the
association between each construct and the outcome. To test the prediction of the whole model,
multiple linear regression was utilized to test the linear relationship between the dependent
variable (Bl) and the set of predictors (UTAUT constructs). The alpha level was set at 0.05 for
all analysis. Data preparation and assumption tests are presented in Appendix C.

Results

Descriptive statistics of the UTAUT constructs

Descriptive statistics (mean and standard deviations) were reported to explain and
describe the UTAUT constructs (Table 11). The value of each construct ranges from 1 to 5 (1=
strongly disagree, 5 = strongly agree). The mean for PE, EE and SI were higher than 3 and the
mean for FC was less than 3. The mean of Bl was 2.87 which shows a lower level of intention to

use teledentistry among the 4" year dental students (Table 11).
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Reliability assessment

Cronbach’s alpha was used to evaluate the consistency of the UTAUT construct items
and to identify how well items correlate with each other (Table 10). A reliability coefficient of
0.70 and above is considered to have an acceptable reliability. % Facilitating conditions construct
had the lower reliability score; however, it is within the acceptable reliability score (> 0.70). The
remaining scales had either good (> 0.80) or excellent (> 0.90) reliability (Table 10).2%? The
dependent variable (BI) was obtained from three survey items asking participants to score their
responses with statements focusing on their future intent to use teledentistry. The reliability test
for the BI was excellent (Cronbach alpha = 0.96).
Hypothesis testing and findings

To test the first four hypotheses, simple linear regression was performed to determine if
there was any significant relationship between each UTAUT construct and the dependent
variable of BI. The value of Pearson correlation coefficient was reported, and values ranged from
-1 to +1 indicating a positive or negative relationship between an independent variable and the

outcome.

The results supported the predictive utility of each UTAUT construct for dental students’
BI to use teledentistry. The results showed that there was a significant large positive association
between PE and dental students’ Bl to use teledentistry. The largest correlation efficiency
corresponded to PE (r = 0.57, p <0.01) (Table 12). Performance expectancy explained 33% of
the variance in Bl to use teledentistry (F (1, 208) = 99.98, R? = 0.33, p < 0.01). Also, the results
showed that there was a significant large positive association (r = 0.49, p < 0.01) between effort
expectancy EE and dental students’ Bl to use teledentistry. Effort expectancy explained 24% of

the variance in Bl to use teledentistry (F (1, 208) = 66.1, R? = 0.24, p < 0.01). Social influence
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showed a significant large positive association (r = 0.52, p < 0.01) with the dental students’ Bl to
use teledentistry. Social influence explained 27% of the variance in the Bl (F (1, 208) = 76.06,
R?=0.27, p < 0.01). Regarding FC, the results indicated that there was a significant medium
positive association (r = 0.38, p < 0.01) between FC and dental students’ Bl to use teledentistry.
Facilitating conditions explained 14% of the variance in the Bl to use teledentistry (F (1, 208) =

35.16, p < 0.01, R? = 0.15) (Table 12).

To test the whole model and assess the fifth hypothesis, multiple regression was
performed to investigate the overall correlation of the model to predict the outcome. The analysis
included all the UTAUT constructs (PE, EE, SI and FC). The behavioral intention was entered in
the dependent variable box.

Results testing showed that the overall UTAUT model could predict the Bl to use
teledentistry F (4, 202) = 32.88, R? = 0.40, p < 0 .01) and supported the fifth hypothesis. Results
of the regression indicated that the combined independent variables were able to explain 40% of
the variance in the dependent variable (BI) (Table 12).

Discussion

This study was conducted to determine factors associated with 4" year dental students’
Bl to accept and use teledentistry. All four constructs were found to be good predictors of the
acceptance of teledentistry technology, supporting all research hypotheses. Performance
expectancy had the strongest correlation, followed by Sl then EE and lastly, FC. Those
statistically significant relationships indicate the usefulness of the constructs in the UTAUT
model. Dental students’ Bl to use teledentistry is associated with their perception of the benefits

of teledentistry to their practice (PE), their perception of ease to use teledentistry (EE), their view
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of significant others concerning teledentistry (SI), and their perception of the availability of
infrastructures that support the use of teledentistry in dental practice (FC).

Participants tend to agree or strongly agree concerning the importance of the PE in their
future intention to use teledentistry. Of the UTAUT constructs, PE was the strongest factor in
predicting dental students’ Bl which explained 33% of the Bl variance. These results are
consistent with previous studies that found PE as the strongest predictor of the Bl to use
technological interventions compared to other constructs.®”#219 Basically, if dental students
believe that teledentistry is going to be advantageous and helpful in their practice, they will be
more motivated to use it. Similarly, Alaiad et al.*** found a significant association of PE among
patients’ adoption behavior of mobile health (M-Health). The UTAUT model was used by Liu et
al.%" to examine factors that influence the acceptance and Bl by occupational therapists in
Canada to use technology for rehabilitation services. They found that PE was the most important
predictor for determining occupational therapists’ acceptance and use of technologies (p =+
0.585, p <0.01).%"

Effort expectancy was directly correlated to Bl and could be an ideal predictor for dental
students’ acceptance and willingness to use teledentistry. If dental students perceive they can use
teledentistry easily with minimum effort, they may be more willing to use in practice. This
concept is in alignment with Sharifian et al.#2 who found that EE (B = 2.21, p < 0.01) was a
significant predictor of nurses’ B to use hospital information systems (HISs). Rho et al.*° also
found that EE (B = 0.227, p < 0.05) was a significant predictor of participants’ intention to utilize
telemedicine services. The more effort required when using and implementing technology, the
less likely it will be used.***** However, a study applied the UTAUT to predict nurses’

intention of using an electronic documentation system (EDS) and found that all the UTAUT
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constructs were significantly associated with the nurse’s Bl excluding EE which was not a
significant predictor.® This finding was also supported by Woo et al.*® who found that EE was
not associated with the adoption of telehealth by patients with heart failure. These results suggest
participants care mostly about the usefulness of the telehealth system rather than focusing on the

ease to use telehealth.

Social influence was significantly associated with Bl. Previous studies also found such a
relationship based on the UTAUT model.**#¢ Rho et al.*° reported that SI (B = 0.246, p < 0.05)
was a significant predictor of diabetic patients’ Bl to use telemedicine services. Liu et al.*® found
that university students’ perception of social influence on the use of a physical activity app had a
significant prediction on use. This significant relationship between Sl and Bl was found in
several previous studies.*?1941%5 Hence, these findings indicate that dental students believe that
employers or other influential peers would be an important factor to their intention to use
teledentistry.

Facilitating conditions was a positive significant predictor of dental students’ Bl to use
teledentistry. The association between FC and Bl was found to be less predictive (R? = 14%)
compared to the other UTAUT constructs. The finding suggests that dental students’ perception
about the availability of teledentistry infrastructure and support is not a strong factor of their
future intention to use teledentistry. Yet, facilitating conditions is still a significant factor
associated with a professional’s Bl in the healthcare industry.1% Our findings were consistent
with those of prior studies concerning the technological adoptions in healthcare.361% A study
conducted to identify predictors of the intention of healthcare professionals to use a new cloud
base health platform (CBHP) technology found FC as a significant factor related to intention to

accept and use CBHP.1% Asua et al.*® identified FC to be the most powerful predictor of medical
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professionals’ intention to use a telemonitoring system. Therefore, it was concluded that
participants are more likely to consider telehealth to be a helpful system if they believe that it has
a vigorous infrastructure to support the use of telehealth.®® Dental students viewed the existence
of teledentistry in dental institutions required to support the future use of teledentistry.

The overall proposed model (Figure 1) showed that the 4" year dental students’ Bl to use
teledentistry in their future practice was significantly predicted by all the UTAUT constructs.
Performance expectancy, effort expectancy, social influence and facilitating conditions explained
40% of the variance in the BI to use teledentistry. Even though the model was significant in
predicting the outcome, the predicted variance (40%) was lower than the original proposed
model by Venkatesh et al.*® which was able to predict 70% of the participants BI. Additionally,
another study reported that the UTAUT constructs explained 72% of the variance of Bl to use
hospital information system.®® A possible explanation for our lower prediction value is that
dental students may not have enough knowledge and sophistication of the use of teledentistry.
Perhaps teledentistry is not part of the curriculum in U.S. dental schools. Adding teledentistry
content to dental curricula is necessary to improve access to care and use in professional dental
care. Exposure and experiences to teledentistry while in dental education could increase the
likelihood of use in future practice. Our findings suggest that evidence from theory-based
research can enhance better understanding of the adoption of teledentistry, which could increase

the intention to use teledentistry in dental practice.

One of the main limitations of the study was that teledentistry is considered as an
innovative practice in dentistry. Teledentistry may not be introduced or be an integral part of the
predoctoral dental curriculum at many dental institutions and consequently, dental students and

dentists will not have adequate knowledge or experience using teledentistry. Moreover, the target
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population involved only 16 dental schools out of 66 dental schools in the United States limiting
external validity. Additionally, actual use of teledentistry was not measured. Instead, the study
investigated dental students’ future intention to use teledentistry. Finally, the response rate of this
study was low which might cause unequal variations among dental students regarding the
exposure to teledentistry and limit the generalizability of the study. Given these limitations, this
was the first study to use a theoretical framework to predict dental students’ future intention to
use teledentistry.

Further this study has educational and practice implications. Future research should
involve the current users and a comparison with non-users. Also, there is a need to address the
acceptance of teledentistry in dental education among dental program directors, their faculty, and
among dental professionals who use teledentistry. Furthermore, dental and allied dental
professionals who use teledentistry could be studied regarding satisfaction and benefits to
patients and professionals.

Conclusions

This study utilized the UTAUT model to add more evidence-based theory to the literature
to increase knowledge concerning the use and adoption of teledentistry. The current study
provided information about the factors that could be associated with dental students’ Bl to use
teledentistry based on the UTAUT model. Dental school directors and curriculum specialists
should consider the aspects of PE, EE, Sl, and FC and incorporate these in their teaching and
practice of teledentistry to increase utilization. Exposure to the teledentistry in dental schools
could increase use among dentists thereby, improving access to acute dental needs. However,
due to the small sample size and study’s limitations, further studies are needed to establish the

association among UTAUT constructs and dental students’ Bl to use teledentistry.
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Constructs

Items Cronbach’s ()

Performance Expectancy
(V)

Effort Expectancy (1V)

Social Influence (I1V)

Facilitating Conditions (1V)

Behavioral intention (DV)

PEZ1: I would find teledentistry useful in my job.
PE2: Using teledentistry will enable me to accomplish .85
tasks more quickly.

PE3: Using teledentistry will increase my productivity.

EE1: My interaction with teledentistry will be clear
and

understandable. 84
EE2: It would be easy for me to become skillful at
using

teledentistry.
EE3: I would find teledentistry easy to use.

EE4: Learning to operate teledentistry is easy for me.

SI1: People who influence my behavior think that |
should

use teledentistry. 86
SI2: People who are important to me think that I should

use teledentistry
SI3: In general, the institution has supported the use of

Teledentistry

FCL1: | have the resources necessary to use teledentistry

FC2: | have the knowledge necessary to use
teledentistry

FC3: Teledentistry is not compatible with other

systems | 11
use.

FC4: A specific person (or group) is available for

assistance with the teledentistry difficulties

BI1: I intend to use teledentistry in next 6 months.
BI2: | plan to use teledentistry in the next 6 months. .96

BI3: I predict I will use teledentistry in the next 6
months.

PE: Performance expectancy, EE: Effort expectancy, Sl: Social influence, FC: Facilitating conditions.



Table 11. Descriptive statistics of the UTAUT constructs

Variable Mean SD
Performance Expectancy 3.67 0.71
Effort Expectancy 3.57 .64
Social Influence 3.1 .78
Facilitating Conditions 2.98 .69
Behavioral Intention (DV) 2.87 1.01

DV: Dependent variable.

69
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Table 12. Correlation coefficients between behavioral intention and each UTAUT
constructs

Hypotheses UTAUT r R? P Hypothesis Results
H1 PE 0.57 33% <0.01 Supported
H2 EE 0.49 24% <0.01 Supported
H3 Sl 0.52 27% <0.01 Supported
H4 FC 0.38 14% <0.01 Supported
H5 The Model 0.63 40% <0.01 Supported

PE: Performance expectancy, EE: Effort expectancy, Sl: Social influence, FC: Facilitating conditions. UTAUT: The
unified theory of acceptance and use of technology.
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CHAPTER V

CONCLUSIONS

The overall purpose of the dissertation was to gain more knowledge about the barriers
that might impact future use of teledentistry among dental students. To achieve this purpose,
three interrelated studies were conducted. Teledentistry examinations were found to be valid,
feasible, and comparable to visual examination for oral screening. Teledentistry may be a
comparable tool to use for oral screenings especially for school-based programs, caries
assessments, referrals, and teleconsultations. However, there are barriers that could decrease the
adoption of teledentistry in dental practices that need to be investigated.

The dissertation is the first to investigate factors related to dental students’ Bl to use
teledentistry. Dental students are future dental care providers; therefore, they are the main
element in the adoption and implementation of teledentistry in clinical practice. It is incumbent
upon dental institutions to consider the importance of teledentistry in oral care and incorporate
the use of this technology in the educational curriculum. Findings from this dissertation assist in
understanding the barriers associated with the adoption of teledentistry and facilitate starting
points to integrate teledentistry into dental education. Even though there is growing evidence on
the validity and efficacy of teledentistry, studies that have investigated barriers to
implementation are limited.?04®

This dissertation utilized the UTAUT model to add more evidence-based theory to the
literature to increase knowledge concerning the use and adoption of teledentistry. The UTAUT
model helped to provide information about factors that could be associated with dental students’
BI to use teledentistry. Dental school directors and curriculum specialists should consider the

aspects of PE, EE, Sl, and FC and incorporate these in their teaching and practice of teledentistry
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to increase utilization. Exposure to teledentistry in dental schools could increase use among
dentists thereby, improving access to acute dental needs. However, due to the small sample size
and study limitations, further studies are needed to establish the association among UTAUT
constructs and dental students’ Bl to use teledentistry. Further theory-based research studies are

needed to better understand the adoption behavior among dental professionals.

In addition to further exploration on adoption behavior, a review and discussion
concerning accreditations standards for U.S. dental schools and teledentistry policies are
warranted. The CODA does not require use of teledentistry as a standard for dental programs.
However, general application of technologies in the educational environment are required.*
Graduates from dental schools should be able to apply emerging science and technology in their
clinical practice. Dental institutions must have a curriculum plan that incorporates clinical and
didactic technologies to support the education program in dental schools.®® In addition, the
CODA standards for patient care emphasize the use of evidence to assess new technologies that
would help in diagnosis and treatment decisions. Moreover, in some states, the use of
teledentistry is not legal and may limit the interest of dental schools to teach teledentistry. Thus,
further research should consider investigating how the states and dental schools’ policies might

impact the adoption of teledentistry.

Moreover, the main benefits of teledentistry are the cost-saving and increase access to
dental care for providers and patients. The cost of teledentistry examinations are found to be
lower than in-person examinations in both rural and urban areas.”® The University of Minnesota
established a teledentistry project by linking the dental centers in the university to the remote
areas.'! The teledentistry project saved the patients travel expenses, which would have resulted

in 250 miles round trip to the dental center.!! Moreover, a study by Wood at al.® aimed to
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evaluate telemedicine for oral and maxillofacial consultation over a 6-year period. The amount
saved by conducting consultation through the telemedicine system was considerable at
$134,640.° Further studies should investigate longitudinal cost-effectiveness of teledentistry
utilization for dental services. Additionally, teledentistry could provide more value, save time
and costs during disease outbreaks and pandemics.

In the current global pandemic outbreak of the Coronavirus disease 2019 (COVID-19),
teledentistry can play a pivotal role in providing dental consultations and education to patients
with non-urgent needs. Teledentistry can offer an additional protective layer during pandemics
by reducing contact among patients and dental staff for non-urgent dental needs. During the
COVID-19 pandemic, healthcare systems including dental professions face a higher expenditure
to overcome the need for supplies and personal protective equipment (PPE) to control the risk of
infection for patients and dental care workers. Thus, awareness among policymakers should arise
about considering teledentistry as a standard tool for care during and after pandemics to increase
access to patients and reduce operational costs of offices and clinics.

Further this dissertation has educational and practice implications. Additional research is
needed that examines the following groups: 1) Comparison of dental professionals currently
using teledentistry and experiences to professionals that do not use teledentistry. 2) Identify
dental schools that teach teledentistry and use the technology in clinical care. 3) Identify dental
hygiene educational programs/ schools that teach teledentistry and apply it in clinical care. 4)
Identify dental and allied dental professionals in clinical practices (private or public health
settings) that use of teledentistry to determine benefits and costs. 5) Identify a viable method to
obtain input from patients who have used teledentistry to gauge their satisfaction and perceived

benefits of the technology. Also, future research should consider a longitudinal study that
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investigates other barriers such as curriculum content related to dental students’ future utilization
of teledentistry. Additionally, there is a need to address the acceptance of teledentistry in dental

education among dental program directors and their faculty. Furthermore, teledentistry users who
use teledentistry could be studied regarding satisfaction and benefits to patients and professionals

from the user perspectives.

In addition, further studies should investigate the standardization of cameras, examiners,
settings, and type of statistical analyses to facilitate comparisons of teledentistry to in-person
examination. Further research is essential to examine the accuracy of using live video in
conjunction with photo conferencing for dental diagnosis and consultation. There are limited
studies that investigated the use of video conferencing for dental purposes. Still, further
investigation is needed to enhance the quality of images to improve the validity of teledentistry
as the quality of the images play a vital role in delivering accurate diagnoses. The present
dissertation suggests that more investigations are needed to examine the validity of teledentistry

using a variety of technology and software platforms within different settings and populations.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

75

REFERENCES

Koch S. Home telehealth—current state and future trends. Int J Med Inform.
2006;75(8):565-576.

Ruggiero C, Sacile R, Giacomini M. Home telecare. J Telemed Telecare. 1999;5(1):11-
17.

Wittson CL, Affleck DC, Johnson V. Two-way television in group therapy. Psychiat
Serv. 1961;12(11):22-23.

Wilson LS, Maeder AJ. Recent directions in telemedicine: review of trends in research
and practice. Healthc Inform Res. 2015;21(4):213-222.

Perednia DA, Allen A. Telemedicine technology and clinical applications. JAMA.
1995;273(6):483-488.

Jue JS, Spector SA, Spector SA. Telemedicine broadening access to care for complex
cases. J Surgl Res. 2017; 220:164-170.

Mair F, Whitten P. Systematic review of studies of patient satisfaction with
telemedicine. BMJ. 2000;320(7248):1517-1520.

Marino R, Tonmukayakul U, Manton D, Stranieri A, Clarke K. Cost-analysis of
teledentistry in residential aged care facilities. J Telemed Telecare. 2015;22(6):326-332.
Wood EW, Strauss RA, Janus C, Carrico CK. Telemedicine Consultations in Oral and
Maxillofacial Surgery: A Follow-Up Study. J Oral and Maxillofac Surg.
2016;74(2):262-268.

Estai M, Kanagasingam Y, Tennant M, Bunt S. A systematic review of the research
evidence for the benefits of teledentistry. J Telemed Telecare. 2018;24(3):147-156.
Fricton J, Chen H. Using teledentistry to improve access to dental care for the
underserved. Dental Clinics. 2009;53(3):537-548.

Viegas SF, Dunn K. Telemedicine: Practicing in the information age. Lippincott
Williams & Wilkins; 1998.

Boringi M, Waghray S, Lavanya R, et al. Knowledge and awareness of teledentistry
among dental professionals - A cross sectional study. J Clin Diagnostic Res.
2015;9(8):Zc41-44.

Chen J-W, Hobdell MH, Dunn K, Johnson KA, Zhang J. Teledentistry and its use in
dental education. Journal Am Dent Assoc. 2003;134(3):342-346.

Clark GT. Teledentistry: what is it now, and what will it be tomorrow? J Calif Dent
Assoc. 2000;28(2):121-127.

Irving M, Stewart R, Spallek H, Blinkhorn A. Using teledentistry in clinical practice as
an enabler to improve access to clinical care: A qualitative systematic review. J
Telemede Telecare. 2018;24(3):129-146.

Mulu W, Demilie T, Yimer M, Meshesha K, Abera B. Dental caries and associated
factors among primary school children in Bahir Dar city: a cross-sectional study. BMC
Research Notes. 2014;7(1):949.

Worl Health Organization. What is the burden of oral disease?
https://www.who.int/oral_health/disease_burden/global/en/. Published n.d. Accessed
January 3, 2017.

Fleming E, Afful J. Prevalence of total and untreated dental caries among youth: United
States, 2015-2016. NCHS Data Breif. 2018;(307).

Dils ES, Lefebvre C, Abeyta K. Teledentistry in the United States: a new horizon of
dental care. Int J Dent Hyg. 2004;2(4):161-164.



21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

76

McFarland KK, Nayar P, Chandak A, Gupta N. Formative evaluation of a teledentistry
training programme for oral health professionals. Eur J Dent Educ. 2018;22(2):109-114.
Giuse DA, Kuhn KA. Health information systems challenges: the Heidelberg conference
and the future. Int J Med Inform. 2003;69(2/3):105.

Broens TH, Huis in't Veld RM, Vollenbroek-Hutten MM, Hermens HJ, van Halteren
AT, Nieuwenhuis LJ. Determinants of successful telemedicine implementations: a
literature study. J Telemed Telecare. 2007;13(6):303-3009.

Daniel SJ, Lin W, Kumar S. Teledentistry: A Systematic Review of Clinical Outcomes,
Utilization and Costs. J Dent Hyg. 2013;87(6):345-352.

Estai M, Kanagasingam Y, Xiao D, et al. A proof-of-concept evaluation of a cloud-
based store-and-forward telemedicine app for screening for oral diseases. J Telemed
Telecare. 2015;22(6):319-325.

Wheeler T. Smile for the camera: telemedicine comes to your local dentist's office.
Telemed Today. 1999;7(1):14-15, 42.

Health Resources and Services Administration (HRSA) US. Department of Health &
Human Services. Health professional shortage areas statistics. Bureau of Health
Workforce. 2019.

Vargas CM, Ronzio CR, Hayes KL. Oral health status of children and adolescents by
rural residence, United States. J Rural Health. 2003;19(3):260-268.

Allukian Jr M. The neglected epidemic and the surgeon general’s report: a call to action
for better oral health. Amer J Health Assoc. 2008;(9):S82-S85.

Skillman SM, Doescher MP, Mouradian WE, Brunson DK. The challenge to delivering
oral health services in rural America. J Pub Health Dent. 2010;70:S49-S57.
Ogunbodede EO, Kida IA, Madjapa H, et al. Oral health inequalities between rural and
urban populations of the African and Middle East region. Advanc Dent Res.
2015;27(1):18-25.

Patel RN, Antonarakis GS. Factors influencing the adoption and implementation of
teledentistry in the UK, with a focus on orthodontics. Community Dent Oral Epidemiol.
2013;41(5):424-431.

Namakian M, Subar P, Glassman P, Quade R, Harrington M. In-person versus virtual
dental examination: congruence between decision-making modalities. J Calif Dent
Assoc. 2012;40(7):587-595.

Wills MJ, El-Gayar OF, Bennett D. Examining healthcare professionals’ acceptance of
electronic medical records using UTAUT. Issues in Information Systems. 2008;9(2):396-
401.

Flores-Mir C, Palmer NG, Northcott HC, Khurshed F, Major PW. Perceptions and
attitudes of Canadian dentists toward digital and electronic technologies. J Can Dent
Assoc. 2006;72(3):243.

Asua J, Orruiio E, Reviriego E, Gagnon MP. Healthcare professional acceptance of
telemonitoring for chronic care patients in primary care. BMC Med Inform Decis Mak.
2012;12(1):139.

Liu L, Miguel Cruz A, Rios Rincon A, Buttar V, Ranson Q, Goertzen D. What factors
determine therapists’ acceptance of new technologies for rehabilitation—a study using the
Unified Theory of Acceptance and Use of Technology (UTAUT). Disabil Rehabil.
2015;37(5):447-455.



38.

39.

40.

41.

42.

43.

44,

45.

46.

471.

48.

49,

50.

51.

52.

53.

54,

55.

77

Venkatesh V, Morris MG, Davis GB, Davis FD. User acceptance of information
technology: toward a unified view. MIS Q. 2003;27(3):425-478.

Davis FD. Perceived usefulness, perceived ease of use, and user acceptance of
information technology. MIS Q. 1989:319-340.

Rho MJ, Kim HS, Chung K, Choi Y. Factors influencing the acceptance of
telemedicine for diabetes management. Cluster Comput. 2015;18(1):321-331.

Tavares J, Oliveira T. Electronic health record portal adoption: a cross country analysis.
BMC Med Inform Decis Mak. 2017;17(1):97.

Ahmadi M, Mehrabi N, Sheikhtaheri A, Sadeghi M. Acceptability of picture archiving
and communication system (PACS) among hospital healthcare personnel based on a
unified theory of acceptance and use of technology. Electron Physician. 2017;9(9):5325.
Hu PJ, Chau PY, Sheng ORL, Tam KY. Examining the technology acceptance model
using physician acceptance of telemedicine technology. J Manag Inf Syst.
1999;16(2):91-112.

Jahanbakhsh M, Nazemi Z, Mohammadi F, Hasanzadeh A. A study of picture archiving
and communication system adoption in one hospital: Applying the unified theory of
acceptance and use of technology model. J Educ Health Promot. 2018;7.

Chang I-C, Hwang H-G, Hung W-F, Li Y-C. Physicians’ acceptance of
pharmacokinetics-based clinical decision support systems. Expert Syst Appl.
2007;33(2):296-303.

Liu D, Maimaitijiang R, Gu J, et al. Using the unified theory of acceptance and use of
technology (UTAUT) to investigate the intention to use physical activity apps: Cross-
sectional survey. JMIR Mhealth Uhealth. 2019;7(9):e13127.

HealthyPeople 2020. U.S. Department of Health and Human Services, Office of Disease
Prevention and Health Promotion. Washington, DC 9 Sep, 2018-2020.

Alabdullah JH, Daniel SJ. A systematic review on the validity of teledentistry. Telemed
J E Health. 2018;24(8):639-648.

Abbey LM, Zimmerman JL. Dental informatics: integrating technology into the dental
environment. Springer Science & Business Media; 2012.

Daniel SJ, Kumar S. Teledentistry: A key component in access to care. J Evid Based
Dent Pract. 2014;14:201-208.

Lustig TA, Institute of M. The Role of Telehealth in an Evolving Health Care
Environment : Workshop Summary. Washington, D.C.National Academies Press; 2012.
Whitten PS, Mair FS, Haycox A, May CR, Williams TL, Hellmich S. Systematic review
of cost effectiveness studies of telemedicine interventions. BMJ. 2002;324(7351):1434-
1437.

Marifio R, Ghanim A. Teledentistry: a systematic review of the literature. J Telemed
Telecare. 2013;19(4):179-183.

Ines Meurer M, Caffery LJ, Bradford NK, Smith AC. Accuracy of dental images for the
diagnosis of dental caries and enamel defects in children and adolescents: A systematic
review. J Telemed Telecare. 2015;21(8):449-458.

Whiting P, Rutjes AW, Reitsma JB, Bossuyt PM, Kleijnen J. The development of
QUADAS: atool for the quality assessment of studies of diagnostic accuracy included
in systematic reviews. BMC Med Res Methodol. 2003;3(1):25.



56.

S7.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

78

Adhia DB, Bussey MD, Ribeiro DC, Tumilty S, Milosavljevic S. Validity and reliability
of palpation-digitization for non-invasive kinematic measurement - a systematic review.
Man Ther. 2013;18(1):26-34.

Kopycka-Kedzierawski DT, Billings RJ. Comparative effectiveness study to assess two
examination modalities used to detect dental caries in preschool urban children. Telemed
e-Health. 2013;19(11):834-840.

Mandall NA, O'Brien KD, Brady J, Worthington HV, Harvey L. Teledentistry for
screening new patient orthodontic referrals. Part 1: A randomised controlled trial. Br
Dent J. 2005;199(10):659-662.

Morosini Ide A, de Oliveira DC, Ferreira Fde M, Fraiz FC, Torres-Pereira CC.
Performance of distant diagnosis of dental caries by teledentistry in juvenile offenders.
Telemed J E Health. 2014;20(6):584-589.

Kopycka-Kedzierawski DT, Billings RJ, McConnochie KM. Dental screening of
preschool children using teledentistry: a feasibility study. Paediatr Dent.
2007;29(3):209-213.

Amavel R, Cruz-Correia R, Frias-Bulhosa J. Remote diagnosis of children dental
problems based on non-invasive photographs - a valid proceeding? Stud Health Technol
Inform. 2009;150:458-462.

Jacobs MJE, Edmondson MJ, Lowry JC. Accuracy of diagnosis of fractures by
maxillofacial and accident and emergency doctors using plain radiography compared
with a telemedicine system: A prospective study. Br J Oral Maxillofac Surg.
2002;40(2):156-162.

Estai M, Kanagasingam Y, Huang B, et al. The efficacy of remote screening for dental
caries by mid-level dental providers using a mobile teledentistry model.

Community Dent Oral Epidemiol. 2016;44(5):435-441.

Brullmann D, Schmidtmannt I, Warzecha K, d’Hoedt B. Recognition of root canal
orifices at a distance -- a preliminary study of teledentistry. J Telemed Telecare.
2011;17(3):154-157.

Kimberlin CL, Winterstein AG. Validity and reliability of measurement instruments
used in research. Am J Health Syst Pharm. 2008;65(23):2276-2284.

Duka M, Mihailovi¢ B, Miladinovi¢ M, Jankovi¢ A, Vujici¢ B. Evaluation of
telemedicine systems for impacted third molars diagnosis. Vojnosanit Pregl.
2009;66(12):985-991.

Daniel S, Kumar S. Comparison of dental hygienists and dentists: clinical and
teledentistry identification of dental caries in children. Int J Dent Hyg. 2017;15(4):e143-
el48.

Sheiham A. Oral health, general health and quality of life. B World Health Organ. 2005;
83 (9) 644-644.

Dye BA, Tan S, Smith V, et al. Trends in oral health status; United States, 1988-1994
and 1999-2004. Vital Health Stat. 2007;11 (248).

Scuffham PA, Steed M. An economic evaluation of the Highlands and Islands
teledentistry project. J Telemed Telecare. 2002;8(3):165-177.

Berndt J, Leone P, King G. Using teledentistry to provide interceptive orthodontic
services to disadvantaged children. Am J Orthod Dentofacial Orthop. 2008;134(5):700-
706.



72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

79

Vafio-Galvan S, Hidalgo A, Aguayo-Leiva I, et al. Store-and-forward teledermatology:
assessment of validity in a series of 2000 observations. Actas Dermo-Sifiliogréficas.
2011;102(4):277-283.

Forgie A, Pine C, Pitts N. The assessment of an intra-oral video camera as an aid to
occlusal caries detection. Int Dent J. 2003;53(1):3-6.

Erten H, Uctasli M, Akarslan Z, Uzun O, Baspinar E. The assessment of unaided visual
examination, intraoral camera and operating microscope for the detection of occlusal
caries lesions. Operative Dentistry. 2005;30(2):190-194.

Summerfelt FF. Teledentistry-Assisted, Affiliated Practice for Dental Hygienists: An
Innovative Oral Health Workforce Model. J Dent Educ. 2011;75(6):733-742.

Estai M, Bunt S, Kanagasingam Y, Kruger E, Tennant M. Diagnostic accuracy of
teledentistry in the detection of dental caries: a systematic review. J Evid Based Dent
Pract. 2016;16(3):161-172.

Kopycka-Kedzierawski DT, Billings RJ, McConnochie KM. Dental screening of
preschool children using teledentistry: a feasibility study. Pediatr Dent. 2007;29(3):209-
213.

Mandall NA, O'Brien KD, Brady J, Worthington HV, Harvey L. Teledentistry for
screening new patient orthodontic referrals. Part 1: A randomised controlled trial. Br
Dent J. 2005;199(10):659-662.

Brullmann D, Schmidtmann I, Warzecha K, d'Hoedt B. Recognition of root canal
orifices at a distance - a preliminary study of teledentistry. J Telemed Telecare.
2011;17(3):154-157.

Subbalekshmi T, Anandan V, Apathsakayan R. Use of a Teledentistry-based Program
for Screening of Early Childhood Caries in a School Setting. Cureus. 2017;9(7):e1416.
Ignatius E, Makela K, Happonen R-P, Peréla S. Teledentistry in dental specialist
education in Finland. J Telemed Telecare. 2006;12(3_suppl):46-49.

Sharifian R, Askarian F, Nematolahi M, Farhadi P. Factors influencing nurses'
acceptance of hospital information systems in Iran: application of the Unified Theory of
Acceptance and Use of Technology. Health Inf Manag. 2014;43(3):23-28.

Chang I-C, Hsu H-M. Predicting medical staff intention to use an online reporting
system with modified unified theory of acceptance and use of technology. Telemed J E
Health. 2012;18(1):67-73.

Hennemann S, Beutel ME, Zwerenz R. Ready for eHealth? Health professionals’
acceptance and adoption of eHealth interventions in inpatient routine care.

J Health Commun. 2017;22(3):274-284.

Hossain N, Yokota F, Sultana N, Ahmed A. Factors influencing rural end-users'
acceptance of e-health in developing countries: a study on portable health clinic in
bangladesh. Telemed J E Health. 2019;25(3):221-229.

de Veer AJ, Peeters JM, Brabers AE, Schellevis FG, Rademakers JJJ, Francke AL.
Determinants of the intention to use e-Health by community dwelling older people.
BMC Health Serv Res. 2015;15(1):103.

Menachemi N, Brooks RG. EHR and other IT adoption among physicians: results of a
large-scale statewide analysis. Health Inf Manag. 2006;20(3):79.

Brodt A, Stronge J. Nurses’ attitudes toward computerization in a Midwestern
community hospital. Comput Nurs. 1986;4(2):82-86.



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

80

Yu P, Li H, Gagnon M-P. Health IT acceptance factors in long-term care facilities: a
cross-sectional survey. In J Med Inform. 2009;78(4):219-229.

Steininger K, Stiglbauer B. EHR acceptance among Austrian resident doctors. Health
Policy Technol. 2015;4(2):121-130.

Yang H-d, Yoo Y. It's all about attitude: revisiting the technology acceptance model.
Decis Support Syst. 2004;38(1):19-31.

Taylor S, Todd P. Assessing IT usage: The role of prior experience. MIS Q. 1995:561-
570.

Commission of Dental Accreditation (CODA). Accreditation standards for dental
education programs. American Dental Association.
https://www.ada.org/~/media/CODA/Files/Predoc_Standards_July2020.pdf?la=en.
Published 2020. Accessed 6/01/2020, 2020.

Cilliers L, Viljoen KL-A, Chinyamurindi WT. A study on students’ acceptance of
mobile phone use to seek health information in South Africa. Health Inf Manag J.
2018;47(2):59-609.

Eley R, Fallon T, Soar J, Buikstra E, Hegney D. The status of training and education in
information and computer technology of Australian nurses: a national survey. J Clin
Nurs. 2008;17(20):2758-2767.

Davis FD, Bagozzi RP, Warshaw PR. User acceptance of computer technology: A
comparison of two theoretical models. Management Science. 1989;35(8):982-1003.
Alabdullah JH, Van Lunen BL, Claiborne DM, Daniel SJ, Yen CJ, Gustin TS.
Application of the unified theory of acceptance and use of technology model to predict
dental students’ behavioral intention to use teledentistry. J Dent Educ. 2020.

Woo K, Dowding DW. Decision-making factors associated with telehealth adoption by
patients with heart failure at home: A qualitative study. CIN:Comput Inform Nurs. 2020;
38(4): 204-214.

Eccles MP, Hrisos S, Francis J, et al. Do self-reported intentions predict clinicians'
behaviour: a systematic review. Implement Sci. 2006;1(1):28.

Bhattacherjee A, Hikmet N. Physicians' resistance toward healthcare information
technology: a theoretical model and empirical test. Eur J Inf Syst. 2007;16(6):725-737.
Hoque R, Sorwar G. Understanding factors influencing the adoption of mHealth by the
elderly: An extension of the UTAUT model. Int J Med Inform. 2017;101:75-84.
George D, Mallery P. SPSS for Windows step by step: A simple guide and reference.
11.0 update. 2003. In: Boston: Allyn & Bacon; 2016.

Ifinedo P. Technology acceptance by health professionals in Canada: An analysis with a
modified UTAUT model. Paper presented at: 2012 45th Hawaii International
Conference on System Sciences. |IEEE. 2012;2937-2946.

Alaiad A, Alsharo M, Alnsour Y. The determinants of m-health adoption in developing
countries: An empirical investigation. Appl Clin Inform. 2019;10(5):820-840.

Ibrahim S, Donelle L, Regan S, Sidani S. Predicting Registered Nurses' Behavioural
Intention to Use Electronic Documentation system in home care: Application of an
adapted Unified Theory of Acceptance and Use of Technology Model. Nurs Leadersh
(Tor Ont). 2019;32(2):48-70.

Idoga PE, Toycan M, Nadiri H, Celebi E. Assessing factors militating against the
acceptance and successful implementation of a cloud based health center from the



healthcare professionals' perspective: a survey of hospitals in Benue state, northcentral
Nigeria. BMC Med Inform Decis Mak. 2019;19(1):34.

81



82

APPENDICES

Appendix A
The Online Survey
Opening Page

The purpose of this questionnaire is to obtain knowledge, perceptions, and intention of 4" year
pre-doctoral dental students’ application of telehealth in dental practices (Teledentistry) in order
to determine future utilization of the technology in their dental practices.

Definition of telehealth in dental practice (Teledentistry):

Teledentistry/telehealth is a combination of telecommunication technology and dentistry
involving the exchange of clinical information, electronic medical records, videos, images, and
radiographs over remote distances for dental consultation and treatment planning (1). An
example of telehealth in dentistry is using an intraoral camera to take images of a lesion and
sending it to a specialist for consultation.

Note: this survey will use the term “Teledentistry” which refers to the use of telehealth in dental

practice.
Please answer the following questions (it should only take 5 — 7 minutes)

Part: 1 Demographic characteristics

1- Age

2- Gender:
o Male
o Female
o Prefer not to answer

3- Ethnicity:

American Indian/Alaska Native
Asian

Black/African American

Native Hawaiian/ pacific Islander
White

Other

O O O O O O

4- Select the degrees you acquired before entering dental school. Please indicate the
major area of study.
o B.A.
o B.S.
o MA.
o M.S.
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o Ed.D.
o Ph.D.
o Other

5- Your current dental institution is:
o Public
o Private

6- The geographic area of your dental institution is:
o Urban (>3,000 people per square mile)
o Suburban (1,000 — 3,000 people per square mile)
o Rural (<1,000 people per square mile)

7- Select all of the following methods in which you have been introduced to
telehealth for oral care (teledentistry).

Course Lectures

Seminar

Continuing Education

Simulation

Clinical Experience in the dental school

Community/Public dental health rotation

Self-learning (reading in journal articles, textbooks. etc.)

Other

No previous experience

O O O O O O O O O

8- Have you ever been a patient when telehealth techniques were used either in
dentistry or healthcare?
o Yes
o No

Part 2: The participants’ perceptions of telehealth applications for oral care (teledentistry).
In the next section, please answer the questions based on your perceptions as it relates
to your future telehealth application in dental practice.

To what extent do you agree with the following statements? Please select one of the
following answers (Strongly disagree, Disagree, Neutral, Agree, Strongly disagree)
Construct # Item SAAD N A SD

9 I 'would find teledentistry useful in my job.

Performance 10 Using teledentistry will enable me to accomplish
Expectancy tasks more quickly

11 Using teledentistry will increase my productivity




Effort
Expectancy

Social Influence

Facilitating
Conditions

12

14
15

16

17

18

21

22

23

24

My interaction with teledentistry will be clear and
understandable

It would be easy for me to become skillful at
using teledentistry

| would find teledentistry easy to use

Learning to operate teledentistry is easy for me

People who influence my behavior think that |
should use teledentistry.

People who are important to me think that |
should use teledentistry

In general, the institution has supported the use of
teledentistry

| have the resources necessary to use teledentistry

I have the knowledge necessary to use
teledentistry

Teledentistry is not compatible with other
systems | use.

A specific person (or group) is available for
assistance with the teledentistry difficulties.

84

Please answer the following questions as if you have taken your first position.

Construct

Behavioral
Intention (DV)

#

25
26
27

Item
| intend to use teledentistry in next 6 months
| plan to use teledentistry in the next 6 months

| predict | will use teledentistry in the next 6
months.

SA D N A SD



Appendix B

Participating dental school list and class size

#  Dental School Name States Class Size
1 University of Kentucky College of Dentistry KY 58
2  University of Detroit Mercy School of

Dentistry MI 144
3 Tufts University School of Dental Medicine MA 230
4 Western University of Health Sciences

College of Dental Medicine CA 68
5  University of Tennessee College of Dentistry TN 100
6  University of Utah School of Dentistry uT 27
7  Texas A&M University College of Dentistry ~ TX 100
8  The University of Texas School of Dentistry at

Houston X 100
9  University of Pittsburgh School of Dental

Medicine PA 85
10 West Virginia University School of Dentistry WV 46
11 University of California at San Francisco

School of Dentistry CA 110
12 University of North Carolina at Chapel Hill

School of Dentistry NC 84
13 East Carolina University School of Dental

Medicine NC 50
14 University of Missouri Kansas City School of

Dentistry MO 109
15 Meharry Medical College School of Dentistry TN 60
16 Stony Brook University School of Dental

Medicine NY 45
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Appendix C
Assumptions Testing and Data Preparation

For all the data analysis, the confidence level was established at 95% and alpha was set at
0.05. Before conducting the analysis, data were assessed to make sure it did not violate the
assumptions for the regression analysis (multiple regression and linear regression). The
assumptions included Normality, Linearity, Outliers, Homoscedasticity, Independence and
Multicollinearity. The data were tested for normality utilizing the Z-test using kurtosis and
skewness. The Z score is calculated by dividing skewness or kurtosis value by their standard
errors. For the medium sample size (50< n <300), the Z score should be between + 3.92, and
alpha level at .05 to fail to reject the null hypothesis of normality and conclude the sample is
normally distributed. Most of the variables have Z scores lower than 3.29 and were normally
distributed. To check the linearity between the predictor variables and the outcome, a scatterplot
using SPSS was checked for each predictor and the outcome. The scatterplot charts should show
linear trend between independent variables and the outcome. Homoscedasticity was assessed
using the scatterplot of the unstandardized predicted value against standardized deleted residuals.
Predictors residual should not make a trend, decrease, or increase across the predicted outcome
to meet the assumption. Only one predictor (age) violated the homoscedasticity assumption. To
check the observation independence assumption, the Durbin-Watson statistic test was used, and
the test results range from 0 to 4 where a score of 2 indicates variable independency with no
autocorrelation between residuals. Durbin-Watson values in the range of 1.5 to 2.5 are
considered normal, all the variable values were in the normal range. The variance Inflation
Factor (VIF) was utilized to test the multicollinearity assumptions for the multiple regression

model. All the VIF values were less than 10 which indicates no concern about multicollinearity.
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