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Abstract: The COVID-19 pandemic has forced the transfer of traditional on-site educational activities
to the online environment. This study aimed to evaluate the perception and acceptance of remote
learning among fixed prosthodontic students attending the Faculty of Dental Medicine of “Grigore T.
Popa” University of Medicine and Pharmacy in Iasi, Romania, and to analyze the feedback regarding
their experience with the new online methods, the perceived quality thereof and suggestions for
improvement. An observational cross-sectional, online study based on 22 questions was conducted
with 259 students. The general opinion of online education was good or very good (40.15%); regarding
its efficiency, 28.57% found it efficient while 34.36% found it inefficient or very inefficient; regarding
the pleasure of learning online, 45.95% of students enjoyed online learning, while 36.64% did not
enjoy it. The problem that was most cited by respondents was that of keeping all students motivated
and involved (65.6%). Sixty-two percent of the respondents believe that online dental education
should not exist, or just to a small extent, a result justified by the practical nature of the profession.
The general opinion was that health risks should be managed and mitigated by using a hybrid system
that would allow students to do on-site clinical training with direct contact with patients.

Keywords: dental education; remote learning; online learning; COVID-19; practical skills

1. Introduction

WHO Director-General Tedros Adhanom Ghebreyesus declared, on 30 January 2020,
the global outbreak of novel coronavirus to be a public health emergency of interna-
tional concern (PHEIC) [1], the WHO’s highest level of alarm. On 11 March 2020 he
declared that the rapidly spreading coronavirus should be considered a pandemic [2,3].
On 13 March 2020, Europe had already become the epicenter of the pandemic, with more
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reported cases and deaths than the rest of the world combined, apart from the People’s
Republic of China [4]. Since then, due to the nature of the coronavirus, the entire world has
experienced an unprecedented situation, with huge impacts on education and on health
systems. The physical distancing and movement restriction of people has become the
norm all around the world [5], consecutively impacting universities, regardless of the study
programs [6–8]. Thus, the most common measure has been to transfer on-site classes to
emergency remote teaching and, in some particular cases, online learning [9], keeping the
students in protected environments until the pandemic conditions allow a safe return to
face-to-face classes [10–12]. Though learning through online systems is not completely new,
this sudden paradigm shift came with the need for a rapid and sustained adaptation for
both students and faculty staff [12,13].

For dental faculties in particular, this change meant the transposition of practical work,
performed on real patients, into the online environment. Dentistry requires close proximity
of the doctor to the patient’s mouth, during therapeutic maneuvers, that generate aerosols
which are incriminated in virus spreading [14–19]. Consequently, The US Centers for
Disease Control and Prevention (CDC) declared dental care-related aerosols and droplets as
high risk, considering the apparent resemblance between these aerosols and those specific to
medical maneuvers, such as anesthesia or tracheal and nasopharyngeal procedures [15,20].
Therefore, the National Health Commission of China (NHCC), National Health Service
of England and American Dental Association (ADA), followed by other dental health
regulatory bodies, recommended dental care only in emergency situations during the
COVID-19 outbreak period [21,22].

In this context, the dental educators scrambled to adjust an education of a practical and
skill-based nature to the online environment. Though various platforms and methods are
available for online teaching [23], many of these are of limited use or cannot be employed
in the area of dental education [24,25].

For theoretical training, collaboration tools as Microsoft Teams® (Washington, DC, USA,
Microsoft Corporation), Zoom® (San Jose, CA, USA, Zoom Video Communications, Inc.), Jitsi®

(Campbell, CA, USA, 8 × 8 Inc.), WebEx® (San Jose, CA, USA, Cisco Systems, Inc.) and
Moodle® (Perth, Australia, Moodle HQ) were adopted by many universities, for conferences
and lectures [23]. The major challenge was the practical preclinical and clinical dental
training, for which some limited options are available including virtual reality-based
technology, virtual patients, and dental training mannequins, all of which may be supported
by lecture-based learning (LBL), problem-based learning (PBL), case-based learning (CBL),
team-based learning (TBL), and research-based learning (RBL) [26–28]. Despite the general
effort, there has been a high level of concern regarding the impact of these changes on
student instruction [29].

In Romania, the bachelor’s degree of dentistry (B.D.S) program comprises six years of
formal education and is divided into two parts i.e., a pre-clinical training stage (first and
second year) and a clinical training stage (third to sixth year). Training programs in dental
clinical skills are woven longitudinally into the preclinical curricula starting with the third
year, when the students begin to work in clinical environments, on real patients, under the
supervision of specialist doctors. Thus, the third and the fourth year are considered the
beginning of clinical training and the fifth and the sixth year are the final years of study,
consisting predominantly of clinical activities. Grigore T. Popa University of Medicine
and Pharmacy of Iasi (UMPh Iasi) is a higher education institution, comprising four facul-
ties: Medicine, Pharmacy, Dental Medicine and Biomedical Engineering. The faculties of
Medicine and Dental Medicine have Romanian, English and French programs [30].

On 16 March 2020, the UMPh Iasi announced that all classes would be conducted
completely online and remotely, with the cancellation of all on-campus learning, and
hands-on and clinical training. The online content of courses and labs was available on
the existing e-learning platform of the university. Microsoft Teams® was implemented at
the institution level for sending didactic material, conducting classroom conferences and
lectures, posting videos, assigning tasks and assessments, and ensuring communication
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between students and professors. Customized online exams were used, with final hands-on
assessment removed.

The 2020–2021 university year was hybrid—the courses being online and the labs
on-site (Figure 1), keeping the clinical training on real patients at a minimum. This took into
account the existing risk of infection through the various mutations of the virus, despite
the high vaccination coverage among the students and teachers [31].

Figure 1. Timeline of academic activity due to the pandemic.

Fixed prosthodontics is one of the main fields of dentistry. At the UMPh Iasi, for
the third, fourth and sixth-year students it is a leading compulsory subject of 7, 8 and 5
European Credit Transfer System (ECTS)points, respectively (344 teaching hours).

Modern dental education needs to keep up with the constantly growing knowledge in
the biomedical sciences field and involves real-life situations, interpersonal interactions
with patients, practice-based learning and the gaining of clinical experience. These are the
main pillars of the curricular for dental clinical disciplines aiming to improve students’
psychomotor skills and knowledge in diagnosis and treatment option and planning.

In Romania, as in many other countries [23,28,32–36] during the pandemic period, con-
cerns were raised regarding clinical internships at dental clinics [19,37,38]. Clinical training
was deeply affected and each medical specialization, including fixed prosthodontics, tried
to cope and to find solutions for knowledge transfer and for the compensation for the lack
of clinical skills training.

The aim of this study was to evaluate the perception and acceptance of remote learning
among fixed prosthodontic students attending our Faculty of Dental Medicine, and to
analyze the feedback regarding their experience with the new online methods, the perceived
quality thereof and suggestions for improvement.

2. Materials and Methods

2.1. New Teaching Methods

Microsoft Teams is a digital platform that centralizes content, assignments and commu-
nication tools in one place. MS Teams is well suited as a university-level virtual environment
for education. It engages students with virtual face-to-face communication and activities,
and, during the pandemic, it was the next best thing to classical onsite training.

In the first step, the university IT department created MS Teams accounts for all the
students and the teaching staff. In this phase, several training sessions were organized so
that everyone involved could quickly get familiar with the basic features of MS Teams and
could start using the platform for daily educational activities (creating teams, assigning
students, uploading content, creating meetings, creating assignments etc.). The selection
of this collaboration platform was made based on the features that it offers, but also on
the fact that the existing university IT infrastructure is also Microsoft-based and, as such,
the integration was a natural process. The adoption of this new educational tool by the
students was also a quick and easy process, as MS Teams has some resemblance to the
already popular Skype. Members of the teaching staff were given the responsibility to create
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the necessary teams, mimicking the already existing student group structure and series. MS
Teams is complementary to the existing university e-learning platform which provides not
only learning content to the students but is, at the same time, an education management
tool which registers attendance, student grades, announcements, notifications etc.

2.2. Sample and Questionnaire

An observational cross-sectional, questionnaire-based online survey regarding the
remote learning system in use during the COVID-19 pandemic was conducted during
16 December and 23 December 2020. The study focused on students that were supposed
to undergo clinical training at a fixed prosthodontics clinic, but the pandemic context
drastically limited direct contact between them, the patients and all other persons involved
in the educational process. These were students in the third, the fourth and the sixth year
of study at the Romanian section of the Faculty of Dental Medicine at the Grigore T. Popa
University of Medicine and Pharmacy Iasi.

The questionnaire was created in Romanian and was setup using Google Forms
(Mountain View, CA, USA, Alphabet). Misleading questions, multiple negations or unclear
formulations were completely avoided. The questionnaire was reviewed for face validity
by three experts in dental medical education in order to identify relevant key issues for
dental medical students and to assess its relevance and accuracy. Additionally, the study
was validated in a pilot study on 32 students. Their feedback and suggestions were used
for improvement of the survey. None of these students participated in the final study.

The invitation to participate in the survey and the link to the Google Forms informed
consent and questionnaire documents were posted online in Microsoft Teams, in all three
teams corresponding to the involved clinical years, for all 488 Romanian students [39].

The representative sample size for the total number of third, fourth and sixth-year
students (n = 488) was calculated for a confidence level of p = 95%, z = 1.96, and margin of
error of 5%. The resulting calculated sample size was 216 [40]. Six hundred fifty students
were enrolled in the clinical training years (third to sixth year). For the same confidence level
(p = 95%) and margin of error (5%) the calculated sample size was 242. The questionnaire
was answered by 259 students, representing 53% of the total number for the three targeted
years. The sample was also representative for all clinical training years.

Participant sampling was volunteer based, and no incentives were used for study
participation. All respondents delivered answers to all questions in the questionnaire,
making the acquired data valid and usable as provided. No data were eliminated.

The questionnaire focused on students’ perceptions and feedback on didactic activities
during pandemic period and was structured into three parts. The first part included single
and multiple-choice general questions regarding remote learning and its impact (Q1–Q12).
The second part also included multiple-choice questions related to the perceived quality of
remote teaching, learning and assessment in the fixed prosthodontics disciplines for both
theoretical knowledge and practical skills (Q13–Q20). Finally, the third part included two
open questions, asking for suggestions to improve didactic activity for fixed prosthodontics
disciplines and also for free comments on this subject.

The first eight questions (Q1–Q8) had answers rated on a five-point Likert scale, repre-
senting ordinal variables, with different constructions of the answers, and each question
was attached to the response scale with the corresponding coding. The response categories
for these questions are presented in Table 1. The lower the score, the stronger is the negative
perception of the student and the higher the score, the stronger is the positive students’
perceptions and acceptance of remote learning and its consequences.
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Table 1. The response categories for questions one to eight.

Questions
Answers Rank

1 2 3 4 5

Q1. What do you think about
online education? very bad bad neutral good very good

Q2. How efficient is online
education for you? not at all a little bit medium a lot very much

Q3. Do you enjoy learning online? not at all not really neutral yes, but with
some changes yes, definitely

Q4. To what extent did the
relationship with colleagues suffer? very much a lot moderate a little bit not at all

Q5. To what extent has the
relationship with the teaching

staff suffered?
very much a lot moderate a little bit not at all

Q6. To what extent do you receive
help from teachers during your

online study?
very much a lot moderate a little bit not at all

Q7. To what extent have the
changes in the last 10 months
affected you psychologically?

very much a lot moderate a little bit not at all

Q8. In your opinion, after the end
of the pandemic period, should

online teaching remain a
component of dental education?

no to
littleextent

moderate
extent

to a
largeextent yes

The questions 9–20 (Q9–Q20) were purely nominal, with no ranking of the possible
answers, while the remaining two were open-ended questions (Q21, Q22).

2.3. Statistical Study

In the first stage of the statistical analysis, the construction validity was tested using
factors and reliability analysis, i.e., Cronbach’s alpha test. Descriptive statistical methods
were used, determining frequencies for categorical responses and the distribution diagrams
of these responses.

The interrelation between some categorical variables was analyzed using contingency
tables. To check if there is a statistically significant relationship between these variables, a
chi-square test was performed. To assess the strength of the relationship, for ordinal vari-
ables, the Spearman’s rank correlation coefficient was determined. For nominal variables,
the strength of the association was analyzed using Cramer’s V.

The answers to the open-ended questions were evaluated qualitatively and if there
were more than two similar statements then they were placed into groups. This helped to
understand the student needs and prioritize the measures needed to improve the quality of
e-teaching and e-learning.

Data analysis was carried out using IBM SPSS Statistics, version 28 (IBM, Armonk, NY,
USA). Statistical significance was set at p = 0.05.

3. Results

3.1. Student Perception and Feedback on Remote Learning and Its Impact

The compilation of the questions and their internal consistency (Q1–Q8) was tested
and the reliability for each latent variable used in this study was confirmed by Cronbach’s
alpha test (α = 0.829). Table 2 shows the parallel correlations between the variables, which
are generally weak, with only six correlations above 0.500.
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Table 2. Spearman’s rank correlation coefficient for Q1–Q8 (N of valid cases = 259).

Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8

Q1
χ2 -

ρ 1

1-β -

Q2
χ2 285.979 -

ρ 0.786 ** 1

1-β 1 -

Q3
χ2 230.655 210.226 -

ρ 0.635 ** 0.708 ** 1

1-β 1 1 -

Q4
χ2 44.846 40.859 33.992 -

ρ 0.234 ** 0.306 ** 0.229 ** 1

1-β 0.883 0.991 0.866 -

Q5
χ2 69.652 118.120 69.142 192.041 -

ρ 0.418 ** 0.490 ** 0.359 ** 0.586 ** 1

1-β 1 1 0.999 1 -

Q6
χ2 53.662 63.246 33.946 29.172 39.950 -

ρ 0.386 ** 0.375 ** 0.236 ** 0.189 ** 0.288 ** 1

1-β 1 1 0.889 0.677 0.981 -

Q7
χ2 51.571 72.787 50.956 57.135 57.083 48.482 -

ρ 0.334 ** 0.421 ** 0.330 ** 0.332 ** 0.358 ** 0.318 ** 1

1-β 0.998 1 0.997 0.997 0.999 0.995 -

Q8
χ2 99.090 97.099 113.490 18.962 40.878 18.202 38.243 -

ρ 0.493 ** 0.536 ** 0.590 ** 0.168 ** 0.282 ** 0.063 0.230 ** 1

1-β 1 1 1 0.547 0.976 0.059 0.869 -

χ2 = Pearson’s chi-squared statistic for df = 16; ρ = Spearman’s rank correlation coefficient; 1-β = statistical power
of the test. ** Correlation is significant at the 0.01 level (two-tailed).

The first three questions are related to the students’ general opinion about online
education (Q1), their perception about its efficiency (Q2) and the pleasure of learning online
(Q3). One hundred four students (40.15%) have a good or a very good opinion about
online education (Q1), while 99 (38.22%) are neutral and 56 (21.62%) have a bad or very
bad opinion about online learning. Regarding the efficiency (Q2), only 74 (28.57%) found
online learning to be efficient, while 89 (34.36%) found it efficient or very efficient. Of
the students, 45.95% (119) enjoy online learning, while 36.64% (95) do not enjoy it (Q3)
(Figure 2). Pearson’s chi-squared tests showed a strong correlation between the three items
(Q1, Q2 and Q3) (p < 0.001) (Table 2).

Fifty-eight (22.4%) participants stated that their relationship with their colleagues
suffered considerably, a percentage to which we add those who felt a moderate alteration
of their relationship (29.3%) (Q4). It seems that not only the relations with colleagues have
suffered but also those with the teaching staff (Q5). Fifty-six, 4% of the participants in
the study claimed that this type of relationship suffered, from a moderate to an extreme
intensity, especially in the conditions in which 17.4% of students perceived the support that
they received from their teacher to be absent or very reduced (Q6). However, at the same
time, the vast majority (81.9%) of students regard the help from teaching staff as moderate
to extremely helpful. Of the students, 35.2% were not psychologically affected at all or only
slightly affected, while 37.1% perceived moderate psychological changes (Q7). Having the
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experience of all types of learning—exclusively onsite, exclusively online and hybrid—62%
of the respondents believe that online education should not exist, or just to a small extent, a
result justified by the practical nature of the profession and by the university profile (Q8)
(Figure 1).

Figure 2. Distribution of relative frequencies of answers to questions one to three (Q1–Q8). The
numbers in the bars indicate the percentages of the answers received (n = 259).

Q9 focused on the possible motivations for enjoying online/remote learning. The
respondents were pleasantly surprised primarily by the high degree of flexibility offered
by this type of education (63.6%), its ease of use (48.2%) and the accessibility of platforms,
materials and resources (45.1%) (Figure 3).

Figure 3. Frequency distribution of answers to question 9 (Q9): “What has pleasantly surprised you
about online/remote learning?”. The numbers in the bars indicate the counts and the percentages of
the answers (n = 259).

The transition to online/remote learning (Q10), in addition to the need for immediate
implementation, has encountered several other obstacles. According to the majority of
dental students, the main challenges that were encountered were keeping all the students
motivated and involved (65.6%) and the practical nature of the discipline (54.4%) (Figure 4).
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The low level of digital pedagogical competence of the teachers and the difficulty of
translating the practical training to the online environment, were two other important
obstacles claimed by the students.

 

Figure 4. Frequency distribution of answers to question 10 (Q10): “In your opinion, what were the
main obstacles to the transition to online/remote learning? Select up to five options”. The numbers
indicate the counts and the percentages of the answers (n = 259).

More than half of the students (56.4%) found the quality of the presentation to be the
main instrument to increase student involvement during online/remote activities (Q11).
The clinical and practical training component of the discipline is another factor which
motivates the students to stay involved and focused (49%), followed by the quality of the
information itself (44%) and an increase in the level of interaction between the students
and the teacher (41.3%) (Figure 5).

Figure 5. Frequency distribution of answers to Q11: “In your opinion what could increase your
involvement during online activities?”. The numbers indicate the counts and the percentages of the
answers (n = 259).

Of the students, 74.5% are convinced that dental education will be changed due to the
COVID-19 crisis (Q12) (Figure 6).
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Figure 6. Frequency distribution of answers to Q12: “In your opinion, will the COVID-19 crisis
change the future of dental education?”. The numbers indicate the counts and the percentages of the
answers (n = 259).

3.2. Student Perception and Feedback on Remote Teaching, Learning and Assessment at the Fixed
Prosthodontics Disciplines for Both Theoretical Knowledge and Practical Skills

The major challenge related to online teaching has been the conveying of practical
notions and clinical procedures to students, activities that traditionally require the presence
of a patient. However, equally, we were interested in students’ opinions on the theoretical
aspects of the courses, in terms of the manner of presentation—online, onsite or hybrid—
and the personal interactions with the academic staff.

Regarding the preference for teaching theoretical notions—online, onsite or hybrid
(Q13)—the respondents have equally divided opinions between hybrid and online. In
the case of the online version, they prefer an increased share of activities carried out
synchronously, with real-time interaction with the teaching staff. In their opinion, the
teacher should personally present the course and thus reduce the need to watch recordings
or video demonstrations with pre-recorded explanations (Q14) (60.23%) (Table 3).

Table 3. Spearman’s rank correlation coefficient for Q1–Q8 (N of valid cases = 259).

Q13-Do You Consider That the Teaching of
Theoretical Notions Should Be Done:

Answer Options Hybrid Online Onsite χ2 df φc p Total

N N N N %

Q14

Increasing the amount
of asynchronous content 34 50 19

7, 873 2 0.17 <0.020

103 39.77

Increasing the amount
of synchronous content 65 49 42 156 60.23

Total
N 99 99 61 259

% 38.22 38.22 23.55 100.00

Q14 = Do you think that the following should be considered when teaching theoretical notions online

N = count; χ2 = Pearson’s chi-squared statistic; φc = Cramer’s V coefficient; p = p-value.

A very large proportion of students also desired (Q15) the inclusion, along with the
pure theoretical notions, of a greater number of video demonstrations of diagnostic and
treatment methods (74.9%), as well as an increased share of clinical cases (68.34%), with
more active involvement of students during the course (36.29%) (Figure 7).

Regarding the practical notions (Q16), there is an obvious preference for teaching
using real patients, in a proportion of 100% (46.72%), or 25% theoretically and 75% on real
and/or virtual patients (48.65%) (Figure 8).
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Figure 7. Frequency distribution of answers to Q15: “Do you consider that in teaching the theoretical
notions the following should be considered:”. The numbers indicate the counts and the percentages
of the answers (n = 259).

Figure 8. Frequency distribution of answers to Q16: “Do you consider that the teaching of practical
knowledge should be carried out:”. The numbers indicate the counts and the percentages of the
answers (n = 259).

Most students (72.97%) prefer the following sequence of steps in the learning process
(Q17): teaching, individual study and discussions (Figure 9).

Figure 9. Frequency distribution of answers to Q17: “What do you think should be the sequence of
steps?”. The numbers indicate the counts and the percentages of the answers (n = 259).

Q18 is related to the factors that could increase the quality of the clinical training
considering the online conditions. The main factor is clear and understandable content
(91.89%), along with a specifying of the practical usefulness and relevance of the received
information (57.92%) (Figure 10).
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Figure 10. Frequency distribution of answers to Q18. “What are, in your opinion, the top three factors
that influence the quality of clinical training?”. The numbers indicate the counts and the percentages
of the answers (n = 259).

According to the students, the best way to facilitate the assimilation of the transmitted
practical and theoretical notions (Q19) is through discussions and debates based on clinical
situations (61.00%) (Figure 11).

Figure 11. Frequency distribution of answers to Q19: “What are, in your opinion, the most appropriate
methods for the optimal assimilation of the conveyed practical and theoretical notions?”. The numbers
indicate the counts and the percentages of the answers (n = 259).

Regarding the most popular method of examination/evaluation for disciplines with
a practical component (Q20), students would prefer onsite examination (58.3%), with the
performing of practical maneuvers (52.51%) and, in smaller proportion, the simple and
multiple choices tests (31.27%), or use of virtual patients (29.34%) (Figure 12).

 

Figure 12. Frequency distribution of answers to Q20: “What are, in your opinion, the most appropriate
evaluation methods, for the predominant practical/applied disciplines?”. The numbers indicate the
counts and the percentages of the answers (n = 259).
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3.3. Open-Ended Questions–Students’ Suggestions and Opinions on Didactic Activity at the Fixed
Prosthodontics Disciplines

The responses to open-ended questions (Q21: “What suggestions do you have for
improving the teaching activity? Specify which of the disciplines you are making the
recommendations for” and Q22: “Additional comments are welcome. Please note them
down”) revealed the strengths and the limitations of online learning and some of the
concerns and suggestions of our students, related to this new teaching approach (Table 4).

Table 4. Some of the most relevant student opinions.

Strengths Limitations Concerns Suggestions

Unlike previous years, we
managed to attend all

the courses.

More time to spend in a
familiar, safe environment.

Reduced costs for
transportation and

accommodation for students
from outside the
university center.

Increased usage of digital
teaching content during

the classes.

Availability of online teaching
materials to be watched at

any time.

Lack of practical skills.

Dentistry is not a theoretical
domain; hands-on practical

training is mandatory.

We were struggling to keep
our concentration and

motivation at a high level.

Lack of interactivity with the
peers and teaching staff.

Not all the disciplines allow
the courses to be recorded and
do not offer online materials.

Lack of separation between
the work environment and

home environment.

Distraction by family-related
issues in the

home environment.

Internet connectivity issues.

Because of the lack of practical
activity, the information will
be superficially assimilated,

without a deep understanding.

Lack of experience of patient
interaction and treatment,
with concerns about the

future profession.

Lack of social interaction and
the alteration of the student–

professor relationship.

Stress and uncertainty related
to the new online examination
method, irrelevant and altered
quality of online examination.

Losing the privacy of one’s
own home because of the

need to turn on the camera
and bringing the stress related
to the faculty activities to the
private environment at home.

In person attendance at the
clinical training.

The level of interactivity
during the online classes

should be increased.

On-site examination.

At least those who had
COVID should attend

on-site classes.

Some of the most frequent comments related to the strength points were the high
attendance of online lectures, with the possibility of spending more time in a safe environ-
ment with family and with lower costs. The accessibility of digital content not otherwise
available in the classrooms is perceived as an improvement to the teaching process. The
most critical observation was that dental education is inherently an activity that must
develop practical skills and cannot be performed only at a theoretical level or without
any direct contact with the patient. Another frequent problem claimed by the students
is the difficulty of keeping their focus and motivation to get involved during the online
lectures. From these statements some concerns are derived, including insufficient abilities
and training in patient treatment, and insufficient knowledge of the new online assessment
method. The common suggestion for improving the educational process was to switch
back to on-site teaching. Online teaching is accepted as a temporary solution given the
pandemic situation, but one that is not suited for permanent adoption because of the many
disadvantages. These ideas are summarized in one of the students’ answers: “I consider
myself one of those focused and engaged students and I’ve still had classes to which I
couldn’t pay attention at all. I don’t think the problem is the professor. They all worked
very hard. The problem is that it is done online.”
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4. Discussion

Due to its high level of transmissibility and casualties and to the imposed restrictions
associated with it, the COVID-19 pandemic has disrupted almost every area of human
activity. Education, which relies on people getting together to share knowledge, has been
especially affected, making most of the usual activities impossible. Despite all these restric-
tions and challenges, dental schools around the world have quickly and creatively adapted
to the new situation, to ensure continuity of the educational processes [11–13,19,38,41,42].
Grigore T. Popa University of Medicine and Pharmacy Iasi, similar to other universities,
already had a digital platform that supported day –to-day academic activities: digital
material sharing, management of absences and exam results, teaching staff evaluations,
etc. However, the platform neither supported real-time communication between students
and teaching staff, nor real-time management of the student periodic evaluations. This
means that students were accustomed to the digital platform, mainly for administrative
tasks, but the educational component was 100% a traditional one, with lectures given in
amphitheaters and practical activities that took place in clinics. Therefore, the accelerated
transition to a new, online way of teaching and evaluating was a huge challenge, both for
teaching staff and for students [12,13].

Even if these days, the pandemic seems to be fading, we must recognize that the
gains in the usage of new digital technologies and new teaching methods are expected to
continue even after the pandemic is over [41,43,44]. Most of the dental schools have already
made the transition back to face-to-face teaching, but the new methods used during the
pandemic can and should complete and enhance the classical approach [45,46].

Our study is focused on the fixed prosthodontics disciplines and students, highlighting
the needs and expectations for this domain.

Looking at the frequency distributions of answers provided to the Likert scale ques-
tions, we can extract a few interesting insights. Most of the answers are in the middle of the
scale, avoiding very bad and very good statements. This is due to the realization that we
are dealing with an exceptional situation, and we are trying to cope with it, doing our best.
As an exception, answers to questions about the extent to which the relationships with
the colleagues and with the teaching staff were affected, had a higher frequency towards
the favorable end of the scale, stating that they were not at all affected. This is mainly
due to the fact that, even prior to the pandemic, a lot of digital communication tools were
available and which students used privately: Skype, WhatsApp, Messenger, etc. This
ensured that they could stay in contact and not suffer from total isolation. These findings
are also supported by a recent study made in different dental schools in the European
region [47]. In addition to this, given the potential for psychological problems among
students and academic staff induced by personal, social, emotional and academic situ-
ations [6,12,33,46,48,49], the Grigore T. Popa University of Medicine and Pharmacy Iasi
offered guidance and emotional support on its online platform, via professional counseling
sessions [33,50,51].

Another question with a high frequency of answers, this time towards the unfavorable
end of the scale, is about the remaining online teaching methods after the end of the
pandemic period. This clear negative reaction was caused not only by the difficulties posed
by the new online teaching method and the new tools that have to be used, but also by the
fact that without direct contact with patients and without hands-on practice, the quality
of the educational process will significantly decrease [11,12,36,43,52,53]. In this regard,
the biggest challenge for lecturers and professors has been to compensate for the lack of
clinical training, and to re-invent and re-adapt the educational process in a very short
period of time, without any previous preparation or planning, and while also constrained
by distance, legal and ethical problems (such as the use of “show and share” patient clinical
pictures in digital environment) [23,36].

When it comes to the positive sides of online teaching and learning, students have
appreciated the flexibility, the ease of use and the potential for innovation. This shows that
the introduction of new technologies and digital tools was not, by any means, a problem, but
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something that students embraced with lightness although it required some effort on their
part as shown in our research and reported in different other studies [11,12,36,52,54,55].

If we were to pinpoint just one major issue linked to the transition to online/remote
learning, this would be the lack of motivation and involvement in activities performed
online. This aspect shows up numerous times through the questionnaire and seems to be
the main hurdle affecting the new way of working during the pandemic [23,33,36]. Based
on the experience of teaching staff with online lectures, an increased student attendance
is not necessarily relevant, if their focus and engagement are low or, in some cases, even
very low. Lack of visual contact with students, interference of home-related activities and
interaction with family members, and difficulty in setting clear boundaries between the
personal and professional space and schedules, usually account for disruptions of students’
concentration on the presented topics and for low engagement levels [48]. Our study tried
to further investigate the ways in which this problem could be alleviated, and the possible
solutions indicated by the students revolve around the quality of the presentations, the
level of interaction between students and educators and around the possibility of more
focus on the clinical and practical aspects of the presented information.

Given the pluses and minuses of the online/remote didactic activities, the majority
(75%) of the participants in this study expressed their belief that the future of dental
education will be impacted by the COVID-19 crisis. This is a general belief that has been
revealed by many studies [9,10,12,23,29,36,42,44–46,48,50,53,54,56].

The type of teaching (hybrid/online/onsite) of the theoretical notions in relation to
the content type was another evaluated issue. The outcome underlines the preference for
online or hybrid teaching, with the distinction between the two being decided by the type
of content—synchronous or asynchronous. The correlation between the two variables is a
significant one. This is somehow expected because synchronous content requires real-time
interaction with the teaching staff, while asynchronous content can be delivered fully
online, without the instant supervision of an educator [36,57]. Overall, the students were
more favorable to direct interaction with the professor, as it provides an opportunity to ask
questions in real time and to get instant feedback [57,58]. In analyzing the online teaching of
theoretical notions, the respondents identified two main possible ways of ensuring higher
quality: using video demonstrations of diagnostic and treatment methods and including a
higher proportion of clinical cases in the delivered presentations. These measures could, at
least partly, compensate for the reduced level of interaction between the students and the
educators and patients in the online environment.

Regarding the asynchronous teaching/learning, due to technological advancements
and several undeniable benefits, dental podcasts have become popular among students and
practitioners as tools for learning and for updating knowledge in general. Some studies [59]
have shown that, in comparison with text book reading, watching video podcasts is a
more efficient learning method, an efficiency that is reflected by higher scores in MCQ
tests. Short-duration podcasts in particular [60] were perceived by students as useful
supplementary learning tools that aided them for revision and in their preparation for
assessments. An in-depth analysis of the importance of podcasts in learning in the medical
field was undertaken by [61].

The value brought by this kind of teaching/learning practice is founded on several
benefits that relate to the new modern way of living and working:

a. flexibility—being disconnected from the creation and transmission of the training
material, the trainee can access it at any time, any place and using the preferred
device. After downloading the material, some or all of the content can be played at
the student’s discretion, so as to facilitate the learning process.

b. engagement—the content is more engaging than the mere reading of a textbook,
further supporting the learning process.

c. wide accessibility—the content can be accessed anywhere in the world, thus reaching
a much wider audience compared with on-site delivered lectures.
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Regarding the teaching of practical skills, the general opinion is that this should be
undertaken more on real patients and be less reliant on the use of video demonstrations
and virtual patients. This is again linked to the fact that dentistry is regarded as a practical
domain that should deliver education in a very practical way and in a setting that is as
close as possible to a real clinical environment. Other alternatives are regarded as moving
away from the normal path that education should progress on and could be accepted only
because of the exceptional situation generated by the COVID-19 pandemic.

Though there is no replacement for hands-on clinical experience, versatile and im-
mersive learning experiences can be obtained through haptic technologies and virtual
(Moog Simodent) and augmented reality (DentSim, CDS-100, IRIS) [62]. These have the
potential to deliver relevant, flexible, and immersive learning experiences if they are further
enhanced according to the needs of dentistry. At the same time, they should be portable
and affordable for large-scale usage by students [10,24,43–45,54]. Meanwhile, for medicine,
some applications and software that are focused on complex, clinically based scenarios
are available for use in virtual group discussions to improve students’ decision-making
and diagnostic skills [26,63]. However, for dentistry in general, and prosthodontics, in
particular, there are few options available for students [27].

Artificial intelligence (AI) is being increasingly adopted in the field of dentistry, includ-
ing dental education. While other technologies, such as robotics, are expensive and require
a certain environment in which to operate, AI can be delivered at much lower costs and to a
wider range of students. AI can be used to provide virtual simulations of dental procedures,
allowing students to practice and improve their skills in a safe and controlled environment.
This can help mitigate the risk of errors or failures during real-life procedures.

Regarding the sequence of the learning activities, most of the respondents opted for
teaching, individual study and discussions. The students considered it more opportune
for the student–instructor and student–student interactions/discussions to be taken after
the lecture series and individual study. This sets a high priority on individual study with
the possibility to clear up some difficult subjects during discussions with members of the
teaching staff [58].

Clinical training should be performed using clear and understandable content and
focusing on the practical usage of the presented information, engagement of the students in
different and attractive tasks, high interactivity between the participants to the study-group,
and, not the least, by an enthusiastic and dynamic approach on the part of the professor.
At the same time, the optimal assimilation of information should be supported through
discussions/debates on relevant clinical situations, as pointed out by the students’ answers.
Although these responses were not surprising, the implementation of these goals was
difficult, the teaching staff were found to be unprepared for the translation of the clinical
internships from the actual patient’s head to the online environment. It is worth noting that
the literature highlights the general dissatisfaction of students regarding the organization
of clinical internships, other online options being unable to compensate for the lack of
actual practice [34,35,47,64].

The assessments are an important aspect of the educational process and were impacted
as well by the pandemic. As educators, we tried to find out what the proper methods
of assessment would be, given the challenges imposed by the fight against COVID-19.
In our study, most of the respondents chose the on-site examination type, despite the
risks related to their health. They opted for clinical maneuvers as a means to evaluate the
assimilated knowledge, in the context of on-site evaluation. Simple choice questions (SCQ)
and multiple-choice questions (MCQ) were also regarded as a possibility, being methods
that are compatible with the available online tools. During the pandemic, universities have
adopted several online assessment methods, including MCQ, oral examinations, video
oral assessment, essays etc. While these are compatible with digital tools (MS Teams,
Skype, Email), other problems arose: identity verification, authorship, and plagiarism, all
of which might affect the validity and the relevance of the assessment [33]. Some of the
universities or disciplines canceled or postponed the examinations [46], other universities
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adopted new procedures for the pandemic. Assessment of clinical competences was in
some cases done using virtual patients, which could be a digital alternative to the face-
to-face examination of clinical abilities. These specifically target assessment of clinical
reasoning and of diagnostic skills.

Recent advances in AI have produced systems such as OpenAI’s ChatGPT and
Google’s Bard, based on optimized language models and capable of interacting in a conver-
sational way. This technology offers multiple opportunities for education, but it still must
be seen how it can be best applied to specific needs and what adjustments are necessary
so that it is used in a responsible way. The main goal is to improve and enhance the
learning process while minimizing the risk of plagiarism and fraud related to assignments
and exams.

Among the limitations of this research were the way in which the survey was con-
ducted at only one dental institution, the study participants were self-selected and some
of the questions focused on fixed prosthodontic disciplines, with clinical skills curricula.
Another limitation of this study was the low response rate of the dental students (53%),
which may contribute to non-response bias since targeted dental students were underrepre-
sented. Based on the example of one department in the university and one single university
in the country, the study cannot be positioned as a reference point for the actual situation.
However, the authors consider that sharing experience is important and each university
can consistently contribute to a new and improved teaching/learning paradigm. Student
feedback is a valuable instrument in shaping curriculum and this is why their perspective
and acceptance of the encountered transformations during the pandemic period have been
previously reported in many studies [11,12,25,28,34–36,47,55]. Future research should be
performed so as to also involve the teaching staff, to reconcile both views regarding the
educational process.

At the same time, revolutionary technologies such as robotics and artificial intelligence
(AI) could also contribute to the enhancement of the way dental education is delivered [65].
A study that looks at the acceptance and the impact of these novel methods among dental
students would be an important tool that might help to integrate them along the traditional
teaching practices.

According to the results of this study, clinical training was the major challenge during
pandemic crises. Despite the high acceptance of new digital tools, not all students embraced
online learning, since there is a need for consistent enhancement of these tools to support
clinical training. In the context of the limited availability of virtual or enhanced reality,
proper digital tools (virtual reality-based technology, virtual patients, PBL, CBL etc.) can
improve clinical reasoning and decision making. Still, for practical skills training, direct
contact with the patient is mandatory. None of the other available methods were able
to compensate for the lack of practical skills training. During the pandemic we put an
accent on clinical reasoning and decision making which was an improvement compared
with previous years. In our case, as a consequence of the feedback gained from this study,
we had to adjust accordingly and implement, over the following years, the recovery of
practical skills training in fixed prosthodontics. Constant feedback from students and
flexible curricula structures might be powerful instruments in adapting the educational
tools to student needs.

On one hand, the curriculum must be flexible enough to accommodate a wider range
of learning tools that include digital applications which can be used, if needed, without
a physical presence. On the other hand, it is necessary to expand these tools to stimulate
clinical reasoning and decision making remotely, without physical contact. Additionally, for
the improvement of dental clinical skills and beyond the traditional simulators, enhanced
and virtual reality systems with haptic feedback are required, though these entail high
costs and require special equipment.
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5. Conclusions

COVID-19 was a global force majeure event that imposed drastic measures on all
levels of human existence: healthcare, education, economy, and social life. For dental
education in particular, the disruption imposed by this pandemic revealed once more the
importance of direct contact of students with teaching staff and with patients. Regardless
of the progress in computer technology used for online teaching, there is a unanimous
opinion that dentistry is not a domain that can be predominantly taught online. However,
online teaching can be a substantial addition to the traditional on-site method. This is due
to several advantages that online teaching offers, including: high availability, usage of an
enhanced variety of digital materials, independence of location and time, reduced costs for
both students and universities. If we are to admit any positive sides of this tragic event, it
would be a better understanding of the value of human interrelations and the accelerated
progress of medical and computer technology, especially of the online communication
platforms, telemedicine, and simulations. These technologies should be integrated into the
educational process as an instrument to boost the trainer’s ability to engage students and
improve their practical skills.
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Abstract: Background: The restrictions concerning social contact due to the COVID-19 pandemic
implied a rethinking of teaching methods at universities in general, and for practice-oriented teaching
such as dental education in particular. This qualitative study aimed to assess aspects of feelings
of certainty and uncertainty during this specific education process, incorporating the perspectives
of teaching staff and dental students. Methods: Qualitative methods based on interviews were
used for data collection. Dental students from different academic years (second, third, fourth, and
fifth) and teaching staff responsible for the content and implementation of courses within the dental
curriculum were recruited. The data analysis was performed by qualitative content analysis. Results:
A total of 39 dental students and 19 teaching staff participated. When students and staff dealt
positively with this specific situation, certainty was achieved. The availability of presentations and
clear communication enhanced feelings of certainty. The participants often felt unsure about how to
handle such a challenging situation and felt insecure when planning for the semester. The students
missed contact with other students and argued that the information policy on their dental studies was
not transparent enough. In addition, dental students and teaching staff were nervous about the risk
of infection from COVID-19, especially in practical courses with patient contact. Conclusions: The
COVID-19 pandemic situation leads to a rethinking of dental education. Feelings of certainty can be
strengthened by clear and transparent communication as well as training in online teaching methods.
To reduce uncertainty, it is crucial to establish channels for information exchange and feedback.

Keywords: COVID-19; dental education; digitalization; practical course; qualitative study; students’
experiences; teachers’ experiences

1. Introduction

In March 2020, COVID-19 was declared by the World Health Organization as a pan-
demic disease, and this led to severe restrictions on social contact [1]. The social distancing
requirements in everyday life also implied a rethinking of teaching methods at universities
in general, and for practice-oriented teaching in particular.

Dental education is a very practice-oriented course of study. However, universities
worldwide decided to offer a digital summer semester in 2020 to maintain the continuity
of dental education [2,3]. As a result, the use of e-learning has significantly expanded. A
survey between the end of March and the beginning of April 2020 by the Association of
Dental Education in Europe showed that 90% of dental schools used online pedagogical
software tools, 72% used live or streamed videos, and 48% provided links to further
online materials [4]. However, dental education cannot only be taught digitally. It is a
very practical study program. An essential element of the dental curriculum is early and
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continuous patient contact as part of clinical treatment [5–7]. Students learn competencies
that are important for routine treatment processes [8].

Due to the relatively low incidence rates of COVID-19 in Germany’s northernmost federal
state, senior staff at the Kiel Dental Clinic developed comprehensive social distancing and
hygiene measures for the practical courses, and liaised with the relevant local health authority,
university, and university hospital. This dental clinic was thus the first clinic in Germany to
receive approval under special provision to conduct in-person practical courses with patients
from the beginning of May 2020. Theoretical courses were also performed digitally.

Surveys in different countries show that students and clinical staff were relieved that
dental education took place digitally. The suspension of face-to-face teaching, especially
the practical courses with patients, severely contributed to the loss of students’ clinical
competence [8–10]. Moreover, different studies show that the new teaching situation
negatively impacts the mental health of dental students [11–13]. It is important to know
more about how students and teaching staff receive certainty in times of uncertainty for the
conceptualization of sustainable training concepts.

Therefore, this study aimed to assess aspects of feelings of certainty and uncertainty
during dental education, specifically during the COVID-19 pandemic, at the dental school in
Kiel, Germany, by incorporating the perspectives of dental students and their teaching staff.

2. Materials and Methods

2.1. Study Design

This study was designed as a qualitative interview study to assess the experiences
of students and teaching staff regarding aspects of certainty and uncertainty, specifically
during the COVID-19 pandemic. The consolidated criteria for reporting qualitative research
(COREQ) were used [14].

2.2. Participants

Qualitative interviews were conducted with a purposive sample of students and
teaching staff. Students from different academic years (second, third, fourth, and fifth)
at the dental school in Kiel, Germany, were included in this study, along with associated
teaching staff. Dental simulation courses took place in the fourth and sixth semesters, and
clinical treatment courses took place from the seventh to tenth semesters. The eighth and
tenth semesters were selected as examples for the treatment courses. The target sample
consisted of 10 students from each of the four specialist semesters, along with the lecturers
from the four departments and the departmental directors (n = 19 in total), taking into
account theoretical saturation [15].

For students, the following inclusion criteria were applied: participants of the respec-
tive subject per semester, over 18 years of age, and sufficient knowledge of the German
language. For lecturers, the inclusion criteria were: responsibility for teaching content and
its implementation in one of the Dental Clinic’s four departments, over 18 years of age,
and sufficient knowledge of the German language. If these criteria were not applied, the
participants were excluded from the study.

2.3. Setting

Students were recruited from courses held via video conference in the last third of
the summer semester, and lecturers from the various departments were given personal
presentations on the project. Participation was voluntary. Appointments for the interviews
were then made in person or by email. Data collection took place between June and
August 2020. All interviews were conducted by two female members of the working
group (K.H.[dental practitioner background], K.G.[health services research background]),
either in person or by telephone, and both were experienced in performing qualitative
research. As described in the literature, no difference in data quality was observed between
face-to-face and telephone interviews, and both may be recommended for use in the same
qualitative study [16]. Third persons were not allowed in the interviews. The participants
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were grouped in such a way that they were unknown to their respective interviewers. All
interviews and minuting adhered to the same predefined quality criteria, for example, with
documentation of time, field notes, and of any issues or interruptions encountered during
the interview. Socio-demographic data was requested from participants before the start of
each interview.

2.4. Data Collection

An interdisciplinary team consisting of a sociologist, health services researcher, physi-
cian, and dental practitioners developed a semi-structured interview guide. After the final
agreement of the guideline by the working group, the two interviewers went through the
guideline step by step and agreed on the interview process. This coordination was repeated
several times during the interviews. Following a literature review and discussion within
the study team, the interview guide (as File S1) focused on two main topics:

• Feelings of certainty due to the experiences of teaching during the COVID-19 pandemic.
• Feelings of uncertainty due to the experiences of teaching during the COVID-19

pandemic.

An identical interview guide was used for both students and teaching staff which was
tested with a student and a lecturer. The purpose for the tested interview guide was for
comprehensibility and the sequencing of individual questions.

2.5. Data Analysis

All interviews were digitally audio recorded and transcribed in full verbatim. Tran-
scripts were not submitted to participants for comments or correction. The texts were
anonymized during transcription before undergoing qualitative content analysis [17]. For
data analysis, the software ATLAS.ti 8.4 (Scientific Software Development GmbH, 2020)
was used. For the generation of the thematic categories, the research team used a deductive-
inductive approach.

Firstly, a provisional category system was developed deductively based on the in-
terview guidelines. Secondly, the provisional category system was then adjusted during
analysis according to the content of the transcripts. Any new categories that emerged
were then added following an inductive approach. Transcripts were coded independently
into the main and subcategories by two female researchers, K.H. (dental practitioner back-
ground) and K.G. (health services research background), following intensive discussions
that continued until consensus was achieved. Saturation was reached when, during the
analyzing process, no new data were added [15]. Participant quotations were translated
from German to English for publication purposes. The authors aimed to maintain reflexiv-
ity through K.H. and K.G. keeping notes on their thoughts, experiences, reflections, and
feelings during the interviews, and discussed how their emotional reactions to participants
influenced their interpretation of the results. This study’s quality was consistently ensured
through adherence to predetermined quality standards. All interviews were conducted by
the same two individuals, using the same interview guidelines for all students and teaching
staff, under the same conditions. In addition, the proceedings from each interview were
documented according to a previously agreed protocol.

2.6. Ethical Approval

This project was approved by the Ethics Committee of the University of Kiel, Germany
(D509/20), and was conducted in accordance with the Declaration of Helsinki. Informed
consent was obtained via a signed consent form, which included permission to publish
anonymized quotes.

3. Results

Overall, 58 interviews were performed—39 with dental students and 19 with teaching
staff. Participant characteristics are shown in Table 1 below. The interview duration varied
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and was about 31 min on average for the dental student group (min. = 22 min, max. = 50 min)
and about 31 min for the teaching staff (min. = 15 min, max. = 41 min).

Table 1. Distribution of participants (n = 58).

Variable
Students
(n = 39)

Lecturers
(n = 19)

Women 27 6
Men 12 13
Age (Mean)
(Range of ages)

25.2
(20–31)

44.0
(31–65)

Apprenticeship 13 -
Further completed study 5 -
Additional qualifications 5 -
Director of the clinic - 4
Course instructor - 7
Course assistant - 8

Use of hardware *:
Laptop 30 18
Tablet 10 0
Mobile phone
Stationary PC

3
2

0
2

Access to camera (yes) 39 17
Access to microphone (yes) 38 17
Permanent availability 38 17

Adequate internet connection (yes) 38 19

Course in home office 2
* Multiple answers possible.

The following sections describe the two main topics: “Certainty” and “Uncertainty”.
Quotations are used to illustrate the relevant aspects reported by the participants (students
[S] and teaching staff [TS]).

3.1. Main Topic: Certainty

This topic describes what aspects were helpful in creating feelings of certainty in
students and teaching staff during the COVID-19 pandemic and the changeover of teaching
conditions. For this topic, two main categories were created and divided into different
subcategories, as shown in Figure 1 below.

The main category “Own experiences” observed aspects that contributed to the feeling
of certainty. It emerged that a certain adjustment to this specific teaching situation was
described by both students and teaching staff. Certainty was reached when acclimatization
occurred in dealing with this specific situation, especially in applying the tools of online
teaching. “I felt comfortable when I got through the first lectures and realized that I could
cope well with them and work with them. That’s when I started to feel secure” (S36).

Students and teaching staff became experienced in their approach to the situation, as
the following statement showed: “But after a time there was routine, so you could also
assess whether you felt safe or not” (S14).

The second main category “Stabilizing aspects” comprised different elements that
resulted in the feeling of certainty. Clear communication in such a specific situation was
perceived as useful: “Everything was communicated clearly, so we were relatively sure how
to design the course” (TS06). Students found the support of the teaching staff important
for their own feelings of certainty: “Once the semester had been running for two or three
weeks, and once you realized that you had the support of the teaching staff” (S04). The
supervision of the teaching staff was also ensured during the practical courses under
specific regulations, and contributed towards a stabilizing element of certainty: “I would
say that I didn’t really feel insecure because care was guaranteed. I always had a lecturer
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who I could call on” (S35). Moreover, students stated that having regular online meetings,
such as Zoom meetings with teaching staff, was a helpful aspect of feeling safe.

 

Figure 1. Certainty—main categories and subcategories.

The availability of presentations was another aspect that enhanced certainty: “In terms
of the events and the lectures . . . I wasn’t unsure. I thought to myself: Good, wonderful, I
can manage it well” (S22). Students appreciated that the lectures were available on an online
platform. Furthermore, the teaching staff also found this an important element for their
own certainty: “As I said, I thought that through these online seminars, the students always
had the opportunity to listen to the seminars again and again, so to speak, and the lectures
again” (TS01). Some of the teaching staff were experienced in dealing with the technical
aspects and the implementation of online teaching, and stated that this was important for
their own feeling of certainty: “I actually felt relatively sure about the implementation of
digitalization, the technical implementation, and the content implementation” (TS02).

3.2. Main Topic: Uncertainty

This topic describes which aspects led to students and teaching staff feeling uncertainty
during the COVID-19 pandemic, as well as the change in teaching conditions. Three main
categories were created and divided into different subcategories, as shown in Figure 2 below.

The main category “General aspects” comprised statements from the participants
regarding how to handle this challenging situation that created general uncertainty during
the COVID-19 pandemic, as the following statement from a member of the teaching staff
illustrated: “The insecurity I had was due to the uncertainty of the situation. It wasn’t
one with faulty or improvable behavior, so to speak, but the facts were simply not there
and changed every day, and you had to adapt to the changing facts. And that caused the
uncertainty” (TS13).
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Figure 2. Uncertainty—main categories and subcategories.

Students also felt uncertainty when dealing with such a specific situation: “Uncertainty
was there at the beginning, where you didn’t know how it would continue, whether it
would start, when it would start, how it would proceed” (S01). Furthermore, some students
argued that the information policy about their dental studies was not transparent enough:
“On the one hand, there was definitely a lack of communication. A lot of information, I
think, that was also there, was not communicated to the students or somehow got to them
via three corners” (S37). The general perception of the situation, especially the new teaching
situation, was often characterized by the term ‘anxiety’ from students as well as teaching
staff. The teaching staff who were responsible for the implementation of the specific
regulations and hygienic conditions in the practical courses showed uncertainty concerning
implementation and acceptance, as one statement demonstrated: “In the beginning, there
was uncertainty in the sense that we were afraid that it wouldn’t work. We were afraid that
we would fail with the measures we wanted to implement because not everyone would
accept them” (TS03).

The main category “Missing aspects” included different issues that both students and
teaching staff missed in their daily work. Both groups missed contact with students due to
social distancing, and therefore a direct exchange of information or in-person lectures were
not possible: “In such an event, where you interact with people in a diminished form, you
somehow only have a very brief moment where everyone has the opportunity to ask or say
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something. I think that gives you a kind of security, when you have the feeling: OK, maybe
someone has the same question” (S16).

Nearly all of the teaching staff stated that the change in teaching methods to online-
teaching led to a lack of direct feedback during teaching: “What is uncertain and what
I don’t have is feedback on the extent to which the lecture was received, the extent to
which this mediation worked, and how the whole lecture was perceived” (TS02). The lack
of knowledge as to whether the content of the lectures reached the students or not was
perceived as a feeling of uncertainty by teaching staff: “With these purely digital lectures
that you give, I don’t feel safe. It’s rather . . . Well, I don’t know if what I’m saying will be
received” (TS11).

Some students stated that they missed a direct contact person during the online-
teaching: “We felt insecure simply because we didn’t have a contact person in that sense”
(S26). Due to the situation being unknown, students and teaching staff missed clear
planning for the semester. This led to feeling uncertainty.

The teaching staff planned the first lockdown semester with a high level of insecurity,
which was accompanied with great uncertainty: “All the planning we did was based on
pure thought. We had to adapt to completely new schedules, we had to construct them.
And there was a lot of uncertainty as to whether what we were planning for the whole
semester was a plan that could be carried out precisely up to the last day. And if it didn’t
fit, we would have had big problems” (TS13).

The main category of “Concerns” existed during the first lockdown semester, and
included the risk of infection, especially in the practical courses, performance during the
semester, design of exams, and implementation of online teaching. Students and teaching
staff felt uncertain about the risk of being infected with COVID-19, especially in the practical
courses with patient contact. “I think with this Corona issue, no one could block it out;
certainly no one felt that way. A certain amount of uncertainty always remains, of course,
and you also have your patient contacts” (TS11).

Moreover, one member of the teaching staff stated that the patients should to be
tested for COVID-19 to provide more certainty: “In the beginning, I think we should have
simply tested the patients. That would have given more security” (TS01). Students felt
ambivalent about completing the practical course where patients are an integral component,
and potentially infectious. “On the one hand, I was thinking: How can I in good conscience
call elderly people to come to the clinic? At the time, one simply didn’t know how events
would develop. And I tell my grandparents: Stay at home. And say to the elderly here:
Come to the clinic. That was a bit of an ethical matter, but it was justifiable because we
knew that the hygiene concept was right” (S21).

Only some students were concerned as to whether the semester would be completed
or not. “I think the biggest uncertainty was whether the semester could take place at
all. Digitalization was always just a bit of a side issue. I think the treatment course was
central in all our minds” (S02). The majority of students and teaching staff were convinced
that the semester would happen. Almost immediately, online tools were implemented for
performing online teaching. However, this led to different feelings of uncertainty from the
students and teaching staff. One member of the teaching staff stated: “Yes, it is different. The
uncertainty was related to the way how I record the presentation or put it online practically,
whether I’m not overwhelming the students with it or demanding more” (TS08).

Students were not sure about what kind of content could be provided within dental
studies: “Yes, I think in the beginning there was uncertainty as to whether all the content
could really be conveyed digitally, whether you would really get to grips with every topic
in that sense” (S14). The technical implementation and use of different tools and devices
were a challenge for some participants. “The first few times I logged into Zoom events, I
sometimes didn’t know if it was the right thing to do, or if I had to click on it, or if I was
going to miss it” (S11).
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4. Discussion

The results show that different aspects could influence feelings of certainty and un-
certainty during such a specific education process during the COVID-19 pandemic. The
perspectives of dental students and their teaching staff are considered, and the various
statements show that a process from uncertainty to certainty could be observed. As our
results demonstrate, clear communication led to feelings of certainty and was also found in
other studies [9]. However, the unclear information policy at the beginning of the online
teaching situation and the practical courses under specific regulations was due to the
situation itself. Never before have people experienced such a pandemic; they could not
anticipate the consequences.

Different studies with dental students and their educators show the challenges during
dental education and their effect on clinical performance [9,10,18]. In most countries,
dental education changed to online education, which was perceived positively by dental
students [4,18]. On the one hand, social distancing in terms of online teaching could
minimize the infection rate of COVID-19 and lead to a feeling of certainty. On the other
hand, social distancing could lead to the loss of a supportive network and create stress
for students. Social support, such as by teaching staff, was found to be an important
stabilizing element and was also observed as a protective factor concerning emotional
loneliness [19,20].

Face-to-face exchanges and communication allow people to read non-verbal signals,
but with social distancing, these non-verbal signals are absent, which could lead to a
difficult communication process. The direct feedback that helps to assess whether a peer
understands the meaning of the statement could lead to a sense of uncertainty in the
communication process. Furthermore, it was found that the lack of peer feedback could
have a negative impact on the effectiveness of online learning [21]. It can be assumed that
the uncertainties over the outcome of the pandemic could have an effect on teaching staff
as well as students’ well-being.

As already mentioned, the practical courses with patients started at the beginning of
May 2020 with the concept of rigorous hygiene. However, this was associated with two
main concerns: fear of infection, and completing the practical courses during the semester.
Both concerns led to feelings of uncertainty for students and the teaching staff. Different
studies show that the risk of COVID-19 infection was one of the reasons to perform any kind
of education digitally [9,10,22,23]. From our perspective, we have not seen any students or
teaching staff infected by COVID-19 within the practical courses during the first COVID-19
semester. Uncertainty has been replaced by a sense of security. Moreover, sustainable
training concepts such as the field of technical competencies and the strengthening of
mental health are necessary to become resilient in uncertain times.

Limitations

This study has several limitations. The results cannot be generalized without further
research because of the design of the qualitative study. Self-reporting comments from the
students and teaching staff were used to present the results of this qualitative study. It
is therefore not possible to make any assessments about the accuracy of the information.
Moreover, participation in the interviews was voluntary. It must also be assumed that the
study attracted interested students and teaching staff who were more open to the topics
discussed. This “positive selection bias” may be reflected in the results and thus needs to
be taken into account during interpretation.

5. Conclusions

The COVID-19 pandemic situation is a challenge for dental education, especially for
the practical courses. Different aspects seem important for a sense of certainty and should be
considered for future teaching situations. Clear and transparent communication would be
useful, as well as training in online teaching methods, to strengthen the feeling of certainty.
To reduce uncertainty in a pandemic situation, it is particularly important to establish
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channels for communication, information exchange, and feedback. In addition, this study
provides empirical evidence and insight into the aspects that lead to feelings of certainty
and uncertainty by dental students and their teaching staff during the COVID-19 crisis.
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Abstract: During the SARS-CoV-2 pandemic, the most common countermeasure are the use of masks,
which are supposed to filter inhaled and exhaled air to reduce the spread of the virus. The masks,
which are medical devices, must be used by providing appropriate instructions for correct use. This
study, which examined the population during the advanced stage of the pandemic, highlighted a
substantial improvement in the management and choice of masks, even though the information
disseminated to the population probably should be even more detailed and precise in order to avoid
incorrect behavior that could compromise the effectiveness of these devices; in fact a high percentage
of subjects had behaviors that can facilitate the spread of the virus, such as the continuous attempts to
correct the incorrect positioning of the mask on the face or the need to move it because it is annoying.

Keywords: COVID-19; masks; information; incorrect behavior

1. Introduction

The COVID-19 pandemic is nowadays a fairly well-known and studied disease for
which it is understood that it is necessary to limit the airborne spread of this virus in
every way.

One of the solutions most adopted by governments was the lockdown, through which
the citizens of most nations were forced to stay inside their homes for months, completely
canceling all social relations. Another countermeasure was that of “social distancing”,
which literally prevented non-cohabiting subjects, when they were outside their homes,
from staying close to each other, thus avoiding the gatherings that would facilitate the
infections. Mass vaccination further helped the fight against COVID-19 and strengthened
our immune defenses against this microorganism to which we had no immunity whatsoever.
Other concepts, of which attempts were made in all countries to disseminate information,
are concepts relating to personal hygiene, and above all, hygiene of the hands, by numerous
advising commercials and demonstration videos; to this was also added the ubiquitous
availability of disinfectant gels present in most places accessible to the public, such as stores.
Finally, the imposition of the use of filter masks by governments of most of the entire planet
represented another fundamental decision with the intention of limiting the circulation of
the virus as much as possible, especially when citizens were confined in spaces that were
poorly ventilated [1–4].

The massive use of filter masks, in normal daily activities, helped to contain the
contagion among the population because the transmission of this virus occurs mainly by
air [5–9].

However, we must consider the way in which the mask is managed by people
who, when the pandemic began to spread, were not adequately informed on how to
behave [10,11].

That lack of precise information certainly led the population to make serious mistakes
using those masks; they were often worn of not covering their nose and mouth correctly.
All this led to a reduction in the filtering efficiency of this device, reducing its effectiveness
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in a historical moment when the lack of mass vaccination prompted doctors to try to reduce
the airborne spread of the virus by any means [12,13].

Most likely, the breathing difficulties caused by this filter led the population not to
wear it correctly; in fact, the FFP2, and above all, the FFP3 masks, were little used at the
beginning of the pandemic precisely because they made breathing difficult, and also due to
their shape, which is made to make the edges adhere well to the face. These difficulties,
together with the fact that the population was not at all used to circulating wearing such
medical devices, often led citizens to leave the mask itself non-adherent to the skin, letting
unfiltered air pass both during inspiration and expiration, invalidating its function.

In addition, people who are particularly intolerant of the breathing difficulties caused
by filtering masks chose to wear those with valves that filter only the inhaled air, leaving
the exhaled air, which could be potentially infected, to escape unfiltered.

To this is added an incorrect management, such as touching the mask repeatedly
because it is a source of discomfort or trying to position it better on the face. These incorrect
behaviors can make the masks even more ineffective or make them a dangerous vehicle for
the spread of the disease itself.

Nowadays, in order to drastically reduce the problems mentioned, a massive informa-
tion campaign was organized in all countries, which tried to spread the correct use of this
important medical device.

However, it is important to underline that all governments, during the first phase
of the pandemic, focused their attention on simply advising the use of masks, and only
when the infection began to show its danger and uncontrollability did they resort to the
formulation of laws, which more or less rigidly imposed the use of this device. Initially,
there were no particular indications on the type of mask to wear and any type was fine, but
when awareness of the extent of the problem increased, governments focused not only on
the quantity, but also on the quality of filtering devices, directing the population towards
models with better performance, such as FFP2/FFP3.

As the months went by, the dissemination of information on how to wear these devices
in order to optimize their filtering effect became increasingly important.

During this second phase, it is less frequent to witness incorrect behaviors that nullify
or drastically reduce the filtering power of the masks.

This study aims to verify if, during this advanced phase of the COVID-19 pandemic,
the population changed the way they use and manage filter masks, given that the informa-
tion on their use is widely spread worldwide [14–17].

During the use of masks, in addition to considering the way in which they are worn, it
is also essential to focus attention on daily management.

As with all filtering devices, even masks can easily become infected, paradoxically
becoming a vehicle for virus transmission. The risk of spreading the microorganisms
trapped on the surface of this filter is linked, for example, to the continuous touching or
adjusting the position of the mask itself; this leads to an unaware contamination of the
hands with which other objects or surfaces are touched, which in turn become infected. For
this reason, this research also investigated this important aspect, which is just as important
as wearing the mask correctly [18].

2. Material and Method

This research was conducted in Italy (March 2022) and investigated the way in which
the mask was worn and managed by the population.

The observation of the sample was carried out in large commercial establishments
where the need to wear filter masks was particularly felt by people because the probability
of contracting the infection is certainly greater in closed and crowded places.

Particular attention was paid to go unnoticed during the observation period so as not
to influence, in any case, the behavior of the subjects in the sample.

In this way all the observed people acted in an absolutely natural way, unaware of
being watched.
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The research was conducted over a 15-day period from 9:00 A.M. to 08:00 P.M.; in
the choice of the representative sample, children were deliberately excluded because their
“non-rational behavior” could distort the result.

The number of subjects examined was 1084; the observation time for each individual
subject was 60 s.

This study looked at various parameters, such as type of mask (surgical mask, FFP2/FFP3
with valve, FFP2/FFP3 without valve, and self-made or cloth-replaced mask), correct
wearing (covering nose, mouth, and chin), and the correct management (touching or not
the mask on the external surface).

All data were collected by a single observer who, placed at a distance of about 5 m
from the subject under observation, used pre-compiled forms, inserted into a smart phone,
in which several fields were present. Each observed subject was assigned a sequential
numerical code, which guaranteed anonymity; moreover, no photographs were ever taken
in order to respect privacy. In each single module, the possible scenarios were already
indicated, such as the various types of masks worn or if it was positioned correctly on the
face and/or touched with the hands.

In this way, the observer only had to place a flag on the form; this facilitated both the
collection of data and the fact that whoever collected them went completely unnoticed.

In order to make the presence of the observer even more discreet, the latter after the
observation period, equal to sixty seconds, moved to a distance in another area or another
floor of the store, in order not to arouse suspects and undertake undisturbed observation
on another research sample.

All collected data were statistically analyzed by chi-square test.

3. Results

The observation of 1084 subjects in commercial activities showed that a large number
of people wore filter masks (97.98%) and only a very small part of the sample (2.02%) did
not protect their nose and mouth regardless of the danger of spreading the virus by air.

Among the subjects wearing masks, the preference was towards the FFP2/FFP3 type
without a valve (93.72%), followed by the surgical type, even if only noticed on a fairly
small number of people (2.95%). Even lower was the number of subjects who wore an
FFP2/FFP3 with a valve (1.10%), and only a couple of people (0.18%) tried to self-build a
protective mask.

As regards the ways in which the filter masks were worn by the sample, the following
results are highlighted:

Among the subjects who wore surgical masks, it was found that many of them did it
correctly (75%); only a few people (25%) made mistakes by not covering the nose, mouth,
or chin, or leaving the mask loose on the face, thus reducing the filtering capacity.

People who wore FFP2/FFP3 masks without valves showed that they did it correctly
in most cases (92.32%), and only a small number of subjects observed with this type of
mask did not adequately cover their nose, mouth, and chin (7.67%).

The research also revealed that most of the people with FFP2/FFP3 masks with a valve
wore the medical device appropriately (83.33%) and only a few subjects did not wear it
correctly (16.66%).

Only two people were noticed with self-made masks and in both cases the “devices”
were worn incorrectly (100%) (Table 1).
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Table 1. Distribution of result about wearing.

Correctness
in Wearing

No Mask
n (%)

Surgical
Mask
n (%)

FFP2/FFP3
No Valve

n (%)

FFP2/FFP3
with Valve

n (%)

Self Made
Mask
n (%)

22
(2.02%)

32
(2.95%)

1016
(93.72%)

12
(1.10%)

2
(0.18%)

Correct
not

applicable
24

(75%)
938

(92.32%)
10

(83.33%)
0

(0%)

Incorrect
not

applicable
8

(25%)
78

(7.67%)
2

(16.66%)
2

(100%)

The study also reported data on the subjects' behavior towards worn filtering devices
and the results are as follows:

Among the people who wore surgical masks, about half (53.12%) did not touch the
medical device during the observation period; the other subjects (46.87%) did it at least
once, and some of them repeatedly.

Even considering the people who wore FFP2/FFP3 without a valve, more than half
of them (57.66%) did not touch the mask during the observation period, but a still large
number of the sample (42.31%) did it once or more times.

The very few people who wore FFP2/FFP3 with a valve showed (58.33%) that they
did not touch the mask, but a large number of them (41.66%) still touched the device with
their hands.

Only two people wore self-made masks and both (100%) touched them even more
times (Table 2).

Table 2. Distribution of result about management.

Management

No Mask
n (%)

Surgical
Mask
n (%)

FFP2/FFP3
No Valve

n (%)

FFP2/FFP3
with Valve

n (%)

Self Made
Mask
n (%)

22
(2.02%)

32
(2.95%)

1016
(93.72%)

12
(1.10%)

2
(0.18%)

Good
management

not
applicable

17
(53.12%)

586
(57.66%)

7
(58.3%)

0
(0%)

Bad
managment

not
applicable

15
(46.87%)

430
(42.31%)

5
(41.6%)

2
(100%)

4. Discussion

The filter masks, which are widely used in medicine and in all those fields in which it
is necessary to filter the inhaled and exhaled air, represent an excellent means of containing
the spread of microbes that spread through the air.

All medical devices must be accompanied by precise instructions on use and mainte-
nance in order to fully exploit their potential. In this particular historical moment, where a
medical device was imposed on the population, it emerged that informing is as important
as imposing.

Our study showed that any type of filter mask must be worn and managed very
carefully; otherwise, it completely loses its effectiveness [19–21].

At the beginning of when the COVID-19 pandemic started, the population was cer-
tainly not prepared to properly use a device that is normally intended for health person-
nel [22,23].

This happened because when governments began to spread information on masks,
they could not imagine how much such a seemingly simple-to-use device needed detailed
information on how to use it, what to do, and also what not to do in order to prevent
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a filter mask, which has the task of preventing infections, from turning into a vehicle of
contagion instead.

During the pandemic months, the compounding information played a decisive role in
improving the management of these masks that seem of trivial usefulness, but which hide
various criticalities and problems.

It is important to note that, during the second phase of the pandemic, the percentage
of the sample who did not wear filter masks was really low (2.02%); this low percentage
shows that the perception of the pandemic problem is very different from the initial period
when general disorientation and misinformation prevailed. In fact, in the first months of
the pandemic, a large part of the population was particularly skeptical even about the real
existence of the infection, and in any case, the use of masks was sporadic [24].

The very low percentage of subjects observed with self-made masks (0.18%) confirms
the greater diffusion of information among the population that basically understood that
they cannot self-build a medical device, putting their own health and that of others at risk.
At the beginning of the pandemic, in attempts to self-build masks, the population showed
the greatest inspiration, but with particularly poor medical results; often, pieces of cloth
with undoubted filtering capacity were simply used, literally placed on the face or tied in
an approximate way or held in place with the hands in a discontinuous manner. This was
the most striking demonstration of disinformation shown by the population [25,26].

Differently from our previous study, where the surgical masks were the most ob-
served, in this new research, the data changed, and the most encountered masks were the
FFP2/FFP3 without valves (93.72%), which represent the type suggested and/or imposed
by the majority of European nations. This means that, for the same number of subjects
wearing filter masks, a very high percentage of subjects with FFP2/FFP3 are much less
likely to spread the virus [27].

Touching an infected mask with your hands could facilitate the contamination of
other objects; all of this could happen, for example, with an infected and asymptomatic
patient who, unaware of being infected with COVID-19, while correctly wearing a type of
mask with a high filtering power such as FFP3, due to the breathing difficulties it could
cause, repeatedly touches the device infecting his hands, which in turn become a means of
spreading the virus [28,29].

As confirmation of how confused and imprecise the diffusion of the concepts of
microbiology are in the population, it is interesting to note how almost all of the customers,
observed inside the commercial shops, used the sanitizing gel provided at the entrance to
reduce the microbial load on their hands; unfortunately the same subjects then repeatedly
touched their potentially infected masks, probably unaware of having made useless the
use of the disinfectant gel used a few minutes before [30].

All governments, in addition to giving indications on the type of mask to wear and
how to use it correctly, probably should accompany their information with teachings of
microbiology concepts that are easily accessible to the entire population.

This is not easy to do, because the level of basic biological knowledge can be very
variable within the population, which is very uneven in all countries. These years of
pandemic, therefore, put a strain on all the nations that tried, in various ways, to inform
citizens in the best way, even if the strategic choices adopted and the information given to
citizens did not always prove successful; to this is added that often within the same nation,
the information released over time was discordant and misleading, therefore also losing
credibility. The various strategic decisions, given by the various nations on the guidelines
for citizens, also contributed to aggravating the disorientation [31].

5. Conclusions

The main enemy of this pandemic is an invisible microorganism; and the data in our
possession confirm that it is particularly difficult to spread microbiological and medical
information on infections to the “non-medical” population who are not used to fighting
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microscopic, and above all, invisible viruses capable of contaminating the air we breathe
and the surfaces of the objects we live with on a daily basis.

This explains why even the people most attentive to wearing masks correctly that
observed in our research often touched them without considering that these devices could
potentially be infected, and therefore become a vehicle for transmission.

However, the study highlights how these years of pandemic made the population
understand the importance of wearing proper masks, especially in closed and crowded
places where the probability of spreading the virus is greater.

The high percentage of subjects identified as wearing FFP2/FFP3 masks confirms
that choices on the type of mask to wear are also made on the basis of information widely
disseminated by governments.

However, the data on the correct use of masks, which emerged from this study, indicate
that the population needs some more information on how to manage this medical device.

The imposition of these masks and the dissemination by the government of correct
information on how to wear them is a winning factor in the attempt to reduce the spread of
the COVID-19 virus; but on the occasion of extraordinary events, such as the SARS-CoV-2
pandemic, information messages must be particularly clear, targeted, and repetitive without
neglecting any aspect in order to reduce behavioral errors in the population.

It should be emphasized that our research, while revealing a high percentage of
subjects wearing appropriate filtering masks, shows that poor management of masks is
still widespread in the population; in fact, both attempts to correct the wrong positioning
of the device on the face and the need to move it continuously because it is annoying are
still too frequent.

The key words, in situations such as those that the pandemic imposed on the entire
planet, seem to be clarity and dissemination of certain information supported by scientific
evidence in order to avoid useless and harmful misunderstandings in the population.
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Abstract: Background: The role of preventive measures increases significantly in the absence of
effective specific COVID-19 treatment. Mass population immunization and the achievement of
collective immunity are of particular importance. The future development of public attitudes to-
wards SARS-CoV-2 immunization depends significantly on medical students, as future physicians.
Therefore, it seemed relevant to determine the percentage of COVID-19-vaccinated medical students
and to identify the factors significantly affecting this indicator. Methods: A total of 2890 medical
students from years one to six, studying at nine leading Russian medical universities, participated
in an anonymous sociological survey. The study was performed in accordance with the STROBE
guidelines. Results: It was found that the percentage of vaccinated Russian medical students at the
beginning of the academic year 2021 was 58.8 ± 7.69%, which did not significantly differ from the
vaccination coverage of the general population in the corresponding regions (54.19 ± 4.83%). Student
vaccination rate was largely determined by the region-specific epidemiological situation. The level of
student vaccination coverage did not depend on the gender or student residence (in a family or in
a university dormitory). The group of senior students had a higher number of COVID-19 vaccine
completers than the group of junior students. The lack of reliable information about COVID-19
vaccines had a pronounced negative impact on the SARS-CoV-2 immunization process. Significant
information sources influencing student attitudes toward vaccination included medical professionals,
medical universities, academic conferences, and manuscripts, which at that time provided the least
information. Conclusion: The obtained results make it possible to develop recommendations to pro-
mote SARS-CoV-2 immunoprophylaxis among students and the general population and to increase
collective immunity.
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1. Introduction

The long-term pandemic of the new coronavirus infection caused by the single-
stranded RNA-containing virus SARS-CoV-2 has become a serious challenge not only
for the healthcare systems but also for the economies of all countries [1]. Unprecedented
measures are being taken to organize medical care for SARS-CoV-2-infected people and to
rehabilitate patients with severe post-COVID complications [2]. In the absence of effective
specific COVID-19 treatment, the role of prophylaxis increases significantly. Along with
nonspecific prevention methods and compliance with sanitary–epidemiological require-
ments, mass population immunization and the achievement of collective immunity are of
particular importance [3,4].

Over the years of the pandemic, a significant amount of scientific information has
been accumulated on the SARS-CoV-2 pathogenesis, the virus biology, and its interac-
tion with the human immune system, making it possible to create effective COVID-19
vaccines [5–7]. In Russia, the first COVID-19 vaccine was officially recognized in August
2020. It was the two-component “Gam-COVID-Vac” (“Sputnik V”), based on the safe
rAD26-S и rAD5-S adenovirus carriers and developed by the N.F. Gamaleya Federal Re-
search Center for Epidemiology & Microbiology. The main advantage of such viral vector
vaccines is their natural mechanism of transporting SARS-CoV-2 genetic fragments into
human cells, allowing for sufficient long-term antigen expression, effectively activating
innate and adaptive immunity [8–10]. Then, in October 2020, the genetically engineered
protein vaccine “EpiVacCorona”, made from three different artificial peptides copying
SARS-CoV-2 fragments, was registered by the by State Research Center of Virology and
Biotechnology “Vector”. Persons over 18 years of age without contraindications are allowed
to be vaccinated with the “Sputnik V” and “EpiVacCorona” vaccines [11,12]. The most
traditional technological platform for creating vaccines was used by the Chumakov Federal
Scientific Center for Research and Development of Immune and Biological Products of
the Russian Academy of Sciences, which developed an inactivated whole-virion vaccine,
“CoviVak”, that became available in February 2021 for persons from 18 to 60 [13–16]. All
these vaccines are administered twice intramuscularly at 2–3 weeks’ interval [8,10,12,17–19].
In May 2021 the first component of the “Sputnik V” vaccine was registered as “Sputnik
Light”, which was intended for revaccination or vaccination of young people (18–30 years
old), whose immunity is well formed, and one injection is enough. Later, “EpiVacCorona”
was optimized into “EpiVacCorona H”, in which two of the three peptides were combined
into one [9,10,19–25]. In Moscow, COVID-19 vaccination began on 5 December 2020; in
other Russian regions, this was on 10 December, according to the unified COVID-19 immu-
nization program. Military, teachers, health care workers, and social workers were the first
in the vaccination campaign. SARS-CoV-2 immunization became available to everyone
in Russia in January 2021. Persons who have completed the full COVID-19 vaccination
course receive a special certificate that is required in order to be able to visit public places
and educational institutions [9–11,13–15].

A special risk group in the pandemic situation is medical students who have a high
infection risk due to their frequent visits to different patients and emergency practice in
coronavirus hospitals [26–28]. Medical students, as future physicians, are essential in
forming public attitudes towards SARS-CoV-2 immunization since there is currently a
worldwide problem of insufficient vaccination coverage due to mistrust and deliberate
avoidance of this highly effective measure [29]. In this regard, it was particularly important
to study the real COVID-19 vaccination rates among medical students during the SARS-
CoV-2 pandemic. The goal of this study was to determine the percentage of COVID-19-
vaccinated medical students and to identify the factors that significantly affect this indicator
in order to be able to develop recommendations that will help to increase vaccination rates
among the population and achieve the target of collective immunity.
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2. Materials and Methods

2.1. Study Design and Participants

A total of 2890 1st- to 6th-year medical students from nine leading Russian universities
located in the regions with different epidemiological SARS-CoV-2 situation were included in
a cross-sectional online anonymous survey conducted in the period of late September−early
October 2021 (Figure 1). By this time, students had had the opportunity to be vaccinated
against COVID-19 for more than six months from the start of vaccination.

 

Figure 1. Regions of online medical student survey in Russia.

The study was carried out on the Google Forms platform (Alphabet, Mountain View,
California, USA) in accordance with STROBE guidelines. The reference to the questionnaire
was distributed among students through social networks and Internet information channels.
Using G*Power software statistical package (ChristianAlbrechts-Universität, Olshausenstr,
Germany) [30] and based on a moderate effect size 0.3, power 85%, and alpha < 0.05, the
minimum sample size needed for this study was calculated to equal 1706 student that was
approximately 7.52% of the total number of students (22,694 students) enrolled in the nine
institutes. The formula used and the calculations for the minimum sample size are shown
below (Figure 2).

  
(a) (b) 

Figure 2. Sample size count: (a) ‘classic’ formula for counting; (b) formula and counting process for
present study.

Respondent sample representativeness in each of the nine universities is presented in
Table 1.
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Table 1. Number and percentage of surveyed medical students.

Russian Higher Education Institution Number and Percentage of Respondents Total Number of Students

I.M. Sechenov First Moscow State Medical
University (Sechenov University) 575 (13.2%) 4356

Mechnikov North-West State Medical University 302 (10.8%) 2797

Saratov State Medical University named after V.I.
Razumovsky

(Razumovsky University)
283 (12.9%) 2194

Smolensk State Medical University 215 (12.6%) 1707

Northern State Medical University 290 (11.7%) 2479

Federal State Autonomous Educational Institution of
Higher Education “M. K. Ammosov North-Eastern

Federal University”
212 (11.5%) 1845

Kirov State Medical University 344 (13.6%) 2529

Kazan State Medical University 469 (15.1%) 3106

Penza State Medical University 200 (11.9%) 1681

Total 2890 (12.7%) 22,694

2.2. Epidemiological Situation Characteristics in Studied Russian Regions

The up-to-date data provided by Russian Federal Service on Customers’ Rights Pro-
tection and Human Well-Being Surveillance (Russian Federal Service on Customers’ Rights
Protection and Human Well-Being Surveillance—the up-to-date data are available at:
https://xn--80aesfpebagmfblc0a.xn--p1ai/information/, accessed on 15 November 2021)
were used to identify the correlation between student behavioral attitudes toward SARS-
CoV-2 immunization in relation to morbidity, mortality, lethality, and vaccination popula-
tion coverage of the corresponding Russian region.

Moscow and Saint Petersburg led steadily with respect to numbers of patients and
number of deaths per 1000 people among the Russian regions studied (p < 0.05). Minimum
incidence and mortality were observed in the Tatarstan Republic (p < 0.05), where Kazan
State Medical University is located (Figures 3 and 4).

Figure 3. Total SARS-CoV-2 incidence per 1000 people at the time of the study.

The highest lethality rates, defined as the ratio of deaths occurring because of SARS-
CoV-2 to the total number of people affected by the disease during the pandemic period,
were recorded in Saint Petersburg, Penza, and Smolensk regions (p < 0.05). The minimum
value of this indicator was observed in the Kirov region (p < 0.05) (Figure 5).
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Figure 4. Total mortality because of SARS-CoV-2 per 1000 people at the time of the study.

Figure 5. Lethality because of SARS-CoV-2 at the time of the study.

COVID-19 vaccination coverage of the population of each region at the time of the
study is shown in Figure 6. It should be emphasized that the proportion of vaccinated
people in Moscow, Smolensk and Arkhangelsk regions was significantly lower than in the
Tatarstan Republic, Kirov and Penza regions. On average, the percentage of citizens that
had been vaccinated in the studied regions was 54.1%, while in the whole of Russia this
figure was 52.3%.
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Figure 6. Vaccination coverage of the populations of the studied regions at the time of the study.
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2.3. Questionnaire Development and Content

The original questionnaire was designed using prior scientific studies on vaccine
and behavioral attitudes toward immunization, with new factors added [26–28,31–35].
Personal information such as institutional affiliation, academic year, student residence,
age, and sex were requested to be filled in first (Supplementary Materials). The main
part of the questionnaire consisted of four sections, the first of which contained questions
about COVID-19 assessment, previous COVID-19 experience in relatives and themselves,
attitudes towards non-specific SARS-CoV-2 preventive measures, and the evaluation of
their effectiveness. In the second section, student beliefs about COVID-19 vaccination were
studied. To identify their determination of the effectiveness of vaccination and non-specific
SARS-CoV-2 preventive measures, students used a visual analog scale, in which 10 points
corresponded to the effectiveness maximum, and 0 points to its complete absence. The
third section focuses on participant COVID-19 vaccine preference and vaccine information
sources. Finally, we investigated COVID-19 vaccination coverage among medical students,
side effects after COVID-19 vaccination, and predominant reasons for not vaccinating. In the
final questions, respondents were able to choose several options. To ensure questionnaire
content validity, a pilot study was carried out on 36 students who were not included in
the final study. All questions were checked for clarity and ease of understanding by three
independent experienced experts.

2.4. Ethical Considerations

The work fully complied with the requirements of the local ethical committee of
Sechenov University (Protocol No. 04-19 dated 6 March 2019) and the norms of the
Declaration of Helsinki. All students were recruited on a volunteer basis and gave informed
consent before the study. Respondents understood the survey purpose and were told how
to fill in the questionnaire. No reward was offered to participants.

2.5. Statistical Analysis

Statistical data analysis was performed using SPSS 20.0 (SPSS Inc., Chicago, IL, USA)
and MedCalc 11.5.00 (MedCalc Software, Oostende, Belgium). The minimal subject number
needed for this study was calculated by means of power analysis. Descriptive statis-
tics had a place for data from scales where the mean, median, standard deviation, and
percentiles were calculated. Intergroup qualitative indicators were compared using Pear-
son’s χ-squared test or Fisher’s exact test. The normality of distributions was checked
with Kolmogorov–Smirnov test. Quantitative differences were determined using the in-
dependent t-test for normal distribution or the non-parametric Mann–Whitney U-test
when variables were non-normally distributed. For multiple-comparison, non-parametric
Kruskal–Wallis test and parametric ANOVA were used. Pearson’s coefficient and Spear-
man’s rank test were calculated for correlation analysis. Statistics were considered sig-
nificant at p < 0.05. The results were counted twice by 2 independent researchers. The
inter- and intragroup correlation agreement rates were greater than 95%; for this reason, all
results were considered as the mean between 2 attempts by 2 researchers.

3. Results

3.1. Participant Characteristics

The mean respondent age was 20.99 ± 2.28 years (range of 16 to 37 years) (Table 2).
The survey sample included students from the 1st to 6th year; therefore, two subgroups of
junior (1–3 year—1467 (50.8%)) and senior (4–6 year—1423 (49.2%)) students were formed
to determine the dependence of commitment to COVID-19 vaccination on the professional
training level. There were 800 males (27.7%) and 2090 females (72.3%), which was used to
examine the proportion vaccinated according to sex.
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Table 2. Mean age of surveyed medical students and their number according to sex and grade.

Russian Higher Education Institution Mean Age 1–3 Year 4–6 Year Males Females

I.M. Sechenov First Moscow State Medical
University (Sechenov University) 19.53 ± 3.01 299 276 133 442

Mechnikov North-West State Medical University 19.96 ± 2.32 162 140 75 227

Saratov State Medical University named after V.I.
Razumovsky (Razumovsky University) 19.65 ± 2.64 157 126 80 203

Smolensk State Medical University 20.81 ± 2.13 84 131 67 148

Northern State Medical University 21.49 ± 1.96 127 163 62 228

Federal State Autonomous Educational Institution
of Higher Education “M. K. Ammosov

North-Eastern Federal University”
22.88 ± 3.67 108 104 84 128

Kirov State Medical University 22.05 ± 2.56 170 174 88 256

Kazan State Medical University 20.47 ± 2.46 277 192 141 328

Penza State Medical University 22.10 ± 1.79 83 117 70 130

Total 20.99 ± 2.28 1467 (50.8%) 1423 (49.2%) 800 (27.7%) 2090 (72.3%)

3.2. Participant COVID-19 Experience and Non-Specific SARS-CoV-2 Prophylaxis Evaluation

Most students consider COVID-19 a dangerous disease (89.4%) and express profound
concern about the current unfavorable sanitary–epidemiological situation (89.9%) associ-
ated with the rapid spread of new coronavirus variants. Three-quarters of the respondents
have already encountered this disease in their relatives (75.9%), and every third had ex-
perienced the death of a loved one (36.98 ± 5.79%). Almost half of the young surveyed
people (48.6%) had experienced RT-PCR test-confirmed COVID-19 themselves, with one
in two (46.6%) being diagnosed with moderate and severe form of this disease (according
to computed tomography criteria). Most students (85.4%) are responsible with respect to
following non-specific SARS-CoV-2 preventive measures, which primarily include wearing
masks in public places, treating hands with antiseptic, and social distancing. Respondents
rated the effectiveness of these anti-COVID measures at 4.73 ± 0.51 points (the median was
5.0 (IQR, 3.0–7.0).

3.3. Participant Beliefs about COVID-19 Vaccination

Most future specialists (65.0%) consider vaccination to be the most effective method
for infectious disease prevention; every second respondent (57.3%) sees the immunization
expediency even directly during a pandemic. However, only a little more than a third of all
students (39.0%) expressed a definite positive attitude towards COVID-19 vaccination, and
the same number of respondents (42.7%) have not yet fully decided on this issue, so only
half of all respondents (52.5%) recommend their relatives, friends, and acquaintances to
vaccinate against coronavirus infection.

The effectiveness of SARS-CoV-2 specific prophylaxis was estimated by medical stu-
dents at 4.87 ± 0.50 points (the median was 5.0 (IQR, 3.0–7.0), which did not differ signifi-
cantly from the effectiveness of non-specific SARS-CoV-2 preventive measures (4.73 ± 0.51,
respectively; p > 0.05). Many future doctors (66.5%) believe that COVID-19 vaccine prophy-
laxis acts as a necessary guarantee of protection against moderate and severe disease forms,
fatal outcomes, and post-infectious complications. Only a tenth of the respondents (10.9%)
suppose that active immunization can prevent disease incidence.

Just over half of the students (59.2%) indicate that the COVID-19 vaccination need
is primarily for at-risk individuals and adults. A quarter of respondents note that both
adults and children should be vaccinated. One in six students (14.7%) is convinced that
SARS-CoV-2 immunization is not indicated for anyone at all (Figure 7). Almost all students
(86.5%) emphasize that vaccination should be voluntary only.
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Figure 7. Population groups to be vaccinated against COVID-19.

3.4. Participant COVID-19 Vaccine Preference and Vaccine Information Sources

The highest percentage of (41.9%) medical students express the opinion that all COVID-
19 vaccines are effective regardless of the origin country, 18.3% respondents are convinced
of the good quality of only Russian vaccines, 24.3% respondents trust only imported
vaccines. Every sixth medical student (15.5%) believes that all immunobiological agents
are ineffective.

Every third medical school student (31.9%) reported a clear lack of reliable information
about anti-COVID vaccines, their composition, action mechanisms and contraindications.
Sources of COVID-19 preventive vaccines, used by medical students for subsequent in-
formed consent or refusal to participate in a vaccination campaign against COVID-19, were
identified (Figure 8).

0 20 40 60 80

Internet

Mass media

Medical workers

Medical university

Scientific conferences and articles

Familiar

65.2%

56.9%

52.3%

35.4%

32.1%

36.5%

Figure 8. Key information sources of COVID-19 vaccines in medical students.

Thus, medical students received most information about active SARS-CoV-2 immu-
nization drugs from the Internet and the mass media. Half of the respondents, in order to
make their choice (52.3%), relied on information obtained from medical professionals. The
least importance in obtaining knowledge about vaccines was found for medical universities,
scientific conferences and manuscripts, the role of which is reported only by a third of
students, which is comparable to the number of students whose source of information is
familiar. Half of future doctors (47.7%) are not satisfied with the quality of information
they received at all.

3.5. COVID-19 Vaccination among Medical Students and Reasons for Not Vaccinating

The COVID-19 vaccination coverage among Russian medical students was 58.8%,
which did not significantly differ from the percentage of citizens who were vaccinated in
the studied regions, which was 54.2% (p < 0.05). The distribution of the vaccinated by the
region in Russia is shown in Figure 9. It should be noted that the percentage of preventive
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COVID-19 vaccination among the students of Saratov, Kirov and Northern State Medical
University is significantly lower than that at other universities (p < 0.05).
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Figure 9. The distribution of vaccinated medical students by Russian region. Note: *—the differences
are significant, p < 0.05.

The percentage of COVID-19-vaccinated students was not dependent on gender
(57.9% and 61.3%, respectively; p > 0.05), and was significantly higher in the group of
senior students compared to junior students (68.7% and 49.2%, respectively; p < 0.05). It
was found that in a significantly larger percentage of cases, students were motivated to
receive the COVID-19 vaccination certificate than to prevent the disease and its severe
course (59.2% and 45.4%, respectively; p < 0.05).

The most popular vaccines chosen by medical students for the SARS-CoV-2 prevention
were the combined two-component vaccine “Gam-COVID-Vac” (“Sputnik V”) and the
single-component vaccine Sputnik-Light, based on viral vectors and developed by the
N.F. Gamaleya Federal Research Center for Epidemiology & Microbiology (Figure 10). In
second place was the medication “CoviVak”, an inactivated whole-virion vaccine, registered
by the Chumakov Federal Scientific Center for Research and Development of Immune
and Biological Products of Russian Academy of Sciences. The subunit (protein) vaccines
“EpiVacCorona” and “EpiVacCorona H”, developed by the by State Research Center of
Virology and Biotechnology “Vector”, were the least in demand.

 
Figure 10. COVID-19 vaccines selected by medical students.

The most common side effects after COVID-19 vaccination were weakness (71.4%),
injection site soreness (66.2%), fever (64.5%), headache (54.1%) and muscle aches (52.2%),
which, as a rule, disappeared on their own within 2–3 days. In 14.8% of respondents, side
effects were completely absent.

The predominant reasons for not vaccinating were lack of awareness about COVID-19
vaccines and doubts about their efficacy and safety (15.3%), fear of side effects and post-
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vaccination complications (23.5%), presence of post-COVID immunity (15.3%) and medical
withdrawal from vaccination due to existing contraindications (12.0%).

3.6. Identifying Factors Affecting COVID-19 Vaccination Coverage among Medical Students

Multicomponent correlation analysis made it possible to identify the factors affecting
the COVID-19 vaccination coverage among Russian medical students. Thus, it was shown
that the student attitude towards COVID-19 vaccination was almost independent of their
opinion about the danger of this coronavirus infection (r = −0.009) and their concern about
the current sanitary–epidemiological situation (r = −0.235). It was found that students
were motivated to carry out specific prophylaxis not so much by an increase in the overall
incidence in the region (r = 0.388) as by the incidence among students themselves (r = 0.573)
and their relatives (r = 0.626). Increased mortality rates because of SARS-CoV-2 (r = 0.655)
and, especially, the percentage of deaths among close people (r = 0.778) had a great effect.
It should be noted that there is a strong positive correlation between the percentage of
vaccinated medical students and the lethality rate because of SARS-CoV-2 in this region
(r = 0.701). There was no relationship between the SARS-CoV-2 immunization coverage
of the region population and the proportion of SARS-CoV-2 vaccinated medical students
(r = −0.119).

A pronounced negative impact on the SARS-CoV-2 immunization process was pro-
vided by the lack of information about COVID-19 vaccines (r = −0.638) and the unreliability
of these data (r = −0.693), which determine the doubt about the vaccination effectiveness
and safety (r = 0.674), and the fear of side effects and post-vaccination complications
(r = 0.686). It was found that the percentage of students who decided to be vaccinated
against SARS-CoV-2 was positively correlated with the percentage of students whose main
information sources were medical professionals (r = 0.484), medical university (r = 0.584),
and scientific conferences and manuscripts (r = 0.317). Information from the Internet
(r = 0.164) and from familiar (r = −0.096) had no significant effect on student SARS-CoV-2
immunization attitudes. Students who received information mainly from the mass media
vaccinated in a significantly lower percentage (r = −0.623). It should be emphasized that
the percentage of young people who were negative about SARS-CoV-2 immunization
(r = −0.450) and not fully decided on this issue (r = −0.722) was negatively correlated with
the percentage of COVID-19-vaccinated students.

It was found that the student COVID-19 vaccination coverage did not depend on
their student residence, i.e., whether they lived in a family (r = 0.055) or in a university
dormitory (r = −0.043). A negative correlation was noted between the percentage of
COVID-19-vaccinated students and the proportion of students who exclusively prefer
foreign vaccines (r = −0.322). The percentage of future specialists who recommended
COVID-19 vaccination to everyone around them and who, accordingly, largely affect
the formation of collective population immunity, was significantly correlated with the
percentage of students who were positive about SARS-CoV-2 immunization and had been
vaccinated themselves (r = 0.903).

Study design and research results are summed up in flow chart diagram (Figure S1—
Supplementary Materials).

4. Discussion

According to recent studies, the understanding of the importance of the COVID-19
vaccine among medical students all over the world is very high, since COVID is a poten-
tially severe acute respiratory infection [28,36–39]. However, the presence of words such
as ‘hesitancy’, ‘barriers’, and ‘refusal’ in the literature regarding COVID-19 vaccination
demonstrates the clear problems of COVID-19 vaccine approval among the young medical
community. It was shown that almost all Russian medical students believed that COVID-19
was a serious disease (89.3%) and expressed profound concern about the current epidemio-
logical situation (89.9%), sounding similar to the common understanding of the situation
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among medical students from around the world; vaccination importance was recognized
by most of the respondents in the known studies, reaching 73.2–99.4% [36–39].

Hesitancy in accepting COVID-19 vaccination has a place among medical students in
different countries and in some studies its prevalence even reaches 23.0–46.0% [27,28,40]. In
Russia, most future specialists (65.0%) consider active population immunization to be the
most effective method of preventing infectious diseases and post-infectious complications,
but only a third of them (39.0%) have a positive attitude towards COVID-19 vaccination,
and 42.7% of respondents are still undecided on this issue, and show low intention to
recommend COVID-19 vaccination to others (demonstration of ‘hesitancy’). This criterion
does not exactly exceed the percentage reported in other studies, but it is very close to the
highest negative level. The need to obtain COVID-19 vaccination certificates motivated
students to get vaccinated more than the desire to prevent COVID-19 and its complications.

Therefore, the real COVID-19 vaccination rate among Russian medical students in
autumn 2021 was shown to be 58.8 ± 7.69%, which did not differ from the COVID-19
vaccination coverage among the general population at that time, and was significantly
lower than the target value for collective immunity, which, according to actual data of
the Russian Federal Service on Customers’ Rights Protection and Human Well-Being
Surveillance was 80%. The number of COVID-19-vaccinated medical students worldwide
was also not sufficient and according to systematic analysis of 40 original articles published
between January 2020 and December 2021 averaged 61.9% [41].

It was found that the main reason for COVID-19 vaccination hesitancy among medi-
cal students and the low vaccination rate in Russia is the lack of reliable information on
COVID-19 vaccines, their composition, action mechanisms and contraindications, which
determine the doubt about the effectiveness and safety of COVID-19 vaccination, and the
fear of side effects and post-vaccination complications, which has also been emphasized by
other scientists [28,33,34]. It has been proved that the percentage of students who decided
to be vaccinated against SARS-CoV-2 was positively correlated with the percentage of stu-
dents whose main sources of information were medical professionals, medical universities,
scientific conferences, and manuscripts, which at that point provided the least information
about active SARS-CoV-2 immunization to medical students. Students who received data
mainly from the media were vaccinated in a significantly lower percentage because of
anti-vaccination propaganda conducted there. Similar assumptions were made in other
studies [28,36]. Lack of information about COVID-19 vaccines can be a source of stress for
young medical specialists [42].

For the first time, it was found that the student COVID-19 vaccination rate was largely
determined by the actual epidemiological situation of the region, and primarily by indica-
tors such as mortality (r = 0.655) and lethality (r = 0.701), which may be related to medical
students’ awareness of COVID-19 treatment options and care quality in corresponding
regions. It was proved that student COVID-19 vaccination coverage rates were independent
of gender and student residence. For the first time, our study demonstrated that the group
of senior students had a higher number of COVID-19 vaccine completers than the group of
junior students, which may be due to their greater involvement in coronavirus hospitals
and more frequent contact with health care workers. Other authors also established that
willingness to be vaccinated against COVID-19 among medical students generally increased
with age and education [27].

It has been shown that the percentage of students willing to recommend COVID-19
vaccination to the people around them and thereby contribute to increasing the collective
immunity level is significantly dependent on the percentage of students who have been
COVID-19 vaccinated. Many scientists consider that medical students are among the
front-line medical professionals who meet patients. In addition, it is very important to
achieve high rates of COVID-19 vaccination coverage in this group of health care providers,
as they will recommend COVID-19 vaccination and counsel vaccine-hesitant people [27].
Public attitudes toward COVID-19 vaccine prophylaxis are formed in communication with
medical students and directly depend on their competence in this matter. The ability to
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competently convey to the patient the essence of SARS-CoV-2 immunologic prophylaxis, to
justify its necessity, to explain the existing questions in an accessible language, to inform
about possible adverse reactions are the most important student skills, which they should
receive, first, at a medical university.

One of our study limitations was the lack of result separation by faculty, as there
is a perception that medical student knowledge varies between different specializations.
We consider all respondents to have a high level of education corresponding to their
course. In addition, the relatively small number of males compared to females may likely
be a limiting factor on the study results. In future studies we will choose proportional
numbers of students from all medical universities. Another limitation is that the survey
was conducted under the condition that only Russian vaccines were included. For this
reason, this study and its results must be understood as the initial stage of multi-central
research for COVID-19 vaccination in order to understand its problems.

5. Conclusions

The real COVID-19 vaccination rate among Russian medical students in autumn
2021 was 58.8 ± 7.69%, which did not differ from the COVID-19 vaccination coverage
of the general population at that time, and was significantly lower than the target value
for collective immunity. The main reason for low COVID-19 vaccination among medical
students’ rate is the lack of reliable information about COVID-19 vaccines. Significant
information sources influencing students’ attitudes toward vaccination include medical
professionals, medical universities, academic conferences, and manuscripts. The group of
senior students had a higher number of COVID-19 vaccine completers than the group of
junior students.

The obtained results support the following recommendations:
(1) The primary task is to eliminate the information deficiency about COVID-19 vac-

cines among medical students using educational resources and, above all, the medical uni-
versity, considering its significance in the forming adherence to SARS-CoV-2 immunologic
prophylaxis. (2) SARS-CoV-2 immunologic prophylaxis education should be organized to
all students, focusing on junior students. (3) Registration of foreign COVID-19 vaccines in
Russia and development of official recommendations for their use will increase the percent-
age of vaccinated students and population. (4) A conscious decision by medical students
to be vaccinated against SARS-CoV-2 will contribute to their competent explanation of
immunologic prophylaxis essence to the population and increase collective immunity.

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/ijerph191811556/s1, Figure S1. Flow research chart.
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4. Štefan, M.; Dlouhý, P.; Bezdíčková, L. Vaccination against COVID-19. Klin. Mikrobiol. Infekc Lek. 2021, 27, 49–60. [PubMed]
5. Castells, M.C.; Phillips, E.J. Maintaining Safety with SARS-CoV-2 Vaccines. N. Engl. J. Med. 2021, 384, 643–649. [CrossRef]

[PubMed]
6. Awadasseid, A.; Wu, Y.; Tanaka, Y.; Zhang, W. Current advances in the development of SARS-CoV-2 vaccines. Int. J. Biol. Sci.

2021, 17, 8–19. [CrossRef]
7. Chakraborty, S.; Mallajosyula, V.; Tato, C.M.; Tan, G.S.; Wang, T.T. SARS-CoV-2 vaccines in advanced clinical trials: Where do we

stand? Adv. Drug Deliv. Rev. 2021, 172, 314–338. [CrossRef]
8. Logunov, D.Y.; Dolzhikova, I.V.; Zubkova, O.V.; Tukhvatullin, A.I.; Shcheblyakov, D.V.; Dzharullaeva, A.S.; Grousova, D.M.;

Erokhova, A.S.; Kovyrshina, A.V.; Botikov, A.G.; et al. Safety and immunogenicity of an rAd26 and rAd5 vector-based heterolo-
gous prime-boost COVID-19 vaccine in two formulations: Two open, non-randomised phase 1/2 studies from Russia. Lancet
2020, 396, 887–897. [CrossRef]

9. Andryukov, B.G.; Besednova, N.N. Older adults: Panoramic view on the COVID-19 vaccination. AIMS Public Health
2021, 8, 388–415. [CrossRef]

10. Burki, T.K. The Russian vaccine for COVID-19. Lancet Respir. Med. 2020, 8, e85–e86. [CrossRef]
11. Keech, C.; Albert, G.; Cho, I.; Robertson, A.; Reed, P.; Neal, S.; Plested, J.S.; Zhu, M.; Cloney-Clark, S.; Zhou, H.; et al. Phase

1–2 Trial of a SARS-CoV-2 Recombinant Spike Protein Nanoparticle Vaccine. N. Engl. J. Med. 2020, 383, 2320–2332. [CrossRef]
[PubMed]

12. Dai, L.; Gao, G.F. Viral targets for vaccines against COVID-19. Nat. Rev. Immunol. 2021, 21, 73–82. [CrossRef] [PubMed]
13. Al-Kassmy, J.; Pedersen, J.; Kobinger, G. Vaccine Candidates against Coronavirus Infections. Where Does COVID-19 Stand?

Viruses 2020, 12, 861. [CrossRef]
14. Locht, C. Vaccines against COVID-19. Anaesth. Crit. Care Pain Med. 2020, 39, 703–705. [CrossRef] [PubMed]
15. Calina, D.; Docea, A.O.; Petrakis, D.; Egorov, A.M.; Ishmukhametov, A.A.; Gabibov, A.G.; Shtilman, M.I.; Kostoff, R.; Carvalho, F.;

Vinceti, M.; et al. Towards effective COVID-19 vaccines: Updates, perspectives and challenges (Review). Int. J. Mol. Med.
2020, 46, 3–16. [CrossRef]

16. Kozlovskaya, L.I.; Piniaeva, A.N.; Ignatyev, G.M.; Gordeychuk, I.V.; Volok, V.P.; Rogova, Y.V.; Shishova, A.A.; Kovpak, A.A.;
Ivin, Y.Y.; Antonova, L.P.; et al. Long-term humoral immunogenicity, safety and protective efficacy of inactivated vaccine against
COVID-19 (CoviVac) in preclinical studies. Emerg. Microbes Infect. 2021, 10, 1790–1806. [CrossRef]

17. Baraniuk, C. COVID-19: What do we know about Sputnik V and other Russian vaccines? BMJ 2021, 372, n743. [CrossRef]
18. Asdaq, S.M.B.; Jomah, S.; Rabbani, S.I.; Alamri, A.M.; Alshammari, S.K.S.; Duwaidi, B.S.; Alshammari, M.S.; Alamri, A.S.;

Alsanie, W.F.; Alhomrani, M.; et al. Insight into the Advances in Clinical Trials of SARS-CoV-2 Vaccines. Can. J. Infect. Dis. Med.
Microbiol. 2022, 2022, 1–16. [CrossRef]

19. Hassine, I.H. COVID-19 vaccines and variants of concern: A review. Rev. Med. Virol. 2022, 32, e2313. [CrossRef]
20. Matveeva, O.; Ershov, A. Retrospective Cohort Study of the Effectiveness of the Sputnik V and EpiVacCorona Vaccines against

the SARS-CoV-2 Delta Variant in Moscow (June–July 2021). Vaccines 2022, 10, 984. [CrossRef]
21. Tukhvatulin, A.I.; Dolzhikova, I.V.; Shcheblyakov, D.V.; Zubkova, O.V.; Dzharullaeva, A.S.; Kovyrshina, A.V.; Lubenets, N.L.;

Grousova, D.M.; Erokhova, A.S.; Botikov, A.G.; et al. An open, non-randomised, phase 1/2 trial on the safety, tolerability, and
immunogenicity of single-dose vaccine “Sputnik Light” for prevention of coronavirus infection in healthy adults. Lancet Reg.
Health Eur. 2021, 11, 100241. [CrossRef] [PubMed]

22. Komissarov, A.A.; Dolzhikova, I.V.; Efimov, G.A.; Logunov, D.Y.; Mityaeva, O.; Molodtsov, I.A.; Naigovzina, N.B.; Peshkova, I.O.;
Shcheblyakov, D.V.; Volchkov, P.; et al. Boosting of the SARS-CoV-2–Specific Immune Response after Vaccination with Single-Dose
Sputnik Light Vaccine. J. Immunol. 2022, 208, 1139–1145. [CrossRef] [PubMed]

23. Vanaparthy, R.; Mohan, G.; Vasireddy, D.; Atluri, P. Review of COVID-19 viral vector-based vaccines and COVID-19 variants.
Infez. Med. 2021, 29, 328–338. [CrossRef]

24. Ryzhikov, A.B.; Ryzhikov, E.A.; Bogryantseva, M.P.; Danilenko, E.D.; Imatdinov, I.R.; Nechaeva, E.A.; Pyankov, O.V.;
Pyankova, O.G.; Susloparov, I.M.; Taranov, O.S.; et al. Immunogenicity and protectivity of the peptide candidate vaccine against
SARS-CoV-2. Ann. Russ. Acad. Med. Sci. 2021, 76, 5–19. [CrossRef]

50



Int. J. Environ. Res. Public Health 2022, 19, 11556

25. Ryzhikov, A.B.; Ryzhikov, E.A.; Bogryantseva, M.P.; Usova, S.V.; Danilenko, E.D.; Nechaeva, E.A.; Pyankov, O.V.; Pyankova, O.G.;
Gudymo, A.S.; Bodnev, S.A.; et al. A single blind, placebo-controlled randomized study of the safety, reactogenicity and
immunogenicity of the “EpiVacCorona” Vaccine for the prevention of COVID-19, in volunteers aged 18–60 years (phase I–II).
Russ. J. Infect. Immun. 2021, 11, 283–296. [CrossRef]

26. Szmyd, B.; Bartoszek, A.; Karuga, F.F.; Staniecka, K.; Błaszczyk, M.; Radek, M. Medical Students and SARS-CoV-2 Vaccination:
Attitude and Behaviors. Vaccines 2021, 9, 128. [CrossRef] [PubMed]

27. Lucia, V.C.; Kelekar, A.; Afonso, N.M. COVID-19 vaccine hesitancy among medical students. J. Public Health 2021, 43, 445–449.
[CrossRef]

28. Saied, S.M.; Saied, E.M.; Kabbash, I.A.; Abdo, S.A.E. Vaccine hesitancy: Beliefs and barriers associated with COVID-19 vaccination
among Egyptian medical students. J. Med. Virol. 2021, 93, 4280–4291. [CrossRef]

29. Albrecht, D. Vaccination, politics and COVID-19 impacts. BMC Public Health 2022, 22, 96. [CrossRef]
30. Faul, F.; Erdfelder, E.; Lang, A.-G.; Buchner, A. G*Power 3: A flexible statistical power analysis program for the social, behavioral,

and biomedical sciences. Behav. Res. Methods 2007, 39, 175–191. [CrossRef]
31. Barello, S.; Nania, T.; Dellafiore, F.; Graffigna, G.; Caruso, R. ‘Vaccine hesitancy’ among university students in Italy during the

COVID-19 pandemic. Eur. J. Epidemiol. 2020, 35, 781–783. [CrossRef] [PubMed]
32. Betsch, C.; Wicker, S. E-health use, vaccination knowledge and perception of own risk: Drivers of vaccination uptake in medical

students. Vaccine 2012, 30, 1143–1148. [CrossRef] [PubMed]
33. Katz, M.; Azrad, M.; Glikman, D.; Peretz, A. COVID-19 Vaccination Compliance and Associated Factors among Medical Students

during an Early Phase of Vaccination Rollout—A Survey from Israel. Vaccines 2021, 10, 27. [CrossRef] [PubMed]
34. Bălan, A.; Bejan, I.; Bonciu, S.; Eni, C.; Rut,ă, S. Romanian Medical Students’ Attitude towards and Perceived Knowledge on

COVID-19 Vaccination. Vaccines 2021, 9, 854. [CrossRef]
35. Harapan, H.; Wagner, A.L.; Yufika, A.; Winardi, W.; Anwar, S.; Gan, A.K.; Setiawan, A.M.; Rajamoorthy, Y.; Sofyan, H.;

Mudatsir, M. Acceptance of a COVID-19 Vaccine in Southeast Asia: A Cross-Sectional Study in Indonesia. Front. Public Health
2020, 8, 381. [CrossRef]

36. Jain, J.; Saurabh, S.; Kumar, P.; Verma, M.K.; Goel, A.D.; Gupta, M.K.; Bhardwaj, P.; Raghav, P.R. COVID-19 vaccine hesitancy
among medical students in India. Epidemiol. Infect. 2021, 149, e132. [CrossRef]

37. Kelekar, A.K.; Lucia, V.C.; Afonso, N.M.; Mascarenhas, A.K. COVID-19 vaccine acceptance and hesitancy among dental and
medical students. J. Am. Dent. Assoc. 2021, 152, 596–603. [CrossRef]

38. Aragão, M.G.B.; Gomes, F.I.F.; Paixão-De-Melo, L.P.M.; Corona, S.A.M. Brazilian dental students and COVID-19: A survey on
knowledge and perceptions. Eur. J. Dent. Educ. 2022, 26, 93–105. [CrossRef]

39. Qin, S.; Zhou, M.; Ding, Y. Risk Perception Measurement and Influencing Factors of COVID-19 in Medical College Students.
Front. Public Health 2021, 9, 774572. [CrossRef]

40. Zhou, Y.; Wang, Y.; Li, Z. Intention to get vaccinated against COVID-19 among nursing students: A cross-sectional survey. Nurse
Educ. Today 2021, 107, 105152. [CrossRef]

41. Ulbrichtova, R.; Svihrova, V.; Svihra, J. Prevalence of COVID-19 Vaccination among Medical Students: A Systematic Review and
Meta-Analysis. Int. J. Environ. Res. Public Health 2022, 19, 4072. [CrossRef] [PubMed]

42. Sankova, M.V.; Kytko, O.V.; Vasil’Ev, Y.L.; Aleshkina, O.Y.; Diachkova, E.Y.; Darawsheh, H.M.; Kolsanov, A.V.; Dydykin, S.S.
Medical Students’ Reactive Anxiety as a Quality Criterion for Distance Learning during the SARS-COV-2 Pandemic. Emerg. Sci. J.
2021, 5, 86–93. [CrossRef]

51



Citation: AlHayyan, W.A.;

AlShammari, K.; AlAjmi, F.; Pani, S.C.

The Impact of COVID-19 on Dental

Treatment in Kuwait—A Retrospective

Analysis from the Nation’s Largest

Hospital. Int. J. Environ. Res. Public

Health 2022, 19, 9275. https://

doi.org/10.3390/ijerph19159275

Academic Editor: Giuseppe

Alessandro Scardina

Received: 7 June 2022

Accepted: 27 July 2022

Published: 29 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

International  Journal  of

Environmental Research

and Public Health

Article

The Impact of COVID-19 on Dental Treatment in Kuwait—
A Retrospective Analysis from the Nation’s Largest Hospital

Wasmiya Ali AlHayyan 1, Khalaf AlShammari 2, Falah AlAjmi 1 and Sharat Chandra Pani 3,*

1 Al Jahra Specialist Center, Al Jahra, Kuwait; dr_ali@hotmail.com (W.A.A.); falahalajmi@gmail.com (F.A.)
2 Faculty of Dentistry, Kuwait Institution for Medical Specialization, Kuwait City, Kuwait;

kalsham71@gmail.com
3 Schulich School of Medicine and Dentistry, University of Western Ontario, London, ON N6A 3K7, Canada
* Correspondence: spani@uwo.ca

Abstract: Background: The COVID-19 pandemic has changed the way dentistry has been practiced
the world over. This study sought to assess the impact of the COVID-19 pandemic on the patterns of
attendance for dental treatment in a large hospital in Kuwait through comparisons with data from
the year prior to the pandemic. Methods: A total of 176,690 appointment records from 34,250 patients
presenting to the AlJahra specialist hospital in Kuwait for dental treatment from April 2019 to
March 2021 were analyzed. The types of procedures and the departments in which they presented
were analyzed, and the patterns of attendance before and during the pandemic were compared.
Results: While there was a significant reduction in the number of orthodontic, endodontic, and
periodontal procedures, there were no impacts on oral surgery, restorative procedures, or pediatric
dentistry. Conclusions: There has been a return in the number of patients obtaining dental treatment;
however, there has been a definite shift in the use of certain dental procedures.

Keywords: access to dental care; COVID-19; dental public health

1. Introduction

The World Health Organization (WHO) announced the outbreak of a public health
emergency of international concern on 30 January 2020, and a pandemic on 11 March
2020, affecting more than 7 million people in more than 188 countries [1]. The COVID-19
pandemic has changed the way dentistry has been practiced the world over [1–4]. The
spread of the virus by aerosols has meant that dental practices the world over have had to
find ways to contain aerosols in practices [5]. There is also data emerging showing that the
pandemic has had different impacts on different dental specialties [5–7].

The impact of COVID-19 in Kuwait has been documented in the literature and the
State adopted aggressive measures toward the containment of the pandemic, including an
early and aggressive lockdown between 1 April and 30 May 2020. Between the declaration
of the pandemic in March 2020 and the first administration of vaccines in April–May 2021,
Kuwait saw variations in both the number of cases and mortality from COVID-19 [8]. There
is, however, no data on how these factors affected the attendance of patients in dental
clinics in Kuwait.

Dental care in Kuwait has been provided to all residents using a combination of
subsidies and benefits since 1951. However, since 1992, growth and improvements in
the economy have meant that dental care in Kuwait is provided by both government
hospitals and private dental clinics [9]. While private clinics provide services for a fee, the
government hospital provides free dental care to all who are eligible. Despite the growth of
private dental care in Kuwait, the role of government centers in the provision of dental care
and their impact on the overall well-being of the people of Kuwait has been documented in
the literature [9,10].
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The Kuwait dental administration at the ministry of health in Kuwait has built an inte-
grated medical system based on recommended scientific policies and a clear methodology
in the different dental specialties representing the largest medical specialties with regard
to finance and human resources. A total of 1,083,272 patients benefit from dental services
provided in polyclinics at distinct residential areas in Kuwait. The AlJahra Specialized
Dental Center (ASDC) is the largest of the different governmental polyclinics, serving
nearly 22.1% of the patients referred from polyclinics to specialized centers [10].

The ASDC is part of the new AlJahra hospital in the AlJahra governate, the largest
governate among the six Kuwaiti governates, with the highest population density [9].
The ASDC serves the AlJahra governate and the surrounding AlJahra districts, with a
population of 452,596 people [3]. Prior to the pandemic, this was one of the largest dental
treatment centers in Kuwait, seeing over 20,000 patients per year.

Data are emerging from around the world showing that the initial reluctance of
individuals to seek dental treatment during the pandemic has been replaced by differing
access to dental care [3,11–13]. While there have been some attempts to analyze data from
multiple centers [14–16], there is little longitudinal data from a large public hospital. Newer
variants of the virus and increased transmissibility mean the world has seen the pandemic
slowly start to show features of an endemic. Data on how services were impacted by the
COVID-19 pandemic are important for developing a better understanding of how dentists
across the globe can deal with the challenges posed by this new phase of the disease. This
study sought to assess the impact of the COVID-19 pandemic on patterns of attendance for
dental treatment at the AlJahra Specialized Dental Center (ASDC) and compare them to
data from the year prior to the pandemic.

2. Materials and Methods

2.1. Ethics Approval

Ethics approval for the study was obtained from the Standing Committee for the
Co-ordination of Medical and Health Research, Ministry of Health, Government of Kuwait,
to be carried out at AlJahra Hospital (1829/2021). All patients attending the hospital signed
a form consenting to the use of their anonymized data for research purposes. The parents
of children aged below 18 years signed this form on their behalf.

2.2. Data Collection

The data were collected retrospectively from the patient management system (Patient
Statistic Program-Microsoft Access 2000, Microsoft Corp., Palo Alto, CA, USA). Data
regarding the age, gender, and nationality of the patients, as well as the department
providing the treatment, were collected. Monthly COVID-19 case rates and vaccination
rates for the AlJahra governate were obtained from the Central Statistical Bureau. The
codes for each department were entered before each visit and were included in the data
mining for the current study. The details of the appointment, the number of visits for each
procedure, and the time taken per appointment were not mined for the current study.

2.3. Data Analysis

Patient data were exported using Microsoft Excel (Microsoft Corp., Palo Alto, CA,
USA) and analyzed using the SPSS version 25 data processing software (IBM-SPSS, Armonk,
NY, USA). Descriptive data were tabulated and the significance levels of differences among
gender and nationality were calculated. Differences between pre-pandemic and pandemic
levels of attendance were compared according to specialty, with differences calculated using
the binomial test. Differences between the genders in each department were measured
separately before and during the pandemic and tested for significance using the binomial
test. All tests were carried out with a level of significance of p < 0.05.

53



Int. J. Environ. Res. Public Health 2022, 19, 9275

3. Results

The sample was comprised of 176,690 records of appointment registration data from
34,250 patients who presented to the dental clinics of AlJahra hospital from March 2019 to
March 2021. The sample was divided into two main groups: records of patients visiting
before the pandemic (April 2019–March 2020) and during the pandemic (April 2020–March
2021) (Figure 1). Overall, there were fewer appointments during the pandemic (n = 83,813)
when compared to the previous year (n = 92,598). A description of the mined data is
presented in Table 1.

Figure 1. Impact of COVID-19 on overall patient presentation.

Table 1. Demographic profile of the population.

Gender
Age Group

Below 12 Years 13–44 Years 45–64 Years Above 65 Years

No. of Patients
Male 1123 8113 3101 883
Female 1213 12,677 6234 906

No. of Appointments Male 15,605 40,391 11,667 2219
Female 16,784 69,027 18,583 2414

When divided according to gender, it was observed that there were significantly more
female patients seen in all departments except for the COVID-19 unit and the pediatric
dentistry department. This trend was the same before and during the pandemic (Table 2).

The impact of the pandemic was compared by specialty (Table 3). It was observed
that different specialties were affected differently. While there was a significant reduction in
patients seen in orthodontics, endodontics, and periodontics, no significant reductions were
observed in prosthodontics. In both pediatric dentistry and oral surgery, there was an increase
in the number of patients seen, although the differences were not statistically significant.

When the types of treatment rendered were tabulated (Figure 2), it was observed that
all types of procedures were impacted by the first shutdown from April 2020 to June 2020.
During this period, almost no aerosol-generating procedures were performed (Table 4).
However, after the lifting of restrictions, a rebound in the number of procedures was
observed (Figure 2). It was observed that variations were greatest among procedures such
as prosthodontics, restorative procedures, and orthodontics (Figure 2).
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Table 2. Attendance differences according to gender.

Department

Gender

p *Male Female

Count Row N % Count Row N %

During the Pandemic
(2020–2021)

Pediatric Dentistry 7162 47.9% 7786 52.1% 0.187
COVID-19 Unit N/A N/A N/A N/A N/A
Prosthodontics/Operative 5270 37.0% 8958 63.0% <0.001 **
Orthodontics 2717 30.2% 6270 69.8% <0.001 **
Oral Surgery 12,880 41.7% 18,032 58.3% <0.001 **
Endodontics 3831 38.2% 6204 61.8% <0.001 **
Periodontics 1645 35.0% 3054 65.0% <0.001 **

Pre-Pandemic
(2019–2020)

Pediatric Dentistry 7073 48.0% 7664 52.0% 0.865
COVID-19 Unit 338 49.3% 347 50.7% 0.906
Prosthodontics/Operative 5026 33.4% 10,030 66.6% <0.001 **
Orthodontics 3576 33.7% 7027 66.3% <0.001 **
Oral Surgery 11,253 40.5% 16,519 59.5% <0.001 **
Endodontics 6247 37.9% 10,253 62.1% <0.001 **
Periodontics 2659 36.7% 4585 63.3% <0.001 **

* Calculated using the binomial test. ** Differences significant at p < 0.05.

Table 3. Impact of the pandemic on attendance by specialty.

During the Pandemic
(2020–2021)

Pre-Pandemic
(2019–2020)

p *

Pediatric Dentistry 14,948 14,737 0.564
COVID-19 Unit NA 685 NA
Prosthodontic/Operative 14,228 15,056 0.148
Orthodontics 8987 10,603 0.021 **
Oral Surgery 30,912 27,772 0.076
Endodontics 10,035 16,500 0.005 **
Periodontics 4699 7244 0.001 **

* Calculated using the binomial test. ** Differences significant at p < 0.05.

Table 4. Type of procedure performed by month from March 2019 to March 2021.

Examination Restorative
Pulp Therapy/
Endodontics

Surgery
Adjustment of
Orthodontic Bracket
and Appliance

Impression, Tooth
Preparation, Crown
Cementation

Implant,
Scaling, and
Root Planning

Mar-19 2547 589 1149 3621 288 1075 151
Apr-19 2484 618 1712 3175 378 1130 379
May-19 1450 397 771 2511 371 799 163
Jun-19 2827 318 686 2402 345 555 226
Jul-19 4313 524 859 3172 128 1180 265
Aug-19 3543 490 820 2248 210 399 195
Sep-19 4694 556 1170 2295 408 748 205
Oct-19 4025 440 953 2748 635 727 218
Nov-19 3035 374 768 1634 477 660 188
Dec-19 3431 477 925 2670 582 670 235
Jan-20 2090 399 697 3502 378 1216 365
Feb-20 2073 620 1712 2155 371 796 305
Mar-20 3574 706 1358 3409 309 1441 181
Apr-20 1137 4 5 550 0 35 0
May-20 397 0 0 426 0 1 0
Jun-20 1088 28 38 747 0 0 0
Jul-20 1777 349 591 1208 170 550 19
Aug-20 2128 531 862 1435 231 592 77
Sep-20 2292 651 970 1475 197 1484 102
Oct-20 2151 481 755 1366 448 1417 83
Nov-20 1981 503 849 1506 225 1912 139
Dec-20 2098 495 826 1683 195 1478 120
Jan-21 2251 238 614 1693 640 500 152
Feb-21 2338 287 1067 1481 570 426 146
Mar-21 2406 337 680 2024 627 721 195
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Figure 2. The number of treatments rendered before and during the pandemic, by type of treatment.

4. Discussion

It has now been over two years since the first COVID-19 case was diagnosed, and
the impacts on dentistry are becoming clearer [14,15,17,18]. This study aimed to follow
the patterns of patient care over a one-year period from the implementation of the first
COVID-19 restrictions in Kuwait. As data emerge on the ways that dental practices are
adapting to pandemic-induced restrictions globally, this study sought to visualize the
changing patterns in a large governmental hospital as the pandemic progressed.

The initial stages of the pandemic, from April 2020 to July 2020, were periods of
effective shutdown for dental practices across the globe [8]. The lack of clear guidelines
on the risks of aerosols, combined with global shutdowns and/or lockdowns, meant that
elective dental procedures were not performed [4,18,19]; this is reflected in the drop in cases
seen between April and July 2020. As restrictions on aerosol-generating procedures were
gradually lifted, there was a slow increase in the number of patients seen. Our data show
that between June and July 2020 there was a sharp increase in the number of patients seen
for examination and surgery. This is explained by the fact that as operatories were allowed
to perform aerosol-generating procedures, emergency procedures were re-prioritized. This
is also in keeping with studies that showed that emergency procedures in the early days of
the pandemic were restricted to extractions [4,17].

The increase in restorative and endodontic procedures during the period from July
2020 to the end of the study is of great significance. Our data suggest that there was
a gradual increase in the number of these procedures being performed. The data also
show that once these procedures were being performed, there was little variation in the
number of procedures. This suggests that endodontic and restorative procedures are
essential to the well-being of individuals. The tendency to restrict emergency procedures to
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extractions in the early days of the pandemic was based largely on the fact that there were
insufficient operatories to manage aerosol-generating procedures [4,19,20]. The pandemic
has resulted in the re-designing of dental operatories, both in small practices and large
hospitals [2,3,5,19,21]. The data from this study show that the availability of sufficient
rooms to perform these procedures is essential for the delivery of optimal dental care. The
data also show that the hospital was able to create an infrastructure that could support
the practice of aerosol-generating procedures. In this case, the hospital was a public
organization, and funding from the government allowed for the creation of the necessary
infrastructure. The financial toll on practices both large and small is beyond the scope of
the current paper but is an important area for further research.

The fact that there were variations in orthodontic procedures suggests that these
procedures are perhaps viewed as non-essential. While an argument can be made for
these procedures to be provided a lower priority than pain-relieving procedures, such as
endodontics, the impacts of treatment suspension on the outcomes of tertiary dental care
are emerging [22,23]. Literature shows that prolonging or postponing orthodontic care
that has already started can result in care being extended for long periods, with adverse
outcomes, not only for orthodontic outcomes but also for oral hygiene [24].

The current dataset used secondary data, and since the operatory used for the provi-
sion of ultrasonic scaling is the same as the operatory used for the placement of implants, the
data on the numbers of these procedures are presented together. The results are worrisome,
as they show a significantly lower number of procedures when compared to restorative or
endodontic care. Good ultrasonic scaling has long been viewed as the bedrock of dental
hygiene maintenance [7]. However, the restrictions imposed on aerosol-generating proce-
dures, have meant that, across the world, dentists have had to either limit or altogether
stop the number of ultrasonic scaling procedures [5,7,14,15,18]. The results of the current
study show that while the rates of endodontic and restorative procedures classified as
“essential” have returned to pre-pandemic levels, the rates of scaling/root-planing/implant
procedures are at half the pre-pandemic levels.

Since the pandemic began, research has focused on both minimizing aerosols in dental
practices and the optimal allocation of rooms where aerosol-generating procedures can be
safely carried out [15–17]. The results of this study highlight the fact that pain-relieving
procedures, such as restorative care, oral surgery, and endodontics quickly bounced back
to pre-pandemic levels. A more interesting find is that while the placement of orthodontic
brackets had returned to pre-pandemic levels by March 2021, ultrasonic scaling procedures
had not. This finding mirrors global trends that show that while non-aerosol generat-
ing procedures quickly return to pre-pandemic levels, practices (both large and small)
struggle to create new infrastructure to cope with the requirements for aerosol-generating
procedures [12,17]. Orthodontic care is known to be associated with poorer oral hygiene
outcomes [21]. The absence of or limitations in access to good ultrasonic scaling can have
potential adverse effects that need to be addressed.

The results of this study have to be viewed keeping in mind the overall changes
in dentistry, both globally and within the Middle Eastern region [25,26]. The results of
this study are in keeping with those of Cha and Cohen, who showed that there were
significantly fewer adults who received a dental check-up in 2019 compared to 2020 [25].
The practice of dentistry in large hospital-based or hospital-like situations differs in many
ways from the practice in a smaller individual or group dental practice. Since the beginning
of the pandemic, there have been several factors that have affected the practice of dentistry
in hospital settings. The fact that the pattern of practices changed during the pandemic
has been previously documented. However, our results suggest that even after the lifting
of restrictions there are certain shifts in the practice of dentistry that have continued
to remain in place. This is in keeping with other hospital data from the region, which
suggested changes in dental practice in a hospital setting in Saudi Arabia [27]. It is, therefore,
reasonable to assume that large hospitals in the region will need to further evaluate the
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impact these changes have on the cost of care, the efficiency of care delivery, and the impact
of these changes on patient satisfaction.

There are certain limitations of this study. The study only looked at practices in a
hospital setting and does not reflect the challenges faced by smaller practices. Furthermore,
the scope of the current study was only the overall pattern of attendance of the patients.
The actual treatment rendered and the number of appointments per procedure were not
recorded and were beyond the scope of this study. Despite these limitations, the study
has many strengths, including the large sample size and the fact that the study followed
the population into 2021 to fully visualize the longer-term impacts of COVID-19-related
changes on the practice of dentistry.

5. Conclusions

The results of this study show that while attendance in dental clinics at the AlJahra
hospital has nearly returned to pre-pandemic levels, there have been significant shifts in
the types of procedures performed. The long-term impacts of these shifts are deserving
of future research in order to provide comprehensive dental care to patients as well as to
better plan for future waves of the pandemic.
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Abstract: With the arrival of the highly transmissible Omicron variants (BA.4 and BA.5), dentistry
faces another seasonal challenge to preserve the biosafety of dental care and education. With the
aim of protecting patients, students, teachers and healthcare professionals, this paper introduces
a prospective sustainable biosafety setting for everyday dental care and education. The setting
developed by dental clinicians, epidemiologists, and teachers of dentistry consists of a combination
of modern technologies focused on the air-borne part of the viral pathway. The introduced biosafety
setting has been clinically evaluated after 18 months of application in the real clinical environment.
The protocol has three fundamental pillars: (1) UVC air disinfection; (2) air saturation with certified
virucidal essences with nebulizing diffusers; (3) complementary solutions including telehealth and
3D printing. A pseudonymous online smart form was used as the evaluation method. The protocol
operates on the premise that everybody is a hypothetical asymptomatic carrier. The results of a
clinical evaluation of 115 patient feedbacks imply that no virus transmission from patient to patient
or from doctor to nurse was observed or reported using this protocol, and vice versa, although nine
patients retrospectively admitted that the clinic visit is likely to be infectious. Despite these promising
results, a larger clinical sample and exposition to the current mutated strains are needed for reliable
conclusions about protocol virucidal efficiency in current dental environments.

Keywords: dental education; biosafety; dentistry; orthodontics; sustainability; COVID-19; infection;
prevention; teledentistry; UVC; virucidal oil dispersion
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1. Introduction

Clinical dentistry as well as dental education experienced more than two difficult
years of the SARS-CoV-2 pandemic. Initially, some experts expressed doubts about the
potential of this new virus to cause a global pandemic with significant socio-economic
impacts. This has also affected the domain of the dental community, including clinical care
and education [1–8].

The world is now confronted with highly transmissible variants of SARS-CoV-2 (Omi-
cron strains BA.1 overtaken by more transmissible BA.2) causing COVID-19, although
these are fortunately less virulent than previous strains. Strains BA.4 and BA.5 are at our
doorstep suggesting a possible autumn breakout. The dentistry sector is now facing these
highly transmissible SARS-CoV-2 variants with currently highly protected, albeit waning,
immunity in the population after mass vaccinations. There is a demand for a biosafe
workflow in dental care and education. Even though COVID-19 is currently less lethal than
ever before, the overall risk of infection, post-viral syndrome (long COVID-19) remains
higher than at the beginning of the pandemic. So far, dental professionals have been able to
anticipate the risks of incoming waves and their seasonality. Biosafety measures in dental
offices have been repeatedly revised to protect patients and healthcare workers [2,9–16].
Dentists have changed their behavior and adapted their workflows [1,2,17].

Dental care and education are characterized by close personal contacts and treatment
procedures that produce aerosols. Dental healthcare professionals, including dentists,
dental assistants, dental hygienists, and nurses were aware of the high risk of exposure in
the early stages of the COVID-19 pandemic [18,19]. The fact is that dentists are at a high
risk of contracting COVID-19 from their patients because of its transmission by respiratory
droplets and the use of dental handpieces that can generate aerosols [20,21], as well as the
physical proximity of their patients [19,22,23]. Understanding the significance of aerosol
transmission and its implications in dentistry can facilitate the identification and possible
correction of negligence in daily dental practice [24]. The mitigation of particles that can
carry the virus, and thus the mitigation of the risk of pathogen transmission in dental
offices, often confirm the high effectiveness of personal protective equipment in protecting
patients and dentists from aerosols [25].

Dental education struggling with the biosafety of students, patients and educators
was characteristic, along with its high adaptability to implementing modern technologies,
including online educational platforms, teledentistry diagnostics and various e-learning
tools [8,26–28]. In 2021, Varvara et al., published a study designed to determine the
undergraduate student perception of e-learning educational methods. The student feedback
showed significant appreciation (p < 0.05) of the new methods, although a lack of practical
training was significantly perceived as an important problem in the structure of their new
curriculum [29].

In March 2020, nearly 200,000 dentists in the United States closed their offices to
patients in fear, fueled by concerns that aerosols generated during dental procedures
are potential vehicles for transmission of respiratory pathogens through saliva [30]. The
findings published by Meethil et al., in the Journal of Dental Research [31] suggest lower
risks for transmission of the SARS-CoV-2 virus during dental procedures than anticipated.

Preprocedural rinsing is one of the biosafety precautions introduced later in this work.
The authors have learned from their clinical experience that this can occasionally lead to
a patient developing cough, and therefore providing the exact opposite of the intended
effect. While preprocedural rinsing has been encouraged since the onset of the pandemic,
the guidelines on which antiviral to use were unclear. The American Dental Association
(ADA) initially recommended 1.5% hydrogen peroxide and 0.2% povidone iodine for use
as an antiviral prerinse [32,33]. When actual antiviral testing of these commercial rinses on
SARS-CoV-2 finally became available, a different picture began to emerge. While the ADA
recommended 1.5% hydrogen peroxide as an antiviral prerinse, the Centers for Disease
Control and Prevention (CDC) advised that 1.5% hydrogen peroxide needs 18 to 20 min
to inactivate rhinovirus, the virus that causes the common cold [34]. In October 2020, an
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extensive review inspecting the antiviral efficacy of hydrogen peroxide mouthwash was
published in the Journal of Hospital Infection [35]. The authors concluded that: “there
is no scientific evidence supporting the indication of hydrogen peroxide mouthwash for
control of the viral load regarding SARS-CoV-2 or any other viruses in saliva.” [35]. As
a result of this knowledge and additional in vitro and in vivo tests, the Royal College of
Dental Surgeons and the Canadian Dental Hygienists Association have advised all their
constituents to discontinue the use of hydrogen peroxide as an antiviral prerinse [36]. In
August 2020, the Antiviral Research Institute of Utah State University piloted a study of the
antiviral efficacy of several oral rinses against SARS-CoV-2 [37]. Of all the rinses evaluated,
0.12% chlorhexidine gluconate and 1.5% hydrogen peroxide were inadequately effective,
even after 60 s of exposure. While 0.2% povidone iodine performed slightly better, the only
rinse that completely inactivated SARS-CoV-2 was a 100 ppm molecular iodine rinse. It was
completely effective within 30 s. None of the iodine rinses were cytotoxic, but the hydrogen
peroxide and chlorhexidine gluconate rinses were. At present, molecular iodine rinse is the
clear evidence-based winner as a prerinse for SARS-CoV-2. This is particularly important
considering that many other oral rinses are neutralized in the presence of saliva [38–43].
Oral rinses are a regular part of various dental biosafety protocols.

Dental care is often provided to oncological or other immunocompromised patients. It
is crucial that precautionary measures are implemented so that these patients can be treated
in a safe environment. A timely adaptation of clinical workflows and implementation
of practice modification measures was observed throughout the world [15,44–47]. These,
with the arrival of significantly more infectious Omicron-strains, need to be revised [45].
Moreover, dental care is essential in dealing with toxicity of anti-cancer treatments such as
oral mucositis, xerostomia, trismus, osteoradionecrosis, and opportunistic infections [48].
Optimal safety protocols must be applied to minimize the risks in this population during
dental care and education.

Current preventive biosafety measures often consider the possible specific intraoral
manifestation of COVID-19. Triad xerostomia, taste and smell dysfunction, and oral mu-
cosal lesions were identified as common manifestations with previous variants; however,
with still controversial causality in omicron variants, xerostomia, taste, and smell dysfunc-
tions are no longer common symptoms. A causal relationship between oral lesions and
COVID-19 has been proven [49–53].

The pandemic has had a significant impact not only on dentists and their colleagues [54],
but also on patients’ mental well-being. Frequently, the occurrence of depression, anxiety,
stress, intrusion, avoidance, and hyperarousal were observed both in patients, as well as in
healthcare workers [55–59].

In the beginning of the pandemic, the Hospital of Stomatology in Wuhan diagnosed
nine dental staff members infected between January to February 2020 [19]. Chinese dental
surgeons responded with set of recommendations for the biosafe management of dental
care workflow in the context of the epidemic [22]. Since then, various recommendations and
guidelines have been published on professional websites in several countries. Most dental
healthcare professionals had a high level of awareness for general COVID-19 infection
prevention and control guidelines [59]. For example, guidance was provided in the US
(Centers for Disease Control and Prevention (CDC), American Dental Association), in
Europe (European Centre for Disease Prevention and Control (ECDC)), in France (Health
Ministry, French Dental Association) and in the UK (National Health Service, British
Dental Association) [60]. One of the first renowned pandemic-dental events in European
dentistry was the outbreak in North Italy in Lombardy. All of Lombardy’s dentists were
evaluated with an online ad hoc questionnaire; 3599 questionnaires were analyzed. Of
these, 502 (14.43%) participants had suffered one or more symptoms referable to COVID-19;
31 subjects were positive for the virus SARS-CoV-2 and 16 subjects developed the disease.
Only a small number of dentists (n = 72, 2.00%) were confident of avoiding infection [61].

Several innovative biosafe approaches of dental diagnostics or treatment were in-
troduced, for example telehealth solutions such as Dental Monitoring® (DM) (Dental
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Monitoring Co., Paris, France) [6,62–67]. Revisions of the then-established protocols in
dental healthcare were simple. Dental professionals, in their early efforts to adapt their
biosafety measures, typically performed a web search conducted in the main databases
of the scientific publications, focused mostly on oral rinsing and limitation of in-office
aerosol production. This early research often led to possible revisions of biosafety and dis-
infection protocols in the dental offices [1,2]. Two years of ongoing pandemic has changed
the practice of dentistry forever, and some of these changes have made dental care more
time-consuming, difficult, and costly due to the possible pathways of transmission and
mitigation steps needed to prevent the spread of the infection.

Despite the widespread anxiety and fear of the devastating health effects of earlier
COVID-19 (2020–2021), only 61% of dentists have implemented a fundamental modification
to their treatment protocols. Currently, facing the highly transmissible Omicron strains, as
an urgent matter of public health, all dentists must identify the additional steps they can
take to prevent the spread of air-borne infection [21].

The clinical practice biosafety guidelines, developed during the first year of the pan-
demic, offer recommendations which guide dental staff in providing safe dental care in
the clinical environment. Such recommendations must be updated as new evidence of
virus properties arises [68,69]. There is a high level of agreement between different dental
specializations about the necessary preventive measures of the routes of transmission.
Published data regarding the survivability of the virus on innate objects vary substan-
tially [70]. Nevertheless, due to the wearing of personal protective equipment (respirators,
gloves, masks, eye shields, and gowns) and use of disinfection procedures, this risk can
be significantly mitigated. Research published by Estrich et al., found in June 2020 that
during the first wave of pandemic only 0.3% of surveyed dentists had a probable COVID-19
diagnosis, of these 82.2% were asymptomatic. The most reported health problems among
dentists during the pandemic were anxiety and depression [21,71].

The primary aim of most biosafety protocols is to prevent any cross-contamination
while allowing the provision of urgent and emergency dental care. Aerosol-producing
and other elective procedures should be avoided in the periods of outbreaks of unknown
variants [17,72–75]. Various biosafety protocols detail the safety and operational measures
to be taken, while providing dental care in the COVID-era. Falahchai et al. [76] published a
comprehensive protocol regarding dental care during the COVID-19 outbreak. The point
in the outbreaks caused by new, not well researched variants, is that these might bring
dangerous long-term health hazards enabled by new mutations.

With the currently waning post-vaccination immunity worldwide, together with less
cautious behavior of the general public, there is a high probability of infections providing
more opportunities for further virus mutations. The Omicron variant BA.2 will only be
substituted with more transmissible strain. Hopes for guaranteed declining virulence
of future mutated strains are “wishful thinking” rather than an evidence-based theory.
As evidence mounts that the Omicron variant is less lethal than prior strains, one of the
frequently cited explanations is that viruses always evolve over time to become less virulent.
This theory has already been soundly debunked. During surges of unexplored mutated
variants, dental treatment might be limited to patients with urgent or emergency situations.
Patients should be provided with separate waiting and operating rooms to minimize the
risk of transmission of infection and treatment should be provided with the same protective
measures regarding Personal Protective Equipment (PPE) for the dental clinicians and
staff [76].

The last two years of pandemic in dental care showed changes in attitude from initial
negligence of possible serious impacts of the virus spread, up to panic precautions. After
a year, the variables of the pandemic situation have changed with the implementation of
mass vaccination. This represented an important milestone [77,78], suggesting a possible
end-game scenario for the COVID-19 pandemic. These expectations were facing disappoint-
ment with the arrival of the Omicron variant. The imagined race between SARS-CoV-2
mutations and vaccine rollouts was slowed down with negative perception of people afraid
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of possible vaccination side effects. A recent study from the Czech Republic proved the
distribution of side effects among Czech healthcare workers as highly consistent with
the manufacturer’s data. The overall prevalence of local and systemic side effects was
higher than the manufacturer’s report [78]. Current data suggest that Omicron capabilities
to evade natural human immunity, protective effects of distributed vaccines [79,80] and
its resistance to current monoclonal medication [81,82] make the Omicron variant a true
dilemma. According to a recent study by Dr Michael Chan Chi-wai, from December 2021,
it can infect faster and better than Delta in human bronchus, but with a less severe infection
in the lung [83]. Due to its newly gained strong ability to infect ACE2 in mice, it is predicted
that this variant is here to stay until pushed out with a more transmissible strain [84].

A recent study of the American Dental Association published by Araujo et al. [23]
suggests that US dentists show a high level of adherence to enhanced infection control
measures in response to the ongoing pandemic, resulting in low rates of cumulative
prevalence of COVID-19. With the spread of “Omicron-like” mutant strains, the likelihood
of recurrent infection raises some doubts about whether vaccination alone will provide long-
term immunity against COVID-19 and its future variants. Furthermore, several mutations
in the receptor binding domain and S2 are predicted to impact transmissibility and affinity
for ACE-2 that might be relevant for the adaptation of biosafety protocols [80].

From this perspective, the aim to provide biosafe dental workflow in orthodontic or
any other dental practices must consider the higher transmissibility of the virus and higher
number of asymptomatic carriers. The expectation that when the virus spreads naturally it
will diminish or become less virulent is not possible, nor is it certain that further mutations
will be harmless. Therefore, the effective biosafety protocol must be sustainable. Based
on these facts, various simulations and modelling data, dental practices may never return
to “normal”, former routine operation even after global vaccination would be somehow
successful as there would still be a significant risk of outbreaks of infection with new
mutant strains. Variable, multi-level measures will still be required, depending on the local
COVID-19 cases rate, to secure safe dental care provision [45].

Biosafety protocols, applied a year after the pandemic outbreak, are not significantly
different from the ones effective today, although the virus transmissibility and symptoms
have changed significantly. This work introduces a prospective setting of a combination
of field-tested technologies for enhanced clinical biosafety of orthodontic workflow in
confrontation with surging cases of Omicron variant infections [79,83–85]. The effectivity
and sustainability of this protocol lies in its simplicity and the fact that despite new variants
being more invasive to human immunity, their air-borne pathway is equally obstructed
with masks, and indoor biosafety measures.

Omicron SARS-CoV-2 (B.1.1.529) and its sublineage BA.2 remain variants of con-
cern [69,86] and they define a new chapter in the COVID-19 pandemic. This highly mutated
strain has more than 30 mutations, several of which overlap with those in the Alpha, Beta,
Gamma, or Delta variants of concern. These mutations and deletions are known to lead to
increased transmissibility, higher viral binding affinity, and higher antibody escape. The
long-term potential of the new variants is not certain yet [79–81,84,85,87–90] and prelimi-
nary research publications suggest it is from 2 to 4.2 times more infectious than the Delta
variant [85]. BA.2 is more transmissible, more replicative in human nasal epithelial cells
and more fusogenic than BA.1 [86]. It evades not only human natural immunity but also
immunity from vaccines [84], and a number of laboratory studies have previously shown a
reduced ability of approved vaccines to neutralize the new variant.

The ability of this variant to evade immunity from previous infections in contrast
to the Delta and Alpha variants was presented in population-level evidence [90], and
thus, this suggestion is epidemiologically important in countries with huge amounts of
previously infected cases, such as Slovakia. Preliminary evidence [87,91,92] shows that
there is an increased risk of reinfection of the Omicron variant and this is probably caused by
Omicron escaping neutralization antibodies [93]. Even after two doses of mRNA vaccines,
higher transmissibility of Omicron was also observed in Norway [94]. The booster dose
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may not prevent people from becoming infected, but the observed symptoms were mild
or moderate [95,96]. The time since the second or booster vaccination plays a role in
effectiveness against symptomatic disease, as noticed in United Kingdom [97].

Based on these evaluations of Omicron strains, each new VOC results in uncertainty;
there is a struggle to reduce transmission, discuss vaccines efficacy, supply elective-care
and prevent long COVID-19 complications. Thus, it is not only vaccines that play a key
role in preventing COVID-19 spread, but also solutions such as biosafety protocols are
complementary and highly demanded.

The risk of transmission of pathogens in the dental office resulting in an infectious
disease is still unknown; it seems to be limited in developed countries, but it cannot be
considered negligible [98]. Current biosafety settings are organized into five distinct areas
of pandemic control, comprising:

(1) Planning and protocols;
(2) Patient screening;
(3) Preparation of facilities;
(4) PPE and infection control;
(5) Aerosol control.

Research published by Estrich et al. [71] showed that dental professionals have en-
hanced their infection control practices in response to COVID-19 and have benefited from
a greater availability of personal protective equipment. Most practicing dentists (72.8%)
used personal protective equipment according to interim guidance from the Centers for
Disease Control and Prevention.

As the pandemic situation will develop towards more infectious variants, new con-
siderations, new protocols, and new mechanisms will be implemented in the dentistry
profession, including the teledentistry approach [99].

The possible lower lethality of the Omicron variant in combination with the signifi-
cantly higher ability to infect and create asymptomatic carriers might be dangerous. The
effects of COVID-19 are very diverse and they vary from individual to individual. Many
patients develop long-term disabilities, such as pulmonary, cardiovascular, hematological,
renal, gastrointestinal, reproductive, psychological, and central nervous system problems,
which can last from months to years [100]. The blood–brain barrier pathway can let the
virus into the neural system and cause neuronal damage as well as neurodegeneration or
long-term neurological and psychosocial consequences [101–104]. Cardiovascular prob-
lems (e.g., myocarditis, arrhythmias, myocardial damage) are also quite common [105] and
recent studies have shown that SARS-CoV-2 infection also affects the human reproductive
system, and especially the male reproductive system via the ACE2 receptor [106,107].

This work introduces a novel combination of biosafety measures for dental workflow
adaptation to preserve biosafety in dental care confronted with highly transmissible air-
borne viruses. The combination of the described procedures and technologies, especially
setting with UVC and virucidal air-dispersed oils, can suppress the air-borne translation
of the virus and has not been investigated yet. This biosafety protocol could provide a
simple and long-term sustainable model for a biosafe dental workflow, as it can man-
age renewed and increased risks brought by the more infectious Omicron variant carried
with asymptomatic infectious patients. The present study aims to determine its clinical
reliability with retrospective identification of events where a dental procedure was per-
formed unknowingly on an infected patient, the frequency of this occurring, and cross
infection incidents.

The main goal of this patient-centered study was to evaluate introduced biosafety
measures for orthodontic workflow as a prospective setting for prevention of in-office infec-
tions with air-borne SARS-CoV-2 variants. The secondary goal was to provide preliminary
data for a larger study.
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2. Materials and Methods

2.1. Main Objective and Study Design

The study objectives were to answer whether, under this prospective setting, infected
patients were treated and if any infection with SARS-CoV-2 occurred in the monitored
clinical environment.

This was a single-arm, single-center small-scale study set up in a particular clinic.
Data were collected after 18 months of protocol in place with a pseudonymous online form.
Everyone treated in the clinic within this period experienced the same conditions.

The primary planned outcome of the study was a confirmation of exposure of the
environment and personnel to infected patients with no cross infections.

Due to known limitations of single-arm studies, the conclusions of this study can be
limited. On the other hand, this design was the only viable choice for investigating biosafety
measures, as the non-application of any preventive measures in pandemic would not be
ethical. Alternatives for external control groups for this single-arm trial were considered;
however, there is no comparative data available about how frequently patients become
infected during orthodontic appointments.

2.2. Participants and the Environment

The protocol was applied and evaluated in the clinical environment of dental clinic
with 4 doctors, 4 dental nurses and one manager.

During an 18-month evaluation period, approximately 2500 appointments were sched-
uled in a digital calendar for 160 different patients, not including their accompanying
persons. Approximately 2230 appointments took place (others were cancelled or postponed
mostly due to pandemic health precautions or travel complications).

The environment for dental care consists of fully separable rooms with independent
air processing and separate Ultraviolet—C light (UVC) air sterilization systems. Each of
the three rooms have an independent dental unit with a separate nurse position.

2.3. Brief Description of the Protocol

The key attributes of this biosafety protocol are:

• Efficient;
• Sustainable;
• Simple;
• Applicable in other dental specialties (despite orthodontic customization).

The fundamental backbone of this protocol is a combination of air treatment and new
technologies. Air treatment is performed with a combination of hooded UVC sterilization
and air disinfection with the creation of a virucidal air puffer made by a certified viruci-
dal oil nebulizer/diffuser. Key technologies implemented as part of this protocol in the
workflow are artificial intelligence in patient diagnostics, continuous and post-treatment
monitoring, smart mobile patient coaching, 3D printing for aerosol control and some
other techs.

The set-up of this protocol might be considered as a biosafety overkill; however, the
current risks of airborne infection that could come from an asymptomatic carrier and
circumvent immune defenses, causing a permanent health damage to someone else, is
not negligible. With future, more transmissible, variants to come, professional dedication
to preserving the highest biosafety level in the dental office and efficient air processing
protocols will be needed.

This protocol is intended as a possible complement to existing methodologies. It
represents more than a year of our interdisciplinary efforts dedicated to clinical testing and
the implementation of various new technologies and working procedures to maintain the
biosafety of dental healthcare. Dental care must be provided taking into consideration the
patient safety as well as the safety of healthcare professionals.

This protocol was created as part of an interdisciplinary cooperation of epidemiolo-
gists, infectologists, dental surgeons, general dentists, orthodontists, and other healthcare
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professionals. It provides inspiration for wider clinical implementation and assessment. It
is our contribution to solving this historical situation affecting safety and availability of
oral care.

The fundamental principle of this protocol is full room volume air treatment with a
combination of UVC and virucidal oil diffusion. Sterilization of the entire volume of air
(for each patient) of the given treatment unit (room) by a combination of a UVC light and
a created permanent virucidal buffer of certified disinfectant oils and special active FFP3
protective aids. The key additions to the protocol are fundamental changes in working
practices in the provision of artificial intelligence and telemedicine. There are two main
parts of the permanent daily protocol:

• Full room-volume air UVC sterilization for each patient ∗ total air volume per dental
unit (separated room);

• Permanent air dispersed super small droplets of virucide oil—a protective puffer in
recommended concentrations, created with disinfectant fogging machine (nebulizer).

Complementary technologies for digital workflow:

• AI video-scan evaluation (common checkups rendered obsolete)—Dental Monitoring;
• custom made IOS/Android app coaching the proper habits—StrojCHECK [12];
• 3D printed aerosol vacuum pump ending, that supports aerosol dispersion during

dental procedures and other customized 3D printing allowing more.

2.4. Comprehensive Biosafety Protocol Description
2.4.1. Introduction and the Focus of the Protocol

The aim of this protocol was to define safe and, at the same time, physically and eco-
nomically sustainable measures for a longer period of the pandemic with the minimization
of the impact on the provided healthcare in dental practice. The objective was to maintain
a high quality of care, without a significant increase in the costs and with no tolerance to
any exposure of the staff or patients.

Work on this protocol began on 6 February 2020, and it took us more than 9 months to
experiment, test, and implement various new practices, technologies, and modifications to
existing practices. Through final consultations with experts, it has taken on its present form.
This protocol can be currently considered as useful and inspiring for clinicians looking for
cost-effective solutions that can be sustainable in the long run. Despite all our staff being
vaccinated, with the Omicron variant, they might be infectious and simultaneously not
show clinical symptoms [79–83,85,87–90].

New and improved procedures have been implemented to develop this protocol in
cooperation with renowned infectologists, epidemiologists and other experts. Examples of
some implemented technological innovations are:

1. Online dynamic anamnestic forms (effectively replacing part of 4D clinical examina-
tions);

2. Teledentistry Teleorthodontics—Dental Monitoring® (DM) (Dental Monitoring Co.,
Paris, France)/https://dental-monitoring.com/ (accessed on 1 December 2021) and
(StrojCHECK®, Bratislava, Slovakia, 3Dent Medical, www.osim.sk (accessed on 1
December 2021) [12];

3. Artificial intelligence in telediagnostics—active screening of patients in tandem with
the doctor;

4. Special medical devices—active FFP3 shield respirator, BioVYZR, Toronto USA-based
Vyzr Technologies, a shield that covers the wearer’s face and protects against droplets
and pathogens. Powered Air Purifying Respirator (PAPR), a device typically used
only in industrial and healthcare settings;

5. 3D printing of sterilizable devices (aerosol aspirators for surgical aspirators or indi-
vidualized handles);

6. Two-phase air sterilization (diffusers of biocidal oils with UVC, NewAroma.sk).
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2.4.2. The Protocol Principles

This protocol does not inevitably change the procedures already established so far
for sterilization of dental instruments, disinfection of surfaces and other routinely applied
rules of each dental clinic. These remain, as the current pandemic is just one of the many
infections we fight in asepsis in the dental clinic environment. Its key set of differences from
HIV, EBV, HSV and other common viruses is the period of possible asymptomatic air-borne
transmissibility. The advantage of modern orthodontic therapy with clear aligners is the
relatively rare occurrence of the need for urgent treatment. In the case of urgent orthodontic
treatment of a confirmed infectious COVID-19 patient, a bio-hazard protocol is applied
as in HIV patients, in COVID-19 with an emphasis on the prevention of airborne spread.
Regardless of whether the treatment involves aerosol dispersion (e.g., removal of attach-
ments or fixed retainer or orthodontic auxiliaries such as distalizer, power-arms [108,109]
or power caps), the treatment procedure differs from the standard protocol only in the
fact that the patient has the last appointment of the day shift—as the last procedure on a
given day.

Oral rinsing is not routinely recommended in our protocol for all patients. Only in the
patients where intra-oral procedure is planned, iodine prerinse for 30 s is indicated. Rinsing
does not address the nasopharyngeal region with the largest “virus load” (reported in the
nasopharynx). From our practical experience, the recommended 30 s rinsing often led to
a “run-in” and subsequent coughing of the patient and thus unnecessary contamination
of the space. This protocol recommends careful rinsing only while attachments are being
replaced or cleaned, during bio3dir removal and “powerCaps”, “powerArms” removal,
interproximal recontouring or dental hygiene procedures. Prior to these procedures, the
patient rinses the mouth for 30 s.

This protocol works on the premise that either patient, nurse or doctor are infectious.
This is the reason the protocol includes:

1. Minimization of time exposure (shortened duration of treatment, replacement of
unnecessary physical visits of the patient via AV technologies, ordering for the exact
time with preparation of everything necessary for the procedure in advance).

2. Mechanical and physic-chemical prevention in the dispersion of the virus and its
carriers into the space resp. decontamination (PPE, continuous sterilization of the air
and virucide “puffer” in the air) et al.

3. Preventive (patient input filter—symptoms, smart-App tracking, continuous testing
of healthcare professionals).

A slightly elevated temperature that is acceptable under this protocol is 37.8 ◦C
(originally taken from CDC). The uniforms of the medical staff are rotated daily. They
include all surface clothing including shoes and socks. No hazmat suits are used.

2.4.3. Brief Description of Technologies Utilized in the Protocol

The protocol implements the following technologies and practices:

1. Online dynamic anamnestic forms;
2. Artificial intelligence in dental monitoring;
3. Robotization of automatic surface disinfection;
4. A.I. smart patient app for treatment coaching;
5. 3D printing of sterilizable devices;
6. Regular COVID-19 testing of personnel;
7. UVC and diffused virucidal oil air treatment.

1. The use of online dynamic anamnestic smart forms such as Typeform (www.typeform
.com, accessed on 18 May 2022) brings interactivity and order to communication with
patients at home. The idea of online dynamic anamnestic forms is to use the patient’s
own mobile phone not only for video communication (WhatsApp, Facetime), but also
for outsourcing part of the examination. For example, with the proper instructions,
a short selfie/video sequence of a natural smile can be captured by the patient and
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provided within an online smart form. The anamnesis itself is very important in
reducing the risk of transmission, the proportion of asymptomatic patients with
COVID-19 was less than 30% in the number of children with the highest proportion
of asymptomatic infection. The identification of symptomatic patients is the first
and relatively most effective method of risk reduction. Since the anamnesis is taken
remotely, neither staff nor co-patients are exposed to the risk of infection, nor is
there any contamination of the surfaces in the waiting room. The use of dynamic
forms from Typeform is a suitable choice for this protocol. Remote screening of
COVID-19 symptoms by application has been identified as a suitable method for
detecting COVID-19 infection. Even the survey form for this biosafety protocol
clinical evaluation was created as a smart form. It asks a set of questions that differs
according to the answers given. The logic behind it is shown in Figure 1.

 

Figure 1. Example of logic behind the online smart form. English version of the survey eval-
uation in this protocol. URL: https://sangreazul.typeform.com/BioSafety-ENG (accessed on 15
December 2021).

2. Artificial intelligence (AI) technology implemented in the form of the Dental Mon-
itoring software uses the patient’s mobile phone for regular “scanning”, either to
assess the course of treatment or to screen a growing patient by monitoring their
development or monitoring retention stability after cessation of treatment. A special
holder allows the patient to record a video of their own teeth. Paradoxically, it allows
more regular and even more thorough inspection, as using artificial intelligence al-
lowed us to summon the patient to an appointment only when necessary (Figure 2).
Each video scan first evaluates using AI and then it alerts the doctor only to the
monitored situations. The form of our workflow has thus changed fundamentally,
and healthcare professionals spend a large part of the day reviewing the outputs of
artificial intelligence, which, in turn, extremely efficiently evaluates huge volumes of
data, such as video scans of our patients’ oral cavities. It is not humanly possible to
evaluate the hundreds of video scans that patients regularly make. The “brute force”
of this technology is ideal for identifying situations requiring human intervention.

3. Robotized around-the-clock surface disinfection technology is also used. It should
respect all existing guidelines with an emphasis on consistency and differentiation of
surfaces and a higher frequency of cleaning (after each patient). After entering, the
patient should only be in contact with the necessary surfaces, and disinfect her/his
hands first. Frequent cleaning of surfaces in the clinic, after each procedure, should
include frequently inspected surfaces such as door handles, keyboards, and mice.
There is also the addition of floor cleaning by robotic vacuuming with a disinfection
mop, in our case, the iRobot Braava jet m6, which is suitable for up to 100 m2. The CDC
recommends applying standard virucidal disinfectants to potentially contaminated
surfaces to prevent the spread of SARS-CoV-2 infection. The work on the susceptibility
of human coronaviruses and SARS-CoV is expected to be highly effective in SARS-
CoV-2, which is relatively resistant to environmental conditions and remains infectious
on smooth surfaces such as metal and plastic for many days.
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Figure 2. First Dental Monitoring session, in which the patient is educated with the nurse about how
to use the free app in his/her own mobile in combination with the “scanbox” holder. Published with
written consent of the person.

4. Self-developed smart mobile application technology is used for patient treatment
coaching and remote discipline support. The authors of this paper have been gradually
developing iterations of the free telehealth smart patient application for patients in
orthodontic treatment with clear aligners, to support proper habits/stereotypes. This
app allows for better remote management of the patient and possible reduction in the
frequency of visits to the dental office. The application educates and motivates the
patient to behave responsibly [12]. For example, the app provides motivation and
coaching for more frequent cleaning of teeth and aligners and in general it improved
patient compliance.

5. 3D printing technology supports the presented biosafety protocol with specific steriliz-
able aerosol aspirators (Figure 3A–D). These devices are printed by a MultiJet Fusion
3D Pro Printer and are sterilizable at 121 ◦C in autoclave. This aerosol interception
device is called “SUR-FACE” and was developed by an Italian orthodontist because
of the COVID-19 pandemic. It connects to a conventional 16 mm suction device. The
material is polyamide and is compatible with any retractor with thickness ≤ 2 mm.
The material is recyclable and supplied with five additional rubber seals. The one-time
use of suction cup attachments minimizes the risk of transmitting infection with this
tool. The sterilizability of these handpieces is critical. From clinical experience, it is
very effective at containing aerosols produced during clinical procedures.

6. Regular antigen testing from saliva or other convenient form of testing for possible
infectiousness of everybody in the team shall be employed because, with the arrival
of Omicron-like strains, it is even more likely that a vaccinated healthcare professional
would become a “supercarrier”.

7. Air-processing technologies are key to the presented biosafety protocol with two-
phase air treatment: room air is the most likely vector and therefore a key element in
the stopping of transmission of infection. The transmission of SARS-CoV-2 infection
occurs mainly through droplets that fall relatively rapidly to the ground. However,
aerosolized particles smaller than 5 μm contaminate the air and can levitate indoors
where the air is not exchanged and disinfected for several hours. In addition to PPE,
aerosol extractors and other elements preventing significant air contamination in
the clinic, it is therefore appropriate to include other forms of air conditioning, in
our case hooded UVC emitters combined with diffusers of biocidal oils, suitable for
combination with UVC sterilization.
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Figure 3. 3D printed aerosol interception device. (A) Frontal view of 3D printed aerosol suction
attached to surgical suction system and oral retractor. (B) With 3D printing, each office can be
supported with adequate quantities. (C) Lateral view of “SUR-FACE” attached to conventional
retractor. (D) View of “SUR-FACE” with and without cheek retractor and view of three suction
openings.

2.4.4. Air-Processing Elements (UVC + Virucidal Diffusers)

Sterilization of the entire air volume of one separate room in clinic with volume of
13 m3 will take approximately 25~30 min (time intervals between patients). SARS-CoV-2
virus particles are rapidly inactivated by UVC radiation. Two hardware key elements of
the presented prospective biosafety setting are UVC and Diffuser.

(A) Germicidal radiator PROLUX G30W A/SPH01:

- UVC lamp life of 8000 h;
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- For two-shift operation endurance 550 days (2 × 7.5 h);
- 1 emitter cycle is sufficient to sterilize a volume of 5.5 m × 4 m × 3.0 m;

(B) Aroma Pro Mini—professional diffuser (aroma atomizer).

- For air conditioning;
- Capacity up to 1000 m3 (www.NewAroma.sk accessed on 15 December 2021);
- Possibility to choose from several certified disinfectant oils;
- Disinfectant is present in the mixture in 3 weight percent at an emission of 5 mL

per hour (adjustable) to form an invisible aerosol dispersion in the air.

2.5. Protocol Development and Evaluation

The protocol has been in development from 8 February 2020 until 1 June 2020 (5 months).
The unchanged protocol in place was from 1 June 2020 until 30 November (18 months).
The protocol evaluation with auto-locked online smart forms was performed between 1
December and 12 December.

2.6. Protocol strengths and Weaknesses

Strengths:

- Low cost, affordable, effective, sustainable
- Does not require specific rebuilding of the current dental set-ups
- Dimensioned for highly transmissible strains coming after Omicron
- Not dependable on vaccination status or unreliable testing results

Weaknesses:

- Difficult to evaluate clinical reliability:

� The only possible way is feedback form (bias);
� Larger sample needed;
� Other studies for comparison are needed;

- Requiring extra time gaps between patients in the same room;
- Possible biosafety overkill;
- Unknown performance under unexplored highly transmissible variants.

3. Results

3.1. Descriptive Results

From 160 relevant patients, the online smart form was filled out and submitted
115 times. There were eight responses in English the rest were in Slovak. The special
fingerprint feature identified three duplicate answers that were removed. The result was
111 valid responses (69.37%). All answers are in the table that is available online in the
public repository.

Approximately half of the responding patients were exposed to an infected person
with COVID-19 (Figure 4). From 111 patients, exactly 56 (50 5%) were directly exposed to
SARS-Co-2 infection and 55 (49 5%) were not (during the last 18 months). Dates of these
exposures are shown in Figure 5.

Of the responding patients, 90 (81%) were vaccinated (Figure 6 and Table 1); however,
only 14 had had a Pfizer booster (3rd) shot.
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Figure 4. This graph represents distribution of exposed vs. non exposed patients to someone
diagnosed with COVID-19 during the last 18 months.

 
Figure 5. Frequency of exposure to an infected person by the date.

Table 1. Vaccination status of all responses.

Status Frequency Percent

not vaccinated 21 18 9
vaccinated 90 81 1

Total 111 100 0
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Figure 6. Vaccination distribution in patients.

Fifty-eight were vaccinated with two shots of Pfizer, seven with Moderna, four with
Janssen and eight with AstraZeneca.

Forty-five (50%) of all vaccinated patients received their last shot until June 2021.
Nine patients reported the possibility of being infectious during their visit at the clinic.
Thirty-eight responders got infected with the SARS-CoV.2 virus.
Thirty- seven responders rejected the possibility that they got infected at the clinic

under the evaluated protocol. Only one of them considered this as the possibility with the
lowest offered level of confidence.

Regarding the question about the feeling of biosafety experienced by the patients
during the dental procedure (Figure 7), the patients’ feelings were evaluated on a scale
from 1 to 5, where the 1 represents “no safety feeling” to 5 “very safe”. From 111 patients,
the mean feeling was M = 4.59, SD = 0.732.

 

Figure 7. Biosafety feeling records by value.

Thirty-seven patients answered the question “Could you have ever visited our clinic
already infected?” (Figure 8). The scale available was from 1 (no, there was no chance of being
infectious during the visit) to 5 (yes, I was infectious during the visit). M = 1.32, SD = 0.818. All
the infectious patients visiting the clinic were asymptomatic, as otherwise they would not
have got through the initial entry filter (Figure 9).
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Figure 8. Number of subjective infectious status during visit.

 

Figure 9. Potential infectious patients during the visit and spectrum of their symptoms.

3.2. Graphical Interpretation of Clinical Evaluation of the Protocol

Out of 111 patients, 56 (50.5%) were exposed to SARS-Co-2 infection and 55 (49.5%)
were not (Figure 4). The incidence of exposure to an infected person is shown in Figure 5.

The one-sample t test revealed a significant difference in the distribution of the expo-
sures t (51) = 7,103,185, p < 0.001 during the time (M = 14.7.2021; SD = 162 d).

The independent sample t test showed the significantly higher number of exposures
in the unvaccinated group (N = 11, M = 3.91, SD = 1.3) compared to in the vaccinated group
(N = 45; M = 2.42, SD = 1.438) t (54) = 3.127, p = 0.003.

There was no significant correlation and a low Pearson‘s correlation (almost significant)
between the date of exposition and number of the protentional contacts with SARS-Co-2
r = 0.265, N = 52, p = 0.058.

3.3. Biosafety Protocol

The safety feeling of the patients was recorded on a scale from 1 to 5, where the 1
represents “no safety feeling” to 5 “very safe”; from 111 patients, the mean feeling was
M = 4.59, SD = 0.732 (see Figure 7 and Table 2).

Between the two groups of unvaccinated patients—one of which was named “Never
got the vaccine against SARS-Co-2” (N = 5, M = 5, SD = 0) and the other was “Unvaccinated,
but still waiting” (N = 16, M = 4.5, SD = 0.730)—there was no significant difference between
the biosafety feeling t (19) = −1.504, p = 0.149.
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Table 2. Biosafety feeling of patients during dental procedures, full data available in supplementary
materials.

95% Confidence Interval for Mean

N Mean
Std.

Deviation
Std.

Error
Lower Bound Upper Bound Minimum Maximum

disease free 74 4.55 0.743 0.086 4.38 4.73 2 5
Ab + 3 4.67 0.577 0.333 3.23 6.10 4 5

PCR/Ag + 30 4.73 0.583 0.106 4.52 4.95 3 5
multiple 3 3.67 1.528 0.882 −0.13 7.46 2 5

other 1 5.00 0.0 0.0 0.0 0.0 5 5
Total 111 4.59 0.732 0.069 4.45 4.72 2 5

There was no statistical difference in biosafety feeling between the group of vaccinated
patients and the patients who had not had a booster dose (N = 78, M = 4.56, SD = 0.783)
and those who had had a booster dose (N = 12, M = 4.67, SD = 0.492).

Thirty-seven patients answered the question “Could you have ever visited our clinic
as already infected?”. There was scale, which divided the risk of infectious status to 1 (no,
there were no chance to be infectious during the visit), to 5 (yes, I was infectious during the
visit) M = 1.32, SD = 0.818.

Of the patients who answered the question of possible infectious status during the
visit (N = 6) (scale of potential risk was higher than 1), most recorded that they had no
symptoms during the visit N = 3 (50%), but others noted that they had headache N = 2
(33.3%) and pain of joints N = 1 (16.67%) (Figures 8 and 9).

There was medium correlation between number of exposures and potentially infec-
tious patients r (28) = 0.402; p = 0.034.

4. Discussion

The evaluated prospective setting for orthodontic workflow is based on a combination
of well-researched technologies and known virucidal effects. Together, this combination
is simple and sustainable. Despite the results, which preliminarily suggest its virucidal
effectivity of such a prospective setting, these shall be considered as preliminary data for a
larger study.

Evaluated subjective feedback from pseudonymous questionnaires showed that, under
this prospective setting, infected patients were treated with high probability. Additionally,
data suggest that chances of SARS-CoV-2 cross infection occurrence in the monitored
clinical environment were extremely low.

With an awareness of the limitations of single-arm, single-center studies, it shall be
emphasized that practice guidelines should rarely, if ever, be based on evidence from
single-center trials and this study shall encourage clinicians from the dental community to
engage in further and wider evaluation of such prospective settings. The combination of
UVC and dispersed oil in virucidal air-processing might evolve in the very near future to
a sustainable model for biosafe dental care. Dispersion of aerosols during dental therapy
and other procedures and technologies to reduce the contagion among dentists have been
well researched [7,110,111]. However, there is currently no comparative data available
about how frequently patients become infected during orthodontic appointments or other
biosafety efficiency.

Further interpretation of the study results shows that from 115 online form responses,
one was probably intentionally invalid as it repeatedly referred to triple vaccination even
before third shots were available in the EU, as well as references to events out of the
observed 18-month period and it entered various other oxymorons. This response has been
evaluated as invalid.

Approximately every second responder had a history of recent COVID-19 exposition.
Dates of these exposures (Figure 5) correlate with the Slovak regional pandemic situation
and it is clear to see the difference between the previous and the current wave.
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Forty-five (50%) of all vaccinated responders received their last shot before June 2021,
so with over 6 months since last vaccination, their immunity from vaccines against the
Omicron variant will not be probably relevant.

The evaluation of the protocol reveals nine patients reporting the possibility of them
being infectious during their visit to the clinic. There was no incident of personnel becoming
infected by patients or within work. Only two of the personnel were infected with COVID-
19 in the past. Both cases were from well-known family sources.

Of the 38 infected responders, 37 rejected the possibility that they were infected at
the clinic in the monitored period. Only one of them considered this as a possibility, but
with the lowest offered level of confidence. There were five levels of confidence in this
parameter:

1. Certainly not! 0%;
2. 25%;
3. Maybe, 50%;
4. 75%;
5. I am sure I got it there 100%.

Thirty-seven patients answered the question “Could you have ever visited our clinic al-
ready infected?” (Figure 8). All the infectious patients visiting the clinic were asymptomatic,
as they would not have got through the initial entry filter (Figure 9).

In this paper, the authors have presented a biosafety protocol with further context to
orthodontic care facing the Omicron variant with new epidemiological properties. With
this new variant, a higher transmissibility and lower protection from vaccines can be
anticipated, albeit with possibly milder clinical symptoms [79,81–85,87,89,90]. So, there
will be more likelihood of having an asymptomatic carrier in a dental procedure in the near
future than there is today.

The results of the survey have demonstrated that patient entry-symptomatic-screening
prevented symptomatic patients present in the dental procedures. Survey also revealed
that most of the vaccinated patients have probably very low or nearly no protection from
vaccines [45,77,79,81,112].

The weakness of this study is the clinical evaluation of the clinical performance of the
true safety of this biosafety protocol. The online survey does not show a representative
sample; it depends on the self-assessment of the responders. Additionally, there is a high
probability that responders are the more responsible part of the targeted group.

The results can be interpreted from the perspective of previous studies presented in
the Introduction chapter as supporting the validity of the protocol. While they do not prove
it to be safe, they do prove that it is not unsafe. Wider and multicentric research is necessary
to prove the reliability of these settings. Ideally, research should be carried out with
similar clinics not following the protocol, but working in the similar geographical location
and intensity.

Approximately half of the responding patients were exposed to person infected with
COVID-19; however, this is self-assessment evaluation. It is interesting that the dates of
these exposures correlate with the Slovak regional pandemic situation in those times. It is
also an obvious difference between the previous and the current wave. The frequency of
exposures during the current wave is higher than in the previous one, when more strict
lockdowns were implied. Fifty percent of all vaccinated patients had received their last
shot before June 2021, so with over 6 months since the last vaccination, their immunity
from vaccines against the Omicron variant will not be probably relevant [45,81].

The more transmissible Omicron variant defines a new chapter of the COVID-19
pandemic. As it is spreading at a rate unseen with any of the previous variants, there is
a concern that people are dismissing Omicron as mild, not learning from the recent past.
Even if Omicron does cause less severe disease, the sheer number of cases could once again
overwhelm unprepared health systems [113].

Omicron contains mutations associated with higher levels of immune escape, higher
transmissibility, and an improved ability to bind cells. However, there are also many
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mutations within the new variant that are not yet understood. As the experts have no idea
what these new mutations do yet, it is logical to stay cautious and responsible [113].

Predictions of the practicality and efficiency of this prospective setting for dental care
are difficult, as they face only the preliminary findings about the Omicron variant, and
society’s attitudes are changing. Experts are currently facing considerations of Omicron
as a possible pandemic-ender, with some people including some politicians willing to
take the risk for the sake of the economy. Some people are even willing to voluntarily be
infected, despite the Omicron variant’s known risks of infection, such as impact on the
nervous system, heart tissue or the risk of long COVID-19 are known. It remains unclear
whether Omicron will have any of the “silent” effects seen with earlier variants, such as
self-attacking antibodies, sperm impairments and changes in insulin-producing cells.

Only time will reveal if there are other hidden risks for our health. In this regard, only
recently have researchers found strong evidence that it is an infection with the Epstein–
Barr virus—a particularly ubiquitous member of the herpesvirus family, best known for
causing mononucleosis and triggering multiple sclerosis (MS). Infection with Epstein–Barr
increased the likelihood of developing multiple sclerosis, by more than 32-fold [114].

However, as this new era puts current vaccines into a different perspective, masks,
ventilation, and hygiene remain unaffected. Vaccines are tools that have the greatest
impact when they are used to protect those who are most at risk. They are the last line of
our defense. Today, vaccines cannot be considered as a substitute for masks, distancing,
ventilation, or hand hygiene. It also seems logical that Omicron-like strains are here to
stay. It can be fought with measures that work today and that must be sustainable. This
presented biosafety protocol addresses higher risks suggested by preliminary observations
that indicate that Omicron spreads faster and escapes antibodies more readily than previous
variants. Loss of smell and taste is clinically frequent in older variants; now, with Omicron,
sore throat and night sweats are reported frequently. The protocol anticipates that an
increase in reinfections and cases of mild breakthrough infections in people who are
vaccinated is highly probable [89].

5. Conclusions

A clinical evaluation of the introduced prospective biosafety settings for dental care
and education suggests a possible sustainable solution for the next pandemic season.

The results of this work indicate the perspective application of combined procedures
and technologies focused particularly on virucidal air-processing with UVC and oil dis-
persion as well as other technologies such as AI and telemedicine in confrontation with
air-borne SARS-CoV-2 variants.

The presented prospective setting in prevention of COVID-19 was evaluated using
111 responses, suggesting that nine patients were treated as infectious asymptomatic
carriers (with high probability), but no cross infection has been identified.

Despite the results suggesting the virucidal effectivity of this sustainable biosafety
prospective setting, these shall be considered only as preliminary data for a larger study.
Recognizing the limitations of single-arm, single-center studies, it shall be highlighted that
practice guidelines should rarely, if ever, be based on evidence from single-center trials and
this study shall encourage clinicians from the dental community to engage in further and
wider evaluation of described technologies and procedures.

While more infectious Omicron-like strains do appear to be clinically less severe
compared to Delta, their long-term effects are still unknown and dental professionals must
not risk patients’ infection [115].

Supplementary Materials: The following are available online at https://docs.google.com/spreadsh
eets/d/1lznYWB32gTb282v4HJbQRY_Uw42xXnBhNj-vnmvJvKE/edit?usp=sharing (accessed on 18
May 2022).
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Abstract: E-learning has completely transformed how people teach and learn, particularly in the
last three pandemic years. This study evaluated the effectiveness of additional procedure-specific
video demonstrations through E-learning in improving the knowledge and practical preclinical
skills acquisition of undergraduate dental students in comparison with live demonstration only. A
randomized controlled trial was conducted for the second-year dental students in the College of
Dentistry, Jouf University, to evaluate the impact of E-learning-assisted videos on preclinical skill
competency levels in operative dentistry. After a brief introduction to this study, the second-year
male and female students voluntarily participated in the survey through an official college email.
Fifty participants were enrolled in the study after obtaining informed consent. The participants
were randomly divided into two groups, twenty-five each. The control group (Group A) was
taught using traditional methods, and the intervention group (Group B) used E-learning-assisted
educational videos and traditional techniques. An objective structured practical examination (OSPE)
was used to assess both groups. The faculty members prepared a structured, standardized form to
evaluate students. After OSPE, statistical analysis was done to compare the grades of OSPE between
Group A and Group B. Logistic regression analysis was done to express the effect of components
of the OSPE on gender, cumulative gross point average (CGPA), Group A and Group B. The results
showed a significant difference in the experimental groups after the intervention (p < 0.000). The
simulator position parameter demonstrated that the participants had a significant competence level
after the intervention by procedure-specific videos (p < 0.000) and an exponential value of 6.494.
The participants taught by E-learning-assisted procedure-specific videos and traditional teaching
strategies demonstrated an enhanced learning and skill competency level than participants who used
only traditional teaching strategies.

Int. J. Environ. Res. Public Health 2022, 19, 4135. https://doi.org/10.3390/ijerph19074135 https://www.mdpi.com/journal/ijerph
85



Int. J. Environ. Res. Public Health 2022, 19, 4135

Keywords: dental skills; operative dentistry; procedure-specific videos; E-learning; dental education

1. Introduction

The undergraduate dental program concentrates on the students’ psychomotor skill
development throughout their early preclinical years, often notably applicable to the pre-
clinical operative courses in the dentistry curriculum. The students are exposed to the
technical aspects of practical preclinical skills, which play a vital role in boosting the out-
come of clinical procedures [1]. Usually, the dental faculties use a standard, traditional live
demonstration methodology for teaching preclinical laboratory skills. The live demonstra-
tion in small clusters has been helpful in teaching the preclinical laboratory skills due to
its improved communication skills and accumulated student confidence, and provided a
higher understanding of the procedure than informative, didactic teaching [2,3]. However,
various studies have shown that the live demonstration–based teaching methodology has
several drawbacks, such as difficulty in the visualization of the procedure, the reliance on
the students on the instructor, and slight variations of the procedure among the different
instructors [2–4]. Aside from these drawbacks, the live demonstrations’ effectiveness de-
pends on the number of students allotted to the instructor and the amount of time spent
delivering the live demonstration. Another issue associated with the live demonstration
is, it is delivered only once for a particular selected procedure. Therefore, students might
not get an opportunity to repeatedly follow the procedure to understand and master the
essential skills. According to one study, the traditional teaching methodology has caused
significant psychological distress, which results in anxiety, depression and burnout among
the students [2]. Due to the present situation of the COVID-19 pandemic, the students and
faculty had to follow social distancing norms that made it even worse for the students to
visualize the procedure properly. Keeping in view these drawbacks of traditional teaching
methodologies, and conjointly because of the technological advancement in the past few
decades [5–8], it has become essential for educators and clinicians to bring their teaching
styles and methodology in line with the current pandemic situation and the students’
learning needs and training desires to reinforce and improve their knowledge and preclin-
ical and clinical skill competency [9–12]. There is a place for vicarious and experiential
learning strategies in clinical skills training. Clinical teachers must use learner-centered
ways to get to know their students, as well as their students’ strengths, limitations, talents
and experiences [13]. Therefore, educators and clinicians are trying to find new teaching
methodologies for preclinical laboratory skills. Procedure-specific educational videos and
video demonstrations could be blended and integrated with preclinical live demonstrations.
These procedure-specific educational videos permit students to visualize the procedural
steps within the lab on the projector and E-learning tools on Blackboard, on-campus and
off-campus [14]. This will allow the students to revise the procedural steps before, dur-
ing, and after the skill lab session as per the students’ convenience [15]. It also reduces
information differences and bias and provides uniformity in learning experiences for all
students [2]. Since we have entered a digital era, the concept of E-learning in various forms
has emerged as an effective tool for teaching strategies [16]. E-learning can be defined as
learning while utilizing electronic technologies to access educational curricula outside a tra-
ditional classroom [17,18]. Video demonstration through one of the E-learning tools, such
as Blackboard has been witnessed as an implicit tool. Literature suggests that students are
more inclined toward the newer teaching method than traditional learning [19]. Recently,
Elham Soltanimehr discovered that virtual learning is better than traditional lecture-based
learning for knowledge acquisition augmentation during the diagnostic imaging of bone
lesions of the jaw [20]. Therefore, he has suggested that virtual educational programs must
be revised to improve the student’s reporting skills [20]. Kon H et al. showed in their study
that the videotapes were considered valuable resources because a better visualization of
the procedure can be achieved by repeated replay and review functions. Hence, videotapes
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were considered a useful and valuable recap tool for the clinical demonstration during
denture construction [21]. Wong et al., in their study, showed that the use of instructional
videos has been found effective in complementing the advanced trauma life support ap-
proach for teaching psychomotor skills in the administration of local anesthetics by oral
health students [19]. Due to the present pandemic situation of COVID-19 and the lack of
or limited in-campus teaching due to social distancing restrictions, we were compelled to
enhance students’ knowledge and skills by utilizing the support of E-learning. This study
hypothesized whether the addition of procedure-specific video demonstrations (E-learning)
improves the acquisition of knowledge and preclinical practical skills for undergraduate
dental students in comparison with live demonstrations only.

2. Methods

Male and female second-year dental students from the College of Dentistry, Jouf
University, who passed their prerequisite courses for the preclinical operative dentistry
skill course, were recruited for the study voluntarily after signing an informed consent
form. The dental undergraduate students with any psychomotor disability were excluded
from the study. The study was conducted during the scheduled laboratory hours in the
college premises after ethical approval was taken from the local bioethics committee with no
254-1-2020, as per institutional policy. Using computer-generated random numbers, these
participants were randomly divided into the control group (Group A) and the experimental
group (Group B), using simple randomization sampling based on teaching methodology
(n = 25). Sample size calculation was done by using the G*Power computing tool (Heinrich-
Heine-Universität Düsseldorf, Germany), a confidence interval (α) of 0.05 and power (1
− β) 95–0.95%, the difference between the two dependent means (matched pairs) and
effect size (f) of 0.5. The total sample size generated was found to be five; however,
four students were unable to participate in the study due to some personal reasons. The
skill-based procedure under evaluation was a part of the preclinical second-year dental
undergraduate curriculum.

The participants in the control group (Group A) were taught about the skill-based
procedure with the routine live lab demonstration. Contrarily, the participants in the
experimental group (Group B) were taught by using a procedure-specific educational
video demonstration through an E-learning tool (Blackboard) plus the routine live lab
demonstration, described as a hybrid (Figure 1). The live demonstration and procedure-
specific educational video described the identical steps for the class I cavity preparation and
amalgam restoration on typodont tooth no. 36. The procedure involved 330 carbide burs in
a high-speed handpiece with air–water spray, a mouth mirror, explorer and periodontal
probe. The live demonstration was given by an experienced academician who handled
preclinical and clinical work. The procedure-specific educational video was also produced
by the same faculty member who gave the live demonstration to avoid any information
differences regarding the procedure.

On the day of the live demonstration, the procedure-specific video was sent through
Blackboard to the experimental group (Group B) participants who were instructed by a
Blackboard announcement and official institutional email to watch the procedural-specific
videos before attending the evaluation session for the same procedure in the next scheduled
lab hours for both groups. A request was made to the institutional E-learning unit that
access should not be provided to the control group (Group A) participants. The video
could not be recorded or copied by the experimental group (Group B) participants to
avoid sharing it with the control group (Group A) participants. Statistical tracking through
Blackboard was enabled to ensure that participants viewed the video for a minimum of
five to six views. After one week, an objective structured practical examination (OSPE) was
conducted for both groups to assess the clinical competency level of achievement resulting
from this intervention. The OSPE consisted of six stations: infection control and operator
position, tray organization, simulator position, cavity outline and extension, resistance
form and retention form, which were considered outcome variables. To maintain the
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inter-examiner reliability, Cohen’s kappa statistic was used to measure the agreement level
between the scores of the OSPE assessed by two faculty members who were not involved in
any of the steps of this study. The kappa score between the two faculty members was found
to be 0.88. The participants of both groups were anonymized by the examiners. The average
score of the two examiners was taken as the score of that OSPE station. The final average
scores of all the OSPE stations were calculated, but these did not contribute to the student’s
midterm or final term exam grades. It was made sure by the course organizer that the
examiners did not share the result. At the end of the study, a questionnaire containing seven
questions was circulated among the students to get their feedback, assess their perception
of the teaching methodologies, and compare them.

Figure 1. Summary of research methodology and experimental protocol.

Statistical Analyses

After any necessary editing, the biographic and assessment sheet data were transferred
into an Excel sheet. The participant’s personal information was treated anonymously for
their privacy and confidentiality; therefore, a code/sequence was given to each subject for
identification. The descriptive analysis (presentation of data in the form of percentage and
mean with standard deviation) and inferential analysis, such as the McNemar test were
used to assess the test of significance related to competent and non-competent between the
control and experimental groups, and logistic regression analysis was done to express the
effect of OSPE performances on gender, CGPA, control and experimental group, using a
statistical package for the social sciences (SPSS IBM, version 21, Chicago, IL, USA).

3. Results

There were 50 participants, 28 males (56%) and 22 females (44%), in this study. These
participants were randomly divided into two groups: control and experimental. There were
25 participants in each group (n = 25), 14 males (56%) and 11 females (44%). The results
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(Table 1) show that there was no significant difference before the intervention between the
control group and the experimental group in the competence level of the participants, but a
significant difference was found in the experimental groups (Table 2) after the intervention.
The p value was 0.000. Among all the study variables, only a simulator position has
shown that the participants had a significant competence level after the intervention by
procedure-specific videos, with a p value of 0.000 and an exponential value of 6.494.

Table 1. McNemar test analysis for competent and non-competent in the control group.

2 × 2 Contingency Table for Control Group (Before & After)

Control Group After
Total p-Value

Non-Competent Competent

Control group before
Non-competent 122 0 122 0.352

Competent 12 41 53

Total 134 41 175

Table 2. McNemar test analysis for competent and non-competent in the experimental group.

2 × 2 Contingency Table for Experimental Group (Before & After)

Experimental Group After
Total p-Value

Non-Competent Competent

Experimental group before
Non-competent 34 0 34

0.000Competent 22 119 141

Total 56 119 175

Binomial logistic regression was performed to ascertain the effects of infection control,
operator position, tray organization, simulator position, cavity outline and extension,
resistance form and retention form parameters on the likelihood that participants were
successful in the skilled procedure. The percentage of variance in being competent within
the measured parameters, such as for infection control was 52.3%, operator position 54%,
tray organization 60%, simulator position 45%, cavity outline and extension 61%, resistance
form 65%, and retention form 65 %.

The effect of the infection control parameter on the students’ competence level demon-
strated a significant difference between males and females (p value, 0.000; odds ratio,
40.3) in which females were considered constant. Under the CGPA group, there was a
significant difference with different levels of CGPA score (p value, 0.000; odds ratio, 325).
Finally, concerning infection control, there was a significant difference among groups 1, 2,
and 3 (p value, 0.000). The effect of operator position on the students’ competency level
demonstrated a significant difference between male and female groups (p value, 0.001;
odds ratio, 40.389). Regarding the CGPA group, there was a significant difference with
different levels of CGPA score (p value, 0.000; odds ratio, 325.42). There was no significant
difference found among groups 1, 2, and 3 regarding the operator position. Regarding the
tray organization, a significant difference was found regarding CGPA level (p value, 0.003;
odds ratio, 25.916) according to the binary logistic regression analysis results. Regarding
the genders and among different groups, no significant difference was found. Regarding
the cavity preparation outline and extension, a significant difference was found (p value,
0.004; odds ratio, 0.044) in group 3 among the different groups. A significant difference
was found (p value, 0.003; odds ratio, 51.010) among the different CGPA levels during the
binary logistic regression analysis (Tables 3–7).
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Table 3. Expressing the effect of infection control and operator position parameters on gender, CGPA,
Group A and Group B using binary logistic regression analysis.

Parameter Variables B S.E. Wald df Sig. Exp (B)
95% C.I. for EXP (B)

Lower Upper

Infection control &
Operator position

Gender 3.69 1.10 11.17 1 0.001 4.38 4.62 5.097

CGPA 5.7 1.47 15.448 1 0.000 5.25 18.17 5.25

Group A 0.66 0.82 0.644 1 0.422 1.93 0.38 9.68

Group B 1.2 0.72 2.78 1 0.095 3.32 0.81 13.65

Constant −26.99 6.94 15.11 1 0.000 0.000

Table 4. Expressing the effect of tray organization parameter on gender, CGPA, Group A and Group
B using binary logistic regression analysis.

Parameter Variables B S.E. Wald df Sig. Exp (B)
95% C.I. for EXP (B)

Lower Upper

Tray Organization

Gender 0.80 1.05 0.58 1 0.445 2.23 0.28 3.68

CGPA 3.25 1.10 8.72 1 0.003 25.91 2.98 3.45

Group A −1.33 0.84 2.47 1 0.115 0.26 0.05 1.38

Group B 1.08 0.88 1.48 1 0.223 2.94 0.51 2.76

Constant −13.14 5.24 6.28 1 0.012 0.00

Table 5. Expressing the effect of simulator position parameter on gender, CGPA, Group A and Group
B using binary logistic regression analysis.

Parameter Variables B S.E. Wald df Sig. Exp (B)
95% C.I. for EXP (B)

Lower Upper

Simulator position

Gender 1.87 0.92 4.13 1 0.042 6.49 1.06 6.46

CGPA 2.41 0.89 7.20 1 0.007 11.17 1.91 65.11

Group A −1.68 0.75 5.04 1 0.025 0.18 0.04 0.80

Group B 0.00 0.69 0.00 1 1.000 1.00 0.25 3.92

Constant −10.15 4.24 5.71 1 0.017 0.00

Table 6. Expressing the effect of cavity outline and extension parameter on gender, CGPA, Group A
and Group B using binary logistic regression analysis.

Parameter Variables B S.E. Wald df Sig. Exp (B)
95% C.I. for EXP (B)

Lower Upper

Cavity outline
and extension

Gender −1.65 1.18 1.93 1 0.164 0.19 0.01 1.96

CGPA 1.72 0.99 3.04 1 0.081 5.62 0.80 3.14

Group A −2.15 1.02 4.40 1 0.036 0.11 0.01 0.86

Group B 0.33 0.82 0.16 1 0.684 1.39 0.28 6.97

Constant −4.60 4.89 0.88 1 0.347 0.01
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Table 7. Expressing the effect of resistance form and retention form parameter on gender, CGPA,
Group A and Group B using binary logistic regression analysis.

Parameter Variables B S.E. Wald df Sig. Exp (B)
95% C.I. for EXP (B)

Lower Upper

Resistance form &
Retention form

Gender 0.04 1.09 0.00 1 0.965 1.04 0.12 8.89

CGPA 3.93 1.31 8.98 1 0.003 11.01 3.89 5.36

Group A −0.23 0.93 0.06 1 0.804 0.79 0.126 4.99

Group B 2.09 0.95 4.83 1 0.028 8.09 1.25 3.57

Constant −16.28 6.20 6.88 1 0.009 0.00

The logistic regression model was statistically significant concerning the simulator
position parameter, which influences the students’ competence level (Table 4). The model’s
sensitivity was 0% with 100% specificity, the positive predictive value cannot be calculated,
and the negative predictive value was 65%. The comparison of the participant’s perceptions
about the two teaching methodologies showed that procedure-specific videos through E-
learning helped the participants in the repetition of skills (4.70 ± 0.398), can be used as
an adjunct teaching tool (4.26 ± 0.395), made the participants feel more competent in
performing the skill-based procedure (4.30 ± 0.564), and helped the participants to better
understand the preclinical practical lab skills (4.20 ± 0.538).

4. Discussion

The dentistry curriculum emphasizes developing psychomotor skills to effectively and
judiciously treat patients [18]. The psychomotor skills training for dental undergraduates
in operative dentistry starts in the preclinical laboratory. These preclinical laboratories
are the foundation stones for inculcating the expertise required to treat patients in clinics
during their clinical curriculum. Traditionally, preclinical procedures are taught with the
help of live demonstrations in preclinical laboratories [21,22]. This study has found that the
students who were given procedure-specific video demonstrations were more competent in
preclinical skills than students taught in traditional learning. Khalaf K et al., in their study,
concluded that video-assisted learning as an additional tool to traditional teaching could
augment the understanding and learning process of students [17]. Thilakumara IP et al.
have found in their study that there was a statistically significant difference in terms of
improvement of knowledge in the group that used the procedural video [18]. Fayaz A et al.,
in their study, concluded that instructional videotapes could aid in teaching the fabrication
of complete dentures and are as effective as the traditional teaching system [23]. Recently,
Elham Soltanimehr has documented that the virtual method of learning was better for
acquiring knowledge than the traditional lecture-based learning during the diagnostic
imaging of bone lesions of the jaw [20].

The competency level showed no significant difference between the control group and
experimental group before the intervention, indicating the same level of knowledge and
competency of dental undergraduates participating in the study. After the intervention,
the experimental group in which procedure-specific video demonstration was given, has
shown a significant difference. Similar results are obtained in other studies [24]. These
differences in the competency level before and after the intervention can be contributed
by the fact that video demonstrations enable the student to visualize the procedure [18].
At the same time, it might help them recall the process and implement it in preclinical
activities [18]. The procedure-specific educational videos are vital because they allow
the students visual and mental practice and enhance their psychomotor skills during the
procedures and the novel aspects of learning from videos [25]. Moreover, it is beneficial to
acquire technical skills and simulation in clinical settings [20,21]. However, contrarily, some
studies have found no difference in the competency level of the students, whether they
have been given a video demonstration or traditional teaching [26]. Because the students
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have different psychomotor skill levels, dividing them into other groups and evaluating
the effect of the two methods might not necessarily show the real impact [26].

In the preclinical skill of operative dentistry, cavity preparation and restoration are the
main procedures. They involve multiple steps, which second-year undergraduate dental
students should master. These steps may range from general steps, including infection
control, simulator and operator position, and tray organization, to the specific steps of
cavity preparation, including cavity outline, resistance form and retention form. Therefore,
students’ understanding and mastering of these steps were crucial and were evaluated
using two different teaching methodologies by two other students in this study. When
infection control and operator position were compared, male students were 1.60 times at
higher risk of noncompliance than females. Contrarily, male students had shown an 81%
higher chance of higher competency when the simulator position was compared to female
students. Contrarily, some studies have reported no gender variation related to competency
level in preclinical prosthodontics laboratory techniques [18].

Similarly, students with low CGPA scores were 2.51 times at higher risk for not
showing competence in infection control procedures, 1.41 times at higher risk for not
properly arranging the tray, and 2.51 times at higher risk of using incorrect operator
position. On specific cavity design, students with low CGPA were 1.70 times at higher risk
of competency than high CGPA scores in the resistance form and retention form of cavity
preparation. The effect of CGPA could be related to the confidence level of the students.
It has been reported that students with high CGPA scores were able to perform specific
dental procedures better than the students with low CGPA scores [27].

There has been a considerable debate on implementing newer teaching strategies
over the past years. However, in E-learning, the learner may take a more self-directed
learning approach. Nevertheless, self-directed learning is one of the essential adult learning
methods that can prepare dental students for a successful lifelong career as a dentist [28].
Regardless, if the system is introduced strategically with proper planning, it may influence
the students’ quality of learning [29]. The procedural video demonstration method helps
students to gain knowledge and visualize the steps.

Furthermore, it is a self-paced method, and students are given a chance to watch and
understand the procedure by watching the videos multiple times at their convenience. It
helps improve levels of motivation, satisfaction and concentration [30]. While in traditional
teaching, the instructor gives a live demonstration in a shorter period, and sometimes, a
few technical steps are difficult to visualize from one direction. A student may be allowed
to repeat the procedure themselves (experiential learning) after a live demonstration. The
demonstrator will then assess the student’s work and provide constructive feedback [13].
It allows dental students to plan productively for their next learning experience, thereby
enabling progress around the experiential (learning by doing) learning cycle. Besides
supporting reflection, this feedback also helps students gain a more in-depth understanding
of complex subjects.

Moreover, sometimes, there are variations seen in the live demonstrations of different
instructors [2–5]. A simulated dental environment is often used for live demonstrations,
which is crucial for dental students’ familiarity and community of practice. Even so,
E-learning may occur in environments other than the dental environment.

While assessing the participant’s perception of the teaching methodologies to compare
them at the end of this study, we have found that the procedure-specific videos through
Blackboard were considered a better teaching methodology than the live demonstration.
Therefore, procedure-specific video demonstration can be an alternative method for live
demonstrations on five out of seven statements. The finding agreed with the study done
by Alqahtani et al., which showed a high mean response for the procedure-specific video
group (experimental group) than the live demonstration group (control group) concerning
understanding the different steps, visualization, and clarity of the procedure [3]. In a study
by Argon and Zibrowski, the participants preferred procedure-specific videos over the live
demonstration, claiming that they were able to visualize better and had the liberty to review
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the procedure at any time as per their convenience and as many times as required [31].
Although every effort was made to standardize the procedure, individual variations of the
lab instructor can affect the live demonstration even then.

Although there is a shred of evidence that procedure-specific video-based teaching and
learning are preferred methods by students, certain studies show contrasting findings of the
participants’ attitudes toward procedure-specific video-based learning. A study by Smith
et al. found no difference between the attitude of medical students toward the method of
teaching and instruction [32]. A novelty of this study is that results were obtained from a
comparative group and a control group via convenient sampling. As a control group, it
was chosen because small cohorts of students could share resources and learn together.

Many variables can influence the students’ competence level in learning practical skills.
Educational videos can only be used as adjunct tools, not as alternative tools for the learning
process. E-learning tools’ most significant limitation is the lack of demonstrator interaction,
whereas, in live demonstrations, the demonstrator can clarify students’ questions during
the demonstration process. Contrarily, the live demonstration could promote the social
learning theory of community of practice (students and faculty members are part of a group
who share a common interest and a desire to gain knowledge from and contribute to the
community with their variety of experiences) [33,34]. Learning by educational videos does
not support the concept of directed self-learning. Furthermore, the abrupt online transition
of the learning process during COVID-19 can negatively affect legitimacy and validity.
Other factors include a lack of practical skills, low attendance due to heavy internet traffic,
and student involvement. Despite the contribution of this study to the literature, there are
a few unanswered questions. Since this study was conducted on a single cohort of samples
from one speciality of dentistry, it is not easy to generalize its results to other branches of
dentistry, such as periodontics or prosthodontics. This study shows the longitudinal impact
of educational videos on knowledge and skills retention and how it is transferred into safe
clinical practice. Research in the future should investigate students’ levels of competency
in restoring teeth after watching the supplemental videos in clinical practice sessions.

5. Conclusions

The participants taught by hybrid teaching modality proved to be better and demon-
strated a higher level of knowledge and skill competency than those who were not. There-
fore, we recommend within the scope of this study that additional procedure-specific
educational videos and other resources through E-learning should be a part of the teaching
methodology for the preclinical operative dentistry skill course to enhance the students’
knowledge and skill competency levels.
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Abstract: In recent years, the educational system has focused more on the holistic development of
an individual. Modern technology has changed the educational environment to provide students
with better academic opportunities. Along with the education system, teaching techniques and
learning tools have also changed with digital evolution. This research was undertaken to assess the
academic performance of interactive teaching methods in offline and online platforms in Periodontics
among BDS undergraduates at a dental college in India. This prospective study was conducted
among 49 students: Group I (n = 24, online class through Zoom) and Group II (n = 25, offline classes).
The subject was divided into three modules and was covered in one week. The topics covered,
teaching methods, lectures, and activities were similar for both groups. A formative assessment mark
was obtained from written tests during the module, whereas the summative assessment mark was
recorded from exams conducted towards the end of the module. In the results, a statistically significant
difference was not observed in terms of formative assessment between Group I (77.88 ± 12.89) and
Group II (77.80 ± 16.09) (p = 0.98). In addition, a statistically significant difference was not observed
in terms of summative assessment between Group I (80.54 ± 8.39) and Group II (80.28 ± 11.57)
(p = 0.93). Overall, this study suggests that interactive teaching methods in both offline and online
platforms in Periodontics showed equivalent performance by the undergraduate dental students.

Keywords: dentistry; digital education; education; e-learning; interactive teaching; online teaching

1. Introduction

The education system has evolved dramatically over the years. Classroom-based
education systems existed for many years until the modern education system came into
the picture in the nineteenth century. The fundamental strength of this modern education
system is a well-defined and structured curriculum that gives importance to all the subjects.
However, it does not focus on the holistic development of an individual. In addition, it is
not easy to create a customized study plan to meet the needs of each individual [1].

Along with the education system, teaching techniques and learning tools have also
changed with digital evolution. Small group learning, rather than traditional lecture-based
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learning, is incorporated into the current educational system, which is student-centered.
This learning method helps the students express and communicate their thoughts with
their peers [2]. In addition, to gain the students’ attention, topics are broken down into
microlectures and are coupled with activities such as mind mapping, critical pedagogy, and
role play. This keeps students engaged and active throughout the session. This didactic
and non-didactic method promotes learning and the application of concepts, as well. The
primary tactic of this interactive model of learning method should be to exemplify the
performance of every student and inculcate exploratory and innovative thinking with
flexible training programs in which students can learn at their own pace [3].

An interactive teaching style is a learning activity in which students participate in the
process of learning and reflect on what they know, think, and believe. Against conventional
methods of teaching, which place a premium on the instructors’ prominent role in assisting
and facilitating students, the interactive mode of teaching places a premium on the students’
abilities and interests [4]. In the conventional classroom method, the instructor is the
focus in the learning process, and students are just recipients, but in a student-centered
system, the instructor and the student exchange roles, allowing the student to participate
diligently in the process of learning, and they become the main focus. The main aim of
the instructor or tutor in an interactive mode of learning is to help students achieve their
goals. Here, the instructor creates a plan that includes activities, discussions, and problem-
solving tasks that allow students to acquire new ideas and change an individual into a
group task. Each person in the group contributes to the overall success of the group. The
essential components of interactive lessons are interactive activities and tasks that students
achieve. Therefore, this method ensures the complete involvement of students throughout
learning [5]. The assignments provided in the interactive sessions also help the participants
gain knowledge and make them competent enough to complete it with innovative ideas.
In addition, the interactive mode of teaching ensures that every participant is actively
engaged in intellectual development and everyone offers and shares their opinions, ideas,
and information [6].

Furthermore, this allows students to develop multiple skills, such as listening to others,
teamwork, analyzing diverse points of view, discussing, and decision making. According
to the literature, interactive learning aids the student in acquiring information and retaining
it for a prolonged period. It also activates students’ creative thinking and analytic and
syllogistic skills, allowing them to make reasonable decisions in any situation in order to
develop the most acceptable models of thinking, action, and communication [7].

E-learning is becoming more popular in many higher education institutions recently.
Both learners and educators are drawn to the benefits of e-learning, which include the
ability to learn anywhere, at any time, and at one’s own pace. E-learning is distributing
educational information to students who are separated by a significant distance from their
instructors or teachers. It makes use of the Internet, computers, networks, and multimedia
technology [8]. When it comes to e-learning, it is common to use different methods.
Learning through this mode can hold the students’ attention because it frequently includes
interactive images, texts, audio, videos, collaborative sharing, and other features. This also
permits interactive learning. Furthermore, we may access information from anywhere and
anytime as long as we have a computer and an internet connection. E-learning has the
potential to improve educational and training access and teaching and learning quality. It
also emphasizes the importance of higher education institutions maintaining a competitive
edge in this constantly shifting student market. In addition, here, technology has been
fully utilized in improving the teaching and learning process while also allowing for the
delivery of educational programs to a more significant number of students at a lower cost.
As a result, e-learning can enhance the quality of teaching and learning [9].

The progress of society and the impact of technology are directly related to the quality
of education. Different students respond to various instructional methods. Some people
learn better by seeing things, while others prefer reading or listening to lectures. To combat
this, teachers provide students with various possibilities and routes to comprehend better
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topics, such as videos and other digital web resources in place of traditional learning content.
The online platform has gained importance recently due to the COVID-19 pandemic. This
panic and the accessibility to internet facilities lead to various online education programs
on platforms such as Zoom or Google Classroom. Progressive learning on such platforms
allows students to move away from their workstations and learn independently. Students
can study actively and participate in experimental learning with this freedom [10].

Implementing interactive teaching methods in periodontics enhances students’ critical
thinking skills and improves their curiosity and logical reasoning in simplifying complex
subject matters [11]. Furthermore, interactive education increases interaction and permits
users to participate in the information, making it a more active, student-centered model.
Another retrospective study among postgraduate dental students suggested that interac-
tive teaching methods considerably improved the students’ academic performance [12].
Similarly, active learning strategies have been demonstrated to promote learning and
understanding in subjects such as preclinical endodontics, forensic odontology, and pathol-
ogy [13–15].

In addition, learning through e-classes was equally effective compared to conventional
classroom teachings among medical students [16,17]. A cross-sectional study assessed the
utility of online teaching among dental students, and it was found that the majority of the
students liked online teaching [18]. However, the comparison of academic performance
of interactive teaching methods in offline and online platforms in undergraduate dental
programs has not been studied. This research was undertaken to assess whether there
is any difference in academic performance of interactive teaching methods in offline and
online platforms in Periodontics among undergraduate dental students at a dental college
in India.

2. Materials and Methods

This study was approved by the Institutional Review Board of Saveetha Dental College
and Hospitals, Tamil Nadu, India. This prospective study was conducted at Saveetha Dental
College and Hospitals, Tamil Nadu, India, where the subject Periodontics was taught in
interactive teaching method in an offline and online platform for undergraduates of the
final year based on Bachelor of Dental Surgery curriculum.

The current study enrolled a total of 56 students. The students were given the option
to choose either an online or offline class. Among 56 students, 27 students opted for an
online class through Zoom (Group I), and 29 students opted for an offline class (Group II).
The teaching plan was created for 1 week. The subject was divided into three modules:
Module 1—Introduction and Etiopathogenesis of periodontal disease; Module 2—Diseases
of the periodontium; and Module 3—Diagnosis and Treatment. Each module was further
subdivided into 12 lectures.

Module 1 was discussed under introduction, gingiva, periodontal ligament, cementum,
alveolar bone, age changes of the periodontium, dental plaque and calculus, influence
of systemic diseases on the periodontium, environmental and genetic factors, iatrogenic
factors, microbiology, and immunology. Module 2 was divided into the classification of
gingival diseases, classification of periodontal diseases, stages of gingival inflammation,
clinical features of gingivitis, gingival enlargement, acute gingival lesions, abscesses of
the periodontium, periodontal pocket, periodontitis, necrotizing ulcerative conditions,
patterns of bone loss, and the role of occlusion in periodontal disease. Module 3 was
taught under the following headings: risk factors, prognosis, conventional diagnostic
methods, advanced diagnostic methods, instruments and instrumentation, non-surgical
periodontal therapy, gingival surgical procedures, periodontal flap surgery, regenerative
periodontal therapy, resective periodontal therapy, furcation involvement and management,
and mucogingival surgeries.

An interactive method of teaching was used for each module. Offline teaching con-
sisted of lectures on specific topics, which lasted 20 min. Each lecture was followed by
in-class activities such as concept mapping, quizzes, role playing, puzzle, and crosswords
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which lasted for 20 to 40 min. The online class was conducted via Zoom classroom, and it
also consisted of lectures followed by activities. In order to avoid bias, similar activities
were given to the students who opted for an online platform. It was made sure that the same
interactive teaching method was conducted online for Group I students. All 3 modules
were completed in 36 h for both groups. The topics covered, teaching methods, lectures,
and activities were identical for both sets of students.

During each module, written tests were conducted for both the groups and were
scored separately and added together to obtain a cumulative formative assessment. The
students in groups I and II were given a summative score based on their performance
on the written exam at the end of the module. (Figure 1). All the exam time limits were
constant for both groups. In addition, the exams were monitored throughout the session.

 

Figure 1. Schematic representation of interactive teaching in the online and offline platform. * 20 min
lecture and 20–40 min activity from 8 a.m.–3 p.m. for 1 week.

The same examiner carried out both summative and formative assessments for groups I
and II. In addition, the university’s third-year marks were obtained to avoid bias about the
academic prospects of the two groups. The Kolmogorov–Smirnov test and the Shapiro–
Wilk test of normality were used to evaluate the results. The results followed a parametric
distribution according to the data. An unpaired t-test was used to compare the two groups’
scores on the summative and formative exams. Statistical Package for Social Sciences (SPSS
Software, Version 23.0; IBM Corp., Armonk, NY, USA) was used to analyze the data. When
the p-value was <0.05, the results were considered statistically significant.

3. Results

In the present study, 27 students opted for an online class through Zoom (Group I),
and 29 students opted for offline class (Group II). Three students from Group I and four
students from Group II failed to attend any of the modules or exams conducted during the
module. Those students were excluded from the final data analysis. For statistical analysis,
24 students from Group I and 25 students from Group II were considered (Figure 2).
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Figure 2. Study flow chart.

Students in both groups were compared based on formative and summative assess-
ments. The unpaired t-test revealed no significant difference between the students’ aca-
demic performance in both groups during their third year (p = 0.423). (Table 1)

Table 1. Comparison of third-year examination marks between the two groups.

Variables Groups Mean ± SD t-Value p-Value

Examination marks
Group I 74.25 ± 10.71 −0.808 0.423Group II 76.64 ± 10.003

The independent t-test was used to compare both groups’ formative assessment scores
during the module. We discovered no significant difference (p = 0.98) between groups. The
summative evaluation scores of both groups were compared using an independent t-test.
No difference (p = 0.93) between groups were observed. (Table 2)

Table 2. Comparison of formative and summative assessment marks between the two groups.

Variables Groups Mean ± SD t-Value p-Value

Formative assessment marks
Group I 77.88 ± 12.89

0.018 0.98Group II 77.80 ± 16.09

Summative assessment marks
Group I 80.54 ± 8.39

0.090 0.93Group II 80.28 ± 11.57

4. Discussion

The present study assessed the academic performance of interactive teaching methods
in offline and online platforms in Periodontics among undergraduate dental students. For
both groups of students, didactic and non-didactic teaching methods were implemented.
The same teaching method was conducted online for the Group I students and in the
classroom for the Group II students. According to the results, the performance was similar
between the two groups in terms of formative and summative evaluation marks.

Several studies have demonstrated that interactive teaching mode was as excellent as
conventional teaching methods, and in certain trials, it was proven to be the most effec-
tive learning approach [13–22]. Compared to traditional teaching approaches, interactive
teaching has a considerable impact on cognitive achievement and learning attitude. In
addition, for a wide range of learning outcomes, interactive teaching approaches have
repeatedly been demonstrated to be equally as effective and, in some cases, more effective
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than traditional methods. A study by Veeraiyan DN et al. introduced the Multiple Interac-
tive Learning Algorithm (MILA) in teaching Periodontics among undergraduate dental
students. The study revealed that implementing interactive teaching methods that include a
lecture followed by a game-based learning activity enhances the students’ performance [11].
In another study, video-based learning was implemented for one group of students, and
another group of students received video-based lectures along with in-class activities. It
was suggested that the blended module-based teaching resulted in significant improvement
in the in-course assessments [13]. Our results are similar as the students in both groups
showed improved performance in examinations, suggesting that the interactive teaching
method was effective irrespective of the mode of teaching.

When students’ progress was compared with and without using technology through-
out teaching, no difference was found between the classroom and distance learning
groups [16]. Singh K et al. assessed the merits and demerits of online classes among
dental students [17]. Most participants reported that they were allowed to interact and clar-
ify their doubts with the teacher than they experienced in the actual classroom. In addition,
an equal number of students thought both the actual classroom and the e-classroom were
effective. The responses were also consistent across semesters. In addition, there was no
significant difference in average marks between the two groups when structured interactive
lectures were compared to traditional lectures as a teaching approach for pharmacology.
However, a questionnaire analysis of the students’ perceptions revealed that they preferred
the structured interactive teaching technique. Furthermore, interactive approaches and
strategies such as flipped classrooms and multiple-choice questions in interactive mode
engage students in the learning process, allowing them to retain more information and
hence feel pleased [18].

Bains M et al., in their study, assessed the acceptance of didactic and non-didactic
interactive methods of learning in the classroom and in online platforms among dental
undergraduates in learning cephalometric tracing in Orthodontics. The findings revealed
that students favored interactive teaching methods, implying that both online and offline
sessions were practical and well-received [23]. This is in accordance with the present
study, as the interactive mode of teaching improved the academic performance of the
students in both the groups. In addition, Ochoa JG et al. suggested that an interactive style
incorporating Web technology improves seizure disorder learning, maybe by stimulating
critical thinking and increasing student motivation [24]. Similar results were obtained
when the effectiveness of interactive teaching using media was assessed for teaching
interpretation of arterial blood gas to medical students was compared to traditional lecture-
based models [25]. Our findings are in agreement with the previous studies. In addition,
our study finding highlights that interactive teaching method in both offline and online
platforms resulted in significant growth in competence on the topics covered in all the
three modules.

In addition, studies have demonstrated that e-learning may promote learning com-
parable to classroom lectures [26,27]. Another cross-sectional study evaluated the merits
of e-learning among medical postgraduates after one month of online teaching, and it
was suggested that e-learning is a viable alternative to classroom learning [28]. Similarly,
studies by Bischoff W R et al. [29] and Gragan M K et al. [30] reported that there was no
difference between traditional classroom learning and e-learning in terms of performance.
Overall, our findings follow that of other studies.

The student’s intellectual ability might be a confounding factor; however, there was no
significant difference between the two students’ third-year marks. In addition, the question
paper used during the module and at the end of the module may not be a confounding
factor because the questions were carefully designed for both sets of students to be of the
same difficulty level.

The study design may be a potential limitation of the research. The study is not
a randomized trial because students were given the option of learning in one of two
platforms. Other flaws include the small sample size and a single study center, restricting
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the generalizability of the findings. More randomized clinical studies in a broader context
are needed to obtain more data on the efficacy of various teaching methods.

5. Conclusions

This study found that interactive teaching methods in both offline and online plat-
forms in Periodontics resulted in equivalent performance by the undergraduate dental
students. Both the groups were benefited equally by interacting teaching method. There-
fore, interactive teaching methods, either offline or online, provide students a beneficial
learning environment.
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Abstract: Background: This study aimed to assess the knowledge about guidelines related to COVID-
19 infection control procedures among dental health care professionals (DHCPs) in the Jazan region.
Methods: A cross-sectional study involving DHCPs (dental students, interns, and dentists) of the
Jazan region between January and March 2021. A questionnaire with 35 items was developed and
circulated online among the DHCPs. The dimensionality of the questionnaire was assessed using
exploratory factor analysis (EFA). The level of awareness (LOA) was compared across the genders,
level of professional experience, and exposure to guidelines. Participants were considered to have
high LOA when they responded to 26 or more items correctly. Results: A total of 363 DHCPs
participated in the survey. The questionnaire was found to be valid and reliable. EFA revealed a
distinct three-factor structure. Moreover, 61.2% of the respondents had high LOA related to COVID-
19 infection prevention. Among those who had high LOA, dentists (65.5%) were relatively more than
the students (62.5%) and interns (46.2%). Among the six guideline statements related explicitly to
operative dentistry, more than 50% of the respondents were aware of 3 guideline statements, while
less than 50% of the respondents were aware of the remaining statements. Conclusions: Most DHCP
had a high LOA for general COVID-19 infection prevention and control guidelines. Dentists, males,
and those who read the guidelines had higher LOA than their counterparts.

Keywords: attitude; COVID-19; guidelines; dentistry; operative; infection control; Jazan

1. Introduction

Coronavirus disease 2019 (COVID-19) is caused by the severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) virus, that spreads from one infected person to another.
The virus can spread through the mouth, nose, or eyes in the form of droplets, aerosols,
and also sometimes through contaminated surfaces [1,2]. The WHO announced COVID-19
disease as a pandemic on 11th March 2020. According to the World Health Organization [3],
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as of 1 October 2021, there have been 233,503,524 confirmed cases of COVID-19 globally,
including 4,777,503 deaths. As of 2 October 2021, a total of 6,187,643,539 vaccine doses
against COVID-19 have been administered [4]. In Saudi Arabia, the first case was reported
on 2 March 2020, followed by the lockdown. Subsequently, the dental clinic reopening
guidelines were released in June 2020 and updated from time to time [5].

The spread of infection in a dental office occurs either directly through droplets/aerosols
or indirectly by contact with mucous membranes, saliva, respiratory fluids, and con-
taminated surfaces. Most dental procedures generate aerosols, especially in operative
dentistry [6]. Aerosol-generating procedures (AGP) have a high potential to transmit the
COVID-19 disease [7,8]. Therefore, dental health care providers (DHCP) are at high risk of
exposure to SARS-CoV-2, thereby rendering them vulnerable to infection [9,10]. Although
the knowledge of DHCP on COVID-19 was acceptable in the previous studies [11,12], it is
imperative to ensure that all DHCP have adequate knowledge of the guidelines and their
updates to protect patients and the dental team from cross-infection.

Several guidelines for COVID-19 prevention have been published by the Saudi Min-
istry of Health (MOH), WHO, American Dental Association, Centres for Disease Control
and Prevention, and National Health Services to be adopted during the COVID-19 pan-
demic, which includes maintaining physical distancing, use of well-fitted masks, maintain-
ing adequate ventilation, avoiding crowded indoor spaces, practising good hand hygiene,
keeping the environment clean, covering coughs and sneezes with a bent elbow, and get-
ting vaccinated [2,4,5,13,14]. Moreover, various schemes are recommended to reduce the
spread of the virus while performing aerosol-generating procedures in a dental setting
such as the nonuse of 3 in 1 syringes, the use of high-volume suction, practising four-
handed dentistry, and adopting noninvasive procedures such as atraumatic restorative
technique [2,5,13,15–17].

It is crucial for all the stakeholders to be aware of the latest guidelines and strictly imple-
ment them to mitigate the COVID-19 transmission within the dental care settings [2,4,5,13,14].
As far as the DHCP is concerned, awareness about the general guidelines and operative
dentistry needs to be assessed to ensure effective implementation. Operative dentistry
is vital for general dental practice because restoring the carious tooth is considered the
most common treatment [18]. Awareness about all the necessary protocols, from prepar-
ing dental clinics before patient arrival until the patient leaves the dental clinic, must be
thoroughly surveyed.

Recently, the DHCP belonging to university dental clinics representing four differ-
ent regions (Riyadh, Jeddah, Asir and Jazan) of Saudi Arabia have been surveyed for
their knowledge on COVID-19. However, the response rate was low, limiting the gen-
eralisability of their findings. The authors highlighted the positive impact of timely dis-
seminating national guidelines to all the DHCP on their knowledge [12]. However, the
awareness of DHCP about the guideline’s statements related to infection prevention and
control of COVID-19 in general and during operative procedures, in particular, has not
been evaluated.

Therefore, the purpose of this study was to assess the knowledge about guidelines and
procedural considerations in operative dentistry while providing dental care during the
COVID-19 pandemic among the DHCPs in the Jazan region of Saudi Arabia. An additional
objective of the study was to explore the influence of gender, professional experience, and
exposure to guidelines on the level of knowledge among DHCPs. We hypothesised that
the level of knowledge among DHCPs would vary across the genders, level of professional
experience and exposure to the guidelines.

2. Materials and Methods

2.1. Procedure

A cross-sectional study was conducted 10 months after the onset of the COVID-19
pandemic between January–March 2021 involving DHCP working in the Jazan region.
The study was conducted according to the guidelines of the Declaration of Helsinki and
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approved by the Institutional Review Board of Jazan University (Ref No: CODJU-2028I).
A validated questionnaire was circulated online to the participants through emails and
various social media platforms.

Information about the study was widely circulated to all dental students, interns and
dentists working at Jazan University through emails. An attempt was made to reach out to
dentists practising throughout the Jazan region by advertising the study information on
social media platforms like Facebook pages, blogs, online forums, and WhatsApp groups
on dentistry. The advertising information included the link to the online survey. Those
willing to participate provided consent before proceeding to complete the survey. DHCP
practising in the Jazan region was only eligible to participate. DHCP who are retired,
currently not practising and outside the Jazan region were ineligible to participate.

StatCalc component of the Epi info statistical program was used for sample size
calculation [19]. The pilot study’s findings indicated that 50% of the subjects had high
LOA. With an expected frequency of 50%, an acceptable margin of error of 5%, a confidence
level of 95%, and an estimated population size of 2000, the required sample size was 322.
A recent study reported 287 public sector oral health care providers in the Jazan region, but
we have assumed the population size of all DHCPs in both private and public sectors to
be 2000 [20].

Google Forms was used to develop the online survey, composed of three major do-
mains: Informed consent, Demographic characteristics and COVID-19 prevention and
control guidelines. The first component explained the intended purpose of the research;
participants had to provide consent before answering the survey. No personal identifying
information was obtained to maintain confidentiality except the email address to educate
the participants with correct responses post-survey and to eliminate the data of those
participants later who decided to withdraw from the study.

The face and content validity of the questionnaire was evaluated. The relevance of
the questions was reviewed by two content experts from the Department of Restorative
Dental Sciences who had thoroughly understood the COVID-19 prevention guidelines.
After their approval, the resulting survey was pilot tested on a subset of 25 participants.
Some of the items were simplified without changing the content as the participants could
not comprehend them. The pilot sample constituted 25 participants (10 dental students,
6 interns and 9 dental practitioners) recruited from the Jazan University dental clinics.
The pilot sample has refrained from participation in the main study. The reliability of the
questionnaire on repeated administration was estimated by administering the survey to
the same 25 participants after a gap of 2 weeks. After eliminating invalid responses, the
internal consistency of questions was evaluated.

2.2. Data Collection

Demographic information (gender) and level of professional skills were recorded.
Prior to questions targeting knowledge, participants’ exposure to dental guidelines and
workshops on COVID-19 infection prevention and control was recorded using two items
with a dichotomous response of yes/no. Knowledge was evaluated using 35 closed-ended
items (Table S1), 29 items (item 1, 3–25, 28, 32–35) were adapted from the collective clinical
protocols recommended in a previous systematic review [21]. These recommendations
were derived by systematically reviewing the published literature and guidelines laid down
by various international healthcare institutions on general dentistry. Six questions relevant
to operative dental procedures (items 2, 26, 27, 29, 30, 31) were added. These six items were
developed and approved by a panel of four experts from two departments (Restorative
and Preventive Dental Sciences). The questions had a five-point Likert scale ranging from
‘strongly disagree (score 1)’ to ‘strongly agree (score 5)’. Eleven questions were negatively
worded (items 6, 7, 11, 18, 20, 21, 23, 27, 28, 29, 32) and were subsequently reverse scored,
‘strongly disagree (score 5)’ to ‘strongly agree (score 1)’. Overall knowledge scores were
estimated by summing up the item scores, with higher scores indicating better knowledge.
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Items 1–20 were related to guidelines to be followed before starting any dental pro-
cedures, while items 21–32 were related to guidelines to be followed during the dental
procedures, while items 33–35 comprised guidelines to be followed after the dental pro-
cedures had been completed. It took approximately 10 min to answer the questionnaire.
A participant was considered to provide a correct response when they agreed/strongly
agreed to a positive statement or disagreed/strongly disagreed to a negative statement
depending upon the intended meaning of the question concerning the corresponding
guideline statement.

Based on the responses to the 35 knowledge items, the participant’s overall level
of awareness (LOA) was assessed. The LOA was classified as high and low based on
the number of correct responses; a 75th percentile was used to determine the cut-off.
Participants providing 26 or more corrected responses were considered to have high LOA,
while the remaining were considered to have low LOA. Awareness of each guideline
statement was determined by the participants’ frequency and percentage of positive and
negative responses.

2.3. Statistical Analysis

The collected data were analysed with the SPSS (Version 23.0; IBM, Chicago, IL, USA)
software program. Descriptive statistics were conducted. Chi-square tests were performed
to check the association between LOA with gender, level of professional skills, exposure
to infection control guidelines and workshops. Frequencies and percentages were used to
demonstrate the participants’ responses to each item.

An exploratory factor analysis (EFA) was conducted to evaluate the dimensionality of
the 35-item questionnaire, principal component analysis with varimax rotation and Kaiser
normalisation was used. Scree plot and Kaiser criterion (Eigenvalue > 1) were used to
determine component retention. EFA was repeated by restricting the number of factors
to be extracted based on the Scree plot and Kaiser criteria [22]. The Factorability of the
questionnaire was determined using the Kaiser–Meyer–Olkin (KMO) test and Bartlett’s
test of sphericity.

A KMO value of ≥ 0.8 with a significant Bartlett test was considered to denote an
adequate sample size for factor analysis [23]. Items with factor loadings ≥ 0.30 were
considered for inclusion. A cut-off of ≥0.30 is considered adequate when the sample size
is over 300 [24]. Subscale scores were estimated by summing up the scores of the items
in the derived factors. Internal consistency reliability of the overall questionnaire and its
factors was evaluated using Cronbach’s alpha. A Cronbach’s alpha of >0.8 was considered
adequate [25]. A split-half test was used to estimate reliability on repeated administration.
Means and standard deviations (SD) were estimated for factor scores. Unpaired t-tests were
used to compare the factor scores concerning gender and exposure of guidelines, while
one way ANOVA was used for professional experience. A p-value of <0.05 was considered
statistically significant.

3. Results

Overall, 61.2% of the participants had high LOA (Table 1). A greater number of
dentists were found to have high LOA (65.6%) as compared to dental students (62.5%)
and interns (46.2%) (p = 0.0001). Among 35 guideline statements, more than 50% of the
participants were aware of 26 guideline statements. The majority of the respondents
(54–90.9%) were unaware of nine guideline statements corresponding to items 6, 11, 21, 23,
26–29 and 32. Of these nine guideline statements, items 6 and 11 belong to the protocols
to be followed before the dental procedure, and the remaining items are to be followed
during the procedure. More than 50% of the participants were aware of the protocols to be
followed after completing the dental procedure (Table 2).
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Table 1. Association between levels of awareness with gender, level of professional skills, exposure
of guidelines and workshops.

Variable
Level of Awareness N (%)

Total Chi-Square p-Value
Low (n = 141) High (n = 222)

Gender
Male 79 (36.74) 136 (63.26) 215 0.9780 0.3230

Female 62 (41.89) 86 (58.11) 148
Level of professional skills

Practitioners 41 (34.45) 78 (65.55) 119 33.9650 0.0001 *
Students 72 (37.50) 120 (62.50) 192
Interns 28 (53.85) 24 (46.15) 52

Exposure to guidelines
Not read 15 (53.57) 13 (46.43) 28 2.8400 0.0920

Read 126 (37.61) 209 (62.39) 335
Attendance in workshops

Not attended 52 (29.55) 124 (70.45) 176 12.4320 0.0001 *
Attended 89 (47.59) 98 (52.41) 187

* p < 0.05.

Table 2. Frequency and percentage of participants’ responses to each item.

Item
Strongly Disagree

N (%)
Disagree

N (%)
Neutral
N (%)

Agree
N (%)

Strongly Agree
N (%)

1. Patients with non-urgent conditions
should be encouraged to maintain
proper oral hygiene by consuming a
healthy diet, avoiding hard or sticky
food, and keeping good oral hygiene
practices to preserve their current status.

0 (0) 0 (0) 8 (2.2) 169 (46.6) 186 (51.2)

2. Patients with reversible pulpitis and
dentine hypersensitivity should be rec-
ommended analgesics if needed, avoid
stimuli (cold, hot and acidic drinks or
food), apply desensitising toothpaste
regularly to the sensitive area with a fin-
ger, and advise the patient to call back
if symptoms get worse.

6 (1.7) 31 (8.5) 61 (16.8) 155 (42.7) 110 (30.3)

3. Prevent crowding in appointment set-
ting by booking appointments

1 (0.3) 0 (0) 23 (6.3) 120 (33.1) 219 (60.3)

4. Any dental procedures should be de-
layed in patients with a history of
COVID-19 for at least a month

5 (1.4) 35 (9.6) 53 (14.6) 146 (40.2) 124 (34.2)

5. High-risk patients like diabetic and im-
munocompromised patients should be
treated early in a dental office opening.

1 (0.3) 5 (1.4) 73 (20.1) 136 (37.5) 148 (40.7)

6. Telephonic triage/Tele dentistry should
not be considered an alternative to in-
office care.

30 (8.3) 35 (9.6) 154 (42.4) 69 (19.0) 75 (20.7)

7. Patients with fracture/loose tooth frag-
ments or broken restorations should be
referred to the designated urgent dental
clinics during the COVID-19 pandemic.

11 (3.0) 28 (7.7) 93 (25.6) 137 (37.7) 94 (25.9)
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Table 2. Cont.

Item
Strongly Disagree

N (%)
Disagree

N (%)
Neutral
N (%)

Agree
N (%)

Strongly Agree
N (%)

8. The temperature of staff and patients
should be monitored daily

2 (0.6) 2 (0.6) 16 (4.4) 70 (19.3) 273 (75.2)

9. Ask dental health care personnel to stay
home if they are sick

0 (0) 2 (0.6) 17 (4.7) 91 (25.1) 253 (69.7)

10. Patients with fever should be referred
to a specific medical centre treating
COVID-19

8 (2.2) 7 (1.9) 31 (8.5) 128 (35.3) 189 (52.1)

11. Accompanying individuals with patients
should be allowed in the clinics.

79 (21.8) 88 (24.2) 85 (23.4) 81 (22.3) 30 (8.3)

12. Hand disinfection with 60–75% alcohol
should be offered upon entrance to the
dental office.

2 (0.6) 1 (0.3) 33 (9.1) 149 (41.1) 178 (49.0)

13. Emergency dental care can be provided if
a patient’s temperature is less than 100.4-
degrees Fahrenheit and does not have
symptoms consistent with COVID-19.

5 (1.4) 31 (8.5) 90 (24.8) 160 (44.1) 77 (21.2)

14. The waiting area should be large with
adequate ventilation.

0 (0) 28 (7.7) 13 (3.6) 89 (24.5) 233 (64.2)

15. The 2-m separation between patients is
mandatory in waiting rooms and recep-
tion areas.

0 (0) 2 (0.6) 47 (13.0) 98 (27.0) 216 (59.5)

16. Remove magazines, toys, and other obj-
ects which cannot be easily disinfected

0 (0) 29 (8.0) 44 (12.1) 84 (23.1) 206 (56.8)

17. Posters in the dental office for instruct-
ing patients on standard recommenda-
tions for respiratory hygiene/cough eti-
quette and social distancing should be
posted in appropriate places.

0 (0) 0 (0) 29 (8.0) 160 (44.1) 174 (48.0)

18. It is not required by everyone entering
the dental office to use facemasks or
cloth face coverings.

133 (36.6) 81 (22.3) 41 (11.3) 77 (21.2) 31 (8.5)

19. Dental procedures require professionals
to use Personal protective equipment
(surgical caps, gloves, N-95 mask, FFP2
mask, goggles, gowns, and face shields).

0 (0) 6 (1.7) 39 (10.7) 112 (30.8) 206 (56.8)

20. It is not required to cover all touchable
surfaces with disposable protections.

108 (29.8) 80 (22.0) 93 (25.6) 53 (14.6) 29 (8.0)

21. Patients should not be treated in rooms
with negative pressure relative to the
surrounding area.

12 (3.3) 21 (5.8) 119 (32.8) 160 (44.1) 51 (14.1)

22. In case hands are visibly soiled, water and
soap should be used at least 20 s before
using an Alcohol-based hand rub.

3 (0.8) 8 (2.2) 29 (8.0) 186 (51.2) 137 (37.7)

23. Preprocedural mouth rinse like 1.5%
hydrogen peroxide or 0.2% povidone
should not be used before starting any
dental procedure in the patient.

40 (11.0) 54 (14.9) 120 (33.1) 79 (21.8) 70 (19.3)
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Table 2. Cont.

Item
Strongly Disagree

N (%)
Disagree

N (%)
Neutral
N (%)

Agree
N (%)

Strongly Agree
N (%)

24. Avoid the use of topical spray anaesthe-
sia to prevent gag reflex

10 (2.8) 32 (8.8) 132 (36.4) 156 (43.0) 33 (9.1)

25. Use of rubber dam and N-95 masks are
mandatory for aerosol-generating den-
tal procedures

1 (0.3) 23(6.3) 47 (13.0) 124 (34.2) 168 (46.3)

26. High-volume saliva ejectors can in-
crease aerosol or spatter while perform-
ing dental procedures

61 (16.8) 55 (15.2) 63 (17.4) 142 (39.1) 42 (11.6)

27. Panoramic radiographs or cone-beam
computed tomographs should not be
used for intraoral radiography

31 (8.5) 87 (24.0) 103 (28.4) 68 (18.7) 74 (20.4)

28. Four-handed dentistry should not be
practised for aerosol-generating proce-
dures.

36 (9.9) 78 (21.5) 124 (34.2) 69 (19.0) 56 (15.4)

29. Use of 3-in-1 syringes, air-water sy-
ringes, and ultrasonic instruments are
allowed for all aerosol-generating den-
tal procedures

24 (6.6) 45 (12.4) 125 (34.4) 136 (37.5) 33 (9.1)

30. Adopt the Atraumatic Restorative Tech-
nique and Chemo mechanical caries re-
moval procedure wherever possible

0 (0) 14 (3.9) 92 (25.3) 154 (42.4) 103 (28.4)

31. To reduce the clinical time, preferences
should be given to bulk-fill composite
resin restorations as it permits incre-
ments up to 4 mm in thickness.

24 (6.6) 61 (16.8) 95 (26.2) 118 (32.5) 65 (18.0)

32. Treatment should be completed in mul-
tiple visits wherever possible.

60 (16.5) 68 (18.7) 83 (22.9) 119 (32.8) 33 (9.1)

33. Environmental cleaning and disinfec-
tion procedures should be followed af-
ter completion of treatment

2 (0.6) 0 (0) 45 (12.4) 124 (34.2) 192 (52.9)

34. Clean and disinfect reusable PPE 12 (3.3) 27 (7.4) 58 (16.0) 111 (30.6) 155 (42.7)

35. Manage laundry and medical waste fol-
lowing routine procedures

11 (3.0) 8 (2.2) 40 (11.0) 160 (44.1) 144 (39.7)

Among the six guideline statements related to operative dentistry (item 2, 26, 28, 29,
30, 31), more than 50% of the participants were aware of items 2, 30 and 31. Furthermore,
awareness of the remaining 3 guideline statements was less than 50%.

EFA demonstrated that the KMO value was 0.86, and Bartlett’s test of sphericity was
significant (p < 0.001), indicating sampling adequacy. Three distinct factors were derived
from the EFA. Factor loadings are presented in Table 3, and all the items had factor loadings
of >0.3 except one item, “Any dental procedures should be delayed in patients with a
history of COVID-19 for at least a month”, that had a loading of 0.28. As the item was
closely related to factor 3, it was included in factor 3. The Cronbach’s value of the overall
scale with 35 items was 0.81, while factors 1, 2 and 3 had a Cronbach’s alpha of 0.87, 0.85
and 0.82, respectively. Reliability on repeated administration was assessed using split-half
reliability, and it was 0.91. Table 4 demonstrates that males had significantly higher scores
on all the factors than females. Those who have not attended workshops had significantly
higher scores for factors 2 and 3 than those who attended (p < 0.05).
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Table 3. Factor loadings of the 35 items.

Item Factor 1 Factor 2 Factor 3

Guidelines Related
to Dental Treatment

Procedures

Guidelines Related to General
COVID-19 Cross-Infection

Control Procedures

Guidelines Related to
Maintenance of Waiting Areas
and Appointments/Referrals

Four-handed dentistry should not be practised
for aerosol-generating procedures. 0.75

Accompanying individuals with patients
should be allowed in the clinics. 0.72

It is not required to cover all touchable
surfaces with disposable protections. 0.71

It is not required by everyone entering the
dental office to use facemasks or cloth

face coverings.
0.70

Use of 3-in-1 syringes, air-water syringes, and
ultrasonic instruments are allowed for all

aerosol-generating dental procedures
0.67

Preprocedural mouth rinse like 1.5% hydrogen
peroxide or 0.2% povidone should not be used

before starting any dental procedure in
the patient.

0.66

Treatment should be completed in multiple
visits wherever possible. 0.65

High-volume saliva ejectors can increase
aerosol or spatter while performing

dental procedures.
0.65

Patients should not be treated in rooms with
negative pressure relative to the

surrounding area.
0.61

Panoramic radiographs or cone-beam
computed tomographs should not be used for

intraoral radiography.
0.53

Telephonic triage/Tele dentistry should not be
considered an alternate option to in-office care. 0.50

Avoid the use of topical spray anaesthesia to
prevent gag reflex 0.49

To reduce the clinical time, preferences should
be given to bulk-fill composite resin

restorations as it permits increments up to 4
mm in thickness.

0.36

Patients with reversible pulpitis and dentine
hypersensitivity should be recommended

analgesics if needed, avoid stimuli (cold, hot
and acidic drinks or food), apply desensitising
toothpaste regularly to the sensitive area with
a finger, and advise the patient to call back if

symptoms get worse

0.31

Use of rubber dam and N-95 masks are
mandatory for aerosol-generating dental

procedures
0.72

Environmental cleaning and disinfection
procedures should be followed after

completion of treatment
0.68

The temperature of staff and patients should
be monitored daily 0.66

Adopt the Atraumatic Restorative Technique
and Chemo mechanical caries removal

procedure wherever possible
0.65

Ask dental health care personnel to stay home
if they are sick 0.64

Dental procedures require professionals to use
Personal protective equipment (surgical caps,

gloves, N-95 mask, FFP2 mask, goggles,
gowns, and face shields).

0.60

Clean and disinfect reusable PPE 0.56
Patients with fever should be referred to a
specific medical centre treating COVID-19 0.54

Hand disinfection with 60–75% alcohol should
be offered upon entrance to the dental office. 0.50
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Table 3. Cont.

Item Factor 1 Factor 2 Factor 3

Guidelines Related
to Dental Treatment

Procedures

Guidelines Related to General
COVID-19 Cross-Infection

Control Procedures

Guidelines Related to
Maintenance of Waiting Areas
and Appointments/Referrals

In case hands are visibly soiled, water and
soap should be used at least 20 s before using

an Alcohol-based hand rub.
0.49

Manage laundry and medical waste following
routine procedures 0.40

The waiting area should be large with
adequate ventilation 0.80

The 2-m separation between patients is
mandatory in waiting rooms and

reception areas.
0.72

Remove magazines, toys, and other objects
which cannot be easily disinfected 0.72

High-risk patients like diabetic and
immunocompromised patients should be

treated in the early hours of a dental
office opening.

0.65

Posters in the dental office for instructing
patients on standard recommendations for
respiratory hygiene/cough etiquette and

social distancing should be posted in
appropriate places.

0.56

Patients with non-urgent conditions should be
encouraged to maintain proper oral hygiene

by consuming a healthy diet, avoiding hard or
sticky food, and keeping good oral hygiene

practices to preserve their current status.

0.56

Patients with fracture/loose tooth fragments
or broken restorations should be referred to

the designated urgent dental clinics during the
COVID-19 pandemic.

0.51

Emergency dental care can be provided if a
patient’s temperature is less than

100.4-degrees Fahrenheit and does not have
symptoms consistent with COVID-19.

0.43

Prevent crowding in appointment settings by
booking appointments 0.40

Any dental procedures should be delayed in
patients with a history of COVID-19 for at

least a month *
0.28

* loading < 0.30.

Table 4. Overall and factor scores concerning gender, level of professional skills, exposure to guide-
lines and workshops.

Variable

Guidelines Related to
Dental Treatment

Procedures

Guidelines Related to
General COVID-19

Cross-Infection Control
Procedures

Guidelines Related to
Maintenance of Waiting

Areas and
Appointments/Referrals

Mean (SD) Mean (SD) Mean (SD)

Gender
Males 45.64 (9.72) * 46.88 (5.95) * 41.50 (5.63) *

Females 42.27 (9.87) 48.14 (5.02) 43.35 (4.12)

Level of professional
skills

Practitioners 45.39 (10.70) † 47.47 (5.80) 41.53 (6.41) †
Students 44.53 (9.48) 47.80 (5.02) 43.01 (3.98)
Interns 40.73 (8.89) 45.73 (6.97) 41.15 (5.37)

Exposure to guidelines Not read 46.64 (11.40) 44.89 (4.60) * 41.18 (4.92)
Read 44.07 (9.76) 47.60 (5.65) 42.35 (5.16)

Attendance of
workshops

Not attended 44.38 (9.70) 48.66 (4.77) * 43.60 (3.89) *
Attended 44.16 (10.13) 46.20 (6.09) 40.99 (5.82)

* Unpaired t-test, p < 0.05; † one-way ANOVA, p < 0.05.
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4. Discussion

Documents relevant to COVID-19 infection guidelines have been released by vari-
ous organisations worldwide [2,4,5,13,14]. As and when these guidance documents are
periodically updated, it is the moral and ethical responsibility of the dental care health
workers to be updated to prevent the spread and contain the pandemic. A survey from
Turkey showed that 1.8% (n = 17) of the participant dentists were positively tested against
COVID-19, highlighting the increased risk for dental professionals [26]. The current study
was conducted to check the awareness of COVID-19 infection prevention and control
guidelines recommended by various governing organisations before, during, and after
performing dental procedures among dental students, interns, and dentists in the Jazan
region of Saudi Arabia.

Various studies have been conducted to check the knowledge, attitudes, and practices
of COVID-19 infection prevention among dental students, interns, and dentists in Saudi
Arabia [12,26,27]. Stratifying the participants based on their level of professional experience
was done to investigate the difference in awareness. However, we did not find any study
that evaluated the awareness of a comprehensive set of COVID-19 infection prevention and
control guidelines. In addition, we developed the survey adopting the questions from pre-
vious studies and evaluated the questionnaire’s validity and reliability. The questionnaire
was reliable and valid, with three distinct factors demonstrating that researchers within
and outside Saudi Arabia could use it.

The response rate of similar studies conducted in Saudi Arabia was 28.7% [28],
28.2% [29] and 21.7% [30]. These values are much lower than our study’s response rate
of 60.5%, probably due to variation in the target population. In this study, it was found
that a majority (92.29%) of the participants read the guidelines for providing dental ser-
vices during the COVID-19 pandemic. There was no significant difference or association
between respondents who read and did not read the guidelines of COVID-19 with LOA.
This could be due to the constant update on COVID-19 infection guidelines by national
and international bodies through different media.

Moreover, it was revealed in the study that only half of the participants had attended
COVID-19 infection prevention workshops. However, surprisingly, fewer participants
who attended the workshops had high LOA and were more aware of guidelines related
to general COVID-19 cross-infection prevention and precautions in the waiting area than
those who did not attend COVID-19 infection prevention workshops. This might be due to
the ever-changing/updating of the guidelines as the pandemic has been evolving. DHCPs
who have attended workshops might have been complacent, assuming that the workshops
they have attended have provided them with comprehensive information. On the other
hand, those respondents who have not participated in the workshops might constantly
be making themselves aware of the evolving guidelines. It appears that the workshops
conducted are not emphasising the international guidelines.

The dentists in the present study have a significantly higher level of awareness than
students and interns, particularly guidelines related to preventing cross-infection in the
operatory and waiting room. These findings are consistent with a study conducted among
Turkish dental professionals that revealed higher knowledge about the COVID-19 aetiology,
mode of transmission and the pre-procedural cautions among dental specialist respondents.
These findings indicate a direct correlation between professional experience and LOA
which is in total agreement with the previous studies [12,31] and disagreement with other
studies reported from in Saudi Arabia [28] and Jordan [28,32]. The variation in LOA could
be attributed to the difference in perception and education of the DHCP.

None of the participants in the Jazan region had poor LOA. Similar results have
been reported in various studies conducted in Saudi Arabia, where the basic knowledge
on COVID-19 among the DHCP was satisfactory and acceptable [12,26]. This can be
attributed to the Saudi MOH’s extensive efforts to educate the DHCP about the pandemic
outbreak and the associated risk of transmission. A study conducted among dental students
and interns in different universities of Cairo, Egypt, revealed that they also had good
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knowledge and awareness about COVID-19 and the necessary precautions required to
provide adequate dental treatment for the patients during the pandemic COVID-19 [33].

Among 35 guideline statements, more than 50% of participants were aware of 26
guidelines, while awareness was less than 50% for the remaining nine guideline statements.
These findings are consistent with a global study that evaluated the level of knowledge and
the attitude of dental practitioners related to disinfection during the COVID-19 pandemic,
which indicated that the respondents did not have complete knowledge to implement
disinfection guidelines specifically against COVID-19 [34]. The majority (97.8%) of par-
ticipants were aware that all non-urgent conditions could be delayed by encouraging the
patient to maintain proper oral hygiene. It could be attributed to the fact that the DHCP
is scared and anxious in handling patients suspected of COVID-19 infection [35]. Inter-
estingly, participants were unaware of nine guideline items (two related to the protocols
to be followed before the dental procedure, and the remaining items are to be followed
during the procedure). Hence, it is recommended to educate the DHCP on those guidelines
before and during the dental procedure to ensure the safety and prevention of COVID-19
cross-infection.

In this study, it was alarming to know that more than 90% of the respondents were
unaware of the recommendation that dental patients should be treated in rooms with
negative pressure relative to the surrounding area [2,5,13,14] Similarly, 82.1% of the re-
spondents were not aware that telephonic triage was recommended during the COVID-19
pandemic [2,5,13,14] This could be attributed to the reason that most of our survey respon-
dents were working within university or MOH clinic sectors and not private practices.
Those aspects are handled by public relations teams instead of DHCP in such facilities.

Among the items about operative dentistry, most (80%) of the respondents were
unaware that during the COVID-19 pandemic, it is not recommended to use 3-in-1 syringes
and ultrasonic instruments (item 29) while performing AGPs [2,5,13,15,16]. Furthermore,
many (68%) respondents were unaware that four-handed dentistry (item 28) and high-
volume saliva ejectors (item 26) are recommended for AGPs [2,13,16,17]. Since operative
dentistry constitutes a significant part of the dental practice, the DHCP must concentrate
on these guideline statements to preclude the spread of COVID-19 infection.

Based on our findings, to encourage the reading of guidelines, exams must be con-
ducted to check the awareness of guidelines among students and interns before allowing
them to work independently on patients. New evidence-based guidelines should be dis-
played as posters in appropriate clinical areas and posted on various social media platforms
targeting the DHCPs. To increase the awareness of COVID-19 among the general masses
and persuade them to follow guidelines, the government of Bhutan engaged actors, blog-
gers, visual artists and sports personalities [36]. Similarly, social media influencers can be
hired to inform and influence the DHCPs, especially the students and interns. In addition,
video resources that provide comprehensive information on the infection control proce-
dures and sequences could be developed, similar to those developed by the Australian
dental association, to demonstrate the donning and doffing sequences of the PPE [37].

The DHCPs should be reminded of the significance of doing clinical procedures
in unfavourable pressure rooms, utilising large volume saliva ejectors, avoiding using
3-in-1 syringes, air-water syringes, or ultrasonic tools, and practising four-handed den-
tistry [2,5,13,15–17]. Methods such as bio-inspired systems should be adopted while
performing dental procedures because these systems are showing promising results in
reducing bacteremia and aerosol generation, improving immunological, microbiological,
and clinical parameters [38].

This study was conducted among self-selected DHCP in the Jazan region of Saudi Ara-
bia; therefore, the findings could not be generalised to DHCP throughout the country, and a
larger sample size would yield a more precise overview of DHCP awareness. Nevertheless,
the aim was to analyse the subjects in the Jazan region alone.
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5. Conclusions

The majority of DHCP had high LOA regarding the general guidelines related to
infection prevention and control of COVID-19. As far as the guidelines related to operative
dentistry procedures are concerned, most DHCP was unaware that during the COVID-
19 pandemic, a three-way syringe has to be avoided, four-handed dentistry should be
practised, and high-volume saliva ejectors should be used during AGPs. Dentists, males,
and those who read the guidelines had higher LOA than their counterparts. Based on our
research findings, it is recommended to conduct lectures and seminars related to COVID-19
infection prevention control guidelines to all DHCPs in general and students and interns in
particular. A task force should be organised at the institutional level to provide consolidated
evidence-based guidelines and updates for all DHCPs.
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Abstract: An Android/iOS application for low-cost mobile devices to aid in dental diagnosis through
questionnaire and photos is presented in this paper. The main purposes of our app lie in the ease of
use even for nonexperienced users, in the limited hardware requirements that allow a wide diffusion,
and in the possibility to modify the questionnaire for different pathologies. This tool was developed
in about a month at the beginning of the COVID-19 (SARS-CoV-2) pandemic and is still in use in Italy
to allow support to patients without going to the hospital, if not strictly necessary.

Keywords: dentistry diagnostics; m-health application; medical questionnaire; teledentistry

1. Introduction

Recently, m-health applications (i.e., medicine supported by mobile devices) have
been applied to various medical fields due to the wide diffusion of mobile devices, the
low cost of Internet connection, and the ability to reach substantially almost any remote
area [1,2]. Systems to perform an initial diagnosis automatically have been presented in the
literature, but a comparison with a medical specialist who provides the final indications
and therapy is always appropriate [3,4]. Machine learning for the triage of skin lesions
was proposed in [5], while artificial intelligence for ophthalmic screening is described in a
broad sense in [6]. Sometimes the use of additional hardware is required to enhance the
optics or lighten the computational load on the mobile device [7–11]. A general review of
a variety of m-health applications for chronic conditions and/or diseases is given in [12],
while COVID-19 (SARS-CoV-2) teledentistry opportunities are described in [13,14].

During the early stages of the current COVID-19 pandemic condition, we needed
to develop, in a very tight time constraint, a mobile device app to provide medical staff
with useful dental information. A further fundamental requirement was the need not to
use any additional hardware and to take full advantage of the features of entry-level cell
phones. This allowed to give immediate assistance to the population and to arrange an
eventual dedicated hospital intervention, avoiding dangerous contact with the rest of the
hospitalized patients. Our app, called LinguApp, is freely downloadable for Android and
iOS operating systems and is still in use at the Department of Surgical Oncological and
Stomatological Disciplines in Palermo, Italy, even though it provides support for the entire
country of Italy. This tool submits a triage questionnaire, formulated in a simple way for
nonspecialists, and prompts them to take at least two photos to highlight lesions within their
mouth without the use of any template to refer. The specialist is then contacted through an
e-mail and can provide a preliminary diagnosis by means of a web interface. One of the
main advantages of this application lies in the simplicity with which the questionnaire can

Int. J. Environ. Res. Public Health 2022, 19, 822. https://doi.org/10.3390/ijerph19020822 https://www.mdpi.com/journal/ijerph
117



Int. J. Environ. Res. Public Health 2022, 19, 822

be managed through the same interface. This feature allows LinguApp to be modified so
that after the COVID-19 emergency, it is aimed directly at medical specialists with a more
complete and unfamiliar questionnaire, translated into different languages and used in
different contexts that can benefit from a questionnaire with attached photos and videos.

In the field of oral pathologies, it is fundamental to make a diagnosis [15,16]: through
(dia) knowledge (gnosis), we aim to answer the question: What is the patient suffer-
ing from? In order to have enough knowledge to allow to name a wound, it is nec-
essary to understand the visited patient: lifestyle habits, assumption of drugs, pres-
ence of systemic pathologies (generalized or localized), familiarity for certain medical
conditions, history of the lesion in the matter, related markers, and symptoms are all
aspects that will have to be collected and connected to each other to allow a diagnos-
tic suspicion [17]. This suspicion will be confirmed with the help of any instrumen-
tal/histological/microbiological/hematological/clinical examinations [18–20]. Conse-
quently, the diagnosis requires the acquisition of certain information essential for the
understanding of the clinical condition of the patient.

The objective of this study is the development of a mobile application to gather the
first piece of information for the diagnosis. This application does not have any diagnos-
tic confirmation purpose, which remains exclusively for the objective and instrumental
examination in presence, but allows to start a diagnostic path in line with the indications
and directives during the quarantine due to COVID-19. Considering the high risk of viral
contagion by airborne propagation that dental procedures have inherent in their specificity,
these organizations suggest to limit all dental examinations in presence with the exception
of urgency and absolute non-deference. During the first pandemic period (in Italy, approxi-
mately in March and April 2019), there was the deontological indication to limit treatments
only in the case of urgent and unavoidable emergencies, suggesting remote consultation,
video consulting, and specialist advice by phone. By using LinguApp on any Android or
iOS mobile device, the patient describes his/her symptoms, takes some pictures, and sends
all the data directly to a team of specialists who evaluate the actual need to refer the patient
to highly specialized centers. Our application is intended mainly for immobilized and
noncooperative patients in difficult locations who cannot go to medical facilities during
this emergency period [17].

The ability to distinguish one lesion from another is not always so simple, nor so fast.
We designed an interactive procedure to navigate a directed graph that helps us identify
various lesions hypothetically detectable, in relation to the soft tissues of the oral cavity.
The app imposes an order of questions to be answered unambiguously: in this way, the
questions divide the large group of “mouth lesions” into smaller, different groups, allowing
us to reach a diagnosis of presumption by evaluating the attached photos.

2. Methods

To solve the problem, among the possible viable implementations, the choice fell on
the development of two distinct products: a mobile application aimed at patients, and a
dashboard or content management system aimed at clinicians.

The choice, on the patients’ side, was dictated by the widespread diffusion that
smartphones have had in recent years, due to their typically low cost and ease of use that
result from their simplified interfaces. This is perfectly in line with the features required by
our service, and we have therefore developed it to make it accessible even by patients who
are not experienced with technology, through the use of standard procedures that they are
already familiar with.

As for the activities reserved for the clinicians, we have taken a different approach.
An additional section within the same application, designed to process requests and only
available to the medical staff, could have been a viable option. However, we considered
this to be impractical and instead chose to develop a dedicated system, accessible through
a website, in which we sacrificed the ease of use in favor of a more comprehensive tool that
could also be used on desktop computers.
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These two pieces of software, although independent, still need to communicate with
each other. To this end, we used the Firebase platform offered by Google, which provides an
infrastructure for the development of mobile and web applications, comprising a number of
services such as hosting, databases, patient authentication, and a simplified management of
push and email notifications [21]. A sketch of the whole architecture is presented in Figure 1.

The development of smartphone applications is a process that normally follows
two parallel paths, for Android and iOS devices, respectively. These two systems are
fundamentally different from one another, and each has dedicated development tools.
However, often developers do not need to use any platform-specific tool or feature, or even
differentiate their products for the two operating systems. This holds true in our case as
well, where speed of development was crucial to achieve the goal. For this reason, we
opted for a hybrid development system that would allow simultaneous development on
both operating systems. We chose React Native [22], an open-source framework made by
Facebook to create mobile applications in JavaScript. Similarly, and for consistency, the
dashboard was built using its counterpart for web applications, React [23].

Figure 1. Simple sketch of the proposed methodology.

2.1. Decision Graph

The primary purpose of our application is to collect information about patients and
their symptoms using a well-structured approach. This was accomplished by asking
the patient to perform a self-inspection by choosing, from a set of fixed alternatives, the
options that best fit their problem. We considered the possibility of allowing patients
to openly describe their symptoms, but this could have led to inaccurate or incomplete
information that would have required subsequent refinements. Instead, we wanted an
exhaustive application in providing data and alternatives to the patient, starting from the
first interaction. This observation led to the issue of properly structuring the progression
between questions.

At first, we considered using a decision tree, but this turned out to be insufficiently
flexible for our needs. This is because, in the considered survey, some of the questions
are repeated in distinct paths and the use of a decision tree would result in unnecessary
redundancies. Indeed, when using such a structure, a question may only be preceded by a
specific series of answers, instead of several distinct series.

For this reason, we opted for an acyclic directed graph where each node represents a
question, and, as such, contains a set of strings. In particular, each alternative is indicated
by a string that can help in making a diagnosis (e.g., description of symptoms, presence of
pre-existing conditions, lifestyle habits). Though not required, a node may also contain a
header string that provides further details related to all alternatives. Each alternative is also
associated with a reference to the next question, which can be interpreted as an edge in the
graph (Figure 2). The keys of the JSON code, provided in English as Additional Material
(see Appendix A), are the labels of the individual nodes. The first question, common to all
subgraphs, is proposed to the patient and indicated here by the white circle; the small disks
in gray represent the invitation to take photos. LinguApp notifies the specialists’ team via
email that a new request was added so that they can quickly assess the case and get in
touch with the patient. Due to privacy reasons, no sensitive data is attached in the email.
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Figure 2. Graphical representation of the questionnaire. Colours indicate the five main branches,
corresponding to the possible answers of the first query. Further details are provided in the Additional
Material (Appendix A). The reader is referred to the electronic version of the article for interpretation
of the colours in this figure.

Once we established the data structure, we needed to find a suitable way to represent
and store it. We opted for the JSON format, as it is highly flexible and natively handled by
both the JavaScript language and the Firebase’s database service, called Firestore. Initially,
one might think of nesting a node inside its ancestor, following the typical structure of a
JSON file, but this is not adequate for our data structure, as, once again, it would describe a
tree. The solution we have employed requires all nodes be stored at the same level and that
each be associated with an identifying key. Our JSON representation can be examined in
the Additional Material (Appendix A).

It is possible to represent the path that a patient follows through the graph by means
of a list in which the keys of the visited nodes are stored. An algorithm for visualizing a
path is implemented in both the mobile and web application and follows the pseudocode
in Appendix A, Algorithm A1.

2.2. Firebase Backend

Firestore is the Firebase component that manages databases; it is structured in col-
lections and each of them contains documents, which represent a set of key-value pairs.
The most relevant collections for the functioning of our software are those that contain the
surveys and the paths taken by the patients.

Each survey was mapped to a graph represented in JSON, as described in the previous
section, and stored in a document within the same collection. The contents are maintained
by system administrators, who have the option of adding new surveys and new questions
in an existing one, though deletions cannot be made, as it would no longer be possible to
interpret the paths previously taken by patients (i.e., we impose that our application is
backward compatible).

The collection of paths contains one document for each path. The status for a path
can be one of “draft”, “awaiting photos”, “awaiting feedback”, and “completed”. A path
contains a reference to the patient who created it, the list of choices, an indication of the
status and links to the associated photos, which are stored through the storage service. For
security and privacy reasons, only administrators have access to the whole documents.
When a patient completes the self-inspection, including uploading photos, members of
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the medical staff are notified via email, leveraging Firebase’s cloud functions. Similarly,
when clinicians provide feedback, the patient involved is notified via push notifications
and email.

This service is available upon a sign-up procedure, which is structured in two steps.
At first, an account is created through an authentication service (email, Google, Apple ID)
and only afterwards do patients provide their personal data and a phone number that
will be stored in a dedicated collection. The data entered is validated using other Firebase
services.

Moreover, Firebase provides the Remote Config service, which allows administrators
to quickly edit text and settings within the application without having to release an update
on the stores: LinguApp will download new values at each startup, while the dashboard
will update them every time the webpage is refreshed.

2.3. Mobile Application

When first launching LinguApp, the patient must sign up or log in using a previously
created account. The first screen shows a short tutorial, after which the patient can start a
new path or view a previously created one (Figure 3a).

During the creation of a new path, the patient is asked to select the survey category
they consider most suitable among the available ones (Figure 3b). From this point on, the
list of decisions made by the patient is treated as a stack that initially contains the key of the
first node of the selected category. Any choice made by the patient results in its immediate
synchronization on Firestore.

The screen that follows provides a dedicated interface for viewing and interacting
with the decisions currently taken, allowing the patient to either advance by answering a
new question, or go back to change a previously proposed answer (Figure 3c). The path
is shown as a list, where each node corresponds to a panel. The list can be displayed in
full or in a compact form: if an answer has yet to be provided, all of its alternatives are
shown, whereas if an answer has already been given, it will be the only one displayed. This
means that, by default, only one node at a time is fully displayed, namely the last one in
the path. However, to allow patients to go back, we made it so that upon tapping a past
question, its panel expands again. A question that is fully displayed allows interaction
with its alternatives. Selecting one of them will truncate any following given answers and
append the key of the node that is pointed to by the selected alternative. Further details on
this procedure are provided in Appendix A, Algorithm A2.

When a patient reaches a terminal node, the path changes to “waiting for photos”, and
displays the interface for uploading photos. Upon successful submission, the status will
change to “waiting for feedback”. When a clinician provides feedback, it is shown on this
screen. For the specific problem to solve, we preferred to make the patient shoot photos,
but LinguApp can be modified to capture videos as well.

We have done our best to make the app as undemanding as possible in terms of
operating system, hardware resources, and memory space. The minimum required version
of Android is 4.1, released in 2012; the size to download the app from the store is about
23 megabytes, and after installation it takes about 46 megabytes. In the case of iOS, at least
the 9.0 version is required, 24 megabytes have to be downloaded from the store, and just
16 megabytes are occupied on the device. These differences are due to the optimization
policies of the respective operating systems.
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a b c
Figure 3. Requests started by a user with their relative statuses color-coded, e.g., “draft” in grey and
“waiting for photos” in blue (a). First choice of a path (b). Request awaiting submission, with all
choices already taken and showing the interface for adding photos (c). LinguApp features Italian
phrases that can be translated quite easily (please see Additional Material).

2.4. Web Application

Login to the dashboard, which is run on Firebase’s hosting service, is performed via
email and password or via a Google account. The sign-up of clinicians is performed by the
system administrators to prevent arbitrary individuals from accessing these functionalities.
Although this procedure is cumbersome, developing a more extensive feature would
be futile.

The web portal has a dedicated section for content management where it is possible
to edit questions and answers. As already mentioned, the backward compatibility with
previous completed paths limits clinicians’ freedom of editing surveys. This is a minor
limitation, though, as the surveys were designed to remain essentially unaltered.

The other, and most important, section is the one from which medical staff can review
patient submissions. As all clinicians have equal access to this section, being able to
distinguish between requests that still need attention and those that have already received
feedback is essential for proper and effective cooperation. To achieve this, the completed
requests are marked by a label. The details of a path are displayed in a dedicated page that
shows the given answers, the photos included, and the patient’s contact details. Once a
clinician has formulated a feedback, based on the available information, the patient will
be contacted via a dedicated input field on the page or through the contact information
(Figure 4).

a
Figure 4. Cont.
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b

c
Figure 4. The web interface allows to create and modify the questionnaire, also through graphic
representation (a). It is possible to delete or view details for an individual request on a dedicated
page containing patient contact information, the selections made (b), and the attached photos (c).
Sensitive data has been censored. LinguApp features Italian phrases that can be translated quite
easily (please see Additional Material).

2.5. Privacy and Security

Confidentiality is fundamental in the medical field, so any application that operates in
this area must provide strong guarantees on the treatment of user data. Patients that use
LinguApp need to provide personal information such as their full name, email address,
and phone number. To start a diagnostic path with a clinician, they also need to answer
questions that could reveal more sensitive data, and then take pictures of their lesions. Our
approach to preserving users’ privacy and security is twofold.

First, we leverage the built-in security provided by all Firebase services, which is
equivalent to that of mainstream products. Firebase rejects all requests coming from
untrusted clients. Indeed, our clients have been configured for each of the three platforms,
iOS, Android, and the web, through the use of private configuration files that guarantee
their authority, and all communications are carried out through a private channel.

Second, we add a layer of protection by limiting the access to the resources, particularly
to the collection of patients’ data and paths and to their pictures. The access is controlled
through a variety of Firebase services. First of all, the sign-up procedure makes use of
Auth to ensure that all users, both patients and clinicians, have a personal account, and of
Custom Claims to ensure that their account is “activated” before they can access any other
functionality. In other words, users have to provide valid information, completing both
steps of the sign-up process, before the service becomes available. When an “activated”
user makes a request, only the user’s own data will be disclosed. This is guaranteed via
Security Rules that are applied in Firestore and Storage before a request is processed.

According to Firebase’s best practices for security and privacy, these restrictions
should be enough to ensure that the visibility of information is limited to the account,
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and by extension the patient, who created it. Indeed, even if a third party were to gain
access to the clients’ source code, they would not be able to obtain additional data due to
server-side restrictions.

As noted in the Terms and Conditions of the software, all data collected via LinguApp
can be accessed by clinicians at Department of Surgical Oncological and Stomatological Dis-
ciplines in Palermo, Italy, solely for diagnostic purposes and for health and administrative
records required by law. If necessary, data might also be disclosed to a patient’s treating
clinician, other healthcare personnel, and dental laboratories. Additionally, in order to
ensure European General Data Protection Regulation compliance, patients can download
their data and request deletion, should they wish to do so.

3. Results and Discussion

LinguApp has made it possible, and still makes it possible, to manage patients who, for
various reasons, require a prodromal remote consultation. On the basis of the anamnestic
documentation provided online by the patients and the evaluation of the images sent, the
medical team expresses its opinion on a therapeutic indication or on the need for further
diagnostic investigations that require an in-person consultation. In this latter case, the
appropriate hospital structure to manage the case is indicated [17,18]. During this pandemic
period, the app has enabled numerous patients to find a solution to their problem without
having to leave their homes. In other cases, the patient had to go to a hospital, but only
after the medical team had recognized the real necessity, which is extremely important in
order not to unnecessarily burden hospital facilities.

In this case, LinguApp has also enabled carrying out a remote triage which is essential
in order to have access to health facilities in Italy, having assessed the low risk of COVID-19
positivity. The app has therefore made it possible to manage some patients at a remote
distance but also to accept at the health facility low-risk patients with COVID-19 positivity,
thus reducing the risk of patient mobility, which is essential for the containment of the
pandemic infection itself. In particular, we believe it is useful to report, among the many
requests for assistance, an emblematic case. It regards a disabled and bedridden patient.
This consultation request was made by the relatives of the patient who had been experienc-
ing serious difficulties in feeding for several days. From the anamnestic collection it was
possible to highlight the frequent use of aerosol therapy containing corticosteroid drugs.
The images highlighted the presence of numerous root residues, and the presence of oral
extremely erythematous mucosae (Figure 5). Considering the reported semi-liquid diet,
the medical team believed that the feeding difficulties could be caused by oral burning,
probably related to drug-related mycotic overinfection and also related to the poor oral
hygiene conditions due to the general health conditions of the patient. Therefore, it was
recommended to follow a topical antifungal therapy for 15 days and also an improvement
of oral hygiene conditions through the use of gauzes and a basifying agent based on water
and bicarbonate. After 15 days, the patient reported the disappearance of any difficulty to
eat and the reduction of the erythema of the oral mucosa.

Figure 5. An anonymized real case study. Although no hospital examination was necessary, this
example points out the effectiveness of the proposed methodology.

We think this case absolutely emblematic: indeed, the presence of the disabled patient
in a hospital would have involved obvious difficulties, for example, his transport via
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dedicated means such as an ambulance. Moreover, it would have required the participation
of several accompanying persons. The risk to which this patient would have been exposed
with numerous comorbidities in case of COVID-19 infection would have placed his life in
serious danger, as well as his family members.

4. Conclusions

The search for pathological formations or dysembryogenic alterations that can affect
the soft tissues of the mouth, either as the only organ in which they are found, or as ex-
pression of pathologies that also occur in other sites, shows how many lesions clinically
resemble each other [17–20]. The similarity among the appearance of many lesions repre-
sents a difficulty to be overcome to allow the clinician to arrive at a definitive diagnosis. It
has been considered the existence both of common characteristics among some pathologies
and the presence of univocal characteristics. The combination of all these features allowed
us to give a presumptive name to the observed pathology, as every pathology will always
have univocal features, but often they are not immediately detectable. We believe that
our methodology can help to follow a method that includes, unknowingly, the differential
diagnosis [19,20].

We underline that the algorithm has been realized using the clinical and histological
features reported in specialized articles and books, but we do not exclude that in some
subjects, the pathology may present a different clinical picture or that the patient may
report information that is not completely accurate. In this case, the use of LinguApp could
lead to an incorrect diagnosis; however, we believe that, for many patients, following this
type of pathway can lead to a correct diagnosis in a quick and easy way. Therefore, we
consider fundamental a meticulous anamnesis of the patient, in order to have detailed
information on the evolution of the lesion, on the symptomatology of the same, and on the
habits/risk factors of the patient, in order to be able to answer in an unequivocal way the
questions posed in the algorithm [17,19].

Moreover, the use of the application over time will refine the type of questions, making
them increasingly targeted. However, there is no doubt that the idea of being able to create
sets of diseases and, within these, gradually find differences and then create subgroups, may
be one of the correct methods to reach the recognition of the disease and then the diagnosis.

The proposed methodology is still in use today and provides a fast track to hospital
admission for patients requiring direct intervention, without the need to have contact with
any further people at risk of COVID-19 infection. This best practice could continue to be
pursued after the contingent emergency as it generally simplifies the procedure from both
the healthcare personnel and patient perspectives and it shortens the waiting time.

Finally, we point out that our application has been developed in flexible and logically
separated modules. This would allow to quickly modify each single module to deal with
different diagnostic problems, based on a proper questionnaire and on the submission
of photos or videos. For example, LinguApp can be addressed to general practitioners,
dentists, pediatricians, and dermatologists, presenting a more specific questionnaire for the
collaboration of the various branch specialists. This is a strong point compared to other
similar mobile applications currently available, specific to particular diseases.

So far, apps have been developed in various countries to track infected people (generally,
on a voluntary basis) [24–28] or to make diagnoses through established approaches [29–33]
or neural network-based techniques [34] that require extensive hardware resources. The
Italian government has recently confirmed the sponsorship of remote diagnostics in all
forms. Obviously, preference should be given to user-friendly tools that do not require
special assets from the medical staff and especially from patients. From a general point of
view, mobile technologies cannot replace a direct contact with the patient, but can contribute
to the rapid diagnosis and maintain a high safety level for both operators and patients
themselves, limiting their access to specialist facilities only in cases that are really necessary.
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Appendix A

The questionnaire in JSON format currently used by LinguApp is provided as Addi-
tional Material together with a short video to show how the Web and Mobile interfaces
work. All these files can be downloaded at https://tinyurl.com/linguapp, accessed on 10
January 2022.

We introduce here a couple of main snippets. This codes refer to the actual questions
that are proposed according to Figure 2.

When a path needs to be rendered, it is passed as state to Algorithm A1, which reads
the key of each node in the list. Using this key, we can access the node’s label, if one is
available, and the text of all its questions. A variant of this code is used to display, for all
but the last node, only the selected alternative, instead of all of them.

Algorithm A1 Current decision display.

Algorithm A2 is executed when an alternative is selected, passing the index of the
node involved in the stack as current and the index of the chosen alternative from the
questions array as answer. This procedure removes the nodes in the path that come after
current, which are only present if the patient is going back, and then adds the key of the
node that is pointed to by the selected alternative.

126



Int. J. Environ. Res. Public Health 2022, 19, 822

Algorithm A2 Decision stack update.
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Abstract: Dentists and dental staff have an increased risk of airborne infection with pathogens such as
SARS-CoV-2 since they are exposed to high levels of droplets and aerosols produced during specific
dental procedures. Hence, new guidelines such as patient screening and temperature control, air
purification, space, surface and hand sanitizing and the use of protective equipment and physical
barriers have been successfully implemented. In addition, the use of teledentistry has expanded
considerably in pediatric dentistry, orthodontics, oral medicine and periodontics in order to address
oral and dental health issues during the COVID-19 pandemic while minimizing virus transmission.
Thus, teleconsultation, telediagnosis, teletriage, teletreatment and telemonitoring have emerged as
valuable tools not only in the delivery of care, but also in the academic and research training of
dental health professionals. This narrative review summarizes the current literature on the impact
of the pandemic on dental care, dental staff and dental education, with an emphasis on how newly
emerging protocols and technologies can be successfully utilized as integral parts of various branches
of the dental practice and their future implications without compromising patient care.

Keywords: SARS-CoV-2 infection; dental healthcare; dental training; teledentistry; pandemic;
dental aerosols

1. Introduction

According to data provided by the World Health Organization (WHO), the new
coronavirus, SARS-CoV-2, had caused 5,493,846 deaths globally by 10 January 2022, of
which approximately 20% were recorded in the USA. Multiple factors are responsible
for differences in contamination and mortality due to SARS-CoV-2 between countries.
These include the implementation of domestic policies to control the spread of infection,
vaccination, population density, comorbidities and the proportion of the ageing population,
to name a few [1]. This has led to a significant variation in the degree of infectiveness and
mortality (Tables 1 and 2) [2].

Among medical practitioners, dentists and dental staff have an increased risk of being
infected with airborne pathogens such as SARS-CoV-2 because they are always exposed
to droplets and aerosols produced during specific treatment procedures. Transmission
may occur due to the inhalation of droplets and aerosols from an infected individual or
by direct contact with mucous membranes, oral fluids and contaminated instruments
or surfaces. To evaluate the effects of intraoral and extraoral aspiration on the spread
of infection during dental treatments, the bacterial colonization of droplets and aerosols
was evaluated following simulations of scaling by the dentist and dental hygienist in
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three healthy volunteers. Extraoral aspiration has been shown to reduce the production
of droplets and aerosols, and since it is restricted to the left and back of the dental chair,
right-handed operators could perform treatment with relatively low contact with the
pathogens. This study suggests that both aspiration methods were effective; however,
extraoral aspiration was more effective in reducing the number of droplets and aerosols
compared to intraoral aspiration or a lack of aspiration [3]. Furthermore, it has been shown
that saliva represents a potential source of contamination for many patients. This aspect is
of critical importance in public health management, not only for SARS-CoV-2, but also for
other pathogens, considering the high rate of exposure to saliva by dental professionals [4].

Table 1. SARS-CoV-2 infection rate by August 2021 [2].

SARS-CoV-2 Percentage

United States 18.19%
India 15.22%
Brazil 9.65%
Russia 3.17%
France 3.11%

United Kingdom 3.06%
Spain 2.25%

Romania 6.87%
Average 7.69%

Table 2. SARS-CoV-2 cases and mortality rate by 10 January 2022 (https://coronavirus.jhu.edu/data/
mortality (accessed on 26 August 2021)).

Country Cases Confirmed Deaths
Case Fatality

(%)

Peru 2,358,685 203,019 8.6%
Brazil 22,529,183 620,251 2.8%

Belgium 2,231,686 28,459 1.3%
Italy 7,436,939 139,038 1.9%

Mexico 4,125,388 300,334 7.3%
United States 60,074,429 837,594 1.4%

United Kingdom 14,563,769 150,634 1.0%
Ecuador 559,950 33,699 6.0%
Romania 1,844,537 59,011 3.2%

Spain 7,164,906 89,934 1.3%
Portugal 1,499,976 19,029 1.3%
France 12,218,022 126,427 1.0%

South Africa 3,526,054 92,453 2.6%
Iran 6,206,405 131,878 2.1%

Russia 10,470,006 309,787 3.0%
Greece 1,507,616 21,394 1,4%
Austria 1,339,421 13,848 1.0%

Germany 7,553,743 114,033 1.5%
Average 970,464,876 163,519,323 2.70%

Since COVID-19 is primarily spread through droplets and aerosols, it could reasonably
be assumed that dentistry might be among the professions with the highest mortality
rate [1]. However, when the number of deaths was examined in England and Wales
between March and December 2020, there was no evidence of a higher mortality rate
among dentists caused by COVID-19. This led to the conclusion that the low infection
rate of dentists might be due to the rigorous safety protocols implemented. The American
Dental Association (ADA), as well as most European dental organizations, recommends
patient prescreening before visiting the clinic, allowing only one patient at a time in the
waiting room, measuring staff and patients’ temperatures, hand washing and sanitizing,
access to sanitizers for patients, disinfection of surfaces, personal protection equipment
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for the medical team, disposable shoe covers for patients, use of UV lamps and other air
purifiers and high-efficiency aspiration during treatments (Figure 1) [1,5]. For example,
Butera et al. suggested the use of the bio-inspired systems in nonsurgical periodontal
treatment in order to reduce the risk of bacteremia and aerosol generation and improve
clinical, microbiological and immunological parameters by decreasing bacterial load [6].

This qualitative, narrative review summarizes the most recent literature on the effects
of the COVID-19 pandemic on dental practice and dental education, as well as the use of
teledentistry in the delivery of oral and dental care to avoid virus contamination. Research
and review papers were identified and selected using Scopus, PubMed and Web of Science
scientific databases. Commentaries, letters and in vitro studies were excluded from the
analysis. The paper describes in a comprehensive and critical manner, the effects of COVID-
19 pandemic on the delivery of oral and dental care and dental education and its impact on
current and future dental practice.

Figure 1. Safety protocol for dental patients during the COVID-19 pandemic.

2. COVID-19 and the New Approach to Dental Healthcare

Teledentistry has been defined as “the remote practice of dentistry by oral health
professionals, within the limits of their practices, via the use of information and commu-
nication technology” [6]. Its objectives should not depart from those of in-person care,
and may include diagnosis, prevention and post-treatment monitoring, specialist advice,
treatment, prescription, referrals and other practices. Approximately 80% of dentists have
adopted precautionary recommendations and modified them according to the type and par-
ticularities of each dental treatment [7]. For example, to increase the safety of the working
team, a recent study showed that approximately 30% of dentists wore additional protective
equipment, applied sanitation and ventilation procedures beyond those recommended by
the guidelines and local health authorities, preferred to treat infected patients or those sus-
pected of infection at the end of the working day and used an FFP3 mask during treatment.
Approximately 78% of dentists replaced the FFP2 mask after eight hours of use, even when
treating non-contaminated patients, and 62% covered the FFP2 mask with an FFP1 surgical
mask [7].

Furthermore, 89% of dentists recommended oral rinses with solutions based on hydro-
gen peroxide and chlorhexidine before commencing therapeutic procedures. The combina-
tion of hydrogen peroxide with chlorhexidine solutions has been shown in vitro to be more
effective than either solution alone in preventing transmission of SARS-CoV-2 [7]. Other
studies have shown a decrease in salivary viral load after a 30 s mouth and oropharynx
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gargle with 15 mL of 1.5% or 3% hydrogen peroxide solution or 0.12% chlorhexidine solu-
tion [8]. Likewise, brief (30 s) rinses with 0.2%, 0.4% or 0.5% povidone–iodine (9 mL) or
0.05% cetylpyridinium chloride (15 mL) have been proven to be effective. Similar effects
were obtained with cetrimide rinses in oncologic patients. However, the degree to which
these solutions are effective in preventing or decreasing SARS-CoV-2 contamination risks,
particularly in vulnerable populations, still need to be examined [9].

Although SARS-CoV-2 has a predominantly airborne transmission, salivary contam-
ination can be controlled much easier in dental offices. For example, recent studies that
examined increasing suction capacity by using a large volume of air (150 mm Hg or
325 L/min) suggest that this measure may be sufficient to eliminate viral contamination [7].
To further increase safety at work, Italian dentists have adopted, as a preventative measure,
ventilation of dental treatment rooms after examination of each patient, regardless of the
dental treatment performed. In rooms with poor mechanical ventilation, portable air fil-
ters with a high-efficiency particulate air filter (HEPA) have effectively reduced aerosol
accumulation and accelerated aerosol removal [10]. Taken together, these studies show
that new measures put in place in dental offices significantly mitigate the risks of SARS-
CoV-2 contamination, and the risk of contracting COVID-19 in the dental office is relatively
low [11].

3. Dental Public Health Issues during the COVID-19 Pandemic

A recent study conducted in Italy showed a state of normalcy in dental practices after
the initial wave of COVID-19 pandemic. Since its onset, Italian dentists have experienced
high levels of anxiety and stress, mainly due to the rapid spread of SARS-CoV-2 at the
national level and the need for rapid adaptation to the new health standards in dental
offices [7]. Approximately 80% of Italian dentists resumed their regular activity after the
first quarantine. However, there were some geographical differences due to the evolution
of the virus over time. For example, the reopening rate of dental offices ranged from
36% in the United Kingdom to 47% in Palestine, while in Italy and the USA this figure
reached 99%. Approximately 80% of dentists have adopted preventative measures and
adapted them to specific dental treatments [7]. Notwithstanding these changes, dental
offices incurred significant financial losses of over 70% due to the COVID-19 pandemic. In
a survey conducted by the British Dental Association, 70% of dental clinics reported that
they could only remain viable and maintain their usual number of employees for up to
three months [7].

4. Pre-, during and Post-Pandemic Particular Aspects of Dental Treatments

A recent study highlighted the changes in the spectrum of procedures performed
before and during the pandemic. For example, during the COVID-19 pandemic, the
number of conservative procedures, such as coronal restorations or root canal fillings,
decreased significantly, while the percentage of surgical procedures increased significantly.
In the following months, the decrease in the number of patients was offset by an increased
number of procedures per visit [12,13]. Likewise, several changes were recommended when
performing various treatment procedures. For example, the mechanochemical treatment
of carious lesions was carried out using hand tools instead of rotary ones. Similarly, for
periodontal treatments, manual scaling was chosen over ultrasonic scaling. In cases of
symptomatic irreversible pulpitis, biological methods, such as pulpotomy or pulpectomy,
were recommended as much as possible [14]. On the other hand, in patients with extensive
destruction of the hard dental tissue accompanied by severe pain, it was necessary to opt
for the extraction of the affected tooth. Thus, it was possible to reduce the risk of infection,
shorten treatment time and minimize repeated visits. In the case of excessive bleeding,
multiple extractions or other oral surgeries, resorbable sutures were preferred. Specific
interventions have been performed in pediatric patients to reduce aerosol-generating
procedures and use non-invasive or minimally invasive methods. For example, fissure
sealing, the topical application of varnishes and resin infiltration using the ICON method,
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were chosen in order to stop the evolution of non-cavitary carious lesions. At the same
time, to minimize virus transmission and contamination, there was an increase in the
number of certain procedures, such as indirect capping, atraumatic restorative treatment,
provisional therapeutic restorations, the Hall technique and the application of diamine
silver fluoride [13].

5. Teledentistry and COVID-19

Telemedicine has proven to be an effective tool in mitigating some of the effects
caused by the imposition of restrictive measures during the COVID-19 pandemic. Several
authors have suggested that the lack of coherence in the implementation of telemedicine as a
solution for continuous medical education is one reason for the absence of uniform protocols
for aerosol-generating procedures [14]. For example, dentists in the UK changed the way
they approached clinical cases and developed a triage system using remote consultations.
The treatment was limited to advice, analgesia and first-line antimicrobial therapy, with
the goal of reducing the risk of transmission. COVID-19-positive patients, confirmed by
RT-PCR, were directed to in-person treatment only in emergency dental centers, which
have been previously authorized for this purpose [1].

Teledentistry has been increasingly used by dental schools during the pandemic.
Although there are regional differences in isolation policies, the severity of the outbreak
and the availability of resources have greatly impacted the functioning of dental schools
during the pandemic, although the responses of dental institutions to the COVID-19
pandemic show some similarities. For example, distance learning was the only alternative
to theoretical dental education in many institutions. While e-learning already existed, it
evolved and expanded as a result of the COVID-19 pandemic, with the use of synchronous
online teaching methods when interacting with participants [15]. In Italy, for example,
telemedicine played a key role in reducing the spread of COVID-19 from the start of the
pandemic. A number of teledentistry platforms such as OloHealth® have emerged since
2019 and are dedicated to the prevention and management of oral malignant disorders
in addition to improvement of oral health, in order to reduce unnecessary travel and
loss of productivity [16]. Likewise, teledentistry has been used successfully when treating
patients with more complex oral pathologies by carrying out photographic teleconsultations
for the first visits and for subsequent evaluations, thus ensuring a good remote patient
management (Figure 2). After an adequate anamnesis by videocall and photographic
evaluations during the first visit, patients were followed up with remote evaluations of
their pathologies, such as fungal infections, dry mouth syndrome, sialolithiasis, traumatic
ulcers, third molar pericoronitis and others [17].

Telemedicine was further used in cases that would normally require clinical exami-
nation in order to distinguish between potentially malignant lesions from those that were
truly malignant and necessitated immediate attention. This allowed dentists to keep pa-
tients with precancerous lesions, osteonecrosis of the jaw associated with medication and
autoimmune diseases under control by comparing recently received photos with the last
photos taken at the dental clinic. For these pathologies, clinical changes were evaluated to
determine the risk of malignant processes and manage possible recurrences, infections, pain
and stability of lesions [16]. For example, Machado et al. emphasized the importance of oral
telediagnosis when examining a 49-year-old female patient with controlled diabetes and
symptomatic pinkish nodular lesions affecting the buccal mucosa, associated with purple
spots on the skin. The dentist took photos with a short description using the WhatsApp
platform and recommended a hematological examination based on idiopathic purpura.
Severe thrombocytopenia was confirmed, and the patient was referred to the hospital
for specialized systemic treatment with steroid medication [18]. When teledentistry is
not available or cannot be used, saliva tests can be employed as a solution for screening
patients with minimal physical contact given the strong link between salivary diagnosis
and oncologic pathology [19].
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Figure 2. Management of dental protocols during COVID-19 pandemic.

Notwithstanding, teledentistry appears to be a promising tool in the remote man-
agement of patients requiring non-surgical or surgical treatment, especially by reducing
costs and waiting times [15]. To this end, patients that need regular treatment for chronic
conditions, geriatric patients or those with special needs, and patients living in remote,
less-accessible areas can benefit the most from teledentistry. This can lead to reduction in
the number of visits to the dental office, shorter waiting times, decreased no-show appoint-
ments, and reduced unnecessary exposure of healthy patients. The efficacy of teledentistry
has mostly been studied in pediatric dentistry, oral medicine, orthodontics and periodon-
tics for several procedures and with various degrees of success. For teledentistry to be
effective, it requires an educated patient not only familiar with the new digital technologies
(i.e., taking high-quality intraoral digital images, data storage, virtual communications
using various apps, etc.) but also with basic dental knowledge [20]. For example, knowl-
edge of the management of orthodontic appliances or teeth eruption, which represent a
significant portion of emergency visits, can reduce office visits by approximately 20 percent.
Fixing a loose or poking orthodontic wire or appliance, smaller fractures or tissue trauma
can all be handled by teledentistry and avoid in-person visits. Indeed, some studies have
shown that nearly half of all dental emergencies can be managed utilizing teledentistry.
However, some of these procedures such as chronic pain, dental caries, severe trauma,
fractures and orthodontic treatments would need to be evaluated frequently to avoid un-
necessary delays that may lead to later complications such as infections. Not all dental
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practices and specialties are prepared or have the expertise for successful use of teleden-
tistry, and it requires significant resources and infrastructure. For this reason, there is a
wide range of teledentistry applications and its use varies across countries, regions, dental
specialties and offices. Irrespective of these differences, the most important advantage lies
in triaging patients, reducing the number of site visits and, in doing so, reducing exposure
to pathogens such as SARS-CoV-2 [21].

In addition to the various devices that can be used in telemedicine, instant messaging
applications have become increasingly popular for better communication between doctor
and the patient. For example, WhatsApp-based teleradiology consultation proved to be an
effective tool for interpreting X-rays with different dental pathologies [22]. Furthermore,
dental telemedicine can be successfully applied during the follow-up of patients who have
undergone oral and maxillofacial surgery, although more work is required to determine
patients’ compliance and doctors’ attitudes towards integrating remote dentistry in the
standard protocols of telemedicine [23].

6. The Impact of COVID-19 on Dental Staff

It is well established that COVID-19 had a significant impact on nurses working in
the field of dentistry, which affected the quality of medical services. Chronic diseases, im-
munodeficiencies, the risk of SARS-CoV-2 infection, working in a private environment and
family responsibilities associated with financial risks caused by the pandemic have all con-
tributed to significant increases in anxiety, burn-outs and other mental health disorders [24].
This necessitates collective actions at the government level and a set of measures that can
contribute both to the prevention and treatment of these manifestations [24,25]. Among
dental staff, dental hygienists have been greatly impacted by the pandemic given the high
risk of occupational contamination via aerosol loading due to their work in the maintenance
of periodontal health and prevention of dental diseases. Although there are differences in
the application of working protocols of prophylaxis, for assistants working in the private
sector compared to those working in the public health system [24], the emphasis has been
on minimizing the use of aerosol-generating procedures [25]. The existence of protective
equipment for dental teams, an adequate infrastructure as well as the correct management
of patients, all contributed to an increase in trust and safety within medical teams [24].
For example, a recent study conducted in the Czech Republic showed that well-chosen
anti-epidemic measures adopted by dental professionals can reduce occupational infection
risks associated with SARS-CoV-2 [26]. On the other hand, other studies examining the
knowledge, attitudes and practices of the Turkish pediatric dentists, showed a satisfactory
level of knowledge regarding COVID-19 prevention, although infection control measures
could have been better implemented [27].

7. The Impact of COVID-19 on Dental Academic Environments

7.1. Emotional and Psychological Effects

Academics working in the field of dentistry have been subjected to a high level of stress
during the COVID-19 pandemic, not only related to teaching and research activities but
also to concerns related to the possibility of contaminating their family members [28]. This
triggered an immediate and acute need for developing and implementing psychological
support measures to reduce the level of mental stress among members of the academic staff.
For example, Balkaran et al. recommended the use of meditation, specialized counselling
and holding seminars for health promotion as therapeutic measures [28]. Similarly, a
plethora of measures have been proposed for dental students, given the critical role of
mental health in the educational evolution and behavioral development of dental students
preparing for medical careers [29,30]. Chronic cardiovascular diseases, smoking and being
female, as well as the economic impact of SARS-CoV-2 on the dental profession, have been
shown to negatively affect the psychological status of dental students [24].

The COVID-19 pandemic has led to an increase in negative emotional states among
students. Students were the population group most affected by the pandemic, showing an
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increased prevalence of stress, anxiety and insecurity [31]. Female students were found
to be affected more than males, with a high risk for developing depression and negative
emotional states, which was associated with an increase in leisure time and decreased
physical activity [30]. Therefore, examining these factors can play a key role in developing
public health policies to minimize the psychological impact among future dentists.

7.2. Quality of Dental Education

The COVID-19 pandemic has considerably affected the quality of dental students’
training. Dentistry is a scientific–educational field which combines theoretical concepts and
principles with the acquisition of practical skills. In the absence of a mandatory residency
program, basic dental education requires sufficient preclinical and clinical training to ensure
an adequate level of competence for future professionals in the field [32]. While distance
learning could be a commonly adopted strategy for higher education in various fields, a
unique challenge for dental education is the dependence on the requirements of clinical
experience to achieve minimal competency in performing dental treatments [33]. Since
many dental procedures produce considerable amounts of aerosols and droplets, many
routine and elective dental treatments were suspended during the pandemic, thus affecting
the training of dental students [1].

7.3. Dental Research

The COVID-19 pandemic has greatly impacted research in the dental field. In some
cases, having limited access to patients delayed and even compromised the results of
clinical trials and restricted the implementation of new ones. For example, saliva and
crevicular fluids are valuable diagnostic tools in dental medicine [34,35]. Diagnostics based
on salivary matrix metalloproteinases (MMPs) that can successfully quantify periodontal
inflammation should be cautiously used because of potential contamination risks [35–37].
To overcome these hazards, other methods have been employed, such as the finite element
method (FEM), which uses mathematical models to simulate clinical reality and does
not involve patient contact [38,39]. FEM proved to be an extremely useful and reliable
alternative option during the COVID-19 pandemic by providing optimal prognoses and
validating different protocols of treatment in various dental specialties, such as periodontics,
orthodontics or prosthodontics [39–43].

8. Perspectives and Limitations

The COVID-19 pandemic has affected and still continues to significantly impact the
delivery of dental healthcare due to changing clinical protocols and adapting them in
order to minimize contamination risks. Teledentistry has expanded its initial scope and,
when correctly implemented, could be an effective tool, but should be considered as a
complementary means rather than an alternative to on-site, conventional treatments that
are based on the principle of personalized medicine. Teledentistry can offer tremendous
benefits in the delivery of some applications, while it can be limited in others. For example,
pre- and post-operative counselling, education and care, nutrition advice and quick access
to images of oral cavities through user-friendly imaging devices accessible to patients can
all be performed via teledentistry. On the other hand, there are many challenges associated
with teledentistry. These are primarily related to the lack of guidelines, standardization
and scientific validation of teledentistry procedures and tools used in addition to issues
related to data security and privacy. Other constraints are related to the inability to perform
a clinical tactile exam, lack of direct contact with the patients, risk of misdiagnosis, lack of
technological infrastructure, poor access to the Internet, lack of hardware, low information
technology literacy, resistance to new technologies, and a lack of training and consumer
awareness. There is no “one-fit-all” solution to overcome these challenges, and as the
field evolves, new creative models will be developed in order to fit particular scenarios.
Irrespective of the model used, the patient should be provided with the same quality
of dental care as performed in the clinic. As a minimum, it should meet the following
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criteria: provide easy access to all populations, including the underserved, provide oral
health delivery, including specialty care in a timely manner, and be sustainable, affordable
and time effective. There are several limitations of this narrative review that include the
inherent lack of quantitative analyses of published studies and being prone to biases.
Notwithstanding, teledentistry proved to be useful in enhancing communication with,
and treatment of, various categories of patients, such as those from nursing homes and
prisons, and it is cost and time efficient. It is readily accessible, user friendly, and will no
doubt continue to be expanded to new areas of dentistry and remote dental services, even
after the COVID-19 pandemic. Moving forward, teledentistry will play a significant role
in dental education and curriculum delivery by using technological advances in offering
the skills required to maintain the quality of care while minimizing disease transmission.
Finally, there is a need for more long-term comprehensive studies evaluating the impact of
teledentistry in prevention, clinical outcomes and delivery of treatment across all branches
of dentistry, as well as in developing distant training protocols in order to provide dental
education in a safe environment.

9. Conclusions

Dental staff, academic personnel, dental students and dental researchers were severely
affected by the COVID-19 pandemic, which led to a decrease in the quality of care, clinical
work and practical training. Despite its limitations, teledentistry has become a critically
important tool during the COVID-19 pandemic in mitigating the risks of virus contami-
nation and transmission. Overcoming challenges in adopting teledentistry by improving
patient and management tools via new technologies coupled with innovations in dental
engineering and equipment to minimize aerosol-transmitted pathogens will, no doubt, find
the dentistry world better prepared to withstand the negative impact of a potential future
pandemic. Thus, future research should focus on improving the quality and reliability of
teledentistry in order to eliminate current technological errors and further integrating it as
a complementary option in dental healthcare systems worldwide.
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