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E-learning as a strategy in dentistry
in the context of COVID-19: a path
to follow?

Abstract: The current study aims to assess the effectiveness of
e-learning in compliance with the new biosafety recommendations
in dentistry in the context of COVID-19 applied to the clinical staff
of a dental school in Brazil. A quasi-experimental epidemiological
study was carried out by means of a structured, pre-tested online
questionnaire, applied before and after an educational intervention,
using an e-learning format. After data collection, statistical tests were
performed. A total of 549 members of the clinical staff participated
in the study in the two collection phases, with a return rate of 26.9%.
After the e-learning stage, a reduction was found in the reported use
of disposable gloves, protective goggles, and surgical masks. The
course had no impact on the staff’s knowledge concerning the proper
sequence for donning PPE and showed 100% effectiveness regarding
proper PPE doffing sequence. Knowledge about avoiding procedures
that generate aerosols in the clinical setting was improved. Despite the
low rate of return, it can be concluded that online intervention alone
was ineffective in significantly improving learning about the new
clinical biosafety guidelines. Therefore, the use of hybrid teaching and
repetitive training is highly recommended.

Keywords: Dentistry; COVID-19; Education, Distance; Knowledge;
Attitude.

Introduction

Even before the outbreak of COVID-19, dental education had already
undergone changes in terms of teaching methods as a result of the increase
in demand and limited resources, which made face-to-face learning
difficult.! Certainly, the pandemic and the need for social distancing
markedly challenged dental education, characterized mainly by face-to-
face learning, especially in undergraduate courses.>® The interruption of
face-to-face teaching caused by the pandemic highlighted the relevance
of combined (hybrid) or pure online (e-learning) teaching; however, its
effectiveness is still inconclusive.* As face-to-face meetings were not
allowed in regions with a moderate to high community transmission of
SARS-CoV-2, e-learning has become a viable option for many educational
institutions.>® In this context, COVID-19 has accelerated the reformulation
of dental education modalities.”
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According to Chang et al.,” three blocks make
up dental education: 1) expository/problem-based
learning (PBL); 2) simulation laboratories courses;
and 3) clinical skills training (internship). While the
first one can be easily adapted to the online format,
the same does not apply to the other modalities.
Clinical activities involving close proximity among
attendants, patients, and staff were the first to be
suspended and adapted to the online learning
format, representing one of the core challenges faced
by dental schools.®® Thus, impacts can be observed
both in education and dental practices because of
the risks involved.? Furthermore, there is a limit
to the implementation of e-learning regarding the
acquisition of clinical skills.?

With the need for a gradual return to dental
clinical activities in educational institutions, the
preparation of the entire team becomes vital so
that it can be carried out safely. Dental schools
must prepare everyone involved for the prevention
and control of COVID-19, and online training has
been a recurrent strategy for teaching these new
biosafety measures.” The CDC" recommends that
Dental Health Care Personnel be trained whenever
new occupational exposure risks are identified, as
in the emergence of COVID-19. Therefore, prior
training in guidelines is essential for safety and
confidence in the return and maintenance of
those activities.”!" In this sense, online training
in biosafety protocols based on the main scientific
evidence about SARS-CoV-2 is extremely important
to facilitate access to safe and reliable sources.
However, the need for constant updates, highly
rigorous biosafety practices for the prevention and
control of the pandemic, as well as the restrictions
currently imposed on the development of dental
practices represent an unprecedented challenge to
both dentistry and dental education worldwide.'?

The dental environment has aerosol and splashes
that can transmit COVID-19. Therefore, the new
protocols should cover different types of knowledge
such as the use of personal protective equipment
(PPE), as well as other measures for the prevention
and control of aerosol and splash dispersion,
such as strong saliva ejectors and pre-procedural
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mouthrinse, among others.”® Previous studies had
already pointed out important gaps in the knowledge
of these new guidelines among health professionals,
indicating low levels of knowledge.”"> Even with
the large-scale vaccination of the population, the
threat posed by SARS-CoV-2 and its relevant variants
encourages the maintenance of preventive measures,
such as hand hygiene, the use of masks, and social
distancing,'’ demonstrating the relevance of the
continuity of hybrid or pure online education in
adaptable activities. Nevertheless, vaccinated dental
professionals may show a decrease in the use of
PPE.® Thus, evaluating these variables is essential
to identify possible weaknesses and strengths of
e-learning as a learning aid strategy in dentistry.

Also, studies have shown that participants in
online learning in this area may feel less satisfied
with learning, have difficulty in communicating
with colleagues and instructors, have minimal
familiarity with the new modality, lack motivation,
and lack self-discipline. Hence, its effectiveness
should be studied.®* Thus, the current study aims
to assess the effectiveness of the e-learning modality
concerning the new biosafety recommendations in
dentistry in the context of COVID-19 in the clinical
staff of a dental school.

Methodology

This was a before-and-after quasi-experimental
epidemiological study conducted with the clinical
staff of the Dental School of Universidade Federal de
Minas Gerais (UFMG). The study population consisted
of all members of the clinical staff, including one
undergraduate and one graduate student, faculty
members, and dental assistants. The inclusion
criteria were undergraduate and graduate students,
faculty members, and the dental assistant staff of the
UFMG Dental School who work in dental clinics. All
participants who did not answer the questionnaire
within the requested period were excluded from
the study.

The data collection instrument was a structured,
pre-tested online questionnaire, developed from
previous studies and evaluated by three independent
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local experts. Thereafter, two pilot studies were
carried out in the test and retest model (Cohen’s
kappa > 0.6). The questionnaire was divided into
three blocks of questions: data demographics;
compliance with different types of PPE, and the
correct PPE donning and doffing sequence (nine
questions); in addition to basic knowledge of the
new guidelines (11 questions). For the last block,
participants should answer what their level of
agreement on the statements presented was, using a
Likert scale for the following outcomes: indications
for mouthwashes, risk classification for clinical dental
care, product processing for health, cleaning, and
disinfection of the work area and mold, disposal
of sharp instruments, emergency dental care for
patients suspected of having COVID-19, dental care
by a professional suspected of having COVID-19,
and aerosol-generating procedures.

The first stage of data collection was carried out
before the training, from November to December
2020. During that period, no vaccination against
COVID-19 was available in Brazil. From then on,
the e-training on the subject was conducted through
the UFMG Dental School’s digital platform, with
institutional login access to the Moodle platform for
two consecutive weeks.

The e-learning training was prepared by the local
Biosafety Committee, with a duration of 20 hours.
Participation was mandatory and free of charge
for all participants. The training was divided into
five modules: epidemiological and clinical aspects
of the COVID-19 pandemic; the environment
and fixed surfaces as potential reservoirs for
SARS-CoV-2; testing and monitoring of COVID-19;
strategies to prevent the dissemination of
COVID-19 in dental practice; and a final evaluation.
Pre-test and post-test were carried out with all
course participants. After the e-learning training,
a new data collection was performed between
December 2020 and January 2021. The collected
data were computed and coded in the database
using an Excel® spreadsheet, and exported for
tests and analysis by the SPSS software, version 25
(IBM SPSS Statistics, Armonk, NY, USA). Univariate
descriptive statistics for frequency distribution

and the comparison of knowledge, attitudes, and
adherence before and after the intervention were
performed with the marginal homogeneity test
and McNemar’s test. After that, the results were
analyzed. The study was submitted to and approved
by the UFMG Research Ethics Committee (CAAE:
31041720.3.0000.5149).

Resulis

A total of 549 members of the clinical staff
participated in the study in the two collection stages,
before and after institutional training. The return
rate was 26.9%. The mean (standard deviation) age
of participants was 29.55 (11.41), ranging from 19 to
73 years. Most participants were female (73.6%).

The training reduced the reported use of disposable
gloves (p = 0.002), protective goggles (p < 0.001), and
surgical masks (p <0.001). No other differences were
identified in the use of PPE (Table 1).

Chlorhexidine gluconate showed high rates of
indication as preclinical mouthwash in the two periods.
However, povidone-iodine/fluoride mouthwash was
the only one with a significant increase (p = 0.039)
(Table 2).

Knowledge of the proper PPE donning sequence
was similar before and after the training. The frequency
of the correct PPE doffing improved from 52% in the
first stage to 100% in the second stage (p < 0.001). A
high level of agreement was found regarding the
need to provide emergency dental care to patients
with suspected COVID-19 (p = 0.006). The clinical
staff improved their knowledge about avoiding
aerosol-generating dental procedures (p < 0.001).
The frequencies of all other statements remained
stable (Table 3).

Discussion

This training had a limited impact on the
knowledge and attitudes of the dental clinical staff
members. For certain parameters, the maintenance
of or decrease in the low level of knowledge was still
worrisome. A positive impact was identified for the use
of protective goggles and surgical masks. Knowledge
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Table 1. Frequency of compliance with the use of PPE
recommended in the context of the COVID-19 pandemic
before and after e-learning at a dental school, Brazil, 2020.

Before After
Variable e-learning elearning 1o
n (%) n (%)
Use of disposable head covering caps
Yes 148 (100) 136 (91.9)
No 0(0) 0(0) 0.001
I don’t Know 0(0) 12 (8.1)
Use of surgical mask
Yes 116 (78.4) 75 (50.7)
No 28 (18.9) 61 (41.2) < 0.001
| don’t Know 4(2.7) 12 (8.1)

Use of N95 respirator or similar PPE

Yes 126 (85.1) 123 (83.1)
No 13 (8.8) 13 (8.8) 0.544
I don't Know 9 (6.1) 12 (8.1)

Use of isolation gown
Yes 128 (86.5)  132(89.2)
No 10 (6.8) 4(2.7) 0.819
I don't Know 10 (6.8) 12 (8.1)

Use of gloves
Yes 144 (97.3)  133(89.9)
No 4(2.7) 3(2) 0.002
| don't Know 0(0) 12 (8.1)

Use of conventional protection goggles
Yes 88 (59.5) 64 (43.2)
No 54 (36.5) 68(45.9) < 0.001
| don't Know 6 (4.1) 16 (10.8)

Use of protection goggles with solid side shields

Yes 114 (77) 120 (81.1)
No 27 (18.2) 14 (9.5) 0.916
| don't Know 7 (4.7) 14 (9.5)

Use of face shield
Yes 130 (87.8) 134 (90.5)
No 11 (7.4) 2(1.4) 0.912
| don't Know 7 (4.7) 12 (8.1)

*Marginal homogeneity test.
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Table 2. Assessment of knowledge and attitudes of the clinical
staff at a dental school towards the use of mouthwashes
recommended in the context of COVID-19 before and after
e-learning, Brazil, 2020.

Before After
Mouthwash e-learning e-learning p-value*
n (%) n (%)
Chlorhexidine gluconate
Yes 109 (73.6) 116 (78.4)
0.381
No 39 (26.4) 32 (21.6)
Hydrogen peroxide
Yes 25 (16.9) 34 (23)
0.222
No 123 (83.1) 114 (77)
Povidone-iodine
Yes 3(2) 11 (7.4)
0.039
No 145 (98) 137 (92.6)
Cetylpyridinium chloride
Yes 11 (7.4) 15 (10.1)
0.424
No 137 (92.6) 133 (89.9)
Essential oils
Yes 1.4 (2) 7 (4.7)
0.125
No 146 (98.6) 141 (95.3)
Sodium fluoride
Yes 0 (0) 6(4.7)
0.031
No 148 (100) 142 (95.9)
0.9% saline
Yes 1(0.7) 4(2.7)
0.250
No 147 (99.3) 144 (97.3)

*McNemar's test.

about the use of povidone-iodine and about some
guidelines during the COVID-19 pandemic showed
some improvement.

The recommended types of PPE for COVID-19
were hair caps, surgical masks or N95 respirators,
goggles, visors, surgical gowns, and special shoes.”
In the current study, the reported use of hair caps
during clinical care had an unexpected reduction
with the addition of the “I don’t know” option,
which was similar to the use of disposable gloves.
The use of this PPE (hair cap) is recommended for
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Table 3. Assessment of knowledge and attitudes towards biosafety in the context of the COVID-19 pandemic before and after
e-learning at a dental school, Brazil, 2020.

s Before e-learning After e-learning omvolue
n (%) n (%)
“Currently, clinical dental care presents a very high risk for SARS-CoV-2 transmission.”
Strongly agree 98 (58.4) 73 (43.2)
Agree 48 (28.4) 61 (36.1)
Neither agree nor disagree 4(2.4) 8 (4.7) 0.129*
Disagree 14 (8.3) 12 (7.1)
Strongly disagree 3(1.8) 9 (5.3)
| don’t know 0(0) 6 (3.6)
“Any clinical, restorative, surgical, periodontal, and endodontic instrument must be sterilized prior to service.”
Strongly agree 147 (99.3) 144 (97.3)
Agree 0 (0) 4 (2.7)
Neither agree nor disagree 0 (0) 0 (0)
Disagree 0 (0) 0 (0) 1-000°
Strongly disagree 1(0.7) 0 (0)
| don't know 0 (0) 0 (0)

“The dental chair, its peripheral equipment, and fixed surfaces must be cleaned and disinfected, following the protocols approved by
the institution.”

Strongly agree 147 (99.3) 148 (100)
Agree 1(0.7) 0(0)
Neither agree nor disagree 0(0) 0 (0) .
Disagree 0 (0) 0 (0)
Strongly disagree 0 (0) 0 (0)
| don't know 0 (0) 0 (0)
“The study model or working model should always be disinfected.”
Strongly agree 140 (94.6) 140 (94.6)
Agree 3 (2.0) 4(2.7)
Neither agree nor disagree 0 (0) 0 (0)
Disagree 2(1.4) 1(0.7) 0.785"
Strongly disagree 0 (0) 0 (0)
| don’t know 3 (2.0 3(2.0)
“Every and each disposable sharp material should always be disposed of in a specific rigid container.”
Strongly agree 146 (98.6) 148 (100)
Agree 0(0) 0(0
Neither agree nor disagree 0 (0) 0 (0) »
Disagree 0 (0) 0 (0)
Strongly disagree 0 (0) 0 (0)
| don’t know 2 (1.4) 0 (0)
Continue
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Continuation

“A patient with fever, fatigue, cough, and headache may receive emergency dental care.”

Strongly agree

Agree

Neither agree nor disagree
Disagree

Strongly disagree

| don’t know

“A professional with fever, fatigue, cough, and headache can perform dental care.”

Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
| don’t know

“Aerosol-generating dental procedures should be avoided.”
Strongly agree
Agree
Neither agree nor disagree
Disagree
Strongly disagree
| don’t know

Recommended PPE donning sequence
Correct
Incorrect

Recommended PPE doffing sequence
Correct

Incorrect

28 (18.9) 45 (30.4)
32 (21.6) 35 (23.6)
5 (3.
(3.4) 6(4.1) 0.006-
26 (17.6) 20 (13.5)
39 (26.4) 37 (25.0)
18 (12.2) 5(3.4)
2 (1.4) 2 (1.4)
5(3.4) 8 (5.4)
0
2 o) 0.136*
6 (4.1) 0 (0)
135 (91.2) 138 (93.2)
0 (0) 0(0)
62 (41.9) 123 (83.1)
59 (39.9) 17 (11.5)
7 (4.7) 4(2.7)
< 0.001*
12 (8.1) 4(2.7)
6 (4.1) 0(0)
2 (1.4) 0(0)
116 (78.4) 117 (79.1)
1.000%**
32 (21.6) 31 (20.9)
77 (52.0) 148 (100)
< 0.001%**
96 (48.0) 0(0)

*Marginal homogeneity test; **Statistical test was not performed; ***McNemar’s test.

health professionals during aerosol-generating
procedures.” However, the e-learning course
addressed this differentiation between the need
or not to use this PPE in accordance with the
type of procedure and the presence or not of
engineering control, but with the exception that in
the environment of the dental school under study,
the use would be adopted during all clinical care
because of the local reality, which may have led
to confusion among the participants. Note that
these types of procedures are frequent in dental
care, and the use of a cap is recommended during
clinical practice.”

6 Braz. Oral Res. 2023:37:e060

Participants reported less adherence to the use
of surgical masks and conventional eye protection
shields, and an increase in the use of eye protection
with solid side shields and face shields after the
training. As for the use of N95 respirators, there were
no significant changes, with a slight reduction in the
“yes” option. The study participants treated patients
in a city with moderate to substantial transmission
of COVID-19 in the community and worked in
collective dental clinics. Hence, the recommendation
for the use of N95 respirators during clinical care
and in the clinical setting is mandatory.® The online
training focused on these issues and the reduction
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in the use of surgical masks could be explained by
these facts.

The CDC? also recommends wearing eye protection
with solid side shields for additional protection
from aerosols generated during care, which has
been improved in survey data comparisons before
and after the course. The concomitant use of face
shields to protect against the projection of fluids on
the attendant’s face and mask is also recommended,®
which was also improved after the course, but was
not statistically significant.

Another worrying fact was the reduction in the
use of gloves during clinical care, as the use of this
PPE has been recommended to dental professionals
since the late 1980s as universal precautions and
subsequent standard precautions for all patients.’
The concern during the pandemic has not been
with wearing or failing to wear gloves, as there
is a consensus on that. The major concern is with
their removal when doffing PPEs."” Nevertheless, a
previous study with Brazilian dentists has shown
low adherence to PPE, and, as for gloves, the
argument given for non-adherence was that the
equipment makes dental care difficult,”® but with
the advent of COVID-19, it became more evident that
all recommended PPE is essential for breaking the
chain of transmission.’® Another possible explanation
for this unusual finding could be the perception that
surgical gloves could be a better option compared
to conventional gloves.

Studies carried out by Suppan et al.'>* evaluated
the impact of telemedicine on the correct donning
and doffing of PPE. In the first randomized clinical
trial,! the e-learning module did not improve the
choice of PPE when compared to accessing only the
summarized version of the new recommendations,
which was hypothesized to be due to the high
level of knowledge of the participants before the
intervention. In a second study® conducted with
paramedic students, in which knowledge was
estimated to be lower, the selection of PPE was
better in both groups (intervention and control),
but no statistically significant differences were
found. Moreover, of all the participants, only seven
knew the correct PPE donning sequence after the
intervention, while none of them could describe the

correct PPE doffing, showing improvement only in
the choice of this equipment, but not in a statistically
significant manner.”” As no post-intervention recall
was used, it was suggested that only right-to-the-point
interventions were not enough to improve the level
of knowledge on the subject, which corroborates the
findings of the current study. In the current research,
the participants maintained similar success rates
concerning the recommended PPE donning sequence,
not exceeding 80%. As for the proper PPE doffing
sequence, statistically significant improvement from
52% to 100% was observed in the second phase of
data collection. This finding corroborates that proper
video instruction about the use of PPE, used by
e-learning, can improve skills.”” Previous research has
shown similar levels of knowledge for PPE doffing
and higher levels for donning, where 91.6% of the
participants demonstrated complete knowledge when
compared to this post-intervention study (79.1% of
correct answers for donning and 100% for doffing).
However, 31.6% of the professionals in the other
study were unaware of the higher risk during PPE
removal and 49.7% considered that rigid donning/
doffing practices cannot be maintained for a long
time.?? The use of a protocol, such as the CDC for the
doffing of PPE, can reduce the risk of contamination
when compared to any type of standardization.”

An impact that cannot be overlooked in the
attitudes of the clinical staff is the effect of vaccination
on the use of PPE. Studies have shown that the
use of PPE has been decreasing after vaccination.
Karaytirek et al.’ pointed out that the average amount
of PPE use by unvaccinated dental participants
was 4.6 and dropped to 4.3 after vaccination. The
lower frequency of use of the N95 respirator after
vaccination, when compared to the use of surgical
masks, is also noteworthy. But the authors reinforced
the importance of maintaining the use of PPE
recommended for the prevention and control of
COVID-19, regardless of the vaccination status of
the patient and dentist.'

Dental aerosols have played a key role in the
current pandemic and are often the focus of prevention
and control measures in dental environments.
Transmission through aerosols is more strongly
evidenced when it occurs through procedures that
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generate these smaller particles in suspension,
combined with fluids from the oral cavity (blood
and saliva)."”?*** With the emergence of COVID-19,
aerosol control in the dental environment has become
crucial. In this study, advances were obtained in
post-training knowledge regarding the need to avoid
procedures that generate bioaerosols during clinical
care. In the study by Duruk et al."* 49.9% would avoid
performing aerosol-generating procedures as much
as possible, a percentage closer to that found in the
current study before the educational intervention. In
another study, approximately 92% of the participants
were aware of transmission through direct contact
with aerosols, but no investigation was conducted
as to whether respondents indicated the avoidance
of procedures that generate these particles.”

In the current study, the indication by the
participants of the different types of pre-procedural
mouthwashes (PPMR) showed statistical differences
only for the povidone-iodine mouthwash (PVP-I), with
anincrease in the indication for its use. However, the
choice for chlorhexidine gluconate (CHX), followed
by hydrogen peroxide (HP), prevailed at both times
of data collection, demonstrating little change in
the choice of mouthwashes after the training. In
the study by Duruk et al.,”® 36.4% of the dentists
used 0.2 PVP-l and 10.3% CHX. A review based on
scientific evidence® from in vitro and clinical studies
presented the results for the virucidal effect of the
main types of PPMR against SARS-CoV-2 infection.
The authors point out that, despite limited evidence,
beneficial effects of mouthwashes are suggested
with an exposure of 30 s at 0.5-1% PVP-I or 0.04-
0.075% cetylpyridinium chloride (CPC). Vergara-
Buenaventura and Castro-Ruiz¥ note the need for
large-scale clinical studies, as well as control studies,
to measure the effectiveness of these mouthwashes.
Likewise, the CDC® emphasizes that there is still
no robust evidence on the effectiveness of PPMRs,
but that CHX mouthwashes, essential oils, PVP-I, or
CPC, commonly used in dental practice, may have
an antimicrobial effect. The variety of information
sources, in addition to those provided by the training,
and the lack of consensus among the protocols may
have led participants to be uncertain about the
indication for use.

8 Braz. Oral Res. 2023:37:e060

Statistically significant differences were
obtained, demonstrating improvement in the level
of post-training knowledge about urgent dental
treatment of patients with suspected COVID-19.
In the study by Arora et al.,”* almost 42% of the
participants were willing to care for patients with
dental urgency and who were suspected of having
COVID-19, as opposed to another study in which
82.6% of the respondents would choose to avoid
clinical care for these patients.”® However, it is
important to note that this percentage was reported
in a period in which vaccines against COVID-19
were unavailable worldwide, as well as during
the data collection period of the current study,
when no vaccines were available in Brazil. A more
recent study’® has observed that Turkish dental
professionals had a 35.6% reduction in reported fear
and anxiety post-vaccination, while the percentage
of dentists reporting these psychological reactions
was 76% before vaccination. This reduction in post-
vaccination psychological reactions may lead to
different results from those found in our study.

Online educational interventions have been
applied by many higher education institutions. These
interventions became essential with the emergence of
COVID-19 and the subsequent interruption/reduction
of face-to-face activities in several institutions and
dental clinics around the world.”’®? As shown,
the e-learning course had some limitations in
terms of reaching the expected level of learning.
Although e-learning is rated as satisfactory by
some studies,®*? Abbasi et al.*® emphasize that,
for students in the health area, the acquisition of
technical and clinical skills may not be effective.
One study* on the perception and performance of
dental students in this modality, conducted with
a sample of more than 1,000 participants, showed
that 42.6% considered their performance on the
platform poor or terrible, preferring face-to-face
activities. The authors emphasize, however, that
the psychological impact of the pandemic, such as
fear and anxiety, which can influence the negative
perception of e-learning, and the affective aspect
of the presence of the professor and colleagues,
should not be disregarded. In another study on the
perception of students in dental education, more than
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75% rated e-learning as highly credible.® One of the
challenges for the success of e-learning can be the
access to technology, such as internet connectivity;,
as well as the infrastructure to implement this
system and the users’ own motivation.** Another
complicating factor is to what extent the response
rate to surveys with data collection through online
platforms can be lower when compared to collections
made manually.*** This was a limitation of the
present study, which obtained a low response rate
from the target population, thereby hindering the
extrapolation of the analysis to a broader context.

Online learning can be improved through tutorials
with professors in order to identify and fill gaps in
students” knowledge.*® In a course on infection
control protocols like the one evaluated herein, the
absence of learning repetitions can compromise
learning effectiveness and leave important gaps, such
as those observed in the present study. Repetitive
training can be an alternative for long-term memory
formation,** especially when using virtual learning
as compared to only one single training without
learning repetitions.
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Conclusions

Notwithstanding the limitations of this study, it
can be concluded that one single pure online training
was not effective for high-level learning regarding
the new biosafety protocols in dentistry in the
context of COVID-19. However, there is no doubt that
online teaching can be a valuable tool that should
be incorporated into traditional methodologies.
Repetition learning, as well as hybrid teaching, are
possible alternatives for the use of this teaching
instrument, which has been increasingly common
in educational processes.

Acknowledgements

The authors thank Capes (grant number 001),
CNPq (grant number 303772/2019-0), Fapemig (grant
number PPM-00148-17), and Pré-Reitoria de Pesquisa
- UFMG for their financial support. The authors
declare they have no conflicts of interest. The data
that support the findings of this study are available
from the corresponding author, Mauro H. N. G.
Abreu, upon reasonable request.

1. Bains M, Reynolds PA, McDonald F, Sherriff M. Effectiveness and acceptability of face-to-face, blended and e-learning: a randomised
trial of orthodontic undergraduates. Eur J Dent Educ. 2011 May;15(2):110-7. https://doi.org/10.1111/].1600-0579.2010.00651 .x
2. Bennardo F, Butfone C, Fortunato L, Giudice A. COVID-19 is a challenge for dental education-A commentary. Eur J Dent Educ.

2020 Nov;24(4):822-4. https://doi.org/10.1111/eje.12555

3. Meng L, Hua F, Bian Z. Coronavirus Disease 2019 (COVID-19): Emerging and Future Challenges for Dental and Oral Medicine.
J Dent Res. 2020 May;99(5):481-7. https://doi.org/10.1177/0022034520914246
4. Ma L, Lee CS. Evaluating the effectiveness of blended learning using the ARCS model. J Comput Assist Learn. 2021;37(5):1397-408.

https://doi.org/10.1111/jcal 12579

5. Centers for Disease Control and Prevention. Guidance for dental settings. interim infection prevention and control guidance for dental
settings during the COVID-19 response. [S. |.]: Centers for Disease Control and Prevention; 2020.

6. Sarwar H, Akhtar H, Naeem MM, Khan JA, Waraich K, Shabbir S, et al. Self-reported effectiveness of e-learning classes during
COVID-19 pandemic: a nation-wide survey of Pakistani undergraduate dentistry students. Eur J Dent. 2020 Dec;14 S 01:534-43.

https://doi.org/10.1055/s-0040-1717000

7. Chang TY, Hong G, Paganelli C, Phantumvanit P, Chang WJ, Shieh YS, et al. Innovation of dental education during COVID-19
pandemic. J Dent Sci. 2021 Jan;16(1):15-20. https://doi.org/10.1016/].ids.2020.07.011

8. Jum’ah AA, Elsalem L, Loch C, Schwass D, Brunton PA. Perception of health and educational risks amongst dental students and educators
in the era of COVID-19. Eur J Dent Educ. 2021 Aug;25(3):506-15. https://doi.org/10.1111/eje.12626

9. Chavarria-Bolafios D, Gémez-Ferndndez A, Dittel-Jiménez C, Montero-Aguilar M. E-learning in dental schools in the times of
COVID-19: a review and analysis of an educational resource in times of the COVID-19 pandemic. Odovtos. 2020;22(3):69-86.

https://doi.org/10.15517/ijds.2020.41813

10. Centers for Disease Control and Prevention. Division of Oral Health NC for CDP and HPromotion. Education and Training.

Braz. Oral Res. 2023:37:e060 9



E-learning as a strategy in dentistry in the context of COVID-19: a path to follow?

. Herr L, Jih MK, Shin J, Chae YK, Lee HS, Choi SC, et al. The perspective of undergraduate dental students on web-based learning in
pediatric dentistry during the COVID-19 pandemic: a Korean multicenter cross-sectional survey. BMC Med Educ. 2021 Sep;21(1):505.
https://doi.org/10.1186/512909-021-02928-w

12. Bakaeen LG, Masri R, AlTarawneh S, Garcia LT, AlHadidi A, Khamis AH, et al. Dentists’ knowledge, attitudes, and professional

behavior toward the COVID-19 pandemic: A multisite survey of dentists’ perspectives. J Am Dent Assoc. 2021 Jan;152(1):16-24.
https://doi.org/10.1016/j.adaj.2020.09.022

13. Duruk G, Gumisboga Z3, Colak C. Investigation of Turkish dentists’ clinical attitudes and behaviors towards the COVID-19 pandemic:

a survey study. Braz Oral Res. 2020;34. https://doi.org/10.1590/1807-3107BOR-2020.VOL34.0054

14. Arora S, Abullais Saquib S, Attar N, Pimpale S, Saifullah Zafar K, Saluja P, et al. Evaluation of knowledge and preparedness

among Indian dentists during the current covid-19 pandemic: A cross-sectional study. J Multidiscip Healthc. 2020 Aug;13:841-54.
https://doi.org/10.2147/JMDH.S268891

15. Suppan L, Stuby L, Gartner B, Larribau R, lten A, Abbas M, et al. Impact of an e-learning module on personal protective

equipment knowledge in student paramedics: a randomized controlled trial. Antimicrob Resist Infect Control. 2020 Nov;9(1):185.
https://doi.org/10.1186/513756-020-00849-9

16. Karayurek F, Cebi AT, Gilses A, Ayna M. The impact of covid-19 vaccination on anxiety levels of Turkish dental professionals

and their attitude in clinical care: a cross-sectional study. Int J Environ Res Public Health. 2021 Oct;18(19):10373.
https://doi.org/10.3390/ijerph181910373

7. Villani FA, Aiuto R, Paglia L, Re D. Covid-19 and dentistry: prevention in dental practice, a literature review. Int J Environ Res Public
Health. 2020 Jun;17(12):4609. https://doi.org/10.3390/ijerph17124609

18. Centers for Disease Control and Prevention. Perspectives in disease prevention and health promotion update: universal precautions for

prevention of transmission of human immunodeficiency virus, Hepatitis B Virus, and other bloodborne pathogens in health-care settings.
MMWR. 1988 June;37(24):377-88.

19. Verbeek JH, Rajamaki B, ljaz S, Sauni R, Toomey E, Blackwood B, et al. Personal protective equipment for preventing highly infectious

diseases due to exposure to contaminated body fluids in healthcare staff. Cochrane Database Syst Rev. 2020 Apr;4(4):CD011621.
https://doi.org/10.1002/14651858.CD011621.pub4

20. Ferreira RC, Martins AMEB., Mota DL, Pereira RD, Santos NC, Queiroz IOA. [The use of personal protection equipment among dentists

2

in Montes Claros, MG Brazil]. Arq Odontol. 2010 Abr-Jun;46(2):88-97. Portuguese.
. Suppan L, Abbas M, Stuby L, Cottet P, Larribau R, Golay E, et al. Effect of an E-learning module on personal protective equipment

proficiency among prehospital personnel: web-based randomized controlled trial. J Med Internet Res. 2020 Aug;22(8):e21265.
https://doi.org/10.2196/21265

22. Garg K, Grewal A, Mahajan R, Kumari S, Mahajan A. A cross-sectional study on knowledge, attitude, and practices of donning and

doffing of personal protective equipment: an institutional survey of health-care staff during the COVID-19 pandemic. Anesth Essays Res.
2020;14(3):370-5. hitps://doi.org/10.4103/aer. AER_53 20

23. Ge ZY, Yang LM, Xia JJ, Fu XH, Zhang YZ. Possible aerosol transmission of COVID-19 and special precautions in dentistry. J Zhejiang

Univ Sci B. 2020 May;21(5):361-8. https://doi.org/10.1631/jzus.B2010010

24. World Health Organization. Transmission of SARS-CoV-2: implications for infection prevention precautions. 2020 [cited 2020 Nov

10]. Available from: https://www.who.int/publications/i/item/modes-of-transmission-of-virus-causing-covid-19-implications-for-ipc-

precaution-recommendations

25. Ammar N, Aly NM, Folayan MO, Mohebbi SZ, Attia S, Howaldt HP, et al. Knowledge of dental academics about the COVID-19

pandemic: a multi-country online survey. BMC Med Educ. 2020 Nov;20(1):399. https://doi.org/10.1186/512909-020-02308-w

26. Chen MH, Chang PC. The effectiveness of mouthwash against SARS-CoV-2 infection: A review of scientific and clinical evidence.

2

J Formos Med Assoc. 2022 May;121(5)879-85. https://doi.org/10.1016/}.ifma.2021.10.001
7. Vergara-Buenaventura A, Castro-Ruiz C. Use of mouthwashes against COVID-19 in dentistry. Br J Oral Maxillofac Surg.
2020 Oct;58(8):924-7. https://doi.org/10.1016/|.bjoms.2020.08.016

28. Khader Y, Al Nsour M, Al-Batayneh OB, Saadeh R, Bashier H, Alfagih M, et al. Dentists’ awareness, perception, and attitude regarding

COVID-19 and infection control: cross-sectional study among Jordanian dentists. JMIR Public Health Surveill. 2020 Apr;6(2):e18798.
https://doi.org/10.2196/18798

29. Mouratidis K, Papagiannakis A. COVID-19, internet, and mobility: the rise of telework, telehealth, e-learning, and e-shopping.

Sustain Cities Soc. 2021 Nov;74:103182. https://doi.org/10.1016/j.scs.2021.103182

30. Bani Hani A, Hijazein Y, Hadadin H, Jarkas AK, Al-Tamimi Z, Amarin M, et al. E-Learning during COVID-19 pandemic;

Turning a crisis into opportunity: A cross-sectional study at The University of Jordan. Ann Med Surg (Lond). 2021 Oct;70:102882.
https://doi.org/10.1016/j.amsu.2021.102882

10 Braz. Oral Res. 2023:37:e060



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Marques-Medeiros AC, Martins RC, Souza LN, Gomez RS, Souza e Silva ME, Martins MAP, Abreu MHNG

George PP, Papachristou N, Belisario JM, Wang W, Wark PA, Cotic Z, et al. Online eLearning for undergraduates in health
professions: a systematic review of the impact on knowledge, skills, attitudes and satisfaction. J Glob Health. 2014 Jun;4(1):010406.
https://doi.org/10.7189/jogh.04.010406

Liu Q, Peng W, Zhang F, Hu R, Li Y, Yan W. The effectiveness of blended learning in health professions: systematic review and meta-
analysis. J Med Internet Res. 2016 Jan;18(1):e2. https://doi.org/10.2196/jmir.4807

Abbasi MS, Ahmed N, Sajjad B, Alshahrani A, Saeed S, Sarfaraz S, et al. E-Learning perception and satisfaction among health sciences
students amid the COVID-19 pandemic. Work. 2020;67(3):549-56. https://doi.org/10.3233/WOR-203308

Farias Bezerra HK, Passos KK, Leonel AC, Ferreti Bonan PR, Martelli-Junior H, Machado RA, et al. The impact of the COVID-19
pandemic on undergraduate and graduate dental courses in Brazil. Work. 2021;70(1):31-9. https://doi.org/10.3233/WOR-210071
Turkyilmaz I, Hariri NH, Jahangiri L. Student’s perception of the impact of E-learning on dental education. J Contemp Dent Pract. 2019
May;20(5):616-21. https://doi.org/10.5005/p-journals-10024-2568

Shahmoradi L, Changizi V, Mehraeen E, Bashiri A, Jannat B, Hosseini M. The challenges of E-learning system: higher educational
institutions perspective. J Educ Health Promot. 2018 Sep;7:116. https://doi.org/10.4103/jehp.ijehp 39 18

Tarus JK, Gichoya D, Muumbo A. Challenges of implementing E-learning in Kenya: A case of Kenyan public universities. Int Rev Res
Open Distance Learn. 2015;16(1): https://doi.org/10.19173/irrodl.v16i1.1816

Vohra F, Habib R. Knowledge and attitude of dentists toward implant retained restorations in Saudi Arabia. Niger J Clin Pract.
2015;18(3):312-7. https://doi.org/10.4103/1119-3077.151788

Smolen P, Zhang Y, Byrne JH. The right time to learn: mechanisms and optimization of spaced learning. Nat Rev Neurosci. 2016
Feb;17(2):77-88. https://doi.org/10.1038/nrn.2015.18

Feng K, Zhao X, Liu J, Cai Y, Ye Z, Chen C, et al. Spaced learning enhances episodic memory by increasing neural pattern similarity
across repetitions. J Neurosci. 2019 Jul;39(27):5351-60. https://doi.org/10.1523/JINEUROSCI.2741-18.2019

Braz. Oral Res. 2023:37:e060 11



