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Abstract
Teledentistry is an innovative technology that can be used to improve access to
care and oral health outcomes. Dental students’ intention to use teledentistry
after completing dental school has not been investigated.
Purpose: The unified theory of acceptance and use of technology (UTAUT) was
used to predict intentions to use teledentistry among 4th-year U.S. dental stu-
dents.
Methods: A cross-sectional approach was performed for a 7-week period in
Spring 2019. All U.S. dental schools (N = 66) were invited to participate and 16
schools agreed to participate. An anonymous survey link was emailed to aca-
demic deans for dissemination to students. A total of 1416 4th-year dental stu-
dents received the anonymous survey link and 210 students completed the survey
(response rate= 14.8%). The survey included questions and scales that measured
the UTAUT constructs of performance expectancy (PE), effort expectancy (EE),
social influence (SI), facilitating conditions (FC), and behavioral intentions (BI).
Data were analyzed using SPSS version 24. The study was deemed exempt by
institutional review board.
Results: The dental students’ BI to use teledentistry was significantly predicted
by PE (R2 = 33%, P < 0.01), EE (R2 = 24%, P < 0.01), SI (R2 = 24%, P < 0.01),
and FC (R2 = 14%, P < 0.01). The UTAUT model was statistically significant in
predicting the BI and explained 40% of BI variance (R2 = .40, P < 0.01).
Conclusions: Dental students’ perceptions about PE, EE, SI, and FC were asso-
ciated with BI. Therefore, exposure to teledentistry while in dental school could
increase the likelihood of use as a practicing provider.

KEYWORDS
dental education, technology acceptance model, teledentistry, telehealth, underserved popula-
tions
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2 ALABDULLAH et al

1 INTRODUCTION

The rapid development of information technology (IT)
offers a new avenue for addressing challenges health-
care systems encounter, such as access to health care.1,2
IT has been rapidly integrated into healthcare systems
to address accessibility and delivery of care challenges
to remote communities.1 Telemedicine, or telehealth, is
a good example of using IT for medical and dental ser-
vices. Telehealth can be broadly defined as the exchange
of medical information from one place to another via elec-
tronic communication in order to improve health con-
ditions of patients.3 Telehealth exchanges secure infor-
mation using applications, such as video, smartphones,
email, pictures, and any other communication system
technologies.4 Telehealth technology increases access to
health services, reduces costs of healthcare treatment, and
equipment.5-7 In addition, telehealth has been found to
enhance the quality and efficiency of healthcare services
by increasing utilization.8,9
The use of telehealth in dentistry is known as

teledentistry.10,11 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.12,13 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.12,14 Although previous studies have
confirmed the validity and effectiveness of teledentistry
for dental diagnosis,9,15 the adoption of teledentistry is
still limited in United States. Teledentistry, as a new
technological modality, has not been as widely accepted in
dentistry as telehealth and telemedicine have by medical
professionals.16,17
User acceptance of IT is a critical factor in the successful

implementation of this new healthcare modality.18 One of
themain reasons for the failure of implementation of tech-
nology is an insufficient understanding of how individu-
als accept IT.19 Thus, assessment of the association of the
social-psychological aspect with the adoption or intention
to use a technological system is a key factor.20 Hu et al.20
found that physicians’ acceptance of telemedicine is a very
important factor in the implementation and utilization of
this technology in the healthcare system. Thus, under-
standing 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 health care.21-23 One of the main models utilized to

assess individuals’ acceptance of a new technological sys-
tem is the unified theory of acceptance and use of tech-
nology (UTAUT) presented by Venkatesh (2003).24 The
UTAUT model seeks to explain individuals’ intentions to
use IT from 4 main variables which are: performance
expectancy (PE), effort expectancy (EE), social influence
(SI), and facilitating conditions (FC).24 A study conducted
by Sharifian et al.23 utilized the UTAUT model to inves-
tigate factors associated with nurses’ acceptance of using
information systems. The study found that the UTAUT
constructs were significantly predicted the nurses’ inten-
tions to use the hospital information system and themodel
explained 72.8% of their intentions’ variance.23 Utilizing
the UTAUT model to predict behavioral intentions (BI)
has been investigated in various settings in health care,
such as telerehabilitation technology,25 electronic medical
record,26 telemonitoring,22 eHealth interventions,27 and
telehealth.28
To our knowledge, research is not available surrounding

the application of a theory-based approach to understand
the acceptance and BI 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 UTAUTmodel to predict 4th-year
dental students’ BI regarding teledentistry use.We hypoth-
esized that each UTAUT construct and the whole model
would significantly predict dental students’ BI to use tele-
dentistry.

2 METHODS

Permission to conduct the study was obtained from the
Human Subject Institutional Review Board of the Uni-
versity (IRBNet ID: 1387448-2). An observational cross-
sectional approach was performed for a 7-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 to determine factors associated with
4th-year dental students’ intention to use teledentistry in
the United States.

2.1 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, and all institutions were invited to participate.
After sending invitations to the deans of 66 U.S. dental
schools, 16 schools agreed to participate. The anony-
mous questionnaire link was sent to academic deans
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F IGURE 1 The proposed research model.

for dissemination to their 4th-year dental students. An
electronic survey was developed through Qualtrics tool
(www.qualtrics.com), and the survey link was distributed
to a total of 1416 dental students. To promote completion
of the survey and ensure adequate response rate, 10
Amazon gift cards ($50) 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.

2.2 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 BI.24 The main constructs of the
model proposed to predict individuals’ BI to use technol-
ogy, that is, PE, EE, SI, and FC, play the role of independent
variables (Figure 1). PE measures the participants’ beliefs
in the usefulness and efficiency of teledentistry in the den-
tal field. EE measures participants’ perception about the
difficulty or ease of using teledentistry in dental practice.
SI measures the participants’ beliefs of the impact to sig-
nificant others, such as colleagues or employers, concern-
ing the use of teledentistry. FC measures participants’ per-
ception about the availability of enough infrastructure that
supports the use of teledentistry.24 (Figure 1).
The dependent variable in the proposed model was

“behavioral intentions,” which would measure partici-
pants’ intention to use teledentistry in their future den-
tal 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.21 Also, participants in this study were
dental students who may not have had previous clinical
experience with teledentistry. Moreover, previous studies
have shown that BI is a good representation of actual
behavior.22,29 Moderating effects of age, gender, and expe-
rience were not tested in this study.23
Based on the UTAUT model, this study aimed to test 5

hypotheses:

∙ H1: PE is positively associated with dental students’ BI
to use teledentistry.

∙ H2: EE is positively associated with dental students’ BI
to use teledentistry.

∙ H3: SI is positively associated with dental students’ BI to
use teledentistry.

∙ H5: FC is positively associated with dental students’ BI
to use teledentistry.

∙ H5: Overall, the proposed UTAUT model significantly
predicts dental students’ BI to use teledentistry.

2.3 Questionnaire and instrument

The questionnaire covered 4 constructs measuring the
UTAUT variables to predict BI (Figure 1). The items of the
surveywere arranged in the order inwhich items thatmea-
sure 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 itemswere used
to measure the dependent variable (BI), such as “I intend
to use teledentistry in the next 6 months” (Table 1). Con-
sistent with previous studies, the responses were recorded

ADEA I THE VOICE OF _l_ 
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4 ALABDULLAH et al

TABLE 1 UTAUT constructs and its measuring scale items

Constructs Items Cronbach’s (α)
Performance expectancy (IV) PE1: I would find teledentistry useful in my job.

PE2: Using teledentistry will enable me to accomplish tasks more quickly.
PE3: Using teledentistry will increase my productivity.

.85

Effort expectancy (IV) EE1: My interaction with teledentistry will be clear and understandable.
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.

.84

Social influence (IV) SI1: People who influence my behavior think that I should use teledentistry.
SI2: People who are important to me think that I should use teledentistry.
SI3: In general, the institution has supported the use of teledentistry.

.86

Facilitating conditions (IV) FC1: I have the resources necessary to use teledentistry.
FC2: I have the knowledge necessary to use teledentistry.
FC3: Teledentistry is not compatible with other systems I use.
FC4: A specific person (or group) is available for assistance with the
teledentistry difficulties.

.71

Behavioral intention (DV) BI1: I intend to use teledentistry in next 6 months.
BI2: I plan to use teledentistry in the next 6 months.
BI3: I predict I will use teledentistry in the next 6 months.

.96

BI, behavioral intention; DV, dependent variable; EE, effort expectancy; FC, facilitating conditions; IV, independent variable; PE, performance expectancy; SI,
social influence.

using a 5-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 (BI) indicating greater intention to use
teledentistry.22,23,27
To ensure the validity of the survey, all questions were

adopted with minimum modification from the original
instrument developed by Venkatesh et al.24 The original
survey also was validated and applied to previous studies
based on the UTAUT model.22,24,25,27,30,31 The main mod-
ification to the original instrument utilized by Venkatesh
et al.24 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 4 research
experts with health services research, telehealth, and den-
tal sciences from the lead institution reviewed the ques-
tionnaire.

2.4 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 (α) 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 mea-
sured (Table 1). Simple linear regression was utilized to
determine the association between each construct and

TABLE 2 Descriptive statistics of the UTAUT constructs

Variable Mean
Standard
deviation

Performance expectancy 3.67 0.71
Effort expectancy 3.57 0.64
Social influence 3.1 0.78
Facilitating conditions 2.98 0.69
Behavioral intentions (DV) 2.87 1.01

the outcome. To test the prediction of the whole model,
multiple linear regression was utilized to test the linear
relationship between the dependent variable (BI) and the
set of predictors (UTAUT constructs). The alpha level was
set at 0.05 for all analysis.

3 RESULTS

3.1 Descriptive statistics of the UTAUT
constructs

Descriptive statistics (mean and standard deviations) were
reported to explain and describe the UTAUT constructs
(Table 2). 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<3. Themean of BI was 2.87 which shows a lower level
of intention to use teledentistry among the 4th year dental
students (Table 2).

_l_ ADE.A I 
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TABLE 3 Correlation coefficients between BI and each
UTAUT constructs

Hypotheses UTAUT r R2 P
Hypothesis
results

H1 PE 0.57 33% <0.01 Supported
H2 EE 0.49 24% <0.01 Supported
H3 SI 0.52 27% <0.01 Supported
H4 FC 0.38 14% <0.01 Supported
H5 The model 0.63 40% < 0.01 Supported

BI, behavioral intention; EE, effort expectancy; FC, facilitating conditions; PE,
performance expectancy; SI, social influence.

3.2 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. The results of Cronbach’s
alpha are shown in Table 1. A reliability coefficient of .70
and above is considered to have an acceptable reliability.32
The FC construct had the lower reliability score; how-
ever, it is within the acceptable reliability score (> .70).
The remaining scales had either good (> .80) or excellent
(> .90) reliability.32 (Table 1). The dependent variable (BI)
was obtained from 3 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 = .96).

3.3 Hypothesis testing and findings

To test the first 4 hypotheses, simple linear regression was
performed to determine if there was any significant rela-
tionship between each UTAUT construct and the depen-
dent variable of BI. The value of Pearson correlation coef-
ficient was reported and its value ranges from −1 to +1,
which indicates 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 teleden-
tistry. The results showed that there was a significant large
positive association between PE and dental students’ BI to
use teledentistry. The largest correlation efficiency corre-
sponded to PE (r = .57, P < 0.01) (Table 3). PE explained
33% of the variance in BI to use teledentistry (F (1, 208)
= 99.98, R2 = .33, P < 0.01). Also, the results showed
that there was a significant large positive association (r =
.49, P < 0.01) between EE and dental students’ BI to use
teledentistry. EE explained 24% of the variance in BI to
use teledentistry F (1, 208) = 66.1, R2 = .24, P < 0.01). SI
showed a significant large positive association (r = .52, P
< 0.01) with the dental students’ BI to use teledentistry. SI

explained 27% of the variance in BI F (1, 208)= 76.06, R2 =
.27,P< 0.01). Regarding FC, the results indicated that there
was a significant medium positive association (r = .38, P <
0.01) between FC and dental students’ BI to use teleden-
tistry. FC explained 14% of the variance in the BI to use
teledentistry F (1, 208)= 35.16, P< 0.01, R2 = .15) (Table 3).
To test the whole model and assess the 5th hypothesis,

multiple regression was performed to investigate the over-
all correlation of the model to predict the outcome. The
analysis included all the UTAUT constructs (PE, EE, SI,
and FC). The BIwas entered in the dependent variable box.
Results testing showed that the overall UTAUT model

could predict the BI to use teledentistry F (4, 202) = 32.88,
R2 = .40, P < 0 .01) and supported the 5th hypothe-
sis. Results of the regression indicated that the combined
independent variables were able to explain 40% of the
variance in the dependent variable “behavioral intention”
(Table 3).

4 DISCUSSION

This study was conducted to determine factors associated
with 4th-year dental students’ BI to accept and use teleden-
tistry. All 4 constructs were found to be good predictors of
the acceptance of teledentistry technology, supporting all
research hypotheses. PE had the strongest correlation, fol-
lowed by SI then EE and lastly, FC. Those statistically sig-
nificant relationships indicate the usefulness of the con-
structs in the UTAUT model. Dental students’ BI to use
teledentistry is associated with their perception of the ben-
efits of teledentistry to their practice (PE), their perception
of ease to use teledentistry (EE), their view 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 concern-

ing 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’ BI which
explained 33% of the BI variance. These results are consis-
tent with previous studies that found PE as the strongest
predictor of the BI to use technological interventions com-
pared to other constructs.23,25,33 Basically, if dental stu-
dents 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.34 found a significant asso-
ciation of PE among patients’ adoption behavior of mobile
health (M-Health).34 The UTAUT model was used by Liu
et al.25 to examine factors that influence the acceptance
and BI by occupational therapists in Canada to use tech-
nology for rehabilitation services. They found that PE was
themost important predictor for determining occupational
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6 ALABDULLAH et al

therapists’ acceptance and use of technologies (β=+ 0.585,
P < 0.01).25
EE was directly correlated to BI 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 align-
ment with Sharifian et al.,23 who found that EE (β = 2.21,
P < 0.01) was a significant predictor of nurses’ BI to use
hospital information systems (HISs).23 Rho et al.21 also
found that EE (β = 0.227, P < 0.05) was a significant pre-
dictor of participants’ intention to utilize telemedicine ser-
vices. The more effort required when using and imple-
menting technology, the less likely it will be used. 21,26,35
However, a study applied the UTAUT to predict nurses’
intention of using an electronic documentation system and
found that all the UTAUT constructs were significantly
associatedwith the nurse’s BI, excluding EEwhichwas not
a significant predictor.36 This finding was also supported
by Woo et al.28 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.
SI was significantly associated with BI. Previous stud-

ies also found such a relationship based on the UTAUT
model.21,37 Rho et al.21 reported that SI (β= 0.246, P< 0.05)
was a significant predictor of diabetic patients’ BI to use
telemedicine services. Liu et al.37 found that university stu-
dents’ perception of SI on the use of a physical activity app
had a significant prediction on use. This significant rela-
tionship between SI and BI was found in several previous
studies.34,36,38 Hence, these findings indicate that dental
students believe that employers or other influential peers
would be an important factor to their intention to use tele-
dentistry.
FC was a positive significant predictor of dental stu-

dents’ BI to use teledentistry. The association between FC
and BIwas found to be less predictive (R2 = 14%) compared
to the other UTAUT constructs. The finding suggests that
dental students’ perception about the availability of tele-
dentistry infrastructure and support is not a strong factor
of their future intention to use teledentistry. Yet, FC is still a
significant factor associated with a professional’s BI in the
healthcare industry.39 Our findings were consistent with
those of prior studies concerning the technological adop-
tions in health care.22,39 A study conducted to identify pre-
dictors 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.39 Asua et al.22 identified FC to be themost pow-
erful predictor of medical 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 infras-
tructure to support the use of telehealth.22 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 4th year dental students’ BI to use teledentistry in
their future practice was significantly predicted by all the
UTAUT constructs. PE, EE, SI and FC explained 40% of
the variance in the BI to use teledentistry. Even though the
model was significant in predicting the outcome, the pre-
dicted variance (40%)was lower than the original proposed
model by Venkatesh et al.24 which was able to predict 70%
of the participants BI. Additionally, another study reported
that the UTAUT constructs explained 72% of the variance
of BI to useHIS.22 A possible explanation for our lower pre-
diction 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 cur-
ricula is necessary to improve access to care and use fol-
lowing graduation. Therefore, 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 bet-
ter 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
to use teledentistry. Moreover, the target population
involved only 16 dental schools out of 66 dental schools
in the United States, which is a limitation to the study’s
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 findings 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.
Furthermore, 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 professionalswhouse teledentistry. Fur-
thermore, dental and allied dental professionals who use
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teledentistry could be studied regarding satisfaction and
benefits to patients and professionals.

5 CONCLUSION

This study utilized the UTAUT model to add more
evidence-based theory to the literature to increase knowl-
edge concerning the use and adoption of teledentistry. The
current study provided information about the factors that
could be associated with dental students’ BI to use teleden-
tistry based on the UTAUT model. Dental school directors
and curriculum specialists should consider the aspects of
PE, EE, SI, and FC and incorporate these in their teaching
and practice of teledentistry to increase utilization. Expo-
sure 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 stu-
dents’ BI to use teledentistry.
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