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COVID-19 pandemic accelerated virtual transformation
in dental education: a multicenter review of
remote teaching and teledentistry
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ABSTRACT

Although prior to the pandemic there was some resistance to the virtualization of dental education, the COVID-19 pandemic is providing
us a unigue opportunity to overcome several barriers that previously blocked the adoption of remote teaching and teledentistry. Thanks
to the extended availability of telecommunications, digital technologies, and platforms, remote education and teledentistry appear
to be the preferred choice to maintain dental education and patient care active under this pandemic, without contamination risks. In
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this paper, we review valid remote education strategies and possible alternatives useful in virtual transformation in dental education.
Furthermore, the role of teledentistry and its advantages and challenges are also revised. Under the current pandemic context, as dental
educators, we are called to be creative and flexible. Every dental school should adapt and use remote education as much as possible
until clinical attention can be readopted. The evidence presented in this review supports our position that under this pandemic, remote
education and telemedicine/teledentistry may be “the virtual convenient solution”, to adapt and improve the hitherto classic way of
teaching dentistry through tele-education.

Indexing terms: Dentistry. Telemedicine. Telecommunications. Videoconferencing.

RESUMO

Embora antes da pandemia houvesse alguma resisténcia a virtualizacdo da educacado odontolégica, a pandemia COVID-19 esta nos
fornecendo uma oportunidade Unica de superar varias barreiras que anteriormente bloqueavam a adocédo do ensino a distancia e
teledontologia. Gracas a ampla disponibilidade de telecomunicagées, tecnologias digitais e plataformas, a educacao a distancia e a
teledontologia parecem ser a escolha preferida para manter a educagdo odontolégica e o atendimento ativo aos pacientes durante
a pandemia, sem riscos de contaminacao. Neste artigo, revisamos estratégias validas de educacdo a distancia e possiveis alternativas
Uteis na transformacdo virtual na educacdo odontoldgica. Além disso, o papel do teleodontologia e suas vantagens, assim como
também os desafios. No atual contexto pandémico, como educadores odontolégicos, somos chamados a ser criativos e flexiveis.
Cada escola de odontologia deve se adaptar e usar a educacdo a distancia, tanto quanto possivel, até que a atencao clinica possa ser
readotada. As evidéncias apresentadas nesta revisdo corroboram nossa posicao de que, sob esta pandemia, a educacao a distancia e
a telemedicina / teleodontologia podem ser “a solucao virtual conveniente”, para adaptar e aprimorar a forma até entdo cldssica de
ensino de odontologia, agora por meio da teleducacéo.

Termos de indexagao: Odontologia. Telemedicina. Telecomunicagbes. Comunicagao por videoconferéncia.

INTRODUCTION of teledentistry and how it can be performed will also be

reviewed. The evidence presented in this review conducted

The COVID-19 pandemic has changed the way
of teaching throughout the globe, and the “real” impact
it has triggered on education [1] and health [2] remains
uncertain. Social distancing measures have severely
affected all aspects of life, including education. Due to the
proximity between students and teachers in the educational
system, most of the educational institutions needed to
suspend or postpone their classroom activities in all fields
and levels. As a result of this interruption in education, it
is highly probable that most of the world is having some
online teaching and learning activities. Institutions have
been forced to provide remote education [1] to keep their
programs active, including dental schools.

Furthermore, the lockdown of several dental
schools and dental clinics has stopped professionals from
providing dental/oral care to patients in need and instruction
through student clinical practices. Therefore, in order to
continue treating patients but reducing the risk of cross-
contamination during face-to-face dental treatment,
teledentistry strategies are an extremely useful approach
[3]. Given the educational challenge that we are currently
facing, this paper reviews valid remote education
strategies and possible alternatives useful in the virtual
transformation of dental education. Additionally, the role
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as a collaboration between universities or research centers
supports the position that under this pandemic, remote
education and telemedicine/teledentistry may be “the
virtual convenient solution” [4].

Re-structuring dental education under COVID-19
pandemic

This unpreceded crisis has been a challenge for
education systems worldwide. These unprecedented
circumstances have impacted most academic programs,
originally developed and approved to be conducted via
face-to-face interactions, they have now had to rapidly
transform into virtual programs. Therefore, COVID-19
has accelerated the development of online education.
Students initially enrolled
person learning are now almost exclusively learning via
remote education, often seen as a problematic learning
environment. Fortunately, there now exists a plethora of
technology and platforms that can be used to overcome
the challenges due to COVID-19 [5] allowing a more seamless
learning environment to complete their programs [6]. The
already available technologies and platforms (table 1)

and accustomed to in-



Table 1. List of Web-based Platforms Available to Augment Remote Education.

Virtual transformation in dental education

Educacional Videoconference Web-based Audience Video Recording
Platforms Platforms Response Systems (Asynchronous or Synchronous videos)
e Canvas e Zoom ® Polleverywhere o Camtasia, CamStudio
® Blackboard Learn o \Webex e Mentimeter e VideoStrips
e Moodle e Google Meet e Kahoot e Panopto (recording syncromic lectures/activities in CANVAS)
e Google Classroom e Microsoft Teams e TopHat ® Ezvid
e STOA o ezTalks Meetings e AhaSlides ® BlueBerry Flashback Express Recorder
e TalentLMS ® Join.me e Slido ® Screenr
e Schoology ® ReadyTalk ® MeetingPulse ® Rylstim Screen Recorder
e Edmodo e OnStream ® Beekast e Krut
® Brightspace e GoToMeeting e DirectPoll e \Webineria
® Sakai e Demio e Participoll

® BlueJeans e \Wooclap

e Hypersay

e Engagenow

have facilitated the virtualization of dental education and
education in general. The use of technology due to the
COVID-19 pandemic is revolutionizing teaching techniques
through distance learning.

Advantages of Remote Education - Virtual
solutions for COVID-19

Remote education (also known as tele-teaching,
virtual education, or online learning) is an alternative or
complement to the classic face-to-face or classroom
education. Countries like Japan, China, Australia, the
United States, and Canada have used remote education
in dental training for years [7-9]. On the other hand,
there are countries with no previous experience in remote
education that are currently struggling to implement it in
such a short amount of time. Besides the advantages of
remote education allowing dental education and clinical
attention to continue remotely under the pandemic,
another advantage of online learning is that it promotes
the use of more flexible methodologies that contributes to
quality education [10] (e.g. with the use of asynchronous
material). Virtual communication also provides greater
interaction during the educational process, expanding
and reaching various areas of professional training and
continuing education [11]. Evidence gathered from
students in online learning environments shows that
they felt more connected and supported [12]. With
remote education, it is recommended to use a variety of
strategies that include both synchronous (in real-time) and
asynchronous (self-learning activities). However, interactive
videoconferencing (synchronous) had better results than

asynchronous because of its ability to provide immediate
feedback [13]. Feedback detects possible problems during
the educative process allowing educators to correct issues
immediately. Teachers should follow up on student’s
participation and ideally elaborate or provide tutorials or
guides that should be given to solve doubts or difficulties.
The implementation of student’s feedback strategies is
a key factor for the success of remote education [10].
Under the context of this pandemic, the recommendation
for educators is to be creative and create strategies and
alternatives to allow students to develop their skills and to
advance their competencies [14].

Remote education can also facilitate the globalization
of education, establishing teaching activities that improve
the education quality in places far away [15]. However, even
with its multiple advantages, doubts remain about virtual
classrooms being adequate substitutes for modern face-
to-face learning [16], especially in dentistry. One concernis
whether the accelerated implementation of remote education
may negatively affect the quality of dental education. If the
reversion to our pre-pandemic habits takes several months
or years [17] it may be quite sometime before face-to-face
education may reconvene. Therefore, it is necessary to start
creating feasible methods that strengthen dental remote
education to assure that trained dentists during this global
calamity are competent and qualified.

Challenges and disadvantages of remote
education

The main challenges for remote education
are related to accessibility problems. These may be the

RGO, Rev Gauch Odontol. 2021;69:e20210029 3



CE FERNANDEZ et al.

result of geographic location causing a lack of network
connectivity, or in fact, a lack of economic resources to
acquire adequate technology or network connectivity.
Such connectivity issues could lead to students failing
to attend a synchronous meeting or to meet deadlines
to deliver planned activities. Students dealing with such
issues may feel at a disadvantage or intimidated by remote
education [18] and thus have a difficult time keeping up
[19]. Furthermore, these inequalities in remote education
access can increase the social gap between students
[20]. We believe that accessibility and improvements in
technologies are essential for the proper development of
this remote activity, as these difficulties can impair students
learning process, increasing resistance to adapt to this new
educational strategy, and reducing the effectiveness of this
new educational environment.

Another challenge is the possible lack of training
to implement remote education effectively [1]. With the
extension of the pandemic, it is most likely that faculty
have received ad hoc, but quick, training in online teaching.
Probably few had received instruction in virtual learning
environments prior to the pandemic. Nevertheless, for a
successful implementation of remote education, faculty
and students should be prepared for the change towards
the use of technological devices to carry out the teaching-
learning process [21]. To overcome these new challenges,
students and faculty must be trained to confront this
new way of learning through digital platforms [22].
Other challenges that have now arisen may include the
psychological consequences of social confinement, the
possible loss of family and loved ones to the disease,
and the numerous other changes in everyone’s lifestyles.
Consequently, psychological support should also be provided
to students [23].

In Dentistry, several topics and competencies need
to be acquired in a three-dimensional, palpable, or face-
to-face way; consequently, there are several obstacles to
implement online learning in dental education. Clinical
contexts in dentistry are a concern; thus, virtual teaching to
dental students requires a different approach to teaching
when it comes to self-study. Due to this, it is necessary
to carefully evaluate which courses and in which program
level the use of distance courses is plausible. Within
the miscellany of subjects specific to dentistry, some of
them have already been brought forward to the digital
age, as is the case of oral radiology, oral surgery [24,25]
pediatric dentistry [26] implantology [24] orthodontia [11]
prosthodontics [27] promotion and prevention [9] and
endodontics [28].
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Resources, activities, and platforms for remote
dental education

Recommendations for virtual teaching in dental
education include a variety of activities that promote
student self-learning within a clinical context such as
problem-based learning [29] case studies, [23] and self-
reflection activities [30] as other practical (pre-clinical and
clinical) activities are currently on hold. Consequently, a
more flexible form of teaching and learning is required,
which favors more student-centered activities, including
group activities (virtual), discussions, active learning
activities, and thus, limiting the use of traditional classes.
This implies a conceptual and philosophical rethinking of
the nature of teaching and learning, the roles of teachers,
students, and teaching resources in post-digital learning
communities [31].

Furthermore, dental programs include a large
array of practical procedures to develop student’s hand-
skills, and those skills are difficult to learn from didactic
materials alone; thus, educational videos are useful in
dental teaching [9,11,24,26-28]. However, we know
that videos and online teaching do not replace practical
sessions to teach and learn hand-skills. Some online
activities involve uploading materials; thus, students can
participate in asynchronously using wikis, blogs, or e-mail.
Many health professionals are currently exploring the use
of virtual platforms (table 1) to promote e-learning [5].
Ideally, universities should provide their own recorded
material [25] and include with the video some narrated
PowerPoint presentations (Microsoft) [27]. This grants
students the option of listening and reviewing lectures at
their convenience [23]. The pandemic has seen the rise of
a variety of technology-driven software, apps, or platforms
with educational uses (several examples are shown in table
1). Social media platforms such as YouTube® and Vimeo®
have contributed to the growing acceptance of different
forms of online learning. Additional communication
options include using cellphones to stay in touch, or e-mail
to send homework or links to activities. Since several
studies suggest that formative assessment could improve
the learning process [32] and allow students to better
understand and apply contents or competences, formative
activities must be part of virtual teaching. The are several
applications (e.g. web-based audience response systems,
table 1) that allow for remote real-time participation; they
are quite simple to use by both students and professors [33].
They are often used to engage students’ participation while



evaluating the understanding of concepts. Those could be
used as formative activities, that are well designed should
provide significant learning experiences. Evidence has
shown that students’ learning experience can be improved
with the use of interactive online formative assessment
activities [34]. In dentistry, those activities should ideally
be connected to clinical implications and applications. It is
feasible that these technological resources (table 1) are not
only indispensable to efficiently addressing the problem of
higher education while the pandemic persists, but they will
also serve to improve teaching-learning in the immediate
future.

Open access digital knowledge

As a result of the pandemic, the amount of
shared knowledge in virtual platforms, including webinars
for commercial purposes and open online courses,
have considerably increased. Although free resources
are important to complement education when used
appropriately, free online material might not be prepared
using valid or reliable evidence. Previous studies have
reported that most students use free online information
to reinforce their knowledge [35]. This can generate biases
and errors in the learning process, but this should not be
a reason for eliminating the use of these types of tools.
Therefore, some authors [35] recommend using it with
validated instructional material that prevents the spread of
bad or poor practices. We recommend teaching students
to filter online videos. Theoretically, based videos could be
distinguished from those showing empirical techniques
not supported by scientific evidence. Also, students must
be trained in the cognitive ability to analyze the risk of
bias of the information presented by commercial entities.
To state it simply, we should prioritize information literacy.
Furthermore, educators must also seek to stimulate/
encourage students to search for impactful scientific
articles to accompany their learning. Although open online
courses in a clinical discipline can be a viable strategy
for distance education, student behavior, and dynamics
within these new learning environments remain poorly
understood [36].

Assessment strategies in remote education: a
call to be flexible

Assessment of the quality of virtual education,
which is more flexible than traditional face-to-face instruction,

Virtual transformation in dental education

will help to evaluate the quality of teaching and learning
online programs. In this virtual modality, there is room
to use a variety of novel strategies for assessment, such
as electronic portfolios, collaborative forums, inverted
lectures, analysis of scientific articles, standardized tests,
reports, essays, or workshops that require collaborative and
asynchronous time work [37] among others. An electronic
portfolio is a tool that can offer greater flexibility for
students to demonstrate the achievement of their learning
outcomes [38]. It is important to highlight that flexibility is
needed for evaluations (e.g. deadlines, modify assessment
systems [1] adapt academic calendars and curricula).

Remote education also requires evaluating the
acquisition of the declared objectives or competencies
by students to estimate its effectiveness [39]. In health
disciplines, there is an essential need to assure that all
graduated professionals have achieved the established
standards. To ensure the effectiveness of remote education
in dental programs, besides the evaluation methods
mentioned above, we suggest creating a group of professor
members who can identify students with low engagement
and participation in virtual activities. This should be done in
the early stages, to adopt preventive measures, providing
support and alignment with the new virtual methodologies
[40].

Summative and formative assessments are
identified asa major challenge for education due to concerns
about cheating and group testing in an unsupervised
remote testing environment [39]. Take-home tests are
not recommended to test lower taxonomy levels, instead,
higher levels of taxonomy are preferred to reduce the risk
of unethical behavior [41]. Although remote supervision is
an option (e.g. Mettl® and ExamSoft®) to help to eliminate
most forms of academic dishonesty during computerized
evaluations, it has a high cost. But, considering the possible
benefits of those kinds of tools [42] they could become
a valuable tool in dental schools. Ultimately, the desired
scenario is that dental students act with professionalism
in all stages of their careers, particularly in situations
when dishonesty may occur. Institutions must provide
clear rules about evaluations promoting individual student
responsibility [43].

Teledentistry: a solution for patient care under
COVID-19 pandemic

Many hospitals, clinics, and universities have
implemented teledentistry as quickly as possible. Teledentistry

RGO, Rev Gauch Odontol. 2021;69:e20210029 5



CE FERNANDEZ et al.

combines telecommunication technology and dental care
[13] to provide remote dental care, advice, or treatment via
technology, not requiring direct personal contact [44] and
it contributions have shown in various systematic reviews
[45,46]. From the beginning of the use of teledentistry, its
main benefit has been associated with increased access
[13,45,46,47] thereby contributing to reducing rural-urban
healthcare inequalities [44]. Furthermore, teledentistry is a
very useful and alternative method to increase access to
specialized dental care in the form of referrals or assisting
general dentists [45]. Currently, the main benefit of
teledentistry is to protect against spreading the virus among
patients, clinicians, and the community [4]. Both patients
and professionals can perform telemedicine/teledentistry
from their homes in a safe environment.

Barriersandchallengesintelehealth/teledentistry

The implementation of teledentistry has demanded
a comprehensive, committed, and strategic alignment
within the whole healthcare environment. Fortunately,
there now exists nearly sufficient network connectivity,
digital technology, and various platforms that can facilitate
the feasibility of teledentistry. Yet, much of the world was
still probably unprepared for a modern digital approach
to the management of the epidemic [48]. Current
barriers and challenges include differing local regulations,
lack of necessary hardware, technical resources, and
conflicts with privacy issues [45]. But, the main barrier
for teledentistry implementation appears to be payments
and reimbursements for those medical/dental virtual
attentions. Thus, many countries have initiated telehealth
for free, though the cost associated with teledentistry
supposed to be lower than clinical consultations [47].
Subsequently, teledentistry may be conducted with high
quality at a lower cost compared to in person consults,
due to advances in technology [45]. Another challenge for
teledentistry implementation is to keep dental students
and oral health professionals trained in teledentistry. To
address this, awareness programs or training programs
towards teledentistry have been recommended [46].

Benefits and opportunities in telehealth/
teledentistry

Because many organizations have recommended
limiting dental care to emergencies and urgent care needs,
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possibly the most important benefit of teledentistry
under the current context is the ability to have a quick
and safe manner for dental professionals to deal with
dental emergencies without the need to patients leave
their houses. This form of teledentistry is called: “forward
triage” [4] which involves screening patients before they
arrive at emergency consults. Thus, patients can resolve
their doubts without breaking their self-quarantine [4]
and, consequently, reduce the possibility of infection by the
SARS-CoV2 virus. These virtual solutions should be seen as
an opportunity to increase the awareness of patients on/
about oral health. Furthermore, teledentistry can be used
to promote oral health and educate patients.

As smartphones and the internet have become
ubiquitous, their use is the simplest method to allow a
clinician to establish a direct connection with a patient.
The use of simple mobile applications allowing for instant
messaging, including some social media platforms, can
be useful to provide early oral diagnosis and follow-
up [49]. Patients can also use other equipment (e.g.
laptops, desktops, tablets) to connect via the internet.
Thus, virtual health care strategies can be done without
the need for new sophisticated infrastructure. When
performing teledentistry, even though real-time live
consultation is preferable to asynchronous one--because
real-time consultation could potentially achieve better
outcomes due to two-way communication (between
patient-professional), the asynchronous consultations are
potentially better or comparable, but with a lower cost.
Although prior to the pandemic there was resistance to
telehealth, health virtualization has become a way to
provide health care that professionals and patients require
[48]. Consequently, oral telemedicine or teledentistry
appears to be a preferred choice to keep patient care
activities throughout this pandemic [3].

Future perspectives post pandemic for dental
education

As the evolution of COVID-19 remain uncertain,
especially in some countries where the disease is still in
an exponential phase, every institution must provide
alternatives that allow for dentistry and dental education to
remain active. As decisions worldwide are being based on
local choices by institutions and population reality [30] the
recommendation is for each institution to establish local
alternatives to every possible scenario. The adoption of



clear protocols of infection control strategies to guarantee
the safety of students, teachers, and patients to reduce
the risk of infection is necessary [50]. Furthermore, the
profession should be adjusted as teledentistry and minimal
intervention dentistry appear to play a pivotal role.

Although there are institutions in which all the
hand-skills training is carried out on simulators, most
schools use it prior to clinical practice on real patients.
However, the use of simulation and simulation facilitators
will help decrease the fear and pressure associated with the
risk of contracting the virus [23]. Simulation-based dental
education is an emerging component, showing benefits for
student learning and training in dentistry [51]. Simulation
methodologies such as augmented reality and virtual
reality [51] are important for developing psychomotor
skills [52]. Although computer-based simulation requires
more research to use it as a conventional method for the
instruction and evaluation of students [53] they are very
promising and probably the future in dental education. The
adoption of those strategies depends on the experience
and skills of the teachers with such hardware, software
use, plus economic resources. The implementation of
those strategies must be critically evaluated by educational
institutions and ideally supported by high impact and valid
scientific evidence.

Other strategies and considerations to be adopted
post-pandemic include the continued development and
enhancement of open educational platforms that allow
access to high-quality online learning resources; to execute
research studies to assess the effect of online teaching
and learning models on graduates in the workplace; to
increase the efforts to guarantee faculty online training
as well as supporting staff on online platforms; to create
alliances and networks between national and international
universities, between the private sector and society, and to
promote high quality online learning in the community [54].
After the passing of the pandemic, maintaining remote
modalities for both teaching and teledentistry appear to
be positive avenues to augment dental education as well
as regular dental care.

CONCLUSION

¢ COVID-19 has provided a unique opportunity
to overcome several barriers that previously
blocked the adoption of remote teaching and

Virtual transformation in dental education

teledentistry, as both reduce the risk of cross-
contamination.

e Online education provides an opportunity to
rethink and improve upon the classic way of
teaching dentistry.

¢ Teledentistry should be used to assure continuity
of care to patients, especially those suffering
from pain and discomfort, but also used to
manage preventable oral diseases.

e Computer-based simulation or virtual reality
appears to help to decrease the fear and pressure
associated with the risk of contracting the virus.
It is a very promising approach to complement
training in dental clinics and probably the future
in dental education.
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