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Abstract

The COVID-19 pandemic has brought impacts and changes on dental education
around the world. People who are in close contact with the COVID-19 patients,
including students and teaching staff, are at increased risk of contamination, as
they work close to the oral cavity of patients in direct contact with salivary fluids
and in closed environment. In addition, social isolation and distancing measures
have been adopted by governments, with severe restrictions on dental education. At
this moment, students should have the teaching and experience for adequate dental
practice, dental educators should provide solutions to resume dental education
remotely to ensure the well-being of students, employees and teaching staff. This
chapter discusses the impact of the COVID-19 on dental education and the role of
emergency remote education in the continuity of face-to-face classes and preclinical
and clinical education, in addition to addressing the challenges and the Brazilian
reality of teaching-service-community activities.

Keywords: COVID-19, dental education, emergency remote teaching, online
learning, distance education, dentistry, Brazil

1. Introduction

The pandemic imposed by Coronavirus, in addition to economic, social and
health problems, also affected the educational sector, so that in order to comply
with determinations imposed by the government agencies of each country, there
was a temporary interruption in the teaching activities of undergraduate and
graduate courses in all areas of knowledge, including Dentistry [1], since classroom
classes - theoretical, preclinical (laboratory) and clinical - were interrupted as a
measure of social isolation.

The teaching and learning of dental practice differs from other undergradu-
ate courses in the health and social care disciplines, as dentistry students perform
irreversible procedures on patients under the supervision of clinical professors,
who assume indirect responsibility for the work of these students [2]. The Dentistry
course has large load of practical activities, so it became a great challenge to carry
out clinical activities, since teachers and students are isolated at home without
access to dental equipment. One of the greatest challenges in dental education was
the interruption of direct patient care, which is a key component of the dental
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curriculum [3]. This fact resulted in the extension of study terms, and deferral of
exams and graduation dates [4].

In order to safeguard the health of students and following the government social
distancing rule, teachers and patients, universities were forced to take differ-
ent measures to ensure the continuity of education. Didactic courses, hands-on
workshops, presentations and seminars have transitioned to online instructions
in most institutions [5]. In the last few months, emergency remote education
became the only option to guarantee the continuity of higher education learning
[3]. While online learning is carefully planned and resourced, emergency remote
education was quickly constructed with minimal time and resources, as a tempo-
rary measure during the crisis [6]. As a way to continue offering remote distance
learning, teachers and students had to accept this new reality and adopted new
learning technologies. Therefore, adapting to these changes in the curriculum and
assessment methods in a short period of time was a challenge not only for teachers
and academicians, but also for university directors. However, many educators had
never delivered sessions in online environments, which required them to acquire an
extensive set of skills over a short period of time [7].

Due to the new normal situation, in many universities, offering preclinical
education in the traditional format with synchronous feedback (SFB) was not
possible during the pandemic [8]. In several countries, including Brazil, students
begin preclinical practice (laboratory) in the third or fourth semester of the course.
Although different clinical dental care simulators have been developed and yielded
satisfying results, they are insufficient in educational institutions, are not portable,
do not cover all areas of dentistry and are very expensive and unaffordable in large
scale [9].

Most graduate dental education activities were ceased during the early stages of
the pandemic [9]. Face-to-face education was also affected, as was the development
of epidemiological, clinical and laboratory research. Researchers, whose studies
involved collecting clinical data from patients, had their research abruptly stopped,
without being sure when they could resume this stage. Therefore, the serious edu-
cational losses and the quality of research developed are also aspects to be carefully
analyzed.

Online learning is the use of internet and some other important technologies
to develop materials for educational purposes, instructional delivery and program
management [10]. With regard to emergency remote education, when compared
to traditional teaching methods, there are some advantages such as the theoretical
material made available to students can be easily updated and quickly accessed.
However, for it to be effective, team development, assessment strategies and tech-
nological elements must be well planned and standardized [3].

The training of dentistry students is dynamic and complex, as it involves many
factors, such as the curriculum structure of the course, the quality of physical facili-
ties of the educational institution, the number of hours devoted to the development
of preclinical and clinical activities, internships developed in health services, the
teaching methods used by teachers, among others. Therefore, the interruption of all
these activities due to the COVID-19 pandemic may impact the student’s education.
Therefore, the responsibilities of educators include not only providing adequate
theoretical teaching and consistent with the best scientific evidence in force, but
also ensuring that students are able and qualified to perform clinical procedures
with different degrees of complexity for the correct professional practice.

In light of the above, this chapter discusses the impact of the COVID-19 pan-
demic on dental education and the role of emergency remote education in the con-
tinuity of classes through the various types of methodologies and available digital
platforms. There are also possibilities for the continuation of preclinical and clinical
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teaching, and advantages and limitations of the adoption of this new model of
education through experiences of dentistry educators and students from different
countries. Some alternatives for the evaluation of students, the guidelines recom-
mended by competent bodies to control the dissemination of COVID-19 in the
resumption of face-to-face dental education activities and the Brazilian panorama
of teaching-service-community integration activities has also been discussed.

2. Methods

This is a bibliographic search conducted through the analysis of articles indexed
until April 2021 in PubMed (U.S. National Institutes of Health’s National Library of
Medicine), Web of Science (Clarivate Analytics) and Scopus (Elsevier) databases.
For the study, the search keywords used were “Dental Education” AND “Dentistry”
AND “COVID-19”.

Articles eligible for this chapter were publications that presented data and
suggestions about emergency remote teaching in continuing the dental educational
process in terms of theoretical, preclinical and clinical education. The analysis of
studies was independently carried out by two researchers (ALC and ICCL) through
a previous reading of the titles and abstracts of the found references. The selected
articles were accessed in their entirety, being read and evaluated. At the end of
the analysis, differences were discussed. In lack of consensus, a third researcher
(AFCC) decided to include or exclude the article.

Furthermore, this review listed the main international and Brazilian guidelines
for providing clinical education and commented Brazilian panorama on teaching-
service-community integration. Data were descriptively presented.

3. From face-to-face teaching to the use of digital platforms: a new model
for dental education

Due to the COVID-19 pandemic, emergency remote education was temporarily
adopted [6] as well as “teleodontology” [11]. The latter term, in addition to refer-
ring to remote counseling and diagnosis using technologies, can be used in the form
of web-based self-instruction, which allows students the ability to control their
learning, or interactive videoconference, in which patient information is transmit-
ted live, with or without the presence of the patient, allowing immediate feedback
and review of cases at the students’ pace [12]. This type of learning is a distance
education modality that uses electronic devices to promote learning, making use of
information and communication technologies (ICTs) [13].

Among so many interrupted activities, patient care, research continuity and
scientific meetings stand out; in addition, changes in academic calendars, with
the inclusion of extra semesters and postponement of the entry of new students
[14, 15]. In this context, the current challenges of dental education are to ensure
that students have the training and experience necessary to guarantee competence
for the dental practice and that educators have solutions to resume distance dental
education, ensuring the well-being of employees, students and teachers.

The Bachelor’s degree in Dentistry ranges from four [16] to six years of formal
education [17], and, in general, it is divided into preclinical and clinical years
[16]. In the preclinical years, students mostly learn basic science subjects, with
practice in laboratories, where they practice on mannequins and teeth. In the
clinical years, students mainly have activities with patients, under the supervision
of teachers [16].
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Usually, classes are physically assisted by students and are an essential compo-
nent of dental education [11]. With emergency remote education, several types of
methodologies are available, which consist of synchronous teaching - students and
teachers meet in real time, and asynchronous, which does not require students and
teachers to be online at the same time, through the use of digital platforms [18].
These methodologies include video classes, flipped classroom, case studies, discus-
sions, problem based-learning (PBL) [19, 20], among others.

In the synchronous method, the advantages are live interaction and immediate
reaction; in the asynchronous method, the user can control the learning pace and
review the material several times whenever necessary [12]; in the flipped class-
room method, students need to have prior knowledge of the subject, and in PBL
approaches, students develop critical thinking [20].

There are several platforms for conducting emergency remote education, such
as Zoom®, G Suite®, Skype®, Moodle®, Microsoft Teams®, Jitsi®, WebEx®,
Instagram®, Facebook®, WhatsApp®, Telegram® and YouTube® [21, 22]. For the
use of these technologies, adequate training of the teaching staff must be carried
out [20], as this change in teaching methodology can be of difficult adaptation for
these individuals, and students must be familiar with these tools [21].

A recent systematic review identified that the Zoom® platform was the pre-
ferred one among interviewees in studies included in this research [23]. Zoom®
offers videoconferencing services for up to 1000 participants, with several possibili-
ties, such as recordings, transcriptions, screen sharing, sending and receiving of
files and chatting [24].

The Google Classroom® and Google Meet® compose the G Suite® platform.
The first is a free tool for the management and evaluation of students, while the
second allows connection and communication through video calls, using a com-
puter or mobile device, which can be recorded and shared [25]. Skype® allows
communication by voice and video calls with up to 100 people, sending of mes-
sages, screen sharing, meeting recordings of up to 24 hours and offers call captions
in ten languages and chats in more than 60 languages in real time, for different
devices [26]. Moodle® is a learning platform that provides a unique system to create
personalized education environments, trusted by institutions around the world, in
addition to being easy to use and free of cost [27]. In Moodle®, it is possible to send
didactic material, post videos, conduct discussion forums, tasks, assessments and
organize communication with students [22].

Microsoft Teams® is a platform that brings together conversations, content and
applications, offers the creation of online classrooms, tasks, synchronous meetings,
with recordings and screen sharing, in addition to enabling the use of a digital note-
book for storing texts, images, notes, documents, links, voices, videos and others,
allowing teachers to create personalized learning environments [28].

Likewise, Jitsi® [29] and WebEx® [30] are free voice, video conference and
messaging software, with screen sharing, which allow meetings of up to 100 partici-
pants; however, they have paid plans with more advantages. Other social media
platforms, such as Instagram® and YouTube®, are also used as teaching alterna-
tives through “lives”, which can be discussed on WhatsApp® [22].

4. Preclinical teaching
Preclinical teaching includes laboratory learning for the practice of human
and dental anatomy [31], use of the optical microscope to observe histological

sections [18], radiographic image interpretation exercises [32], simulation models
in typodont, after demonstration performed by teachers [18, 21], among others.
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However, these activities have been suspended in many countries due to social
distancing [21, 31].

Alternatives that apply technology in laboratory activities have been described
[19, 31, 33] and suggested [32, 34] in some studies. Education using virtual anatomy
was the solution for the practice of anatomy [31]. Virtual microscopy helped in
the practical learning of oral histology and histopathology, in which conventional
sections were digitized and shared on online platforms - synchronous and asyn-
chronous formats - allowing observation similar to optical microscope [19, 33], with
structures illustrated and marked in detail [19]. There is also the possibility to carry
out radiology interpretation activities through social networks [32].

There are technological teaching tools that allow the development of preclinical
skills, which use virtual reality, augmented reality, and haptic technology [35], such
as Simodont®, PerioSim®, Forsslund and Individual Dental Education Assistant
(IDEA) simulators attached to a stand PHANToM omni [4]. Virtual reality refers
to simulation generated by computer graphics with virtual sense of reality [36].
Augmented reality is the integration of real and virtual environments [37]. Haptic
technology allows the tactile sensation when interacting with computer generated
objects [38]. These technologies can overcome the disadvantages of typodont prac-
tice, because with these devices, it is not possible to calibrate the evaluation process
due to the focus on the result of the activity, and there is strong dependence on the
subjective evaluation of the teacher [35].

These technologies, if made portable, can simulate meetings with the patient
and assist in the continuity of education and clinical evaluation during the
COVID-19 pandemic and the “new normal”, as they are versatile, immersive and
accessible [18]. However, they have many disadvantages, as they are generally
very expensive, require training [35], are not portable and, therefore, cannot
be used at this time [20]. Thus, researchers proposed the use of a mannequin
attached to the micromotor for students to carry out practical training at home
through videoconferences [34].

In this context, a group of researchers has recently created a compact and
portable teaching-learning resource, DenTeach, composed of an instructor work-
station (DT-Performer), a student workstation (DT-Student), advanced wireless
networking technology, and cloud-based data storage and retrieval [4]. The plat-
form synchronizes the instructor’s and student’s operations with real-time video,
audio, feel, and posture (VAFP). It was developed for use in teaching, shadowing,
and practice modes. In the first, the student can perceive how the instructor is
conducting the dental operation through the tactile feedback obtained from the
dental tool on the instructor workstation [4]. In the second, the student can watch,
feel and repeat the tasks alone, downloading the videos. Finally, students can use
the system to perform tasks and have their dental performance skills automatically
assessed in terms of key performance indices (KPIs). DenTeach has proven to be a
useful system for educational and professional purposes, which can be used to train
and educate students in remote clinics/laboratories [4].

5. Clinical teaching

With the pandemic, health organizations asked for caution about the clinical
care of institutions due to the risks of procedures that generate aerosols, limited
supplies of personal protective equipment (PPE) and difficulties in individual
supervision of students [39]. Teleodontology can be used to assist students in
clinical teaching. In some disciplines, patient data can be used and subsequently
discussed [12].
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PBL [2], case-based discussion [2, 22, 40] and virtual patients (VPs) [11, 22]
used in the simulation of clinical cases, in interviews, in the analysis of ethical
cases [41], to improve students’ skills in decision making and diagnosis, are also
alternatives that can develop clinical reasoning [22]. VPs are efficient, interactive,
enable experience with rare cases and allow for the improvement of skills in a less
intimidating environment [41]. In addition, virtual meetings between students and
simulated patients (actors) can be held, representing clinical interaction [42].

Research carried out with students before and after teleodontology meetings
using actors as patients found that most participants reported some level of dis-
comfort before using this type of care and after, 23% still reported discomfort when
leading remote care [42]. Therefore, teleodontology should be stimulated in higher
education, so that students become more qualified and future professionals more
experienced in providing guidance, thus avoiding unnecessary dislocations in this
new world context.

In Brazil, teachers and course managers are encouraged to use this technology to
improve their teaching activities [43], since the Federal Council of Dentistry (CFO),
which regulates the practice of distance dentistry, prohibits the use of teleodontol-
ogy by undergraduate students [44], which can be used in the following situations:

* Tele-education in health: synchronous or asynchronous meeting associated
with information on preventing situations that may represent the need for
urgent care.

¢ Telescreening: comprises anamnesis and initial screening, prior to scheduling
dental care.

* Telemonitoring: assessment of the need for the patient’s face-to-face return,
with ongoing treatment.

* Teleinterconsultation: exchange of opinions between dental surgeons through
technologies, with or without the presence of the patient, for the construction
of the diagnosis or therapeutic assistance.

* Teleconsulting: communication, through technologies, between health pro-
fessionals and managers for the exchange of information in order to clarify
doubts, oral health actions and issues related to the work process.

* Second Formative Opinion: source of information originated from questions
from teleconsultants and based on the best evidence and on relevant criteria of
primary health care [43, 44].

However, remote strategies should not replace clinical practice with patients in
the acquisition of skills inherent to dental training [3, 45]. Studies corroborate this
information, in which the majority of Jordanian students considered that clinical
training was the experience most affected by the pandemic and dental specialties
most negatively affected were conservative dentistry (73.2%), followed by prosth-
odontics (69.4%) [3], and only 27.1% of American students reported good perfor-
mance of their teachers in providing clinical experience during the lockdown [39].

Students suggest that it would be interesting to have review classes and practical
teaching after the pandemic is under control [40]. In addition to all issues resulting
from the sudden change in dental education, the psychological impact of this pan-
demic on students’ mental well-being is another issue that should not be neglected,
as it can influence their future practices [3].
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6. Advantages and limitations of online education

Despite all the negative impact on dental education, this moment of transi-
tion can also generate opportunities with regard to the replacement of classes for
online courses during the pandemic, which can be disseminated on the internet
to a large number of students [21]. It was found that, for the teaching staff, emer-
gency remote education helps to ensure learning and allows accessibility between
students and teachers [40]. For students, it is comfortable, reduces costs, facilitates
access to teaching materials [13, 40], given the chat option, timid students can be
more participatory [18], and, both for students and teachers, emergency remote
education modalities encourage a focus on the student [40], as they demand more
responsibility and protagonism [19]. In online clinical teaching, the absence of
the patient caused students to make mistakes, without compromising patient
safety [2].

Reported difficulties included the limited knowledge of the teaching staff on
technology, the availability and quality of students’ connection to the internet
[13, 23, 31], extra expenses for increasing internet franchise [13], inadequacy of
some topics for the online version [23, 41], lack of development of clinical skills
and communication with patients [2], lack of attention on the part of students
[13, 31, 40], lack of motivation and lack of adequate books or study material in
their homes [31], the intensive nature of resources, student misbehavior [40],
time management difficulties [31] and lack of electronic devices, especially in
middle- [41] and low-income countries [46].

A study with Indian students [31] found that most of them used smartphones
for emergency remote education. However, the small dimension of the screen can
impair the proper understanding of three-dimensional structures, as for example in
anatomy [31].

As recommendations for emergency remote education, everyone involved in this
process should be prepared for a paradigm shift, with the establishment of practices
and initiatives to promote improvements [19], with improvement of the teaching
staff, reduction in the cognitive load and stimuli related to interactivity [40].

7. Alternatives for student assessment

Student assessment is a mechanism by which learning outcomes are analyzed,
comprising two main forms: formative and summative. The first assesses the learn-
ing process throughout the school term, provides feedback to students and assists
in obtaining improvements. The summative assessment is carried out mainly at
the end of the course and may include several methods, among them the Objective
Structured Clinical Examination (OSCE) [35].

In this context, exams can be applied through Socrative [40], Kahoot [19, 40]
and Moodle® [19]. Tools with quizzes, such as Kahoot, can stimulate interac-
tion, and also provide the possibility of an immediate feedback from the teacher
[19]. Google Forms® [31], the use of software that prevents cheating such as
ExamSoft; online supervision, such as ProctorU, Honorlock, Respondus Monitor
and Examity [20], remote supervision integrated with block browser - prevents
students from searching the internet to find an answer during assessment [21] -
using Eproctor [47] and real-time question platforms, such as the Mentimeter
[48] can also be alternatives. Preclinical and case-based activities can be deliv-
ered as videos, with incorporated questions using platforms like EDpuzzle, which
allows questions to be asked with instant feedback while students watch the
video [20].
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In many institutions, OSCE is considered to be an adequate tool for identify-
ing the clinical competencies of undergraduate students. During the pandemic, it
was necessary to adapt OSCE to the online environment - virtual OSCE (VOSCE).
According to studies carried out in the United Kingdom [49] through Zoom, and
in Finland [50] through Moodle, experiences of the evaluation process have been
positive.

Even with all these possibilities, more than half of students consider that the
online assessment is not a good method of evaluating the acquired knowledge [3].
Therefore, the combination of several evaluation methods can minimize dishon-
esty, recover possible negative results from internet connection failures and stimu-
late commitment and critical reflection.

8. Biosafety in the return to face-to-face activities

The resumption of face-to-face dental education activities depends on the
pandemic situation of each country. Currently, some dentistry schools have
returned to face-to-face education or are preparing to reopen after government
decisions; therefore, recommendations for resuming face-to-face activities are
necessary [45].

Guidelines recommended for the dental team by the World Health Organization
(WHO) [51], by the Centers for Disease Control and Prevention (CDC) [52] and
by the health agencies of countries to control the COVID-19 dissemination must
be considered. The Brazilian Dental Education Association (ABENO) [43] and the
Association for Dental Education, Asia Pacific (ADEAP) [53], in July 2020, pub-
lished safety guidelines for dental education. Among them, recommendations for
teaching in classroom, in laboratories and in clinical environments and biosafety
protocols were addressed to ensure the safety of students, teachers, employees and
patients [43, 53].

The main guidelines are: wash and sanitize hands, practice social and respiratory
etiquette, check temperature, keep distancing, clean and decontaminate objects and
surfaces, ensure the ventilation of environments, mandatory use of face masks, use
full PPE during dental care, screening patients and offering mouthwash rinses con-
taining effective antiseptics, choosing procedures that produce little or no aerosol
and using manual instruments, and when possible, using high power suckers and
absolute isolation and, preferably, work with 4 hands [43, 53].

9. Teaching-service-community integration: brazilian panorama

In Brazil, as well as in Europe [54], the scope of undergraduate dental education
is defined by the Ministry of Education. In the Brazilian territory, the student’s tra-
jectory and the consequent training of dental surgeons are guided by the so-called
“National Curriculum Guidelines”, which are valid for the entire country, including
public and private institutions [55].

The aforementioned directive provides that professionals have a generalist and
humanistic profile, so that through critical and reflective performance, they can act
at all levels of health care, providing improvements in the oral health conditions
of the population. For this to occur, it is necessary to carry out internships, which
correspond to a supervised educational act developed in the work environment
[56] and should account for at least 20% of the total hours of the undergraduate
Dentistry course and needs to be developed in an articulated manner and with
increasing complexity throughout the training process [55].
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In this formative path, there is interaction between higher education institutions
and health services that make up the Unified Health System (SUS), which was cre-
ated in 1988 [57] and, considering the many advances and setbacks, is considered
the largest public health system in the world. Thus, in the perspective of SUS as
the locus of learning and training agent, the Brazilian dental surgeon is trained. It
means that the articulation between the health system and higher education institu-
tions materializes in the insertion of students in the health care network [58] and in
the implementation of the teaching-service-community integration [59].

Experiences based on the teaching-service-community integration are not
exclusive to Brazilian dental education, since at the University of British Columbia,
in Canada, students are inserted in the community context, a fact that allows them
to understand the challenges faced by vulnerable segments of the population and
actively reflect on experiences acquired [60].

But since March 2020, when WHO announced that COVID-19 had reached
a pandemic state [61], dental education has taken on new shapes. Face-to-face
education was completely interrupted and the impact on the training of profession-
als was overwhelming [21, 39], since teaching-service-community activities were
discontinued, given the current sanitary situation and the impossibility of carrying
out them remotely. It is possible to state that dentistry training faces serious chal-
lenges, something that in addition to Brazil can be extrapolated to other countries
[21]. Students have experienced increasing levels of stress and feel that their clinical
education has been impaired [39].

In Brazil, in the first weeks of the pandemic, the Ministry of Health recom-
mended the suspension of elective oral health care and the maintenance of emer-
gency care throughout the national territory [62]. The Ministry of Education, in
turn, prohibited the substitution of face-to-face classes with classes in digital media
when it came to professional practices, such as internships [63].

However, additional guidelines outlined months later, with the revocation of
Ordinances No. 343, of March 17, 2020, that the application of the substitution of
practical activities, in compliance with National Curriculum Guidelines, could
include specific work plans, approved at institutional level dentistry courses and
attached to the pedagogical project of the course [64].

The position of the Ministry of Education regarding the possibility of intern-
ships occurring in the distance education mode in Dentistry caused controversy
and caused the Federal Council of Dentistry (CFO) to be strongly opposed to such
guidance [65].

Due to the continuation of the pandemic scenario in the year 2021, the effects
on students’ knowledge and skills are difficult to assess and the consequences may
be visible in the near future. For Gaudin et al. [54], less productive and efficient
students are expected.

Undoubtedly, dentistry students face a global health crisis, whose direct reflec-
tion in their education is the closure of educational institutions and the challenges
to practice and improve their clinical skills [39], whether in school clinics based in
their own universities, or within the scope of public health services, a place where
the technique is practiced and experiences are accumulated in the community.
Therefore, dentistry students are unable to complete these requirements [14].

In the Brazilian context, the perspective in view of the epidemiological changes
in states and municipalities, is the establishment of new parameters to guide and
promote the gradual and responsible return of habitual activities. Thus, as this is
a moment of transition, it is possible, in some places, to plan the return of elective
care in different services and to expand the offer of care [62], as a consequence,
there is the possibility, still without an expected date, of return to teaching-service-
community activities, so important during the training of dentistry students.
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10. Conclusion

The COVID-19 pandemic strongly impacted the development of theoretical,
laboratory and practical activities in the student, teacher and university trinomial,
so that higher education institutions adopted different teaching technologies to
ensure the continuity of the teaching-learning process. Clinical practice and experi-
ences in the teaching-service-community context were those most impacted by the
temporary interruption and await new government and institutional guidelines for
their resumption.

We highlight the need for more research in this area, to assist in decision-making
by managers and institutions and in the adaptation of professors and students.
Educational bodies should be encouraged to invest in infrastructure and training for
new teaching modalities and to formulate institutional policies that generate diver-
sified learning options, in order to reduce students’ unequal access to very expen-
sive technologies and quality internet, which can compromise the performance of
remote activities. To return to face-to-face activities, large investments must be
made in dental clinics and in the SUS, covering the new biosafety standards.
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