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COVID-19 Induced Taste Dysfunction and Recovery:
Association with Smell Dysfunction and Oral Health Behaviour

Georgia Catton and Alexander Gardner *

Department of Restorative Dentistry, Dundee Dental Hospital and School, University of Dundee,
Dundee DD1 4HR, UK; g.s.catton@dundee.ac.uk
* Correspondence: agardner001@dundee.ac.uk

Abstract: Background and Objectives: Disruption to taste and smell are common symptoms of COVID-
19 infection. The current literature overlooks taste symptoms and tends to focus on the sense of
smell. Persisting cases (>28 days) of taste dysfunction are increasingly recognised as a major future
healthcare challenge. This study focuses on the severity and recovery of COVID-19 induced taste
loss and association with olfactory symptoms, lifestyle and oral health factors. Materials and Methods:
This study was a cross-sectional survey comparing 182 rapid taste recovery participants (≤28 days)
with 47 participants with prolonged taste recovery >28 days. Analyses of taste loss in association
with smell loss, age, sex, illness severity, diet, BMI, vitamin-D supplementation, antidepressants,
alcohol use, smoking, brushing frequency, flossing, missing teeth, appliances and number of dental
restorations were conducted. Differences in the severity of the loss of sour, sweet, salt, bitter and
umami tastes were explored. Results: Both the severity and the duration of taste and smell loss were
closely correlated (p < 0.001). Salt taste was significantly less affected than all other taste qualities
(p < 0.001). Persisting taste loss was associated with older age (mean ± 95% CI = 31.73 ± 1.23 years
vs. 36.66 ± 3.59 years, p < 0.001) and reduced likelihood of using floss (odds ratio ± 95% CI = 2.22
(1.15–4.25), p = 0.047). Conclusions: Smell and taste loss in COVID-19 are closely related, although a
minority of individuals can experience taste or smell dysfunction in the absence of the other. The
taste of salt may be less severely affected than other taste qualities and future work exploring this
finding objectively is indicated. The association of flossing with rapid taste recovery adds to the
growing evidence of a link between good periodontal health and favourable COVID-19 outcomes.

Keywords: COVID-19; taste dysfunction; oral health; dental care

1. Introduction

Alteration or loss of sense of smell (olfaction) and taste (gustation) were noted as
critical symptoms early in the SARS-CoV-2 pandemic and were the most definitive symp-
toms of infection [1,2]. It has been shown that sensory symptoms can perform comparably
with a polymerase chain reaction (PCR) test of nasopharyngeal swabs. Smell loss has
been shown to demonstrate a sensitivity of 65% and specificity of 97%, whereas the corre-
sponding values for a PCR swab are 87% and 97% [3,4]. The high specificity in particular
means sensory symptoms are strongly indicative of the disease and public health guidance
quickly reflected this, encouraging isolation in the advent of rapid onset smell or taste
disturbance [5]. Machine learning models have demonstrated that sensory symptoms in
conjunction with machine learning can yield sensitivity of 82%, with smell loss being more
characteristic of a true positive than taste loss [6]. Estimates of the prevalence of sensory
symptoms vary and range from 87% for smell loss and 56% for taste loss, down to under
15% for either symptom [7,8]. It has been noted that the more recent Omicron strain of
the virus, which emerged in Winter 2021, appears to result in less instances of sensory
disturbance compared with the predominant strains earlier in the pandemic. Data supports
a decrease in the prevalence of olfactory symptoms from 63% to 25% and a decrease in the
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prevalence of gustatory symptoms from 57% to 27% [9]. Despite a significant decrease in
prevalence, sensory symptoms are still seen to affect considerable proportions of infected
individuals.

In health, the sense of taste is perceived when taste molecules or ions bind to G-
protein coupled receptors (GPCR) expressed within taste receptor cells, which are housed
in clusters known as taste buds. Taste buds are primarily located within specialised papillae
on the tongue. These include fungiform papillae anteriorly and foliate and circumvallate
papillae posteriorly [10]. Upon binding to a GPCR, a signalling cascade mediated by cyclic
adenosine monophosphate (cAMP) or inositol triphosphate results in neurotransmitter
release at a basal synapse, ultimately triggering an action potential. The nerves that carry
taste to the brain in humans are facial, glossopharyngeal and vagus nerves (7th, 9th and 10th
cranial nerves, respectively) [11,12]. Smell is detected by an analogous receptor–molecule
binding mechanism. Specialised polarised olfactory receptor cells are housed within the
olfactory epithelium at the top of the nasopharynx. Odorant molecules are present within
inhaled air and bind to GPCRs, initiating a cAMP mediated action potential. This is relayed
via the olfactory bulb to the brain by the olfactory nerve, the first cranial nerve [13].

A key difference between taste and smell in humans is the number of tastes compared
with the number of smells that can be detected. Taste is currently understood to comprise
five primaries, or basic, tastes. These include sweet, bitter, umami, salt and sour. Salt and
sour tastes are thought to be ionic, caused by sodium or hydrogen ions, respectively. Sweet
taste is caused by molecules such as sucrose or artificial sweeteners such as aspartame.
Bitter tastes are caused by a wide range of molecules including many plant alkaloids.
Umami taste is a savoury taste caused primarily by monosodium glutamate (MSG) or
nucleotides such as inosine or guanosine monophosphate [14]. Humans have up to 400
different odour receptors, which when activated in different combinations allows potential
for recognising up to one trillion different smells [15,16]. Due to this vast array of odours,
attempts to cluster different smell molecules based on similar odour qualities have been
made using ten different categories [17].

It remains unclear how COVID-19 damages the senses of smell and taste. A leading
theory is that the virus can bind to, enter and destroy chemosensory receptor cells or
neurones via angiotensin converting enzyme 2 (ACE-2) that is expressed by these cells [18].
An alternative mechanism may be via indirect damage to olfactory and gustatory tissue
by increased inflammatory molecules such as interleukin-6 (IL-6), tumour necrosis factor
alpha (TNF-α) and gamma interferon (γ-INF). These inflammatory markers may impede
cell function, including interfering with their natural turnover [19]. Other mechanisms
include hypoxic damage interfering with the central perception of taste and smell and
changes in oral environment via salivary gland damage affecting function of taste receptor
cells [20].

A general overview of the literature on taste and smell loss following COVID-19
infection reveals that studies of smell loss seem to be more than twice as prevalent as studies
of taste loss. This is evidenced in Figure 1, which illustrates the number of publications
identified by literature searches for the respective symptoms associated with COVID-19
since the start of the pandemic. At the time of searching (April 2022), 410 articles on smell
loss and COVID-19 and 178 on taste loss and COVID-19 were returned. The reason for
the discrepancy between smell and taste loss may be rooted in several reasons. Firstly,
true loss or change in taste was rare before COVID-19, and in many cases is secondary to
the disruption of olfaction as much of what is experienced during eating and drinking is
attributable to the sense of smell. Recent meta-analysis has added weight to the argument
of a genuine disruption to the sense of taste in COVID-19 infection [21]. Another reason
may be that due to the lower prevalence of taste disturbance in COVID-19, and thus the
lower predictive value of taste symptoms, there has been a tendency in researchers to
focus on olfactory symptoms and overlook gustatory symptoms. Another overlooked
factor in the study of COVID-19 taste loss is the effect on individual taste qualities which
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include sweet, bitter, sour, salty and umami. Efforts to capture this information have been
recommended in future studies [22].

Figure 1. Comparison of total publications on either smell or taste loss and COVID-19 infection since
the pandemic began. Data generated by searching the Web of Science using the terms “COVID taste
OR COVID gustatory NOT smell NOT olfactory” and “COVID smell OR COVID olfactory NOT taste
NOT gustatory” in the title field.

Thanks to global public health efforts, including vaccination and population level
screening, SARS-CoV-2 is moving from a pandemic to an endemic status in many countries.
The challenges posed by the virus are not yet over, however, with a major concern being
the management of morbidity in survivors of the infection. Many studies find that the
majority of individuals recover chemosensory function rapidly, with upwards of 80%
returning to normal within two months [23–25], and in some studies recovery is even
faster [8,26]. Worryingly, there are increasing reports of delayed sensory recovery with
chemosensory effects being reported to persist for over a year in up to 30% of cases [27].
Furthermore, there are reports of taste disruption persisting in around one third of cases
at six months, whereas smell disruption persisted in only 15% of cases at the same time
point [28]. Other work reports that olfactory symptoms show a slower recovery than taste
disturbance [29]. Persistent symptoms of COVID-19 have been reported from the early
stages of the pandemic, sometimes referred to as “long COVID”, although there is a lack
of clarity over definitions [30]. A four-week cut off for the persistence of symptoms has
been adopted within the definitions of the Centers for Disease Control (CDC) in the United
States and the National Health Service (NHS) in the United Kingdom. It is recognised that
persisting sensory disruption following COVID-19 has a significant quality of life impact
on patients, with a lack of data about the management of the conditions of concern to both
patients and clinicians [31,32].

The aim of the present study was to evaluate the loss and recovery of taste function in
COVID-19. This included a granular analysis of the intensity and duration of taste loss in
relation to smell loss, a comparison of intra-individual evaluation of the intensity of loss of
individual taste qualities and an analysis of lifestyle, behavioural and oral health related
factors that may be associated with prolonged (>28 day) taste loss.

2. Materials and Methods

2.1. Ethical Approval

This study was approved by the University of Dundee School of Health Sciences and
Dentistry ethics committee (ref: UOD\SDEN\STAFF\2020\017, 25 June 2020).

2.2. Survey Design and Dissemination, Data Gathering and Processing

A full description of methodology has been previously published [25]. In brief, a
survey was designed using JISC Online Surveys (JISC, Bristol, UK). Following written
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approval from website administration, the survey was hosted from March to August 2020
at https://www.reddit.com/r/COVID19positive (accessed on 10 March 2021). The survey
was open to individuals >18 years old who had suffered COVID-19 infection diagnosed by
PCR test, a physician or self-diagnosis, where symptoms included acute changes to smell
and/or taste. The full survey can be found in Supplementary Figure S1 (information for
participants and questionnaire).

Target variables were maximum severity of smell loss and taste loss and duration
of smell and taste recovery to baseline levels. The severity of individual taste modalities
(sweet, sour, bitter, salty and umami) were also asked. Umami taste was described as
that of savoury food or food containing monosodium glutamate (MSG). The duration
of taste loss and smell loss was defined by the time taken to return to normal baseline
as subjectively assessed by the individual. Thus, partial recovery of some taste or smell
was still considered an incomplete recovery. The duration of sensory loss was defined by
continuous variables along with age, BMI and daily fruit and vegetable intake. Severity
of taste and smell loss were ordinal variables, alongside severity of overall illness and
severity of congestion, which were defined on an 11-point (0–10) scale, defined as 0 = no
effect and 10 = total loss of sensation. Further ordinal variables were brushing frequency
(1,2 or >2 times daily), alcohol consumption frequency (monthly, weekly, daily, never),
smoking (never, former, current) and number of dental restorations (0, 1–5, 5–10, >10).
Binary variables were biological sex, vitamin-D supplementation, antidepressant use, use
of floss/interproximal cleaning, missing teeth (not lost due to trauma, orthodontics or
impaction) and appliance wearing. Statistical analysis of ethnicity was precluded by low
numbers of African and South Asian respondents.

2.3. Sample Size and Statistical Power

Based on a 95% confidence level, p = 0.05 and a precision of ±5%, a sample size of 400
was deemed necessary as a representation of the study population [33]. Preliminary data
exploration suggested a cut off of ~30 days would yield a sampling ratio of approximately
4:1 (recovery ≤ 28 days: recovery > 28 days). This distribution ratio was sufficient to detect
effect sizes differing by 15–20% between groups with alpha = 0.05 and power = 0.8, based
on a sample distribution of 229 participants (182 rapid recovery: 47 prolonged recovery).

2.4. Statistical Analyses

Python3 (Centrum Wiskunde & Informatica, Amsterdam, The Netherlands) and SPSS
27 (IBM, Armonk, NY, USA) were used to analyse and visualise data. Normality tests
(QQ plots and Shapiro–Wilk test) were conducted on continuous data. The relationships
between intensity of taste loss and intensity of smell loss and congestion severity were
explored by Spearman’s rank correlation. The timing of the recovery of smell and taste
function was visualised. Differences between the degree of taste loss for the different taste
sensations were analysed by Friedman test with Bonferroni-adjusted pairwise comparisons.
Differences in the recovery time for smell and taste loss were explored. Differences be-
tween rapid recovery of taste (≤28 days) and prolonged recovery (>28 days) were then
explored for the remaining variables. Means were compared by two-tailed t-test or Mann–
Whitney test where appropriate. Binary variables were compared using Fisher’s exact test
and categorical variables were compared by Pearson’s chi-squared test and odds ratios
calculated.

3. Results

3.1. Relationship between Resolution of Smell and Taste Loss

A total of 421 participants reported some degree of smell or taste disruption. The
severity of these symptoms was highly significantly correlated, ρ = 0.47, p < 0.0001. Data
are displayed in a bubble plot in Figure 2a. Both senses were most commonly reported
as completely lost (rating of 10), although a tendency for smell loss to be rated as more
severe than taste loss as evidenced when comparing the distribution of responses in the
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bottom right to the top left. Of these participants, 207 reported full recovery of both senses
at the time of completing the survey. Duration of sensory recovery was also significantly
correlated, ρ = 0.83, p < 0.0001. Figure 2b indicates that in 70% of cases individuals recovered
both senses within a day of each other, although there were cases of either taste or smell
recovering first by up to 90 days in a small number of cases. Recovery curves (Figure 2c)
indicate that taste recovery was very similar to that of smell recovery. Within 14 days, 64%
of cases had resolved and within 30 days, 87% had resolved, rising to 96% resolution within
90 days and only two cases (<1%) persisted beyond 120 days. No association was observed
between congestion severity and taste loss intensity (ρ = 0.04, p = 0.37).

Figure 2. (a) Bubble plot showing the relationship between taste and smell loss severity, n = 421.
(b) Plot indicating the differential time for resolution of taste and smell loss, n = 207. (c) Recovery
curve for both taste and smell loss, n = 207.

3.2. Differences between Severity of Loss of Different Taste Qualities

The differences in the severity rating of each different taste quality were analysed
for all individuals reporting some degree of taste loss. For all tastes the degree of effect
ranged from 0 (no change) to 10 (complete inability to detect the taste). Data are shown
in Figure 3, comparing individuals’ ratings of each taste quality by Friedman test with
Bonferroni-adjusted post hoc pairwise comparisons. Salt taste was significantly less affected
than all other tastes (p < 0.001) and umami taste was significantly more severely affected
than salty, sweet or sour tastes, which were all affected to a comparable degree.

Figure 3. Comparison of intensity of taste sensation loss for the five primary taste modalities. p-values
are for Friedman test with Bonferroni-adjusted post hoc pairwise comparisons between all groups,
n = 384.
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3.3. Differences between Rapid (≤28 Days) and Prolonged (>28 Days) Taste Recovery

At the time of completing the survey, 182 individuals reported a resolution of taste loss
in ≤28 days and 47 individuals reported taste loss persisting >28 days. A full breakdown of
the statistical analyses is presented in Table 1. Statistically significant differences between
groups were found for age and the use of floss. Individuals with prolonged taste recovery
were on average older than the rapid recovery group. Mean and 95% CI age for rapid taste
recovery was 31.73 (30.50–32.96) years compared with 36.66 (33.07–40.25) for prolonged
recovery, p = 0.001. A higher proportion of flossers was found in the rapid recovery groups
compared with the prolonged recovery group. Distributions were 136/182 (75%) in the
rapid taste recovery compared with 28/47 (60%) in the prolonged taste recovery, odds ratio
(95% CI range) = 2.22 (1.15–4.25), p = 0.047. None of the other lifestyle and oral health
parameters analysed differed significantly. A result approaching significance was found for
illness severity when comparing rapid taste loss recovery, 4.42 (4.15–4.70) vs. prolonged
taste loss recovery, 4.98 (4.42–5.54), p = 0.061.

Table 1. Comparison of short (≤28 days) and long (>28 days) taste loss. For Fisher’s exact test
and Chi2 test observed values are shown followed by expected values in brackets. *—significant at
p < 0.05, **—significant at p < 0.01.

Variable Test
Short Smell Loss (≤28 Days)

Mean ±95% CI
Long Smell Loss (>28 Days)

Mean ±95% CI
Test Statistic p-Value

Age t-test 31.73 (30.50–32.96) 36.66 (33.07–40.25) −3.23 0.001 **

BMI t-test 26.74 (25.88–27.60) 26.16 (24.70–27.62) 0.62 0.54

Fruit/vegetable
intake t-test 2.98 (2.75–3.22) 3.20 (2.65–3.75) −0.79 0.43

Illness
severity

Mann–
Whitney 4.42 (4.15–4.70) 4.98 (4.42–5.54) −1.87 0.061

Smell loss
severity

Mann–
Whitney 8.46 (8.07–8.84) 8.36 (7.53–9.18) −0.31 0.75

Taste loss
severity

Mann–
Whitney 7.79 (7.41–8.12) 7.56 (6.82–8.31) −0.69 0.49

Sex Fisher’s exact
M 70 (65) M 12 (17)

NA 0.13
F 112 (117) F 35 (30)

Vitamin D Fisher’s exact
No 154 (157) No 44 (41)

NA 0.15
Yes 28 (25) Yes 3 (6)

Antidepressant Fisher’s exact
No 161 (161) No 42 (42)

NA 1.00
Yes 21 (21) Yes 5 (5)

Flossing Fisher’s exact
No 46 (52) No 19 (13)

NA 0.047 *
Yes 136 (130) Yes 28 (34)

Missing teeth Fisher’s exact
No 153 (153) No 39 (39)

NA 0.81
Yes 25 (25) Yes 7 (7)

Appliances Fisher’s exact
No 147 (147) No 38 (38)

NA 1.00
Yes 35 (35) Yes 9 (9)

Brushing
freq.

Pearson’s
Chi2

Daily 58 (53) Daily 9 (14)

4.25 0.122 × day 114 (116) 2 × day 32 (30)

>2 × day 9 (11) >2 × day 5 (3)
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Table 1. Cont.

Variable Test
Short Smell Loss (≤28 Days)

Mean ±95% CI
Long Smell Loss (>28 Days)

Mean ±95% CI
Test Statistic p-Value

Alcohol freq. Pearson’s
Chi2

Never 35 (37) Never 11 (9)

1.34 0.72
Monthly 43 (43) Monthly 11 (11)

Weekly 64 (65) Weekly 18 (17)

Daily 40 (37) Daily 7 (10)

Smoking
status

Pearson’s
Chi2

Never 145 (142) Never 34 (37)

1.19 0.55Former 12 (13) Former 9 (7)

Current 25 (27) Current 4 (3)

No. of
fillings

Pearson’s
Chi2

None 44 (48) None 16 (12)

2.93 0.40
<5 84 (80) <5 16 (21)

5–10 39 (40) 5–10 12 (11)

>10 13 (13) >10 3 (3)

4. Discussion

4.1. Relationship between Taste and Smell Loss

Whilst taste loss in COVID-19 infection is accepted to be closely linked to olfactory
symptoms, few studies quantify the strength of the relationship. The present work finds a
moderate yet highly significant correlation (ρ = 0.47, p < 0.0001) between the intensity of
taste and smell loss. One study asked participants to rate their degree of taste and smell
dysfunction from 0 to 10 using a Visual Analogue Scale (a similar approach to the present
work) report a Pearson’s correlation of r = 0.91 (p < 0.0001, n = 162). This reflects a stronger
degree of relationship than is implied from our data, however fewer participants were used
in that study [34]. Other findings suggest the correlation may be closer to the value reported
in the present study (Pearson’s r = 0.53), however the methodology used to assess taste
and smell is not clear [35]. Further work in a larger sample confirms a weak but significant
correlation between self-assessed smell and taste loss (ρ = 0.25, p < 0.01, n = 1172) [26].

Our results confirm that the correlation between the recovery time for smell and taste
was stronger than the correlation between the severity of smell and taste loss (ρ = 0.83 vs.
ρ = 0.47). Cecchetto et al., report that the recovery of smell and taste were both strongly
associated with each other in multivariate analyses of sensory recovery, with a correlation
coefficient between 0.86 and 0.91 [36]. Lee et al., imply a very close pattern of recovery
between both senses, although it is not quantified [8]. Our observation that smell loss in
the absence of taste loss appears more prevalent than the opposite is also supported by Lee
et al., who observe this pattern of loss in 36% more cases than taste loss in the absence of
smell loss. Our finding that smell and taste tend to resolve simultaneously (80% within
one day of each other), with a small number of cases showing resolution of smell or taste
first, with roughly equal prevalence, has not been reported elsewhere to our knowledge.
We did not observe any significant relationship between congestion severity and taste loss
severity. No link between congestion intensity and taste loss has been explored in the
literature, although there are mixed reports of a link between the duration of smell loss
and the presence of congestion in COVID-19 [23,37]. A significant link between symptom
intensity has not been found [38]. The knowledge of the resolution time for COVID-19
is of key importance in making evidence-based guidelines for healthcare access in the
post-pandemic world. International guidelines support deferring dental care in those with
COVID-19 symptoms due to the risk of aerosol transmission [39]. Given that sensory
symptoms can persist for weeks or months after an individual ceases to be able to transmit
the infection, it is clearly not practical for dental care to be delayed this long.
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4.2. Differences between Individual Taste Modalities

The majority of the literature on taste loss in COVID-19 treats taste as a single variable,
rather than exploring the individual taste qualities [21]. Our study suggests that salt taste
was less severely affected than sweet, sour, bitter and umami tastes and that umami taste
was more severely affected than sour, sweet and bitter tastes. A recent objective study
of taste thresholds in COVID-19 reported a decrease in salt threshold (i.e., greater ability
to detect salt) in COVID-19 patients compared with regular controls. Sour, sweet and
bitter taste thresholds all increased, and umami was not studied [40]. Other work finds
that bitter and sour taste may be less affected than salt and sweet taste when participants
rated intensity of these substances on a scale out of 100, however an appropriate control
was absent [41]. Contrastingly, objective changes in sweet and salt taste have not been
confirmed in separate works, with authors suggesting the taste losses are related to reduced
retronasal olfaction in relation to smell loss [42,43].

4.3. Differences between Prolonged and Rapid Taste Recovery

Given the close relationship between taste and smell recovery that we observe, it
is unsurprising that the associated differences between prolonged (>28 day) and rapid
(≤28 day) taste recovery are in line with our previous work on smell recovery [25]. The
main difference was that illness severity was not significantly associated with recovery,
although the relationship approached significance with p = 0.06. Age was positively
associated with prolonged recovery of taste. Whilst some reports suggest age may be
associated with the recovery of smell loss [37], systematic reviews suggest the majority
of studies do not find an association between age and sensory recovery [44]. Regarding
the association of flossing with taste recovery, it has been reported that poor periodontal
health is associated with increased inflammation and poorer COVID-19 outcomes, although
sensory symptoms were not specifically assessed [45,46]. Some of the oral health factors
assessed, including brushing frequency and wearing of appliances, have been associated
with taste sensitivity in healthy individuals [47,48]. These may arise from alterations in
the oral environment and the biofilms that coat the tongue and the taste receptors [49].
While we observed a significant association with flossing, there is evidence that interdental
brushing may be slightly better for periodontal health than flossing [50], thus this would
represent an interesting avenue for future study. Tongue brushing, which has been shown
to improve taste perception in the absence of disease, represents a further key variable that
requires future study [51,52]. A targeted approach to recruitment would be indicated as it
appears to be a relatively uncommon practice, with only 18% of people engaging in tongue
brushing daily, which is necessary for optimal benefit [53,54].

Of the variables with no relationship with taste recovery, few have been explored
previously. Smokers, whilst known to have diminished taste in health, have been observed
to recover taste loss in COVID-19 infection faster than non-smokers [36]. The reason for this
is not clear but may be related to short-term abstaining from smoking during illness causing
a net increase in taste sensitivity. Alcohol consumption, antidepressant use and diet have
not been directly studied in association with taste loss. Vitamin D levels have been found
to be significantly different in those with or without taste loss in COVID-19 [55]. Regarding
BMI, the duration of taste loss did not significantly differ between overweight/obese and
normal weight participants, although those with higher BMI did appear to have a greater
frequency of taste loss but not smell loss [56]. Sex is perhaps the most widely studied
variable in associated with sensory disruption. A systematic review finds only four of
seventeen articles found an association between sex and sensory symptoms [44]. Other
studies find no relation between sex and recovery time for taste [23], although one study
found an association (longer recovery in females) in a sub-group of their participants
(Italian vs. British) [57].

Mechanistically, the loss of taste and smell in COVID-19 infection is still unclear. The
role of ACE-2, which is expressed on the tongue and the taste receptors, is recognised in
facilitating viral entry and is believed to have a pivotal role in the aetiology [18]. Recent
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work confirms that viral particles are detectable in the taste receptors of 75% of COVID-19
positive cadavers [58]. It has also been demonstrated in vitro that direct ACE-2 mediated
viral entry into olfactory and gustatory neurones [59]. Salivary glands may present a further
mechanism of viral entry and dissemination [60]. Collectively, these studies may imply
there are multiple mechanisms by which SARS-CoV-2 can affect taste and may explain why
the present study finds that some individuals suffer only loss of taste or smell independent
of the other. The finding of flossing being associated with rapid taste recovery may also
reflect a mechanistic link with viral entry. Flossing is linked to reduced plaque and bleeding,
a clinical indicator of inflammation, as well as reduced bacteraemia [50,61,62]. Virion entry
via inflamed periodontal pockets is a further source of COVID-19 infection [63], and
raised inflammatory markers such as Interleukin-6 and C-reactive protein are implicated in
sensory disruption in COVID-19 infection as well as gum disease [64,65]. Thus, flossing
may reduce viral entry and dissemination in hosts as well as create a less inflammatory
local environment that would predispose to sensory symptoms. Indeed, there is evidence
from meta-analysis that flossing in combination with brushing confers gingival health
benefits over brushing alone [50]. This is an effect that grows stronger from adopting the
habit, up to a six-month follow-up. While infrequent brushing is associated with poor
periodontal health, all participants in the present analysis brushed at least once a day,
which is sufficient frequency not to affect periodontal health significantly [66,67].

4.4. Limitations and Future Work

The present work contains several limitations. Firstly, as it was conducted during the
first wave of global lockdowns, mass testing was not readily available and thus participants
with symptomatic diagnoses without PCR confirmation were included. Given the roughly
equivalent specificity of sensory symptoms to PCR test and our analyses of individuals
displaying sensory symptoms, this did not have much bearing on results when comparing
PCR positive participants only [25]. A major challenge in the study of taste disorders in
COVID-19 is the reliance of self-reported data rather than objective tests. Literature reviews
suggest that the proportion of studies using self-assessed data is only about 8% [21,68]. The
literature suggests that a reasonable correlation between self-reported and objectively tested
smell function exists [34,69], however this is less clear for taste dysfunction in COVID-19.
There is evidence that many individuals self-reporting taste dysfunction in COVID-19
display normal taste function when objectively tested [42], although subjective smell and
taste scores do correlate significantly [42,70]. The present study made comparisons of self-
assessed taste scores within individuals (i.e., paired comparisons), hence inter-individual
variance in self-assessment should be negated by this. When considering between group
differences, the primary outcome of taste recovery time is a more objective metric as
individuals again report their sensation relative to their own baseline. Nevertheless, there
is a clear need for future studies to undertake objective psychophysical assessments of taste
and smell. As globally we are seeing increased cases of persisting sensory dysfunction in
individuals who are no longer acutely infectious, these studies will become increasingly
feasible [21]. Further challenges to the present work include the relatively uneven recovery,
as the ratio of recovery before and after 28 days was about 3.9:1; therefore, it is possible that
we may lack sufficient power to detect genuine differences between the groups with smaller
effect sizes. This must be considered alongside the likely clinical and biological significance
however, as this would be expected to be small in these circumstances. Finally, we must
caution the lack of any causative associations that can be drawn from an observational
study as this. For example, flossing cannot be claimed to be protective of long taste recovery
in COVID-19 and may simply reflect an individual with greater health awareness who
is engaging in other protective behaviours not assessed in this study. The p-value was
only just below the 0.05 threshold and would not be significant following adjustment for
multiple testing. As this work is primarily exploratory to identify potential relationships
for further exploration, a high false discovery rate would be tolerable to mitigate the
risk of Type I errors. Future prospective studies of a greater number, ideally clinically

9



Medicina 2022, 58, 715

measuring periodontal pockets and bleeding, will aid confidence in this observed result.
The observations of individuals with either only taste or smell loss in the absence of the other
merits further investigation. A selective comparison between individuals experiencing
only taste dysfunction versus only smell dysfunction would contribute to the mechanistic
understanding of sensory dysfunction in COVID-19.

5. Conclusions

The present study suggests that taste dysfunction is closely correlated to smell dys-
function in COVID-19, both for intensity and duration of symptoms. The relationship
was stronger for duration (ρ = 0.83) than intensity (ρ = 0.47), although both relationships
were highly significant (p < 0.0001). There was a tendency for smell loss to occur more
commonly in the absence of taste loss than taste loss to occur in the absence of smell loss.
This knowledge can help target individuals for future study that may aid the understanding
of the mechanistic effects of sensory loss in COVID-19. Salt taste was less affected than
sweet, sour, bitter and umami taste and umami taste was more severely affected than
bitter, sour and sweet taste. Future work involving the objective measurement of taste
thresholds is indicated, as the current literature is heavily biased towards self-reported
data. This will become more feasible in the future as taste disturbance can persist long after
acute infection in some individuals. Persisting taste dysfunction >28 days was significantly
associated with older age and reduced use of floss. Non-significant factors included sex,
diet, BMI, vitamin-D, antidepressants, alcohol use, smoking, brushing frequency, missing
teeth, appliances and number of restorations. Flossing may be an important marker of
local inflammation and gingival pocketing, which may aid in viral entry and creation of
a local environment triggering neurological dysfunction. Future study including clinical
measurement of periodontal health is indicated to aid in the understanding of sensory
dysfunction in COVID-19. The present results add to the growing literature that taste and
smell dysfunction can persist for >28 days in approximately one quarter of COVID-19
infections. We would advise that guidelines created to advise the public and healthcare
professionals about COVID-19 symptoms consider that taste and smell loss may persist
beyond the transmissible stage of infection and thus should not automatically be a barrier
to seeing a medical or dental professional.
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Abstract: Background and Objectives: The early information on both the speed and high morbidity rate
and, above all, mortality triggered the symptoms of COVID-19-related panic and anxiety. Dentists
were listed in the top five professions with the highest risk of transmission of the virus. The aim
of the present study was to investigate the correlation between the fear level of COVID-19 and
sociodemographic variables in Polish dentists. Materials and Methods: A cross-sectional study was
conducted via an online survey questionnaire with seven statements in the COVID-19 Fear Scale
(FCV-19S). The online questionnaire was completed by 356 dentists. The SPSS and PQStat were used
to analyze, validate, and assess correlations and logistic regression. Results: In the studied population
of dentists, the perceived level of anxiety associated with COVID-19 should be considered relatively
low. When the respondents had children, lived with the elderly, or looked after them, the observed
level of anxiety was higher, and physical symptoms, such as sweating palms and increased heart rate,
occurred. Conclusions: Studies concerning the anxiety level related to COVID-19 carried out among
Polish dentists ascertained that the tested level of anxiety among dentists was relatively low. The
COVID-19 Fear Scale (FCV-19S) adjusted to the Polish language requirements is a reliable tool that
can be used effectively for analyzing the impact of any pandemic on the Polish-speaking population.

Keywords: COVID-19; dentistry; anxiety; fear

1. Introduction

One of the global challenges that emerged worldwide at the end of 2019 was the
coronavirus (COVID-19) pandemic. Early information on both the speed and high mor-
bidity rate and, above all, mortality triggered the symptoms of COVID-19-related panic
and anxiety [1]. Under these conditions, working in occupations exposed to infection
has become particularly stressful. According to the New York Times analysis based on
data of the U.S. Department of Labor [2], this group includes dentists listed in the top
five professions with the highest risk of transmission of the virus. In the first phase of the
spread of the disease, most clinics in Poland suspended their practice. At the beginning
of the pandemic in Poland, only departments working in emergency provided services to
patients with acute conditions [3]. Insufficient supply of personal protective equipment
as well as the lack of clear legal interpretations in the field of civil and criminal liability
caused anxiety as to the resumption of operations.

Anxiety and fear are universal basic emotions that a person can experience, especially
in difficult, unpredictable situations, where common sense is replaced by fear and specula-
tion, e.g., due to the lack of reliable and verified information about potential danger. As
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of 9 July 2020, nearly 12 million confirmed COVID-19 cases were reported to the WHO
worldwide, including over 540,000 cases of deaths [4]. The rate of spread of the virus and
the high global COVID-19 mortality rate may explain the fear of encountering potentially
infected people [5]. Multiple studies confirm the strong impact that the threat of the new
coronavirus disease (COVID-19) has on individuals [6,7]. Such strong emotions trigger
both physiological and psychological reactions. At present, due to the prolonged state of
the epidemic, it is important to pay attention to the psychological sphere [8], which is not
insignificant for the transmission of the virus. Fear, defined as an “unclear, unpleasant emo-
tional state characterized by experiencing fear, stress and annoyance, along with anxiety”,
says Taylor, is the main reaction that strongly influences the perception of the environment
and individual behavior [9].

Pandemics are large-scale epidemics that spread around the world. In recent years, vi-
rologists have been outdoing each other in reports and predictions about future pandemics
with probable, catastrophic consequences for humanity. In Poland, as of 9 July 2020, we had
over 35,000 confirmed cases of COVID-19 with 1542 people who died due to complications
from the coronavirus infection. With these statistics, most of the restrictions were lifted
while concurrently maintaining imposing the necessity of wearing a mask in public places
and keeping the required social distance. This study was generally aimed at investigating
the association between the fear level of COVID-19 and sociodemographic variables in
Polish dentists.

2. Materials and Methods

2.1. Study Design, Setting, Participants

In the study, a tool developed by the team of Ahorsu et al. was used, The COVID-19
Fear Scale (FCV-19S) [10], translated into Polish. The FCV-19S scale was validated for use
as a reliable research tool in multiple studies [11–13]. The English version of the scale
questionnaire was translated into Polish according to generally accepted rules by two
independent translators. After comparing the received texts, a version was created on
the basis that, according to an expert in the field of sociology, psychology, and medical
science, best reflects the original version. In order to assess the impact of the pandemic
on the level of fear in the study group, a decision was made to use the FCV-19S scale as a
proven research tool. After this stage, the tool was used in accordance with the research
assumptions.

Data obtained as a result of the study with the use of the scale questionnaire were
subjected to statistical analysis in order to assess the reliability of the developed question-
naires. All the obtained results were statistically analyzed with the PQStat 18 for Windows
Software. The entire statistical analysis was performed at the confidence level of α = 0.05.
The results in the case of the probability of making a type 1 error that involved rejecting the
null (true) hypothesis lower than 0.05 were considered significant.

In this study, the internal consistency of the scales was tested using Lee Cronbach’s
alpha coefficient and by determining the correlation coefficients between the answers to
individual questions and the total score of the scale. Internal consistency is assumed to
be good if Lee Cronbach’s alpha is at least 0.7—in the current study, the alpha is 0.9. The
results are presented in Figure 1.
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Figure 1. Distribution of responses in the COVID-19 Fear Scale questionnaire (FCV-19S) describing
anxiety symptoms.

2.2. Variables

The variables were questions included in the questionnaire. The questionnaire con-
sisted of demographic questions and were an essential part, in accordance with FCV-19S.
These were 7 statements/questions meant to assess the perceived fear of COVID-19. The
questions were closed ended. The level of anxiety was evaluated on a five-point scale,
where the value of 1 means that a respondent did not have a given symptom, and 5 means
that a respondent felt it strongly.

Patients’ fear of COVID-19 was measured by questions and statements:

1. I am afraid of coronavirus (COVID-19) more than anything else.
2. Thinking about coronavirus (COVID-19) makes me uncomfortable.
3. My palms sweat when I think about coronavirus.
4. I am worried that I will die from the coronavirus infection.
5. When I hear about coronavirus (COVID-19) in the media and on the Internet, I get

nervous and worried.
6. I cannot sleep because of coronavirus.
7. My heart starts to beat faster when I think about coronavirus.

New variables were created: factor 1, emotional fear reactions (questions 1, 2, 4, and 5);
factor 2, symptomatic expressions of fear (questions 3, 6, and 7); and factor 3, the general
level of anxiety, consisting of all 7 symptoms of anxiety (questions 1–7).

A cross-sectional study was conducted in the period from 26 May 2020 to 18 June 2020,
with the use of an online survey questionnaire. Data were collected based on social media.
In this period in Poland (from 26 May to 18 June), there were 22,000 active coronavirus
cases to 30,000, with an average of 400 cases per day. The sample consisted of dentists from
clinical and academic centers in Warsaw and Gdańsk, Poland. Those dentists were active
professionally with available good technical support, with assured personal protective
equipment and with current knowledge arising, among others, from academic lectures.
Participants accessed the final questionnaire via a link in the emails and information in the
Messenger application as well as via a link shared in two closed Facebook groups whose
members are dentists only. Data were collected using a specially prepared Google Forms
questionnaire. Consent was implied upon completion and submission of the questionnaire.
Submitted surveys were collated in a directory and de-identified prior to analysis. The
research has been approved by the Bioethics Committee at Medical University of Warsaw—
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approval number AKBE/143/2020. Written informed consent was obtained from all the
participants.

2.3. Study Size

According to the Supreme Medical Chamber, which is a professional self-government
of dentists, 37,773 people practiced this profession in Poland in 2020, including 28,458
(75%) women and 9315 (25%) men [14]. Three hundred and fifty-six people completed the
online questionnaire, and three hundred and forty-seven questionnaires were classified
for further analysis after the correctness of the entered data was assessed, including 71%
women and 29% men. In the studied group, the proportions of men and women were
similar to the general distribution characterizing the gender distribution among dentists in
Poland. Only the questionnaires in which the respondent answered all questions and the
marked internship was in the range from 1 to 60 were allowed for further analysis.

For the entire population of dentists, assuming a significance level 0.05 and a margin
of error of 0.05, the required number of people taking the tests is 380. The collected number
of questionnaires was slightly smaller, and consequently, a margin of error was calculated.
For the following data:

• Confidence level (α) 95%
• Sample size (n) 1000
• Proportion percentage (p) 50
• Population size (N) 37,773

the obtained margin of error was: ±5.237%.
The study population and the statistical methods are shown in Figure 2.

 

Figure 2. Flow diagram—the study population (respondents) and the statistical methods using.

2.4. Statistical Methods

SPSS Statistics version 21.0 and PQStat were used to carry out statistical analyses, and
to correlate and assess the relation of responses, among others, the chi-square test and
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Pearson’s correlation coefficient were used. Logistic regression analysis was performed for
the newly created variables.

A two-factor model of the COVID-19 measure was built. New variables were created:
factor 1, emotional fear reactions (questions 1, 2, 4, and 5), and factor 2, symptomatic
expressions of fear (questions 3, 6, and 7). It was established that if the average is less
than 2.5, the respondent is not afraid, and the variable takes the value 0; if the average is
greater than 2.51, the respondent is afraid, and the variable takes the value 1. Additionally,
a model was created to generalize all symptoms—the general level of anxiety, consisting of
all 7 symptoms of anxiety (questions 1–7); analogous values were adopted if the average is
less than 2.5, indicating the respondent is not afraid, and the variable takes the value 0; if
the average is greater than 2.51, the respondent is afraid, and the variable takes the value 1.
After constructing new variables, a logistic regression analysis was performed.

2.5. Quantitative Variables

The answers were coded from 1 for “definitely not” to 5 for “definitely yes”, with the
possibility of marking “3” for imprecise definition of one’s opinion. The applied Likert
scale allows for averaging responses in two groups of statements: 1 and 2—general low
level of anxiety, 4 and 5—general high level of anxiety. In the new variables constructed
based on the obtained responses, it was established that if the average is less than 2.5, the
respondent is not afraid, and then, the variable acquires the value 0; if the average is greater
than 2.51, the respondent is afraid, and the variable acquires the value 1.

2.6. Bias

The survey was voluntary and anonymous but distributed via the Internet and social
media. Currently, most educated people use the Internet and social media, and yet, it cannot
be ruled out that there are dentists who use the Internet very rarely. Large, renowned
clinical and academic centers in Warsaw (the largest city in Poland) and Gdańsk (6th city in
terms of the number of inhabitants in Poland) were used to collect the data, where even in
the first wave of the COVID-19 pandemic, there was relatively high availability of personal
protective equipment in comparison to small centers.

3. Results

Participants

Three hundred and fifty-six people completed the online questionnaire, and three hun-
dred and forty-seven questionnaires were classified for further analysis after the correctness
of the entered data was assessed, including 71% women and 29% men. The questionnaire
was completed by dentists with very little 1-year work experience and very experienced
dentists with 49 years of work experience (mean 12.48 years). Detailed data are presented
in Table 1.

Table 1. Demographic information.

Demographics Group n (%)

Gender Female 245 (70.6%)
Male 102 (29.4%)

Relationship status Single 15 (4.3%)
Divorced or widowed 52 (15.0%)

In a relationship, living apart together 15 (4.3%)
In a relationship, living together 38 (11.0%)

Having children No 145 (41.8%)
Yes 202 (58.2%)

Elderly care No 297 (85.6%)
Yes 50 (14.4%)

In the studied population of dentists, the perceived level of anxiety associated with
COVID-19 should be considered relatively low. When the respondents had children, lived

19



Medicina 2022, 58, 415

with the elderly, or looked after them, the observed level of anxiety was higher, and physical
symptoms, such as sweating palms and increased heart rate, occurred. Detailed data are
presented in Table 2.

Table 2. Distribution of answers to individual questions of The COVID-19 Fear Scale.

Questionnaire Item Group Frequency Percent Mean Std. Dev.

I am most afraid of COVID-19.

1 173 49.9

1.85 1.016

2 85 24.5

3 63 18.2

4 21 6.1

5 5 1.4

It makes me uncomfortable to think about
COVID-19.

1 133 38.3

2.22 1.224

2 85 24.5

3 68 19.6

4 43 12.4

5 18 5.2

My hands become clammy when I think
about COVID-19.

1 290 83.6

1.25 0.652

2 36 10.4

3 14 4.0

4 5 1.4

5 2 0.6

I am afraid of losing my life because of
COVID-19.

1 250 72.0

1.47 0.897

2 55 15.9

3 24 6.9

4 12 3.5

5 6 1.7

When watching news and stories about
COVID-19 on social media, I become

nervous or anxious.

1 124 35.7

2.29 1.229

2 87 25.1

3 64 18.4

4 57 16.4

5 15 4.3

I cannot sleep because I’m worrying about
getting COVID-19.

1 289 83.3

1.25 0.653

2 37 10.7

3 14 4.0

4 5 1.4

5 2 0.6

My heart races or palpitates when I think
about getting COVID-19.

1 276 79.5

1.32 0.728

2 44 12.7

3 18 5.2

4 6 1.7

5 3 0.9

In the next step, which combined all the aforementioned symptoms, both physiological
and psychological, the risk of increased anxiety was found in 8.2% of the research sample
(indications 4 and 5) (Table 3).
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Table 3. Average percentage distribution of general anxiety defined by all marked feelings.

Level of Fear Percent Mean

1—Fear low 63.2

1.66
2 17.7
3 10.9
4 6.1

5—Fear extremely high 2.1

The results presented in Table 4 indicate that gender did not have a statistically
significant influence on the level of anxiety in the respondents. Nor can it be said that
seniority affects the level of anxiety. However, the level of anxiety seems to be significantly
influenced by having children.

Analyses of the distribution of indications and test results allow the statistically
significant assumption that people with children are afraid of coronavirus more than
anything else. The statement “I’m afraid of coronavirus more than anything else”, in
the Polish version implies undefined fear without necessity compared with any point of
reference. People with children feel more often uncomfortable when they think about
the coronavirus (COVID-19). They are also significantly more worried about dying from
COVID-19 infection, and they get upset when they hear about coronavirus in the media and
on the Internet. The situation is similar when the respondents live with older people. The
distribution of answers indicates that the respondents also experience physical symptoms
that indicate anxiety, such as sweating palms.

Odds ratios were determined by regression analysis for the dependent variable emo-
tional fear responses. The variables of gender, seniority, and relationship status are statisti-
cally insignificant.

Table 4. Statistical significance of the chi-square test and values and statistical significance of Pearson’s
correlation coefficient.

Questionnaire Item Gender
Work

Experience
Relationship

Status
Having

Children
Eldery
Care

I am most afraid of COVID-19. 0.28
Pearson Correlation

R = 0.12
Sig. = 0.03

0.42 0.00 0.01

It makes me uncomfortable to think about COVID-19. 0.08
Pearson Correlation

R = 0.05
Sig. = 0.31

0.21 0.00 0.16

My hands become clammy when I think about
COVID-19. 0.46

Pearson Correlation
R = 0.01

Sig. = 0.83
0.58 0.41 0.00

I am afraid of losing my life because of COVID-19. 0.18
Pearson Correlation

R = 0.12
Sig. = 0.03

0.38 0.02 0.26

When watching news and stories about COVID-19 on
social media, I become nervous or anxious. 0.69

Pearson Correlation
R = 0.10

Sig. = 0.08
0.36 0.00 0.00

I cannot sleep because I’m worrying about getting
COVID-19. 0.28

Pearson Correlation
R = 0.12

Sig. = 0.03
0.42 0.00 0.01

My heart races or palpitates when I think about getting
COVID-19. 0.08

Pearson Correlation
R = 0.05

Sig. = 0.31
0.21 0.00 0.16

For respondents who have children, we have determined a 2.4 odds ratio of an increase
in the chance of a high level of anxiety (Table 5).
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Table 5. Model of logistic regression analysis of the variables emotional fear reactions and having
children.

b Coeff. b Error −95% CI +95% CI Wald Stat. p-Value Odds Ratio −95% CI +95% CI

Intercept −2.36 0.45 −3.24 −1.47 27.32 <0.001 0.09 0.04 0.23

Having
children 0.88 0.26 0.38 1.39 11.65 <0.001 2.42 1.46 4.02

For the variable determining whether the tested person lives with the elderly, the odds
ratios are statistically significant, and there is a 3-fold higher risk of emotional symptoms if
one lives with an elderly person (Table 6). The multiple model, which takes into account
the simultaneous variable of having children and living with the elderly, is also statistically
significant, but the odds ratios change very little. For all variants of the model, the absence of
emotional symptoms is predicted, while the highest probability of occurrence of emotional
symptoms has been ascertained for the situation when the examined person has children
and lives with an elderly person.

Table 6. Model of logistic regression analysis of the variables emotional fear reactions and person
lives with the elderly.

b Coeff. b Error −95% CI +95% CI Wald Stat. p-Value Odds Ratio −95% CI +95% CI

Intercept −2.20 0.39 −2.97 −1.44 32.02 <0.001 0.11 0.05 0.24

Person
lives

with the
elderly

1.10 0.31 0.49 1.72 12.42 <0.001 3.01 1.63 5.57

The logistic regression model taking into account the physical variables and all seven
anxiety symptoms did not show a statistically significant effect.

4. Discussion

In view of the strong influence of anxiety on individual and collective behavior, a scale
for measuring fear was developed by a team of scientists to diagnose its level among people
living in different parts of the globe. This study was conducted to assess the anxiety and fear
of contracting the disease among dentists in Poland while working during the COVID-19
epidemic. It is very important because they are at a great risk of SARS-CoV-2 transmission
via respiratory droplets [15,16]. Having defined a number of feelings which, according
to the authors of the scale, make up the general characteristics of the level of anxiety, it
can be concluded that the tested group was not subject to strong anxiety associated with
COVID-19.

On average, the level of anxiety characterizing the studied population was 1.66 (rang-
ing from 1—very low to 5—high). The obtained results are not consistent with the results of
the study conducted in Poland on a group of 875 dentists, the aim of which was to assess the
attitudes of dentists and their professional approach when confronted with the COVID-19
pandemic. In that study, more than half of the surveyed dentists expressed concerns about
their own and their families’ health [17]. In this paper, over 70% of the respondents have
suspended their practice, which was an effect resulting from insufficient availability of
professional protective means, but it also resulted from the feelings of anxiety, uncertainty,
and fear of the infection.

One of the main reasons for the discrepancy in anxiety levels among the population
of Polish dentists between this study and the study conducted by Tysiąc-Miśta [17] could
be the time when the survey was carried out. In this study, the survey-response period
falls within the third month since the WHO announcement of the pandemic on 11 March
2020 (May–June 2020). In the case of the Tysiąc-Miśta study, it was the first month of the
pandemic (April 2020). As indicated by Ferrara et al. in their study [18], the impact of the
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pandemic on anxiety, depression, and stress was highest in the first weeks of the pandemic
and changed with time.

This is at variance with the limited professional activity that took place in the first
months of the pandemic in Poland, when the vast majority of offices were closed. In April,
a still rather high percentage of jobs did not resume work, and as late as in May, about 50%
of private offices restarted their activity. It is also possible that the study was conducted
at a time when the population managed to adapt better to the new situation, which to a
lesser extent, reflects the primary emotions associated with the coronavirus. Undoubtedly,
the dentists were dealing with adaptation to new working conditions that allow reducing
the risk of transmission by using appropriate personal protective equipment (PPE) and
complying with sanitary regulations. Moreover, a clear definition of the legal situation
as to the potential risk of infection in the conditions of a dentist’s office appeared to have
considerably calmed both the doctors and the patients themselves. As the study had been
carried out among persons living in large cities, which are concurrently academic centers,
we may assume that the relatively low anxiety level could arise among others from good
access of the studied group of dentists to knowledge based on professional research. Good
accessibility to library bases, direct information exchange between physicians, as well as
contacts via professional online discussions make it possible for those persons to obtain
reliable data quickly and easily, which as a consequence, helps minimize their anxiety.
Furthermore, in large urban centers, dentists tend to work together in larger teams, which
could also be considered to contribute to lower stress levels. It may also be assumed that
mutual psychological support of fellow workers as well as the above-mentioned exchange
of latest knowledge concerning the virus and ways of staying protected from the infection
also minimized their anxiety. Additionally, dentists working in major clinics find it easier to
organize work in a way that allows more convenient distribution of tasks (e.g., by adopting
a shift system), which concurrently minimizes work overload and concerns. A further
analysis of this issue appears to be quite an interesting venture.

Based on information obtained from the questionnaire, the concern about the health of
the people for whom the respondents are responsible remains unchanged. Having children
and caring for the elderly who are more susceptible to infections raises the level of anxiety
in the respondents. It would seem that the presented attitude is irrelevant to the practiced
profession, but it indicates the importance of basic family relations, especially in the period
of danger. Results of studies published among physicians in Pakistan imply that there
was a particularly high anxiety level found in women. According to the authors, this fact
arises, apart from cultural reasons, from the responsibility for the family associated with
their social functions of wives and mothers [19]. A similar dependence is observed in
our own studies even though, without differentiation by gender, persons responsible for
family members are exposed to anxiety and stress connected with the pandemic to a much
greater extent. Perhaps medical education and knowledge in the field of epidemiology
have a positive effect on the mental health of dentists. According to De Kock et al., systemic
support, adequate knowledge, and resilience were identified as factors protecting against
adverse mental health outcomes [20]. Additionally, results of answers given to the question
concerning nervousness, namely “when I hear about the coronavirus in the media and the
Internet”, seem to be quite interesting. In the situation of a virus that is invisible, we can
deal with reactions intensified by the lack of proven knowledge and information chaos, as
has been confirmed by our research. One in five respondents becomes nervous and anxious
when they hear about the coronavirus (COVID-19) in the media and on the Internet. This
can be further triggered by the frustration of being unable to divert attention away from
the topic of the pandemic and the flood of information. Due to the scale of the problem,
the World Health Organization (WHO) has added a “mythbusters” section to its website,
where coronavirus-related advice is posted in order to debunk a large number of “fake
news”. The study used a previously validated tool that has so far carried out thousands of
assessments of anxiety levels around the world.
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The Limitations of the Study

The limitations of this study are that the data were collected within a short time
period and, given the strong impact of the epidemic on the psychophysical sphere, it
may be assumed that attitudes may evolve with the emerging new reports related to
COVID-19. The examined sample corresponds to 0.9% of the total number of dentists,
which is a relatively low percentage and may not be fully representative of the whole
community. Moreover, the sampling method for the questionnaire was non-probabilistic.
It was addressed to people from large academic centers, who have better access to both
information and personal protective equipment. The use of social media could have also
limited access to the study for elderly people who do not use a computer.

Additionally, the tool used does not take into account the current/active background
for the study, which strongly affects the respondents’ responses. Depending on the emo-
tional state in which they are examined and on objective circumstances, specific physiologi-
cal reactions have been identified. Hence, statements concerning physiological responses,
such as sweating of palms, sleeping problems, and an increased heart rate, are difficult to
identify in a generalized perception of behavior-realistic information during catastrophic
events [21]. In the event of a pandemic, the factors of anxiety are difficult to capture, which
is another significant limitation for the obtained research results.

5. Conclusions

Studies concerning the anxiety level related to COVID-19 carried out among the Polish
dentists ascertained that the tested level of anxiety among dentists was relatively low.
However, the mindset, which is not easy to change, and the reaction to a continuous
information flow concerning COVID-19 had a significant impact on the level of declared
anxiety.

The COVID-19 Fear Scale (FCV- 19S), adjusted to the Polish language requirements, is
a reliable tool that can be used effectively for analyzing the impact of any pandemic on the
Polish-speaking population.
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Abstract: Background and Objectives: the purpose of this study was to evaluate students’ level of
knowledge and attitude towards oral hygiene. Materials and Methods: the evaluation was carried
out by a questionnaire, with 30 Q (questions) as follows: demographic data (Q1–Q5), oral hygiene
knowledge data (Q6–Q23) and oral hygiene attitude data (Q24–Q30). The study included students
from Romanian schools and the selection of the study group was made following selection criteria
in accordance with ethical issues. A descriptive statistical analysis was performed and a value of
p ≤ 0.05 was considered statistically significant. Results: the study included a number of 718 subjects
with a mean age of 14.54 (±2.22), male 250 (34.8%) and female 468 (65.2%), MS (middle school
students) 354 (49.4%) and HH (high school students) 364 (50.6%). Most of the subjects 292 (MS = 160;
HS = 132) know a toothbrushing technique, p = 0.009, r = 0.091 and 587 (MS = 278; HS = 309) know
that brushing removes the bacterial plaque p = 0.027, r = −0.082 but only 147 (MS = 71; HS = 76)
know that (by) brushing can re-mineralize hard dental structures. The duration of the toothbrushing
is variable, for 2- or 3-min p = 0.058, r = 0.043. Criteria for choosing the toothbrush were based
mainly on the indications of the dentist, respectively, for toothpaste on its properties. The frequency
of toothbrushing is mainly twice a day 428 (MS = 234; HS = 248), p = 0.079, r = 0.037, 73 (MS = 33;
HS = 40) after every meal. p = 0.099, r = 0.095. Mouthwash is used by 421 (MS = 199; HS = 222)
p = 0.111, r = −0.048, and 228 (MS = 199; HS = 222) after each brushing. Dental floss is used by
240 (MS = 106; HS = 134), p = 0.031, r = −0.073 and only 74 (MS = 41; HS = 33) after each brushing.
Conclusions: there are differences in the level of knowledge and attitudes regarding the determinants
of oral hygiene depending on the level of education.

Keywords: oral hygiene; toothbrushing; toothpaste; dental floss

1. Introduction

Prevention is becoming increasingly important because most diseases that affect the
oral cavity can be deterred by appropriate prevention measures. Generally, understanding
the factors that influence oral health can help dental professionals to implement an effective
strategy. The Center of Disease Control on Oral Prevention recommendations require
a sustained education about food hygiene, oral hygiene as well as the importance of
both general and local fluoridation, and sealing [1–4]. The long-term implications of
oral health will be found in adult oral health, a health issue that affects both carious
lesions and periodontal lesions or even cancer [5–11]. The results of specialized studies
have highlighted the need to establish educational methods designed to improve the
determinants of oral health [12–15]. In addition, numerous studies address the socio-
economic and behavioral aspects of children and adolescents in order to highlight their
knowledge, attitudes and practices regarding oral health [10,16,17].
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Oral hygiene is found in the primary prevention recommendations of the World Health
Organization (WHO). In order to change certain behaviors and attitudes, oral hygiene
must be evaluated on different population categories, as well as in different regions [6]. In
conformity with the results obtained, dental professionals will establish an appropriate
therapy that can aim to improve the parameters of oral health. Oral health is a key indicator
of overall health, well-being and quality of life. According to WHO reports, more than
530 million children suffer from dental caries of primary teeth and severe periodontal
disease, almost 10% of the global population being affected. The Global Burden of Disease
Study 2017 estimated that oral diseases affect 3.5 billion people worldwide [18]. According
to WHO specifications, improving oral health requires a reform of oral health systems
to shift the focus from invasive dental treatment to prevention and as many minimally
invasive treatments as possible. WHO has identified key strategies for improving oral
health, including prevention through education.

Oral health education aims to inform and develop, among the population, a concept
and a hygienic behavior, in order to defend general health, dental and periodontal health,
harmonious development and strengthening the body, its adaptation to environmental
conditions. Health education can be defined as the sum of all the influences that, together,
determine knowledge, concepts and behaviors related to the promotion, maintenance and
recovery of health individually and collectively.

These influences include the formative education in the family, school and society,
respectively, in the special context of the activity of the health services.

Health education is a communication activity, aimed at improving health and pre-
venting or reducing disease, individually or collectively, by influencing their conceptions,
attitudes and behavior, with the help of power and community.

Bacterial plaque is the determining factor in the appearance of tooth decay and pe-
riodontal disease. In this context, poor hygiene due to lack of knowledge can lead to
compromising the integrity of the tooth. The choice of a toothbrush taking into account its
characteristics and a toothpaste taking into account its properties are also very important
aspects reported in other specialized studies [19–21]. Fluoride is a key agent in reducing
the prevalence and severity of dental caries [21–25].

Brushing twice a day with fluoride toothpaste is more efficient, as it maintains ad-
equate fluoride around the teeth for a greater part of the day [26]. In addition, in many
countries toothbrushing is part of school routines aimed at improving health [21,25]. Com-
munity programs aiming to improve the determinants of oral health should also include
nurses from school health services or support staff who can initiate toothbrushing exercises.
Thus, these personnel must include oral health education in their regular activities. Teach-
ers, with appropriate guidance, can also motivate and guide students in their toothbrushing.
These aspects have long been highlighted in a specialized guide [27]. In this context, oral
hygiene is a continuous concern for researchers in the field and must be performed properly
by each individual daily at least twice a day [12–17].

The negative economic impact through lack of resources will affect the individual
from this point of view, but lack of knowledge will affect him even more. Even if, in
some situations, the aspects of achieving oral hygiene and the long-term implications in its
absence are known, there will always be a number of subjects not sensibilized from this
point of view.

The null hypothesis for this study is that there are no differences in the level of
knowledge and attitudes of the students regarding oral hygiene depending on the level
of education.

The testable hypothesis was that there are differences in the level of knowledge and
attitudes towards oral hygiene depending on the level of education.

The study aimed to evaluate the level of knowledge of students between 10–19 years
old regarding oral hygiene. The objectives of this study were to assess the level of knowl-
edge of the students about: toothbrushing technique, choosing the type of toothbrush,
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choosing toothpaste, the attitudes towards toothbrushing conditions, the use of mouthwash
and dental floss.

2. Materials and Methods

2.1. Study Design and Setting

This is a cross-sectional survey designed to monitor the level of knowledge and
attitudes of the student population. The applied questionnaire followed the formative
level of the students in terms of oral hygiene. This can help in the future in the design of
education programs. This cross-sectional study was carried out according to the formal
approval of the research center of the University of Medicine and Pharmacy. For the
purpose of the study, seven areas (Iasi, Botosani, Suceava, Prahova, Neamt, Bucuresti,
Bacau) of the Romanian region were listed. The state schools were considered in the study
based on ease of access.

2.2. Study Sample

A preliminary semi-structured questionnaire was originally developed in Romanian
translated into English by a professional translator and translated back into Romanian to
ensure accuracy. The questionnaire was iteratively tested, with both English and Romanian
speakers, to assess the length of the questions, the respondent’s understanding of the
questions, to follow the relevance and order of the questions. The final changes to the ques-
tionnaire were translated into Romanian by a bilingual staff member and independently
reviewed by two other bilingual employees. Many topics were included to understand oral
hygiene knowledge and attitudes about students’ daily oral hygiene habits. So, this study
included students from 5th to 12th (aged between 10–19 years) grade male and female
gender randomly selected from state schools. Sample size estimation was based on the
alpha error probability = 0.05, power = 0.95. Thus for 614,767, students in high school
education for an error of 5% the sample size is 384 students. The chosen sample is repre-
sentative for Romania. Our study included 718 students. Survey participants sampling
was unlikely. The selection of the study group was made following the selection criteria.
The inclusion criteria were as follows: schools where teachers received the information
and agreed to distribute the student questionnaire; students who agreed to complete the
questionnaire; middle school or high school students. The exclusion criteria were as follows:
schools in which teachers did not receive information to send the questionnaire to students;
parents who did not agree to have the child complete the questionnaire; problems with the
teenager’s desire not to complete the questionnaire; students from another level of study.
Completion recommendations were sent to the class guidance teacher and the parents were
completely informed by the teachers, through meetings. The agreement to complete the
questionnaire was supported by the class teacher, the person under whose supervision this
action was possible. The teacher explained it to the parents during the class work sessions.
Subjects considered eligible were those who wished to complete this questionnaire after
reading its contents.

2.3. Study Instrument Development and Validation

The level of knowledge and attitudes of the students regarding oral hygiene was
assessed. The questionnaire method was applied for this evaluation. The questionnaire was
evaluated by a panel of experts from the Faculty of Dentistry, following a qualitative pre-
testing of the content, followed by its validation. The questionnaire was pilot tested with a
sample of fifty students to ensure that it was brief and straightforward. In addition, the
questionnaire was field-tested to determine its ease of use and accuracy in knowledge items.

2.4. Questionnaire Contents

The questionnaire consisted of 30 multiple choice questions with a single correct
answer to each question. The oral hygiene knowledge and attitudes of the students were
assessed using a structured, questionnaire openly applied and uploaded online on the
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google docs platform. The questionnaire items included demographic information (Q1–Q5),
followed by questions on the level of knowledge of oral hygiene (Q6–Q23) and data on the
attitude of the students regarding oral hygiene (Q24–Q30) Table 1.

Table 1. The questions applied in the questionnaire and the possible answers.

Q 1 = How old are you?

Q 2 = What is your gender? (F = female; M = male).

Q 3 = What is the county where you study? (IS = Iasi; BT = Botosani; SV = Suceava; PH = Prahova;
NT = Neamt; B = Bucharest; BC = Bacau).

Q 4 = What is the class level? (MS = middle school/HS = high school).

Q 5 = What class grade are you in? (5-th; 6-th; 7-th; 8-th; 9-th; 10-th; 11-th; 12-th).

Q 6 = Do you know a special dental brushing technique? (Yes/No).

Q 7 = Do you think that dental brushing is done to remove dental bacterial plaque? (Yes/No).

Q 8 = Do you think that dental brushing is done to remove food? (Yes/No).

Q 9 = Do you think that dental brushing is done to have whiter teeth? (Yes/No).

Q 10 = Do you think that dental brushing aims to remineralizers your teeth? (Yes/No).

Q 11 = How long do you think dental brushing should last? 1 = 1 min; 2 = 2 min; 3 = 3 min;
4 = 4 min.

Q 12 = Is the design important when choosing a toothbrush? (Yes/No).

Q 13 = Is the price important when choosing a toothbrush? (Yes/No).

Q 14 = Is the manufacturer company important when buying a toothbrush? (Yes/No).

Q 15 = Is age important when choosing a toothbrush? (Yes/No).

Q 16 = Is it important to follow dental professional recommendations when choosing a
toothbrush? (Yes/No).

Q 17 = Is it important to consider advertising when choosing a toothbrush? (Yes/No).

Q 18 = Is it important to take into account the design when choosing toothpaste? (Yes/No).

Q 19 = Is it important to take into account the price when choosing toothpaste? (Yes/No).

Q 20 =Is it important to take the manufacturer company into account when choosing toothpaste?
(Yes/No).

Q 21 = Is it important to take into account the fluoride content when choosing toothpaste?
(Yes/No).

Q 22 = Is it important to take into account the properties of paste when choosing your toothpaste?
(Yes/No).

Q 23 = It is important to take into account advertising when choosing your toothpaste? (Yes/No).

Q 24 = How much toothpaste do you use when you brush your teeth? (1 = the length of the
toothbrush; 2 = as much as a pea; 3 = less than a pea).

Q 25 = What is the frequency of brushing? (1 = once a day; 2 = twice a day; 3 = three times a day;
4 = after each meal; 5 = when I feel the need).

Q 26 = When do you brush your teeth? (1 = in the morning; 2 = in the evening; 3 = both morning
and evening; 4 = after each meal; 5 = when I feel the need).

Q 27 = Do you use mouthwash? (Yes/No).

Q 28 = When do you use mouthwash? (1 = after each brushing; 2 = when I feel the need; 3 = in the
morning; 4 = in the evening; 5 = I don’t use).

Q 29 = Do you floss for dental cleaning? (Yes/No).

Q 30 When do you use dental floss for interdental cleaning? (1 = after each brushing; 2 = when I
feel the need; 3 = in the morning; 4 = in the evening; 5 = I do not use).
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2.5. Assessment of the Oral Hygiene Knowledge and Attitudes

All the multiple-choice questions had a single best response. Every correct answer in
the questionnaire received a score of zero, while every incorrect response received a score
of one.

2.6. Statistical Analysis

The data was collected and introduced into a database. Descriptive statistics of
frequency distribution, percentages, and mean knowledge scores were calculated for oral
hygiene education. A descriptive statistic of the study was performed by applying crosstabs
to all the aspects analyzed according to MS and HH. The processing of statistical data
was performed with the program SPSS version 26.00 for Windows, (IBM, Armonk, NY,
USA) establishing a threshold of statistical significance of p ≤ 0.05. The development of the
codebook was based on codes recorded in the interview guide. The codes were grouped
into preliminary topics and discussed with the research team to reach a thematic consensus.
A member of the team with experience and expertise in qualitative research methods
and oral health also reviewed all transcripts, codes and final thematic interpretation. The
Chi-square test was used for the comparative analysis in function by study level. The
correlation of overall knowledge and attitudes between students was performed using
Pearson’s correlation test.

3. Results

3.1. Demographic Data

The study included a number of 718 students with a mean age of 14.54 (±2.22) the
youngest being 10 years old and the oldest being 19 years old, male 250 (34,8%) and
female 468 (65.2%), middle school students 354 (49.4%) and high school 364 (50.6%). The
distribution of subjects according to class, gender and county is presented in Table 2.

Table 2. Demographic data -distribution of subjects according to class, gender and county.

Count Study Level Gender County Total
Ms Hs M F IS BT SV PH NT B BC

Class 5th 60 - 21 39 48 0 2 1 0 5 4 60

6th 116 - 39 77 104 0 7 0 1 3 1 116

7th 135 - 55 80 38 0 15 2 35 14 31 135

8th 43 - 20 23 7 0 14 2 16 3 1 43

9th - 76 18 58 69 0 3 1 0 3 0 76

10th - 86 26 60 59 0 1 19 0 6 1 86

11th - 135 38 97 91 2 9 23 1 9 0 135

12th - 67 33 34 42 6 5 11 0 3 0 67

Total 354 364 250 468 458 8 56 59 53 46 38 718

3.2. Criteria for Choosing Toothbrush and Toothpaste

The answers regarding the questions related to the criteria used when choosing the
toothbrush were in descending order depending on: the indications of the dentist; by age;
the design of the toothbrush; the manufacturing company; the price and advertisements
Table 3.

31



Medicina 2022, 58, 406

Table 3. Answers to questions about the criteria used when choosing a toothbrush and toothpaste.

Questions Yes MS HS p R

Criteria for choosing a toothbrush:

Q12 Is design important? 231 84 147 0 * −0.178

Q13 Is price important? 140 52 88 0.001 * 0.12

Q14 Is the manufacturer company
important? 213 82 131 0 * −0.14

Q15 Is age important? 247 160 87 0 * 0.224

Q16 Are dental professional
recommendations important? 372 202 170 0.003 * 0.104

Q17 Is advertising important? 45 18 27 0.128 −0.048

Criteria for choosing a tube of toothpaste:

Q18 Is design important? 66 33 33 0.341 0.02

Q19 Is price important? 107 49 58 0.431 −0.029

Q20 Is the manufacturer company
important? 220 92 128 0.005 * −0.1

Q21 Is the fluoride content important? 173 83 90 0.689 −0.015

Q22 Are the properties important? 550 275 275 0.282 0.025

Q23 Is advertising important? 55 20 35 0.031 * −0.074

* Significance level p ≤ 0.05.

The answers to the questions related to the criteria when choosing a tube of toothpaste
were in descending order according to: its properties; the manufacturing company; the
amount of fluoride; the price; design and advertising Table 3.

3.3. The Attitude towards the Amount of Toothpaste Used, the Frequency of Toothbrushing Use

Regarding the question on how much toothpaste you use when brushing your teeth,
an approximately equal number of students apply toothpaste over its entire length of the
brush 373 (MS = 178; HS = 195) or as much as a pea 340 (MS = 173; HS = 167). p = 0.0625,
r = −0.035. The frequency of toothbrushing is variable, with most students performing it
twice a day for 428 (MS = 234; HS = 248), after each meal for 53 (MS = 25; HS = 28) and once
a day for 92 (MS = 55; HS = 37) with p = 0.079, establishing a very low positive correlation
depending on the level of study r = 0.037. As a time of day, most of the subjects brush their
teeth both in the morning and in the evening 508 (MS = 246; HS = 262) and only a small
number of subjects, respectively, 73 (MS = 33; HS = 40) brush their teeth after every meal.
From this point of view, the results are not significant p = 0.099 and correlate very poorly
depending on the level of study r = 0.095 Table 4.

Table 4. Answers to questions about the attitude towards the amount of toothpaste used, the
frequency of toothbrushing use.

Questions MS HS Total p R

Q24

How much toothpaste do you use when brushing your teeth?

0.625 −0.035
1 = the length of the toothbrush 178 195 373

2 = as much as a pea 173 167 340

3 = less than a pea 3 2 5
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Table 4. Cont.

Questions MS HS Total p R

Q25

What is the frequency of brushing?

0.079 0.037

1 = once a day 55 37 92

2 = twice a day 234 248 482

3 = three times a day 21 36 57

4 = after each meal 25 28 53

5 = when I feel the need 19 15 34

Q26

When do you brush your teeth?

0.099 0.095

1 = in the morning 36 24 60

2 = in the evening 25 15 40

3 = both morning and evening 246 262 508

4 = after each meal 33 40 73

5 = when I feel the need 11 21 32

6 = I don’t use 3 2 5

Most of the subjects 292 (MS = 160; HS = 132) know a toothbrushing technique,
p = 0.009, r = 0.091. In addition, the majority 587 (MS = 278; HS = 309), know that brushing
removes the bacterial plaque p = 0.027, r = −0.082 and the remaining food on the dental
surfaces 521 (MS = 264; HS = 257), p = 0.233, r = 0.045. About half of the 353 subjects
(MS = 183; HS = 170) consider that by applying the brushing they will have whiter teeth
p = 0.181, r = 0.050 and 147 (MS = 71; HS = 76) know that brushing can remineralize hard
dental structures.

3.4. The Attitude towards the Time of Toothbrushing

The duration of the toothbrushing is variable, for most of the students being 2 min
for 335 (MS = 182; HS = 153) of the students and 3 min for 209 of the students (MS = 89;
HS = 120), p = 0.058, r = 0.043 of the students (Figure 1).

 

Figure 1. Frequency (count) of time allocated for each dental brushing (count) in function of study
level, respectively, MS and HS.
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3.5. The Attitude towards the Mouthwash and Dental Floss

More than half of the students use mouthwash 421 (MS = 199; HS = 222) p = 0.111,
r = −0.048, after each brushing 228 of the students (MS = 199; HS = 222), followed by the
situation when the students feel the need 139 (MS = 56; HS = 83), then by those who use
the mouthwash in the morning 42 (MS = 20; HS = 22) and in the evening 31 (MS = 19;
HS = 12). Dental floss is used by about a third of students 240 (MS = 106; HS = 134),
p = 0.031, r = −0.073. Of these, 132 students (MS = 52; HS = 80) use it when they feel the
need, 74 (MS = 41; HS = 33) after each brushing, and the rest in the evening, p = 0.091,
r = −0.038 Table 5.

Table 5. Data on the attitude towards the mouthwash and dental floss.

Questions MS HS Total p R

Q27

Do you use mouthwash?

0.194 −0.048Yes 199 222 421

No 155 142 297

Q28

When do you use mouthwash?

0.062 −0.078

1 = after each brushing 109 119 228

2 = when I feel the need 56 83 139

3 = in the morning 20 22 42

4 = in the evening 19 12 31

5 = I don’t use 150 128 278

Q29

Do you floss for dental cleaning?

0.051 −0.073Yes 106 134 240

No 248 230 478

Q30

When do you use dental floss for interdental cleaning?

0.091 −0.038

1 = after each brushing 41 33 74

2 = when I feel the need 52 80 132

3 = in the morning 1 0 1

4 = in the evening 19 21 40

5 = I do not use 241 230 471

4. Discussion

There are numerous studies in the specialized literature that analyze the relationship
between the level of knowledge of the students and the attitude towards oral health [28–33].
This study aimed at students’ level of knowledge about oral hygiene. According to Zhu
et al., preventive measures are more effective than curative measures [34]. Thus, the infor-
mation obtained about the students’ level of knowledge will contribute to the improvement
of oral health education programs. As female subjects had a higher share in the study
65.18% (468) we did not follow the comparative analysis of knowledge by gender [35]. Oral
hygiene is a determining factor in general health [31,36]. According to a specialized study,
the number of people with untreated oral conditions increased from 2.5 billion in 1990
to 3.5 billion in 2015 [37]. Therefore, the primary prevention of dental caries should be a
priority for both the specialist and the health decision-makers [38–40]. The World Health
Organization supports the promotion of oral health through educating students [33,39].
Thus, individualized education regarding oral hygiene can provide better premises for
oral health, a fact supported by other specialized studies [41–44]. Other studies show that
primary prevention cannot be achieved only by implementing knowledge of oral hygiene
with diet being an equally important factor to consider [45,46]. The results of a study show
that training courses are needed for hygienic nurses in terms of knowledge about brushing.
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In this context, the need for educational programs designed to develop oral hygiene skills
among students should be emphasized once again.

The most important factor to consider when choosing a toothbrush, for 51.81% of
students, was the opinion of a dental professional. The fact that dental professionals are the
main source of information about oral hygiene issues is confirmed in other specialized stud-
ies [47–49]. Other studies suggest that the media is the main source of information [50–52].
Choosing the electric brushing technique is an option to achieve better results of oral
hygiene monitoring indices [53]. Although 76.60% of the subjects know that when choosing
the toothpaste they must take into account its properties, they do not correlate this aspect
with the remineralization capacity of the toothpaste a fact highlighted in another specialized
study [54]. Only about 20.47% of MH and HH students know about the beneficial effect of
fluoride in toothpaste and its role in mineralizing hard dental tissues. The fact that students
do not know the properties of fluoride and its beneficial effects has also been highlighted by
other authors in the literature [48,49,55]. One study found that the proportion of Australian
preschoolers using non-fluoridated toothpaste was higher than in other world regions [56].
A Cochrane Review study supports the benefits of using fluoride toothpaste in preventing
tooth decay when compared to non-fluoride toothpaste because a dose-response effect was
observed for D (M) FS in children and adolescents [57]. The attitude towards the amount
of toothpaste used is generally based on the recommendation to use a pea-sized amount of
toothpaste. These is the optimal amount of toothpaste which is considered to be the best,
in terms of reduced risk of ingestion and fluoride benefit [58]. Using a larger amount of
toothpaste is not so important, the recommendations are to us a pea size amount According
to Hu S et al., it is important to control the amount of toothpaste used in order to reduce
the risk of fluorosis [59]. The results of a meta-analysis showed that using as much pea as a
pea will minimize the risk of fluorosis in children while maximizing the caries-prevention
benefit for all age groups [60].

The frequency of brushing is known by only 67.1% of students. The fact that a
significant percentage of the students do not know the amount of toothpaste and the
frequency with which the brushing should be performed is also highlighted in other
specialized studies [48,50–52,54,55,61]. The fact that more than half of the students brush
their teeth twice a day is beneficial, but it is necessary to improve the level of knowledge
about the frequency of oral hygiene, as well as the time of day when it should be performed.
In addition, 73 students declared that they brush after each meal as a time of day, but in
terms of frequency, only 53 answered that they brush after each meal. This can lead to some
variations and lack of credibility regarding the students’ answers. The results of a meta-
analysis study showed that the frequency of brushing between more than 2 times a day
and less than twice a day does not influence the incidence of carious lesions in general, but
they pointed out that incidence and increment of carious lesions was higher in deciduous
(OR: 1.75; 95% CI: 1.49 to 2.06) than permanent dentition (OR: 1.39; 95% CI: 1.29 to 1.49) [62].
These results have been highlighted in other specialized studies [63–66]. Another study
showed that the strongest evidence related to caries in the 12-year-old group was found in
the frequency of toothbrushing and dental plaque. A study that analyzed the oral health
status of adolescents in Shandong province highlighted the importance of visiting a dental
practitioner and performing regular oral hygiene to prevent dental caries and gingivitis [67].
The same aspect has been highlighted in other studies that have analyzed the risk factors
for dental caries and periodontal disease [68].

Knowing a brushing technique is the first step in increasing the efficiency of oral
hygiene. The results of our study indicate that most of the subjects 292 (MS = 160; HS = 132)
know a toothbrushing technique. A study on the efficiency of the brushing technique
and the importance of knowing a brushing technique, pointed out that the Bass brushing
technique is much more efficient both in terms of removing bacterial plaque and in terms
of maintaining the verticality of the brush bristles for a while longer time [69]. Globally,
dental caries and periodontal disease still have a high prevalence rate [70]. Bacterial plaque
is one of the determining factors present both in the etiology of carious lesions and in the
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etiology of periodontal disease [47,71]. Our study shows that about half of the students
know a brushing technique, but 81.75% know that brushing removes bacterial plaque,
the results obtained being similar to the results of other specialized studies [34,50,54]. In
order to receive individualized information on oral hygiene, it is recommended to take into
account the provision of access to specialized dental services [44,72].

The attitude towards the mouthwash and dental floss was presented in many stud-
ies [73–95]. The use of toothbrush adjuvants is necessary to remove plaque from inaccessible
spaces. A study that looked at whether or not motivational interviewing promotes oral
health in adolescents found that prevailing health education was less effective than motiva-
tional interviewing in evoking favorable changes in the oral health patterns of adolescents
and preventing dental caries [73].

The fact that 31.75% of the subjects use mouthwash after brushing is a good attitude,
but because only 20.47% of the students know the remineralization capacity, we can say that
the difference of 11.28% of the subjects cannot select a mouthwash with remineralization
potential. One study found that the use of mouthwash into the size of the caries-preventive
effect is less clear [74]. Although some studies do not show the effect of mouthwash in
the prevention of tooth decay, the results of a review study that included 37 trials involv-
ing 15,813 children and adolescents found that supervised regular use of oral fluoride by
children and adolescents is associated with a large reduction in tooth decay of permanent
teeth [75]. In addition, the effect of reducing the bacterial plaque of chlorhexidine rinsing
solutions is still highlighted in studies, chlorhexidine plays a key role in dentistry and
is used to treat or prevent periodontal disease, and has earned its eponymous gold stan-
dard [76,77]. The beneficial role of mouthwashes containing cetylpyridinium chloride in
the prevention of tooth decay, has also been demonstrated [78,79]. The antibacterial effect
of Listerine has also been shown in both in vitro and in vivo studies [80,81].

Flossing is an alternative to plaque removal, but it is carried out by only 33.42% of sub-
jects and only 10.3% of them do this consistently. The results obtained are in accordance with
the data obtained in certain studies conducted and published in the literature [48,50,82–85].
In general, according to specialized studies, regardless of the adjuvants used, when they are
used, an improvement in oral hygiene indices, plaque indices and bleeding indices is ob-
tained [86–91]. Use of dental floss was not a daily behavior for most teenagers, as indicated
by other specialized studies [92,93]. Students should be trained by dental practitioners
regarding the use of dental floss, a fact highlighted in other specialized studies [94,95].

This study has some limitations that need to be considered: year of study or specializa-
tion was uneven, the subjects were randomly selected and the bias of any analyzed group
was not followed.

5. Conclusions

Within the limits of this study, we can draw the following conclusions: The testable
hypothesis is true, there are different attitudes regarding oral hygiene depending on the
level of education. Students have a deficient level of knowledge regarding the principles
and rules of oral hygiene promoted through health education. Most students have a
minimum, basic knowledge of the frequency of brushing, the purpose and time when it
should be carried out. About half of the subjects do not know the recommended amount of
toothpaste to be used during brushing. Only a quarter of the subjects take into account the
fluoride content when choosing their toothpaste. About half of the subjects do not know
a brushing technique and choose their brush according to other criteria than the dental
practitioner instructions. About one-third of students do not use mouthwash or dental floss.
Education programs are needed to improve students’ level of knowledge and attitudes
toward oral hygiene.
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Abstract: Background and Objectives: The COVID-19 pandemic led to restrictive measures, which
aimed to limit the spread of the SARS-CoV-2 virus. These restrictions impacted all areas of life,
including the activity of dental offices. For patients with orthodontic appliances, closing the dental
offices was a major issue, as most orthodontic treatments last for more than a year and require regular
checkups. The aim of this research was to assess the impact that the restrictive measures that were
imposed during the COVID-19 pandemic, and, especially, wearing a face mask had on a sample of
Romanian teenagers undergoing fixed orthodontic treatment. Material and Methods: The study group
consisted of 277 orthodontic patients, with ages between 12 and 17.9 years, from North-Western
Romania. They completed a 9-item questionnaire. The control group consisted of 231 participants,
with ages between 12 and 17.9 years. They completed an 8-item questionnaire. Results: Most
patients from the study group were not worried that wearing a protective face mask would hide
their braces (never—49.5%; rarely—26.7%), and their desire to undergo an orthodontic treatment was
not affected by the compulsoriness of face mask wearing (never—51.6%; rarely—26%). In contrast
to that, in the control group, more than 50% of the participants were worried to some degree that
wearing a protective face mask would hide their smile (occasionally—29.9%; frequently—18.2%;
very frequently—2.2%). The majority of the participants from the study group did not consider
interrupting the orthodontic treatment due to the COVID-19 pandemic (62.5%), and the majority of
the participants from the control group did not consider not going to the dentist due to the COVID-19
pandemic (70.6%). Most of the participants from the study group were not happy that they had to
wear a face mask, which covered their orthodontic appliances, during the orthodontic treatment
(68.6%). The attitude was similar to that of the participants from the control group, who were not
happy that they had to wear a face mask, that covered their smile (51.1%). In the study group, most
patients did not want face mask wearing to continue to be compulsory, given the fact that their
orthodontic appliances were no longer visible (52%). In the control group, the attitude was similar,
with 48.1% of the participants not wanting face mask compulsoriness to be maintained. Conclusions:
In conclusion, although, most patients would not like to continue wearing a face mask as a mandatory
regulation, they were not concerned or negatively affected by wearing a protective face mask, even
though face masks hid their braces.

Keywords: COVID-19; protective face mask; orthodontic patients; adolescents

1. Introduction

The identification of a new type of coronavirus at the end of 2019, outlined the scenario
that announced the beginning of a major public health crisis worldwide [1]. The disease, a
form of severe acute respiratory syndrome, caused by SARS-CoV-2 and called COVID-19,
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has been described by the World Health Organization as being a viral pneumonia [2]. The
symptoms are numerous, and include dry cough, fever, shortness of breath, sore throat,
headache, myalgia, fatigue, diarrhea [3], and radiological signs of lung damage [4].

The transmission rate of COVID-19 is high, as it spreads easily from person to per-
son [5]. Coughing, sneezing, or talking can generate aerosols [6], which through close
contact with infected people are safe sources of contamination [5]. The virus can enter the
body by air and attaches to the mucous membranes of the oral cavity, nose, or eyes [6,7].

As a result of the increase in the number of cases with COVID-19 disease, a pandemic
was declared, and worldwide, in an attempt to limit the spread of the virus, quarantine
was instated in all countries [8]. Among other restrictions, a safe distance of 1–2 m had to
be maintained between people [9]. For dental professionals, this distance was impossible
to maintain, as dental work requires close contact with the patient’s oropharyngeal and
nasal region, increasing the risk of contamination [9,10]. The activity of dental offices was
suspended, which affected all patients [11]. Emergency dental treatments consisting of
pain, swelling, bleeding, infections, and trauma were permitted in certain authorized dental
offices [12,13].

For patients with orthodontic appliances, closing the dental offices was a major issue,
as most orthodontic treatments last for more than a year [12], and require regular check-
ups [14]. During this period of disruption, treatments could no longer be supervised and
were negatively affected, with patients reaching high levels of anxiety caused by the new
situation [12].

Face mask wearing became mandatory in many countries as it is considered an
important preventive measure during the COVID-19 pandemic [15]. Face masks are
considered beneficial since wearing a mask in areas where the advised social distance
cannot be properly maintained lowers the spread of virus-loaded droplets [16]. As they
cover the nose and mouth of the patients, and the area around them [17], protective face
masks also cover the fixed orthodontic appliances bonded on the buccal surface of the teeth,
which are visible in smile and speech. For some patients this aspect could potentially cause
frustration, since the desire for orthodontic treatment among teenagers has been proven to
be high [18], and patients are usually satisfied with their facial aspect during the orthodontic
treatment [19]. The question was raised whether the necessity to cover the orthodontic
appliance with a face mask could cause teenagers to be less interested in undergoing a
necessary orthodontic treatment, especially because often braces are perceived as being an
elective luxury and a symbol of status, wealth, and style [20], or whether it could nurture a
disobedience towards the mandatory wearing of face masks.

The aim of this research was to assess the attitude that a sample of Romanian teenagers
undergoing orthodontic treatment with fixed appliances, during the COVID-19 pandemic,
had regarding wearing protective face masks, considering the fact that they covered the
orthodontic appliances. Their attitude towards the suspension of dental activity, as or-
thodontic patients, was investigated as well.

2. Materials and Methods

2.1. Ethical Considerations

The study was conducted in accordance with the 1964 Declaration of Helsinki and its
later amendments and was approved by the Research Ethics Committee of the University
of Oradea (No. 23/25.02.2021). Before filling in the questionnaires, all parents, caregivers,
and participants gave their consent for taking part in this study.

2.2. Sample Size Calculation

Sample size estimation was made using GPower 3.1.9.7 software. By the design of the
study, it was considered that the measured items (in Likert scale format) would be mostly
compared between genders, using Mann–Whitney U tests (for items with 5 answers) or
contingency tables (for items with 3 answers), and the ideal allocation ratio of the genders
should be 1:1. Therefore, it was estimated using a medium effect size of d = 0.5, with
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a minimum power of 0.8 and an α = 0.05, that the minimum sample size should be of
74 patients in each group for Mann–Whitney U tests (a total of 168). For contingency tables,
considering a medium effect size of w = 0.3 with Df = 2, a minimum power of 0.8 and
an α = 0.05, the minimum total sample size should be equal to 108. Using these values,
an estimation was made that a minimum of 74 patients in each gender (with a total of
168 patients) should exist in the study for a minimum power of 0.8 for most tests.

2.3. Participants and Data Collection

The study design was a cross-sectional survey. It was carried out in the period between
November 2020 and February 2022. A pilot study was not conducted prior to this research.
During the period in which this study was conducted, restrictive measures regarding the
mandatory wearing of face masks and social distancing were active.

For the study group, the authors designed a questionnaire consisting of 9 items. For the
control group, only 8 items were used, since Item 9 referred strictly to orthodontic patients.
The questionnaires were printed on paper and applied in two private orthodontic practices
from the city of Oradea, North-Western Romania, which offer treatments to patients who
come from families with various incomes (from low to high). They were distributed to
adolescents, aged between 12 and 17.9 years. In the study group, the respondents were
orthodontic patients, undergoing an orthodontic treatment with fixed appliances. In the
control group, the respondents were non-orthodontic patients, who came to the office for a
clinical examination. Before filling in the questionnaire, all patients and their parents (or
caregivers) were informed that they were being applied for research purposes, and that by
filling in the questionnaires, they confirmed their willingness to participate anonymously
in this study. The names of the participants were not mentioned on the survey form, and
the authors did not know how patients answered. Patients had the possibility to withdraw
from the research with no consequences, and no financial incentives were promised to
the respondents. No time limit was imposed. The language used for the questionnaires
was Romanian.

A Likert-type scale was used for Items 1, 2, 3, 4, and 8. The options included were
“never”, “rarely”, “occasionally”, “frequently”, and “very frequently”. For Items 5, 6, 7,
and 9, participants had to choose from three options, these being “no”, “yes”, and “maybe”.
Items are translated and detailed in Table 1.

Table 1. Items.

Number of Item Question

Study group

Item 1 “Are you worried that wearing a protective face mask will hide your braces?”

Item 2 “Does the compulsoriness of wearing a protective face mask affect your desire to
undergo the orthodontic treatment, given the fact that it covers your braces?”

Item 3 “Were you affected by the suspension of dental offices’ activity, as a patient
undergoing an orthodontic treatment with fixed appliances?”

Item 4 “Were you worried that you won’t be able to continue the orthodontic treatment due
to the COVID-19 pandemic?”

Item 5 “Did you consider interrupting the orthodontic treatment because of the
COVID-19 pandemic?”

Item 6 “Are you happy that you have to wear a face mask during the orthodontic
treatment, considering the fact that it covers your braces?”

Item 7 “Do you want face masks to continue being mandatory, given the fact that they
cover your braces?”

Item 8 “Do you consider that wearing a face mask that hides your orthodontic appliance
causes you stress?”

Item 9 “Do you still want to continue with the orthodontic treatment while wearing a face
mask, even though your orthodontic appliance is not visible?”
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Table 1. Cont.

Number of Item Question

Control group

Item 1 “Are you worried that wearing a protective face mask will hide your smile?”

Item 2 “Does the compulsoriness of wearing a protective face mask affect you, given the
fact that is covers your smile?”

Item 3 “Were you affected by the suspension of dental offices’ activity?”

Item 4 “Were you worried that you won’t be able to go to the dentist due to the
COVID-19 pandemic?”

Item 5 “Did you consider not going to the dentist because of the compulsoriness of face
mask wearing?”

Item 6 “Are you happy that you have to wear a face mask, considering the fact that it
covers your smile?”

Item 7 “Do you want face masks to continue to be mandatory, given the fact that they cover
your smile?”

Item 8 “Do you consider that wearing a face mask that hides your smile causes you stress?”

For the study group, the inclusion criteria were that the participants had to be patients
wearing a metallic or ceramic fixed orthodontic appliance (bonded on the buccal surface of
teeth, and visible in smile and speech), with ages between 12 and 17.9 years, and to live in
Romania. The control group consisted of participants who were not wearing and did not
wear orthodontic appliances (fixed or removable), with ages between 12 and 17.9 years,
and were living in Romania. Patients who were in the contention phase of the orthodontic
treatment, as well as questionnaires that were incomplete or incorrectly completed were
excluded from this study. Incorrectly completed questionnaires were those where the
patients offered more than one answer for the same item.

2.4. Statistical Analysis

Statistical analysis was performed by using IBM SPSS software, version 25 (IBM,
Chicago, IL, USA). Quantitative variables were tested for distribution using the Shapiro–
Wilk test and were expressed as mean values with standard deviations or medians with
interpercentile intervals. The independent quantitative variables with a non-parametric
distribution were tested with the Mann–Whitney U or Kruskal–Wallis H tests, and all corre-
lations between them were verified with Spearman’s rho correlation coefficient. Qualitative
variables were expressed as absolute numbers or percentages and were tested with Fisher’s
exact test.

3. Results

In the study group, the questionnaires were handed out to 320 orthodontic patients,
but only 290 agreed to take part in this research and filled in the survey forms. After
applying the exclusion criteria, 277 valid questionnaires remained in the study. In the
control group, the questionnaires were handed out to 260 participants, but only 251 agreed
to take part in this research and filled in the survey forms. After applying the exclusion
criteria, 231 valid questionnaires remained in the study (Figure 1).

3.1. Socio-Demographic Data

The study group consisted of 173 (62.5%) girls and 104 (37.5%) boys. Regarding the
living environment of the participants, 93 (33.6%) came from a rural environment, while
184 (66.5%) came from an urban environment. The mean age of the respondents was
14.91 ± 1.49 years, with a median of 15 years, and a range between 12 and 17.9 years.

The control group consisted of 134 (58%) girls and 97 (42%) boys. Regarding the
living environment of the participants, 92 (39.8%) came from a rural environment, while
139 (60.2%) came from an urban environment. The mean age of the respondents was
14.77 ± 1.64 years, with a median of 15 years and a range between 12 and 17.9 years.
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Figure 1. Study flowchart.

Data in Table 2 shows the comparison of participants’ ages in relation to the living
environment. According to the Shapiro–Wilk test, in the study sample, age distribution was
non-parametric in both groups, and the Mann–Whitney U test showed that age differences
were significant. Participants living in an urban environment had a higher age than those
living in a rural environment. In the control sample the age difference was not significant
between the groups.

Table 2. Comparison of participants’ ages in relation to the living environment.

Living
Environment

Mean Value ± SD
(Years)

Median (IQR)
(Years)

Medium Rank p *

Study group
Rural (p < 0.001 **) 14.68 ± 1.52 15 (14–15) 123.05

0.016Urban (p < 0.001 **) 15.03 ± 1.47 15 (14–16) 147.06
Control group

Rural (p = 0.002 **) 14.8 ± 1.68 15 (14–16) 117.47
0.783Urban (p < 0.001 **) 14.76 ± 1.61 15 (13–16) 115.03

SD—standard deviation; IQR—interquartile range; * Mann–Whitney U test; ** Shapiro–Wilk test.
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The Mann–Whitney U test showed that the age of the participants was not statistically
significant between the study group and the control group (p = 0.346). The living environ-
ment of the participants was, also, not statistically significant between the study group and
the control group (p = 0.165).

3.2. Attitude towards Protective Face Mask Wearing and Treatment Interruption

Data in Table 3 shows the distribution of the patients according to the answers given
for all 9 items (study group) and 8 items (control group). In the study group, most patients
were not worried that wearing a protective face mask would hide their braces (Item 1), and
their desire to undergo an orthodontic treatment was not affected by the compulsoriness of
face mask wearing (Item 2). The majority of the participants did not consider interrupting
the orthodontic treatment due to the COVID-19 pandemic (Item 5), but most of them were
not happy that they had to wear a face mask, which covered their orthodontic appliances,
during the orthodontic treatment (Item 6), and did not want face mask wearing to continue
to be compulsory, given the fact that their orthodontic appliances were no longer visible
(Item 7). In the control group, more than half of the participants were worried to some
degree (occasionally, frequently, very frequently) that wearing a protective face mask would
hide their smile (Item 1) and were affected by the compulsoriness of face mask wearing
(Item 2). The majority of the participants did not consider not going to the dentist due to
the COVID-19 pandemic (Item 5).

Table 3. Distribution of the patients according to the answers provided.

5 Option Items

Answer
(No., %)

Never Rarely Occasionally Frequently
Very

Frequently

Study group
Item 1 137 (49.5%) 74 (26.7%) 21 (7.6%) 26 (9.4%) 19 (6.9%)
Item 2 143 (51.6%) 72 (26%) 29 (10.5%) 25 (9%) 8 (2.9%)
Item 3 130 (46.9%) 44 (15.9%) 33 (11.9%) 39 (14.1%) 31 (11.2%)
Item 4 66 (23.8%) 69 (24.9%) 64 (23.1%) 40 (14.4%) 38 (13.7%)
Item 8 143 (51.6%) 47 (17%) 63 (22.7%) 14 (5.1%) 10 (3.6%)

Control group
Item 1 71 (30.7%) 44 (19%) 69 (29.9%) 42 (18.2%) 5 (2.2%)
Item 2 41 (17.7%) 35 (15.2%) 42 (18.2%) 92 (39.8%) 21 (9.1%)
Item 3 48 (20.8%) 99 (42.9%) 17 (7.4%) 63 (27.3%) 4 (1.7%)
Item 4 116 (50.2%) 38 (16.5%) 57 (24.7%) 18 (7.8%) 2 (0.9%)
Item 8 57 (24.7%) 42 (18.2%) 76 (32.9%) 45 (19.5%) 11 (4.8%)

3 Option Items

No Maybe Yes

Study group
Item 5 173 (62.5%) 78 (28.2%) 26 (9.4%)
Item 6 190 (68.6%) 63 (22.7%) 24 (8.7%)
Item 7 144 (52%) 102 (36.8%) 31 (11.2%)
Item 9 65 (23.5%) 30 (10.8%) 182 (65.7%)

Control group
Item 5 163 (70.6%) 57 (24.7%) 11 (4.8%)
Item 6 118 (51.1%) 32 (13.9%) 81 (35.1%)
Item 7 111 (48.1%) 51 (22.1%) 69 (29.9%)

No.—number; %—percentage.

3.3. Correlational Results

In the study group, statistically significant correlations were found between respon-
dents’ age and answers provided for Items 1, 3 and 8. As such, patients with higher
ages were less concerned about the fact that wearing a protective face mask would hide
their braces and were less affected by the suspension of dental offices’ activity, as patients
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undergoing an orthodontic treatment with fixed appliances. However, younger patients
were less stressed about wearing a protective face mask that hid the orthodontic appliances
(Table 4). In the control group, there were no statistically significant correlations identified
between respondents’ age and answers provided for Items 1, 3, and 8.

Table 4. Correlations between age and Items 1, 3, and 8.

Correlations p *

Study group
Age (p < 0.001 **) x Item 1 Score (p < 0.001 **) 0.001, R = −0.204
Age (p < 0.001 **) x Item 3 Score (p < 0.001 **) <0.001, R = −0.223
Age (p < 0.001 **) x Item 8 Score (p < 0.001 **) 0.001, R = 0.195

Control group
Age (p < 0.001 **) x Item 1 Score (p < 0.001 **) 0.255, R = 0.075
Age (p < 0.001 **) x Item 3 Score (p < 0.001 **) 0.244, R = 0.077
Age (p < 0.001 **) x Item 8 Score (p < 0.001 **) 0.853, R = 0.012

* Spearman’s rho correlation coefficient, ** Shapiro–Wilk test.

In the study group, patients’ gender influenced the answers received for Items 6 and 7.
As such, boys were unhappier with wearing a protective face mask during the orthodontic
treatment, while indecisive patients were more frequently girls. Boys were, also, less
eager to continue wearing a face mask as a mandatory regulation, considering the fact
that face masks covered the braces. The answers received for Items 5, 7, and 9 were
significantly influenced by participants’ living environment. Patients living in an urban
environment were less prone to considering interrupting the orthodontic treatment as a
result of the COVID-19 pandemic, and were more eager to maintain the compulsoriness of
face mask wearing, even though face masks covered the orthodontic appliances. Patients
living in a rural environment were more frequently indecisive about interrupting the
orthodontic treatment during the COVID-19 pandemic, were less eager to maintain the
compulsoriness of face mask wearing during the orthodontic treatment, and were more
frequently indecisive about interrupting the orthodontic treatment while wearing a face
mask (Table 5). In the control group, only the answers received for Item 7 were influenced
by patients’ gender. As such, girls were unhappier than boys about the fact that they have
to wear a protective face mask that would cover their smile. The answers received for Item
5 were significantly influenced by participants’ living environment. As such, patients living
in a rural environment were more frequently indecisive than patients living in an urban
environment about not going to the dentist due to the COVID-19 pandemic (Table 5).

Other significant correlations were found between answers provided for some items.
As such, in the study group, participants who were more concerned that wearing a face
mask would hide their orthodontic appliance (Item 1) considered that the compulsoriness
of face mask wearing affected their desire to undergo an orthodontic treatment, because
face masks covered their braces (Item 2) (p < 0.001, R = 0.300), and were more affected by
the suspension of dental offices’ activity, as patients undergoing an orthodontic treatment
with fixed orthodontic appliances (Item 3) (p = 0.001, R = 0.194).

Patients who did not want protective face masks to continue being mandatory, given
the fact that they covered the braces (Item 7) were more frequently indecisive about their
willingness to continue the orthodontic treatment while wearing a protective face mask
(Item 9) (Table 6).
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Table 5. Patients’ distribution according to gender, living environment, and answers provided for
different items.

Gender/Answer (No., %) Girls Boys p *

Study group
Item 6

No 110 (63.6%) 80 (76.9%)
0.031Maybe 48 (27.7%) 15 (14.4%)

Yes 15 (8.7%) 9 (8.7%)
Item 7

No 76 (43.9%) 68 (65.4%)
0.002Maybe 73 (42.2%) 29 (27.9%)

Yes 24 (13.9%) 7 (6.7%)

Control group
Item 6

No 73 (54.5%) 45 (46.4%)
0.376Maybe 19 (14.2%) 13 (13.4%)

Yes 42 (31.3%) 39 (40.2%)
Item 7

No 76 (56.7%) 35 (36.1%)
<0.001Maybe 32 (23.9%) 19 (19.6%)

Yes 26 (19.4%) 43 (44.3%)

Living
Environment/Answer

(No., %)
Rural Urban p *

Study group
Item 5

No 49 (52.7%) 124 (67.4%)
0.001Maybe 39 (41.9%) 39 (21.2%)

Yes 5 (5.4%) 21 (11.4%)
Item 7

No 59 (63.4%) 85 (46.2%)
0.005Maybe 30 (32.3%) 72 (39.1%)

Yes 4 (4.3%) 27 (14.7%)
Item 9

No 15 (16.1%) 50 (27.2%)
0.007Maybe 17 (18.3%) 13 (7.1%)

Yes 61 (65.6%) 121 (65.8%)

Control group
Item 5

No 62 (67.4%) 101 (72.7%)
0.002Maybe 30 (32.6%) 27 (19.4%)

Yes 0 (0%) 11 (7.9%)
Item 7

No 47 (51.1%) 64 (46%)
0.065Maybe 25 (27.2%) 26 (18.7%)

Yes 20 (21.7%) 49 (35.3%)
No.—number; %—percentage; * Fisher’s exact test.

Table 6. Patients’ distribution according to answers provided for Items 7 and 9.

Answer (No., %) Correction neg. Indecisive Correction pos. p *

Compulsoriness neg. 27 (41.5%) 22 (73.3%) 95 (52.2%)
0.020Indecisive 25 (38.5%) 7 (23.3%) 70 (38.5%)

Compulsoriness pos. 13 (20%) 1 (3.3%) 17 (9.3%)
No.—number; %—percentage; neg.—negative; pos.—positive; * Fisher’s exact test.
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3.4. Comparative Results

Comparisons were made between participants considering their age, gender, and
living environment. Although significant differences were found for some items in re-
lation to age and gender, no significant differences were found in relation to the living
environment. Regarding age, in the study group, significant differences were found for
Item 9. A comparison of age in relation to patients’ desire to continue the orthodontic
treatment while wearing a face mask was made. Age distribution was non-parametric in
most groups according to the Shapiro–Wilk test (p < 0.05). The differences between groups
were statistically significant according to the Kruskal–Wallis H test (p = 0.002), and post-hoc
tests showed that indecisive patients had a lower age than patients who said they do not
want to continue the orthodontic treatment while wearing a face mask, given the fact that
the orthodontic appliances were no longer visible (p = 0.044) or than patients who said they
want to continue the orthodontic treatment while wearing a face mask, despite the fact that
the orthodontic appliances were no longer visible (p = 0.001).

Regarding patients’ gender, in the study group significant differences were identified
for Items 2 and 4. The results obtained showed that boys’ desires to undergo orthodontic
treatment were less affected by the compulsoriness of a face mask that covers the braces, in
comparison with girls, and they were less worried about the possibility of the orthodontic
treatment suspension than girls (Table 7). In the control group, significant differences were
identified for Item 4. The results were similar to the study group. Girls were more worried
that they would not be able to go to the dentist due to the COVID-19 pandemic (Table 7).

Table 7. Comparison of answers provided for Items 2 and 4 in relation to gender.

Gender Mean Value ± SD Median (IQR) Medium Rank p *

Study group
Item 2

Girls (p < 0.001 **) 1.94 ± 1.07 2 (1–3) 147.58
0.012Boys (p < 0.001 **) 1.71 ± 1.15 1 (1–2) 124.74

Item 4
Girls (p < 0.001 **) 2.86 ± 1.27 3 (2–4) 149.42

0.004Boys (p < 0.001 **) 2.42 ± 1.41 2 (1–4) 121.66
Control group

Item 2
Girls (p < 0.001 **) 3.05 ± 1.26 3 (2–4) 114.77

0.732Boys (p < 0.001 **) 3.1 ± 1.29 3 (2–4) 117.70
Item 4

Girls (p < 0.001**) 2.04 ± 1.05 2 (1–3) 123.31
0.034Boys (p < 0.001 **) 1.77 ± 1.06 1 (1–3) 105.90

SD—standard deviation; IQR—interquartile range; * Mann–Whitney U test, ** Shapiro–Wilk test.

Other significant differences were found between answers provided for some items. In
the study group, significant differences were identified between Items 1 and 9, Items 2 and 5,
Items 3 and 5, and Items 3 and 7. In the control group, significant differences were identified
between Items 3 and 5 and Items 3 and 7. They are detailed in Table 8, which shows the
results of the Kruskal–Wallis H test and Shapiro–Wilk test.

Tables 9 and 10 show the comparisons of answers provided for Item 1 to Item 8,
according to the analyzed groups (study group and control group). Statistically significant
differences were identified for most items. As such, participants undergoing an orthodontic
treatment with fixed appliances (study group) were less affected by the compulsoriness of
face mask wearing, in comparison to the participants from the control group (Item 2) and
were worried that they would not be able to continue the orthodontic treatment (Item 4). In
comparison with the study group, participants from the control group were more worried
about the fact that they had to wear a protective face mask (Item 1) and were more stressed
that they had to wear a protective face mask (Item 8).
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Table 8. Comparisons between various items.

Comparison Answer
Mean Value

± SD
Median
(IQR)

Medium
Rank

p *

Study group

Item 1 and Item 9
No (p < 0.001 **) 2.26 ± 1.35 2 (1–3) 157.08

0.014Maybe (p = 0.005 **) 1.67 ± 0.77 1.5 (1–2) 128.67
Yes (p < 0.001 **) 1.84 ± 1.19 1 (1–2) 129.55

Item 2 and Item 5
No (p < 0.001 **) 1.98 ± 1.12 2 (1–2) 149.32

0.009Maybe (p < 0.001 **) 1.59 ± 0.98 1 (1–2) 119.13
Yes (p < 0.001 **) 1.85 ± 1.25 1 (1–3) 129.94

Item 3 and Item 5
No (p < 0.001 **) 2.12 ± 1.34 2 (1–3) 132.34

0.025Maybe (p < 0.001 **) 2.33 ± 1.5 2 (1–4) 141.79
Yes (p < 0.001 **) 3.08 ± 1.69 3 (1–5) 174.94

Item 3 and Item 7
No (p < 0.001 **) 2.51 ± 1.61 2 (1–4) 149.19

0.041Maybe (p < 0.001 **) 1.95 ± 1.18 1 (1–3) 124.51
Yes (p < 0.001 **) 2.16 ± 1.21 2 (1–3) 139.34

Control group

Item 3 and Item 5
No (p < 0.001 **) 2.5 ± 1.15 2 (2–4) 118.22

0.009Maybe (p < 0.001 **) 2.19 ± 1.1 2 (1–2) 100.78
Yes (p = 0.001 **) 3.27 ± 0.9 4 (2–4) 162.00

Item 3 and Item 7
No (p < 0.001 **) 2.25 ± 1.08 2 (2–3) 104.69

0.007Maybe (p < 0.001 **) 2.41 ± 1.06 2 (2–4) 114.56
Yes (p < 0.001 **) 2.84 ± 1.23 3 (2–4) 135.26

SD—standard deviation; IQR—interquartile range; * Kruskal–Wallis H test, ** Shapiro–Wilk test.

Table 9. Comparison of answers provided for Items 1, 2, 3, 4, and 8 according to the analyzed groups.

Groups Mean Value ± SD Median (IQR) Medium Rank p *

Item 1
Control (p < 0.001 **) 2.42 ± 1.16 3 (1–3) 286.69

<0.001Study (p < 0.001 **) 1.97 ± 1.25 2 (1–2) 227.65
Item 2

Control (p < 0.001 **) 3.07 ± 1.27 3 (2–4) 324.51
<0.001Study (p < 0.001 **) 1.86 ± 1.1 1 (1–2) 196.11

Item 3
Control (p < 0.001 **) 2.46 ± 1.15 2 (2–4) 274.97

0.003Test (p < 0.001 **) 2.27 ± 1.44 2 (1–4) 237.43
Item 4

Control (p < 0.001 **) 1.93 ± 1.06 1 (1–3) 209.61
<0.001Test (p < 0.001 **) 2.69 ± 1.34 3 (2–4) 291.94

Item 8
Control (p < 0.001 **) 2.61 ± 1.18 3 (2–3) 300.39

<0.001Test (p < 0.001 **) 1.92 ± 1.12 1 (1–3) 216.23
SD—standard deviation; IQR—interquartile range; * Mann–Whitney U test, ** Shapiro–Wilk test.

Table 10. Comparison of answers provided for Items 5, 6, and 7 according to the analyzed groups.

Groups No Maybe Yes p *

Item 5
Control 163 (48.5%) 57 (42.2%) 11 (29.7%)

0.064Test 173 (51.5%) 78 (57.8%) 26 (70.3%)
Item 6

Control 118 (38.3%) 32 (33.7%) 81 (77.1%)
<0.001Test 190 (61.7%) 63 (66.3%) 24 (22.9%)

Item 7
Control 111 (43.5%) 51 (33.3%) 69 (69%)

<0.001Test 144 (56.5%) 102 (66.7%) 31 (31%)
No.—number; %—percentage; * Fisher’s exact test.
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4. Discussion

The COVID-19 pandemic has had a strong impact on the global healthcare system,
affecting both the economy of health systems [21] and the way patients have accessed
healthcare services. During the pandemic, the use of healthcare fell by about a third
among patients [22]. Dental practices have also been affected by the restrictions imposed
during the pandemic. Restrictive measures maintained for a longer period of time could
lead to financial distress, the most affected being dental practices with high operational
costs [23]. Withholding dental care led to the progression of undiagnosed and untreated
oral diseases [24], and orthodontic treatments were suspended during the lockdown period,
with orthodontists being unable to sustain ongoing treatments. In Romania, a state of
lockdown was established for a period of two months, between March 16 and May 16,
2020 [25].

It is important to determine patients’ attitudes towards restrictive measures and,
especially, towards wearing a protective mask, during the orthodontic treatment, keeping
in mind that face masks cover the orthodontic appliances. For this purpose, we designed
a short questionnaire, comprising only 9 items (8 items for the control group), to which
patients can easily answer in the waiting room, before completing their regular checkup.
The use of questionnaires is an accessible method for collecting data from patients, in
order to conduct a statistical study [26]. Although most research in the field of dentistry
investigating different attitudes during the COVID-19 pandemic is based on questionnaires
applied on online platforms [27,28], websites [29], e-mail addresses of dentists [30] or
patients, or both online and on paper [31], in the present study the paper printed version of
the questionnaire was used for a better selection of patients and for an easier application
of the inclusion and exclusion criteria. Additionally, by completing the questionnaires
in the dental office after a longer period of wearing a face mask, patients were given
clarifications about any questions they could not comprehend. However, completing the
questionnaires in the dental office could make participants feel obligated to respond in a
manner that would positively represent an orthodontic treatment. In order to reduce this
possibility, patients were encouraged to answer freely and honestly, and were assured that
the questionnaires will remain anonymous.

Although there are other studies that have examined the impact of the pandemic
on orthodontic patients, they have attempted to determine the challenges that patients
had and the solutions proposed by them [1]. Our study focused mainly on finding out
information about the patients’ attitudes towards wearing a protective mask during the
orthodontic treatment. We selected adolescent patients because, generally, they are the
main population group receiving orthodontic treatment [32]. The protective mask covers
the middle and lower third of the face, thus covering the teeth in smile and speech. In this
way, the orthodontic appliance is no longer visible. In our study, although the desire of
most patients to undergo the orthodontic treatment was not negatively affected by wearing
a face mask, even though face masks covered their braces, most patients were not happy
to wear a face mask while wearing the orthodontic appliance. In our view, a potential
reason for the unhappiness caused by face mask wearing during the orthodontic treatment
could be that adolescent patients, for the most part, want to have the orthodontic appliance
visible in smile and speech, since they can be viewed as a fashion statement [20]. A type
of fixed braces called “fashion braces” has been developed, with the unique purpose of
imitating an orthodontic treatment, but having no therapeutic effect [20]. In other studies,
however, there is a preference of young patients for less visible appliances, such as clear
aligners [33], while adult patients prefer aesthetic orthodontic appliances [34]. It would be
beneficial to find out if face mask wearing could increase patients’ preferences towards less
esthetic orthodontic appliances, given the fact that they would not be visible while wearing
the protective face mask. Nonetheless, teenagers require further support and stimulation
for continuing to respect the COVID-19 mandatory regulations. They should be involved in
educational programs that help other people understand the benefits of face mask wearing
during the COVID-19 pandemic.
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Most teenagers in this study did not consider that it would be necessary to interrupt
the treatment due to the COVID-19 pandemic. The lack of concern about the fact that
wearing a protective face mask would cover the orthodontic appliance increased with the
age of the respondents, so that patients with higher ages were less concerned about the
fact that wearing a mask would cover the orthodontic appliances (p = 0.001, R = −0.204).
This suggests that younger patients were more eager to have their orthodontic appliance
visible. Generally, people are not concerned about wearing a protective face mask, and
although there is an impression that the anti-mask sentiment is widespread [35], most
studies show that people are willing to follow the authorities’ recommendations and wear
a face mask [35].

Regarding the living environment of the respondents and their attitude towards wear-
ing a protective mask, it can be emphasized that patients living in an urban environment
were more eager to maintain the compulsoriness of face mask wearing, even though the
face mask covered the orthodontic appliances, while patients living in a rural environment
were less eager to maintain the compulsoriness of face mask wearing (p = 0.005). This may
be due to the fact that the rural population engages less in preventive health behaviors than
the urban population [36,37], as other studies suggested.

Regarding the sample size estimation, it is important to highlight the fact that when
the sample size was estimated, an ideal gender allocation ratio of 1:1 was taken into
consideration. The main goal was to determine the minimum number of questionnaires
that had to be completed for each gender. However, more questionnaires than initially
planned were distributed, and we did not want to lose the information obtained through
these forms. We do not consider that the final distribution of patients could influence the
obtained results.

The COVID-19 pandemic and the restrictions connected to it have changed the lives
of patients [38]. Despite some inconveniences caused by wearing protective masks [39],
wearing protective face masks should be encouraged, because they offer a high protection
against the spread of the SARS-CoV-2 virus [40]. Protective face masks, along with proper
ventilation, social distancing [41], and vaccination, are the safest methods to combat the
COVID-19 pandemic [42].

The limitations of this study are related, first of all, to the number of items. It would
be useful to extend the questionnaires and add more items, investigating the attitudes
toward orthodontic appliances, oral health, self-esteem, and the main purpose for wearing
orthodontic appliances. Extending the questionnaire to the adult population would be
beneficial, since it would offer an even more comprehensive view of face mask wearing
during the orthodontic treatment. The application of online questionnaires could allow a
multicenter, national approach of this topic. In this way, data could be collected from several
orthodontic practices from across Romania. However, given the restrictive circumstances
in which this survey was conducted, during the COVID-19 pandemic, we consider it to
be a solid starting point for future research. Even though mask policies are temporary,
the COVID-19 pandemic is still actively causing infections [43], meaning that face masks
may remain useful for an indefinite amount of time. Moreover, there are still areas at risk
of impactful spillover, which could be the starting point of future pandemics [44]. Under
these conditions, face masks could become the new normal.

5. Conclusions

Adolescents wearing fixed orthodontic appliances had a generally positive attitude
towards protective face masks, despite the fact that they covered their orthodontic appli-
ances, most of them not being bothered by the fact that face mask wearing was mandatory
and not being concerned that they must wear a protective mask that would cover their
orthodontic appliances. Usually, boys were less affected by the compulsoriness of face
mask wearing, during the orthodontic treatment, in comparison with girls, and they were
less worried about the possibility of orthodontic treatment suspension than girls. Wearing
a face mask remains one of the key measures in the prevention of the SARS-CoV-2 virus
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spread and should be encouraged. Non-orthodontic patients were more worried about the
fact that they had to wear a protective face mask and more stressed about this issue.
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Abstract: Background and Objectives: Loss of smell is one of the strongest predictors of coronavirus
disease 2019 (COVID-19) and can persist long after other symptoms have resolved. “Long” cases
(>28 days) of smell dysfunction present future challenges to medical and dental professionals, as
there is a lack of evidence on the causes and any exacerbating or relieving factors. This study
aimed to explore the persistence of COVID-19-induced smell loss and association with physical,
lifestyle and oral health factors. Materials and Methods: This study was a cross-sectional survey of
235 participants. Recovery of smell was explored, comparing rapid recovery (≤28 days) with pro-
longed recovery (>28 days). Associative factors included age, sex, illness severity, diet, BMI, vitamin
D supplementation, antidepressants, alcohol use, smoking, brushing frequency, flossing, missing
teeth, appliances and number of dental restorations. Results: Smell loss showed 87% resolution
within 30 days. Prolonged smell loss was significantly associated with older age (mean ± 95%,
CI = 31.53 ± 1.36 years for rapid recovery vs. mean ± 95%, CI = 36.0 ± 3 years for prolonged recov-
ery, p = 0.003) and increased self-reported illness severity (mean ± 95%, CI = 4.39 ± 0.27 for rapid
recovery vs. 5.01 ± 0.54 for prolonged recovery, p = 0.016). Fisher’s exact test revealed flossing was
associated with rapid recovery, with flossers comprising 75% of the rapid-recovery group, compared
to 56% in the prolonged-recovery group (odds ratio ± 95%, CI = 2.26 (1.23–4.15), p = 0.01). All other
factors were not significantly associated (p > 0.05). Conclusions: Increased age and illness severity
were associated with prolonged smell recovery. Use of floss was the only modifiable factor associated
with rapid recovery of smell loss. As 87% of cases resolve within 30 days, future studies may benefit
from targeted recruitment of individuals experiencing prolonged sense loss. This would increase
statistical confidence when declaring no association with the other factors assessed, avoiding type
II errors.

Keywords: COVID-19; anosmia; oral health; dental care

1. Introduction

Alteration and loss of sense of taste and smell was widely observed in patients early
in the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic and
quickly adopted by national and international bodies as a defining symptom of the disease,
alongside fever and cough [1,2]. Indeed, sensory symptoms have been shown as one of the
best predictors of the disease, short of the current gold-standard polymerase chain reaction
(PCR) test [3,4]. A recent meta-analysis suggests sensory symptoms display comparable
negative predictive value (0.78 vs. 0.80) and lower positive predictive value (0.78 vs. 0.98)
when compared to PCR testing [3,5].

While there are relatively abundant reports of the prevalence of sensory symptoms in
COVID-19, there are comparatively few studies on recovery from these symptoms [6,7].
In recent months, primary care dental services have been remobilising as the United
Kingdom (UK) emerges from the worst of the pandemic, with the profession facing several
challenges. Amongst these challenges, there is a likelihood of increased cases of patients
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reporting “long” COVID-19 symptoms, defined as symptoms persisting beyond 4 weeks [8].
Sensory complaints in particular have been shown to persist beyond other symptoms of the
disease [9]. An exact mechanism for the sensory symptoms caused by COVID-19 infection
has not yet been elucidated; however, inflammation is believed to play a key role, either
peripherally at taste and smell receptors or centrally within the central nervous system
(CNS) [10]. This process involves viral entry mediated by binding of viral surface protein
via angiotensin-converting enzyme 2 (ACE-2) expressed on oral and nasal tissues. The
virus may enter and destroy chemosensory cells directly or damage nerve cells involved in
processing chemosensory signals [11]. Indirect damage may occur by locally or systemically
raised inflammatory markers, such as interleukins and Tumour necrosis factor alpha (TNF-
α). A further proposed mechanism is the presence of central hypoxia impairing sensory
function, although there is less evidence for this hypothesis [12]. Interestingly, unlike with
other respiratory viruses, smell loss appears to be independent of any nasal congestion [13].

The present study is a cross-sectional survey of individuals who have suffered COVID-
19 and focuses on the recovery of smell in association with factors such as age; sex; smoking;
alcohol use; and diet and dental factors, such as frequency of brushing, flossing, number of
missing teeth, restorations and wearing appliances. The survey was hosted on the news-
aggregator website reddit, in the community reddit.com/r/COVID19positive. Such an
approach allows for crowdsourcing of responses, with over 170 studies relating to COVID-
19 having been hosted at time of writing [14]. The rationale for selecting these variables
stemmed from early observations from the medical community in the first few months
of the pandemic of factors associated with COVID-19 infection. Many studies focused on
outcomes such as hospitalisation, need for ventilation or mortality, with smell loss being
considerably less studied. Other factors were chosen based on pre-existing associations
with smell function, predating the COVID-19 pandemic. Age was observed as major risk
factor for disease severity and mortality, and males were also observed to experience more
severe disease early in the pandemic [15,16]. Diet and obesity are major risk factors for
COVID-19 severity [17]; hence, fruit and vegetable intake and body mass index (BMI) were
included in this study. Similarly, vitamin D deficiency was implicated in disease severity
early in the pandemic, as well as in smell function [18,19]. Alcohol consumption was also
recognised as an early risk factor for severe disease [20], as was smoking [21], which is
a long recognised adverse health behaviour. Smoking is also known to diminish smell
function in the absence of other disease [22].

Considerably less was known about the relation between oral health and COVID-19
in the early stages of the pandemic. The rationale for exploring oral hygiene, particularly
flossing, was due to the observations that periodontal disease is associated with localised
and systemic inflammation, which can impair immune function. Periodontal pockets may
also harbour COVID-19 virions, representing a mechanism of entry via the oral cavity [11].
Furthermore, assessment of missing teeth not due to trauma or orthodontics is an indicator
of past periodontal disease, and a recent study found 70% of COVID-19 patients had lost
teeth due to severe periodontal disease [11]. The evaluation of dental restorations and oral
appliances was related to the role of oral biofilms in modulating taste and smell function
via retronasal olfaction [23,24]. Factors such as appliance wearing, tooth brushing habits
and the restorative state of the dentition are recognised as modifying the oral microbiome,
which, in turn, may alter oral function [25]. While less studied than the oral microbiome,
the nasal microbiome may similarly have an impact of the process of olfaction [26], and
its composition has been implicated in differentiating COVID-19 patients pre- and post-
recovery [27].

The aim of this work was to investigate associations between self-reported smell loss in
COVID-19 and biometric, lifestyle and oral health factors. The rationale for exploring these
factors was to add to the literature base, particularly for medical and dental professionals
who may encounter patients experiencing delayed smell recovery. Such cases are observed
to occur with increasing frequency both in the authors’ clinical practice and the wider
literature [28]. Findings from this work are also intended to provide exploratory pilot data
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to serve as an indicator for future research directions related to smell loss in COVID-19,
primarily by providing a baseline for sample size and split based on the distribution pattern
of smell recovery.

2. Materials and Methods

2.1. Ethical Approval

This study was approved by the University of Dundee School of Health Sciences and
Dentistry ethics committee (ref: UOD\SDEN\STAFF\2020\017, 25 June 2020).

2.2. Survey Design and Dissemination

A survey was designed using JISC Online Surveys (JISC, Bristol, UK) and hosted
on https://www.reddit.com/r/COVID19positive (accessed on 10 March 2021), following
written approval from the site administration team. The survey was open to individuals
18 years old or above who had suffered COVID-19 infection between March and August
2020, diagnosed by PCR test, a medical professional or self-diagnosis, where symptoms
included acute changes to smell and/or taste. The survey was closed to respondents in
October 2020. A breakdown of the variables explored is described below, and the full
survey can be found in Supplementary Data S1.

2.3. Sample Size and Statistical Power

Based on a 95% confidence level, p = 0.05 and a precision of ±5%, a sample size of 400
was deemed necessary as a representation of the study population [29]. Preliminary explo-
ration of early responders experiencing sensory loss suggested a cut-off of ~30 days would
yield a sampling ratio of between 4:1 and 5:1 (recovery ≤ 28 days: recovery > 28 days).
This distribution ratio was sufficient to detect effect sizes differing by 15–20% between
groups with alpha = 0.05 and power = 0.8, based on a sample distribution of 234 (195:39)
participants.

2.4. Data Gathering and Processing

Survey responses were manually processed and coded. Continuous variables were age,
BMI, fruit and vegetable intake and duration of smell loss. Ordinal variables were severity
of smell loss, severity of overall illness and severity of congestion, which were defined
on an 11-point (0–10) scale, with 0 being no effect and 10 being total loss of sensation.
Further ordinal variables were brushing frequency (daily, twice daily, >twice daily), alcohol
consumption frequency (never, monthly, weekly, daily), smoking (never, former, current)
and number of fillings (0, 1–5, 5–10, >10). Binary variables were biological sex, vitamin D
supplementation, antidepressant use, use of floss/interproximal cleaning, missing teeth
(not lost due to trauma, orthodontics or impaction) and appliance wearing. Low numbers
of African and South Asian respondents prevented statistical analysis of ethnicity.

2.5. Statistical Analyses

Analyses and data visualisation were performed in Python3 (Centrum Wiskunde
& Informatica, Amsterdam, The Netherlands) and SPSS 27 (IBM, Armonk, NY, USA).
Variables were inspected and tested for normality (QQ plots and Shapiro–Wilk test). The
relationship between disease severity and recovery times was explored by Spearman’s rank
correlation. A step plot for the duration of recovery for smell loss was created. Differences
between rapid recovery (≤28 days) and prolonged recovery (>28 days) were then explored.
Means were compared by two-tailed t-test or Mann–Whitney test where appropriate. Binary
variables were compared using Fisher’s exact test, and categorical variables were compared
by Pearson’s chi-squared test.
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3. Results

3.1. Resolution of Smell Loss

A total of 421 participants reported some degree of smell, with 235 reporting either
full recovery within 28 days or persisting symptoms beyond this time. A total of 207
participants reported full recovery at the time of completing the survey, allowing for the
creation of a recovery curve (Figure 1). The recovery curve indicates that within 14 days,
64% of cases had resolved, and within 30 days, 87% had resolved, rising to 96% resolution
within 90 days, whereas only two cases (<1%) persisted beyond 120 days.

Figure 1. Recovery curve for smell loss, n = 207.

3.2. Differences between Rapid (≤28 Days) and Prolonged (>28 Days) Recovery

In total, 235 individuals were analysed with regards to smell loss, composed of 173 in-
dividuals who reported resolution in under 28 days and 28 individuals who reported smell
loss persisting beyond 30 days. A full breakdown of the statistical analyses is presented
in Table 1. The main significant findings were that individuals with prolonged recovery
were, on average, older than individuals in the rapid-recovery group. Mean and 95% CI
age for rapid smell recovery was 31.53 (30.17–32.88) years, compared to 36.0 (33.0–39.0) for
prolonged recovery, p = 0.003. Data are presented graphically in Figure 2a.

Figure 2. (a) Comparison of age between rapid and prolonged smell recovery; p-values are for
two-tailed t-test. (b) Comparison of illness severity between rapid and prolonged smell recovery;
p-values are for Mann–Whitney test.
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Table 1. Comparison of short (≤28 days) and long (>28 days) smell loss.

Variable Test
Short Smell Loss (≤28 Days)

Mean ± 95% CI
Long Smell Loss (>28 Days)

Mean ± 95% CI
Test Statistic p-Value

Age t-test 31.53 (30.17–32.88) 36.0 (33.0–39.0) −3.04 0.003 **

BMI t-test 26.81 (25.95–27.69) 25.92 (24.64–27.20) 1.077 0.28

Fruit/vegetable
intake t-test 2.91 (2.66–3.16) 3.07 (2.62–3.52) −0.608 0.54

Illness severity Mann–
Whitney 4.39 (4.11–4.66) 5.01 (4.58–5.55) −2.42 0.016 *

Smell-loss
severity

Mann–
Whitney 8.47 (8.12–8.83) 8.58 (7.93–9.24) −0.77 0.44

Congestion Mann–
Whitney 3.08 (2.64–3.53) 2.72 (1.92–3.52) −0.10 0.32

Sex Fisher’s exact
M 64 (65) M 24 (23)

NA 0.88
F 109 (108) F 38 (39)

Vitamin D Fisher’s exact
No 149 (151) No 56 (54)

NA 0.27
Yes 24 (22) Yes 6 (8)

Antidepressant Fisher’s exact
No 155 (155) No 56 (56)

NA 0.54
Yes 18 (18) Yes 6 (6)

Flossing Fisher’s exact
No 44 (52) No 27 (19)

NA 0.01 **
Yes 129 (121) Yes 35 (43)

Missing teeth Fisher’s exact
No 145 (145) No 53 (53)

NA 0.83
Yes 23 (23) Yes 9 (9)

Appliances Fisher’s exact
No 138 (140) No 52 (50)

NA 0.57
Yes 35 (33) Yes 10 (12)

Brushing freq. Pearson’s
Chi2

Daily 40 (34) Daily 32 (38)

3.88 0.142 × day 66 (69) >2 × day 80 (77)

>2 × day 5 (8) >2 × day 11 (8)

Smoking Pearson’s
Chi2

Never 136 (135) Never 47 (48)

0.21 0.90Former 12 (12) Former 5 (5)

Current 25 (26) Current 10 (9)

Alcohol freq. Pearson’s
Chi2

Never 32 (37) Never 18 (13)

4.61 0.20
Monthly 43 (38) Monthly 9 (14)

Weekly 63 (63) Weekly 23 (23)

Daily 35 (35) Daily 12 (12)

No. fillings Pearson’s
Chi2

None 49 (50) None 19 (18)

1.99 0.57
<5 74 (71) <5 23 (26)

5–10 36 (39) 5–10 17 (14)

>10 14 (13) >10 3 (5)

Fisher’s exact test and Chi2 test observed values are shown, followed by expected values in brackets. * = significant
at p < 0.05, ** = significant at p < 0.01.

A further significant difference was found for severity of illness when comparing
smell-loss recovery. Severity was 4.39 (4.11–4.66) in the rapid-recovery and 5.01 (4.58–5.55)
in the prolonged-recovery group, p = 0.016. Data are presented in Figure 2b. Interestingly,
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severity of smell loss itself did not differ between the recovery groups. Smell loss severity
was 8.47 (8.12–8.83) vs. 8.58 (7.93–9.24), p = 0.44, for rapid vs. prolonged smell recovery.

Of the lifestyle and oral-health parameters analysed, the only significant difference
was for the use of floss. A higher proportion of flossers was found in the rapid-recovery
groups compared to the prolonged-recovery group. The observed distribution was 129/173
(75%) in the rapid smell recovery compared to 35/62 (56%) in the prolonged smell recovery,
odds ratio = 2.26 (1.23–4.15), p = 0.01. Flossing and age were found to be statistically
independent when comparing mean age of flossers and non-flossers by t-test, p = 0.68.
As shown in Table 1, distributions for the other analyses were generally very close to the
expected values, with no significant differences between rapid and prolonged recovery.

4. Discussion

4.1. Pattern of Smell Recovery

The present study aimed to investigate factors that may be linked to the delayed
recovery of smell due to COVID-19. We observed recovery of smell at 14 days to be 64%,
which is slightly lower than some studies in Korean and Chinese populations, reporting
75% and 80% recovery at two weeks, respectively [30,31]. It has been reported, however,
that East Asian populations experience reduced incidence of sensory dysfunction compared
to Caucasian populations [32], although whether this also applies to recovery duration
is unknown. In contrast, a study of Italian participants found recovery of both senses
at two weeks to be as low as 50% [33]. We did observe 95% recovery of smell at two
months, whereas others report recovery of 80–88% [1,34]. Furthermore, there are reports
of chemosensory dysfunction at six months in 14% of individuals, a considerably higher
proportion than was observed in our sample (<1%) [3].

4.2. Differences between Rapid and Prolonged Recovery

Our findings suggest that individuals reporting prolonged sensory recovery were
significantly older and reported a more severe overall disease than those reporting rapid
recovery. Such an association with age has been reported by others, with individuals
>40 years reporting slower recovery of smell than those <40 years old [35]. Other work has
found age is not a prognostic factor for smell recovery, and literature is sparse with respect
to taste recovery [36,37]. Literature is similarly divided on the relationship between sensory
recovery and severity of both disease and individual sensory loss. The present study found
prolonged smell recovery was associated with significantly higher overall disease severity,
although no difference was found for severity of smell loss. Other studies do not report a
relationship between disease severity and recovery [31], whereas there are mixed reports
associating severity of chemosensory loss with recovery time [1,34,38]. Interestingly, nasal
congestion has been positively associated with smell recovery, a finding that the present
study did not replicate [35].

To our knowledge, there are no reports to date investigating the relationship be-
tween oral-health behaviour and lifestyle and sensory recovery post-COVID-19. The only
significant difference was found for flossing, which was more prevalent in the rapid-
recovery group. The presence of periodontal disease has been previously associated with
reduced COVID-19 outcomes, although sensory-dysfunction recovery was not specifically
assessed [39,40]. Potential explanations for this include a baseline level of inflammation in
periodontitis patients, with periodontally compromised COVID-19 patients having higher
levels of C-reactive protein (CRP) [39]. Further evidence has linked CRP with adverse
oral health and increased COVID-19 severity [41]. Other inflammatory markers, such as
interleukin-6, have been shown to be raised in periodontal disease [41], and interleukin-6
has been shown to be inversely linked with sensory recovery [42]. The present study did
not clinically examine periodontal disease, for example, by quantifying pocket depth and
bleeding indices. Daily flossing has been shown to significantly reduce clinically measured
gingival inflammation and thus bleeding [43,44], indicating daily flossing is associated
with greater gingival health and reduced inflammation. Mechanistically, this observation
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ties in with previous hypotheses for local mechanisms of COVID-19 infection, such as viral
infiltration of locally inflamed periodontal pockets [11] or increased systemic inflammatory
markers due to prior periodontal infection [39]. Furthermore, many periodontal pathogens,
such as Porphyromonas Gingival and Treponema Denticola, have been implicated in systemic
inflammatory disease in organs such as the liver, heart and joints [45]. Increased peri-
odontal pathogens have also been associated with neurological degeneration, particularly
smell, in Parkinson’s disease [46]. The management of periodontal pathogens via antiseptic
mouthwashes is also a recognised clinical approach [47] and has been demonstrated to
have efficacy for COVID-19 viral-load reduction [48]. The present work did not ask about
mouthwash use, however, as alteration of taste perception can be induced by chlorhexidine
itself [49].

4.3. Limitations

There are several limitations in the present study. The self-reporting nature of symp-
toms may result in under-recognition of the symptoms when compared to objective mea-
sures of smell loss [50]. Nevertheless, successful research of sensory loss has been conducted
by similar means [51–53]. The demographics of our sample were imbalanced with regard to
ethnicity, precluding statistical analysis. This was largely due to lower numbers of African
and South Asian participants. As adverse COVID-19 outcomes have been reported for
both groups, exploration of sensory symptoms in these groups is a key area for future
research [54,55]. As most participants did not report prolonged sensory loss, statistical
power in our sample distribution could only reliably detect relatively large effect sizes
due to the imbalance between early and prolonged recovery. This is true of all datasets
in this area of research. Thus, type II errors may be increased in our sample; however,
based on our observed distributions for most variables, any statistically significant effect
size would be unlikely to translate into clinical significance. A further limitation lies in the
inclusion of cases diagnosed by a doctor or self-diagnosed based on symptoms. Further
analyses of PCR tests confirmed cases do yield the same pattern of significant results at
the α = 0.05 level (Supplementary Table S1). Given the nature of inequitable access to
testing at the stage of the pandemic when this survey was conducted, particularly in the
USA, where most participants were from, the decision to include those unable to access a
test was made [56]. Finally, we recommend cautious interpretation of the association of
flossing and sensory recovery, which, of course, cannot be interpreted as causative. For
example, flossing may be an inadvertent indicator of a generally more health-focused
individual or perhaps someone more compliant and receptive to healthcare advice. Despite
a statistically significant difference in flossers between smell-recovery groups (75% of rapid
smell recovery vs. 58% of prolonged smell recovery) the clinical significance cannot be
automatically assumed.

5. Conclusions

The present work found that smell was recovered following COVID-19 within 30 days
in 87% of cases. Age and disease severity were positively associated, and use of floss
was negatively associated with prolonged recovery (>28 days) of smell. Non-significant
factors for sensory recovery included sex, diet, BMI, vitamin D, antidepressants, alcohol
use, smoking, brushing frequency, missing teeth, appliances and number of restorations.
Several previous studies have related periodontal disease with adverse COVID-19 out-
comes, including ventilator use and mortality. The present work adds to the literature
by suggesting recovery of smell loss may also be associated with flossing, supporting
previous hypotheses of viral entry via inflamed gingival sulci. The other findings linking
smell recovery with age and illness severity and the lack of association between the other
factors studied adds to the collective understanding of COVID-19. Within the limitations
of this study, further research and studies with higher participant numbers are needed to
increase confidence in the lack of associations found to minimise the risk of type II errors.
Future work will benefit from targeted recruitment of patients experiencing prolonged
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symptoms; our study suggests these comprise 13% of patients. Focus on these patients may
also be highly useful in further elucidating the mechanism of COVID-19-induced smell
dysfunction, for example, by exploring their oronasal tissue expression of ACE-2 or their
oral and nasal microbiomes.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/medicina58020283/s1, Data S1: Information for participants and questionnaire, Table S1:
Comparison of short (≤28 days) and long (>28 days) smell and taste loss only in participants with
confirmed PCR test (n = 118). For Fisher’s exact test and Chi2 test, observed values are shown,
followed by expected values in brackets.
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Abstract: Background and Objectives: “Coronavirus Disease 2019” (COVID-19) is a critical public
health problem that has affected all fields, including dentistry. The dental management of children
has become even more difficult during the COVID-19 pandemic. The purpose of this study was to
evaluate the current knowledge, attitudes and practices of Turkish pediatric dentists who have been
providing dental treatments to children during the COVID-19 pandemic. Materials and Methods: After
receiving ethical approval, this cross-sectional study was conducted using the Google Forms online
survey instrument. An online questionnaire link was sent to all the members of the Turkish Society
of Paediatric Dentistry by e-mail and through social media. Statistical analyses were performed
using descriptive statistics and Chi-square test; a p-value less than 0.05 was considered statistically
significant. Results: A total of 200 pediatric dentists participated in this study and most of them
(82%) only performed emergency dental treatments, whereas 18.5% performed both emergency and
routine dental practices during the COVID-19 pandemic. The vast majority (72.5%) of pediatric
dentists prescribed antibiotics and analgesics to their patients who were not cooperative with non-
pharmacological behavior management techniques. The findings of the current study showed
that the Turkish pediatric dentists had a good level of knowledge about COVID-19, satisfactorily
conducted most of the infection control measures before and after the dental treatments, and attached
importance to the use of PPEs; however, infection control measures during the dental treatments
could be implemented better. Conclusions: Along with all precautions, the vaccination of healthcare
workers and requesting a recent test result from patients showing a lack of COVID-19 disease before
dental appointments could be used as effective infection control measures. Additionally, pediatric
dentists should continue to follow local and universal guidelines, and education programmes should
be frequently implemented in order to keep their COVID-19 management strategies up to date.

Keywords: anxiety; behavior management; children; coronavirus; COVID-19; infection control; oral
health; pediatric dentistry; personal protective equipment; questionnaire

1. Introduction

“Coronavirus Disease 2019” (COVID-19) became a critical public health problem after
it was first detected in Wuhan, China towards the end of December 2019; the International
Committee on Taxonomy of Viruses subsequently reported the name of the new coronavirus
responsible for the disease to be SARS-CoV-2. From the beginning of the pandemic, despite
all the measures taken to control viral spread, COVID-19 cases emerged worldwide, which
indicates that the pandemic has yet to be effectively controlled [1,2]. The SARS-CoV-2
virus is known to be highly contagious, and the possible transmission routes include direct
transmission with respiratory droplets through coughing and sneezing, contact with saliva,
eye and blood, airborne transmission, indirect transmission via contact with fomites, and
fecal–oral transmission [3]. In terms of the risk of COVID-19 exposure, healthcare workers
who are constantly in physical contact with patients are among the risk groups. Dentists
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are recognized to be the highest-risk group among healthcare workers because the required
distance for prevention is unobtainable during dental practices, and there is an increased
risk of contamination with SARS-CoV-2 through the aerosols and droplets created while
performing clinical procedures [1,4,5]. Thus, in order to control viral spread, daily dental
practices were reduced/stopped in regions where COVID-19 was widespread, and only
emergent/urgent cases were treated [2].

Although COVID-19 vaccinations have been started around the world, widespread im-
munization requires time and dental professionals are still at high risk of cross infection [5].
Furthermore, pre-symptomatic and asymptomatic patients are both primary sources of
SARS-CoV-2 transmission, because at the time of contact, they display no warning signs
or symptoms [6]. Pediatric dentists are at higher risk due to the fact that children present
nonspecific/mild symptoms, or they could be asymptomatic. Therefore, all child patients
and parents should be regarded as potential carriers of COVID- 19 unless confirmed other-
wise [7]. Standard infection control procedures applied in daily clinical routines will not
be as effective and sufficient for proper protection during the COVID-19 era. The World
Health Organization (WHO), the American Dental Association (ADA) and The Centers
for Disease Control and Prevention (CDC) recommend that dental practices and hospitals
implement rigid and effective infection control protocols to ensure that dentists and dental
staff prevent the spread of COVID-19. It is important to prevent the spread of the infectious
disease with the precautions applied before the patient comes to the clinic, in the waiting
room, during and after the treatment in line with the protocols that dental health personnel
must adopt [8]. The WHO has defined this pandemic, of which countries will be at different
stages at different times, as having six distinct phases. The planning and treatment options
applied in the acute phase of the COVID-19 pandemic may change in the later stages.
Therefore, it is difficult to give universal guidelines, which means that it is important to
comply with local updated guidelines [7]. At the beginning of the COVID-19 pandemic, the
Turkish Association of Paediatric dentistry responded quickly and published guidelines in
the Turkish language in order to raise the knowledge and awareness of pediatric dentists
in Turkey. Dental teams must follow the instructions and guidelines for better and safer
practice during the COVID-19 pandemic [8–10].

According to all this information, the purpose of this study was to evaluate the
current knowledge, attitudes and practices of Turkish pediatric dentists who have been
providing dental treatments during the COVID-19 pandemic, and to compare and interpret
the findings with other studies. The hypothesis of this study was that Turkish pediatric
dentists have sufficient knowledge, attitudes and practices about COVID-19. It is predicted
that the COVID-19 pandemic will ultimately end like the ones before, but the procedures
applied/not applied and experiences evaluated will provide valuable learning for future
possible epidemics. Additionally, this study aims to share and transfer the experiences,
opinions and needs of Turkish pediatric dentists with other pediatric dentists during the
pandemic period, and can therefore be considered as a guiding study in this field.

2. Materials and Methods

Ethical approval for this cross-sectional study was obtained from the Research Ethics
Committee of Near East University (YDU/2020/79-1083). The study was conducted us-
ing the Google Forms (Google LLC, Menlo Park, CA, USA) online survey instrument.
The sampling frame for this study comprised pediatric dentistry specialists and post-
graduate students in pediatric dentistry who worked at a state university hospital, state
clinic/center/hospital, private university hospital, or private practice/clinic/hospital in
Turkey and the Turkish Republic of Northern Cyprus. The self-administered questionnaire
prepared in Turkish was firstly piloted on 20 colleagues in order to ensure its clarity and
feasibility. The English language version of the questionnaire can be found in Supplemen-
tary File S1 (See Supplementary Materials). After making minor changes, the questionnaire
was deemed to be comprehensible and no other corrections were required. First of all, the
online questionnaire link was sent to all the members of the Turkish Society of Paediatric
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Dentistry by e-mail. In addition, pediatric dentists were invited to participate via the
Facebook groups of Turkish pediatric dentists as well as WhatsApp. Attempts were made
to reach all pediatric dentists working in all cities across the country. Participation in the
study was voluntary and identification information was not collected from the participants.
Information about the study was included in the form and the participants provided their
consent to participate before observing the content of the questionnaire. Thus, participants
participated voluntarily in the study. The data collection was performed from June 2020 to
September 2020. The questionnaire consists of 40 questions divided into 5 parts in order
to assess the knowledge, attitude and practice of Turkish pediatric dentists during the
COVID-19 pandemic. The first part of the questionnaire consists of demographic data
including the region, gender, age, years of practice, education status and institution of
participants. In addition, this part includes questions related to the participants’ working
experience during the COVID-19 pandemic. The second part of the questionnaire includes
questions aimed at assessing the knowledge of the pediatric dentists related to the COVID-
19 pandemic. The third part includes the attitudes of participants when encountering a
child patient or parent who had signs or symptoms of acute respiratory tract infection, and
attitudes towards personal protective equipment (PPE) usage. The fourth part includes
emergency situations encountered by participants during the COVID-19 pandemic. The
final part includes infection control measures applied before/during/after dental treat-
ments and participants’ practice measures when treating non-cooperative children during
the COVID-19 pandemic.

Statistical Analysis

In this study, IBM SPSS-21 software was used for statistical analysis. The mean,
standard deviation, frequency and percentage distributions of the variables were found
with descriptive statistics. With the Chi-square analysis applied to the categorical variables,
we observed whether they had a statistically significant difference. As a result of categorical
data analysis, those with a p-value less than 0.05 were considered statistically significant
and are indicated in the tables.

3. Results

A total of 200 pediatric dentists participated in this study. The majority of the par-
ticipants were from Turkey (96%), and the remainder were from the Turkish Republic of
Northern Cyprus (4%). Additionally, most of the pediatric dentists were female (86%) and
only 14% were male. In total, 47% of all pediatric dentists were between 20 and 30 years of
age, 40% were 31–40 years of age, 11.5% were 41–50 years of age and only 3 pediatric den-
tists were 51 years of age or over. In total, 40% of participants were postgraduate students
in pediatric dentistry, whereas 60% were pediatric dentistry specialists. Approximately
57% of all pediatric dentists worked in a state institution and 43.5% in a private institution.
Among them, 64% of the study participants were academicians working in either state or
private university hospitals (Table 1).

The vast majority of pediatric dentists (96%) reported that their working time de-
creased and 75% continued to live with their family during the COVID-19 lockdown
period. None of the participants had a COVID-19 infection prior to participating in the
study. Family members of three of the pediatric dentists had COVID-19 infection. Further-
more, 46 pediatric dentists’ colleagues (healthcare workers in the same institution) also had
COVID-19 infections. Only four female pediatric dentists worked in the filiation team and
55% of all participants had attended a webinar on COVID-19 (Table 2). The highest rate of
participation in a webinar programmer was found at private university hospitals (77.4%)
(p < 0.05).
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Table 1. Participants’ demographic data.

n %

Region
Turkish Republic of Northern Cyprus 8 4

Turkey 192 96

Gender
Male 28 14

Female 172 86

Age

20–30 94 47
31–40 80 40
41–50 23 11.5
51–60 2 1
≥60 1 0.5

Years of Practice In Pediatric Dentistry

0–5 92 46
6–10 56 28
11–20 46 23
21–30 5 2.5
≥31 1 0.5

Education Status
Pediatric Dentistry Specialist 120 60

Postgraduate student in Pediatric Dentistry 80 40

Institution

State University Hospital 97 48.5
State Clinic/Center/Hospital 16 8
Private University Hospital 31 15.5

Private Practice/Clinic/Hospital 56 28

Table 2. Participants’ working experience during the COVID-19 pandemic period.

Questions Yes (n/%) No (n/%)

Did you continue to live with your family while working
during the COVID-19 lockdown period? 150 (75) 50 (25)

Have you had COVID-19 infection? 0 200 (100)

Have any of your family members had a COVID-19 infection? 3 (1.5) 197 (98.5)

Have any dentists and healthcare personnel working in your
institution had a COVID-19 infection? 46 (23) 154 (77)

Have you attended a webinar on COVID-19? 110 (55) 90 (45)

Have you worked in the filiation team? 4 (2) 196 (98)

Did your working time decrease during this period? 192 (96) 8 (4)

When pediatric dentists were asked about the symptoms of COVID-19, almost all of
them knew the main symptoms, such as fever (99.5%), shortness of breath (98%) and dry
cough (97%). Approximately 90% of all participants knew about asymptomatic infection
joint or muscle pain (82.5%) and sore throat (79%). The least known symptoms were
diarrhea (66.5%), sore eyes (51%), vomiting (46.5%), runny nose (37.5%) and skin rash
(35%). Only 29.5% of all participants reported all of these as symptoms of COVID-19.
Furthermore, pediatric dentists were asked about the transmission routes of COVID-19. All
pediatric dentists knew about direct transmission via respiratory droplets through coughing
and sneezing. Some participants listed contact with saliva (94%), indirect transmission
through contact with fomites (89.5%), airborne transmission (87.5%) and contact with the
eye (85%). The least known transmission routes were fecal–oral transmission (58%) and
blood (53.5%) (Table 3).
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Table 3. Knowledge of participants related to symptoms and transmission routes of COVID-19.

n (%)

Symptoms

Fever 199 (99.5)

Dry cough 194 (97.0)

Shortness of breath 196 (98.0)

Diarrhea 133 (66.5)

Vomiting 93 (46.5)

Runny nose 75 (37.5)

Sore throat 158 (79.0)

Sore eyes 102 (51.0)

Skin Rash 70 (35.0)

Joint or muscle pain 165 (82.5)

Without Symptoms 181 (90.5)

All of them 59 (29.5)

Transmission Routes

Direct transmission through: Coughing, sneezing 200 (100)

Saliva 188 (94.0)

Eye 170 (85)

Blood 107 (53.5)

Fecal–oral transmission 116 (58)

Airborne transmission 175 (87.5)

Indirect transmission through contact with fomites 179 (89.5)

All pediatric dentists stated that information such as “Dental Healthcare workers are
at high risk of being infected with COVID-19 when compared with the general population,”
and “Aerosol and droplets formed during dental treatment, increase the risk of spread
and transmission of COVID-19” were true. Regarding other statements, the vast majority
of pediatric dentists said that the information was true, as shown in Table 4. However,
75% of participants said that the statement “Virus detection from saliva samples can be a
diagnostic method” was true, and 57.5% of participants acknowledged that the statement
“Protection with mask is not recommended for children under 2 years of age and children
unable to remove mask without assistance” was true (Table 4).

Common infection control practices used in the participants’ institutions before den-
tal treatment included “establishing pre-control staff at the institution for screening the
temperature with non-contact thermometer and checking appropriate use of face masks”
(86.4%), “posting signs and posters at the entrance of the waiting room and in the areas
visible to patients to provide instructions about social distance, hand hygiene and res-
piratory hygiene measures” (81.8%) and “in the waiting room, applying social distance
rules, and asking some of the patients to wait outside the building if necessary” (81.3%)
respectively. Approximately 70% of the participants obtained medical and dental anam-
nesis from pediatric patients and parents. Other infection control measures were used at
rates varying between 70 and 80%. Approximately 57% of participants reported removing
toys or reading materials that could be touched by other children in their institutions. All
infection control measures used in the institutions of participants before dental treatment
are shown in Table 5.
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Table 4. Knowledge of participants related to the statements about COVID-19.

Statement Answer

True False I Don’t Know

Dental Healthcare workers are at high risk of being infected with
COVID-19 when compared with the general population. 200 (100.0) 0 (0.0) 0 (0.0)

A single negative PCR test result does not exclude the possibility of
COVID-19 infection among suspected patients. 195 (97.5) 3 (1.5) 2 (1.0)

Aerosol and droplets formed during dental treatment increase the risk of
spread and transmission of COVID-19. 200 (100.0) 0 (0.0) 0 (0.0)

Pediatric patients present additional risks of transmission due to the use
of appliances, difficulty in using personal protective equipment, and

coming to the clinic with one or more parents.
197 (98.5) 3 (1.5) 0 (0.0)

Children can be asymptomatic or present mild, non-specific symptoms. 191 (95.5) 4 (2.0) 5 (2.5)

Asymptomatic patients and pre-symptomatic patients in the incubation
period could be carriers of COVID-19. 198 (99.0) 0 (0.0) 2 (1.0)

All child patients and parents should be considered as potential carriers
of COVID-19 unless proved otherwise. 194 (97.0) 5 (2.5) 1 (0.5)

Virus detection from saliva samples can be a diagnostic method. 150 (75.0) 11 (5.5) 39 (19.5)

Protection with mask is not recommended for children under 2 years of
age and children unable to remove mask without assistance 115 (57.5) 27 (13.5) 58 (29.0)

Table 5. Infection control practices used in institutions of participants before dental treatment.

n (%)

Posting visual public notices for all visitors to the building entrances including signs and symptoms
of COVID-19 and warning not to enter into the facility if they are exhibiting any of these symptoms. 156 78.8

Triaging dental patients by phone or online conferencing in order to decide the urgency of dental
condition and COVID-19 risk status of patients. 120 60

Establishing pre-control staff at the institution for screening the temperature with a non-contact
thermometer and checking appropriate use of face masks. 171 86.4

Questioning the travel history and presence of symptoms of everyone before entering the building. 143 72.2

Taking medical and dental anamnesis from pediatric patients and parents. 141 70.5

Placing hand sanitizer and asking children and parents to use it while entering the clinic. 145 73.2

Posting signs and posters at the entrance of the waiting room and in the areas visible to patients to
provide instructions about social distancing, hand hygiene and respiratory hygiene measures. 162 81.8

Scheduling appointments of patients at times not close to each other in order to prevent crowding
and establishment of the time required for disinfection and ventilation. 142 71.7

In the waiting room, applying social distance rules, and asking some of the patients to wait outside
the building if necessary. 161 81.3

Ensuring that the pediatric patient comes to the clinic with a single accompanying person. 135 67.5

Removing toys or reading materials that could be touched by other children. 112 56.6

Forty-four pediatric dentists reported that they had encountered a child patient or
parent who had signs and symptoms of acute respiratory infection. Among them, 14 (31.8%)
pediatric dentists referred these patients to hospital after treating the patient, 28 (63.6%)
referred the patients to the hospital with a medical mask without conducting the treatment
and 2 (4.5%) refused to treat the patients and asked them to leave the clinic. On the other
hand, 156 pediatric dentists reported that they had not encountered a child patient or
parent who had signs and symptoms of acute respiratory infection. However, if they
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were faced with such a situation, 24 (15.4%) pediatric dentists said they would refer these
patients to hospital after treating the patient, 110 (70.5%) said they would refer the patient
to a hospital with a medical mask without conducting the treatment, and 22 (14.1%) would
refuse to treat the patient and would ask them to leave the clinic (Table 6) (p < 0.05).

When the pediatric dentists were asked about the dental procedures they practiced
during the COVID-19 pandemic, the vast majority (82%) said they only performed emer-
gency dental treatments, whereas 37 (18.5%) performed both emergency and routine dental
practices. The most common emergency situations were reported as severe pain caused
by pulpal inflammation (94%), abscess or bacterial infection causing localized pain and
extraoral swelling (86.5%), luxations, dental avulsions (41%), dental fractures causing
pain or soft tissue injuries caused by trauma (35.5%), and the aerosol-free treatment of
temporary restoration loss/fractures (27%), respectively. Other emergency situations are
also presented in Table 7.

Table 6. Attitudes of participants when faced with a child patient or parent who had signs and symptoms of acute
respiratory infection.

What Would Your Attitude Be in Such a Situation?

pI Refer Them to the
Hospital after Treating

the Patient (n/%)

I Refer the Patient to the
Hospital with Medical

Mask without Conducting
Treatment (n/%)

I Refuse to Treat the
Patient and Ask

Them to Leave the
Clinic (n/%)

Total
(n/%)

Have you encountered a child patient or
parent who had signs and symptoms of

acute respiratory infection?

Yes 14 (31.8) 28 (63.6) 2 (4.5) 44 (100)
0.021

No 24 (15.4) 110 (70.5) 22 (14.1) 156 (100)

Pearson Chi-square test.

Table 7. Emergency situations encountered by participants during the COVID-19 pandemic period.

n %

Dental procedures performed
during the COVID-19

lockdown period

Emergency dental treatments only 164 82

Routine dental practices 6 3

Both of them 37 18.5

Emergency dental treatment
performed during the

COVID-19 lockdown period

Severe pain caused by pulpal inflammation 188 94

Pericoronitis, pain in the third molar region 0 0

Abscess or bacterial infection causing localized pain and extraoral swelling 173 86.5

Dental fractures causing pain or soft tissue injuries caused by trauma 71 35.5

Luxations, dental avulsions 82 41

Acute and painful lesions/ulcerations of the oral mucosa 39 19.5

Dental treatments of oncology patients who are scheduled for
organ transplantation 21 10.5

Intraoral/extraoral infections that may compromise the patient’s airway 19 9.5

Dental treatments required before general medical procedures 18 8

Aerosol-free treatment of temporary restoration loss/fractures 54 27

Maxillofacial trauma 17 8.5

Adjustment of the orthodontic apparatus if it has caused ulceration or pain
on the oral mucosa 41 20.5

Life-threatening or uncontrolled oral tissue bleeding 6 3

Suture removal 6 3

Breakage of space maintainer 1 0.5
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When the pediatric dentists were asked about PPE usage, scrubs (87%), surgical masks
(90%), face shields (83%), goggles (71%), disposable surgical gowns (70.5%), disposable
gloves (92.5%), and disposable medical caps (83.5%) were found to be used widely in both
aerosol-generating procedures (AGPs) and non-AGPs. N95 respirators were used only in
AGPs by 21%, and used in both AGPs and non-AGPs by 51%. FFP2 respirators were used
in only AGPs by 16%, and were used in both AGPs and non-AGPs by 43.5%. Some PPEs
were reported to have never been used by participants, such as P100 respirators (85.5%),
elastomeric half masks (79%), FFP3 respirators (64%), waterproof shoe covers (61.5%) and
disposable protective coveralls (58.5%). All used PPEs are displayed in Table 8.

Table 8. Participants’ attitudes towards personal protective equipment (PPE) usage.

Only in Aerosol-
Generating Procedures

Used in Both Aerosol Generating and
Non-Aerosol Generating Procedures

Never Used

n % n % n %

Scrubs 11 5.5 174 87 15 7.5

Surgical mask 14 7 180 90 6 3.0

N95 respirator 42 21 102 51 56 28

P100 respirator 10 5 19 9.5 171 85.5

FFP2 respirator 32 16 87 43.5 81 40.5

FFP3 respirator 18 9 54 27 128 64

Goggles 26 13 142 71 32 16

Face shield 29 14.5 166 83 5 2.5

Elastomeric half mask 9 4.5 33 16.5 158 79

Disposable surgical gown 25 12.5 141 70.5 34 17

Disposable protective coverall 35 17.5 48 24 7 58.5

Disposable gloves 14 7 185 92.5 1 0.5

Disposable medical cap 23 11.5 167 83.5 10 5

Waterproof shoe cover 13 6.5 64 32 123 61.5

One hundred and seventy-four (87%) pediatric dentists thought that their PPE in-
creased the anxiety levels of children. In total, 110 (55%) participants explained their PPE to
children by saying that they were wearing an astronaut suit, 52 (26%) said they had become
a superhero, 119 (59.5%) explained the reason, and 43 (21.5%) said they did not give any
explanation. One hundred and sixty-eight (84%) participants paid attention to the proper
order for donning and doffing their PPE, but only 55% of the participants paid attention to
removing their own and other dental healthcare workers’ PPE in a separate isolation room.
In total, 102/168 pediatric dentists who paid attention to the proper order for donning and
doffing their PPE also paid attention to removing their own and other dental healthcare
workers’ PPE in a separate isolation room (p < 0.05). Approximately 80% of participants
encountered burning, stinging, itching, dryness, etc. on their skin due to frequent hand
cleaning and the long-term use of PPE. Furthermore, 141/168 (83.9%) pediatric dentists
who paid attention to the proper order for donning and doffing their PPE also encountered
a situation such as burning, stinging, itching or dryness on their skin due to frequent hand
cleaning and the long-term use of PPE (p < 0.05) (Table 9).
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Table 9. Participants’ attitudes related to PPE.

n %

How did you explain your personal protective equipment to children?

I wore an astronaut suit 110 55
I became a superhero 52 26
I explained the reason 119 59.5
Did not give any
explanation 43 21.5

Other 4 2

Do you think that personal protective equipment increases the anxiety levels of children? Yes 174 87.0
No 26 13.0

Have you paid attention to proper order for donning and doffing your personal protective
equipment?

Yes 168 84.0
No 32 16.0

Have you paid attention to removing your and other dental healthcare workers’ protective
equipment in a separate isolation room?

Yes 110 55.0
No 90 45.0

Have you ever encountered a situation such as burning, stinging, itching, dryness on your
skin due to frequent hand cleaning and long-term use of personal protective equipment?

Yes 161 80.5
No 39 19.5

The infection control practices used by the participants during treatment are displayed
in Table 10. In total, 62% of all participants used manual instrumentation, 59.5% continued
to make patients’ appointments via phone, WhatsApp and social networks, and 56.5%
treated only one patient in a room. Furthermore, 39% of all participants did not let the
parent into the treatment room, while 35.5% applied interim therapeutic restorations
(ITR), 34.5% used high-volume saliva ejectors, 33.5% applied preprocedural oxidative or
antimicrobial mouth rinse, 29.5% used four-handed dentistry, 29% used an aerosol box
and 24.5% used slow-speed handpieces. Rarely used methods included dental extraoral
suction systems (6.5%), rubber-dam (6%), chemomechanical caries removal systems (4.5%),
two before three after hand hygiene (4.5%), and the use of a dental handpiece with anti-
retraction function (2.5%). Only 23.5% of the participants reported that they used an
air water syringe, and 19% used a high-speed handpiece and ultrasonic instruments
(Table 10). When the pediatric dentists were asked about obtaining X-rays from child
patients during the COVID-19 pandemic period, 59.5% stated that they obtained only
panoramic radiographs, 24% obtained both panoramic and intraoral radiographs, 4%
obtained only intraoral radiographs and 12.5% did not obtain any radiographs (Table 10).
Approximately 65% of pediatric dentists reported that they had pediatric patients who
were not cooperative with non-pharmacological behavior management techniques during
the COVID-19 lockdown period (Table 10).

When pediatric dentists were asked about their treatment measures applied to children
who were not cooperative with non-pharmacological behavior management techniques dur-
ing the COVID-19 pandemic period, the vast majority (72.5%) reported that they prescribed
antibiotics and analgesics to their pediatric patients. In total, 33% of participants said they
conducted atraumatic restorative treatment (ART), 11.5% applied general anesthesia and
8% used physical restraining in order to control children’s sudden movements during
dental treatment. It was found that the Hall technique, chemomechanical caries removal,
sedation applications, laser applications and silver diamine fluoride (SDF) applications
were not widely used (Table 11).
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Table 10. Infection control practices used by the participants during treatment.

n %

Which measures did you use while treating pediatric patients
during the COVID-19 lockdown?

Not letting the parent into the treatment room 78 39.0

Treatment of only one patient in a room 113 56.5

Aerosol box 58 29.0

Rubber dam 12 6.0

High-speed handpiece and ultrasonic instruments 38 19.0

Manual instruments, hand instrumentation 125 62.5

Slow-speed handpieces 49 24.5

Dental handpiece with anti-retraction function 5 2.5

Chemomechanical caries removal 9 4.5

Interim therapeutic restorations 71 35.5

Four-handed technique 59 29.5

Air water syringe 47 23.5

Preprocedural oxidative or antimicrobial
mouth-rinse 67 33.5

High-volume saliva ejectors 69 34.5

Dental extraoral suction system 13 6.5

Providing two before three after hand hygiene 9 4.5

Continuing patients’ control appointments via
phone, WhatsApp and social networks 119 59.5

Have you obtained X-rays from your pediatric patients during the
COVID-19 lockdown?

Yes, both intraoral and panoramic radiographs 48 24

Yes, intraoral radiographs only 8 4

Yes, only panoramic radiographs 119 59.5

No 25 12.5

During the COVID-19 lockdown, did you have a pediatric patient
who was not cooperative with non-pharmacological behavior
management techniques?

Yes 129 64.5

No 71 35.5

Table 11. Participants’ practice measures used with children who were not cooperative with non-
pharmacological behavior management techniques during the COVID-19 pandemic period.

n (%)

Use of antibiotics and analgesics 145 72.5

Inhalation sedation 9 4.5

Enteral sedation 2 1.0

Parenteral sedation 2 1.0

General anesthesia 23 11.5

Physical restraining 16 8.0

Atraumatic restorative treatment 66 33.0

Hall technique 9 4.5

Chemomechanical caries removal 7 3.5

Laser applications 1 0.5

Silver diamine fluoride application 6 3.0

None of them 28 14.0

Infection control practices used by the participants after treatment are displayed in
Table 12. The infection control measures used were stated as ventilation of the treatment
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room after each patient (85%), regular disinfection of common areas, door handles, chairs
and tables with 0.1% sodium hypochlorite (72.5%), disinfection of reusable PPE with
70% alcohol after each usage (68%), disinfection of commonly used areas such as dental
unit, dental light, dental X-ray machine after each patient with 70% ethanol, 0.1% sodium
hypochlorite, or 0.5% hydrogen peroxide (66.5%), discharge of medical waste in accordance
with the legislation (64.5%), cleaning and sterilization of the dental hand instruments
immediately after usage (58.5%) and asking children and parents to use hand sanitizer when
leaving the clinic (52.5%). Rarely used measures included fogging system for disinfection
(35.5%), ventilation and air-purifying system (16%), ultraviolet radiation system (9%), and
high-efficacy particulate air (HEPA) filtration system (7.0%).

Table 12. Infection control practices used by the participants/institutions after treatment.

n (%)

Asking children and parents to use hand sanitizer when leaving the clinic. 104 52.5

Disinfecting reusable personal protective equipment with 70% alcohol after each usage. 136 68

Disinfection of commonly used areas such as dental unit, dental light, dental X-ray
machine after each patient with 70% ethanol, 0.1% sodium hypochlorite, or 0.5%

hydrogen peroxide.
133 66.5

Cleaning and sterilization of the dental hand instruments immediately after usage. 117 58.5

Ventilation of the treatment room after each patient. 170 85.0

Regular disinfection of common areas, door handles, chairs and tables with 0.1%
sodium hypochlorite. 145 72.5

Discharge of medical waste in accordance with the legislation. 129 64.5

Fogging system for disinfection. 71 35.5

High-efficacy particulate air (HEPA) filtration system. 14 7.0

Ventilation and air-purifying System. 32 16

Ultraviolet radiation system. 18 9

4. Discussion

This cross-sectional study, which assessed the knowledge, attitudes and practices
of pediatric dentists during the COVID-19 lockdown period, is the first to be conducted
among Turkish pediatric dentists and one of the first studies of its kind worldwide [11–14].
Additionally, this study revealed real-life evidence on the efficacy of the guidelines and
protocols among Turkish pediatric dentists. In this study, most of the participating pediatric
dentists were female (86%) and only 14% were male, which indicates that the number of
female pediatric dentists is higher than males in Turkey. Similar results were also reported
by other studies [11–14]. In addition, the vast majority of participating pediatric dentists
(87%) were young, between the ages of 20 and 40. This might be because of the web-based
nature of the study, and the rate of participation of young people in such studies could
be higher because they spend more time on the internet. Moreover, 64% of the study
participants were academicians working in either state or private university hospitals;
thus, because of their interest in scientific studies, their participation rate might be higher
than others.

Along with the closures that occurred in many parts of the world during the COVID-19
lockdown period, dental clinics were also affected, and many of them were closed [15]. The
results of this study show that the vast majority of pediatric dentists’ (96%) working time
decreased during this period. Similarly, practice closures or reductions have been reported
by previous studies [16–23]. Some reports in the literature have demonstrated that most
dentists accepted that they were at high risk and were afraid of contracting/spreading
the COVID-19 virus to their families [2,18,24,25]. Nevertheless, in this study, 75% of all
pediatric dentists continued to live with their families during the COVID-19 lockdown
period. Similar findings were presented by Duruk et al. [2] and Hua et al. [20]. The results
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of this study reveal that, at the time of our survey study, pediatric dentists and people in
their surroundings had low rates of COVID-19 disease. Similar observations were also
reported in previous studies [17,22–24,26]. The reason for this result might be the closure
of clinics at the beginning of the pandemic and the disruption to interpersonal contact.

The present study showed that 55% of all participants attended a webinar on COVID-19.
Previous studies [2,11,13,20,27–32] showed the various rates of attendance of dentists at
an education program on COVID-19. Contrary to these results, some researchers reported
insufficient training [12,14,33,34]. In this context, continuous training programs are nec-
essary in order to acquire perfect infection management skills for the present and future
possible pandemics.

In order to provide adequate protection, dentists and other healthcare personnel
should be aware of the symptoms and transmission routes of COVID-19 disease. Clinical
findings of COVID-19 infection in children involve runny nose, fever, shortness of breath,
dry cough, muscle or joint pain and gastrointestinal symptoms such as vomiting and
diarrhea [35]. Most of the pediatric dentists in this study knew the main symptoms, such
as fever, shortness of breath, dry cough, joint or muscle pain, sore throat and diarrhea.
However, it was detected that non-respiratory symptoms were not well known. Nearly half
of the pediatric dentists knew about sore eyes and vomiting. The least known symptoms
were runny nose and skin rash. Cai et al. [36] reported that some COVID-19-positive chil-
dren did not present respiratory symptoms as the first manifestation. Therefore, pediatric
dentists should have information about non-respiratory symptoms as well as the main
symptoms of COVID-19. Nevertheless, most of the pediatric dentists in this study were
aware of the possible symptoms of COVID-19 that accompany an infection, in accordance
with the previous studies [11,12,29–33,37–39]. Furthermore, most children can be asymp-
tomatic, and do not show any warning signs to the practitioners; thus, asymptomatic and
pre-symptomatic children significantly increase the transmission [6,40,41]. In this study, it
was found that the vast majority of pediatric dentists (90%) knew that COVID-19 disease
could be asymptomatic.

The potential COVID-19 transmission routes comprise direct transmission with res-
piratory droplets through coughing and sneezing, contact with saliva, eyes and blood,
indirect transmission through contact with fomites, and fecal–oral and airborne trans-
missions [3]. The results of this study reveal that transmission routes are well-known
among Turkish pediatric dentists, but the least known transmission routes were fecal–oral
transmission and blood. The aerosols generated during dental treatment, including blood,
saliva and organic particles, cause air and environmental pollution in the clinic. Thus, it
is very important for dentists to know that the virus can be transmitted through blood.
When dental treatments creating aerosols are conducted, the spread of viruses, bacteria
and germs increases because of the presence of blood and saliva [32]. In the study of Bekes
et al. [12], more than 80% of pediatric dentists specified all the factors related to close
contact with the infection. In another study by Moheb et al. [13], most pediatric dentists
knew the droplet (92.6%) and direct contact (65.8%) modes, but only 34.2% identified the
indirect contact mode of infection. Maru et al. [11] reported that 66.7% of Indian pediatric
dentists were informed about the transmission routes of COVID-19 infection. Most of the
pediatric dentists in this study were knowledgeable about the possible COVID-19 trans-
mission routes, which is in line with other studies [29–32,34,37–39,42,43] in the literature.
On the contrary, Nasser et al. [33] reported poor knowledge among dentists in Lebanon
related to transmission routes of the disease. Being conscious about the symptoms and
transmission routes of COVID-19 is critical in order to not neglect the necessary measures
during dental procedures.

The level of knowledge of participating pediatric dentists was also evaluated by
asking about some important information related with COVID-19 besides the symptoms
and transmission routes. Among these, all pediatric dentists accepted that dental healthcare
workers are at high risk of being infected with COVID-19 when compared with the general
population. Most of the dentists in other reports [12,17,26,31–33,44,45] expressed a similar
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opinion. Estrich et al. [26] declared that non-clinical activities in the dental office could be
a reason for transmission. Banakar et al. [5] stated that dental settings contribute to the
transmission of COVID-19 through AGPs. In the current study, all pediatric dentists stated
that the statement “Aerosol and droplets formed during dental treatment, increase the risk
of spread and transmission of COVID-19” was true. Similarly, in the study of Candeiro
et al. [39], 98.5% of the participants affirmed that COVID-19 can be transmitted during
dental procedures. Furthermore, in another study [31], nearly 74% of participants said that
the dental treatments performed by using high-speed handpieces and ultrasonic scalers
elevate the risk of virus transmission because of the creation of aerosol particles.

In this study, nearly all pediatric dentists knew that children can be asymptomatic or
present mild, nonspecific symptoms, and accepted that asymptomatic/pre-symptomatic
patients in the incubation period could be carriers of COVID-19. Similar observations
were reported by Bekes et al. [12], Arora et al. [31], and Maru et al. [11]. On the contrary,
in the study of Nasser et al. [33], 88.3% of Lebanese dentists agreed with the statement
“Coronavirus does not infect children”. Ahmed et al. [34] reported that most of the partici-
pants (78.7%) in their study knew that COVID-19 affects people from older age groups, but
only 7.6% knew that infants could also be affected. In the study of Martina et al. [24], the
majority of dentists accepted that adolescents and children had the same infection risk as
adults. Asymptomatic carriers are the main cause of transmission and, if present, these
mild symptoms can be easily confused with flu-like symptoms [31]. For this reason, den-
tists should consider each patient as COVID-19-positive and take the necessary precautions
during dental treatments, as nearly all pediatric dentists confirmed this statement in our
study. Furthermore, pediatric patients present additional risks of transmission due to the
use of appliances, the difficulty in using PPE, and patients coming to the clinic with one or
more parent [46]. The results of this study show that 98.5% of pediatric dentists accepted
that this information was true.

It is important to have knowledge of the fact that wearing any type of mask is not
recommended for children younger than 2 years of age and children unable to remove
their mask without assistance. This is because of their small airways and the increased
risk of suffocation [47]. Unfortunately, only 57.5% of participants knew this information
in our study. Moreover, among the detection methods of COVID-19, nucleic acid-based
detection has become reliable and rapid, although a negative result does not mean that the
possibility of COVID-19 infection can be rejected, and it should not be considered as the
only criteria for patient management or treatment determination [48]. In the current study,
nearly all pediatric dentists knew that a single negative PCR test result does not exclude
the possibility of COVID-19 infection among suspected patients. Together with this, saliva
could be a fast, inexpensive and non-invasive method of detecting COVID-19 disease [49].
In this study, 75% of participants agreed that the statement “Virus detection from saliva
samples can be a diagnostic method” was true.

Considering the present study, the vast majority of pediatric dentists had a good level
of knowledge about COVID-19 disease. Although questions evaluating the knowledge
level of dentists might be different among studies, previous studies have also found
that dentists have a good knowledge level as well [11,12,28,30,34,50]. The results of this
study showed that the knowledge level of dentists about COVID-19 is sufficient, but it is
recommended that information should be continuously updated in the following periods
according to the course of the disease, in order to optimize the management of COVID-19.

Many countries have restricted dental treatments and only permitted emergency
treatments during the COVID-19 lockdown period; however, these arrangements were not
long-sighted or economical. Thus, infection control regimens should be revised for the
current pandemic and subsequently for the long-term endemic period [51]. There are im-
portant infection control measures and precautions that each institution should implement
before conducting dental treatments [51–53]. Among these, “posting visual public notices
for all visitors at the building entrances including signs and symptoms of COVID-19 and
warning not to enter the facility if they are exhibiting any of these symptoms” was imple-
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mented by nearly 79% of pediatric dentists’ institutions. In addition, posting signs and
posters at the entrance of the waiting room and in the areas visible to patients to provide
instructions about social distancing, hand hygiene and respiratory hygiene measures was
conducted by 81.8% of participants. Similarly, Moheb et al. [13] reported that nearly 53% of
dentists printed and placed patients’ instructions for cough etiquette and social distancing.
As another infection control measure, 60% of participants triaged dental patients by phone
or online conferencing in order to obtain information on children’s health and COVID-19
risk status, and to determine emergency dental problems in the current study. Furthermore,
nearly the same percentage of pediatric dentists completed their patients’ control appoint-
ments via phone, WhatsApp and social networks. Similarly, triaging dental patients was
reported to have been conducted in previous studies [13,14,16,17,22,23,42,44,54,55].

Along with the infection control measures, employing pre-control staff at the in-
stitution for screening temperatures with a non-contact thermometer and checking the
apropriate use of face masks was conducted by 86.4% of participants in the current study.
This finding was found to be consistent with those of previous studies [14,18,21,26,27,54,56],
but it contradicted the findings of Cagetti et al. [17], Consolo et al. [22] and Izzetti et al. [16],
where taking the temperature of the patients before dental treatments was a practice that
was implemented at a lower rate. Moreover, questioning the travel history and presence of
symptoms of everyone before entering the building was conducted by 72.2% of participants
in this study. Similarly, Ates et al. [54] reported that before the dental treatments, 73.4%
asked if the patient had symptoms, shortness of breath, cough or fever. Contrarily, in the
study of Duruk et al. [2], only 4% of participants conducted this procedure. In addition,
nearly 70% of pediatric dentists obtained medical and dental anamnesis from children and
parents. The dental management of children with special needs and medically compro-
mised children requires careful consideration of their health condition as well during the
COVID-19 pandemic era [40].

As another critical infection control measure, hand washing and/or using alcohol-
based disinfectants before entering the operating room should be encouraged for all
patients [32]. In our study, placing hand sanitizer and asking children and parents to
use it when entering the clinic was conducted by 73.2% of participants. Moheb et al. [13]
reported that nearly 93% of dentists offered alcohol hand sanitizers to patients and parents.
In another study, asking patients to wash their hands was reported by nearly 78% of
dentists in North Italy [17] and nearly 65% of dental hygienists in Italy [42]. According
to Al-Khalifa et al. [56], 68% of participants reported patients’ hand washing/sanitizing
before going into the waiting area. However, in the study of Putrino et al. [32], the usage
of alcohol disinfectant at the entrance for hand cleaning was reported by only 9.7% of
participants. Additionally, scheduling the appointments of patients at times not close to
each other in order to prevent crowding and the establishment of the time required for
disinfection and ventilation was conducted by 71.7% of participants in our study. This
finding is in accordance with the studies conducted by Bekes et al. [12], Cagetti et al. [17],
Nasser et al. [33], and Consolo et al. [22]. Furthermore, applying social distancing rules in
the waiting room, and asking some of the patients to wait outside the building if necessary,
was conducted by 81.3% of participants. Similar procedures were also applied in previous
studies [13,14,16,17,23,42,56].

Ensuring that the pediatric patient comes to the clinic with a single accompanying
person was reported by 67.5% of participants in this study. Similarly, Moheb et al. [13]
reported that nearly 97% of dentists instructed parents that only one accompanying person
was allowed with the child. The results of the study conducted by Bekes et al. [12] showed
that nearly 78% of dentists allowed children to come to their appointments with only one
accompanying person. According to Allevi et al. [21], one of the most frequently used
methods was limiting relatives’ visits (96%). Izzetti et al. [16] also reported that 97.5% of
participants discouraged the presence of accompanying people. Lastly, removing toys
or reading materials that could be touched by other children was conducted by 56.6% of
participants in this study. In line with our findings, dentists in other studies [13,14,16,17,42]
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removed reading materials and other materials that are not easily disinfected. According
to this information, it is obvious that the vast majority of pediatric dentists in this study
satisfactorily conducted most of the mentioned infection control measures before the dental
treatments. However, procedures including removing all unnecessary materials in the
dental office, triaging patients and only allowing one person to accompany the child could
be better implemented.

CDC and ADA guidance reports that active COVID-19 patients and patients exposed
to a person with confirmed/suspected COVID-19 infection, and patients who had been in
countries under a travel ban, should not be treated in dental clinics. If emergency/urgent
dental care is needed, patients should be assessed for COVID-19 symptoms. Patients who
have/do not have fever together with signs and symptoms of acute respiratory infection
need to go to the emergency department of a hospital for infection control and treatment
measures. If patients do not have fever and signs and symptoms of acute respiratory
infection, or only have fever, they can be treated at the dental clinic because the fever might
because of a dental infection [6,52]. In the current study, among the pediatric dentists who
encountered a child patient or parent who had signs and symptoms of acute respiratory
infection, nearly 64% of them referred the patient to a hospital with a medical mask without
conducting the treatment in accordance with the ADA and CDC guidelines, and 4.5%
refused to treat the patient and asked them to leave the clinic. Among pediatric dentists
who did not encounter a child patient or parent who had signs and symptoms of acute
respiratory infection, nearly 70% reported that they referred the patient to a hospital with a
medical mask without conducting the treatment, in line with the recommendations, and
nearly 14% refused to treat the patient and asked them to leave the clinic. Moheb et al. [13]
reported that nearly 55% of dentists prescribed medication if they faced a patient with
fever and no other signs/symptoms of COVID-19 infection. Moreover, researchers also
reported that 40% of dentists also chose to control the situation with medicines if they were
faced with a patient who did not report any symptoms but the dentist observed signs of
respiratory illness. Similarly, Nasser et al. [33] showed that more than 80% of the dentists
were afraid to treat a patient suspected of or confirmed as having COVID-19. In another
study by Khader et al. [38], nearly 44% of dentists declared that they would refer the patient
to the hospital without conducting treatment, 4.6% declared that they would refuse to treat
the patient and ask them to leave the clinic, and nearly half of the dentists would treat the
patient and ask them to go to the hospital when they were faced with a patient coughing
and sneezing in their dental clinic. Furthermore, in the study of De Stefani et al. [29], nearly
66% of dentists said they would have refused to treat a patient suffering from a runny nose
and cough.

In our study, among the pediatric dentists who encountered a child patient or parent
who had signs and symptoms of acute respiratory infection, nearly 32% of them referred
these patients to a hospital after treating the patient. Among dentists who did not encounter
a child patient or parent who had signs and symptoms of acute respiratory infection,
nearly 15% reported that they referred these patients to a hospital after treating them.
Similarly, in the study of Bekes et al. [12], 31% of pediatric dentists had self-confidence
in the treatment of suspected COVID infections. Hua et al. [20] reported that nearly 64%
of participants wanted to treat patients with suspected/confirmed COVID-19 infection.
Maru et al. [11] reported that 57.5% of pediatric dentists had self-confidence in conducting
treatment on children with suspected COVID-19; however, 10.80% of pediatric dentists
exhibited no confidence. The results of the study conducted by Arora et al. [31] showed
that nearly 42% of dentists displayed a positive attitude towards providing emergency
dental treatment to COVID19-positive patients. In the study of Becker et al. [44], it was
recommended that COVID-19-positive patients’ dental treatments should be performed
at dental university hospitals in isolated rooms. Thus, it was strongly recommended
that emergent COVID-19 positive/suspected patients should be treated in the hospital’s
separate airborne infection isolation rooms (AIIR), which are kept under negative pressure
with an HEPA filter. In addition, high-level protection with full usage of PPE is needed.
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Furthermore, healthcare workers should follow donning and doffing procedures. It is
important to know that COVID-19-positive/suspected patients should not be treated in a
room that recirculates air within the hospital and without appropriate PPE usage [27,57].
Most of the pediatric dentists in this study referred or considered referring patients who
had signs and symptoms of acute respiratory infection to a hospital with medical masks
without conducting the treatment, or refused to treat the patient. If the necessary facilities
such as AIIR including an HEPA filter are not available, this approach is more acceptable
than conducting dental treatments of COVID-19-positive/suspected patients in the same
environment with other patients.

When pediatric dentists were asked about the dental procedures they performed dur-
ing the COVID-19 lockdown period, the vast majority (82%) said they only performed emer-
gency dental treatments according to Turkish government recommendations. In line with
the current report, the majority of previous studies [2,12,13,15,16,22,30,32,39,54,55,58,59]
showed that dental practices were reduced to urgent/emergency procedures during the
COVID-19 quarantine period. However, Nibali et al. [60] reported that most of the practi-
tioners had completely ended all dental activities. Emergent dental situations include facial
swellings, severe dental/facial pain that cannot be controlled with advised medications,
traumatic dental injuries such as severe luxation injuries, complicated crown fractures,
avulsions of permanent incisors, soft tissue infections, uncontrollable post-operative bleed-
ing, conditions worsening systemic medical conditions, and suspected oral cancer [61].
Furthermore, in our study, the most common emergency situations were reported as se-
vere pain caused by pulpal inflammation (94%), abscesses or bacterial infection causing
localized pain and extraoral swelling (86.5%), luxations/dental avulsions (41%), dental
fractures causing pain, or soft tissue injuries caused by trauma (35.5%). Ilyas et al. [61]
reported irreversible pulpitis, Moheb et al. [13] reported severe pain, infection and trauma,
Üstün et al. [62] reported severe dental pain because of pulpal inflammation and swelling,
Faccini et al. [58] reported toothache (71.4%), broken restorations (40.4%) and dental trauma
(37.3%), Alsaleh et al. [14] reported abscesses (51.8%) and cellulitis (44.6%) in Jordan and ab-
scesses (44.6%) and pulpitis (35.5%) in India, Izzetti et al. [16] reported pulpitis, prosthesis
de-cementation and abscesses, and Sinjari et al. [55] reported severe dental pain, swelling
and dental trauma as the most common emergency situations managed. Thus, the findings
of this study were found to be in accordance with those others [13,14,16,55,58,61,62]. How-
ever, differently from our findings, Limbu et al. [63] reported exfoliating mobility (23.3%),
acute pulpitis (5.8%) and dental abscesses (22.1%), and Martinho and Griffin [18] reported
trauma (82.1%) followed by swelling (81.9%) and pain (76.1%) as dental emergencies.

In order to achieve efficient infection control, dentists and all healthcare workers
in the dental clinic should pay attention to appropriate PPE usage while working in the
dental clinic, especially during the COVID-19 era [33]. PPE includes disposable scrubs,
shoe covers, hair covers, goggles, gloves, gown, masks and face shields. While conducting
non-AGPs, work clothes, usage of goggles/face shields, fluid-resistant surgical masks,
disposable gloves, disposable aprons and hair covers are recommended. In addition to all
these protections, the usage of particulate respirators, disposable gowns, medical protective
clothing and shoe covers are required during AGPs. The most effective/protective masks
are N99/N100/FFP2/FFP3/N95 masks [64,65]. Scrubs (87%) and surgical masks (90%)
were found to be widely used in both AGPs and non-AGPs in the current study. Similarly,
Duruk et al. [2], Estrich et al. [26], and Izzetti et al. [16] also reported nearly 86%, 99% and
98% mask usage, respectively. Disposable gloves (92.5%) were found to be used widely in
both AGPs and non-AGPs in line with previous studies [2,14,17]. Face shield (83%) usage
was found to be similar to that reported by Sinjari et al. [55]. In line with our findings, in
studies by Alsaleh et al. [14] and Duruk et al. [2], face shield usage was shown to have
high percentages. Furthermore, goggles (71%), disposable surgical gowns (70.5%), and
disposable medical caps (83.5%) were found to be used widely in both AGP and non-AGPs
in this study. Alsaleh et al. [14] reported a similar rate of goggle usage in India (75.2%).
Duruk et al. [2], Izzetti et al. [16] and Sinjari et al. [55] reported that nearly 46%, 80% and
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82% of participating dentists used disposable aprons/gowns. Martinho and Griffin [18]
showed that 36.8% of participants used protective suits; however, 24% of pediatric dentists
used protective coveralls in this study. Moreover, disposable medical caps (83.5%) were
found to be widely used in both AGPs and non-AGPs. Similarly, Izzetti et al. [16], and
Duruk et al. [2] reported medical cap usage rates of 84.4% and 56%, respectively.

When we consider the usage of particulate respirators, Alsaleh et al. [14] reported N95
respirator usage rates of 80.4% in Jordan and 87.6% in India. Ammar et al. [37] reported
N95/FFP2 usage of 91.7%. Martinho and Griffin [18] reported that the usage rate of N95
respirators was 83.1%. N95 respirator usage was found to be lower in our study, where 21%
of pediatric dentists only used AGPs and 51% used both AGPs and non-AGPs. However,
lower percentages than in this study were also reported by Duruk et al. [2] (12.36%) and
Ahmed et al. [34] (11.6%). In addition, FFP2 respirators were used only in AGPs by 16%,
and were used in both AGPs and non-AGPs by 43.5%. Cagetti et al. [17] and Izzetti et al. [16]
reported rates of usage of FFP2/FFP3 masks of 54.84% and 15.4%, respectively. Sinjari
et al. [55] reported FFP2 usage of nearly 62% and Bekes et al. [12] reported rates of nearly
45% for FFP2 and 60% for FFP3e. Estrich et al. [26] also showed that dental practitioners
wore surgical masks over particulate respirators, and replaced the surgical masks more
often. Considering PPE usage, it was detected in our study that pediatric dentists attach
importance to the use of PPEs. Scrubs, surgical masks, disposable gloves, goggles, face
shields, disposable surgical gowns, and disposable medical caps were found to be widely
used in both AGPs and non-AGPs. However, the usage of particulate respirators such
as N95, FFP2/FFP3 and overshoes should be increased. The reasons for this result could
be that the dentists thought that a surgical mask combined with a face shield could offer
sufficient protection, the fact that wearing a respirator for long time is not easy, and the
high costs of respirators [13]. Furthermore, difficulty in accessing PPE supplies could be
another reason [16].

Knowing the correct sequence for donning and doffing PPE is also important, besides
using the required PPE, among dental practitioners in order to reduce contamination [57,66].
Furthermore, after the dental treatment, patients and the dental team should leave the
clinic from separate exits, and all clinical personnel should pay attention to doffing their
PPE in the buffer zone [67]. In our study, most of the pediatric dentists (84%) reported
that they paid attention to the proper order of donning and doffing their PPEs; however,
only 55% paid attention to removing their and other dental healthcare workers’ PPEs in
a separate isolation room. Bekes et al. [12] reported that nearly 52% of the dentists knew
the correct sequence of donning PPE (gown, mask, eye protection, gloves). Maru et al. [11]
showed that 66.5% and 64.8% of Indian pediatric dentists knew the correct sequence of
donning (gown, mask, eye protector, gloves) and doffing PPE (gloves, eye protector, gown,
mask), respectively.

The parents should prepare their children mentally prior to dental appointments
because the dental team behind the PPE may frighten the child [68]. Successful behavior
management is crucial for pediatric dentists because uncooperative, crying children spread
more aerosols than calm ones. Thus, in order to reduce the anxiety of children related to
the dental team’s PPEs, including face mask, it is recommended that they put them on in
front of the children and explain the necessity of this equipment [40]. In our study, most
of the pediatric dentists thought that their PPE increased the anxiety levels of children.
Furthermore, more than half of participants explained their PPE to their pediatric patients
as them wearing an astronaut suit, 26% said they had become a superhero, 59.5% explained
the reason of usage and 21.5% did not give any explanation. In another study, nearly 28%
of dentists reported that children did not react differently, nearly 32% reported children
were interested, nearly 30% reported children were distressed and worried, but nearly
10% of dentists reported that they did not use advanced PPE while treating children [13].
Additionally, extra PPE covers facial expressions and complicates behavior management
in children. Thus, PPE could be modified in order to make it more child friendly [14].
Before dental treatment, meeting with the pediatric patient via video call without wearing
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PPE and introducing PPE with the tell–show–do technique, using colorful/painted gowns,
and placing stickers or the dentist’s picture on the PPE were suggested modifications for
pediatric dental clinic practices [14].

When we evaluated the infection control measures used during dental treatments,
using hand instrumentation, avoiding high-speed handpiece/ultrasonic instruments/air
water syringe usage, and the treatment of only one patient in a room were conducted by
most of the pediatric dentists. Moheb et al. [13] reported that nearly 85% of dentists used
hand instruments as much as possible to avoid aerosols, and nearly 84% minimized the
use of a three in one syringe. Additionally, in another study, most of the dentists (88.5%)
made the effort to reduce aerosol formation [16]. Ates et al. [54] reported that half of the
participants used slow-speed handpieces without water to minimize contamination risk.
However, in this study, only 49 pediatric dentists used this approach. The use of a dental
handpiece with an anti-retraction function was reported as a preventive measure [42], but
only five pediatric dentists reported using those instruments. Among the infection control
measures, only 39% of pediatric dentist said they did not allow parents into the treatment
room. The reason for this result might be due to the fact young children in particular do
not want to be separated from their families during dental treatments. If the child does
not want to enter the treatment room alone, a maximum of one parent should be accepted,
and other accompanying people should be prevented from entering the treatment room. In
addition, chemomechanical caries removal was only conducted by nine pediatric dentists
in our study. This might be related to the preference for conventional treatments among
pediatric dentists before the COVID-19 pandemic period and the lack of essential dental
materials. Furthermore, ITR were conducted by nearly 34% of pediatric dentists, and
this result might be because of the delay of routine dental practices and the treatment of
emergency dental treatments, mainly abscesses or bacterial infection causing localized pain
and extraoral swelling (86.5%). However, since it is not possible to carry out only emergency
treatments, approaches that prevent aerosol formation, such as chemomechanical caries
removal, ART, ITR and SDF, should be preferred for routine dental treatments after the
quarantine period in order to reduce aerosol formation and to prevent contamination with
SARS-COV2 during long-term pandemic conditions. Rubber dam usage also reduces the
risk of aerosols during the COVID-19 pandemic period. However, in our study, rubber dam
usage was found to be unsatisfactory and lower than in other studies conducted by Moheb
et al. [13], Izzetti et al. [16], and Sinjari et al. [55]. The findings of Duruk et al. [2] (13.84%)
and Ataş and Yıldırım [69] (15.9%) also revealed that rubber dam usage was infrequent.
Moheb et al. [13] declared that it is not always feasible to excavate caries only using hand
instruments; the application of a rubber dam is not possible for some children, and an
air water syringe might be required. Even in such cases, dentists have to do their best to
reduce aerosol formation.

Among the infection control methods used during dental treatments, the four-handed
technique was used by nearly 30% of participants in this study. Similarly, 37.8% of den-
tists used this technique in the study of Izzetti et al. [16]. Preprocedural oxidative or
antimicrobial mouth-rinse usage was reported by nearly 34% of pediatric dentists in this
study. Moheb et al. [13] reported that nearly 56% and Al-Khalifa et al. [56] reported that
47% of dentists preferred patients using antiseptic mouth rinse before dental treatments.
Furthermore, high-volume saliva ejector usage was reported by nearly 35% of participants;
however, Moheb et al. [13], Duruk et al. [2], and Ataş and Yıldırım [69] reported strong
saliva absorber usage rates of 87.2%, 63.79% and 42.4%, respectively. In the study of
Martinho and Griffin [18], nearly 17% of participants reported usage of an oral aerosol
vacuum. In another study by Estrich et al. [26], 17% of participants said they used an
extraoral suction device. Al- Khalifa et al. [56] reported that 59% of participating dentists
did not use extraoral suction systems. Unfortunately, in the current study, only 6.5% of
participants used a dental extraoral suction system. Lastly, in order to prevent the spread of
infections, ensuring good hand hygiene is one of the most efficient methods. A two before
(before conducting examination and before performing dental treatment) and three after
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(after touching the patient, after touching the undisinfected surroundings/equipment, and
after touching blood/wound/oral mucosa/damaged skin) hand hygiene system should be
conducted by the dental team to strengthen hand hygiene [10]. The results of this study
show that nearly 80% of the pediatric dentists encountered a situation such as burning,
stinging, itching or dryness on the skin due to frequent hand cleaning and the long-term
use of PPEs. However, it was detected that the recommended two before three after hand
hygiene protocol was not well known among pediatric dentists in our study. According
to our findings, it is obvious that pediatric dentists wash their hands before and after
the procedures, and struggle to achieve sufficient disinfection; however, increased hand
hygiene following the two before three after hand hygiene protocol should definitely be
performed to increase protection against the COVID-19 disease. Therefore, dentists should
be familiar with the concept of two before three after hand hygiene. To conclude, in our
study, the most crucial control measures, such as the treatment of one patient in a room,
not using high-speed handpieces and ultrasonic instruments, not using air water syringes,
and preference for hand instrumentation, were found to be more widely used by pediatric
dentists than other precautions. However, the lack of implementation of rubber dams,
four-handed dentistry, dental extraoral suction systems, high-volume saliva ejectors and
two before three after hand hygiene should be increased via education programs.

Another important point that needs to be considered is the radiographic evaluation of
patients during the COVID-19 pandemic period. If radiographs are required from patients,
extraoral radiographs should be preferred instead of intraoral radiographs in order not
to stimulate the secretion of saliva and coughing [70]. In line with the recommendations,
most of the pediatric dentists obtained panoramic radiographs in this study. Similarly,
Moheb et al. [13] also reported that nearly 62% of dentist shifted from intraoral to extraoral
radiographs, if available. In another study, Ammar et al. [37] reported that nearly 60% of
dental academics used extraoral radiographs rather than intraoral radiographs.

The dental management of uncooperative patients during the COVID-19 lockdown
period is also an issue that needs to be carefully evaluated. Similar to our study, Moheb
et al. [13] reported that the majority of dentists (73%) did not use sedation or general
anesthesia during the pandemic period. Additionally, they reported that nearly 70% of
pediatric dentists refused to use physical restraining. A similar finding was observed in
our study, as only 8% of pediatric dentists used physical restraining in order to control
children’s sudden movements. Alsaleh et al. [14] reported that most dentists (71.1% in
India and 80.4% in Jordan) did not use N2O sedation for their pediatric patients. For
less aerosol production, in India ART (52.1%) and SDF (28.9%), and in Jordan the Hall
technique (26.8%) and ART (25.0%), were performed. In the current study, ART (33%) was
the most preferred treatment in accordance with Alsaleh et al. [14]; however, SDF and
the Hall technique were used less than in the study by Alsaleh et al. [14]. As previously
mentioned, minimally invasive treatment approaches were not widely used since most
of the pediatric dentists in our study only performed emergency treatments during the
lockdown period. However, lockdown periods are not permanent and they are rotative;
thus, in order to reduce the risk of transmission, treatments that reduce aerosol formation
should be used widely in dental practice.

Among the infection control measures performed after dental treatments, the dis-
infection of commonly used areas, such as dental units, dental lights and dental X-ray
machines, after each patient was conducted by 66.5% of pediatric dentists in this study.
Similarly, in the studies of Bontà et al. [42] and Cagetti et al. [17], 74.13% and 80.49% of
participants reported that they removed and disinfected disposable protective devices,
respectively. In another study, nearly 68% of healthcare professionals said they applied
universal precautions for infection control [34]. Khader et al. [38] reported that nearly 94%
of participants routinely cleaned and disinfected surfaces that had been in contact with
known or suspected patients. On the other hand, the regular disinfection of common areas,
door handles, chairs and tables was also deemed to be important and conducted by 72.5%
of pediatric dentists in this study. Similarly, in the study of Estrich et al. [26], almost all
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practicing dentists reported that they disinfected commonly touched equipment and sur-
faces. Similar observations were reported in previous studies [17,32,33,42,71]. Furthermore,
the ventilation of the treatment room after each patient was conducted by 85% of pediatric
dentists in our study. In accordance with our findings, in the studies of Bontà et al. [42]
and Izzetti et al. [16], nearly 71% and 98% of participants provided room ventilation after
dental treatments, respectively. However, Putrino et al. [32] reported that less (14.9%)
participants ventilated the treatment room between patients. Air-purifying systems were
found to be used by only 16% of pediatric dentists in this study. Martinho and Griffin [18]
indicated that 42.3% of endodontists could implement an air-purifying unit. In another
study by Huntley et al. [27], 42.5% of the participants reported that they had no access to an
air-purifying unit. Among the infection control measures mentioned, the least conducted
measures were a fogging system for disinfection (35.5%) and a HEPA filtration system (7%).
Similarly, Alsaleh et al. [14] reported that the least conducted measure was the use of HEPA
filters in India (41.3%) and in Jordan (8.9%).

Infection control measures after dental treatments are mandatory, and in our study,
those precautions were found to be satisfactory applied, such as ventilation of the treatment
room after each patient, regular disinfection of common areas in the dental clinic and
treatment room, disinfection of reusable PPEs, discharge of medical waste, cleaning and
sterilization of the dental hand instruments immediately after usage, and making children
and parents use hand sanitizer when leaving the clinic. However, the rarely used measures
were fogging systems for disinfection, ventilation and air conditioning systems, ultraviolet
radiation systems, and HEPA filtration systems.

5. Conclusions

The findings of the current study show that Turkish pediatric dentists had a good
level of knowledge about COVID-19, sufficient to perform dental treatments safely and
not neglect the necessary precautions during dental procedures. Turkish pediatric dentists
satisfactorily conducted most of the infection control measures before and after the dental
treatments, and they attached importance to the use of PPEs; however, infection control
measures during the dental treatments could be better implemented. At the beginning of
the pandemic, most pediatric dentists only performed emergency treatments; however,
lockdown periods are not long-lasting and they are rotative. Thus, in order to reduce the
risk of transmission, minimally invasive approaches should be used widely in routine
dental practices. Along with all precautions, the vaccination of healthcare workers and
requesting a recent test result from patients that shows the absence of COVID-19 before
dental appointments can be added to the effective infection control measures. Additionally,
pediatric dentists should continue to follow local and universal guidelines, and education
programs should be implemented frequently in order to keep COVID-19 management
strategies up to date.
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Citation: Sozkes, S.;
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Abstract: Background and Objectives: Due to the specific working conditions dental professionals
represent a group of high risk of infection and COVID-19 pandemic in many ways have influenced
their working environment. The aim of this study was to evaluate effects of COVID-19 pandemic
on working conditions of dentists in Poland and Turkey. Materials and Methods: The study was an
anonymous online questionnaire conducted among thedentists in two countries: Poland and Turkey.
The survey consisted of general questions, COVID-19 pandemic infection and working history as
well as working conditions before and during pandemic. Chi-square test, Fisher’s Exact test, Fisher
Freeman Halton test and Continuity (Yates) Correction were used to compare qualitative data. Results:
The study was conducted with a total of 400 participants, 162 (40.5%) men and 238 (59.5%) women,
aged between 23 and 67. The mean age of the participants was 42.39 ± 9.99 years. Positive COVID-
19 test results among dentists in Poland were found to be significantly higher than in Turkey.
Time of dental procedures during the COVID-19 pandemic in Poland and Turkey was significantly
increased. The usage of N95/FFP2 or N99/FFP3 masks and surgical gowns during COVID-19
pandemic compared to pre-COVID-19 periods was clearly higher (p < 0.05). Reusable full-face and
half-face elastomeric respirators are increasingly used in Turkey. During the COVID-19 pandemic
a 25% decrease in dentists’ income in Poland (81%) was significantly high than in Turkey (47.5%).
Conclusions: COVID-19 pandemic has influenced working conditions of dentists. Many dentists got
infected during the pandemic, dental procedures’ time has increased, and protective equipment usage
has become higher. Further studies analyzing the working conditions of dentists during COVID-
19 pandemic should be conducted for better planning of future decisions taken by governments
and authorities.

Keywords: COVID-19; dentists; SARS-CoV-2; PPE personal protective equipment; occupational
medicine; working conditions

1. Introduction

The World Health Organization (WHO) declared the novel coronavirus disease 2019
(COVID-19) a pandemic on March 11, 2020 [1]. Globally, as of 14 July 2021, more than
186 million confirmed cases of COVID-19 and unfortunately more than 4 million deaths
were reported by WHO. It was reported that more than 3.4 billion COVID-19 vaccine doses
have been administered [2]. The year 2020 and first quarter of 2021 has passed under the
influence of the COVID-19 pandemic, and there have been measures and restrictions affect-
ing social life in many countries. Health services have focused on canceling or delaying
many non-urgent treatments to give priority to individuals affected by the pandemic [3].

Oral and dental health treatments have an important place among health services [4].
The necessity of providing uninterrupted emergency dental treatment to patients is a reality
accepted by everyone and primarily all non-urgent dental treatments were postponed. As
a result of the prolongation of the pandemic process, dental problems that were not very
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urgent, but likely to cause permanent damage in case of delay, have to be followed now
and cannot be postponed anymore. The most frequent dental emergency cases are: tooth
fractures, pulpal infections, periodontal abscesses, fractures of prosthetic restorations and
urgent extractions, however there are many other conditions within the oral cavity which,
even though not urgent, may result in serious oral and also general health issues [5].

Due to the nature of their working conditions, dentists communicate very closely with
virus carrier patients, are exposed to saliva, blood and other body fluids, and therefore
face the risk of 2019-nCoV infection. During the COVID-19 pandemic, many authorities
have published guidelines on the precautions to be taken against COVID-19 during the
implementation of oral and dental health services and the provision of treatment services.
Infection control measures are necessary to prevent further spread of the virus and to help
control the pandemic situation. Dental treatments should be carried out in protective and
preventive environment. Dentists should protect themselves by using personal equipment
and also protect their patients from contamination by taking pandemic measures [6–9].
These pandemic measures require a higher usage of protective equipment what not only
increase the expenses but also consume more chair time for dental procedures. During
pandemic governments also ruled lockdowns and limitations of public mobility. Apart
from all those factors, dentists were also afraid to work because of the fear of being infected.

Considering all above aspects, a hypothesis of influence of COVID-19 pandemic on
working conditions of dentists has been raised parallel to possible differences between
countries and other factors related to dental environment nowadays.

1.1. Objectives

The aim of the study was to evaluate effects of COVID-19 pandemic on working
conditions of Polish and Turkish dentists and to investigate any differentiating factors
relevantly. The main research objective was to investigate if the COVID-19 pandemic
changed the working conditions of the dentists and analyze eventual differences between
nationalities and different aspects affecting the dentists during pandemic.

1.2. Trial Design

The study was an anonymous online questionnaire based trial conducted among
dentists in two countries: Poland and Turkey. It was performed in accordance with
Public Opinion Research Guidelines and based on the Computer Assisted Web Interview
methodology. Ethical approval for this study was obtained.

2. Materials and Methods

2.1. Participants

The study was conducted among 400 dentists: 200 in Poland and 200 in Turkey. Only
the dentists working in Poland or in Turkey were enrolled in the study. Participation was
voluntary and participants were allowed to terminate the survey at any time. Confidential-
ity and privacy was protected according to General Data Protection Regulation.

2.2. Data Collection

Online social media Facebook and Twitter were employed for sampling. The survey
was posted in the form of a link to be filled in directly by a person willing to participate.
The questionnaire was placed in professional social media groups (in which members are
subject to prior verification confirming the dental license) and only to groups which allow
posting content of this type.

2.3. Questionnaire

The authors followed Study Protocol for an Online Questionnaire Survey to build up
and develop the questionnaire [10]. The survey consisted of two parts. First part comprised
of demographic data, including age, gender, country of origin, COVID -19 infection history
(being tested for COVID-19, test results, hospitalization, symptoms), place of work (private,
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public, mixed), lockdown history, working status during pandemic (changes in treatment
time and income) and opinion about the risk of COVID-19 infection. The dentists were also
asked to self-assess their perception of having enough knowledge about Covid-19. Second
part of the survey consisted of questions related to the usage of protective equipment and
prophylactic procedures. The dentists were asked to mark what they have used before
pandemic and what they are using during it out from: masks (surgical, N95, N99/FFP2,
FFP3), reusable full-face respirators, reusable half-face respirators, gowns (sterile dispos-
able, disposable), glasses(protection), gloves (sterile, non-sterile), anti-retraction system
valve rotaries, triage and disinfection procedures. A pre-testing of the questionnaire was
carried out with 20 dentists. Then Interclass Correlation Coefficients for Reliability was
controlled and discussed to create the final structure of the questionnaire [11,12]. To evalu-
ate the study parameters age, gender, country of residence and working status questions
were included in the questionnaire.

2.4. Statistical Methods

IBM SPSS Statistics 22 (IBM SPSS, Istanbul, Turkey) program was used for statistical
analysis. The conformity of the parameters to the normal distribution was evaluated with
the Shapiro Wilks test. Student’s t test was used for the comparison of normally distributed
parameters (quantitative data) between two groups in addition to descriptive statistical
methods (mean, standard deviation, frequency). Chi-square test, Fisher’s Exact test, Fisher
Freeman Halton test and Continuity (Yates) Correction were used to compare qualitative
data. Significance was evaluated at the p < 0.05 level.

2.5. Ethics

The study was performed in accordance with the Helsinki Declaration and official approval
from the Jagiellonian University Ethics Committee was obtained (No.1072.6120.157.2021).

3. Results

The study was conducted among 400 participants, 162 (40.5%) men and 238 (59.5%) women,
aged between 23 and 67, between 9–12 July 2021. The mean age of the participants was
42.39 ± 9.99 years. The study was conducted in 2 countries: 200 (50%) Poland and 200
(50%) Turkey.

Evaluation of study parameters across countries are listed in Table 1. Employment in
the private sector in Poland was found to be statistically significantly lower than in Turkey.
The rate of positive COVID-19 test results in Poland (51%) was found to be higher than
Turkey (16%), and the hospitalization rate due to COVID-19 in Poland (6%) was found to
be higher than in Turkey (2%). The symptoms development rate (52%) in Poland due to
COVID-19 was found to be statistically significantly higher than in Turkey (15%).

Working history of participants during COVID-19 showed that one-fourth of dentists
(23%) mostly from Turkey has continued to work as usual, whereas approximately two-
thirds of dentists (63.7%): 162 Polish and 93 Turkish dentists have had a break (lock
down) to their practice for some period. Even though there were significant differences in
percentage of dentists who kept working as usual and the ones having breaks in dental
services by stopping all activities for some periods (due to lockdowns, quarantines, COVID-
19 infection etc.), the emergencies were treated in both countries by similar number of
dentists, usually the ones who limited their service to urgent procedures.

Treatment time for dental procedures during the COVID-19 pandemic in Poland was
found to be 25% longer and significantly higher than in Turkey, whereas decrease in income
among Polish dentists (81%) was found to be statistically higher than among Turkish
dentists (47.5%).

Polish dentists self assessed their perception of having enough knowledge about
COVID-19 significantly lower than dentists in Turkey. Meanwhile the rate of Polish dentists
marking that COVID-19 is most likely a risk for infection for them; being unsure of ability
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to prevent the transmission of COVID-19 during business activities and apprehension of
infection transmission’s risk in the dental practice was found to be higher than in Turkey.

The participants, who have mentioned that they had COVID-19 positive test results,
were also asked to give the details about their symptoms (Table 2).

Table 1. Evaluation of study parameters across countries.

Country
Total

pPoland Turkey

M ± SD M ± SD M ± SD

Age 41.32 ± 8.88 43.46 ± 10.91 42.39 ± 9.99 0.032 1,*

n (%) n (%) n (%)

Gender Male 74 (37%) 88 (44%) 162 (40.5%) 0.154 2

Female 126 (63%) 112 (56%) 238 (59.5%)

Working status Private 83 (41.5%) 127 (63.5%) 210 (52.5%) 0.000 2,*
Public 51 (25.5%) 38 (19%) 89 (22.3%)
Mixed 66 (33%) 35 (17.5%) 101 (25.3%)

Positive COVID-19 test result Yes 108 (54%) 32 (16%) 140 (35%) 0.000 2,*
No 10 (5%) 168 (84%) 178 (44.5%)

No test 82 (41%) 0 (0%) 82 (20.5%)

Hospitalization rate due to COVID-19 Yes 12 (6%) 4 (2%) 16 (4%) 0.000 2,*
No 98 (49%) 28 (14%) 126 (31.5%)
NA 90 (45%) 168 (84%) 258 (64.5%)

Symptoms development rate Yes 104 (52%) 30 (15%) 134 (33.5%) 0.000 3,*
No 4 (2%) 2 (1%) 6 (1.5%)
NA 92 (46%) 168 (84%) 260 (65%)

Currently working Yes 200 (100%) 181 (90.5%) 381 (95.3%) 0.000 4,*
No 0 (0%) 19 (9.5%) 19 (4.8%)

COVID-19 working history As Usual 14 (7%) 78 (39%) 92 (23%) 0.000 2,*
Emergencies 24 (12%) 29 (14.5%) 53 (13.3%)

Break 162 (81%) 93 (46.5%) 255 (63.7%)

Treatment time for dental procedures <25% 0 (0%) 16 (8%) 16 (4%) 0.000 2,*
>25% 200 (100%) 120 (60%) 320 (80%)

No change 0 (0%) 64 (32%) 64 (16%)

Income of dentists D < 25% 162 (81%) 95 (47.5%) 257 (64.3%) 0.000 2,*
D > 25% 24 (12%) 36 (18%) 60 (15%)

No change 14 (7%) 69 (34.5%) 83 (20.8%)

COVID-19 self-assessed perception of
knowledge Yes 0 (0%) 145 (72.5%) 145 (36.3%) 0.000 4,*

No 200 (100%) 55 (27.5%) 255 (63.7%)

Risk of infection for the dentist Very likely 200 (100%) 141 (70.5%) 341 (85.3%) 0.000 2,*
Likely 0 (0%) 49 (24.5%) 49 (12.3%)

Unlikely 0 (0%) 10 (5%) 10 (2.5%)

Infection avoidance at clinic NC 200 (100%) 44 (22%) 244 (61%) 0.000 2,*
AC 0 (0%) 56 (28%) 56 (14%)
C 0 (0%) 100 (50%) 100 (25%)

Rate of apprehension of infection
transmission’s risk Higher 200 (100%) 87 (43.5%) 287 (71.8%) 0.000 2,*

Lower 0 (0%) 76 (38%) 76 (19%)
Same 0 (0%) 37 (18.5%) 37 (9.3%)

1 Student t Test. 2 Ki-Kare Test. 3 Fisher Freeman Halton Test. 4 Continuity (Yates) Correction. * p < 0.05. Notes: NA: Not applicable,
NC: No confident, AC: Abit confident, C: Confident, M ± SD: Mean ± Standart deviation.
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Table 2. Evaluation of COVID-19 symptoms across countries.

You Had One/More
Symptoms/Signs

Country
Total

pPoland Turkey

n (%) n (%) n (%)

Fever Yes 86 (43%) 14 (7%) 100 (25%) 0.000 1,*
No 22 (11%) 18 (9%) 40 (10%)
NA 92 (46%) 168 (84%) 260 (65%)

Cough Yes 68 (34%) 9 (4.5%) 77 (19.3%) 0.000 1,*
No 40 (20%) 23 (11.5%) 63 (15.8%)
NA 92 (46%) 168 (84)% 260 (65%)

Fattigue Yes 86 (43%) 25 (12.5%) 111 (27.8%) 0.000 1,*
No 22 (11%) 7 (3.5%) 29 (7.2%)
NA 92 (46%) 168 (84%) 260 (65%)

Pain Yes 86 (43%) 9 (4.5%) 95 (23.8%) 0.000 1,*
No 22 (11%) 23 (11.5%) 45 (11.3%)
NA 92 (46%) 168 (84%) 260 (65%)

Headache Yes 81 (40.5%) 16 (8%) 97 (24.3%) 0.000 1,*
No 27 (13.5%) 16 (8%) 43 (10.8%)
NA 92 (46%) 168 (84%) 260 (65%)

1 Ki-Kare Test. * p < 0.05. Note: NA: Not applicable.

The rate of symptoms such as fever, cough, fatigue, pain and headache was signif-
icantly higher in Poland than in Turkey. This correlates with higher number of positive
COVID-19 test results and symptoms development rate among Polish dentists in compari-
son to Turkish ones.

Evaluation of equipment used in dental clinics before COVID-19 between countries
Poland and Turkey mostly gave similar results before COVID-19 (Table 3).

Table 3. Evaluation of equipment used before COVID-19 in both countries.

Which of the Following Protective Equipment
Did You Wear/Use before COVID-19 Pandemic?

Country
Total

pPoland Turkey

n (%) n (%) n (%)

Masks (Surgical) Yes 200 (100%) 187 (93.5%) 387 (96.8%) 0.001 1,*
No 0 (0%) 13 (6.5%) 13 (3.3%)

Masks (N95,N99/FFP2,FFP3) Yes 0 (0%) 38 (19%) 38 (9.5%) 0.000 1,*
No 200 (100%) 162 (81%) 362 (90.5%)

Reusable Full-face Respirators Yes 0 (0%) 11 (5.5%) 11 (2.8%) 0.002 1,*
No 200 (100%) 189 (94.5%) 389 (97.3%)

Reusable Half-face Respirators Yes 0 (0%) 12 (6%) 12 (3%) 0.001 1,*
No 200 (100%) 188 (94%) 388 (97%)

Gown (Sterile disposable) Yes 0 (0%) 29 (14.5%) 29 (7.2%) 0.000 1,*
No 200 (100%) 171 (85.5%) 371 (92.8%)

Gown (Disposable) Yes 0 (0%) 96 (48%) 96 (24%) 0.000 1,*
No 200 (100%) 104 (52%) 304 (76%)

Glasses(protection) Yes 200 (100%) 120 (60%) 320 (80%) 0.000 1,*
No 0 (0%) 80 (40%) 80 (20%)

Gloves Sterile Yes 200 (100%) 91 (45.5%) 291 (72.8%) 0.000 1,*
No 0 (0%) 109 (54.5%) 109 (27.3%)

Gloves Non-sterile Yes 200 (100%) 172 (86%) 372 (93%) 0.000 1,*
No 0 (0%) 28 (14%) 28 (7%)

Anti-retraction system valve rotaries Yes 200 (100%) 0 (0%) 200 (50%) 0.000 1,*
No 0 (0%) 200 (100%) 200 (50%)

1 Continuity (Yates) Correction. * p < 0.05.
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Evaluation of equipment used during COVID-19 in Poland and Turkey mostly gave
similar results (Table 4). The rates of usage of surgical masks and N95/FFP2 or N99/FFP3
masks in Poland and Turkey were significantly high. Reusable full face mask and half face
mask usage rate was significantly higher in Turkey (23%; 16.5%). All survey participants in
Poland prefer to use disposable gowns (100%) during the COVID-19 pandemic, whereas in
Turkey even though most of participants prefer to use disposable gowns (65%) many other
also use sterile disposable gowns (32.5%).

Table 4. Evaluation of equipment used during the COVID-19 pandemic in both countries.

Which of the Following Protective Equipment
Did You Wear/Use during COVID-19 Pandemic?

Country
Total

pPoland Turkey

n (%) n (%) n (%)

Masks (Surgical) Yes 200 (100%) 162 (81%) 362 (90.5%) 0.000 *
No 0 (0%) 38 (19%) 38 (9.5%)

Masks (N95,N99/FFP2,FFP3) Yes 200 (100%) 183 (91.5%) 383 (95.8%) 0.000 *
No 0 (0%) 17 (8.5%) 17 (4.3%)

Reusable Full-face Respirators Yes 0 (0%) 33 (16.5%) 33 (8.3%) 0.000 *
No 200 (100%) 167 (83.5%) 367 (91.8%)

Reusable Half-face Respirators Yes 0 (0%) 46 (23%) 46 (11.5%) 0.000 *
No 200 (100%) 154 (77%) 354 (88.5%)

Gown (Sterile disposable) Yes 0 (0%) 65 (32.5%) 65 (16.3%) 0.000 *
No 200 (100%) 135 (67.5%) 335 (83.8%)

Gown (Disposable) Yes 200 (100%) 130 (65%) 330 (82.5%) 0.000 *
No 0 (0%) 70 (35%) 70 (17.5%)

Glasses(protection) Yes 200 (100%) 161 (80.5%) 361 (90.3%) 0.000 *
No 0 (0%) 39 (19.5%) 39 (9.8%)

Gloves Sterile Yes 200 (100%) 91 (45.5%) 291 (72.8%) 0.000 *
No 0 (0%) 109 (54.5%) 109 (27.3%)

Gloves Non-sterile Yes 200 (100%) 172 (86%) 372 (93%) 0.000 *
No 0 (0%) 28 (14%) 28 (7%)

Anti-retraction system valve rotaries Yes 200 (100%) 27 (13.5%) 227 (56.8%) 0.000 *
No 0 (0%) 173 (86.5%) 173 (43.3%)

Continuity (Yates) Correction. * p < 0.05.

4. Discussion

There are not many researches in the subject of the working environment and con-
ditions of dentists during the COVID-19 pandemic. Most of the existing research have
been carried out in the form of online surveys due to the pandemic restrictions in many
countries. In the cross-sectional study performed in Switzerland and Liechtenstein, the
economic effects of the protective measures taken by the governments were examined [8].
The authors pointed out that the strategies for additional protective measures should be
better defined and that political decision makers should consider the serious economic
implications when creating new rules. It has been reported that drastic measures such as
“isolation”, which can lead to closures and unemployment, should be taken into account
labor and economic losses.

Another published article evaluated COVID-19 preventive measures: awareness and
perception among Italian dentists in Lombardy [9]. In this survey study, symptoms were
collected in regions where the prevalence of the disease was different. Although this
survey reported that dentists in the region where COVID-19 was most prevalent, had more
symptoms than the rest of the sample, those who adopted a few precautionary measures
were more confident in avoiding infection.
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In our study the number of positive COVID-19 test results among dentists in Poland
was found to be significantly higher than in Turkey, what consequently might explain the
three times higher hospitalization rate in investigated group in Poland. The symptoms
development rate in Poland due to COVID-19 was found to be statistically significantly
higher than in Turkey, and the symptoms were: fever, cough, fatigue, pain and headache
as also reported by Cagetti et al. [9].

Dental-related aspects on COVID-19 pandemic were also studied by another recent
survey conducted on 440 participants from Central Italy [13]. Results of this research
revealed that most professionals respected the advices given by authorities, showing
parallel results with our study. In Central Italy mainly only emergency procedures were
performed during the lockdown and the dental pulp inflammation treatment was one of
the most frequent procedures. Authors concluded with very important recommendations
stating that procedures such as telemedicine and triage are useful tools to assess patients
conditions before the dental visit [13].

The oral manifestation of SARS-CoV-2 and the importance of the professional figure
of the dentist in the diagnosis of COVID-19 should be discussed as well. In an observa-
tional human study on 20 patients hospitalized in Chieti, Italy, such oral manifestation as
xerostomia and low salivary flow rate has been followed, even though according to the
evidence, it was hard to conclude that those clinical conditions were due to SARS-CoV-2
infection [14]. Furthermore, the dysgeusia symptom was reported as a warning signal for
the patients. The decrease of the proper oral hygiene level among hospitalized patients was
also noticed. Authors emphasized the importance of the dentists in following the infected
patients and suggested to have a team specialized in dentistry within hospitals treating the
COVID-19 patients [14].

Treatment time of dental procedures during the COVID-19 pandemic in Poland and
Turkey was found to be increased. This has to be carefully evaluated considering the
workforce of dentistry. As also mentioned in article published by Wolf et al. the lockdowns
have important effect on income of dentists [8]. In our survey we found that Polish dentists
had more decrease in their income, which may be explained by lockdowns. In Turkey
decrease in income may have been felt less than in Poland. Dentists in public service were
directed to COVID-19 testing and vaccination activities by Ministry of Health, what nearly
caused the public dental clinics stopping dental services and parallel more patients were
treated in private clinics.

Evaluation of the changes in equipment usage before and during COVID-19 pan-
demic in Poland reveals the increase in the usage of N95/FFP2 or N99/FFP3 masks during
pandemic compared to pre-COVID-19 periods. Also the usage of surgical gown was statis-
tically significant. It may be very easily explained by the working protection guidelines
for Polish dentists created by authorities for the pandemic period. The decrease in normal
surgical masks’ usage in Turkey may be caused by high increase in the use of more protec-
tive masks such as N95/FFP2 or N99/FFP3 during pandemic compared to pre-COVID-19
time [6]. Reusable full-face and half-face elastomeric respirators were also increasingly
used in Turkey during COVID-19.

Lack of uniform blueprints and guidelines for working conditions of dentists during
the pandemic such as the COVID-19 was also mentioned by Wiesmüller et al. [13]. The high
risk of infection in the dental working conditions in Austria, Germany and Switzerland
was acknowledged in this study as well as the need of evaluation of the number of
infections among dentists in other European countries was mentioned. Also previously
mentioned studies suggest more researches on the influence of pandemic on dental working
environment should be carried out [8,9,15]. Thus our study reports data from two countries
in Europe and allows making primary conclusions on how the working conditions of the
dentists were affected by COVID-19.

99



Medicina 2021, 57, 1082

5. Conclusions

The increase in the dental treatment procedures’ time, higher usage of personal
protective equipment, bigger risk of infection at work and decrease in income during
COVID-19 pandemic were expected results of our study. Even though all efforts were given
to reach as many dentists as possible, the study investigates random group of 400 dentists,
but despite this limitation of this research, there were enough data for primary analysis.
Regardless the fact that the evaluation was addressed to dentists from two countries and
pandemic situation may vary from country to country in terms of infection rate, legislation
etc., when the specific dental working conditions and evidence is taken into account, the
overall conclusions may be addressed in a wider perspective. Many different aspects of
the evaluated dental working conditions were affected by COVID-19 pandemic in both
countries. The study results reveal the increase in the dental treatment procedures’ time
compared to pre-pandemic situation in Turkey and Poland. Also the usage of protective
equipment was higher, what can be considered as an additional cost for dentists. At the
same time there was a decrease of income reported in as well as many dentists got infected
at work in Turkey and Poland.

Governments, national bodies and all those who influence the workplaces of dentists
have to introduce minimum standards for facilities and working conditions for dentists
during pandemic. Countries should also significantly increase their investments in the
healthcare sector in order to improve the working conditions and occupational safety
of dentists. Further studies in more countries or multi-centered international researches
analyzing the working conditions of dentists during COVID-19 pandemic would be a
very important source for regulating institutions to prepare guidelines for similar future
pandemic situations.
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Abstract: In 2019, a new type of coronavirus, SARS-CoV-2, the causing agent of COVID-19, was
first detected in Wuhan, China. On 11 March 2020, the World Health Organization declared a
pandemic. The manifestations of COVID-19 are mostly age-dependent and potentially more severe
in cases with involved co-morbidities. The gravity of the symptoms depends on the clinical stage
of the infection. The most common symptoms include runny nose and nasal congestion, anosmia,
dysgeusia or hypogeusia, diarrhea, nausea/vomiting, respiratory distress, fatigue, ocular symptoms,
diarrhea, vomiting, and abdominal pain. These systemic conditions are often accompanied by skin
and mucosal lesions. Oral lesions reported in patients with COVID-19 include: herpex simplex,
candidiasis, geographic tongue, aphthous-like ulcers, hemorrhagic ulcerations, necrotic ulcerations,
white hairy tongue, reddish macules, erythematous surfaces, petechiae, and pustular enanthema. It is
still unclear if these manifestations are a direct result of the viral infection, a consequence of systemic
deterioration, or adverse reactions to treatments. Poor oral hygiene in hospitalized or quarantined
COVID-19 patients should also be considered as an aggravating condition. This narrative review is
focused on presenting the most relevant data from the literature regarding oral manifestations related
to SARS-CoV-2, as well as the challenges faced by the dental system during this pandemic. A routine
intraoral examination is recommended in COVID-19 patients, either suspected or confirmed, as, in
certain cases, oral manifestations represent a sign of severe infection or even of a life-threatening
condition. It is our belief that extensive knowledge of all possible manifestations, including oral
lesions, in cases of COVID-19 is of great importance in the present uncertain context, including new,
currently emerging viral variants with unknown future impact.

Keywords: COVID-19; SARS-CoV-2; pandemic; oral lesions; oral manifestations; periodontal disease;
temporomandibular disorders; dental medicine

1. The Essentials about CoVs

Coronaviruses (CoVs) are members of the Coronaviridae family. These enveloped
viruses possess a non-segmented, single-stranded, positive-sense RNA, with a unique
replication strategy [1].

CoVs are known to affect different animal species and cause mild to severe respiratory
infections in humans. In 2002 and 2012, two highly pathogenic coronaviruses of zoonotic
origin, causing the severe acute respiratory coronavirus syndrome (SARS-CoV-1) and the
Middle East respiratory coronavirus syndrome (MERS-CoV), respectively, affected humans,
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resulting in fatal respiratory diseases [2,3], and turning coronaviruses into a 21st century
public health problem. The virus has been identified in various non-human hosts [4–7].
Extremely pathogenic CoVs belong to the genus Beta-coronavirus, group 2, which causes
severe disease [8].

In 2019, a new type of coronavirus, SARS-CoV-2, a Beta-coronavirus causing the
COVID-19 disease, was first detected in Wuhan, China [9]. SARS-CoV-2 is composed of 16
non-structural proteins with specific roles in replication [10]. COVID-19 has spread rapidly
around the world and, on 11 March 2020, the World Health Organization declared it a
pandemic [11].

The SARS-CoV-2 genome sequence shares ~80% sequence identity with SARS-CoV-1
and ~50% with MERS-CoV [12]. The structural spike protein (S), which mediates SARS-
CoV’s entry into host cells, is highly variable in the case of SARS-CoV-2. Its receptor-binding
domain enables direct contact with the cell receptor angiotensin-converting enzyme II
(ACE2) [5,13].

ACE2, and thus any cells that express ACE2, may be target cells and therefore sus-
ceptible to COVID-19 infection [12]. Zou et al. [14] explored the expression of the ACE2
receptor on different cells from human body tissues and classified the infectious risk poten-
tial. Lung, heart, esophagus, kidney, bladder, and ileum have been considered organs at
risk [14]. A high ACE2 expression was found in the oral mucosa and the epithelial cells
of the tongue [15]. After entering the cell, the virus delays the immune system response,
allowing the infection to progress, and it becomes much harder to fight [16].

2. Main Characteristics of COVID-19

2.1. General Characteristics

The host’s response represents an important factor in the disease process and tissue
damage. In most cases of SARS-CoV-2 infection, the primary immune response leads to
viral elimination. In certain patients, the secondary immune response may be exaggerated
and lead to inflammation-induced lung damage, pneumonia, acute respiratory distress
syndrome, respiratory failure, shock, organ failure, and possible death [17].

Severe COVID-19 is also characterized by hypercoagulopathy and neurological and/or
gastrointestinal tract damage, the fatal outcome in severe cases being due to the macrophage
activation syndrome, which causes a “cytokine storm” [18].

Age, acute cardiac injury, heart failure, skeletal muscle injury, and lymphopenia have
been associated with mortality in COVID-19 cases [19,20].

The most common symptoms (Figure 1) include fever, cough, runny nose and nasal
congestion, anosmia, dysgeusia/hypogeusia, diarrhea, and nausea/vomiting [21,22]. Other
clinical manifestations include: fatigue, ocular symptoms (conjunctival secretion), and
arrhythmias. Gastrointestinal symptoms or abdominal pain can occur in the absence
of respiratory symptoms. Acute cholestasis and pancreatitis have also been reported in
children and adolescents [23,24].

The gravity of the symptoms depends on the clinical stage of the infection [25,26].
Moderate infection has been reported as pneumonia, without obvious hypoxemia or
difficulty in breathing. Clinical signs and symptoms, as well as the thoracic CT, suggest
subclinical lung lesions. In cases of severe infection, oxygen saturation is less than 92%,
with manifestations of hypoxia [24]. Critical infection is characterized by respiratory failure,
shock, encephalopathy, myocardial injury or heart failure, coagulation dysfunction and
acute kidney damage, and multiple organ dysfunction [23].
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Figure 1. Main symptoms of COVID-19.

2.2. Severity by Age

The manifestations of COVID-19 are mostly age-dependent and potentially more
severe in cases with involved co-morbidities. The severity of the disease was found to
correlate with increasing age [27]. Patients over 65 years of age have a high risk for
COVID-19 infection, develop more severe forms, and show increased mortality [19,28,29]
due to low immune response [30]. In addition, other factors, such as underlying cardio-
vascular disease (CVD), may negatively influence the clinical outcome and explain the
higher mortality rate, as CVD prevalence increases with age [20]. Older patients show
higher incidences of skeletal muscle injury and acute kidney injury [19].

In the early stages of the pandemic, young patients had better clinical outcomes
compared to adults, and death rates were lower. In most cases, children diagnosed with
COVID-19 developed asymptomatic, mild, or moderate illnesses and recovered one or
two weeks after the onset of the disease [23], the clinical symptoms being milder then in
adults [26]. Children, even if asymptomatic, can transmit the disease very easily, nasal and
fecal secretions being a further challenge for infection control [31].

No differences were identified between young patients and elderly patients in terms
of the degree of lung damage [32] but, in elderly patients, the involvement of multiple
lobes was higher [29].

As older age groups are vaccinated, children and unvaccinated populations are becom-
ing at higher risk of contracting COVID-19, and developing severe illness. Furthermore,
the more contagious Delta strain, which is dominant at present, seems to be impacting
younger age groups more than previous variants, despite the fact that does not specifically
target children [33].

2.3. Skin Involvement

The systemic conditions may be accompanied by skin lesions in which the innate
immune system is involved [34,35]. Associated immune-mediated skin diseases, such as
psoriasis, atopic dermatitis, and suppurative hidradenitis, have been reported [36,37].

The skin lesions most often associated with COVID-19 are morbilliform, pernio-
like, urticarial, macular erythematous, vesicular, and papulosquamous lesions, as well as
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retiform purpura and chilblains [38–45]. Skin lesions such as maculopapular lesions and
urticarial and vesicular eruptions, as well as transient livedo reticularis and acral peeling,
are also frequently mentioned. In children and young adults, red-purple nodules have also
been described on distal figures (sometimes called “COVID toes”), similar in appearance
to perblio (chilblains) [46].

Skin manifestations are often accompanied by mucosal damage. Extensive skin lesions
over the fleshy portion of the buttocks and on the mucosa of the nostrils, tongue, lips, and
urethra were reported in hospitalized COVID-19 patients, despite the minimal exposure to
pressure. Their extent suggests an inflammatory vascular process beyond pressure-related
skin damage [47].

3. Oral Lesions Related to COVID-19

This narrative review is focused on presenting the most relevant data from the litera-
ture regarding oral manifestations related to SARS-CoV-2, as well as the challenges faced
by the dental system during this pandemic.

An electronic search was conducted in PubMed, Scopus, and Web of Science for
studies published up to April 2021, with the following keywords used: “oral lesions”,
“mucosal lesions”, “COVID-19”, OR “SARS-CoV-2”. The full-text articles were evaluated,
and the references cited by the relevant studies were further manually searched. Given the
available data limited, only literature reviews were excluded. Articles for which the full
text was not accessible or not available in English were also excluded.

Reports of different oral manifestations related to COVID-19 cases were described in
the literature. Oral lesions reported in patients with COVID-19 were quite heterogeneous
(Table 1), varying in the kind of lesion and location. In most cases, the pathogenesis of these
manifestations was not clearly defined, being categorized as a direct result of the viral in-
fection, a consequence of immune misbalance, or an adverse reaction to treatment [47–49].
Poor oral hygiene in hospitalized or quarantined COVID-19 patients should also be consid-
ered as an aggravating condition [50].

Amorim dos Santos et al. [51] described the case of multiple oral lesions in a 67-year-
old man diagnosed with COVID-19. After 20 days of hospitalization, a persistent white
plaque on the tongue dorsum was detected and diagnosed as fungus infection. This lesion
was treated with intravenous fluconazole and oral nystatin, without any result. Multiple
yellowish pinpoint ulcers, diagnosed as recurrent oral herpes, were also present on the
tongue dorsum. A fibroma, about 1 cm in diameter, in the lower lip, related to previous
conditions, was also observed. The tongue scraping culture presented Saccharomyces
cerevisiae. These conditions were accompanied by extremely viscous saliva. As treatment,
antifungals were administered and chlorhexidine digluconate (0.12%) non-alcoholic mouth-
washes and daily applications of 1% hydrogen peroxide were performed. After 2 weeks,
the lesions showed an almost complete remission, but severe, asymptomatic geographical
tongue was observed, according to the severity index [52]. Ten days after removing the
patient from hospital, the geographical tongue was still present, but it was reclassified as
moderate according to the severity index. [52] The authors suggested that the oral lesions,
coinfections, and secondary manifestations may have been due to systemic condition of
the patient.

Ansari et al. [53] presented two cases, a 75-year-old male and a 56-year-old female,
involving several painful ulcers with irregular margins and varying sizes, with red and non-
hemorrhagic backgrounds, located on the hard palate and anterior region of the tongue,
respectively. In case 1, the lesions appeared five days after the onset of the symptoms
and, in case 2, one week after hospitalization. The diagnostic was of diffuse edema
with desquamation, granulation, and ulceration under the mucosa and with invasion
of mononuclear and neutrophilic cells, indicating a secondary bacterial infection. The
serologic tests for herpes simplex virus (HSV-1 and HSV-2) were negative. The treatment
consisted of diphenhydramine, dexamethasone, tetracycline, and lidocaine, and complete
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recovery was obtained after approximately 7 days. The authors suggested that the oral
lesions were due to COVID-19.

Bezerra et al. [54] reported a case of a 33-year-old male patient, treated with ivermectin
and azithromycin for suspicion of COVID-19, who developed a painful mouth ulceration in
the floor of mouth. After 10 days of topical application of corticosteroids, the lesion showed
full remission. After twenty days, ageusia was still present, and two other crateriform
ulcers with a necrotic background and no erythematous halo were detected in the left
retromolar region and lip mucosa. The patient did not report any history of recurrent
aphthous ulceration. After 7 days of topical treatment with triamcinolone acetonide and
0.12% chlorhexidine digluconate mouthwash, the oral ulcerations showed total remission.

Brandao et al. [55] presented eight cases of different oral manifestations in patients
with COVID-19.

Case 1. A case of an 81-year-old male, presenting multiple painful, shallow aphthous-
like ulcers with irregular margins covered with mucopurulent membrane in the mucosa of
the upper and lower lips, as well as in the anterior tongue dorsum, was reported. HSV-1
was identified by saliva testing. Treatment with intravenous acyclovir three times a day
for 10 days showed no clinical improvement. To relieve the pain caused by oral ulcers,
photobiomodular (PBMT) therapy was performed for 10 days. The symptoms improved
after 2 days and after 11 days they were completely resolved.

Case 2. A 71-year-old female presented small hemorrhagic ulcerations on the upper
and lower lips. Focal areas of superficial necrosis on the anterior tongue dorsum, developed
at the time of hospitalization, were also observed. Following the PCR saliva test, HSV-1 was
identified. Intravenous acyclovir was administrated three times a day for 7 days, without
any results. Pain was treated with PBMT and regression was observed after 10 days of
light therapy, but the lip ulcers did not heal even after 15 days of therapy.

Case 3. In the case of an 83-year-old female, the oral examination revealed an ulcer of
1.5 × 1.5 cm2 on the right lateral edge of the tongue, accompanied by a petechiae and a
superficial necrotic area in the anterior hard palate. These lesions were painful. Following
the PCR test, a negative result was obtained for the HSV-1. After 5 days of PBMT treatment,
the pain started to diminish, with remission after 10 days.

Case 4. The case of a 72-year-old male with small hemorrhagic ulcerations affecting
the upper and lower lips and a painful necrotic ulceration on the mucosa of the lower
right lip, detected a few days after hospitalization, was described. The HSV-1 was detected
following the PCR test. The patient received intravenous acyclovir treatment for 7 days,
but no improvement was observed. The painful oral necrotic ulcers were treated with
PBMT, and regression was observed after 7 days of light therapy.

Case 5. A 32-year-old female, isolated at home with a mild form of COVID-19, showed
multiple ulcers on the tip and lateral edges of the tongue, after 10 days of treatment. A
teleconsultation was performed by a dentist, following which small superficial and circular
lesions with a whitish center and surrounded by an erythematous halo were observed.
The patient had no history of recurrent oral ulcers, oral inflammatory diseases, or allergies.
After 14 days, the patient recovered from COVID-19 and 8 days later the oral lesions
showed remission.

Case 6. Another case was that of a 35-year-old male, quarantined at home, who
presented ageusia 6 days later and an oral ulcer on the tonsillar pillar, which caused mild
odynophagia. Following the teleconsultation, the following information was obtained: this
was the patient’s first episode of oral ulcers and he had no history of recurrent aphthous
stomatitis or any other ulcerative disease of the mouth. The lesion was superficial and
circular, covered by a fibrinopurulent membrane and surrounded by an erythematous halo.
After 14 days of isolation the patient recovered completely.

Case 7. A 29-year-old male, isolated at home, presented ageusia on the sixth day of
isolation. At teleconsultation, a superficial, painful ulcer, with a diameter of 1 cm and
a whitish pseudomembrane, surrounded by an erythematous halo, was detected on the
ventral portion of the tongue. After 6 days the patient recovered.
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Case 8. Another 28-year-old male was placed in isolation at home; after 2 days of
isolation, ageusia developed and, after 8 days, aphthous-like ulcers in the upper and lower
labial mucosae were observed. After 2 days, another ulcer was observed on the right
side of the tongue. The recommended treatment was 0.12% non-alcoholic chlorhexidine
mouthwash. The oral lesions healed completely after 9 days.

The authors’ opinion was that the oral manifestations were directly associated with
COVID-19 infection and/or the severely compromised state of the patients.

Cebeci Kahraman and Caskurlu [56] described a case of a 51-year-old male patient,
treated with clarithromycin 500 mg b.i.d., who reported worsened sore throat symptoms
10 days after the onset. The oral examination revealed a largely erythematous surface in
the oropharynx, a few petechiae on the hard palate, and numerous pustular enanthema,
1–3 mm in diameter, near the soft palate border, more prominent on the left side. The
lesions resolved after a few days of antibiotherapy. The authors suggested that oral mucosa
may be involved in COVID-19 symptoms.

Chaux-Bodard et al. [48] described the case of a 45-year-old female patient who
presented an irregular asymptomatic ulcer on the tongue dorsum following a painful
inflammation of a tongue papilla, which evolved in an erythematous macula. After 10 days,
the ulcer showed complete remission. Three days after the debut of the oral lesion, a painful
erythematous plane lesion also appeared on the big toe, which became asymptomatic after
2 days. The authors suggested that the macular erythematous lesion could be explained by
vasculitis, an inflammatory reaction to COVID-19. Thus, the irregular oral ulcer could be
considered as an inaugural symptom of COVID-19.

Ciccarese et al. [57] described the case of a previously healthy 19-year-old female,
without comorbidities, who had started taking oral cefixime 3 days prior to admission. She
reported asymptomatic cutaneous and oropharyngeal lesions that started 2 days before
admission. Upon examination, the following lesions were detected: erythematous macules,
papules and petechiae on the lower extremities, erosions, ulcerations, and blood crusts
on the inner surface of the lips and palatal and gingival petechiae. The oral lesions were
painless, heterogeneous in morphology, and associated with severe thrombocytopenia. In-
travenous immune globulins and methylprednisolone were administered for 5 days, while
antibiotic therapy was stopped. On day 10, the skin and mucosal lesions disappeared. The
authors’ opinion was that the severe thrombocytopenia was probably of great importance
in triggering the cutaneous and mucosal petechiae, while the oral erosions probable cause
was direct viral vascular and mucosal damage.

Corchuelo and Ulloa [58] reported a case of a 40-year-old female, diagnosed positive
for COVID-19 three weeks before the dental teleconsultation and treated with azithromycin.
She presented painless reddish plaques on the lower lip and dark brown pigmentation of
the gingiva. A whitish area was detected on the tongue dorsum, apparently accompanied
by bacterial plaque. A well-defined brown band was observed in the attached gingiva,
which did not transgress the mucogingival junction and partially affected the interpapillary
gingiva. A painful aphthous ulcerative lesion on the attached lower left gingiva at the level
of the first premolar was also detected. Petechiae were present on the upper part of the face.
As treatment, nystatin oral suspension was prescribed, as well as rinses with chlorhexidine
gluconate 0.12% and more frequent brush changes. Another dental teleconsultation was
performed after 20 days: the recovery of the lesions of the lips was observed, no aphthous
ulcers were present, and the whitish color of the tongue was significantly reduced. The
melanin pigmentation in the attached gingiva of the anterior teeth was explained by the
proliferation of melanocytes in that part of the body, as an inflammatory process induced
by SARS-CoV-2.

Cruz Tapia et al. [59] reported a series of four cases with different oral manifestations.
Case 1. A 41-year-old female in home isolation, who had tested positive for SARS-CoV-2

and was treated with acetaminophen and fexofenadine, described discomfort in the
palate. The clinical examination revealed an erythematous, asymptomatic, 6-mm-diameter,
soft-consistency, nonbleeding bulla on the hard palate, diagnosed as an angina bullosa
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hemorrhagic-like lesion. The authors’ opinion was that the lesions were probably associated
with COVID-19 and self-control measures were recommended.

Case 2. A hospitalized 51-year-old female presented diffuse vascular-like purple
macule, 12 mm in size, on the left palatal mucosa and papule plaque of 8 mm on the right
palatal mucosa. Dexamethasone, azithromycin, and indomethacin were administrated. The
lesions, non-bleeding and asymptomatic, were considered a vascular disorder, probably
associated with COVID-19.

Case 3. A 55-year-old female, isolated at home and treated with acetaminophen, no-
ticed an enlargement of the tongue. Clinical examination revealed an asymptomatic purple
bulla, 8 mm in diameter and of soft consistency, on the right side of the tongue, diagnosed
as an angina bullosa hemorrhagic-like lesion, probably associated with COVID-19. The
lesion presented a complete remission after 5 days.

Case 4. A 42-year-old male, confirmed positive for SARS-CoV-2, described associated
burning-mouth symptoms. The oral examination showed multiple and irregular reddish
macules, of 3–4 mm in diameter and indurated consistency, on the hard palate, and a
nonspecific mucositis was considered. The patient received acetaminophen for 5 days, and
clorhexidine 0.12% mouthwash was recommended. As the oral lesions persisted, after
14 days, an incisional biopsy was performed, leading to the diagnosis of mucosal, nonspe-
cific, localized vasculitis and thrombosis associated with COVID-19. Topical mometasone
furoate 0.1% and clorhexidine 0.12% mouthwash were prescribed, and after 7 days of
treatment complete remission was observed.

Diaz Rodriguez et al. [60] reported three cases of oral manifestations in patients with
confirmed COVID-19.

Case 1. A 43-year-old female was quarantined for 56 days. In the last 2 weeks, she
reported aphthous-like lesions, a burning sensation, and tongue depapillation. Rinses
with a triamcinolone acetonide 0.05% solution, three times a day for a 10-day period, were
prescribed. After treatment, lingual depapillation persisted, but the ulcers and burning
sensation disappeared.

Case 2. A 53-year-old man, a few days after being discharged from hospital, described
a burning-mouth sensation and unilateral commissural fissures. Complaints of dysgeusia
were also recorded. Lesions were diagnosed as commissural cheilitis and treated with
an ointment containing neomycin, nystatin, and triamcinolone acetonide three times a
day. Between ointment applications, use of a gauze with chlorhexidine for local hygiene
was also described. Commissural lesions disappeared completely after treatment but
dysgeusia persisted.

Case 3. A hospitalized 78-year-old woman reported a very intense sensation of dry
mouth. Dental consultation revealed lesions on the tongue, palate, and commissure, com-
patible with pseudomembranous candidiasis and angular cheilitis. Solutions and gels
to improve salivary dryness and nystatin solution rinses four times a day for 15 days
were prescribed. Angular cheilitis was treated using ointment containing neomycin, nys-
tatin, and triamcinolone acetonide. After treatment, the pseudomembranous lesions and
commissural fissures healed and salivary flow and dry mouth sensation improved.

The authors noted that the cases were related to a certain state of immunosuppression
and that stress might have played an important role in the appearance of these oral
conditions. The authors’ opinion was that a cause–effect relationship between COVID-19
and the oral manifestations could not be established.

Dominguez-Santos et al. [61] presented four cases of young COVID-19 patients who
developed minor aphthae during the course of the disease. The patients developed a low
number of aphthae (ranging from one to more than five), measuring less than 1 cm, with
a creamy-white fibrin surface and an erythematous peripheral ring, mostly affecting the
non-keratinized mucosa. Only one patient had a history of recurrent aphthous stomatitis.
Tests to exclude secondary causes of aphthosis were performed and PCR testing for HSV
was negative. The authors stated that a causal association of oral aphthous ulcers with
COVID-19 infection could not be demonstrated.
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Glavina et al. [62] presented the oral manifestations related to COVID-19 in a 40-year-old
female with no comorbidities and a history of frequent eruptions of recurrent herpes labi-
alis. Dysgeusia was described as the initial symptom, followed by pain and burning
sensation in the oral cavity 7 days after the patient was confirmed positive for SARS-CoV-2.
The telemedical consultation revealed recurrent HSV of the hard palate, a white, hairy
tongue, and non-specific white lesions of the ventral side of the tongue. Systemic acy-
clovir therapy was administrated five times a day for 5 days and local therapy (antiseptic,
nystatin, panthenol, local anesthetic) for 2 weeks, until complete recovery. The authors’
opinion was that the recurrent HSV lesions were not caused, but triggered, by SARS-CoV-2
infection, as recurrent oral HSV infection is stress-induced and indicates a compromised
immune system.

Jimenez-Cauhe et al. [63] reported cases of three patients who returned to the emer-
gency department because of skin rashes 6, 7, and 4 days after being discharged, respec-
tively. The oral cavity examination revealed palatal macules and petechiae. Following
treatment with systemic corticosteroids, the erythema multiforme-like eruption showed
progressive resolution after 2–3 weeks. The authors suspected an infectious cause rather
than a drug reaction but could not positively exclude the involvement of the various
drugs administered.

Kitakawa et al. [64] described the case of a female patient, 20 years old, who tested
positive for COVID-19 and was treated with azithromycin and dipyrone. She showed
lesions in the median lower lip semimucosa and severe pruritus, with a clinical course of
14 days. These lesions were treated with nebacetin ointment for 2 days, showing a good
resolution. After a photographic examination, a differential diagnosis of recurrent herpes
was established. The authors’ opinion was that it could have been a coincidence; however,
the patient did not show any episodes of herpes infection in her history.

Labe et al. [65] described the cases of two children in which the cutaneous manifesta-
tions were at the forefront of the clinical picture.

Case 1. A 6-year-old male was hospitalized for painful cheilitis, which developed a
week before admission and was followed by a rash of the extremities, and conjunctivitis.
Oral examination revealed severe erosive cheilitis with diffuse gingival erosions and thick
haemorrhagic crusts. The HSV test was negative. The diagnosis of erythema multiforme
was established. As the child’s condition improved, he was discharged after 2 weeks.

Case 2. A 3-year-old male, hospitalized, showed cheilitis, stomatitis, and glossitis,
accompanied by skin manifestations. After the diagnosis of COVID-19-associated Kawasaki
disease was established, an initial dose of intravenous gamma globulin was administrated.
Kawasaki disease is a systemic vasculitis with unknown etiology, associated with either
viruses or bacteria. The authors stated that this case strongly suggests that SARS-CoV-
2 is a trigger for Kawasaki disease and supports previous studies focused on possible
associations between HCoV and Kawasaki disease [66,67].

Table 1. Main aspects of the included studies.

Study Number of Cases Patient Data Oral Lesion Localization

Amorim dos Santos
et al. [51] 1 M, 67, confirmed

White plaque
Yellowish pinpoint ulcers

Geographical tongue
Tongue dorsum

Ansari et al. [53] 2 1. M, 75, confirmed
2. F, 56, confirmed

Several painful ulcers, with
irregular margins and

varying sizes against red and
nonhemorrhagic

backgrounds

1. Hard palate
2. Anterior region of

the tongue
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Table 1. Cont.

Study Number of Cases Patient Data Oral Lesion Localization

Bezerra et al. [54] 1 M, 33, suspicion

Painful mouth ulceration
Two crateriform ulcers with a
necrotic background and no

erythematous halo

The floor of the mouth
Left retromolar region

and lip mucosa

Brandao et al. [55] 8

1. M, 81, confirmed

2. F, 71, confirmed

3. F, 83, confirmed

4. M, 72, confirmed

5. F, 32, confirmed

6. M, 35, confirmed

7. M, 29, confirmed

8. M, 28, confirmed

1. Multiple painful, shallow
aphthous-like ulcers covered

with mucopurulent
membrane

HSV-1 identified
2. Small hemorrhagic

ulcerations
Areas of superficial necrosis

HSV-1 identified
3. Ulcer of 1.5 × 1.5 cm2

Discrete area affected by
petechiae and a superficial

necrotic area
4. Small hemorrhagic

ulcerations
Painful necrotic ulceration

HSV-1 identified
5. Multiple ulcers, superficial

and circular lesions with a
whitish center and
surrounded by an
erythematous halo

6. Superficial, circular ulcer,
covered by a fibrinopurulent
membrane and surrounded
by an erythematous halo of

0.5 cm
Mild odynophagia.

7. Superficial, painful ulcer,
with a diameter of 1 cm and
a whitish pseudomembrane

surrounded by an
erythematous halo

8. Aphthous-like ulcers

1. The mucosa of the
upper and lower lips

Anterior tongue
dorsum

2. Upper and lower lip
Anterior tongue

dorsum
3. Right lateral edge of

the tongue
Anterior hard palate

4. Upper and lower lip
Lower right lip

5. Tip and lateral edges
of the tongue

6. Tonsillar pillar

7. Ventral portion of the
tongue

8. Upper and lower
labial mucosae, right

side of the tongue

Cebeci
Kahraman and

Caskurlu
[56]

1 M, 51, confirmed

Large erythematous surface
A few petechiae

Numerous pustular
enanthemata

Oropharynx

Hard palate midline
Left side of soft palate

border

Chaux-Bodard et al.
[48] 1 F, 45, confirmed

Painful inflammation of
tongue papilla, followed by

an erythematous macula and
an asymptomatic irregular

ulcer

Tongue dorsum

Ciccarese et al.
[57] 1 F, 19, confirmed

Erosions, ulcerations, and
blood crust
Petechiae

The inner surface of
the lips

Palate and gingiva
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Table 1. Cont.

Study Number of Cases Patient Data Oral Lesion Localization

Corchuelo and Ulloa
[58] 1 F, 40, confirmed

Reddish plaques
Dark brown pigmentation

Aphtous-like ulcer

White area, probably candida

Lower lip
Gingiva

Attached lower left
gingiva

Tongue dorsum

Cruz Tapia et al. [59] 4

1. F, 41, confirmed
2. F, 42, confirmed

3. F, 55, confirmed
4. M, 41, confirmed

1. Bulla
2. Macule

3. Bulla
4. Small macule

1. Hard palate
2. Hard palate

(left side)
3. Tongue

4. Hard palate

Diaz Rodriguez et al.
[60] 3

1. F, 43, confirmed

2. M, 53, confirmed

3. F, 78, confirmed

1. Aphthous-like lesions,
burning sensation, and
tongue depapillation

2. Burning-mouth sensation
and unilateral angular

cheilitis
3. Pseudomembranous
candidiasis and angular

cheilitis

1. N/A

2. Lips

3. Tongue, palate

Dominguez-Santos
et al. [61] 4

1. F, 43, confirmed

2. M, 33, confirmed

3. M, 37, confirmed

4. M, 19, confirmed

1. Single ulcer, with
peripheral erythematous rim

2. Single aphtous ulcer

3. Seven aphtae
4. Four clustered aphtae

1. Right buccal mucosa

2. Superior
mucogingival junction
3. Ventral right side of

the tongue
4. Right side of the

inferior labial mucosa

Glavina et al.
[62] 1 F, 40, confirmed

Pain and burning in the oral
cavity

Recurent HSV
White, hairy tongue

Hard palate

Tongue

Jimenez Cauhe et al.
[63] 3

F, 77, confirmed
F, 58, confirmed
F, 69, confirmed

Macules and petechiae Palate

Kitakawa et al.
[64] 1 F, 20, confirmed Herpetic lesions, pruritus Median lower lip

semimucosa

Labe et al. [65] 2 1. M, 6, confirmed
2. M, 3, suspicion

1. Painful cheilitis
2. Cheilitis, stomatitis,

glossitis

N/A
N/A

Martin Carreras-Presas
et al. [68] 3

1. M, 56, suspicion

2. M, 58, suspicion

3. F, 65, confimed

1. Painful lesions resembling
a herpetic recurrent

stomatitis
2. Multiple small, painful

yellowish ulcers with
erythematous halo

3. Pain
Blisters

Desquamative
gingivitis

1. Palate

2. Palate

3. Tongue
Internal lip mucosa

Gingiva

Nuno-Gonzalez et al.
[69] 78

Adults, average age of
55.7 years,

confirmed/suspicion

Lingual papillitis, glossitis,
aphthous stomatitis,

mucositis, and burning
sensation

N/A

Patel et al.
[70] 1 F, 35, suspicion

Erithematous and edematous
gingiva and necrotic
interdental papillae

Gingiva and
interdental papillae
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Table 1. Cont.

Study Number of Cases Patient Data Oral Lesion Localization

Putra et al. [71] 1 M, 29, confirmed Aphthous stomatitis N/A

Riad et al. [72] 17 12 F, 5 M; average age
of 39.94, confirmed Angular cheilitis Lips

Riad et al. [73] 26
9 M, 17 F;

average age of 36.81,
confirmed

Tongue ulcers Tongue

Sakaida et al.
[74] 1 F, 52, confirmed Erythematous and erosive

lesions Lips and oral mucosa

Soares et al.
[75] 1 M, 42, confirmed

Painful ulceration
Multiple reddish macules of

different sizes

Buccal mucosa
Hard palate, tongue,

and lips

Martin Carreras-Presas et al. [68] presented three cases of oral manifestations associ-
ated with COVID-19. In all cases, video consultations were performed.

Case 1. A healthy 56-year-old male patient, suspected of having COVID-19, presented
dysgeusia, pain in his palate, and sore throat. Lesions resembling recurrent herpetic
stomatitis were detected; however, the patient denied any HSV history. The prescribed
treatment was valaciclovir for 10 days, and topical antiseptics with chlorhexidine and
hyaluronic acid. After 10 days, the oral lesions showed full recovery.

Case 2. A 58-year-old male patient, suspected of having COVID-19, also reported pain
in his palate. Multiple small, yellowish ulcers with an erythematous halo were detected
on his palate. The patient did not have any previous history of herpetic infection. After
1 week of using topical antiseptic mouthwash, the painful lesions healed completely.

Case 3. A 65-year-old female patient, hospitalized and treated with antibiotics, corti-
costeroids, and antiviral drugs, developed a rash after being discharged. She described
pain in her tongue from the beginning of the disease but had not been given an intraoral ex-
amination. After one week of antifungal administration, blisters in the internal lip mucosa,
as well as desquamative gingivitis, could be observed. Hyaluronic acid and chlorhexi-
dine mouthwash were prescribed, as well as prednisolone. The oral lesions improved
within 3 days. In the authors’ opinion, it can be assumed that SARS-CoV-2 can provoke
exanthematic lesions similar to other viral processes usually diagnosed in the dental clinic.

Nuno-Gonzalez et al. [69] provided the results of a cross-sectional study that aimed to
evaluate cutaneous findings in 666 COVID-19 patients with mild-to-moderate pneumonia
and a mean age of 55.7 years. A total of 304 of them presented one or more mucocutaneous
manifestations. Oral manifestations, such as transient lingual papillitis, glossitis with
lateral indentations or patchy depapillation, aphthous stomatitis, and mucositis, were also
found in 78 cases. A burning sensation was also reported, and dysgeusia was commonly
associated. The authors stated that, due to the frequency of the oral lesions, a specific
examination was in order to avoid contagion risk.

The case of a 35-year-old female patient, who attended the dental emergency de-
partment describing fever, halitosis, intense gingival pain, and bleeding, was described
by Patel [70]. Bilateral submandibular lymphadenopathy, severe halitosis, generalized
erythematous and edematous gingivae, and necrotic interdental papillae in both the max-
illary and mandibular labial sextants were accompanied by unprovoked bleeding from
the gingival sulcus. A clinical diagnosis of necrotizing gingivitis was made and treatment
with metronidazole three times daily for 5 days and 0.12% chlorhexidine mouthwash twice
daily for 10 days was prescribed. Five days later, complete resolution of oral symptoms
and fever was observed. Despite the fact that the patient was not tested and only a suspi-
cion of COVID-19 infection could be stated, the authors emphasized the role of bacterial
co-infections in COVID-19 severity.

Putra et al. [71] described a case of a 29-year-old male who presented cutaneous mani-
festations and was treated with azithromycin, hydroxychloroquine, oseltamivir, vitamin C3,
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and vitamin D1. Stomatitis aphthous, noticed on day seven, with no other treatment be-
sides typical hygiene oral care, showed complete remission on day ten. The diagnosis of
hand, foot, and mouth disease was supported by the appearance of stomatitis aphthous.

Riad et al. [72,73] presented two series of cases involving oral manifestations in
patients confirmed to be infected with COVID-19.

The first series [72] consisted of 17 confirmed COVID-19 patients with angular cheilitis.
The patients had a mean age 39.94 and 12 of them were female. The authors’ opinion was
that angular cheilitis in COVID-19 patients can be attributed to numerous local irritants,
including hypersalivation.

The second case series [73] included 26 confirmed COVID-19 patients with painful
tongue ulcers. Their average age was 36.81, there were 9 males and 17 females, and they
were treated with oral paracetamol and chlorhexidine mouthwash. The ulcers disappeared
after 1–2 weeks. The authors’ opinion was that tongue ulcers can be a direct manifestation
of SARS-CoV-2 infection or a co-infection due to the immune dysregulation.

Sakaida et al. [74] presented a case of a 52-year-old woman with itchy erythematous
lesions on her limbs after being treated for 3 days with antibiotics and a non-steroid anti-
inflammatory drug for previous dental problems. After 2 days of treatment, erosions on
her lips and buccal mucosa appeared. The skin lesions were clinically diagnosed as a
drug eruption. Oral prednisolone was administrated to treat oral lesions, which gradually
improved. Five days after decreasing the prednisolone, symptoms of SARS-CoV-2 appeared
and the patient tested positive. The authors’ opinion was that the drug eruption during the
latency period might have been related to a COVID-19-induced cytokine storm.

Soares et al. [75] reported a case of a 42-year-old male patient, confirmed positive for
SARS-CoV-2, who developed reddish oral lesions and a painful ulceration in the buccal
mucosa, associated with petechia-like skin and small vesicobullous lesions of unknown
etiology. The multiple reddish macules of different sizes were scattered along the hard
palate, tongue, and lips. A treatment with dexamethasone and dipyrone was established
for 1 week, and after 3 weeks the lesions presented complete remission. The authors
suggested that SARS-CoV-2 can cause oral lesions and therefore that all positive patients
should have a full mouth check-up.

The general aspects of the abovementioned studies are summarized in Table 1.
According to the reviewed data, the most frequent types of oral lesions found in

COVID-19 patients are: ulcers (42 cases, 25.92%), aphthous stomatitis/aphtae (29 cases,
17.90%), angular cheilitis/cheilitis (21 cases, 12.96%), glossitis/lingual papillitis (21 cases,
12.96%), petechiae (8 cases, 4.93%), macules (7 cases, 4.32%), erythematous and erosive
lesions (6 cases, 3.70%), herpetic lesions (6 cases, 3.70%), candidiasis (4 cases, 2.46%), and
bulla (2 cases, 1.23%).

4. The Association between Periodontal Disease and COVID-19

Periodontal disease, a severe inflammatory gum disease, mainly affects the supporting
structures of the teeth, gingiva, and alveolar bone, and it is frequently associated with poor
oral hygiene and age. As the human organism normally responds to bacterial infection
through inflammation, this process can result in a “cytokine storm”, where proteins are
released and associated with an exuberant inflammatory response that destroy tissues in
other parts of the body [76].

The inflammatory products can enter the bloodstream through periodontal pockets
and reach other organs, causing tissue damage [77]. Pro-inflammatory cytokines and
oxidative stress, involved in the development of periodontal disease and other metabolic
diseases, are highly elevated among COVID-19 patients [78]. Bacteria in the gums spread
the IL-6 inflammatory protein. High levels of IL-6 in the body are a predictor of respiratory
failure, with a 22 times higher risk for respiratory complications being reported, thus
highlighting the importance of reducing the amount of oral bacteria and subsequent
systemic inflammation [79].
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On the other hand, the high prevalence of periodontal disease among patients ex-
periencing metabolic diseases, such as obesity and diabetes, and cardiovascular diseases
is well-documented. These types of comorbidities, which affect systemic health, are also
known to increase the risk for severe COVID-19 [80–82]. The association between periodon-
tal disease and severe COVID-19 could help identify risk groups and establish pertinent
recommendations [83].

A study on 568 patients, showed a clear association between periodontitis and in-
creased levels of biomarkers associated with severe COVID-19 disease, as well as complica-
tions including death, ICU admission, and the need for assisted ventilation [84].

The investigations of a possible link between the microbial oral flora and COVID-19
also revealed that there is a risk that oral secretions may be aspirated into the lungs and
cause infection [85]. Oral bacteria, such as the periodontal pathogens Porphyromonas
gingivalis, Fusobacterium nucleatum, and Prevotella intermedia, may accelerate viral
infectious diseases such as COVID-19 and aggravate lung damage [50]. Cytokines such as
interleukin 1 (IL1) and tumor necrosis factor (TNF), which are present in the saliva as a
consequence of their bacterial activity, can easily reach the lungs [84].

Poor oral hygiene, a frequent consequence of low income or psychological troubles,
can lead to COVID-19 aggravation due to the aspiration of periodontopathic bacteria, which
induces the expression of ACE-2, a known receptor for SARS-CoV-2, and the production
of inflammatory cytokines in the lower respiratory tract. Long-term hospitalization of
patients with COVID-19 leads to reduced professional oral care. Poor oral hygiene, and
limited access to dental care in patients with COVID-19, may increase the inter-bacterial
exchanges between the oral cavity and the lungs and thus the risk of a much more severe
respiratory infection [86–88].

The degree of periodontal inflammation may help to determine the severity of COVID-
19 infection. Routine dental and periodontal treatment may also help decrease the symp-
toms of COVID-19 [50,85]. The link between poor oral hygiene, bacteria present in the oral
cavity, and increased risk of lung damage is presented in Figure 2.

Figure 2. The link between poor oral hygiene, bacteria present in the oral cavity, and increased risk
of lung damage.

5. Temporomandibular Disorders Associated with COVID-19 Pandemic

Among the most common symptoms of temporomandibular disorders (TMDs) are
soreness in the jaw joint area and jaw muscles and clicking or crunching noises when
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opening or closing the mouth or when the patient chews, yawns, or even speaks. TMD
may be linked with headaches, neck pain, and discomfort in the temple or teeth. TMD
reflects the dysfunction of the masticatory system, one of its major causes being stress and
psychosocial impairment [89].

Pandemics are stressful, like most public health emergencies. The literature presents
aspects of psychological reactions related to epidemics and pandemics, which depend on
individual vulnerability, intolerance to uncertainty, perceived vulnerability to disease, and
anxiety [90]. The anxiety, depression, and stress people experience during the COVID-19
pandemic may lead to TMD [91].

Uncertainties about the origin and nature of the virus and about governments’ abilities
to prevent its spread, lack of confidence in the medical system and its ability to cope
with new cases, fear of infection, misinformation, and feelings of loneliness and anger in
quarantined people due to lack of socialization play important roles in the development
and maintenance of TMD [92].

These psychosocial factors, often associated with sympathetic activity and additional
release of adrenocortical steroids, may lead to muscle vasoconstriction and increased pe-
ripheral vascular resistance. Autonomic insufficiency can increase the sympathetic impulse
and the feeling of hyper-excitement that creates and perpetuates sleep disorders, accom-
panied by sensations such as heat and cold, palpitations, tachycardia, nausea, abdominal
pain, diarrhea, and constipation [93].

Reports have noted an increased number of people experiencing teeth grinding and
oral pain during the COVID-19 pandemic as a consequence of increased stress due to health
worries, the loss of work, and lockdown or separation from family members [94,95]. On
the other hand, stress, anxiety, and depression due to COVID-19 lead to increased orofacial
pain, TMD, and bruxism symptoms [96,97].

According to another recent study, people with chronic TMD are more susceptible to
COVID-19 distress, resulting in deterioration of their psychological status, and increased
chronic facial pain severity, supporting the hypothesis that stress acts as an amplifier
of central sensitization, anxiety, depression, chronic pain, and pain-related disability in
TMD cases [98].

Two concomitant studies aimed to evaluate the effect of lockdown on TMD and
bruxism symptoms among 700 subjects from Israel and 1092 from Poland, respectively,
by using online questionnaires. The results showed significant altered psychoemotional
status, leading to aggravated bruxism and TMD symptoms, accompanied by increased
orofacial pain [97].

Even after the lockdown period ended, patients with high risk for severe COVID-19
limited their dental appointments to emergencies only, which was not the case for TMD
and bruxism. As they were neglected, these conditions got worse [99].

Medical staff, including dental practitioners, have also been reported to experience
moderate to severe levels of anxiety because of possible COVID-19 repercussions [90,94,100].

A study carried out on 641 dental surgeons found TMD in 24.3% of the participants,
sleep bruxism in 58%, and awake bruxism in 53.8% [101]. The incidence of TMD reported
by a study carried out on 699 dental university students during the COVID-19 pandemic
was of 77.5%, accompanied by impaired sleep quality, depression, anxiety, and stress [102].
Another study, based on 113 questionnaires filled out by dental students, also reported that
the social isolation and stress due to the COVID-19 pandemic had led to increase symptoms
of TMD, anxiety, and depression [103].

6. Dental Medicine during the COVID-19 Pandemic

Health systems around the world were subjected to a great challenge due to the rapid
spread of SARS-CoV-2 and the related COVID-19 pneumonia until the vaccine became
available. The public health measures during the pandemic forced patients with and
without SARS-CoV-2 to remain isolated in order to prevent the spread. The majority of
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the patients were unable to attend dental services, postponed the appointments, and even
neglected their oral hygiene, which can lead to complications [58].

At the beginning of the pandemic, dentistry, as well as oral and maxillofacial surgery
and dental radiology, were included among the groups with the highest risk of infec-
tion due to inevitable close contact with SARS-CoV-2 asymptomatic and symptomatic
patients [104,105].

Dental staff may develop an increased risk of infection due to the proximity of patients,
who cannot wear masks during treatment and keep their mouth open [106]. The high risk
is also caused by instruments and equipment that generate aerosols that contain oral and
respiratory fluids, such as high-speed and ultrasonic scaling devices, both of which use
a water-coolant [86,106–108]. Dental radiology, which does not allow the use of a rubber
dam, is equally risky, as the patient may cough or gag if the image receptor is placed deep
inside the mouth [109].

The high viral load in the nasal cavity in infected patients, even if asymptomatic, puts
dentists and maxillofacial surgeons at even higher risk for SARS-CoV-2 infection because
of the close contact. Treating patients in these pandemic times has to be undertaken with
maximum precautions in order to minimize the infection transmission [110–112].

For a determined period of time at the beginning of the pandemic, dental practices
were closed and only dental emergencies that could not be postponed [95] or facial trauma
surgery were performed [112,113].

The most common types of facial trauma, generally caused by road or sports accidents,
were reduced during this period because of the imposed restrictions, but trauma caused
by domestic violence or falls still occurred. Oral and maxillofacial surgeons, head and
neck surgeons, and plastic surgeons managed both facial trauma and patient triage by
performing COVID-19 buffer tests and helping intubate COVID-19-positive patients with
facial trauma [110].

During the peak of the pandemic, when personal contact was avoided as much as
possible, telemedicine proved to be a useful tool in dental diagnosis [60,112].

Later on, specific protocols were implemented, combining sanitizing procedures
with the wearing of disposable personal protective equipment (PPE). Patient screening
by telephone, before scheduling a dental appointment, has been considered necessary to
prevent spreading the virus inside the dental office [114,115].

At their arrival, patients must wear a surgical mask and must be unaccompanied
(when possible). Patients are requested to leave any personal belongings in certain spaces
and sanitize their hands, and they are provided with PPE.

The dental staff have to be equipped with disposable personal protective equipment:
gloves, filtering facepiece particle 2 (FFP2) respirator, visor, protective gown, and shoe
covers [116,117].

In order to reduce the presence of the virus in the saliva, rinsing with a mouthwash
for at least 30 s prior to starting the dental treatment has been advised [118].

During clinical procedures, the use of a rubber dam is strongly recommended to limit
the spread of aerosols and potentially infected biological material. The procedures which
might cause coughing or gagging must be avoided; for example, the use of an intra-oral
scanner instead of a conventional dental impression is preferred [109].

The type of aspirating system used seems to affect the prevalence of SARS-CoV-2 infec-
tion across dental offices. Using aspirating systems equipped with HEPA filters, capable of
evacuating and dissipating aerosols into specialized areas, is strongly recommended [119].

At the end of the dental appointment, all disposable PPE must be properly discarded [120].
Accurate sanitizing of hands and of all surfaces is equally important, as well as proper

ventilation for patients [120–122].
Radiography practices should be kept as simple as possible and minimize staff-to-

patient contact. Intraoral radiographs should be avoided as much as possible during the
COVID-19 pandemic. Extraoral bitewings represent an alternative for sectional panoramic
radiographs and intraoral bitewings. Extraoral bitewings, which involve a radiation dose
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lower than or comparable to intraoral radiographs while providing a greater field of view,
could be further considered, especially in cases of children and adults with difficulties in
tolerating intraoral radiographs [123].

7. Conclusions and Future Perspectives

Oral manifestations related to COVID-19, including fungal infections, recurrent HSV,
oral ulcerations, drug-related eruptions, dysgeusia, xerostomia or decreased salivary flow,
and gingivitis, may be a result of the impaired immune system and/or susceptible oral
mucosa [124].

Although, it is difficult to state which of the various oral lesions associated with
COVID-19 are the most prevalent, it seems that a higher frequency can be found in older,
hospitalized patients with severe infection [125].

A number of factors, such as immune impairment, co-morbidities, poor oral hygiene,
adverse drug reactions, stress, secondary hyper-inflammatory responses, and iatrogenic
trauma following intubation, may be involved [126].

The hypothesis that the oral manifestations are secondary lesions resulting from the
deterioration of systemic health or treatments for COVID-19 is most probably correct.
The pharmacological agents against COVID-19 are related to several adverse reactions,
including oral lesions [127].

The authors of one study stated that “The oral mucosal examination has been neglected
during the pandemic on reasonable grounds” [56]. A routine intraoral examination should
always be performed on patients with suspected or confirmed SARS-CoV-2 infection, as it
can represent a sign of potentially life-threatening conditions [57,70].

It has also been stated that “Whether the currently emerging new viral variants will
have an impact on the oral manifestations is unknown” [125]. It is our belief that extensive
knowledge about all possible manifestations in cases of COVID-19, including oral lesions,
is of great importance in the present uncertain context. The fourth wave of COVID-19
and the alarming spreading of the Delta strain, which is highly contagious and potentially
severe, keep the subject actual; skin manifestations are increasingly frequent. It can be
assumed, based on the correlation between skin and oral manifestations, that new outcomes
regarding this subject will emerge.

Dentists are not only implicated in providing specialty assistance in times of pan-
demics but also in fighting against them. A special note that seems worth mentioning is
that, during the anti-COVID-19 vaccination campaign in Romania, marathon vaccinations
were carried out during weekends in an effort to encourage attendance and limit the
spread of the pandemic. Dentists took part as volunteers, together with fellow doctors
and students, and 6722 people were vaccinated in the authors’ hometown during the first
organization of this marathon series.
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Abstract: Background and Objectives: This systemic review aims to appraise and analyse the awareness,
knowledge, attitude, and practice of teledentistry among dental practitioners during COVID-19.
Materials and Methods: This review was registered in the PROSPERO database (CRD42021283404).
Cross-sectional articles on dental practitioners’ perceptions towards teledentistry published between
March 2020 and September 2021 were searched in ten online databases (PubMed, Google Scholar,
Web of Science, ScienceDirect, Cochrane, EMBASE, SIGLE, EBSCO, LILACS, and Open Grey). The
Joanna Briggs Institute critical appraisal tool was employed to analyse the risk of bias (RoB) of
each article, whereas the Oxford Centre for Evidence-Based Medicine recommendation tool was
used to evaluate the level of evidence. Data were analysed using the DerSimonian–Laird random
effect model based on a single-arm approach. Results: Six studies were included and demonstrated
Level 3 evidence. A single-arm meta-analysis revealed that dental practitioners had a high level
of awareness (70.4%) and attitude (72.5%) towards teledentistry during the COVID-19 pandemic,
but their knowledge level (57.9%) was moderate with a poor practice level (35.8%). A substantial
heterogeneity was observed with the overall I2 ranging from 90.78% to 98.21%. Furthermore, meta-
regression indicated that the sample size of each study had a significant (p < 0.05) impact on the
degree of data heterogeneity. Conclusions: Despite their high degree of awareness and attitude, dental
practitioners demonstrated moderate knowledge and relatively poor practice of teledentistry during
the COVID-19 pandemic. More well-designed studies are warranted to investigate the alternatives
for enhancing dental practitioners’ knowledge and practice of teledentistry interventions.

Keywords: coronavirus; dental care; oral health; pandemic; telehealth

1. Introduction

The World Health Organization (WHO) declared the coronavirus disease 2019 (COVID-
19) as the first coronavirus pandemic to strike the global healthcare system in March
2020 [1]. Many nations have implemented quarantine and mitigation measures to halt the
disease’s transmission. Most ordinary non-emergency healthcare was briefly suspended
due to the pandemic’s lockdown, restricting individuals’ contact and access to healthcare
concerns, including dental treatment [2,3]. Neglecting oral health issues might result in
future dental problems, patient emotional suffering, or even impair their overall quality
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of life. Dental practitioners are considered high-risk professionals as they are constantly
exposed to infections transferred by saliva, blood, or fluid from the nasopharyngeal area
due to the nature of dental treatments and close interaction with patients [3,4]. As a
result, teledentistry has the potential to give an innovative alternative for continuing dental
practice during the pandemic and beyond [2].

Teledentistry, like telemedicine, is the distant or remote delivery of dental care, coun-
selling, education, or treatment using digital technologies rather than physical face-to-face
interaction with patients [2]. Telediagnosis, teleconsultation, teletriage, electronic patient
records and referrals, and telemonitoring are just a few of the main modalities in modern
dentistry practice [2]. Teledentistry has proven to be effective and reliable for distant dental
screening, diagnosis, consultation, and treatment planning over the years [1,5]. Moreover,
teledentistry is advocated as one of the emergency measures for coping with the COVID-19
pandemic, and a previous study has demonstrated that both dentists and patients feel more
secure using teledentistry to minimize non-essential interaction during the pandemic [6].
Since the transition from COVID-19 being a pandemic to an endemic is becoming highly
probable, widespread adoption of teledentistry during and after the pandemic is critical, as
the primary goal is to avoid face-to-face contact, especially for vulnerable groups, and limit
the transmission of this contagious disease [7,8].

Understanding how dentists perceived teledentistry as an alternative tool during the
pandemic crisis and how teledentistry may affect future dental professionals’ practice are of
paramount importance. Although various surveys on dental practitioners’ perceptions of
the employment of teledentistry during the COVID-19 pandemic have been conducted [3,
4,7,8], there has yet to be a systematic evaluation and analysis of dental practitioners’
awareness, knowledge, attitude, and practice towards teledentistry. Hence, it is imperative
to delve deeper into this context and allow further stakeholders to develop a comprehensive
approach for the effective and long-term use of telecommunications for dental care during
or even after the pandemic. Thus, the aim of this review is to systematically appraise and
analyse the awareness, knowledge, attitude, and practice of teledentistry among dental
practitioners during COVID-19.

2. Materials and Methods

2.1. Protocol and Registration

A study protocol based on the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Protocols (PRISMA) was created [9], and the study was registered with a
registration number (CRD42021283404) at the Prospective Register of Systematic Reviews
(PROSPERO), University of York.

The focus question was developed based on the POT framework, which includes the
Population (P), Outcome of interest (O), and Time (T). The POT criteria were: (1). Popula-
tion: dental practitioners including general dentists, dental specialists, dental educators or
lecturers, and postgraduate dental students (2). Outcome: awareness, knowledge, attitude,
and practice on teledentistry (3). Time: during the COVID-19 pandemic.

The POT question was ‘What is the level of awareness, knowledge, attitude and
practice among dental practitioners on teledentistry during the COVID-19 pandemic?’ In
this context, a dental practitioner is referred to as a dentist who is qualified and certified by
the state to provide dental treatments within the extent of their licence and certification.
Moreover, the use of information technology and telecommunications for dental treatment,
consultation, education, and public awareness is referred to as teledentistry.

2.2. Search Strategy

An electronic search was conducted independently by two investigators (GSSL, SHK)
using ten electronic databases to identify relevant articles published between March 2020
and September 2021: PubMed, Google Scholar, Web of Science, ScienceDirect, Cochrane,
EMBASE, SIGLE, EBSCO, LILACS, and Open Grey. Two other investigators (KZT, CWL)
independently evaluated and appraised the reference lists of relevant papers from the
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electronic search using computer software (EndNote X9, Thomson Reuters). Keywords
such as ‘knowledge’, ‘awareness’, ‘attitude’, ‘practice’, ‘teledentistry’, ‘e-dentistry’, ‘COVID-
19′, and ‘pandemic’ were applied for each database in conjunction with the use of Boolean
operators ‘AND’ and ‘OR’.

2.3. Study Selection

After discarding duplicate articles using EndNote software version x9, two inves-
tigators (GSSL, SHK) separately screened the titles and abstracts of all the articles, and
the remaining two investigators (KZT, CWL) performed a full-text assessment to identify
studies based on the inclusion and exclusion criteria. Articles that fulfilled the following
inclusion criteria were considered:

• Awareness, knowledge, attitude, and practice towards teledentistry during the COVID-
19 pandemic;

• General dentists, dental specialists, dental educators, or postgraduate dental students;
• Cross-sectional study;
• No limit to any country;
• No limit to any language.
• Articles that fulfilled the following exclusion criteria were omitted:
• Expert opinions, reviews, case reports or case series, letters to the editor, short commu-

nications
• Studies performed before March 2020 (as the pandemic was announced by WHO in

March 2020)
• Full text unavailable

To evaluate interrater reliability, calibrations between investigators were performed.
The average concordance was computed using the Kappa value to compare the investiga-
tors’ decisions on inclusion and exclusion [10]. Any disagreements that arose throughout
the search were addressed and resolved with the fifth investigator (SS).

2.4. Data Extraction

Each article’s parameters were extracted and documented by four investigators (GSSL,
SHK, KZT, CWL) using customized excel spreadsheet extraction forms: titles of articles,
authors, year of publication, country, type of study, sample size, gender, age, assessment
method, evaluation criteria, response rate, and overall main results. The fifth investiga-
tor (SS) double-checked the accuracy of the filled data and a further discussion with all
investigators was conducted if any discrepancies were found.

2.5. Risk of Bias Assessment and Level of Evidence

Three investigators (SHK, KZT, CWL) independently assessed the risk of bias (RoB)
of the selected articles using the Joanna Briggs Institute (JBI) critical appraisal checklist
for analytical cross-sectional studies [11]. Either ‘yes’, ‘no’, ‘unclear’, or ‘not applicable’
was assigned for each domain. Subsequently, the studies were categorized as ‘include’,
‘exclude’, or ‘seek further info’. Any persistent disputes were resolved with the assistance of
the fourth investigator (GSSL). The Oxford Centre for Evidence-Based Medicine (OCEBM)
guideline was used to establish the level of evidence in each study [12].

2.6. Statistical Analysis

The extracted proportions of the awareness, knowledge, attitude, and practice among
dental practitioners towards teledentistry during the COVID-19 pandemic from each study
were pooled and estimated using single-arm meta-analysis based on the DerSimonian–
Laird random-effects model. The analysis was conducted using the OpenMeta (Analyst)
software (CEBM, Oxford, UK) with a significance level of 0.05 and 95% confidence intervals
(CI). If the estimated upper limit of the 95% confidence interval was larger than 1.0, the
upper limit was defined as 1.0. The Higgins’ I2 statistics were employed to determine the
degree of data heterogeneity among the included studies (I2 less than 30% = acceptable
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heterogeneity, I2 between 30 and 60% = moderate heterogeneity, I2 greater than 60% =
substantial heterogeneity) [13]. Subgroup analysis comparing various populations, genders,
and age groups with different educational levels was not feasible due to a scarcity of data
from the included studies. However, meta-regression was conducted to assess the effect
of sample size on the outcomes. Furthermore, Egger’s test was performed to identify
publication bias.

3. Results

3.1. Study Selection

During the initial search, a total of 1182 articles were retrieved (Figure 1). A total
of 438 articles were eliminated after duplication was removed, followed by 724 articles
being discarded after screening based on titles and abstracts; the remaining 20 articles were
chosen for full-text evaluation. Finally, only six studies were included in the current review
encompassing a total of 6904 dental practitioners. The average inter-investigators’ Kappa
score was 0.82 during the study selection process, which indicates a ‘perfect’ agreement [14].
Figure 1 depicts the reasons for article exclusion.

Figure 1. Study selection according to the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) flowchart.

3.2. Study Characteristics

Table 1 summarized the characteristics of each included study. All the included articles
were cross-sectional studies. Specific survey questions from each included article were ex-
tracted to represent the awareness, knowledge, attitude, and practice towards teledentistry.
Five studies focused on the awareness of teledentistry among dental practitioners during
the COVID-19 pandemic [3,4,7,8,15], five studies on their knowledge [4,7,8,15,16], four
studies on their attitude [3,4,7,8], and three studies on their practice of teledentistry [3,8,15].
Among all the included studies, three articles originated from Pakistan [4,7,15], and one
article each from Colombia [3], Saudi Arabia [8], and India [16].
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3.3. Risk of Bias Assessment and Level of Evidence

All included studies in the present review were deemed ‘include’ based on the JBI
critical appraisal tool (Table 2). All the included studies were rated ‘Yes’ for domains 1, 2,
3, 4, 5, 7, and 8, but one study was rated ‘No’ for domain 6 [4]. All the included studies
were ranked as Level 3 based on the evidence of OCEBM. The risk of bias assessment and
level of evidence’s Cohen’s kappa coefficient (κ) were scored 0.78 and 0.80, respectively,
indicating a ‘substantial’ agreement [14].

Table 2. Risk of bias and level of evidence of each included study.

Study
Domains

Overall Appraisal LOE
1 2 3 4 5 6 7 8

Plaza-Ruiz et al. [3] Y Y Y Y Y Y Y Y Include 3

Abbas et al. [7] Y Y Y Y Y Y Y Y Include 3

Subhan et al. [4] Y Y Y Y Y N Y Y Include 3

Zahra et al. [15] Y Y Y Y Y Y Y Y Include 3

AlAssad et al. [8] Y Y Y Y Y Y Y Y Include 3

Save et al. [16] Y Y Y Y Y Y Y Y Include 3

Y: Yes; U: Unclear; N: No; LOE: Level of evidence. Domain 1: Were the criteria for inclusion in the sample clearly
defined? Domain 2: Were the study subjects and the setting described in detail? Domain 3: Was the exposure
measured in a valid and reliable way? Domain 4: Were objective, standard criteria used for measurement of the
condition? Domain 5: Were confounding factors identified? Domain 6: Were strategies to deal with confounding
factors stated? Domain 7: Were the outcomes measured in a valid and reliable way? Domain 8: Was appropriate
statistical analysis used?

3.4. Statistical Analysis

Table 3 shows the proportions of the level of awareness, knowledge, attitude, and
practice towards teledentistry among dental practitioners during the COVID-19 pandemic
retrieved from the included studies. Quantitative syntheses were performed when three or
more studies were available for each evaluation criteria. For each study, participants such
as general dentists, dental specialists, postgraduate dental students and dental educators
or lecturers were pooled together. Based on the single-arm meta-analysis (Figure 2), a
high level of awareness (70.4%, CI: (64.3, 76.5)) and attitude (72.5%, CI: (60.7, 84.3)) to-
wards teledentistry was noted among dental practitioners during the COVID-19 pandemic.
However, the knowledge level (57.9%, CI: (46.0, 69.9)) were deemed moderate, while their
practice level of teledentistry (35.8%, CI: (14.8, 56.8)) was found to be poor among dental
practitioners. Overall, the I2 of the weighted mean awareness, knowledge, attitude, and
practice level of teledentistry among dental practitioners ranged from 90.78% to 98.21%,
indicating a substantial degree of data heterogeneity (p < 0.001) among the studies included.

Table 3. Awareness, knowledge, attitude, and practice among dental professionals towards teleden-
tistry during COVID-19.

Study Year Participants Awareness Knowledge Attitude Practice

Plaza-Ruiz et al. [3] 2021 GD, DS (3368/5370) n/a (3198/5370) (2284/5370)

Abbas et al. [7] 2020 GD, PGDS, DE, DS (369/510) (327/510) (375/510) n/a

Subhan et al. [4] 2021 GD, DS (223/325) (242/325) (261/325) n/a

Zahra et al. [15] 2020 GD, DS, PGDS (120/156) (66/156) n/a (21/156)

AlAssad et al. [8] 2021 PGDS, GD (75/102) (66/102) (79/102) (53/102)

Save et al. [16] 2020 GD, DS n/a (65/151) n/a n/a

DE: Dental educators; DS: Dental specialists; GD: General dentists; PGDS: Postgraduate dental students. n/a: Not
Applicable.
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Figure 2. Single-arm meta-analysis showing the awareness, knowledge, attitude, and practice level
of teledentistry among dental practitioners.

Sensitivity analyses were carried out by removing each data set one at a time. The
highest and lowest weight mean awareness levels were 72.3% (CI: 69.1, 75.5) and 68.8%
(CI: 62.7, 74.9), when Plaza-Ruiz et al. [3] and Zahra et al. [15] were omitted, respectively.
Furthermore, the highest and lowest weight mean knowledge levels were 61.8% (CI: 50.3,
73.4) and 53.6% (CI: 41.0, 66.3), when Zahra et al. [15] and Subhan et al. [4] were removed,
respectively. The highest and lowest weight mean attitude levels were 76.9% (CI: 72.2,
81.7) and 69.8% (CI: 57.9, 81.7), when Plaza-Ruiz et al. [3] and Subhan et al. [4] were
eliminated, respectively. Finally, the highest and lowest weight mean practice levels were
46.0% (CI: 37.1, 54.9) and 32.5% (CI: 19.2, 70.2), when Zahra et al. [15] and Plaza-Ruiz
et al. [3] were omitted, respectively.

Meta-regression analysis (Appendix A) was also performed to assess the effect of the
participants’ sample size of each study on the degree of awareness, knowledge, attitude,
and practice towards teledentistry. Significant differences were found for all evaluating
criteria (p-values: awareness (<0.001), knowledge (<0.001), attitude (<0.001), and practice
(0.004)) signifying that the sample size of each study had a direct effect on the degree of data
heterogeneity. In addition, Egger’s test revealed that there was no indication of significant
publication bias in the level of awareness, knowledge, attitude, and practice of teledentistry
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among dental practitioners during the COVID-19 pandemic (Egger’s test: p-value = 0.32,
0.021, 0.05, and 0.11, respectively).

4. Discussion

The current review is the first of its kind to comprehensively evaluate the percep-
tions of dental practitioners including their awareness, knowledge, attitude, and practice
towards teledentistry during the COVID-19 pandemic. Teledentistry enables distance com-
munication and consultation by avoiding face-to-face contact and allowing the exchange
of clinical information [2,15]. It also facilitates remote oral care and patient education,
which are recommended by healthcare authorities around the globe, particularly during
the COVID-19 pandemic, when social distancing should be emphasized to prevent the
spread of the coronavirus [2,7]. Despite the current review only covering a small number of
relevant primary papers, it uncovered valuable insights regarding teledentistry application
among dental practitioners.

In the present single-arm meta-analyses, dental practitioners exhibited a high degree
of awareness (70.4%) and attitude (72.5%) towards teledentistry. Such a finding corrobo-
rates the findings of a previous systematic review on telehealth in which a high level of
awareness and attitude were observed among healthcare professionals [17]. Most dental
practitioners agreed that teledentistry is a brilliant invention that may bring certain benefits
and requires forward thinking, which has resulted in a more favourable attitude towards
teledentistry [7,8]. However, the knowledge level among dental practitioners in the present
analysis was somewhat moderate (57.9%), which contradicts other similar studies [18–20].
This could be due to income, legislation, previous undergraduate education, and infrastruc-
tural variations that exist between countries [3]. The current finding suggested that dental
practitioners are aware of teledentistry and have a favourable attitude toward it, but they
are unclear of the knowledge and skills required to utilise it. One probable explanation is
that dental practitioners are not well-exposed to teledentistry through workshops, lectures,
or seminars [8]. In addition, work experience, postgraduate qualification, and internet
access were found to be major predictors of teledentistry knowledge among dental practi-
tioners. It was also reported that junior dental practitioners and those with a postgraduate
degree showed a better level of knowledge towards teledentistry [15,21]. This could be due
to the fact that teledentistry is a relatively new concept, and senior dental practitioners may
not have received sufficient training to cutting-edge technology. Similarly, dental practi-
tioners with postgraduate qualifications may have had more exposure to IT technology
throughout their postgraduate studies.

On the other hand, the practice of teledentistry was still found to be uncommon during
the COVID-19 pandemic, with only about 35.8% of dental practitioners using it. It is not
surprising that teledentistry practice is still limited, despite their adequate knowledge of
the subject [18,22]. Dental practitioners’ knowledge and comprehension of teledentistry,
the skills necessary for its effective application, and a working environment favourable
to the adoption of such a new technology are all critical attributes in the widespread
acceptance and practice of teledentistry [15,16,23]. Inadequate financial remuneration
and disparities in rural regions have also been cited as having a detrimental impact on
teledentistry application [3]. However, dental practitioners’ knowledge and attitude level
towards teledentistry improved during the pandemic period, implying that the increased
familiarity and practice of teledentistry would likely continue even when the pandemic
entered the endemic phase [3,8].

Another factor that may contribute to a lower level of practice among dental practition-
ers is that most of the primary studies included in the present systematic review originated
from developing countries [4,7,15,16]. While developed countries continue to benefit and
expand this technology by encouraging remote health consultation and monitoring with
efficient online record-keeping systems, telehealth including telemedicine and teledentistry
in developing countries is still in its infancy [23]. Thus, one may postulate that many
developing countries still encounter a lack of teledentistry services, and a scarcity of skilled
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dental practitioners incorporated this technology into their daily practice, making it more
challenging to offer remote oral healthcare services during the COVID-19 era, particularly
in suburban and remote regions [16]. Despite these issues, the authors believe that the
COVID-19 pandemic will provide an excellent opportunity for developing countries to
optimise teledentistry by providing greater skills and new technologies that could change
the future of dentistry.

Telehealth modalities, such as teledentistry, provide a wealth of advantages, including
ease of application, a tendency to enhance outcomes and communication, low cost, the abil-
ity to reduce travel time, expand access to treatment, and raise patient self-awareness [24,25].
In light of the present COVID-19 situation and efforts to expand the number of patients
treated via teledentistry as a means of limiting virus transmission, dental practitioners
may be anticipated to incorporate teledentistry into their work practices on a larger scale.
Increased patient acceptance and self-management will likely lead to teledentistry being
a more integral element of the care pathway for a variety of oral health issues [2]. Dental
practitioners and other dental auxiliaries participating in service design and equipment
selection will also assist in boosting teledentistry adoption [26]. Training and continuing
professional education can help to enhance teledentistry awareness and knowledge, as
well as ensure that dental practitioners are prepared to use it in the treatment pathway [15].
Rather than being viewed as a threat to professional identity and competence, understand-
ing how teledentistry might enable them to accomplish some regular consultation and
monitoring activities remotely is essential.

Other factors such as the dental practitioners’ age and gender, their work environment,
and educational level may have an impact on the overall results [3,8,19]. These characteris-
tics were not evaluated in the current review because the data obtained from the primary
studies were pooled together, making it impossible to split the results into numerous age
groups or genders for comparison. Notwithstanding this, meta-regression was employed
and discovered that different sample sizes had a considerable impact on the findings. It is
not odd that this occurred since the included studies contained a large range of sample size,
which might increase the likelihood to skew the results in one direction. Furthermore, the
inclusion and assessment criteria vary significantly among the studies because different
studies define the terms ‘knowledge’ and ‘awareness’ differently. In the current review,
knowledge refers to a profound comprehension and acquaintance of teledentistry, whereas
awareness refers to a superficial understanding.

Most of the included studies were considered to have a low risk of bias in all domains
except for one study rated ‘No’ for domain 6: ‘Were strategies to deal with confounding
factors stated?’ [4]. Subhan R et al. [27] identified cofounding factors including age and
gender but did not specify how these factors may affect their findings. Additionally,
the recent meta-analyses revealed significant heterogeneity. This might be due to the
inclusion of studies with a wide range of sample sizes, as well as the nature of each
study’s presentation of all evidence using different forms of questionnaires. Unfortunately,
due to the small number of studies, subgroup analysis was not possible. When individual
participant’s data are accessible, the sources of heterogeneity and bias may be fully explored,
but most included studies only disclosed aggregate data [28].

The present review provides useful information that paves the way for teledentistry
by suggesting the creation of more related programmes and software to fill in the gaps
between dental practitioners and patients. Healthcare providers and policymakers are
advocated to embrace teledentistry and assist legislation in keeping up with the technology
by allowing more funding and infrastructural options for teledentistry. Nonetheless, it
is worth noting that the confidentiality of patients’ information may be a concern that
compromises privacy [4]. Patients’ privacy and the establishment of secure information
technology networks should be prioritised when contemplating teledentistry adoption [22].

One drawback of the present study is that the included primary studies were still
limited in their ability to generalise and extrapolate the findings of the context into a larger
population. To ensure accurate inferential outcomes, a substantial amount of primary
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research should be included in the meta-analysis, but it is understandable that such a
criterion is rarely met, particularly in the field of dentistry where the number of selected
studies is often very limited [29]. In addition, the absence of subgroup analysis on the
impact of dental practitioners’ age, gender, working environment, and qualifications due
to a scarcity of data may have hampered the current review from developing a greater
understanding of teledentistry. Sampling and response bias of each primary study was not
addressed in the current review as it was beyond our scope. Thus, more well-designed
studies from different countries are warranted to obtain a more general understanding of
the level of awareness, knowledge, attitude, and practice of teledentistry among dental
practitioners.

5. Conclusions

The present review findings suggested that a high degree of awareness and attitude
toward teledentistry was noted among dental practitioners during the COVID-19 pandemic.
On the other hand, their knowledge level was moderate, while practice level was relatively
poor. Teledentistry offers the promise to provide a new strategy for continuing dental care
during and after the pandemic. Hence, it is imperative that future well-designed studies are
warranted to investigate alternative approaches to enhance dental practitioners’ knowledge
and practice of teledentistry. The authors also advocate that future studies should further
evaluate participants’ characteristics for better comparisons and a deeper understanding of
dental practitioners’ perceptions towards teledentistry.
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Appendix A

Meta-regression evaluating the effect of sample size of each study on the degree of
awareness, knowledge, attitude, and practice toward teledentistry. * Significance at 0.05.

Categories Coefficient

Confidence Intervals
Standard

Error
p-ValueUpper

Bound

Lower

Bound

Awareness 0.729 0.700 0.757 0.015 0.001 *

Knowledge 0.533 0.321 0.745 0.108 0.001 *

Attitude 0.771 0.743 0.798 0.014 0.001 *

Practice 0.319 0.098 0.540 0.113 0.004 *
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Abstract: Background and Objectives: The COVID-19 pandemic has a negative impact on the mental
health of the population in general, and in college students in particular. Dental students have
seen their teaching altered and their clinical practice reduced. This study was aimed at conducting
a systematic review and meta-analysis of studies reporting levels of depression among dental
students during the COVID-19 and estimating the pooled prevalence of depression. Materials and
Methods: Medline via PubMed and other databases were searched for studies on the prevalence
of depression in dental undergraduates, published from 1 December 2019 to 1 September 2021.
The pooled proportions of depression were calculated with random effects models. Results: We
identified 13 studies from 9 countries. The pooled prevalence of depression in dental students was
37% (95% CI: 26–49%) with no variation due to gender, response rate or methodological quality. We
only found a significantly higher prevalence of depression in studies from Asia compared to Europe
and America. Conclusions: Our results suggest that dental students are suffering from higher levels
of depression compared with the general population or other college students during the COVID-19
pandemic, with differences across regions. Measures to improve mental health and wellbeing of
dental students during the pandemic are needed.

Keywords: depression; dental students; gender; countries; meta-analysis; COVID-19

1. Introduction

Since March 2021, when the World Health Organization (WHO) declared the COVID-19
pandemic [1,2], there have been profound economic, social, psychological and educational
changes worldwide [3]. However, the pandemic has not equally impacted different seg-
ments of the population [4]. Specifically, several target groups have been studied for the
negative psychological impact of the COVID-19 [5]. Among them, university students have
concerned the international scientific community [6]. One of the first measures to contain
the pandemic, and to stop the spread of the virus, was to close universities, with consider-
able associated psychological symptoms in this population [7]. University education had to
be transformed overnight into a virtual mode [8], and students had to quickly adapt to this
change. Students had to deal with delays in academic activities [9], the transition to online
education, the administration of homework, projects and other ongoing assessments. Stu-
dents began to fear that the pandemic could have a serious impact on their careers [10,11]
and they were also very concerned about their health, safety and the well-being of their
families [12]. Social distancing, lockdowns and other restrictions and norms to stop the
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spread of the virus are factors related to an increased rates of depression in the general
population [13] and particularly in university students [14,15]. This increased level of
depression seems to be related to the fear of getting infected and adaptation difficulties to
personal, academic and professional restrictions [16,17].

Previous studies have shown that dental students have important levels of depression
before the pandemic [18–20]. This previous psychological distress could be caused by the
high emotional burden of dental studies due to long study hours, high workload [21], clini-
cal demands, examinations and qualifications [22,23]. Moreover, the levels of depression
seem to increase as the years of medical school progress, showing higher symptomatology
than medical students [24,25]. In addition, dental students in their clinical practice are
especially vulnerable to the risk of COVID-19 transmission [26], as they have to work
closely with patients. This proximity may put them at a higher risk of viral exposure and
being infected with COVID-19 [27]. In fact, droplets and aerosols produced during most
dental procedures are potential methods for COVID-19 transmission [28].

Research has suggested several sociodemographic variables that might be associated
with higher rates of depression during the COVID-19 pandemic. In general, higher rates of
depression have been observed among females [29–31], although there are studies suggest-
ing that there are no differences between men and women [32,33]. In addition, significant
differences have also been found in the prevalence of depression among university students
depending on the country [6,34].

Several reports, opinion articles and studies have recently been published about the
psychological impact of the COVID-19 pandemic on dental students. However, to the
best of the authors’ knowledge, there are no studies that synthesize the current scientific
evidence on this topic.

Thus, the main objective of this study is to conduct a systematic review and meta-
analysis of studies that investigate the prevalence of depression in dental students during
the COVID-19 pandemic. Moreover, it will be analyzed whether gender, age or the country
were the study was carried out create significant differences in the prevalence of depression
among dental students.

2. Materials and Methods

This study follows the methodology of a previous work [35], and was conducted
in accordance with the PRISMA guidelines for reporting systematic reviews and meta-
analysis [36] (Supplementary Table S1).

2.1. Search Strategy

Two researchers (JS and JBN) searched for all cross-sectional studies reporting the
prevalence of depression published from 1 December 2019 to 1 September 2021, using
MEDLINE via PubMed, Embase and Scielo databases. The search strategy used in PubMed
is detailed in Table 1.

Table 1. Search strategy in Pubmed.

(COVID [tiab] OR COVID-19[tiab] OR coronavirus[tiab] OR SARS-CoV-2[tiab] OR
“Coronavirus”[Mesh] OR “severe acute respiratory syndrome coronavirus 2”[Supplementary
Concept] OR “COVID-19”[Supplementary Concept] OR “Coronavirus
Infections/epidemiology”[Mesh] OR “Coronavirus Infections/prevention and control”[Mesh]
OR “Coronavirus Infections/psychology”[Mesh] OR “Coronavirus Infections/statistics and
numerical data”[Mesh]) AND (“Depression”[Mesh] OR “Depressive Disorder”[Mesh] OR
“depression”[tiab] OR “depressive”[tiab] OR “Depression/statistics and numerical data”[Mesh])
AND (“Students, Dental”[Mesh] OR “dental students”[tiab] OR “dentistry students”[tiab] OR
“dental undergraduates”[tiab] OR “dentistry undergraduates”[tiab] OR “university students”
[tiab])

No language restriction was made. References from selected articles were inspected
to detect additional potential studies. Then, we performed a manual search of the “grey

138



Medicina 2021, 57, 1278

literature” (e.g., medRxiv or Google Scholar) to detect other potentially eligible papers.
In addition, the reference lists of selected publications were also screened for potentially
eligible studies. Authors of studies were contacted directly when insufficient data were
available in articles meeting the inclusion criteria or the full text was not available.

2.2. Selection Criteria

Studies were included if: (1) reported cross-sectional data on the prevalence of depres-
sion, or sufficient information to compute this, conducted during the COVID-19 outbreak;
(2) focused on dental students; and (3) included a validated instrument to assess or diagnose
depression.

We excluded studies focusing only on community-based samples of general popu-
lation or specific samples that were not dental students (e.g., medical students, medical
professionals, patients), as well as review articles.

A pre-designed data extraction form was used to extract the following information:
country, sample size, prevalent rates of depression, proportion of women, average age,
instruments used to assess depression, response rate and sampling methods.

2.3. Methodological Quality Assessment

Articles selected for retrieval were assessed by one reviewer (JBN) for methodological
validity before they were included in the review using the Joanna Briggs Institute (JBI) stan-
dardized critical appraisal instrument for prevalence studies [37]. Quality was evaluated
according to nine criteria, each yielding a score of zero or one. One score was obtained
for each criterion if the study was affirmative in the next questions: 1: Was the sample
frame appropriate to address the target population? 2: Were study participants recruited
in an appropriate way? 3: Was the sample size adequate? 4: Were the study subjects and
setting described in detail? 5: Was data analysis conducted with sufficient coverage of
the identified sample? 6: Were valid methods used for the identification of the condition?
7: Was the condition measured in a standard, reliable way for all participants? 8: Was there
appropriate statistical analysis? 9: Was the response rate adequate, and if not, was the low
response rate managed appropriately?

2.4. Data Extraction and Statistical Analysis

Freeman and Tukey’s double arcsine transformation of prevalence to stabilize the
variance was applied [38]. A generic inverse variance method with a random effect model
was used [39]. The Hedges Q statistic was reported to check heterogeneity across studies,
with statistical significance set at p < 0.10. The I2 statistic and 95% confidence interval was
also used to quantify heterogeneity [40]. Values between 25 and 50% are considered as low,
50 and 75% as moderate, and 75% or more as high [41]. Heterogeneity of effects between
studies occurs when differences in results for the same exposure–disease association cannot
be fully explained by sampling variation. Sources of heterogeneity can include differences
in study design or in demographic characteristics. We performed meta-regression and
subgroup analyses [42] to explore the sources of heterogeneity expected in meta-analyses of
observational studies [43]. We conducted a sensitivity analysis to determine the influence
of each individual study on the overall result by omitting studies one by one. Publication
bias was determined through visual inspection of a funnel plot and also Egger’s test [44]
(p values < 0.05 indicate publication bias) since funnel plots were found to be an inaccurate
method for assessing publication bias in meta-analyses of proportion studies [45].

Statistical analyses were conducted by one researcher (JS) and run with STATA statis-
tical software (version 10.0; College Station, TX, USA) and R [46].

3. Results

Figure 1 shows the flowchart of the literature search strategy and study selection
process. In total, 300 records were initially identified from Medline via PubMed, Embase
and Scielo, and five extra records were then added after a manual search in a preprints
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database (MedRxiv) and Google Scholar. A total of 96 duplicate articles were deleted
and 166 were excluded after a first screening of the titles and abstracts. After reading the
remaining 43 articles in full, we finally included 13 in our meta-analysis [47–59]. Exclusion
reasons are detailed in Figure 1.

 
Figure 1. Flowchart of the study selection.

Table 2 shows a description of the studies included. Most of the studies were con-
ducted in Asia (n = 10), but we also found studies from Europe (n = 1), North (n = 1) and
South America (n = 1), with sample sizes ranging from 97 to 699 participants. Most of the
studies involved young students, and gave data referring to the academic year, while only
six articles reported the mean age of participants, which ranged from 21.31 to 25.10 years.
All studies included both men and women, with a clear predominance of women in all
studies. All studies were conducted using online questionnaires and, of those reporting
the sampling methodology, all except two used non-random methods. The response rate
was reported by eight studies and ranged from 20% to 95.10%. All studies measured
depression using standardized scales, most commonly the Depression, Anxiety and Stress
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Scale (DASS, n = 10 studies) and the Patient Health (PHQ, n = 2 studies), with one study
using the Hospital Anxiety and Depression Scale (HADS).

Table 2. Description of studies included in meta-analysis.

Author
(Publication

Year)
Country

Mean
Age (SD)

% Females
(n)

Sample
Size (n)

Response
Rate (%)

Sampling
Method

Depression
Assess-
ment

Diagnostic
Criteria

Prevalence Quality
Assess-
ment

*

% n

Babadi et al.
(2021) [47] Iran 22.9 (3.3) 53.28% (122) 229 54.5% Convenience

sampling DASS-21 ≥10 28.8% 66 7

Chakraborty
et al. (2020)

[48]
India 24 (3) 81.55% (137) 168 NR Convenience

sampling PHQ-9 ≥10 53.5% 90 6

Chi el al.
(2021) [49] USA NR 52.58% (51) 97 35.5% Convenience

sampling PHQ-9 ≥10 14.4% 14 6

Gas, et al.
(2021) [50] Turkey 21.31 (1.9) 64.66% (452) 699 95.1% Random

sampling DASS-21 ≥10 27.2% 190 9

Hakami et al.
(2021) [51]

Saudi
Arabia 21.76 (1.9) 54.82% (381) 695 NR Cluster

sampling DASS-21 ≥10 60.7% 422 8

Keskin et al.
(2021) [52] Turkey NR 60.23% (156) 259 NR Convenience

sampling DASS-42 ≥10 75.3% 195 5

Khanagar &
Alfadley

(2020) [53]

Saudi
Arabia 25.1 (NR) 64.55% (71) 110 68.7% Convenience

sampling DASS-21 ≥10 10.9% 12 7

Kwaik et al.
(2021) [54] Palestine NR 81.19% (354) 436 55.18% NR DASS-21 ≥10 69.9% 305 8

Medeiros et al.
(2020) [55] Brazil 21.46

(2.37) 76.99% (87) 113 51.36% NR HADS ≥8 38.9% 44 6

Mekhemar
et al. (2021)

[56]
Germany NR 73.46% (155) 211 NR Convenience

sampling DASS-21 ≥6 26.5% 77 5

Samsudin et al.
(2021) [57] Malaysia NR 79.43% (139) 175 94.6% Convenience

sampling DASS-21 ≥10 24% 42 6

Shailaja et al.
(2021) [58] India 22.63

(2.88) 82.00% (246) 300 NR NR DASS-21 ≥10 20% 60 7

Siddiqui &
Qian (2021)

[59]
Malaysia 22.45

(NR) 79.24% (519) 655 20% Convenience
sampling DASS-21 ≥10 33.6% 220 7

Note. * Quality score based on the Joanna Briggs Institute (JBI) standardized critical appraisal instrument for prevalence studies [Moola et al.,
2017]. DASS = Anxiety, Anxiety and Stress scales; HADS = Hospital Anxiety and Depression Scale; NR = not reported; PHQ-9 = Patient
Health Questionnaire; USA = United States of America.

Risk of bias scores ranged from 5 to 9 out of a possible total of 9, with a mean
score of 6.7 (SD = 1.2) (Supplementary Table S2). The most common limitations were:
(a) recruitment of participants not appropriate (11 studies), (b) sample size too small to
ensure good precision of the final estimate (9 studies), and (c) response rate not reported,
or large number of non-responders (6 studies).

The estimated overall prevalence of depression was 37% in dental students
(95% CI: 26–49%), with significant heterogeneity between studies (Q test: p < 0.001;
I2 = 98.3%) (Figure 2).

Our meta-regression analysis showed that the prevalence rate of depression was
independent of the percentage of women (p = 0.815), mean age at baseline (p = 0.407),
response rate (p = 0.727) or methodological quality (p = 0.847). According to subgroup
analysis, the only relevant finding was a higher prevalence of depression for studies
conducted in Asia (40% (95% CI: 27–53%)) compared to those from Europe or America
(29% (95% CI: 16–45%)). We also observed higher prevalence of depression for studies
using the PHQ-9 (38% (95% CI: 32–44%)) compared to those using the DASS (−21 or −42)
(38% (95% CI: 25–52%)) or HADS (39% (95% CI: 30–49%)); and those using random or
cluster sampling methods (44% (95% CI: 41–46%)) compared to those using convenience
sampling method (36% (95% CI: 24–50%)).
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Figure 2. Forest plot for the prevalence of depression in dental students.

Excluding each study one-by-one from the analysis did not substantially change
the pooled prevalence of depression, which varied between 35% (95% CI: 24–46%), with
Keskin et al. [52] excluded, and 40% (95% CI: 29–52%), with Khanagar & Alfadley [53]
excluded. This indicates that no single study had a disproportional impact on the overall
prevalence.

Visual inspection of the funnel plot (Figure 3) suggested no publication bias for the
estimate of prevalence of depression in dental students, confirmed by a non-significant
Egger test (p = 0.679).
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Figure 3. Funnel plot for the prevalence of depression in dental students.

4. Discussion

4.1. Summary of Main Findings

Depression has become one of the most important psychological consequences of the
COVID-19 pandemic among university students in general, and dental students in particu-
lar. To the best of the authors’ knowledge, this is the first meta-analysis reporting pooled
depression in dental students during the COVID-19 pandemic. Based on 13 studies, we
estimated an overall prevalence of depression of 37%, with higher prevalence of depression
found in Asian samples.

Among the studies analyzed, the one that found a lower prevalence of depression
among dental students was the one conducted by Khanagar & Alfadley. [53] in 2020 in
Saudi Arabia with a prevalence of 20.9%. However, Hakami et al. [51] found a prevalence
of 60.7% in the same country in 2021. On the other hand, the highest rate of depression
among dental students, 75.3%, was found by Keskin et al. [52] in Turkey in 2021.

Previous meta-analyses on the levels of depression in the general population during
the pandemic have reported prevalence rates between 22.8% [60] and 33.7% [61]. As for
university students, a great variability has been reported in terms of depressive symptoma-
tology. Previous reviews found that the prevalence rate of depression during the pandemic
ranged between 12.2% [62] and 31.2% [6]. However, more recent reviews conducted in
2021 suggest that these rates could be up to 32% [63] and 37% [64].

Our results are consistent with these previous works suggesting that college students,
and dental students in particular, are suffering from higher levels of depression than the
general population [65]. Moreover, this review also points out that the prevalence of depres-
sion among dental students seems to be higher than that observed for university students
in general, something that had also been found in studies prior to the pandemic [25,66].
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When analyzing differences according to several characteristics, we did not find signif-
icant differences by gender or age. These results are not in line with other studies conducted
in the general population that found higher rates of depression in women compared to
men during the COVID-19 pandemic [29]. This lack of differences may be due to the
characteristics of university students, usually young and without family responsibilities.
These factors could in turn be risk factors for depression in in women from other types of
populations [67,68]. As for the age, one study found that undergraduated students showed
higher rates of depression compared with graduated students [69], although they found
no significant difference according to the undergraduate year. Our results suggest that
in dental students the prevalence of depression does not seem to depend on the age of
participants.

According to our findings, the most significant difference of depression was found
between geographical regions. In fact, there seems to be a higher prevalence of depression
in studies conducted in Asia (42%) compared to those located in Europe or America (27%).
This is in line with another meta-analysis conducted in the general population, where the
highest prevalence of depression was found in Asia [61] and another that found the highest
incidence of depression in the Chinese and Italian general population [70]. In contrast, a
previous meta-analysis conducted with the general population and university students
found that Asia was the region with the lowest prevalence of depression [6].

The fact that we found a greater proportion of depression among Asian dental students
could be explained by differences in the education system across regions. In an international
study conducted by Perry et al. in 2017 [71] on simulation and curriculum design in dental
studies, it was found that Asian dental colleges were more likely to use alternative methods
of learning, such as haptic simulations, the Phantom Laboratory or any simulated teaching
aids compared with Europe or America. Since many of these simulated motivating practices
had to stop due to the lockdown and social distancing measures during the COVID-19
pandemic, dental studies had to become more traditional for Asian students. This might
have increased their work overload and traditional examinations, which are a known major
source of depression for dental students [24].

The COVID-19 pandemic seems to be long-lasting, with a significant psychological
burden for people. Thus, it is important to stablish preventive and intervention programs
to reduce this toll, especially among more vulnerable subgroups, such as dental students.
It is also important to continue collecting data about the impact of the COVID-19 on dental
students, especially in countries where these data are still not available.

4.2. Strengths and Limitations

The main strength of this study is that it is the first meta-analysis performed about the
prevalence of depression in dental students during COVID-19 pandemic. Moreover, this
study includes of a large body of literature and it uses of a rigorous approach to identify
publication bias (i.e., Egger’s test), concluding that there is no bias in the estimation of the
pooled prevalence of depression for dental students.

However, this study also has some limitations that should be taken into account.
Firstly, the majority of the studies included in the systematic review were based on non-
probabilistic samples, but no longitudinal studies were found. Therefore, we do not have
scientific evidence to conclude whether the levels of depression have been sustained,
reduced or increased over pandemic months [31]. Secondly, the studies included in this
study used variety of self-reported standardized questionnaires, being this as a common
practice in epidemiological studies [18,72]. However, our results have found that the use
of some of these tests was associated with significantly higher prevalence of depression
than others. Therefore, ideally, studies should use the same measure of depression and if
possible, include a diagnosis based on clinical interviews. Finally, while we were able to
include studies from different continents, there were only two studies from the Americas
and one from Europe. It would therefore be advisable to carry out more studies in these
countries, since there seems to be significant differences depending on the region of study.
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5. Conclusions

This meta-analysis concludes that the prevalence of depression among dental students
during the COVID-19 pandemic is high, with Asian students showing higher rates than non-
Asian students. Taking into account that university students in general and dental students
in particular are suffering from higher depressive symptoms, the lack of interventions
and policies to improve mental health at universities may bring short and long-term
psychological consequences in their personal, academic and professional life [73]. Therefore,
universities should also work to adapt their teaching methods to this new situation. For
dental studies, for example, it might be convenient to strengthen alternative methods
of learning, such as haptic simulations or other simulated teaching, along with blended
learning and virtual curriculum [74].
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