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One year has passed with the COVID-19 pandemic and its impact is still evident
everywhere on the globe and in all fields and domains. It was very clear that we all were
not prepared for such a situation which was completely new for the living generation.
However, the light of optimism has been shed with the onset of vaccination.

From beginning of the pandemic, authors realized the imminent impact on the dental
field. The route of transmission via contact with droplets and aerosols puts dentists at high
risk of infection. Dental treatment became a challenge during the outbreak. Initially, the
publications dealing with the COVID-19 and the dental field were limited; then, we had a
stream of papers with different quality grades. With this Special Issue, we aim to act as a
scientific meeting point for all kinds of high-quality research dealing with the management
of the COVID-19 crisis within the dental community. However, the main problem faced
by scientific groups in multiple countries has been that health authorities were hesitant to
approve clinical investigations for research purposes on COVID-19 patients to reduce the
spread of infection.

To date, we have been able to publish eight high-quality research and review papers
which significantly added knowledge to the scientific community and the recognized
progress of the pandemic. With the beginning of vaccination, a very important milestone
was achieved, and we recommend dividing the pandemic time into: before vaccine (BV)
and after vaccine (AV). This classification allows a better understanding of the research
circumstances, psychologies, and perspectives.

In the first pandemic phase (BV), most non-essential dentist visits were canceled
or postponed to avoid the spread of infection. Tele-dentistry arose as a promising field,
allowing to maintain recall visits without physical contact [1]. This technology can be also
used post-COVID especially in some dental disciplines and when clinical or radiological
investigations are not required. However, dental emergency treatment is still available
and requires a physical visit to the dental office. While dental anxiety of children under
pandemic circumstances did not show any increase, as it was tested in a specific group [2]
another study presented an enhancement of dental anxiety among patients undergoing
oral surgery procedures [3]. Providing treatment for oral cancer patients can be considered
as an urgent treatment that has to be maintained during the pandemic. This goal can be
achieved with an adequate treatment protocol to protect immunocompromised patients
and involved health care professional workers [4]. Other protocols using bio-inspired
systems in nonsurgical periodontal treatment led to a reduction in aerosol generation and
therefore limited the spreading of COVID-19 infection [5]. Over time, it became clear that
the SARS-CoV-2 virus directly affected the oral cavity with several signs and symptoms
such as xerostomia, impaired taste, burning sensation, and difficulty in swallowing [6,7].
An indirect impact of Coronavirus was detected in patients in two countries who had
worsening bruxism and temporomandibular dysfunction (TMD) symptoms [8].

It can be concluded from the present editorial which contains a summary of the
published papers usque ad diem, that we learned a lot about the pandemic in its first
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phase (BV). There remains a lot of work to do in the next phase of the pandemic (AV). All
scientific works and well-conducted clinical reviews regarding the COVID-19 outbreak
and its effects on the dental field are more than welcome and of great importance in the
second pandemic phase.
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Decline in Maxillofacial Injuries during the Pandemic: The
Hidden Face of COVID-19

Adi Kasem 1,†, Idan Redenski 1,†, Daniel Oren 1, Adeeb Zoabi 1, Samer Srouji 1,2,* and Fares Kablan 1
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2 The Azrieli Faculty of Medicine, Bar-Ilan University, Safed 1311502, Israel
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Abstract: Maxillofacial injuries result from a variety of daily activities. Traffic accidents, interpersonal
violence, and falls represent some of the most common etiological factors behind maxillofacial
fractures. During the COVID-19 outbreak, the social distancing measures imposed by healthcare
authorities aimed at abolishing the spread of the viral infection. This study aimed to evaluate the
effect of social distancing measures on the incidence of maxillofacial injuries. Methods: Data were
retrieved from the medical file registry at the Galilee Medical Center, Nahariya, Israel. Incidence,
gender, age, etiology, and cost of hospitalization during the COVID-19 lockdown and the previous
periods were retrieved. Results: A decrease in maxillofacial fractures was registered during the 2020
lockdown; younger patients had the largest share of maxillofacial traumas during this period. The
midface was the most involved facial region in both periods, and a reduction of 62.3% in the cost
of OMF fracture treatment was observed during the COVID-19 era. Conclusions: The occurrence,
etiology, and cost of treatment of maxillofacial injuries during the COVID-19 period were different
from those in the corresponding period in the pre-COVID-19 era. These results can provide a guide
to help design programs for the prevention of OMF trauma.

Keywords: maxillofacial injuries; facial bone fractures; COVID-19

1. Introduction

Maxillofacial injuries are among the most common injuries and are usually combined
with fractures of facial bones. Facial bone fractures may include the zygomatic complex
and the malar bones, the maxilla and the mandible, the orbital walls, the alveoli and the
teeth, and the nasal and frontal sinus bones [1,2]. Different traumatic events may affect
the maxillofacial region, e.g., road accidents, falls (falls from heights, falls due to systemic
illness), interpersonal violence, work accidents, sport, and other injuries [3–5]. Israeli
government organizations have been investing resources and facilities in an attempt to
control and decrease those leading causes, all without improvement. In the past three years,
there was an average of approximately 190,000 road accidents in Israel annually. In 2019,
81,000 people were injured, and 343 were killed there. The economic cost of road accidents
in Israel is ca. 4.9 billion US dollars a year, which is about 1.3% of the national product [6].

COVID-19 is an infectious disease that was first reported in December 2019 in Wuhan,
China, and has since spread globally, resulting in the ongoing coronavirus pandemic fueled
by human-to-human transmission [7]. One of the essential ways to control it that has
been utilized worldwide is decreasing interpersonal contact. In Israel, the first case was
described in February 2020. Since March 2020, the whole country has been on lockdown
to slow down the spread of the infection. In addition, there was a shutdown of public
transport, road transport and trains, educational institutions, business centers, parks, and
other social interaction points.

J. Clin. Med. 2023, 12, 128. https://doi.org/10.3390/jcm12010128 https://www.mdpi.com/journal/jcm
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The GMC is considered a high-level trauma center localized in the north of Israel,
and the Department of Maxillofacial Surgery is an essential part of this center. In our
hospital, there was a significant reduction in the rate of admission of patients suffering
from traumatic injuries during March and April 2020 (COVID-19 era). The aim of this
study is to evaluate the occurrence of maxillofacial injuries in our hospital in the period of
COVID-19 and compare it to the corresponding pre-COVID-19 era (2017, 2018, and 2019).

2. Materials and Methods

This retrospective study was approved by the GMC Helsinki committee. Medical
files of all the maxillofacial trauma patients who were admitted to the GMC during the
year 2019, as well as of the patients admitted for trauma during March and April 2020
(COVID-19 lockdown) and the corresponding periods prior to the COVID-19 lockdown,
i.e., March–April for 2017 and 2018 (termed “pre-COVID periods”) were reviewed. Only
patients who had sustained an injury with subsequent facial bone fractures were included
in the study. Etiology of injury, age, gender, treatment, site of injury, operative time, number
of plates and screws, and duration of hospitalization were all included in the analysis.
The patients were divided into five groups according to the period they were admitted to
the GMC trauma center. The first group included OMF fractures admitted to the hospital
during the year 2019. The second, third, and fourth groups belonged to the pre-COVID-19
era and included the patients who were admitted to the hospital during March and April of
each year from 2017 to 2019. The fifth group included the trauma patients admitted during
March–April 2020, which corresponded to the COVID-19 lockdown.

Statistical analysis was performed using IBM SPSS statistics software version 27.0. Con-
tinuous data were described using the means and range. Categorical data were presented
by frequencies and percentages. For the calculation of maxillofacial injuries incidence and
odds ratios, the general population used for analysis included the entire population in the
region of Acre in Western Galilee, served by the hospital during the corresponding years.

Continuous variables were analyzed using the Mann–Whitney test. Categorical vari-
ables (gender, etiological factors, trauma site, etc.) for different years were compared and
analyzed using Pearson’s chi-squared test, Fisher–Freeman–Halton exact test (if expectancy
< 5), and univariate logistic regression analysis (the results were reported as odds ratios
(OR) and each year from the pre-COVID era was compared to the COVID-19 lockdown
period in 2020); the differences were considered significant at p < 0.05. Two-sided p-values
were presented unless otherwise noted.

3. Results

3.1. Incidence of OMF Admissions

One hundred five maxillofacial trauma patients were admitted to the GMC emergency
department in 2019. The peak in OMF fractures was registered in March and April of that
year (Figure 1).

Figure 1. Trauma patients admitted to the Galilee Medical Center in 2019.
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The patients admitted during March and April before the COVID-19 outbreak included
a total of 89 maxillofacial fractures (Figure 2). The average number of monthly admissions
in these periods was 12 patients, and the average age of the trauma patients admitted was
45.6 years. During the COVID-19 lockdown in 2020, seven patients were admitted to the
hospital with an average age of 28.7 years upon admission.

Figure 2. Trauma patients admitted to the Galilee Medical Center during March and April of 2017,
2018, and 2019 compared to the same period in 2020 corresponding to the COVID–19 lockdown,
presented with univariate logistic regression analysis.

While during the COVID-19 lockdown, the cases of facial trauma were 1.07 cases
per 100,000 residents. In the previous years, 2017, 2018, and 2019, the incidence of facial
trauma was 3.65, 4.86, and 5.4 cases per 100,000 residents, respectively. Logistic regression
indicated significant differences compared to the 2020 COVID-19 period, being 3.4, 4.5, and
5.1 higher in 2017, 2018, and 2019, respectively (Figure 2).

Both in the COVID-19 and the corresponding pre-COVID-19 periods, the admission
rate of male patients was higher than that of female patients (a total of 74 male patients
compared to 22 females), a ratio of 3.36/1. For males, a significantly higher occurrence
of maxillofacial injuries was registered in the years 2017, 2018, and 2019, being 3.3, 3.6,
and 4.7 times higher compared to the COVID-19 lockdown in 2020 (Figure 3, p-values =
0.011, 0.006, and 0.001, respectively). The same trend regarding the occurrence of max-
illofacial injuries was registered for female patients, being 4.216, 10.27, and 7.09 higher
in the years 2017, 2018, and 2019 compared to the COVID-19 lockdown in 2020 (Figure 3,
p-values = 0.067, 0.026, and 0.202, respectively).

3.2. Age and Etiology

Age ranged from 5 to 89 years, with an average age of 44 ± 23 years upon admission.
In 2017, 2018, and 2019, the corresponding periods showed a clear trend, with the majority
of OMF trauma patients being older than 29 years of age (52.17%, 74.19%, and 71.42%,
respectively). However, while the involvement of age groups varied across the periods
under investigation, one trend seemed consistent. The lockdown period (March–April
2020) showed a distinct increase in trauma patients aged 20–29 years compared to the
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same period in 2017, 2018, and 2019 (an increase of 31.06%, 40.46%, and 42.86% compared
to 2020, respectively), reaching a total of 57.14% of the patients as described in Figure 4.
While age differences were not found to be significantly different between 2017 and the
year 2020, a significant difference was found via a one-sided hypothesis for 2018 and 2019
(p-values = 0.039 and 0.05, respectively).

Figure 3. Trauma patients (males and females) admitted during March and April to the GMC trauma
center in the years 2017–2020.

Figure 4. Age distribution across the trauma patients admitted during March and April to the GMC
trauma center in the years 2017–2020. (A) Admissions as the percentage of the total admissions
during March and April of each year. (B–D) Change in each age group admitted during 2017, 2018,
and 2019 compared to the period corresponding to the COVID–19 lockdown.

The leading cause of traumatic maxillofacial fractures in the patients admitted during
the COVID-19 lockdown and the corresponding periods in 2017, 2018, and 2019 were falls,
followed by road accidents. Together, these etiologies comprised well over 50% of the

6
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hospital admissions during March and April in 2017, 2018, 2019, and 2020 (69.56%, 87.09%,
68.57%, and 57.15%, respectively, Figure 5). Etiological factors did not show statistically
significant changes before and during the COVID-19 lockdown, possibly due to the low
number of facial trauma admissions during the 2020 COVID-19 lockdown.

Figure 5. Etiology of OMF fractures admitted to the GMC trauma center during March and April in
the years 2017–2020.

3.3. Injury Site and Costs

The majority of facial fractures across the periods involved both the mandible and the
midface, with a cumulative occurrence of over 60% across the periods analyzed (Figure 5).
Interestingly, injuries involving the upper third of the facial skeleton were not registered at
all during the lockdown (Figure 6).

Figure 6. OMF fractures according to the site of injury in the patients admitted to the GMC trauma
center during March and April in the years 2017–2020.

As for the total treatment cost during March and April in the pre-COVID-19 period as
well as the corresponding COVID-19 lockdown, a reduction of 62.3% in the total cost of
OMF fractures was registered (Figure 7). The average treatment cost per month during the
pre-COVID-19 era was 52,874 USD, while during the COVID-19 lockdown, the treatment
expenses decreased substantially, reaching as low as 19,945 USD.

7
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Figure 7. Total costs associated with maxillofacial fractures in the patients admitted during the
COVID era and the corresponding periods in 2017–2019.

4. Discussion

The outbreak of the COVID-19 virus was a challenge for the world community. Despite
all scientific progress nowadays, social distancing and personal hygiene were the most
effective tools to prevent the spread of the virus. Most countries had imposed lockdowns
and social distancing, with Israel being amongst the countries that adopted a strict social
distancing policy, imposing a lockdown on all amenities of life, specifically during the
period between March and April 2020 [8] with the intention of slowing down the spread of
the COVID-19 infection. Thus, a total shutdown of all public transportation and gathering
areas was in effect and included trains, major roads closure, and shutdown of educational
institutions, business centers, cultural centers, and public parks [9].

Generally, when winter ends, and spring begins, most Israeli citizens are on holiday,
spending more time outdoors and having face-to-face interactions. This period usually
correlates with a rise in traumatic injuries, including OMF injuries [10]. During 2019, one
hundred and five patients were admitted to our department suffering from different OMF
fractures, with the average number of patients per month being 8.33 patients. Specifi-
cally, during the months of March and April in the same year, the average number of
patients admitted was 17.5, more than a fourfold rise in admissions of patients with OMF
injuries compared to the previous months in 2019. These results were in accordance with
other studies where the peak in the incidence of OMF injuries was registered in March
and April [11,12].

In the pre-COVID period, during March and April, the monthly average number
of patients was 14.83, with traffic accidents being the main etiological factor for OMF
fractures admission. This trend corresponds with previous reports that described traffic
accidents as the leading cause of OMF fractures [10–12]. However, during the COVID-19
lockdown, a dramatic reduction in admissions of patients with maxillofacial fractures
was registered, with an average of 3.5 patients per month. The lowered admission rates
were in line with reports from other healthcare centers during the pandemic [13]. The
average age upon admission during the COVID-19 lockdown was 28.7 years, compared to
45.6 years during the corresponding periods in the pre-COVID era. The fact that younger
patients were more involved in injuries resulting from outdoor and interpersonal activities
correlates with reports regarding the perceived importance of quarantine measures amongst
younger people. Among respondents on the perceived importance of social distancing
measures and self-isolation guidelines, younger respondents reported lower adherence
to full self-isolation periods and less compliance with social distancing measures [14].
Moreover, almost no compliance was reported among people of lower age, in children
and adolescents, who were also admitted to the GMC during the pandemic [15]. Thus,
the change in age distribution between the pre-COVID era and the COVID-19 outbreak
corresponded to the perceived importance of safety measures amongst younger patients
during these times.

8



J. Clin. Med. 2023, 12, 128

A major result of the lower admissions rate during the pandemic was a reduction of
62.3% in the total cost of OMF fractures treatment at the GMC trauma center. This trend
correlated with the reduced admission rate during the pandemic. However, while the cost of
trauma-related therapy was reduced, it was outweighed by the cost of treatment of infected
COVID-19 patients, accompanied by the dramatic reduction in elective services [16,17].

5. Conclusions

Treatment of trauma injuries worldwide has seen a dramatic change during the COVID-
19 pandemic. These changes were also observed in Israel, with a massive reduction in
admissions due to OMF fractures. Thus, the social distancing and “stay-at-home” policy
had a clear positive effect on the incidence of facial injuries.

Author Contributions: Conceptualization, S.S. and F.K.; Methodology, D.O. and A.Z.; Formal analy-
sis, I.R.; Investigation, A.K., D.O. and F.K.; Resources, S.S.; Data curation, A.K. and I.R.; Writing—
original draft, A.K. and I.R.; Writing—review & editing, S.S. and F.K.; Project administration, S.S. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Institutional Ethics Committee of The Galilee Medical Center
(protocol 0156-20-NHR, approved 5 August 2020).

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Iida, S.; Kogo, M.; Sugiura, T.; Mima, T.; Matsuya, T. Retrospective Analysis of 1502 Patients with Facial Fractures. Int. J. Oral
Maxillofac. Surg. 2001, 30, 286–290. [CrossRef] [PubMed]

2. Ellis, E.; El-Attar, A.; Moos, K.F. An Analysis of 2,067 Cases of Zygomatico-Orbital Fracture. J. Oral Maxillofac. Surg. 1985, 43,
417–428. [CrossRef] [PubMed]

3. Gassner, R.; Tuli, T.; Hächl, O.; Rudisch, A.; Ulmer, H. Cranio-Maxillofacial Trauma: A 10 Year Review of 9543 Cases with 21 067
Injuries. J. Cranio Maxillofac. Surg. 2003, 31, 51–61. [CrossRef]

4. Subhashraj, K.; Nandakumar, N.; Ravindran, C. Review of Maxillofacial Injuries in Chennai, India: A Study of 2748 Cases. Br. J.
Oral Maxillofac. Surg. 2007, 45, 637–639. [CrossRef] [PubMed]

5. Ruslin, M.; Wolff, J.; Forouzanfar, T.; Boffano, P. Maxillofacial Fractures Associated with Motor Vehicle Accidents: A Review of
the Current Literature. J. Oral Maxillofac. Surg. Med. Pathol. 2015, 27, 303–307. [CrossRef]

6. Hertzog, C.; Azulai, E.; Ziggel, A.; Gutsman, E. Traffic Accident Costs for the National Economy. Available online: https:
//www.gov.il/he/departments/publications/reports/2020_cost_accidents_israel (accessed on 19 March 2022).

7. Yang, C.L.; Qiu, X.; Zeng, Y.K.; Jiang, M.; Fan, H.R.; Zhang, Z.M. Coronavirus Disease 2019: A Clinical Review. Eur. Rev. Med.
Pharmacol. Sci. 2020, 24, 4585–4596. [CrossRef]

8. Leshem, E.; Afek, A.; Kreiss, Y. Buying Time with COVID-19 Outbreak Response, Israel. Emerg. Infect. Dis. 2020, 26, 2251–2253.
[CrossRef]

9. Esquivel-Gómez, J.D.J.; Barajas-Ramírez, J.G. Efficiency of Quarantine and Self-Protection Processes in Epidemic Spreading
Control on Scale-Free Networks. Chaos 2018, 28, 013119. [CrossRef]

10. Agarwal, P.; Mehrotra, D.; Agarwal, R.; Kumar, S.; Pandey, R. Patterns of Maxillofacial Fractures in Uttar Pradesh, India.
Craniomaxillofac. Trauma Reconstr. 2017, 10, 48–55. [CrossRef]

11. Boffano, P.; Kommers, S.C.; Karagozoglu, K.H.; Forouzanfar, T. Aetiology of Maxillofacial Fractures: A Review of Published
Studies during the Last 30 Years. Br. J. Oral Maxillofac. Surg. 2014, 52, 901–906. [CrossRef] [PubMed]

12. Van Hout, W.M.M.T.; Van Cann, E.M.; Abbink, J.H.; Koole, R. An Epidemiological Study of Maxillofacial Fractures Requiring
Surgical Treatment at a Tertiary Trauma Centre between 2005 and 2010. Br. J. Oral Maxillofac. Surg. 2013, 51, 416–420. [CrossRef]
[PubMed]

13. Kamine, T.H.; Rembisz, A.; Barron, R.J.; Baldwin, C.; Kromer, M. Decrease in Trauma Admissions with COVID-19 Pandemic.
West. J. Emerg. Med. 2020, 21, 819–822. [CrossRef] [PubMed]

14. Zhao, S.Z.; Wong, J.Y.H.; Wu, Y.; Choi, E.P.H.; Wang, M.P.; Lam, T.H. Social Distancing Compliance under COVID-19 Pandemic
and Mental Health Impacts: A Population-Based Study. Int. J. Environ. Res. Public Health 2020, 17, 6692. [CrossRef] [PubMed]

15. Saurabh, K.; Ranjan, S. Compliance and Psychological Impact of Quarantine in Children and Adolescents Due to COVID-19
Pandemic. Indian J. Pediatr. 2020, 87, 532–536. [CrossRef] [PubMed]

9



J. Clin. Med. 2023, 12, 128

16. Ellison, A. Hospitals Face Financial Fallout from COVID-19: 6 Things to Know. Available online: https://www.
beckershospitalreview.com/finance/hospitals-face-financial-fallout-from-covid-19-6-things-to-know.html (accessed on
24 April 2022).

17. Haut, E.R.; Leeds, I.L.; Livingston, D.H. The Effect on Trauma Care Secondary to the COVID-19 Pandemic: Collateral Damage
From Diversion of Resources. Ann. Surg. 2020, 272, e204–e207. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

10



Citation: Binmadi, N.O.; Aljohani, S.;

Alsharif, M.T.; Almazrooa, S.A.; Sindi,

A.M. Oral Manifestations of

COVID-19: A Cross-Sectional Study

of Their Prevalence and Association

with Disease Severity. J. Clin. Med.

2022, 11, 4461. https://doi.org/

10.3390/jcm11154461

Academic Editors: Hans-Peter

Howaldt and Sameh Attia

Received: 3 July 2022

Accepted: 28 July 2022

Published: 30 July 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Article

Oral Manifestations of COVID-19: A Cross-Sectional Study of
Their Prevalence and Association with Disease Severity

Nada O. Binmadi *, Suad Aljohani, Maha T. Alsharif, Soulafa A. Almazrooa and Amal M. Sindi

Department of Oral Diagnostic Sciences, King Abdulaziz University Faculty of Dentistry,
Jeddah 21589, Saudi Arabia; sraljohani@kau.edu.sa (S.A.); mtyalsharif@kau.edu.sa (M.T.A.);
salmazrooa@kau.edu.sa (S.A.A.); amsindi@kau.edu.sa (A.M.S.)
* Correspondence: nmadi@kau.edu.sa

Abstract: Background: COVID-19, caused by SARS-CoV-2, has impacted the world in an unprece-
dented way since December 2019. SARS-CoV-2 was found in the saliva of patients, and entry points
for the virus may have been through the numerous angiotensin-converting enzyme 2 receptors in the
oral cavity. Oral manifestations of COVID-19 could contribute to the burden of oral disease. Objective:
To determine the prevalence of oral manifestations of COVID-19 in patients and their association
with disease severity. Methods: Interviews were conducted with adult participants diagnosed with
COVID-19 between October 2021 and March 2022 to document their demographic and health status
data, symptoms, and the presence of oral manifestations of COVID-19. Chi-square and the Fisher’s
exact test were used to compare data on the presence or absence of oral manifestations of COVID-19.
Results: Of 195 participants interviewed, 33% were 18 to 24 years old, 33% were 25 to 34 years old,
and 75% were female. A total of 57 (29%) had oral manifestations; the most common were taste
disorders (60%), xerostomia (42%), and oral ulcers (11%). There was no relationship between the
severity of COVID-19 and the presence of the oral manifestations. Conclusion: Oral manifestations of
COVID-19 were common among female patients and linked to certain general COVID-19 symptoms
regarding frequency and extent.

Keywords: COVID-19; cross-sectional study; oral manifestations; oral cavity; SARS-CoV-2; taste
disorders; xerostomia

1. Introduction

In December 2019 in Wuhan, Hubei Province, China, a cluster of patients were seen
who had shortness of breath, fever, and pneumonia. On 7 January 2020, the Chinese
government identified the cause of this pneumonia as a newly isolated coronavirus of 2019
(and the disease was named COVID-19). The virus quickly spread, and by 11 March 2020,
more than 136 countries were affected by the disease. The World Health Organization
(WHO) then declared the disease a global pandemic [1]. By 31 May 2022, COVID-19 had
infected 528,816,317 individuals and resulted in 6,294,969 deaths globally [2]. Saudi Arabia
reported its first case in March of 2020, and by 31 May 2022, the country had reported
768,648 cases of and 9149 deaths from the disease [3].

SARS-CoV-2, the agent of COVID-19, is a member of the family Coronaviridae. It be-
longs to the Betacoronavirus subfamily, together with two other highly pathogenic viruses,
SARS-CoV and MERS-CoV. It is a positive-sense single-stranded RNA (+ssRNA) virus
with envelope-anchored spike protein receptors that facilitate its entry into host cells [4,5].
Angiotensin-converting enzyme 2 (ACE2) is the main receptor involved in COVID-19
pathogenesis [5]. It is abundantly present on the ciliated cells of the airway epithelium, or
alveolar type 2 cells, which are the primary sites attacked by the virus. Direct contact with
patients and their respiratory droplets is a well-known mode of transmission [4].

The most common symptoms reported by patients with COVID-19 are fever; respi-
ratory symptoms, such as a cough or shortness of breath; and general fatigue. Other less
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common symptoms include headache, taste distortion, anosmia, and sore throat. Addition-
ally, some patients present with gastrointestinal symptoms, such as diarrhea, nausea, or
vomiting. The severity of these symptoms depends on many factors, such as the time of
exposure to the virus and the patient’s age and gender, as well as the presence of coexisting
diseases. Investigators found that patients with autoimmune diseases were more prone to
the infection [6].

At the beginning of the pandemic, it was assumed that the disease did not affect
the oral cavity, and this was considered a factor that distinguished COVID-19 from other
viral exanthemas. Later, however, SARS-CoV-2 was detected in the saliva of patients with
COVID-19. The reverse transcriptase–polymerase chain reaction (RT-PCR) test of saliva
was found to be more sensitive than a routine nasopharyngeal test in detecting the virus [6].
ACE2 receptors are distributed all over the oral cavity and especially on the dorsum of the
tongue and in the salivary glands; these locations make these sites potential entry points
for the virus. Therefore, COVID-19 could contribute to the burden of oral disease [6–8].
The most commonly reported affected sites were the tongue (38%), labial mucosa (26%),
and palate (22%). Oral lesions were symptomatic in 68% of the cases [6,8,9].

Many researchers reported that oral manifestations were associated with COVID-19.
The types of manifestations varied significantly. Taste disorder was the first and most
common oral symptom [8]. Other oral manifestations were aphthous-like lesions, herpeti-
form lesions, periodontitis, candidiasis, mucormycosis and oral lesions of Kawasaki-like
disease, pustules, a fissured or depapillated tongue, macules, papules, plaques, abnormal
pigmentation, halitosis, whitish areas, hemorrhagic crusts, necrosis, petechiae, swelling,
erythema, and spontaneous bleeding [5,7,9,10]. The risk of some of these manifestations
can be reduced by taking probiotics, as proposed by Butera et al. [11]. Little is known about
the prevalence of these oral manifestations in adults. It also has not been affirmed whether
the oral symptoms are a direct manifestation of the infection or merely a consequence of
the immune response to it. We aimed in the present study to determine the prevalence of
the oral manifestations of COVID-19 in patients and their association with disease severity
and general symptoms.

2. Materials and Methods

2.1. Study Design and Setting

A cross-sectional survey was carried out at the King Abdulaziz University Faculty
of Dentistry (KAUFD), Department of Oral Diagnostic Sciences, Jeddah, Saudi Arabia,
between October of 2021 and March of 2022 to determine the prevalence of oral manifes-
tations in patients diagnosed with COVID-19 and their association with disease severity
and to describe the patterns of the oral manifestations. Ethical approval to conduct the
study was granted by the Research Ethics Committee at KAUFD (study approval number:
204-01-21). Potential participants were informed that their participation was voluntary
and that they were free to decline to participate in the study or to halt participation at any
point during the study. All participants provided written informed consent. All data were
anonymized and stored on secure servers that could only be accessed by authorized health-
care professionals from the Department of Oral Diagnostic Sciences, Faculty of Dentistry,
King Abdulaziz University.

2.2. Study Population

Participants were 18 years of age or older, had been diagnosed with COVID-19 be-
tween March of 2020 and March of 2022, could read and write in English/Arabic, and
could provide informed consent. We included participants who stated that they had con-
firmed COVID-19 disease based on a test performed at a government center or a private
hospital/laboratory or on a self-test [12].
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2.3. Sample Size Calculation

We used the sample size for cross-sectional studies [13], in which published systematic
reviews reported a prevalence of 45% of taste disorders in COVID-19 patients (95% confi-
dence interval [CI], 34% to 55%) (taste disorders were the commonest oral manifestation of
COVID-19) [14]. We used a z-value from the standard normal distribution that reflected a
95% CI (e.g., z = 1.96 for 95%) and a margin of error of 7% [15]. This yielded a sample size
of 185. A random sampling technique was used to recruit participants.

2.4. Study Procedures

Invitations were sent randomly via email, WhatsApp, or SMS to recruit eligible can-
didates. A reminder was sent 2 weeks and 1 month after the first invitation was sent. If
we received an acceptance, we invited the participant to an interview with researchers via
Zoom, Facetime, or a phone call or to an in-person interview. A standardized web-based
survey (http://www.surveymonkey.com (accessed on 3 March 2021)) was used by the
researchers when they interviewed the participants. We restricted multiple responses from
the participants by using unique identification codes for each interviewer and participant.
Before we interviewed participants, a face validity test was carried out by experts in the
field of oral pathology or oral medicine to check if the survey covered all the needed
questions and was appropriately written. Additionally, a pilot test of the questionnaire
on 20 participants was performed to study the questions’ clarity and verify reliability. We
revised the survey and collection tool based on the outcomes of the pretesting procedures.

2.5. Data Collection

A total of 208 persons accepted our invitation and agreed to be interviewed and answer
the survey, which took 10 min to complete. Survey questions asked about participants’
demographic data and health status, their history of exposure to COVID-19, symptoms
of COVID-19, and oral manifestations of COVID-19. We inquired about the presence of
the following general symptoms of COVID-19: fever, cough, fatigue, myalgia/arthralgia,
dyspnea, headache, sore throat, nausea/vomiting, diarrhea, nasal obstruction, or loss of
smell. Individuals were also free to document any other symptoms. We also obtained
information on the severity of COVID-19 (i.e., mild, moderate, severe, or critical) based
on the guidelines in the document titled WHO COVID-19: Clinical Management, Interim
Guidelines [16]. Information on the severity of each general symptom of COVID-19,
whether mild, moderate, or severe, was assessed using the subjective Visual Analogue
Scale (VAS), with 0 indicating no symptom and 10 the most severe symptom [17]. We
assessed the duration of each symptom (i.e., 1 to 2 days, 3 to 4 days, or 5+ days), frequency
of each symptom (i.e., occurred once, occurred intermittently, or occurred constantly),
whether hospitalization was needed due to COVID-19, the reason for hospitalization, and
the duration of hospitalization.

To determine the prevalence of oral manifestations of COVID-19, the participants
were asked about their history of xerostomia, oral ulcerations, gingivitis, necrotizing
periodontal disease, candidiasis, distortion of taste, vesiculobullous lesions, erythema
migrans, geographic tongue, petechiae, and leukoplakia. Participants were also free to
document any other symptoms. The severity, duration, frequency, location, and outcome
of the oral manifestations were documented.

2.6. Data Analysis

Data were downloaded from the web-based tool Survey Monkey and imported into
SAS version 9.2 for analysis. Continuous variables were expressed as the mean and standard
deviation if they were normally distributed or as the median and range if they were skewed.
Categorical variables were expressed as frequencies and proportions. Chi-square statistics
or the Fisher’s exact test was used to compare the findings and determine the proportions
of participants with the findings, which were the overall severity of COVID-19, the presence
or absence of oral manifestations of COVID-19, the general symptoms of COVID-19 with
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the presence or absence of oral manifestations of COVID-19, and the oral manifestations
of COVID-19 by severity, duration, and frequency with the overall severity of COVID-19.
Additionally, participants with different oral manifestations and the timing of the oral
manifestations were described.

3. Results

3.1. Participant Selection

An invitation to participate in a survey was randomly sent out, and 208 individuals
accepted the invitation. A total of 201 were eligible and consented to an interview by the
research team. After individuals with incomplete documentation (n = 6) were excluded,
195 were deemed acceptable for inclusion in the final analysis.

3.2. Participant Characteristics, COVID-19 Disease Severity, and COVID-19 Exposure

Participants who had been previously diagnosed with COVID-19 rated their status
at the time of diagnosis as asymptomatic or having mild symptoms (21%), moderate
symptoms (59%), or severe and critical symptoms (20%). Of the patients, 33% were 18
to 24 years old and 33% were 25 to 34 years old. Most participants were female (75%).
Approximately 33% were current or previous smokers, 18% were taking medications, and
9% had been hospitalized due to COVID-19. There was a significantly high proportion
of participants older than 55 years with mild COVID-19 symptoms compared with other
age groups (p = 0.0175). There was a significantly high proportion of moderate and severe
COVID-19 symptoms in patients who were hospitalized compared with those with mild
disease (p = 0.0002). Participants did not differ in COVID-19 severity based on gender,
smoking history, or medication status (Table 1).

Table 1. Participant characteristics of COVID-19 with and without oral manifestations.

Participant
Characteristics

All Participants
(N = 195) n/N

COVID-19 Severity

p-Value **

Oral Manifestations of COVID-19

p-Value **Mild
41 (21%)

Moderate
115 (59%)

Severe and
Critical **
39 (20%)

Had Oral
Manifestations of

COVID-19
(n = 57; 29%)

Did Not Have Oral
Manifestations of

COVID-19
(n = 138; 71%)

Age group:

18–24 years 64 (33%) 15 (23%) 41 (64%) 8 (13%) 0.0175 18 (28%) 46 (72%) 0.3166

25–34 years 64 (33%) 7 (11%) 43 (67%) 14 (22%) 18 (285) 46 (72%)

35–44 years 41 (21%) 12 (29%) 22 (54%) 7 (17%) 9 (22%) 32 (78%)

45–54 years 13 (7%) 2 (15%) 5 (39%) 6 (46%) 6 (46%) 7 (54%)

55+ years 13 (5%) 5 (38%) 4 (31%) 4 (31%) 6 (46%) 7 (54%)

Sex:

Female 147 (75%) 27 (18%) 88 (60%) 32 (22%) 0.2208 49 (33%) 98 (67%) 0.0275

Male 48 (25%) 14 (29%) 27 (56%) 7 (15%) 8 (17%) 40 (83%)

Smoking history
(current and

previous smoker)
65 (33%) 9 (14%) 39 (60%) 17 (26%) 0.1192 16 (25%) 43 (75%) 0.3163

Taking medication € 36 (18%) 9 (25%) 21 (58%) 9 (17%) 0.7482 49 (33%) 98 (67%) 0.0275

Positive history of
hospitalization due to

COVID-19
17 (9%) 0 (0%) 7 (41%) 10 (59%) 0.0002 4 (24%) 13 (76%) 0.7819

** Chi = square statistics or Fisher’s exact test. € These categories were not mutually exclusive.

Patients taking medications (n = 36; 18%) were taking antihypertensives (7), anti-
histamines (8), thyroid medication (7), antidiabetics (5), antiasthmatics (3), proton pump
inhibitors (2), nutritional supplements (2), antiepileptics (2), antidepressants (1), osteoarthri-
tis medication (1), benign prostatic hyperplasia medication (1), hormone replacements (1),
or laxatives (1). These categories were not mutually exclusive (data not shown).

Although most had strictly followed the recommended COVID-19 preventive mea-
sures (73%), had not travelled abroad during the pandemic (86%), and were not healthcare
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providers (76%), the majority had been in contact with a person with COVID-19 (82%) and
half had been in crowded places or attended a group gathering (50%) (data not shown).

3.3. COVID-19 General Symptoms, Severity, and Hospitalization Due to COVID-19

The general COVID-19 symptoms among all participants were fever (95%, n = 140),
headache (65%, n = 127), fatigue (65%, n = 126), cough (63%, n = 122), myalgia/arthralgia
(53%, n = 104), loss of smell (53%, n = 102), sore throat (50%, n = 97), shortness of breath
or dyspnea (40%, n = 78), nausea or vomiting (21%, n = 41), and diarrhea (15%, n = 30).
These categories were not mutually exclusive; a participant could report more than one
symptom. The highest proportion of patients with severe symptoms had loss of smell; this
symptom lasted 5+ days and was constant throughout that entire time (Table 2). Seventeen
patients (9%) were hospitalized due to COVID-19 for 1 to 21 days, 10 for 1 to 7 days, 2 for 7
to 14 days, and 2 for 15 to 21 days; the duration for three participants was not documented.
The reasons for hospitalization for the 11 participants who responded to this question
varied; these were allergy (one participant), precautionary (one), back pain (one), chest
pain (two), difficulty in breathing (two), fever (two), diarrhea and intravenous medication
(one), and headache and fever (one).

Table 2. Relationships between general symptoms of COVID-19 in terms of severity, duration, and
the frequency and presence of oral manifestations of COVID-19.

Symptom

T
o

ta
l

1
9

5

Severity of Specific COVID-19
Symptom

Duration of Specific COVID-19
Symptom

Frequency of Specific COVID-19
Symptom

M
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d
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o

d
e

ra
te

S
e

v
e
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p-
V

a
lu

e

1
–

2
D
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s
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D
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5
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D
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s
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V
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e

O
n

ce

In
te

rm
it

te
n

t

C
o

n
st

a
n

t

p-
V

a
lu

e

Fever 140
(72%)

34
(24%)

81
(58%)

25
(18%)

47
(35%)

46
(35%)

40
(30%)

13
(11%)

65
(53%)

45
(36%)

Oral manifestations + 43
(31%) 9 (26%) 30

(37%) 4(16%) 0.8751 15
(32%)

13
(28%)

14
(35%) 0.7971 5 (39%) 22

(34%)
11

(24%) 0.4745

Oral manifestations − 97
(69%)

25
(74%)

51
(68%)

21
(84%)

32
(68%)

33
(72%)

26
(65%) 8 (62%) 43

(66%)
34

(76%)

Headache 127
(65%)

33
(24%)

42
(33%)

52
(41%)

25
(22%)

29
(25%)

61
(53%) 10 (9%) 55

(49%)
47

(42%)

Oral manifestations + 38
(29%)

11
(33%)

12
(29%)

15
(28%) 0.8832 6 (24%) 9

(31%)
20

(33%) 0.7214 0 (0%) 22
(40%)

22
(40%) 0.0336

Oral manifestations − 89
(71%)

22
(67%)

30
(71%)

37
(72%)

19
(76%)

20
(69%)

41
(67%)

10
(100%)

33
(60%)

34
(72%)

Fatigue 126
(65%)

33
(26%)

48
(38%)

45
(36%)

19
(16%)

36
(31%)

61
(53%) 3 (3%) 37

(34%)
69

(63%)

Oral manifestations + 40
(32%)

13
(39%)

17
(35%)

10
(22%) 0.2151 2 (11%) 7

(19%)
30

(49%) 0.0007 0 (0%) 13
(35%)

22
(32%) 0.4548

Oral manifestations − 86
(68%)

20
(61%)

31
(65%)

35
(78%)

17
(89%)

29
(82%)

31
(51%)

3
(100%)

24
(65%)

47
(68%)

Cough 122
(63%)

41
(34%)

49
(40%)

32
(26%)

19
(17%)

29
(25%)

66
(58%) 5 (5%) 56

(55%)
41

(40%)

Oral manifestations + 39
(32%)

17
(42%)

16
(33%) 6 (19%) 0.1176 3 (16%) 12

(41%)
23

(35%) 0.1669 2 (40%) 21
(38%)

11
(27%) 0.5188

Oral manifestations − 83
(68%)

24
(58%)

33
(67%)

26
(81%)

16
(84%)

17
(59%)

43
(65%) 3 (60%) 35

(62%)
30

(73%)

Myalgia/arthralgia 104
(53%)

26
(25%)

37
(36%)

41
(39%)

18
(19%)

24
(26%)

52
(55%) 6 (54%) 36

(40%) 49 (6%)

Oral manifestations + 32
(31%)

11
(42%)

13
(35%) 8 (20%) 0.1111 3 (17%) 8

(33%)
20

(38%) 0.2375 0 (0%) 16
(44%)

15
(31%) 0.0736

Oral manifestations − 72
(69%)

15
(58%)

24
(65%)

33
(80%)

15
(83%)

16
(67%)

32
(62%)

6
(100%)

20
(56%)

34
(69%)

Loss of smell 102
(53%) 9 (9%) 19

(19%)
74

(72%) 5 (5%) 8
(9%)

80
(86%) 1 (1%) 4

(5%)
78

(94%)

Oral manifestations + 40
(39%) 5 (55%) 10

(53%)
25

(34%) 0.1865 1 (20%) 7
(88%)

31
(39%) 0.0122 0 (0%) 2

(50%)
33

(42%) 1.0000
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Table 2. Cont.

Symptom

T
o

ta
l

1
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5

Severity of Specific COVID-19
Symptom

Duration of Specific COVID-19
Symptom

Frequency of Specific COVID-19
Symptom

M
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te

S
e
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V

a
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e

1
–

2
D

a
y

s

3
–

4
D

a
y

s

5
+

D
a

y
s

p-
V

a
lu

e

O
n

ce

In
te

rm
it

te
n

t

C
o

n
st

a
n

t

p-
V

a
lu

e

Oral manifestations − 62
(61%) 4 (44%) 9

(47%)
49

(66%) 4 (80%) 1
(12%)

49
(61%)

1
(100%)

2
(50%)

45
(58%)

Sore throat 97
(50%)

33
(34%)

38
(39%)

26
(27%)

18
(20%)

39
(44%)

32
(36%) 9 (11%) 27

(33%)
47

(56%)

Oral manifestations + 34
(35%)

14
(42%)

10
(26%)

10
(38%) 0.3338 5 (28%) 15

(38%)
12

(38%) 0.7181 2 (22%) 11
(41%)

17
(36%) 0.6056

Oral manifestations − 63
(65%)

19
(58%)

28
(74%)

16
(62%)

13
(72%)

24
(62%)

20
(62%) 7 (78%) 26

(59%)
30

(64%)

Dyspnea 78
(40%)

22
(28%)

24
(31%)

32
(41%)

10
(15%)

22
(32%)

36
(53%) 8 (12%) 35

(54%)
22

(34%)

Oral manifestations + 22
(28%) 8 (36%) 7

(29%) 7(22%) 0.5048 2 (20%) 8
(36%)

11
(31%) 0.6485 2 (25%) 13

(37%) 5 (23%) 0.4818

Oral manifestations − 56
(72%)

14
(64%)

17
(71%)

25
(78%) 8 (80%) 14

(64%)
25

(69%) 6 (75%) 22
(67%)

17
(77%)

Nausea/
vomiting

41
(21%)

20
(49%)

15
(36%) 6 (15%) 11

(34%)
7

(22%)
14

(44%) 5 (13%) 22
(71%) 4 (16%)

Oral manifestations + 11
(27%) 5 (25%) 5

(33%) 1 (17%) 0.7991 1 (9%) 3
(43%) 5 (36%) 0.2099 2 (40%) 6

(27%) 1 (25%) 0.8367

Oral manifestations − 30
(73%)

15
(75%)

10
(67%) 5 (83%) 10

(91%)
4

(57%) 9 (64%) 3 (60%) 16
(73%) 3 (75%)

Diarrhea 30
(15%)

19
(63%)

8
(27%) 3 (10%) 13

(57%)
4

(17%) 6 (26%) 6 (29%) 11
(52%) 4 (19%)

Oral manifestations + 11
(37%) 7 (37%) 4

(50%) 0 (0%) 0.3861 6 (46%) 1
(25%) 2 (33%) 0.7085 4 (67%) 3

(27%) 1 (25%) 0.2329

Oral manifestations − 19
(63%)

12
(63%)

4
(50%)

3
(100%) 7 (54%) 3

(75%) 4 (67%) 2 (33%) 8
(73%) 3 (75%)

Oral manifestations +: Patient(s) developed oral manifestations of COVID-19 simultaneously with having the
general symptom listed just above it. Oral manifestations −: Patient(s) did not have oral manifestations of
COVID-19 simultaneously with the general symptom listed above it.

3.4. Oral Manifestations of COVID-19

A total of 57 participants (29%) had oral manifestations of COVID-19. The majority
were age 45 to 54 years and 55+ years. There was a significantly higher proportion of
females than males with oral manifestations (33% vs. 17%, p = 0.0275). Approximately 25%
of current or previous smokers, 33% of those taking medications, and 24% of those who had
been hospitalized due to COVID-19 developed oral manifestations. Thirteen participants
with oral manifestations were taking medications (Table 1).

Of patients who had oral manifestations (n = 57, 29%), thirty-four (60%) had distortion
of taste, twenty-four (42%) had xerostomia, six (11%) had oral ulcerations, three (6%) had
gingivitis, three (6%) had petechiae, three (6%) had candidiasis, two (4%) had necrotizing
periodontal disease, two (4%) had vesiculobullous lesions, two (4%) had erythema migrans,
and two (4%) had a geographic tongue. These categories were not mutually exclusive; a
participant could report more than one oral manifestation (Table 3).
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Table 3. Characteristics of patients with oral manifestations of COVID-19.
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Characteristics
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(n
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2
;
4
%

)

G
e
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g
ra

p
h
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T

o
n

g
u

e
(n

=
2
;
4
%

)

Age group

18–24 years 18 (32%) 11
(32%)

5
(21%)

4
(67%)

1
(33%)

1
(33%)

1
(50%) 1 (50%) 1

(50%)
1

(50%) 1 (50%)

25–34 years 18 (32%) 13
(38%)

8
(33%)

1
(17%)

1
(33%)

2
(67%)

0
(0%) 1 (50%) 1

(50%) 1 (505) 1 (50%)

35–44 years 9 (16%) 6
(18%)

5
(13%)

0
(0%)

0
(0%)

0
(0%)

1
(50%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

45–54 years 6 (10%) 3
(95%)

5
(21%)

1
(17%)

0
(0%)

0
(0%)

0
(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

55+ years 6 (10%) 1
(3%)

3
(12%)

0
(0%)

1
(33%)

0
(0%)

1
(6%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Sex (female) 49 (86%) 30
(88%)

21
(87%)

5
(83%)

2
(67%)

2
(67%)

2
(67%) 1 (50%) 1

(50%)
1

(50%) 1 (50%)

Smoking history
(current or

previous smoker)
16 (28%) 9

(27%)
7

(29%)
3

(50%)
1

(33%)
2

(67%)
0

(0%) 1 (50%) 1
(50%)

1
(50%) 1 (50%)

Taking medication € 13 (23%) 7
(21%)

4
(17%)

0
(0%)

1
(33%)

0
(0%)

2
(15%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Positive history of
hospitalization 4 (7%) 1

(3%)
1

(4%)
1

(17%)
0

(0%)
0

(0%)
1

(33%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

€ These categories are not mutually exclusive.

3.5. Relationship between Oral Manifestations of COVID-19 and Overall Severity of COVID-19

Of participants with mild, moderate, severe, or critical COVID-19, 27%, 30%, 29%, and
25% of participants, respectively, developed oral manifestations. The following symptoms
were described as moderate or severe and lasting 3 to 4 or 5+ days before resolution:
distortion of taste, xerostomia, and oral ulcerations. Candidiasis was most often described
as mild and lasting for 1 to 2 days. There was no statistically significant association between
the severity, duration, and frequency of each oral manifestation of COVID-19 and the
overall severity of COVID-19 symptoms (Supplementary Table S1).

3.6. Relationship between Oral Manifestations of COVID-19 and Specific General COVID-19
Symptoms in Terms of Severity, Duration, and Frequency

There was no relationship between the severity of specific general COVID-19 symp-
toms and the presence of oral manifestations. However, patients with fatigue lasting more
than 5 days were more likely to develop oral manifestations (p < 0.0007). Patients with
loss of smell for 3 to 4 days were more likely to develop oral manifestations, and the
most common one was a taste disorder (p = 0.0122) [12]. Patients with headaches that
were constant or intermittent were more likely to develop oral manifestations (p = 0.0336)
(Table 2).

3.7. Timing of Oral Manifestations of COVID-19 Relative to General Symptoms of and Therapy
for COVID-19

Fifty-three of the fifty-seven participants with oral manifestations could recall the
time of appearance of the oral manifestations in relation to the general symptoms and
therapy they received. The oral manifestations developed concurrently with the general
symptoms in 47%, after the general symptoms occurred in 43%, and before the general
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symptoms occurred in 9%. Patients with mild disease developed oral manifestations
before the appearance of general symptoms, whereas those with moderate or severe
disease developed oral manifestations concurrently with or after the appearance of general
symptoms (Table 4).

Table 4. Temporal relationship of oral manifestations of and general symptoms of COVID-19 in 53 of
the 57 participants with oral manifestations of COVID-19.

COVID-19 Severity
Total ±

57
n/N

Timing of Oral Manifestations Relative to COVID-19 General Symptoms

Before COVID-19
General Symptoms

(n = 5; 9%)

Concurrent with COVID-19
General Symptoms

(n = 25; 47%)

After COVID-19
General Symptoms

(n = 23; 43%)

Mild 11 (19%) 3 (60%) 4 (16%) 4 (17%)

Moderate 35 (61%) 2 (40%) 15 (60%) 15 (65%)

Severe or critical 11 (19%) 1 (20%) 6 (24%) 4 (17%)
± Three patients with distortion of taste did not give information on the timing of oral manifestations relative to
COVID-19 general symptoms.

4. Discussion

COVID-19 patients presented with different symptoms and manifestations in different
body systems, such as the cutaneous, gastrointestinal, and respiratory systems [8,18,19].
In this study, we aimed to determine the prevalence of oral manifestations of patients
diagnosed with COVID-19 and their association with disease severity. The prevalence of
oral manifestations among all participants was 29%. These patients were predominantly
female, 45 to 54 years of age or older than 55 years, and nonsmokers; were not taking
any medications; and had never been hospitalized for COVID-19. Patients with the oral
manifestations of COVID-19 were more likely to have moderate or severe COVID-19. The
most common oral manifestations of COVID-19 reported in our cohort were distortion of
taste, xerostomia, and oral ulceration, which is congruent with what has been reported in
the literature [9,14,20]. Martín Carreras-Presas et al. were the first to report oral ulcera-
tions as an oral manifestation associated with COVID-19 [21]. Several reports followed a
heterogeneous group of lesions in suspected and confirmed cases of COVID-19, with, as
reported in the current study, altered taste and oral ulcerations being the most common
symptoms [20]. The development of oral lesions in a setting of COVID-19 infection may
be explained by the affinity of the coronavirus for ACE2 receptors, which are highly ex-
pressed in the respiratory and oral epithelium. The binding of the virus to these receptors
may disrupt the epithelial lining and the functioning of keratinocytes [7]. However, the
cause-and-effect relationship of the development of oral manifestations in confirmed cases
of COVID-19 is still unclear. Whether it is a direct effect of the virus on the oral mucosal
tissue or a consequence of an impaired immune response or concurrent infection needs to
be investigated.

Moreover, the exacerbated vigor and activity of innate immune response mecha-
nisms [22] and hormonal modulations in females may be responsible for the higher preva-
lence of oral manifestations among female participants [23], as previously reported [14,24,25].
A higher proportion of elderly patients developed oral manifestations, as in the study by
Iranmanesh et al. [8]. Immune suppression due to advances in age may be responsible for
a higher prevalence of oral manifestations in this age group.

Patients with oral manifestations tended to have moderate or severe COVID-19. It
was observed that patients of older age and a higher degree of severity of COVID-19
suffered from more severe episodes of oral lesions [6,8,10]. Oral manifestations developed
regardless of the severity of COVID-19. However, some studies found that most of the
oral manifestations were linked to severe COVID-19 [26,27]. This could be attributed to
the hyperinflammatory response to COVID-19 [8]. Nonetheless, we were able to establish
a link between the presence of oral manifestations and the presence of specific general
symptoms of COVID-19. Similar to other cohorts studied in Saudi Arabia, most of the
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participants in our study described the general symptom of a chemosensory disorder, such
as the loss of smell and taste, as being severe and extending for more than 5 days [28]. Loss
of taste along with anosmia was concurrent and attributed to edema of the respiratory
system [6]. This lends credence to the theory that olfactory and gustatory dysfunctions are
potential indications of COVID-19. Xerostomia was the second most common manifestation
(41%; n = 24) in the current study in patients who were nonsmokers and were not taking
medications; it appeared concurrently with general symptoms and was associated with
moderate severity of COVID-19. Another study showed that xerostomia was the most
common oral manifestation in COVID-19 patients [23], indicating that salivary gland
symptoms and disorders are highly prevalent among these patients. However, further
case–control studies are suggested to confirm this observation.

Patients with mild disease developed oral manifestations prior to the onset of general
symptoms, whereas those with more severe disease developed oral manifestations at the
same time or after the appearance of general symptoms. Oral symptoms could have
developed secondarily to the use of medications or to adverse reactions to medications
such as corticosteroids with increased severity of the disease. Other studies reported
the appearance of oral lesions after the onset of COVID-19 regardless of the severity of
disease [24].

There are some limitations in the current study, which was conducted to be descriptive
only, without multivariant analysis. It was not possible to analyze the oral manifestations
for some patients because the data regarding duration and frequency of their self-reported
symptoms were incomplete. Because the study relied on participants’ self-reporting, the
prevalence of some symptoms may have been overestimated or underestimated. Moreover,
the current study cannot be generalized, because the validity of the self-reported symptoms
was not corroborated by objective measures, and therefore reporting bias could not be
prevented. We excluded patients under age 18 years, so our study did not provide data
for this population. To our knowledge, our study was the first study that addressed the
relationship between oral manifestations of COVID-19 and specific general symptoms
of COVID-19 in terms of severity, duration, and frequency. This study reported the oral
manifestations associated with COVID-19 in patients with symptoms ranging from mild to
severe. We found that taste distortion could increase the clinical suspicion for COVID-19
and could be a potential indicator for patient screening.

Oral manifestations of COVID-19 were common in female patients and were linked to
specific general COVID-19 symptoms. Taste distortion, xerostomia, and oral ulcerations
were the most reported oral manifestations. Future studies should be undertaken to eluci-
date the controversial link between oral lesions and COVID-19 infection using validated
measurement tools. Dentists and other health practitioners should be careful during dental
examinations because oral manifestations of COVID-19 may emerge before the onset of
general symptoms of COVID-19, as they did in this study population. Dental professionals
may also promote awareness of the common oral manifestations of COVID-19, which may
persist for long durations, and provide the proper management and medical attention
for them.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11154461/s1, Table S1: Frequency, severity, and duration of
oral manifestations of COVID-19.
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Abstract: During the coronavirus disease 2019 (COVID-19) pandemic, aerosol-generating procedures,
including dental implant treatments, are considered high-risk. With dental implant treatment mostly
an elective procedure, we aimed to assess whether the pandemic influenced patient selection, surgical
procedures, and postoperative complications. We compared dental implant treatments during (March
to December 2020) and before (December 2018 to February 2020) the COVID-19 pandemic based on
patient and implant parameters, as well as postoperative complications. For analysis, we used the
Chi-squared test with the Holm–Sidak correction for multiple comparisons. The number of implants
placed during the COVID-19 pandemic (696 implants in 406 patients, 70 implants per month) was
comparable to pre-pandemic levels (1204 implants in 616 patients, 80 implants per month). Regarding
patient parameters, there were no significant differences in respiratory (p = 0.69) and cardiovascular
conditions (p = 0.06), diabetes (p = 0.69), and smoking (p = 0.68). Regarding implant parameters,
there was a significant difference in the distribution of augmentative procedures (no augmentation,
guided bone regeneration, and sinus floor elevation, p = 0.01), but no significant differences in the
types of edentulous spaces (p = 0.19) and the timing of implant placement (p = 0.52). Regarding
complications, there were significantly fewer minor complications (p < 0.001) and early (i.e., before
loading) implant failures (p = 0.02) compared with pre-pandemic levels. Our results suggest that
the COVID-19 pandemic had no effect on patient selection and only a slight effect on the surgical
procedures. However, postoperative complications, including early failures, were significantly less
prevalent during the pandemic.

Keywords: dentistry; surgery; oral; dental implantation; retrospective studies; population characteristics

1. Introduction

The airborne transmission of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), the RNA virus that causes coronavirus disease 2019 (COVID-19), poses a consid-
erable challenge in the dental setting, where patients are unable to wear masks or other
facial barriers while in close contact to the personnel providing care [1]. Furthermore,
aerosol-generating procedures, including dental implant placement, are generally con-
sidered high-risk as they can produce and spread contaminated droplets [2–5]. Surface
contamination through these droplets is substantial at close proximity and still detectable
at a maximum distance of 4 m from the source [6]. Consequently, multiple guidelines have
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recommended prioritizing no-aerosol over aerosol-generating procedures (e.g., using man-
ual over rotary or ultrasonic instruments [1]) or postponing aerosol-generating procedures
of potentially infectious patients or patients at an increased risk for COVID-19 entirely,
especially if these procedures are elective [7–10].

In general, dental implant treatment is an elective procedure. Nevertheless, implant
placement cannot be postponed indefinitely, as edentulous bone is subject to catabolic
dimensional changes over time [11]. In addition, there is a highly important quality-of-life
aspect to dental implant treatment [12,13]. Thus, the clinical decision-making process
during the COVID-19 pandemic must balance this increase in quality of life against a
potentially increased risk of SARS-CoV-2 transmission. This could affect both patient
selection and surgical procedures. Patients with relevant comorbidities (e.g., respiratory
and cardiovascular conditions [14], diabetes [15]) might choose to—or be advised to—
postpone their dental implant treatment until such time that they are at no increased
risk for SARS-CoV-2 transmission. In addition, oral surgeons might choose to limit the
number and complexity of procedures (e.g., restricting augmentative procedures to where
indisputably necessary) to minimize the patients’ and their own risk of transmission.

Previous work has focused on various guidelines, preventive measures, as well as the
epidemiological aspect of dental treatments during the COVID-19 pandemic [8]. However,
the effect of the pandemic on the treatments themselves remains elusive. The aim of this
study was therefore to retrospectively assess whether the COVID-19 pandemic had an
effect on patient selection, surgical procedures, and postoperative complications.

2. Materials and Methods

This is a retrospective study designed and conducted in accordance with the Decla-
ration of Helsinki and its subsequent revisions [16]. The study protocol was approved
by the institutional review board of the Medical University of Vienna (No. 1282/2021).
We reviewed and extracted data from the electronic patient records (Medfolio, Nexus,
Donaueschingen, Germany) of our clinic. We included patients that received at least one
dental implant at our clinic between 1 December 2018 and 1 December 2020. Data were
extracted into a standardized patient–feature matrix by two researchers (CW, TL) and
subsequently error-proofed by two different researchers (BF, UK) in an independent man-
ner. Only complete data were used in this study. Results are reported in accordance with
STROBE criteria for observational studies [17]; the complete checklist is available as a
Supplementary File.

Patient parameters included demographic data and medical history. They comprised
age, sex, smoking status, comorbidities (e.g., respiratory conditions, cardiovascular con-
ditions, diabetes mellitus), implant location, and type of edentulous space (single-tooth
gap, extended gap, distal extension, edentulous jaw). We considered the following implant
parameters: length, diameter, bone augmentation (guided bone regeneration or sinus floor
elevation), and timing of implant placement (immediate, early, or late [18]). In addition, we
assessed minor postoperative complications (e.g., bleeding, suppuration, swelling, local
infection, hematoma, temporary neurosensory disturbance), as well as early implant failure
(i.e., before loading [19]).

The sample for the statistical analysis included every patient who received a dental
implant between 1 December 2018 and 1 December 2020, for which complete data were
available in the electronic patient records. We first collected all data and checked them
for possible errors. The dataset was then split into a sample before the pandemic (control
sample, December 2018 to February 2020) and a sample during the pandemic (test sample,
March 2020 to December 2020). We analyzed all parameters in a descriptive manner. We
further compared the prevalence and distributions of smoking, respiratory conditions,
cardiovascular conditions, types of gaps, bone augmentation, timing of implant placement,
minor postoperative complications, as well as early implant failures using the Chi-squared
test. To correct for multiple comparisons, we used the Holm–Bonferroni correction with
the Sidak modification. We set the level of significance at α < 0.05. Statistical analysis
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was performed by one researcher (BF) using Prism 9.2.0 (GraphPad Software, La Jolla,
CA, USA).

3. Results

3.1. Sample Characteristics

The sample during the pandemic included 406 patients (median age at first implanta-
tion: 54.0 years, interquartile range: 41.9–62.2, 56% female, 16% smokers) and 696 implants
(70 implants per month, 54% maxilla). The number of implants per patient ranged from 1
(n = 236) to 10 (n = 1), with an average of 1.7 implants per patient. The mean implant diam-
eter was 4.1 ± 0.5 mm (standard deviation). The mean implant length was 11.0 ± 1.3 mm.

The sample before the pandemic included 616 patients (median age at first implanta-
tion: 54.0 years, interquartile range: 42.5–63.5, 53% female, 19% smokers) and 1204 implants
(80 implants per month, 47% maxilla). The number of implants per patient ranged from
1 (n = 320) to 11 (n = 2), with an average of 2.0 implants per patient. The mean implant
diameter was 4.1 ± 0.5 mm. The mean implant length was 11.0 ± 1.2 mm. A detailed
description of the samples is shown in Table 1, and age distributions are shown in Figure 1.

Table 1. Subject and implant characteristics.

Before the Pandemic During the Pandemic

Patient Parameters Patients, n (%) Implants, n (%) Patients, n (%) Implants, n (%)

Sex
Female 324 (53) 646 (54) 227 (56) 382 (55)
Male 292 (47) 558 (46) 179 (44) 314 (45)

Smoking
Non-smoker 493 (80) 941 (78) 339 (84) 583 (84)

Light smoker (<10 d−1) 46 (7) 88 (7) 24 (6) 32 (5)
Heavy smoker (≥10 d−1) 76 (12) 175 (15) 41 (10) 81 (12)

Comorbidities
Respiratory conditions 1 37 (6) 68 (6) 21 (5) 51 (7)
Cardiovasc. Conditions 2 137 (22) 312 (26) 64 (16) 106 (15)

Diabetes 22 (4) 50 (4) 11 (3) 25 (4)

Implant Parameters Implants, n (%) Implants, n (%)

Treatment indication
Single implant 556 (46) 348 (50)
Extended gap 198 (16) 121 (17)

Distal extension 225 (19) 132 (19)
Empty jaw 225 (19) 95 (14)

Timing
Immediate 41 (3) 34 (5)

Early 10 (1) 9 (1)
Late 1153 (96) 653 (94)

Augmentation technique
GBR 3 213 (18) 82 (12)

Sinus floor elevation 208 (17) 145 (21)
None 783 (35) 469 (67)

1 Positive if patient history included asthma (International Classification of Diseases [ICD] 11 code CA23), chronic
obstructive pulmonary disease (CA22), or pulmonary embolism (BB00). 2 Positive if patient history included
hypertension (BA00), hypotension (BA2Z), arrythmia (BC80, BC81), thrombosis/thromboembolism (BD71, BD72),
or cardiac/vascular transplants/grafts (QB50). 3 Guided bone regeneration.

3.2. Patient Parameters

First, we compared patient parameters between the samples. There were 339 non-
smokers (84%), 24 light smokers (fewer than 10 cigarettes per day, 6%), and 41 heavy
smokers (at least 10 cigarettes per day, 10%) during the pandemic, compared to 493 non-
smokers (80%), 46 light smokers (7%), and 76 heavy smokers (12%) before the pandemic
(p = 0.68) (Figure 2a). Respiratory conditions were reported by 21 patients (5%) during the
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pandemic, compared to 37 patients (6%) before the pandemic (p = 0.69) (Figure 2b). Cardio-
vascular conditions were reported by 64 patients (16%) during the pandemic, compared
to 137 patients (22%) before the pandemic (p = 0.06) (Figure 2c). Diabetes was reported by
11 patients (3%) during the pandemic, compared to 22 patients (4%) before the pandemic
(p = 0.69) (Figure 2d). Taken together, the data suggest that the populations treated during
and before the pandemic were largely comparable. While there were fewer cardiovascular
conditions reported during the pandemic, this difference was not significant.

Figure 1. Age distribution. Bars represent medians and interquartile ranges.

Figure 2. Patient parameters. (a) Smoking. Patients were considered light smokers if they smoked
fewer than 10 cigarettes per day. (b) Respiratory conditions. Positive if patient history included
asthma (International Classification of Diseases [ICD] 11 code CA23), chronic obstructive pulmonary
disease (CA22), or pulmonary embolism (BB00). (c) Cardiovascular conditions. Positive if patient
history included hypertension (BA00), hypotension (BA2Z), arrythmia (BC80, BC81), thrombo-
sis/thromboembolism (BD71, BD72), or cardiac/vascular transplants/grafts (QB50). (d) Diabetes
(5A14). All p-values using the Chi-squared test with the Holm–Sidak correction for multiple testing.
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3.3. Implant Parameters

Next, we compared implant parameters between the samples. There were 348 single
implants (50%), 121 implants placed in extended edentulous gaps (17%), 132 implants
placed as distal extensions (19%), and 95 implants placed in empty jaws (14%) during the
pandemic, compared to 556 single implants (46%), 198 implants placed in extended edentu-
lous gaps (16%), 225 implants placed as distal extensions (19%), and 225 implants placed
in empty jaws (19%) before the pandemic (p = 0.19) (Figure 3a). There were 34 immediate
implants (5%), 9 implants placed early (1%), and 653 implants placed late (94%) during the
pandemic, compared to 41 immediate implants (3%), 10 implants placed early (1%), and
1153 implants placed late (96%) before the pandemic (p = 0.52) (Figure 3b).

Figure 3. Implant parameters. (a) Type of edentulous space. (b) Timing of implant placement.
Immediate implant placement took place in the same surgery as tooth extraction. Early implant
placement took place no later than 8 weeks following tooth extraction. (c) Bone augmentation. GBR—
guided bone regeneration; SFE—sinus floor elevation. All p-values using the Chi-squared test with
the Holm-Sidak correction for multiple testing.

There were 469 implants placed without bone augmentation (67%), 82 implants placed
with guided bone regeneration (12%), and 145 implants placed with sinus floor elevation
(21%) during the pandemic, compared with 783 implants placed without bone augmenta-
tion (35%), 213 implants placed with guided bone regeneration (18%), and 208 implants
placed with sinus floor elevation (17%) before the pandemic (p = 0.01) (Figure 3c). Taken
together, the data suggest a significant difference in the use of bone augmentation, but no
differences were found between the types of edentulous spaces as well as the timing of
implant placements performed during and before the pandemic.

3.4. Postoperative Complications

Finally, we compared postoperative complications between the sample. Minor compli-
cations included bleeding or suppuration, swelling, local infection, hematoma, as well as
temporary neurosensory disturbance. These occurred in 23 patients (6%) and affected 42
(6%) of the implants during the pandemic, compared to 133 patients (22%) and 261 implants
(22%) before the pandemic (p < 0.001 at the patient level) (Figure 4a). A total of 3 implants
failed before loading (<1%) during the pandemic, compared to 26 implants (2%) before the
pandemic (p = 0.02) (Figure 4b). Taken together, the data suggest a significantly lower preva-
lence of postoperative complications, including early implant failure, between treatments
during and before the pandemic.
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Figure 4. Postoperative complications. (a) Minor complications. Positive if patient bleeding, sup-
puration, swelling, local infection, hematoma, or temporary neurosensory disturbance was either
reported by the patient or observed during a follow-up visit. (b) Early (i.e., before loading) implant
failures. All p-values using the Chi-squared test with the Holm–Sidak correction for multiple testing.

4. Discussion

We studied dental implant treatments during the COVID-19 pandemic and compared
them to a pre-pandemic control population with regards to patient and implant factors as
well as postoperative complications. First, we found that the patient populations treated
during and before the pandemic were largely comparable. While there were fewer car-
diovascular conditions reported during the pandemic, this difference was not significant.
Second, our data suggested a significant difference in the use of bone augmentation but no
differences between the types of edentulous spaces as well as timing of implant placements
performed during and before the pandemic. Third, we observed significantly fewer post-
operative complications, including early implant failure, between treatments during and
before the pandemic. Overall, the data show that the COVID-19 pandemic had virtually
no effect on most aspects of dental implant treatment. Nonetheless, both minor postop-
erative complications and early implant failures were significantly less prevalent during
the pandemic.

Our findings with regards to patient selection and surgical procedures relate well to
others who found that after mostly restricting their work to emergency care in the initial
phase of the pandemic, dental health care professionals resumed elective care [5]. Notably,
the consideration to return to elective surgery soon after the first wave of the pandemic
can also be observed in other surgical fields (e.g., cardiac [20], orthopedic [21,22], and
plastic [23] surgery). Notably, ours is among the first studies to provide a retrospective
analysis reporting on a large patient cohort treated during the pandemic. Importantly,
with very strict measures in place to prevent transmission of SARS-CoV-2, there have
been to date no clusters among patients or providers. This is also in line with recent work
from other surgical fields showing no increased number of infections following elective
surgery [24,25].

The clinical relevance of our findings is threefold. First, the data suggest that with
adequate preventive measures in place, the benefits of dental implant treatment for patients
outweighed their risk of SARS-CoV-2 transmission. It appears that postponing their dental
implant treatment had too high an opportunity cost for patients. This is an important
finding with regards to the quality-of-life increase patients expect from a dental implant
treatment. Second, the data suggest much fewer postoperative complications and early im-
plant failures. We believe the findings with regards to postoperative complications should
be interpreted with caution. While all pre-pandemic dental implants had already been
placed under sterile conditions, additional personal protective equipment (e.g., filtering
face pieces) might have played a beneficial role in preventing surgical site infections. It is
further possible that patients wanted to minimize the number of visits to our clinic during
the pandemic and therefore chose to not report minor complications. While patients might
have decided to undergo dental implant surgery notwithstanding the risk of SARS-CoV-2
transmission, they might not have made the same decision for a postoperative check-up
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visit. In comparison, early implant failure is not a subjective complication. Notably, 3
out of 696 implants failed before loading during the pandemic, compared with 26 out of
1204 implants before the pandemic, making the early failure rate 75% lower during the
pandemic. While it is difficult to explain this finding, we believe its clinical relevance is
unquestionable. One possible explanation is the overall lower prevalence of comorbidities
and extensive augmentative procedures, albeit these differences were not significant in this
study. Nonetheless, it should be noted that in our previous work using a dataset of over
2400 implants in over 1100 patients, neither comorbidities nor surgical procedures could
accurately predict early implant failure [26]. Third, the data suggest that datasets containing
dental implant treatments during the pandemic are comparable to pre-pandemic datasets,
allowing their use for training or validation of statistical models. Prior to our study, this
would not have been possible as we could not know whether the patient population can be
considered homogenous.

The main limitation of our study is its potentially limited generalizability due to its
sample being from a single institute in one location, focusing on a subset of oral surgical
procedures using endosseous implants. It remains to be assessed whether other specialized
implant clinics observed similarly unchanged tendencies with regards to patient selection
and surgical procedures, especially clinics offering different implant types (e.g., zygomatic
or subperiostal implants). It further remains to be assessed whether our findings are
relatable to dental procedures, especially elective treatments, where the time component is
not as relevant as in dental implant treatment (i.e., cosmetic dentistry). Further research
should consider collating large datasets from different sources and including other dental
treatments. However, the inclusion of new features must be balanced against maintaining
a high quality of the patient–feature matrix to not compromise the analysis.

5. Conclusions

Within the limitations of this study, the results suggest that the COVID-19 pandemic
had no effect on patient selection and only a slight effect on the surgical procedures.
Nonetheless, postoperative complications, including early implant failure, were signifi-
cantly less prevalent during the pandemic.
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Abstract: Modern teaching formats have not been considered necessary during the COVID-19
pandemic with uncertain acceptance by students. The study’s aim was to describe and evaluate all
measures undertaken for theoretical and practical knowledge/skill transfer, which included objective
structured practical examinations (OSPEs) covering a communication skills training. The students’
performance in the OSPE as well as the theoretical knowledge level were assessed, of which the
latter was compared with previous terms. In conservative dentistry and periodontology (4th and 5th
year courses), theoretical teaching formats were provided online and completed by a multiple-choice
test. Practical education continued without patients in small groups using the phantom-head, 3D
printed teeth, and objective structured practical examinations (OSPEs) including communication
skills training. Formats were evaluated by a questionnaire. The organization was rated as very
good/good (88.6%), besides poor Internet connection (22.8%) and Zoom® (14.2%) causing problems.
Lectures with audio were best approved (1.48), followed by practical videos (1.54), live stream
lectures (1.81), treatment checklists (1.81), and virtual problem-based learning (2.1). Lectures such
as .pdf files without audio, articles, or scripts were rated worse (2.15–2.30). Phantom-heads were
considered the best substitute for patient treatment (59.5%), while additional methodical efforts for
more realistic settings led to increased appraisal. However, students performed significantly worse in
the multiple-choice test compared to the previous terms (p < 0.0001) and the OSPEs revealed deficits
in the students’ communication skills. In the future, permanent available lectures with audio and
efforts toward realistic treatment settings in the case of suspended patient treatment will be pursued.

Keywords: dental education; COVID-19; OSPE; communications skills; remote

1. Introduction

On 12 March 2020, the World Health Organization announced that the Coronavirus
disease-19 (COVID-19) was considered as a global pandemic [1], affecting all areas of
life around the world. This includes all fields of dentistry [2,3], from dental care [4] to
education. Dentists are known to have a high risk of infection due to possible transmission
via aerosols and droplets [5,6], which are unavoidable for many dental procedures as well
as close proximity to many patients. As a result, increased hygienic demands and require-
ments for social distancing were implemented within the already high hygiene standards in
dentistry [7]. Dental students face the same potential risks as dental health care staff within
the patients’ treatment and chairside education. In particular, chairside dental education
creates a high proximity between the patient, the student with assistance, and the teacher.
Therefore, students and professionals across the globe [8–11] were faced with the challenge
of adapting dental education in a crisis-proof manner [12]. The current literature stresses
the demand for an international exchange of measures to address this new challenge [13].
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Furthermore, a huge portfolio of different teaching approaches has been described. The
scope ranges from recorded lectures, live stream lectures, and online conferences using vari-
ous platforms (e.g., Microsoft Teams, Blackboard, or Zoom) [11,14–16] to final examinations
in the form of MEQs (modified essay questions), MCQs (multiple choice questions), OSCEs,
and online interviews [17]. Most formats have been compared to face-to-face teaching,
mainly in terms of student’s attitude rather than objective assessment of knowledge level.
During the first lockdown in early 2020, and in part ongoing throughout 2020 and 2021,
measures have been undertaken to minimize the risk of infection for the students, the staff,
and the patients [18,19]. Different measures have been reported internationally to reduce
the contact between staff and patients, most importantly, personal protection equipment
(PPE), entrance checkpoints with temperature measurements, and contact history ques-
tionnaires as well as workforce shift schedules [20]. Aside from the increased hygienic
measures, the education of undergraduate dental students was switched from face-to-face
education to online lecturing and practical teaching without patients. To compensate for
the resulting lack of patient communication, a new OSPE (objective structured practical
examination) was additionally performed and evaluated.

The objective structured practical examination (OSPE) is an examination format pri-
marily in medical school that is designed to assess clinical competence. This examination
format consists of a course with different stations in which practical skills, theoretical
knowledge, and communication skills are tested [21,22]. Problem-based learning (PBL) is
an educational learning model in which a clinical problem serves as an impetus for active
learning. Participants work together in small groups to define their own learning objectives
and gain a comprehensive understanding of a problem. Here, the aim of PBL is to develop
strategies to solve a complex dental patient case. It also helps to develop clinical reasoning,
teamwork, and communication skills [23].

The aim of this study was to describe all measures and special formats of theoretical
and practical knowledge/skills transfer within the undergraduate clinical dental education
in the field of conservative dentistry and periodontology during the COVID-19 summer
term in 2020. Furthermore, the students’ attitude toward this alternative teaching concept
was surveyed by an electronic questionnaire. In addition, the theoretical knowledge level
was assessed and compared with previous terms. We explored the following questions:
Is teaching without practical patient contact as efficient as teaching with patients? Do
additional digital teaching formats support knowledge transfer? In light of the present
literature, the added value of this study may derive from issuing not only a theoretical, but
also practical and communication skills training without patients such as a training and
assessment OSPE in periodontology followed by structured feedback.

From the results, conclusions can be drawn, of which the alternative education formats
should be maintained in the future for a contemporary, crisis-proof, and sustainable
dental education.

2. Materials and Methods

2.1. Setting and Participants

The special teaching formats and their evaluation involved 4th and 5th year under-
graduate students (n = 86) attending the first and second clinical course in the Department
of Conservative Dentistry and Periodontology, Ludwig-Maximilians University, Munich,
from April until August 2020 (approval of the ethics committee no. 20-547 KB, 15.06.2020).
The participants (69% female, 31% male; mean age 26.5 years) were motivated to partici-
pate in the evaluation after completing the OSPE. The questionnaire contained different
parts: (1) General (two questions); (2) Digital setting (five questions), (3) Theoretical teach-
ing (20 questions); and (4) Practical teaching (10 questions). The 5th year students also
evaluated the OSPE (eight questions). The questions regarding teaching formats were
rated as either very good, good, satisfactory, bad, and very bad. In terms of using the
Likert scale, we considered the answer choices of fully agree, rather agree, partially agree,
disagree, and fully disagree. A detailed explanation of the increased hygienic measures for
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clinical as well as educational settings at our department can be found in Diegritz et al. [7].
Furthermore, separate entrances for students were installed, two groups were formed to
diminish the number of students simultaneously present in the building, and one-way
walking markings were set up in the course rooms as well as distance lines in waiting areas
(e.g., in front of the students’ stock issue).

2.2. Theoretical Education

Within a regular term, the face-to-face lectures are available afterward as .pdf files on
Moodle® (Modular Object-Oriented Dynamic Learning Environment, West Perth WA 6872,
Australia) together with scripts, checklists, videos, and virtual problem-based learning
seminars (VHB).

In the Corona summer term of 2020, the theoretical education began with a systematic
six-week theory module, while the practical education was postponed to avoid any social
contact. The majority of lectures were either prerecorded with an audio file or broadcast
as a live-stream with online chat and recorded, which were both available on Moodle®

throughout the entire term. Most of them were also available as .pdf files. Six additional
videos regarding organizational procedures, hygiene briefing, and rules of conduct were
generated, while videos showing specific treatment sequences were increased up to 64.
Table 1 shows the change in the theoretical education elements from the regular semester
to the 2020 Corona summer term in detail.

Table 1. Theoretical and practical dental education in the 2020 Corona summer term in comparison to a regular term (4th
and 5th year courses, Department of Conservative Dentistry and Periodontology).

Teaching Format Regular Term Corona Summer Term 2020

Th
eo

re
ti

ca
lE

du
ca

ti
on

Lectures with audio (n) None
41

33 additionally as .pdf files
8 exclusively as lectures with audio

Live stream lectures (n) None
10

8 additionally as .pdf files
2 exclusively as live stream lectures

Practical instructional videos (n) 62 64
Introducing videos (e.g., hygiene briefing) (n) None 6

Treatment checklists (n) 7 7

Lectures (only .pdf file) (n) 41
43

33 additionally as lectures with audio
10 exclusively available as .pdf files)

Virtual problem-based learning (VHB) (n) 6 6
Scripts (n) 2 2

Scientific articles/recommended literature (n) None 6
Case presentation (endodontology) (n) None 1

Tutorial periodontology (n) None 1

Pr
ac

ti
ca

le
du

ca
ti

on

Restorative Dentistry Regular patient treatment Phantom head treatment,
add on in clinical difficulty (veneers)

Endodontology
Regular patient treatment Phantom head treatment,

Problem based Learning (PBL) case
presentations, root canal treatment using 3D

printed teeth

Periodontology
Regular patient treatment Phantom head treatment,

Tutorial (PBL) followed by virtual
presentations OSPE including communication

training with simulated patients

In pediatric dentistry, the new digital competences of staff and students were valued
to offer an international webinar on thee “oral pathology in children” by an Australian
specialist via Zoom® (Zoom video communications, San Jose, CA 95113, USA).

2.3. Practical Education

Normally, students are trained in practical and communication skills by treating pa-
tients supervised by Assistant Professors according to the National Competency Based
Catalogue of Dental Education (NKLZ) [24]. In the 2020 Corona summer term, the ed-
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ucational challenge was to create, even without patients, an add on in practical skills
training and clinical context compared with the phantom course in the first clinical term.
Next to a realistic phantom head positioning without the possibility of tooth replacement
accompanied by realistic hygiene procedures, each field has found its own approach to
accomplish this task. In the field of restorative dentistry, the fabrication of ceramic partial
crowns and inlays (4th year) and veneers (5th year) is required. In endodontology, students
of both courses receive problem-based learning (PBL) [21,23] seminars followed by realistic
and comparative training in root canal treatment using 3D printed teeth based on patient
DVT data [25].

In periodontology, the 5th year students solely received practical training at the phan-
tom head, while the 4th year students first ran through a PBL tutorial. Each student
received an exemplary patient case, which should be planned from anamnesis and diag-
nosis up to prognosis and treatment planning. They had to virtually present and discuss
their cases in small supervised groups via Zoom®. In the following, an individual objective
structured practical examination (OSPE) [22,26] was implemented covering practical skills
(34 achievable points) and theoretical knowledge (34 points) as well as communication
skills training (32 points). The latter was accomplished by a fellow student acting as a
patient based on a prewritten script regarding anamnesis facts and oral health complaints
together with respective X-rays, while the assessment was based on the Calgary Cambridge
Observation Guide (CCOG) [27]. The OSPE was followed by structured feedback [22,28],
and upon agreement, the student could watch the recorded session to ensure self-reflection
and competence development [29,30].

Regarding the difference between the 4th and 5th year courses, the 5th year students
had to undertake 33.3% more practical work than the 4th year students, while the education
methods were the same for both courses except in periodontology.

2.4. Final Examination

At the end of the 2020 summer term, theoretical examinations took place for both
courses, each consisting of 30 “Pick N Type” multiple-choice (MC) questions with four
answer choices [31,32]. The results were compared to the mean of the grades of the four
previous terms (2018 summer term up to the 2019/2020 winter term).

2.5. Questionnaire

A questionnaire (Table 2) was developed and electronically provided via Moodle®,
which anonymously evaluated the students’ acceptance regarding organization, technical
requirements, and the different theoretical and practical teaching formats. It was addressed
through the student’s identification number for both the 4th and 5th year students, whereby
the 4th year questionnaire contained additional questions about the OSPE in periodontology.

In addition to site-specific questions, literature research was conducted with the
search terms e-learning, remote learning, students’ acceptance of dental education, eval-
uation/assessment of new teaching forms in dentistry, COVID-19 dental education, and
digitalization within the dental curriculum, which resulted in a pool of 143 questions after
the elimination of redundancies. Based on the nominal group technique (NGT) [33,34], a
prioritization of the questions was carried out by the authors assigning 1–3 points to each
question according to its subjective importance, yielding a descending list according to the
sum of points awarded. To ensure a feasible time to complete the questionnaire of around
15 min, the list was cut from the end to a total of 62 questions followed by a content related
arrangement. The answer options were mostly based on modified Likert scales [35–37],
while multiple answer options or free text were also included.
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Table 2. Two exemplary questions regarding the evaluation of the different teaching formats in the summer term 2020
together with answer options.

How do you rate your personal learning success with regard to the individual theoretical teaching forms in the summer term 2020?

Lectures with audio

Very good Good Satisfactory Bad Very bad

Live Stream lectures

Very good Good Satisfactory Bad Very bad

Lectures (only .pdf files)

Very good Good Satisfactory Bad Very bad

Scripts

Very good Good Satisfactory Bad Very bad

Scientific articles

Very good Good Satisfactory Bad Very bad

Virtual problem-based
learning (VHB)

Very good Good Satisfactory Bad Very bad

In the future I would
like to have “Lectures

with audio”
permanently available Fully agree Rather agree Partially agree Disagree Disagree at all

2.6. Statistics

Data were analyzed descriptively and given graphically (Microsoft Excel, version
16.43, Redmond, WA, USA; GraphPad Prism, San Diego, CA, USA). Theoretical exam-
ination scores, separately for the 4th and 5th year courses, were statistically compared
(Mann–Whitney U-test) between groups (2020summer term versus pooled previous four
terms) after testing the normal distribution of the data (Shapiro–Wilk test). Alpha level
was set at ≤0.05. The power as well as the effect size d were also given for the comparisons
(GPower 3.1).

3. Results

The response rate of the questionnaire was 91% (4th year 42/45 students, 5th year
37/42 students, total 79/87, female 55 (69.6%), male 24 (30.4%)).

3.1. Evaluation of the General Learning Conditions

The organization was rated as “very good” (44.3%) or “good” (44.3%) (together
88.6%) by the majority of students (satisfactory 10.1%, bad 1.3%, very bad 0%). While
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most participants did not experience any technical problems (63.3%), the most frequent
complaints were a poor Internet connection (22.8%) and problems with Zoom® (14.2%).

3.2. Evaluation of Theoretical Teaching Formats

Using grades from 1 (very good) to 5 (poor), lectures with audio were rated best
with an average grade of 1.48 (Figure 1), followed by videos (1.54), live stream lectures
including the webinar in pediatric dentistry (1.81), treatment checklists (1.81), and virtual
problem-based learning (VHB) (2.1). Lectures only available as .pdf files (2.15), scientific
articles (2.29), and scripts (2.30) were at the end. The aforementioned pediatric webinar
(38 participating students) was particularly highlighted among the free-text responses, due
to the promoting of English terminology, and the interaction with an international lecturer.

Figure 1. Students’ (n = 79 out of 86) overall assessment of different teaching formats in grades. Evaluation was conducted
using school grades: 1 = very good, 2 = good, 3 = satisfactory, 4 = bad, 5 = very bad. Given are the different teaching formats
(left), the absolute number of different grades per teaching form (middle), and the average grade (right).

Regarding the students’ wish to maintain the newly developed theoretical teaching
formats in the future, lectures with audio were mostly named (91% “fully agree” and
“partially agree”), followed by the videos (85%), live stream lectures (67%), and lectures
provided solely as .pdf files at the end (32.91%) (Figure 2).

Figure 2. Evaluation of different teaching formats regarding the students’ wish for maintenance. Rating was conducted
using a modified Likert scale, 1 = fully agree, 2 = rather agree, 3 = partially agree, 4 = rather disagree, 5 = disagree at all.
Given are the newly developed teaching formats (left), and the absolute number of given answers (middle). In addition,
ratings 1 and 2 are given together as positive agreement (right).

Furthermore, the students were asked to compare the virtual theoretical teaching
formats with the traditional face-to-face teaching regarding their efficacy of knowledge
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transfer (Figure 3). The ratings “distinctly better” and “better” were taken together and
considered as “superior perception”. This was the case in 78.5% for the lectures with audio,
39.2% for the live stream lectures, 30.4% for the virtual problem-based learning (VHB), and
only 16.5% for the lectures solely given as .pdf files.

Figure 3. Assessment of the virtual theoretical teaching formats in comparison with traditional theoretical face-to-face
teaching. Evaluation was conducted using a modified Likert scale, 1 = distinctly better, 2 = better, 3 = similar, 4 = worse,
5 = distinctly worse. Given are the different theoretical teaching formats (left), and the absolute number of given ratings
(middle). In addition, ratings 1 and 2.

3.3. Evaluation of the Practical Training

Most students fully or rather agreed that the phantom head was the best possible
replacement for treatment of a patient (59.5%). However, 69.4% of the students indicated,
that they did not have the same respect toward the phantom head. Only 30.4% of the
students stated they would appreciate additional training opportunities at the phantom
head in the future. As advantages, the students primarily mentioned a relaxed working
atmosphere (64.6%), equal conditions for all students (55.7%), gaining practical routine
by working without complications (no saliva, no tongue; 54.4%), and no risk of infection
(54.4%). As disadvantages, the lack of specific treatment parts, for example, injection
(96.2%), anatomical individuality (96.2%), patient feedback such as pain perception (93.7%),
and lack of communication (87.3%) were named.

The practical teaching in restorative dentistry was rated as “very good” or “good”
by 85.7% of the 4th year and 81.0% of the 5th year students. In endodontology, it was
rated as “very good” or “good” by 83.3% (4th year) and even by 91.1% of the 5th year
students. In periodontology, it was graded as “very good” or “good” by 78.6% (4th
year students), however, by only 27.0% of the 5th year students. The 4th year students
rated the combination of tutorial and OSPE to be more realistic due to the simulated
communication (69.0%), and appreciated it as further training of the complex periodontal
diagnostic process, and would welcome its maintenance in the future (71.4%). Analyzing
the students’ performance within the OSPE, they achieved 79.8 ± 9.6% (mean ± SD) of
the possible points (theoretical part 77.8 ± 3.6%, practical part 91.9 ±3.2%, communication
skills 67.2 ± 1.0%).

Taking the theoretical and practical education together, 95% of the students rated their
progress in theoretical knowledge and practical skills equal to that in a regular term.

3.4. Final Examination

In the 2020 summer term, the 4th year students achieved 40.4 ± 5.3 points, and the
5th year students 44.4 ± 3.6 points (mean ± SD) (maximum score 60 points, pass mark
36 points). This was significantly less than in the pooled examinations of the last four
terms (4th year 45.9 ± 5.2 points, and 5th year 48.8 ± 5.4 points (mean ± SD) (p < 0.0001)
(Figure 4). The comparison within the 4th year and 5th year students before and during
Corona showed a power of 99.98 and an effect size d of 1.04 as well as 99.88 and 0.95,
respectively.
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Figure 4. Evaluation of final examinations under regular and Corona conditions. Given are the 4th (left) and 5th year
(right) students’ scores in the final theoretical examination; each graph contrasts the results from the 2018 summer term to
the 2019/2020 winter term (ST18-WT19/20), the results of the 2020 Corona summer term (ST20) (each dot represents one
student, the bars depict mean ± SD, Mann–Whitney U-Test, * p < 0.0001).

4. Discussion

4.1. Theoretical Education

Regarding theoretical education, several approaches toward online availability were
developed such as lectures with audio, live stream lectures, practical instructional videos,
and introducing videos, which replaced hygienic or equipment briefings on site. The newly
acquired online skills were also used for international exchange (webinar in pediatric
dentistry). According to the questionnaire, lectures with audio were rated best among
these approaches and should be maintained in the future, according to the opinion of most
of the students. They especially emphasized the availability at any time and place via the
Internet, and the possibility to repeat and pause sequences. These features would create
a highly efficient and individual learning, which can be adapted to their own pace and
daily routines. Interestingly, formats such as scripts, scientific articles, and lectures given
solely as .pdf files without audio were rated worse, which may underline the importance of
embedding content into an explaining frame. Besides, although not counted in particular,
lecturers had the feeling of a higher number of attendees during their online lectures than
their past face-to-face lectures. In contrast, it became clear from the free text comments
within the survey that the students missed the communication between each other and the
staff to eliminate uncertainties. Furthermore, they disapproved the lack of a clear separation
of life and work, which would have a negative impact on their learning motivation. The
mentioned findings are in accordance with recent studies from all over the world (e.g.,
Germany, Italy, and Jordan), which also evaluated the online learning possibilities during
the COVID-19 pandemic [11,15,16,38,39].

However, the presented study revealed no hints that students would feel insuffi-
ciently qualified for patient treatment after the 2020 summer term, as this was critically
mentioned by various studies [11,39] nor did the presented study point to an increased
burnout risk, which was brought up as a concern in the case of sustained teaching without
attendance [40,41]. In contrast, 95% of our students rated their progress in theoretical
knowledge and practical skills equal to that in a regular term, although their theoretical
test results were worse compared to the previous terms. Most of the recent studies assessed
the students’ subjective attitude toward the different teaching formats rather than their
effectiveness in terms of knowledge gain. Instead, we tried to objectively evaluate their
knowledge level based on end of term examinations. In this way, the success of the corona
term in its entirety was evaluated and not solely the effect of specific formats.
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4.2. Practical Education

To substitute the suspended patient treatment in the 2020 summer term, several ap-
proaches were offered to fulfill the practical education in this crisis situation, which ranged
from demanding preparations at the phantom head, PBL presentations in combination
with root canal treatments in 3D-printed teeth [25] to tutorials and OSPEs including com-
munication skills training with acting patients. Although the students’ treatment using
phantom heads were only a surrogate for real patient treatment, the participants highly
appreciated the provided efforts. However, this positive response should be viewed criti-
cally, since the newly offered formats could appear subjectively interesting and tended to
be evaluated more positively. As disadvantages, the lack of typical treatment attributes
such as salivation, tongue movements, patient feedback, anatomical individuality, and
communication were named.

Interestingly, 4th year students rated the education in periodontology better than the
5th year students. The difference was that the 4th year course was provided with a tutorial
and an OSPE including communication training with an acting patient in addition to the
practical skills training at the phantom head. The 5th year course trained solely at the
phantom head. Therefore, one could conclude that the more patient-centered simulation of
periodontal treatment covering different aspects such as in this case, anamnesis, diagnosis,
and treatment planning, taking the information of a simulated patient into account in
combination with communication, found more acceptance by the students. Another aspect
might have been, that the 5th year students had already treated patients in their 4th year
course and therefore felt the difference to the phantom head and the associated loss of the
mentioned attributes possibly even more. Communication was deemed important as a key
process within the patient–doctor relationship as stressed already in the literature [27,42–44].
This is consistent with well-known learning theories that emphasize the need for teaching
methods with social interaction. This is not only evident with a view to Miller’s pyramid
of competencies [45], but also according to Kolb [46], who, following the concept of
“experiential learning”, describes learning as a social process supported by experiences,
educational moments, and a safe environment. In the 2020 summer term, the OSPE format
was not primarily used for assessment but rather an excellent teaching tool seeking a higher
level of competency [26]. According to Miller´s pyramid of competence [45], we could
reach level 3a “shows how” (i.e., performance based on simulated patients). This requires
the knowledge regarding cognitive levels 1 “know” and 2 “knows how”, which was taught
in the tutorials and at the phantom head.

As a welcome side effect when looking at the free text comments, the participants
highlighted the better supervision relation between students and staff. Interestingly, the
new approbation regulation for dentists, which becomes effective as of 2021, will provide a
better relation of 1:3 for treatments of patients and of 1:6 for teaching at the patient [47].

5. Conclusions

Regarding the theoretical education, the study especially suggests maintaining digital
lectures with audio on demand in future education accompanied by Q&A sessions with
staff. A stable Internet connection is a prerequisite of utmost importance. While nothing
can really replace patient treatment in practical education, for a crisis proof practical
training/assessment without patients, approaches toward a higher level of competence
such as OSPEs should be applied including as many aspects of patient treatment as possible.
Special attention should also be paid to the training of communication skills. Nevertheless,
a limitation of this study is that only students from a single dental school participated in
this study. Therefore, especially, in view of the high relevance of this subject, review articles
are necessary to gain a comprehensive overview of the measures undertaken worldwide.
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Abstract: Background: The COVID-19 pandemic outbreak has significantly changed access to dental
treatments. Methods: The data related to oral health and teledentistry topics were collected from the
open database Google Trends. The analyzed material was collected from 19 June 2016 to 6 June 2021
among anonymous search engine users. The following expressions were analyzed: “dental care”,
“emergency dental care”, “oral health”, ”periodontitis”, “teledentistry”, “is it safe to go to the dentist”,
and “COVID-19” and ”PPE dentist”. Results: During the first lockdown in 2020, a significant increase
in “emergency dental care” phrase queries was detected, with a simultaneous decrease in regular
“dental care” questions, as well as a peak in the queries for “periodontitis” preceded by lower interest
in “oral health.” The number of searches stated for “teledentistry” increased during the time of the
pandemic 5 times and for and “PPE dentist” 30 times. The risk of visiting the dental studio was seen
in almost 40 times increase in the query “is it safe to go to the dentist.” Conclusions: The COVID-19
imprinted a stigma on oral health care. In this difficult epidemiological situation, teledentistry might
become a helpful solution.

Keywords: oral health; teledentistry; Google Trends; COVID-19 pandemic

1. Introduction

In late June 2021, about 182 million COVID-19 cases were reported globally, with
almost 4 million people deaths [1]. It seems very likely that the COVID-19 pandemic had
an impact on oral health-related behaviors. The stringent measures undertaken to limit
the spread of COVID-19 disease with social distancing rules made access to dental offices
more troublesome. The risk of contagion can be reduced by introducing teledentistry [2].
Teleconsultation, which begins with an online triage, was a compromise that limited patient
access but also ensured effective treatment and relief from symptoms [3].

According to some studies, routine dental care and emergency dental care have been
immensely influenced by the waves of COVID-19 [4–7]. The large impact of the COVID-
19 pandemic on dentistry was shown in the study conducted by Soltani et al., in which
as many as 659 articles published by dental journals were found in PubMed regarding
implications of the COVID-19 pandemic in dentistry [8]. Moreover, many people did not
want to visit the dental studios due to the fear of virus transmission. Moreover, as proved
in many studies in pre-pandemic time, the prolonged lack of regular oral health check-
ups may lead to periodontitis [9,10]. Another unprecedented situation happened during
the COVID-19 pandemic. Greater demand for personal protective equipment (PPE) was
detected globally and led to a shortage in masks, gloves, and almost all PPE [11]. Difficult
access to PPE was significant and obvious in the early phase of the COVID-19 pandemic.
In order to minimize the viral spread risk during the current COVID-19 pandemic and
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post-pandemic times, the global project to define the best organization of dental offices was
conducted [12].

Rapid changes in the epidemiological situation might be easily and strongly visible in
the surveillance of the more widely used search engines, for example, the Google search
engine, the most used engine with the vast majority of the market share, as much as
92.26% [13].

The aim of this study was to analyze the impact of the COVID-19 pandemic on oral
health and the interest in teledentistry.

2. Materials and Methods

The data for the study were collected from the open database—Google Trends (GT)
service among anonymous search engine users related to oral health and teledentistry
subjects [14,15]. Each data record represents a weekly worldwide number of queries
processed by Google engine and available according to the selected time period. In the
study, the analyzed material was collected from 19 June 2016 to 6 June 2021. All data
imported from GT represent queries were normalized to the time and location. The
resulting numbers are scaled on a range of 0 to 100, where 100 is the maximum number of
searches in a stated period of time. The following expressions were analyzed: “dental care”,
“emergency dental care”, “oral health”, “periodontitis”, “COVID-19” and ”PPE dentist”, as
well as the phrases “teledentistry” and “is it safe to go to the dentist”, were investigated to
check the interest for online consultations.

The data analysis was divided into two sections. The first section provides the detailed
level description of data, its structure, and main samples characteristics needed in order to
perform further calculations. In the second section, the pairwise correlation between data
series was analyzed. For each time series data, the trend, cyclical, and random fluctuations
analyses were performed. The purposes of this section were as follows:

• To present pairwise time series visualizations;
• To perform time series decompositions indicating the trend, cyclical, and random fluctuations;
• To analyze the cross-correlation between chosen time series pairs with statistically

significant estimation;
• To evaluate a pairwise of mutual influence (where possible).

To estimate the dynamics rate (hereinafter), the comparisons of two mean rates for
two periods were made: first one for the period before the 22–23 January 2020, when the
World Health Organization (WHO) Director gathered an Emergency Committee to discuss
whether the new virus outbreak determined a public health emergency of worldwide
concern [16] (that refers to dates from 19 June 2016 to 19 January 2020 in our weekly split
data set) and the second one from 19 January 2020 to 6 June 2021. For simplicity, we further
refer to those periods as before and during the pandemic. In the study, we aimed to check
the time before the official pandemic onset, as the search engines may have shown some
interest in the subject before official regulations were made.

For the qualitative and quantitative analysis of the correlation, the time series collec-
tions were divided into the following 4 pairs:

• “Dental care”–“emergency dental”;
• “Oral health”–“periodontitis”;
• “Teledentistry”–“is it safe to go to the dentist”;
• “COVID-19”–“PPE-dentist”.

All statistical estimations with data visualizations were programmed by the “R”
programming language [17] with “R studio” version 1.4.1106 open-source software for
data science, scientific research, and technical communication [18].
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3. Results

3.1. Time Series Visualizations

A graphical illustration of time series was presented by a paired graph of the dynamics
of requests in the study period. For the purposes of analyzing the trend, cyclical, and
random fluctuations, the time series were decomposed for each collection separately.

The pairwise time series visualization of “dental care”–“emergency dental care” is
presented in Figure 1a. The plot clearly shows a high proportion of uncertainty in demand
for dental services at the very beginning of 2020. This is evidenced by a sharp decline in
demand for planned dental procedures with a simultaneous sharp increase in demand
for emergency ones. However, this phase had a short-term character, and during the
next 1–2 months, the structure of demand returned to its normal state.

(a) (b) 

Figure 1. Pairwise comparison of weekly requests during 2016–2021: (a) “dental care”–“emergency dental care”; (b) “oral
health”–“periodontitis”.

The pairwise, time series visualization of “oral health”–“periodontitis” is presented
in Figure 1b. The plot shows large interest growth when regarding “periodontitis” with
the peak at the beginning of the year 2020 with stable and slight growth in the number of
questions asked during the analyzed period. The number of queries for “oral health” is
more stable. A peak in “periodontitis” queries was detected after the hard lockdown and
the lower interest in the “oral health” subject.

Furthermore, the pairwise, time series visualization of “teledentistry”–“is it safe to go
to the dentist” is presented in Figure 2a. Both terms under consideration rarely occurred
in the pre-pandemic time. Only at the beginning of 2020 did these concepts become
widespread. The plot clearly shows a peak when the request for both terms reaches its
maximum. The demand for the “teledentistry” term then begins to decline exponentially
until the end of the period under review, reaching levels preceding the pandemic, and the
expression “is it safe to go to the dentist” is characterized by steady demand throughout
almost all of 2020, reaching local highs during periods of lockdowns and exacerbations of
restrictions. However, at the end of the period under review, requests for this term also
reached a minimum, slightly exceeding pre-pandemic levels.
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(a) (b) 

Figure 2. Pairwise comparison of weekly requests during 2016–2021: (a) “teledentistry”–“is it safe to go to the dentist”;
(b) “COVID-19”–“PPE dentist”.

The pairwise, time series visualization of “COVID-19”–“PPE dentist” is presented in
Figure 2b. Both expressions came into use immediately with the onset of the pandemic.
The demand curve for “COVID-19” is characterized by the presence of three global highs
that occurred at the junction of 2019–2020, in the first quarter of 2020, and at the junction
of 2020/2021, which corresponds to the time of global pandemic waves. The topic “PPE
dentist” standing for personal protective equipment was characterized by the greatest
demand at the beginning of the pandemic; over the next 1.5 years, the level of interest
dropped exponentially, until the end of the period under review, where it again reached
the pre-pandemic level.

3.2. Trends Analysis

Regarding the “dental care” time series, during the period under consideration, there
are two periods of trend growth Figure 3a: the first (more pronounced) from the beginning
of 2018 to the beginning of 2019, and the second (more smoothed) from the beginning of
2020. There was no downtrend during the pandemic period. Regarding the “emergency
dental care” time series (Figure 3b), the direction is multidirectional (with local ups and
downs) with a general upward trend. After reaching the minimum in 2018 through mid-
2020, there was a significant increase, followed by a short-term moderate decline (probably
during the general lockdown). An upward trend was observed since the second half of
2020, which reached its maximum values at the end of the period under review.

  
(a) (b) 

Figure 3. Decomposition of time series (month granularity): (a) “dental care”; (b) “emergency dental care”.
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Regarding the “oral health” time series, during the period under consideration, there
are two periods of trend growth Figure 4a: the first (minor one) from the beginning of
2017 to the beginning of 2018, and the second (a pronounced one) from mid-2018 to early
2020. Periods of growth are followed by periods of decline with similar severity and
duration. Since the beginning of the pandemic, a negative trend was recorded with small
periods of stabilization with a tendency to smooth out. There were no upward trends.
In mid-2021, the level of demand is close to the minimum values for the period under
review. Furthermore, regarding the “periodontitis” time series (Figure 4b), for most of
the period under review, the trend was characterized as moderately growing with small
corrections and short declines. Since the beginning of 2019, there has been protracted
growth, which reached its maximum during the pandemic. At the end of the period under
review, there is a slight decrease in the trend, which, however, exceeds the demand levels
of the pre-pandemic period.

 
(a) (b) 

Figure 4. Decomposition of time series (month granularity): (a) “oral health”; (b) “periodontitis”.

Regarding the “teledentistry” time series (Figure 5a), until the second half of 2019,
the trend was an almost flat curve, with a barely noticeable increase, which is replaced
by a sharp growth phase lasting about a year. The growth for the specified period was
about 20 points. Then, the growth phase was replaced by a moderate decline phase, which
continued until the end of the period under review. Similarly, in the “is it safe to go to the
dentist” time series (Figure 5b), until the second half of 2019, the trend was a flat line with
a zero value, which was replaced by a phase of sharp growth that lasted for about a year.
The growth for the indicated period was about 40 points. Then, the growth phase gave
way to a moderate decline phase, which lasted until the end of the period under review.

  
(a) (b) 

Figure 5. Decomposition of time series (week granularity): (a) for “teledentistry”; (b) for “is it safe to go to the dentist”.
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The trend line for both expressions in Figure 6a,b—“COVID-19” and “PPE dentist”—
repeats the pattern of the previous pair. Until mid-2019, a horizontal line at the 0 level is
observed, after which the annual growth phase with a maximum increase of up to 30 points
is observed. The growth phase is replaced by a moderate decline phase, which continues
until the end of the period under consideration (the volume of decline for “COVID-19”—
5 points, for “PPE dentist”—10 points).

  
(a) (b) 

Figure 6. Decomposition of time series (week granularity): (a) for “COVID-19”; (b) for “dentist PPE”.

3.3. Cyclical and Random Fluctuations Indications Analysis

In the “dental care” time series (Figure 3a), there is a single negative peak of average
severity in the second half of 2018. There were no positive peaks in the similar intensity.
When regarding the “emergency dental care” time series Figure 3b, there are two peaks:
the most pronounced at the beginning of the period (breaking through the 20 marks) and
slightly less pronounced in the second half of 2018 (approaching the 20 marks). Negative
peaks of similar intensity were not observed.

Regarding the “oral health” time series (Figure 4a), there are several cycles of low
severity breaking through the 10-point mark in both directions. Moreover, in the “peri-
odontitis” time series (Figure 4b), there are several peaks of average severity approaching
the 10-point mark in both directions. The most pronounced is the positive cycle at the end
of the period under consideration.

In the “teledentistry” time series (Figure 5a), there is one pronounced cycle with an
increase in the parameter of about 60 points, and there is one pronounced cycle with an
increase in the parameter of more than 40 points when describing the “is it safe to go to the
dentist” time series (Figure 5b).

Two pronounced cycles are clearly visible in the “COVID-19” time series in Figure 6a—at
the junction of 2019/2020 and in the first half of 2020, with an increase of about 35 points. No
pronounced negative peaks are observed. A series of peaks regarding the expression “PPE
dentist” at the junction of 2019/2020 with gains of more than 50 points is clearly visible. No
pronounced negative peaks were recorded (Figure 6b).

3.4. Changes in Request Average during COVID-19 Pandemic

The mean of “dental care” time series request rate in the pre-pandemic period has
a rate of 79.9; during the pandemic, the mean rate was increased to 80.2. Thus, from
the pandemic onset to the present, the “dental care” requests mean rate has remained
particularly unchanged (the increasing rate is about 0.4%). Moreover, the mean of the
“emergency dental care” time series request rate in the pre-pandemic period has a rate of
48.73, and during the pandemic, the mean rate increased to 52.6. Thus, from the pandemic
onset to the present, the main rate of “emergency dental care” increased by 7.9%. The
mean of the “oral health” time series request rate in the pre-pandemic period has a rate
of 62.0; during the pandemic, the mean rate changed to 61.8. Thus, from the pandemic
onset to the present, the “oral health” requests mean rate remained particularly unchanged
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(the decreasing rate is about 0.3%). The mean of the “periodontitis” request rate in the
pre-pandemic period has a rate of 35.7; during the pandemic, the mean rate changed
to 41.1. Thus, from the pandemic onset to the present, the main rate of “periodontitis”
increased by 15.1%. Moreover, the mean of the “teledentistry” time series request rate in
the pre-pandemic period has a rate of 4.3; during the pandemic, the mean rate changed
to 21.4. Thus, from the pandemic onset to the present, the “teledentistry” requests mean
rate characterized by a 5 times increase. The mean of the request rate for the “is it safe
to go to the dentist” time series in the pre-pandemic period has a rate of 0.8; during the
pandemic, the mean rate changed to 31.9. Thus, from the pandemic onset to the present,
the requests mean rate is characterized by an increase of almost 40 times. The mean of
the “PPE dentist” request rate in the pre-pandemic period has a rate of 0.8; during the
pandemic, the mean rate changed to 24.0. Thus, from the pandemic onset to the present,
the “PPE dentist” request mean rate is characterized by an increase of 30 times. When
regarding the “COVID-19” time series, this expression did not exist before the pandemic.

3.5. Cross-Correlation

The time series pair “dental care”–“emergency dental” cross-correlation function plot
is shown in Figure 7a. There are a number of significant correlations on both sides of 0. All
significant correlations are positive, from which it follows, an increase in one parameter
leads to an increase in another. There is no significant correlation at h = 0. Furthermore, the
time series pair “oral health”–“periodontitis” cross-correlation function plot is shown in
Figure 7b. The correlation magnitude and the number of significant correlations are greater
on the left side of 0. The most dominant cross-correlation occurs at h = −2. The correlation
is positive, indicating that an above-average value of “oral health” is likely to lead to an
above-average value of “periodontitis” about 2 months later. Additionally, a below-average
value of “oral health” is associated with a likely below-average “periodontitis” value about
2 months later. Moreover, the time series pair “teledentistry”–“is it safe to go to the dentist”
cross-correlation function plot is shown in Figure 7c. There are a number of significant
correlations only on the right side of 0. All significant correlations are positive. Finally,
the time series pair “COVID-19”–“PPE dentist” cross-correlation function plot is shown
in Figure 7d. There are a number of significant correlations on both sides of 0. There is
also a significant correlation at h = 0. All significant correlations are positive, from which it
follows, an increase in one parameter leads to an increase in another. An above-average
value of “COVID-19” is highly likely to lead to an above-average value of “PPE dentist”
about 4 weeks later. Since both expressions existed in GT searches for less than 2 years, the
use of month granularity was impossible, which is why, in this case, a week granularity
was used.

 
(a) (b) 

Figure 7. Cont.
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(c) (d) 

Figure 7. Cross-correlation plots: (a) “dental care”–“emergency dental” (granularity: month); (b) “oral health”–
“periodontitis” (granularity: month); (c) “teledentistry”–“is it safe to go to the dentist” (granularity: month); (d) “COVID-
19”–“PPE dentist” (granularity: week).

4. Discussion

The aim of the study was to investigate the impact of the COVID-19 pandemic on
oral health and teledentistry subjects. To the best of our knowledge, this is one of the few
studies [19,20] tracing the GT expressions connected with oral health during the COVID-19
pandemic. The first noticeable outcome of the research was a large increase in emergency
dental care questions asked during the spring lockdown in 2020 with a simultaneous
decrease in regular dental care queries. Our results strongly show that the COVID-19
pandemic had significantly influenced dental-care-seeking behavior. According to the
recommendations and because of the fear surrounding the epidemic, people were averse
to be outside and less willing to visit dental studios. Moreover, dental care was not widely
available during the early phase of the pandemic, with a large number of patients expected
to seek emergency dental service only when urgent care was needed [5]. In line with our
study, the outcomes of the study conducted by Faccini et al. indicate that during the hard
lockdown, 64.6% of dentists carried out only emergency treatments, with 26.1% of dentists
still maintaining the routine planned appointments, and with 9.3% of dental offices closed
for the duration of the lockdown. An increase in urgent dental procedures was noted by
44.1% of the dentists. It occurred most often due to the lower availability for a longer
period of time for regular dental care. The main causes of emergency appointments were
toothache, dental trauma, or broken restorations [21]. Similarly, a study conducted in
Beijing, China, with 2537 patients involved in the study, indicated that at the beginning of
the COVID-19 pandemic, 38% fewer patients sought dental emergency care than before.
Dental problems and oral infection increased from 51.0% in the pre-pandemic period to
71.9% during the COVID-19 pandemic period [5]. A finding in line with our study is that
the COVID-19 pandemic outbreak had strongly influenced the emergency dental services.
The large influence of COVID-19 disease on oral cavity was shown in the study conducted
by Gherlone et al., as 83.6% of patients reported anomalies of the oral cavity, such as dry
mouth or salivary gland ectasia, that lasted even up to 3 months after hospitalization due
to COVID-19 [22].

According to recent studies, people with serious medical conditions such as diabetes,
heart diseases, lung or kidney chronic disease, and older persons were at high risk for de-
veloping more severe COVID-19 infection. On the other hand, poor oral health and hygiene
may increase the risk of developing the abovementioned medical problems. Therefore,
improving oral health among the whole population may lead to a lower risk of developing
systemic diseases and, in this way, reduce the morbidity due to COVID-19 [9,23]. In the
study among a group of 568 patients, the higher risk of intensive care unit admission with
the need for assisted ventilation and worse disease outcomes, leading even to the death
of COVID-19 patients, was associated with periodontitis. Similarly, COVID-19 patients
with periodontitis had significantly higher blood levels of D-dimer and C-reactive protein
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and white blood cells [24]. After a lower level of interest in oral health was detected in
the number of queries asked in GT during the hard lockdown, in the conducted study, we
detected a peak in periodontitis questions and about a 15% interest growth in the subject.

During the pandemic, telemedicine represented an opportunity to improve accessibil-
ity to medical treatments. According to some studies, teledentistry could be comparable to
face-to-face visits for oral screening, especially in areas with limited access to oral health
care. In fact, the identification of oral pathologies via teleconsultations is widely possible
and valid [25]. The online examination using intraoral scans may become helpful in de-
tecting dental problems. The remote assessment of intraoral scans can allow an efficient
screening and the correct triage of patients. Improved intraoral scans can provide even
three-dimensional images with true colors [26]. Nowadays, to minimize contact with the
patient and to ensure patient safety clinicians may follow up with patients online, for
example, through video calls. In the present study, a 5-time increase in query rates for
teledentistry during the COVID-19 pandemic was detected because of the anxiety to visit
the dentist. The query “is it safe to go to the dentist” increased the question rate during
the pandemic almost 40 times. It may indicate the usefulness of such a digital tool during
epidemiological threats. The screening for other chronic viral infections was previously
conducted in dental offices, for example, for HCV virus [27]; such easy, free-of-charge
prevention campaigns may use teleconsultation in the post-pandemic time.

In addition, specific recommendations and lots of preventive measures against COVID-19
were undertaken in dental offices with infection control strategies. The urgent need for den-
tal emergency care required fast delivery of the appropriate PPE. The initial shortage and
distribution challenges of PPE was seen globally [11,28], as well as the large interest in PPE
connected with dentists was observed in our study, with a 30-time increase of requests mean
rate. The patient management protocols were applied to reduce the risk of infection and to
prevent the spread of the cross-infection, for example, clinical triage for patient screening
with a questionnaire on recent disease symptoms, body temperature measurement, avoiding
crowding in the waiting room, a hand sanitizer available to patients before entering the oper-
ating rooms, and the use of PPEs and oral rinses with hydrogen peroxide before the dental
treatment [29–32]. The WHO recommended the use of FFP3 masks according to the European
terminology or N100, according to the United States nomenclature [33]. Members of the
oral healthcare team should be acquainted with the COVID-19 transmission and preventive
measures, as the oral cavity is an important site for COVID-19 infection and a potential route
of virus transmission [34]. Cross-infection control measures should be applied to all patients
because asymptomatic COVID-19 persons may also need emergency dental treatment [35].

This study has some limitations. Firstly, the analyzed data were collected from one
search engine; nevertheless, Google engine has nearly four billion users worldwide and
covers more than 90% of all queries on the internet, with near 7 billion queries per day. With
4.39 billion internet users worldwide, the number of Google users is globally nearly four
billion [36]. In our study, the GT request sample size for 5 years period is about big data
collections. Thus, the nature of the data and sample size is appropriate for the purpose and
nature of the study. Moreover, when considering the overlapping of expressions meaning,
in a small sample, it might be discussed as a limitation; however, the sample of expressions
gathered in the presented study is huge, the time of observation is long, and therefore,
it should not induce significant changes in results. Secondly, the study was carried out
globally, in order not to add too much manual categorization, by providing expressions in
different languages. When adding queries in many languages across countries, it becomes
more difficult to choose the best fitting expression used in a specific country. Finally, there
are no strict rules on how to analyze the GT in health care research [37]; on the other hand,
the GT data are recognized by the scientific community as a reliable source on the basis of
which scientific papers in various fields are published [38,39]. Because of the anonymized
approach of data collection, GT enables the analysis and forecasting of sensitive topics
especially in medicine [37,40–43]. Because of using the revealed and not stated users’
preferences, it is possible to obtain information that would be otherwise impossible to
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collect. Moreover, GT offers a substantial promise for the global monitoring of diseases in
countries that lack clinical surveillance but have sufficient internet coverage to allow for
surveillance via digital epidemiology [44].

5. Conclusions

1. Firstly, according to the search queries analysis from GT, the COVID-19 pandemic
had a large impact on oral health problems;

2. Moreover, emergency dental care became more required during the onset of pandemic
and hard lockdown than regular dental care;

3. Finally, teledentistry gained in popularity during the lockdowns according to globally
asked questions in GT service.
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Abstract: Since the emergence of the new coronavirus disease (COVID-19), profound alterations in
general and specialist dental practice have been imposed to provide safe dental care. The guidelines
introduced in response to the COVID-19 pandemic to mitigate healthcare disruption are inconsistent
regarding the dental practice re-installation, particularly during a transitional time. Despite the
successful mass vaccination campaigns rolled out in 2021, the presence of more than 80 genotypes
of COVID-19, rapid neutralisation of antibodies within a short period of seropositivity, and the
likelihood of recurrent infection raise some doubts on whether vaccination alone will provide long-
term immunity against COVID-19 and its variants. Here, from this perspective, we aim to provide an
initial proposal for dental services reinstallation, easily applicable in various care settings. We discuss
the potential options for the transition of dental services, as well as challenges and opportunities to
adapt to new circumstances after mass COVID-19 vaccination. The proposal of the universal three-tier
system of dental services resumption, determined by regional COVID-19 rates, testing accessibility,
and vaccination rollout has been presented. Following herd COVID-19 immunity enhancement, it
would be prudent to confer various preventative measures until virus spread naturally diminishes or
becomes less virulent. Based on modelling data, dental practices may not return to normal, routine
operation even after global vaccination as there would still be a significant risk of outbreaks of
infection. Variable, multi-level measures will still be required, depending on the local COVID-19
cases rate, to secure safe dental care provision, despite predicted success of vaccination agendas. This
approach can be implemented by achievable, practical means as a part of risk assessment, altered
work pattern, and re-arrange of dental surgery facilities. The adequate standard operating procedure,
with the support of rapid point-of-care testing at workplace, would vastly intensify the uninterrupted
recovery of the dental care sector.

Keywords: COVID-19; SARS-CoV-2; coronavirus; dental care; resumption; mitigating measures;
vaccination; rapid testing

1. Introduction

The new coronavirus disease (COVID-19) pandemic has dramatically changed the
main aspects of healthcare systems globally, including dental care provision on all lev-
els of primary and secondary care [1,2]. This unprecedented phenomenon has triggered
inevitable major workplace changes, global vaccination, as well as rapid testing innova-
tions [3,4]. The consequences of severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) threat have given an impetus for innovative trends and technologies, as often
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happens when humanity faces a global challenge [5]. Besides its obvious negative impact,
the COVID-19 pandemic has also created opportunities for the dental care sector (Figure 1).
It is predicted that dental practice will survive the pandemic as altered as the rest of the
healthcare sectors. Disruptive pandemic events can give sudden, overall positive impetus
for acceleration of organizational changes.

Figure 1. The impact of COVID-19 on the dental care sector. Potential opportunities and negative consequences.

Globally, the authorities have released safety protocols and guidelines to decrease
the risk of SARS-CoV-2 transmission and help dental care providers control the spread
of the virus during the first wave of the pandemic and the health services re-installation
phase [4,6]. Accordingly, these heterogeneous recommendations constantly evolve, sup-
porting medical and dental workforce by ensuring safe working conditions and subse-
quently, putting in place locally implemented measures, adequate to any dental settings. In
particular, dental care workers (DCWs) who perform their duties in the proximity of upper
respiratory tract and are usually exposed to air-borne infectious bio-aerosols, have to rely on
specific protective measures and guidelines to minimise the risk of being infected [6]. They
face a high risk of contracting COVID-19 because of exposure to potentially contaminated
saliva and microdroplets during aerosol-generating dental procedures (AGPs) [2].

This perspective aims to broaden the outlook of dental practice management following
immense COVID-19 vaccination campaigns and puts forward constructive suggestions
for routine dental service resumption after vaccination has been implemented on a global
scale. To date, relatively few proposals of structured reinstallation of dental care provision
have been presented during the transitional period, in the light of subsequent pandemic
waves. This is surprising, considering mass inoculation and recently developed modern
modalities to contain COVID-19 in the form of rapid testing. Undoubtedly, the response to
immunization and prevention of virus transmission is not only largely driven by vaccine
distribution, but also by the emergence of new SARS-CoV-2 variants. To the best of our
knowledge, this is the first report of the universal tiers-based proposal for dental services
reinstallation after COVID-19 emergence.
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2. Primary Measure: The Adequate Standard Operating Procedures (SOP) Comprising
Vaccination Status

Health authorities such as the World Health Organization (WHO) [7], Centers for
Disease Control and Prevention (CDC) [8], the American Dental Association (ADA) [9] and
the United Kingdom National Health Service (UK NHS) [10] have introduced essential
guidelines for dental practice during the COVID-19 outbreak. These rigorous region-
specific or national mitigating measures have been proposed to protect the staff and patients
simultaneously, and to decrease the spread of COVID-19 by offering a consistent and
scientifically proven series of steps. However, the concern remains whether professionals
will disregard proposed guidelines after widespread vaccination programs have been
completed, and also if the dental practice could then return to the way it had been operating
before the pandemic.

Considering the prospect of COVID-19 vaccination, there is ongoing dispute regarding
how dental practice would change if population-wide immunity against COVID-19 is
achieved. Currently, limited recommendations from regulatory bodies exist regarding
the safe resumption of routine dental care services during recovery period in 2021 [7–10].
It is predicted that the shift from strict Standard Operating Procedure (SOP) for dental
management and the use of enhanced personal protective equipment (PPE) towards a
more routine approach will occur, based on vaccination success and available rapid testing.
The specifically adjusted SOP in dentistry aims to provide uninterrupted and efficient safe
working environment while reducing the risk of COVID-19 infection. It highlights various
crucial aspects to secure health and safety in the workplace.

The timeframe for the reinstallation of dental care since the pandemic outbreak is yet
unpredictable, depending on potential new COVID-19 waves, virus variants, access to
extended vaccination, cohorts’ immune response, and ‘self-adjustment’ of the dental sector
to the new clinical reality. The fluctuating COVID-19 rates are predicted to escalate the
conundrum of dentistry re-establishment across the world. Therefore, rolling out rapid
in vitro diagnostics for DCWs at the workplace on a larger scale appears to be a viable
option to detect asymptomatic cases and subsequently amplify the service recovery. It
might be, however, challenging and compromised by logistic and/or financial constraints
(Figure 2). It is predicted that dental services based in the university hospitals, community
clinics or dental schools, and multi-unit dental corporate bodies would face a quicker
adaptation and ‘re-invention’ of the new reality, compared to small general dental practices.

Even though evidence from studies regarding mass vaccination campaigns is promis-
ing [11], the presence of more than 80 genotypes of the COVID-19 coronavirus, neutralising
antibodies with a short period of seropositivity, and the likelihood of re-infection have
raised doubts whether vaccination will lead to long-term immunity [12]. A recent study
demonstrated that the newly emerged SARS-CoV-2 variants B.1.1.7 (UK), B.1.351 (South
Africa), and P.1 (Brazil) can escape immune response induced by vaccination or infection,
with serious implications for pandemic mitigation [13]. Predominantly, it has been shown
that the serological levels of immunoglobulin do not accurately correlate with the shedding
of virus particles and the risk of transmissibility [12]. The homogeneity of infected popu-
lations in a particular timeframe might not be achieved due to the short-term immunity
against the virus. Consequently, there might be no long-term, continuous herd immunity
due to the possibility of re-infection, which might take place even with the existence of
neutralising immunoglobulins [14]. Individuals need to be reminded to attend for the
second vaccine dose, as missing this could lead to spreading, mutating of the virus, and
potentially to becoming vaccine-resistant [15].
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Figure 2. The predicted timescale of staged de-escalation and reinstallation of dental care services in 2021. Sequelae
determined by COVID-19 mass vaccination.

A concern regarding the firstly introduced COVID-19 vaccines is the necessity of ad-
ministering two doses. Moreover, as new vaccines begin to emerge, this challenge persists
and may particularly hinder the sufficient supply to less developed countries [12,14]. The
obvious inequalities associated with the access to COVID-19 vaccine, and its dispropor-
tionate distribution across the world (for various reasons) may considerably compromise
combating COVID-19. These factors are likely to increase the equity gap between countries
and delay the eradication pandemic. Hence, the continuation of basic preventive measures
for DCWs should be maintained until further evidence related to the virulence rate and
its pathogenicity is revealed [14]. Prevention is particularly important in dentistry, where
mutual contact between the DCWs and patients is unavoidable.

3. Optimizing Risk-Reduction: Teleconsultations and Chair-Side Tests Following
Immunity Enhancement

Since 2020, remote teleconsultations have become a standard part of the SOP protocol
to assess, diagnose, and protect DCWs, as well as to detect COVID-19 cases. It underpins the
efforts to restore the normal pattern of clinical work. In fact, the COVID-19 pandemic may
lead to a permanent re-organisation in dentistry with further development of new software
for multi-purpose teledentistry [16,17]. Reduction of the risk of infection and protection of
staff have been the main reasons for developing teledentistry. Virtual appointments, online
consultations, and follow-ups, as well as the application of artificial intelligence to support
clinical diagnosis have now been rendered practical through tele-dentistry [18]. In terms of
risk mitigation and given the reduced risk of viral transmission using teledentistry, it is
expected to become a pivotal, routine aspect of patient’ management following rapid testing
to find out whether patients are infected or not [17]. A recent survey study has shown
significant patient satisfaction towards using virtual consultations via teledentistry [19].

Hence, dental providers are encouraged to adopt telehealth as an optimal mode of
consultation, initial examination and triaging during recovery time. It should be widely
incorporated as a COVID-19 outbreak response, including specific SOP [20] and subse-
quently as a pillar of restored services. Moreover, consultations with the orthodontist
during the orthodontic treatments and follow-up procedures can be easily performed via
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teledentistry. Recent studies have proposed a new concept of dental monitoring which in-
tegrates teledentistry with artificial intelligence in order to monitor orthodontic treatments
in a semi-automatic manner [21]. Due to these substantial advantages of tele-dentistry in
data collection, risk-assessment, saving of time, and providing better access to oral health-
care, this modern modality can eventually become an essential adjunct to the traditional
approaches in dental practice [20]. Due to the ‘nature’ of dental profession, obviously they
cannot substitute restorative or surgical services in people with active dental diseases and
substantial needs of complex dental care.

Until now, although results have been promising as regards effective vaccination, it
has been suggested that individuals should continue to aim for prevention and diagnosis
of COVID-19 until a worldwide introduction of effective vaccine programs is in place
(Figure 3). Given these circumstances, and taking into account the risk of asymptomatic
carriers, it is rational to assume that ‘conventional’ dental practice might continue to expose
DCWs to the risk of infection [22]. Therefore, fit-for-purpose SOP constitutes the core aspect
of dental practice management to secure safe work environment for staff and patients.

Figure 3. The essential elements of standard operating procedures applicable for the dental service.

Rapid Antigen Tests: A Gamechanger?

Although teleconsultation and triaging may support the detection of symptomatic
cases in the medical and dental sectors, reverse transcription-quantitative PCR (RT-qPCR)
tests are the gold standard to diagnose COVID-19 [23,24]. Yet, the application of these
laboratory tests is not feasible in dental clinics due to long waiting times for test results and
lack of RT-qPCR testing facilities. Many rapid antigen qualitative tests such as commercial
lateral flow assays have been developed for initial triage and rapid qualitative assessment
of SARS-CoV-2 antigens [25]. These rapid lateral flow antigen tests (LFATs) can provide
valid results within 10 to 20 min with sensitivity and specificity similar to quantitative
immunoassays [26]. The opportunity to perform LFATs as rapid point-of-care tests (POCTs)
outside the clinical laboratory is of great assistance, particularly in the clinical contexts
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where triaging patients is required. In general, LFATs mainly based on colloidal gold
immunochromatography assay are intended for the qualitative detection of nucleocapsid
antigens from human nasal and throat swabs, as well as sputum samples [26,27].

Considering the core priorities to combat a pandemic, it has been proposed that
performing reliable and validated POCTs with acceptable sensitivity and specificity could
potentially become a crucial element for triaging/screening all patients attending dental
appointments. Particularly, chair-side LFATs can become a game changer on global scale.
Rapid testing seems especially justified in the multi-unit clinical settings, i.e., hospital-based
community medical/dental services, university hospitals and clinics. Besides standard
nasal/pharyngeal swabs—because saliva is a relevant specimen for COVID-19 diagnosis
and its collection is inexpensive, non-invasive, fast, and safe—accurate saliva-based POCT
can help dental teams take the leading position in COVID-19 diagnosis, even in the post-
vaccination era [24,28,29]. Employing more advanced diagnostics such as smartphone-
based microfluidic systems could pave the way for straightforward pre-treatment diagnosis
of other viruses in the dental setting [24].

Apart from key and obvious benefits, such as its simple use in clinical settings and its
rapid results, LFATs have some disadvantages, including lower sensitivity compared to
RT-qPCR and—as a result—potentially more false-negative results if SARS-CoV-2 antigen
load in a sample is low [25–27]. However, the advantages of applying LFATs as an addi-
tional measure to protect DCWs while resuming the routine dental care prevail over their
limitations (Table 1).

Table 1. The main advantages and disadvantages of rapid lateral flow antigen tests.

Advantages Disadvantages Limitations

Simplified use and
performance in outpatients’
clinic. Suitable to be used at

the workplace, including
dental surgery.

Suboptimal relative sensitivity
(wide range 74–94%),

false-negative results if low
viral antigen load in a sample.

A negative result does not
eliminate the possibility of

SARS-CoV-2 infection

Positive results do not rule
out co-infections with other

pathogens

Short reaction time, rapid
results within 5–20 min.

Test’s sensitivity depends on
the active phase of viral

infection

Specimens collected after five
days of illness are more likely

to be negative compared to
RT-PCR assay

A small amount of sampling
material required

Positive results need to be
verified by molecular RT-PCR

testing

Negative results are not
intended to rule out other
viral or bacterial infections

High specificity about 100%.
High accuracy 98–99%

Results may not correlate with
the clinical history and other

diagnostic methods
performed on the same

specimen

The amount of antigen in a
sample may decrease as the
duration of illness increases

Can detect both viable and
non-viable material Cost

To be used for the qualitative
detection of SARS-CoV-2

antigens from nasal swabs,
throat swabs or sputum

samples only
Equally sensitive for different

SARS-CoC-2 variants

What is more, the positive ‘psychological effect’ of rapid COVID-19 testing in dental
settings cannot be underestimated, enabling reassurance, and strengthening patients’/staff
confidence [30]. As a result, this approach, although costly and logistically challenging
in resource-limited areas, would improve the patient attendance rate and reduce the em-
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ployee’s absence rate [30]. Most importantly, regular rapid LFATs are recommended as
a routine protocol for staff members who provide special care dentistry for medically
compromised individuals, persons with special needs (intellectual or developmental dis-
abilities), and frail care home residents, to limit the treatment-related risk of SARS-CoV-2
infection [31].

Rapid testing in dentistry also depends on sufficient expertise, perception and attitude
of managers/dental practice owners’, which account for their decisions. Primarily, LFATs
constitute a particularly viable option to increase service capacity and decrease access
inequalities in special care dentistry, as its provision was significantly reduced due to the
pandemic [32]. Considering supply limits, rapid LFATs allow for more personalized care,
prioritizing groups of patients with unmet healthcare needs. As persons with special needs
present with generally poorer oral health, they are likely to require urgent dental care,
and also are susceptible to COVID-19 contraction due to the high prevalence of infections
in care institutions. This propagation of LFATs in dental and/or any other primary care
settings, would considerably support public health ‘surveillance’ policy to monitor the
trends of SARS-CoV-2 rate in asymptomatic local communities.

In the United Kingdom, LFATs have been already incorporated in primary care and
care homes for staff and residents since the end of 2020 [31,33]. Moreover, LFATs are
recommended for other occupational groups with increased risk of mass-spreading in-
fection, e.g., in education sector. Recently, Conwey et al. [34] demonstrated feasibility of
implementation a rapid screening and testing protocol in asymptomatic patients presented
in dental surgery as response to the pandemic.

4. Will the COVID-19 Vaccines Modify PPE Use for High-Risk Procedures?

After the commencement of the mass vaccination campaigns in December 2020, an
important issue could be the continued use of conventional vs. enhanced PPE in dental
practice. Scientists predict that SARS-CoV-2 virus, which causes COVID-19, may outsmart
immunity stimulation and it will eventually become an endemic strain, despite successful
global vaccination in the future [35]. A recent modelling study [36] concluded that the
vaccination for COVID-19 alone is unlikely to prevent further spread of the infection, to
enable achievement of herd immunity, and to fully control the virus. The above-mentioned
study predicts that the indicative R number will be still high, around 1.58 in the United
Kingdom, even if the vaccine prevents a vast proportion of new infections [36]. Thus,
even with mass-scale immunisation, the protective measures for routine clinical practice
that were used pre-pandemic might not be sufficient, particularly during dental treatment
involving aerosol-generating procedures (AGPs) creating potentially infectious aerosol [37].
This requires further scientific evidence regarding the virus pathogenicity, transferability,
and rate of spreading.

To protect DCWs, it is imperative to choose suitable PPE according to the level of
exposure to risk. Predominantly, the main concerns are costs, impact on the environment
(waste), and physical discomfort, which reduce the necessary versatility, comfort, and
vision needed for precise dental work [38]. Despite the intrinsic drawbacks of using
traditional PPE (heat stress, lack of mobility, fall hazard, physiological effects, and anxiety),
PPE has recently benefitted from high-tech developments [38], protecting DCWs adequately
without compromising their comfort and capacity to perform clinical tasks.

Due to the anticipated reduction of AGPs in general, it is predicted that some dental
specialities will introduce ‘AGPs-limited’ protocols. This may involve more common use
of Hall (stainless steel crowns) and atraumatic restorative technique in paediatric dentistry,
the usage of 3D intraoral technology instead of conventional impressions in prosthodontics
and orthodontics, pre-procedural mouth rinse, disinfection of dentures and removable
orthodontic appliances during their adjustment [39,40]. What is more, broader utilization
of conscious dental sedation, instead of treatment under general anaesthesia in patients
with special needs [40], as well as digital procedures in orthodontics [41] would become
common standards in clinical practice.
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Recent studies demonstrated that the materials used in PPE, especially soft surfaces,
might act as carriers for the acquisition and transfer of pathogens after having been
contaminated with them [38]. Additionally, the survival of infectious pathogens on PPE
can expose DCWs and patients, particularly when PPE get damp or when protein-enriched
biological waste is present on them [38]. Kasloff et al. [42] found significant variations in
virus stability after drying SARS-CoV-2 over 21 days on the surfaces of commonly used
PPE items and surfaces found in healthcare facilities. The viability of SARS-CoV-2 on
non-porous and porous surfaces was between 4 (gloves) and 21 days (plastic, N-95, and
N-100 masks) [42]. As SARS-CoV-2 has been found to persist on the surfaces of various
types of PPE for several days [42], the use of superior textile materials, particularly in dental
health care settings, should be considered an alternative to overcome the previously stated
drawbacks of conventional PPE. These materials should also have both fluid-resistant
and antimicrobial properties to reduce the probability of contamination, growth, and
transmission of contagious pathogens on their surfaces [38]. Therefore, the reduction of
additional, enhanced PPE use following inoculation and POC testing during and after the
reinstallation phase appears paramount. This approach which is based on safety checks,
will also have a positive impact on reduction of global carbon footprint.

Without widely applied and easy-to-be used rapid testing, the acquired herd immunity
against COVID-19 acquired via vaccinated cohorts would allow the gradual transition to
the reduced use of enhanced PPE only in some circumstances, when dental patients belong
to the low-risk category (Table 2), with expected COVID-19 negative status and mainly in
the areas with low, steadily declining COVID-19 rates. At the end of 2020, All Wales Clinical
Dental Leads COVID-19 Group prepared a report for the Welsh Government, recommend-
ing Standard Operating Procedure (SOP) for dental services as part of de-escalating the
COVID-19 response, which includes COVID-19 risk categories of patients [43].

Table 2. COVID-19 risk categories of patients.

Low Risk Medium Risk High Risk

Triaged or clinically assessed
patients with no symptoms,

with known recent COVID-19
status, or patients who

recently have self-isolated,
shielded.

Triaged or clinically assessed
patients with no symptoms,

with no known recent
COVID-19 contact

Untriaged persons present for
assessment or treatment
(status and symptoms

unknown)

Persons who have recovered
from COVID-19 recently and

had few days without any
symptoms

Asymptomatic persons with
unknown infectious status

Symptomatic or suspected
COVID-19 persons

Patients who had a negative
COVID-19 PCR test within 72
h of treatment and had been
self-isolating from the test

date

Asymptomatic persons who
declined testing

History of contact with
COVID-19 individual, they
are waiting for test results

Traffic light’ system, adapted and modified, Standard Operating Procedure for the Dental Management of
Non-COVID-19 Patients in Wales, v.1.01, Wales, UK.

5. The Inevitably Altered and Adjusted Dental Facilities

According to the Occupational Safety and Health Administration (OSHA) professional
hazard pyramid for COVID-19, DCWs are placed in the ‘remarkably high exposure risk’
category during AGP. Therefore, the attempt to reduce bio-aerosol microdroplets will be
likely to remain a top priority for the dental profession even after widespread COVID-19
vaccination [44]. Apart from a standard recommendation, such as routine use of high-
volume suction, installing fit-for-purpose air change ventilation systems (AVSs), with
negative pressure operating rooms (NPRs) and airborne infection isolation rooms is deemed
imperative for dentists to be able to treat patients safely during the pandemic. However,
most health authorities across the world have declared this to be an arbitrary requirement if

62



J. Clin. Med. 2021, 10, 2116

the patient history and physical examination results suggest an asymptomatic patient [44].
Based on the existing data and taking into account the practicability of proposed alterations
in dental surgeries, we believe that AVSs and NPRs will become the main element of
COVID-19 adjustments to curb the risk of infection and shall allow full re-installation of
routine dentistry.

The instant removal of microparticles and microdroplets by incorporating AVSs during
AGP is equally paramount and cost-effective; therefore, it should be considered mandatory,
or at least a highly recommended option in the future. According to the regulatory bodies,
it is recommended that treatment rooms, including dental surgeries, should provide
minimum ten air changes per hour as inadequate ventilation in the clinical setting increases
the risk of SARS-CoV-2 transmission [45]. The number of air changes per hour per surgery
affects the decontamination time following AGP and estimation of this number estimation
has to be done for each individual surgery. High-efficiency particulate arrestor (HEPA)
filters, which can eliminate 99.97% of 0.3 μm particles could be also used to filter the
contaminated air in the treatment zone during the pandemic [45] as an alternative option
when the installation of AVSs cannot be carried out. However, there a possibility that
HEPA filters become a source of microorganisms if there is microbe proliferation in the
air filter, also they are difficult to clean and expensive to replace [45]. Therefore, imposing
isolation and negative pressure operating rooms should be considered an optimal scenario
following widespread vaccination for COVID-19. Predicting future changes, AVSs and
NPRs may become mandatory requirements for any AGPs in clinical settings.

The suggested proposal of the decision–action plan for dental providers, based on
the presence of in-surgery air changing systems, known COVID-19 vaccination status, and
access to LFATs is presented in Figure 4. These different approaches can be practically
implemented in a situation when the COVID-19 cases rate fluctuates (new waves), based on
the combined AVS’s, COVID-19 rapid testing and vaccine status during the transition phase.

The potential three different pathways with accompanying SOP measures can be
executed as part of staged resumption of the dental services. These meaningful scenarios
as a response to COVID-19 depend upon economic and social aspects, reflecting specific
policies and regulations imposed globally. If broadly utilized, they will alleviate the
existing local inequalities in using more advanced anti-COVID-19 measures and shall vastly
improve access to routine primary and specialist dental interventions, predominantly in
community or hospital services. Considering the advantages of these realistic approaches,
dental providers have evidence-based options to support them in restoring activities,
although a locally specific fine-tuning would be required.

The knowledge of aerosol-generating mechanisms and way of COVID-19 spread
has contributed to the subsequent correction of the mishaps occurring in daily dental
practice [46]. It has been acknowledged that there is urgent need for change in the current
architecture of dental clinics. A recent study [47] has suggested a modification in clinics’
design, clearly separating the treatment areas (where patients are in direct contact with the
dentist) from non-treatment areas (waiting areas, reception, lavatory, rest rooms, and office
space). Preferably, dental laboratories and X-ray rooms should be located in the proximity
of the treatment areas, while the reception area and consultation/waiting rooms should
be near the main entrance [47]. Similarly, short-treatment units, e.g., in dental schools,
should be designed next to the consultation rooms, whereas units used to provide lengthy
procedures should be located far from the main clinical hub space. In both cases, the
treatment areas are required to be large enough and equipped with sufficient ventilation
and efficient air change systems to prevent exposed surfaces from contamination during
AGPs [47].
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Figure 4. Optimal plan for dental care service resumption subject to adequate SOP, adapted facilities, COVID-19 diagnostics,
and immunity status. Regions with fluctuating and unpredictable COVID-19 rate.

In addition to current rigorous infection control measures, a broad implementation
of negative pressure dental operating rooms seems to be a priority, regardless of the level
of dental care (primary vs. secondary) or geographical location. This can be combined
with the modification of the design, and materials used for contact surfaces in dental
clinics should also be re-considered. The incorporation of ‘smart’, bioactive materials,
metal and/or metal oxide nanoparticles into surfaces could be considered as part of the
new measures since they effectively reduce contamination of the environment [46]. In
relation to the specifics of dental treatments, decontamination of removable prosthodontic
or orthodontic appliance should also be taken into account since they are demonstrated to
be a source of intra-oral microbiota transmission [39]. As a result, dental clinics set up will
need to undergo essential modifications and adjustments shortly, in order to protect dental
teams and patients more effectively.

6. The Predicament; Combined SOP/COVID-19 Test/Vaccine Approach

Substantial reduction to limit the risk of exposure to both DCWs and patients is
paramount. While the proposed actions would involve increased costs and levels of
complexity for DCWs, they impose a serious task for management [48]. Treatment would
become more time-consuming and costly. Subsequently, the number of daily treatments
to be performed would be limited [48]. These major disruptions to dental healthcare
should be perceived as a red flag, indicating a need to change the way we manage patients.
Challenges around the development and implementation of new measures, along with
practical solutions, can be efficiently managed with the support of policymakers, dental
healthcare commissioners, and agenda for constructive changes (Figure 5). Therefore, the
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adequate and updated SOP, a gradual relaxation of special measures, high vaccine uptake
with effective protection, and rapid testing are essential to restore dental care provision, by
minimising future outbreaks.

Figure 5. Resuming dental practice during the COVID-19 pandemic. Challenges and solutions.

This is the main task for governments, local authorities, health care commissioners,
and professional bodies to support the full recovery of healthcare services logistically or
financially [48]. Wide-scale application of these measures will provide a safe environment
for treatment, securing the wellbeing of clinicians and patients. Unfortunately, the subdued
response to dynamic changes in pandemics, as well as resumption of services reflects
the lack of appropriate policies, deficit of expertise, funding, and infrastructure for rapid
tasting [48]. We should continue to investigate further the ways to reduce the infection risk
by adopting specific cross-infection protocols and by using innovative products.

It has been suggested that the resulting situation can be compared to the universal
‘hierarchy of needs’. The more advanced hierarchical needs can only be considered when
the basic needs have been fulfilled [49]. Similarly, in today’s new reality, crucial aspects
are pushed to the top of the COVID-19 dental practice and general healthcare ‘hierarchy
of needs’. DCWs should all be aware of this set of special measures, based on recent
health authority guidelines. Four levels of tasks, from basic to advanced measures are
presented in Figure 6. The introduction of each basic task should be performed perma-
nently and effectively, which is necessary for the implementation of the next stage of
tasks. Conversely, as we move away from the general policies, more emphasis should be
placed on achieving more comprehensive and precise tasks, such as using rapid testing for
COVID-19. Nevertheless, this stage would be inefficient without first considering the basic,
universal measures.
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Figure 6. Prioritization of mitigation measures in dental care. The staged reinstallation of dental practice during and after
the COVID-19 pandemic.

7. Long-Term Prediction: Being Prepared for Health and Dental Care Disruption

Expanded worldwide ‘pan-vaccination’ is considered crucial to acquire herd immunity,
enabling special measures to be relaxed and safe resumption of dental activity, whilst
limiting the risk of serious respiratory complications. As of 10th March 2021, there were
more than 200 vaccines in pre-clinical and clinical development [50], including 21 in
phase three trials, six in the early/limited use phase, and six approved for full use [51].
Equal distribution of the COVID-19 vaccine worldwide seems currently to be a major,
unresolved, and time-consuming challenge [52,53]. However, this tendency related to the
disproportionate vaccine delivery to different regions is escalating (Figure 7). Therefore,
during the transition phase, standard and essential precautions based on SOP should be
always considered to reduce the exposure of both DCWs and patients to SARS-CoV-2.

Until worldwide mass-scale vaccination is completed, preventive and diagnostic mea-
sures must be maintained in primary and secondary services based on national guidelines
in order to suppress transmission of the virus. Looking ahead, oral inoculation is deemed a
complementary and scalable option in preventing COVID-19 as oral vaccine formulation
would ease vaccine distribution, manufacturing, and administration, which in turn shall
expand immunization, especially in resource-limited populations [54]. We believe that
local authorities responsible for healthcare are committed to ensuring equitable access to
efficacious, affordable COVID-19 vaccines and diagnostics.
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Figure 7. The rates of COVID-19 vaccine administration in different countries and continents up to
19 March 2021 (https://ourworldindata.org/covid-vaccinations).

8. The Three-Tier System of Dental Services Reinstallation in Regions Where Testing
System Is Not Available

Predicting the nearest future, dental practice regarding SOP and AGP will consider
primarily the regional COVID-19 cases rate, which should be monitored regularly. This
is especially important as rapid testing for COVID-19 may not be available in a vast
majority of regions, due to cost and infrastructure implications. Therefore, better support
for developing countries is needed, including a transfer of new POCT technology and
increase in testing capacity. In addition, a valid consent aspect exists, concerning personal
preferences or obstacles. According to the risk assessment protocol, individuals who decline
pre-procedural testing fall into the ‘moderate risk category’. In these circumstances, the
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decision about the practice SOP involving rapid testing should rely on assessed COVID-19
risk for patients (Table 2), along with their vaccination status.

Interestingly, the COVID-19 vaccination rate as such may not be sufficient to influence
decisions about reducing the use of enhanced PPE for AGPs. The new SOP designed
for dental providers during post-pandemic era will have to address this concern. The
proposed three-tier resumption system intends to incorporate real-time data associated
with regional COVID-19 rates, the number of COVID-19 positive cases per local popula-
tion, the percentage of inoculated individuals, as well as the incidence of infections with
new variants.

The first, the least favorable situation involves the area with a low COVID-19 rate (R
index below 1 generally), where no or only a limited number of staff and patients had been
fully vaccinated, and rapid tests are not available. In this case, due to the unknown COVID-
19 status of patients, preventative measures concerning AGPs should be still maintained
and continued. In the area where the COVID-19 rate is low and predictable, and the staff
has been vaccinated, but the dental patients have not been vaccinated yet, and rapid testing
is not implemented, it is possible to reduce SOP restrictions for AGP. The decision should
rely on the predicted negative COVID-19 status following the patient’s risk assessment
(Table 2) and dental procedures can be performed with fewer restrictions applied for AGPs.
This approach would lead to a reduction in enhanced PPE usage. Finally, in an ideal
scenario, both DCWs and patients are fully vaccinated in the area with low and steady
COVID-19 rate. Likewise, this would minimise the risk of COVID-19 transmission in dental
teams, with changes to be introduced in the protocols concerning AGP and reduction of
special preventative measures (Figure 8).

Figure 8. The proposal three-tier system in areas with low COVID-19 cases rate and testing not
available. Options for change applicable for SOP depending on local COVID-19 cases rate and
population immunity status. Stable, predictable COVID-19 rate locally.

In the regions with high COVID-19 rates, rapidly spreading infections, e.g., local virus
resurgence, the proposed management of dental services must consider a stricter approach
and risk assessment procedures (Figure 9, Table 2). The high rate of spreading COVID-19
cases spread locally may preclude permanent resumption of medical and dental services.
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In areas with rapidly escalating rates of COVID-19 where only limited cohorts have been
vaccinated, it would be necessary to reinforce the strict SOP and limit dental care provision
to urgent and/or emergency cases only.

Figure 9. Proposed three-tier system in areas with high COVID-19 cases rate (new waves, local
outbreaks) and rapid testing not available. Options for change applicable for SOP in future depending
on local COVID-19 cases rate and population immunity status. Unstable COVID-19 rate.

Undoubtedly, whilst these options have potential limitations due to dynamic devel-
opment of the pandemic, and heterogenicity between different geographical regions, they
should be interpreted with caution as they may disproportionally disadvantage a consid-
erable number of dental care providers. In the future, medical and dental care provision,
resumption of healthcare services, and the need for using enhanced PPE could be graded
by health policymakers using the ‘traffic lights system’ determined by COVID-19 rate, the
proportion of the vaccinated population, and locally calculated risk of SARS-CoV-2 con-
traction. This approach is especially relevant during a pandemic transition time as DCWs
fatigue increases while COVID-19 spread continues. It has to be highlighted, the feasibility
of developing and implementing such a ‘multi-pillar’ protocol should be monitored, and
pre-validated on a wider scale, adapting to highly specific characteristics of regional dental
and medical workforces.

Our proposal for a tier-based system might vastly contribute to Public Health surveil-
lance agendas on national levels as a response to the pandemic, monitoring the COVID-19
prevalence in local communities. This can be achieved by exchanging sets of various of
COVID-19 epidemiological data from a wide range of sources. The enhanced PPE vigilance
within a specific community will depend upon this information, shared with healthcare
providers. Finally, this should be interpreted in the light of the dynamically changing
COVID-19 pandemic and acceleration of vaccination programs. Although the proposed
protocols and tiers are likely applicable by any healthcare provider, further scrutiny is
required.

9. Conclusions

To the best of our knowledge, this is the first report of the easy-to-employ proposal for
dental services reinstallation based on COVID-19 rates, testing accessibility, and vaccination
rate. The equal distribution of the vaccine for COVID-19 around the world and in specific
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groups, including front-line personnel and vulnerable individuals, remains a global chal-
lenge. Before effective vaccination for various cohorts of society and different SARS-CoV-2
variants are broadly implemented, the use of adapted facilities, dentistry-specific delivery
systems, altered working patterns, and operating protocols will be essential. It is necessary
to pursue and deploy reliable point-of-care diagnostic countermeasures. Regardless of the
expected vaccination success, the nearest future of dentistry may rely on the core operating
protocols, regional COVID-19 rates, and consequently the predicted risk of infection.

Altogether, the utilization of fit-for-purpose standard operating procedures and engag-
ing reliable rapid testing in routine practice are recommended for screening of any possible
infections. Dental practice will likely emerge from the pandemic permanently changed,
with new perspectives. Short and long-term re-instalment plans need to be arranged by
the local authorities and government bodies.
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Abstract: Background: COVID-19 vaccine side effects have a fundamental role in public confidence
in the vaccine and its uptake process. Thus far, the evidence on vaccine safety has exclusively been
obtained from the manufacturer-sponsored studies; therefore, this study was designed to provide
independent evidence on Pfizer–BioNTech COVID-19 vaccine side effects. Methods: A cross-sectional
survey-based study was carried out between January and February 2021 to collect data on the side
effects following the COVID-19 vaccine among healthcare workers in the Czech Republic. The study
used a validated questionnaire with twenty-eight multiple-choice items covering the participants’
demographic data, medical anamneses, COVID-19-related anamneses, general, oral, and skin-related
side effects. Results: Injection site pain (89.8%), fatigue (62.2%), headache (45.6%), muscle pain
(37.1%), and chills (33.9%) were the most commonly reported side effects. All the general side effects
were more prevalent among the ≤43-year-old group, and their duration was mainly one day (45.1%)
or three days (35.8%) following the vaccine. Antihistamines were the most common drugs associated
with side effects, thus requiring further investigation. The people with two doses were generally
associated with a higher frequency of side effects. Conclusions: The distribution of side effects among
Czech healthcare workers was highly consistent with the manufacturer’s data, especially in terms
of their association with the younger age group and the second dose. The overall prevalence of
some local and systemic side effects was higher than the manufacturer’s report. Further independent
studies on vaccine safety are strongly required to strengthen public confidence in the vaccine.

Keywords: adverse effects; BNT162 vaccine; cross-sectional studies; COVID-19; Czech Republic;
drug-related side effects and adverse reactions; health personnel; mass vaccination; prevalence

1. Introduction

Vaccine hesitancy (VH) refers to the “delay in acceptance or refusal of vaccines despite
availability of vaccine services”; it is an emerging public health challenge nourished by
misinformation related to vaccines effectiveness and safety [1–3]. In a recent nation-wide
study, aversion to vaccines’ potential side effects was the most frequent cause for VH
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among population groups in the United Kingdom (U.K.) [4]. This finding was supported
in the context of COVID-19 vaccines, because a fear of side effects was the most prominent
reason to decrease the readiness of healthcare workers and students in Poland to accept
the vaccination [5,6]. Consequently, a systematic review of the strategies of tackling VH
revealed that raising public awareness of vaccines’ effectiveness and honesty regarding
their side effects is vital for improving vaccine uptake [7]. The launch of the COVID-19
vaccine rollout in December 2020 was a landmark for overcoming this pandemic crisis;
therefore, it had been recommended to split the pandemic history to pre-vaccination (B.V.;
before vaccine) and post-vaccination (A.V.; after vaccine) eras. COVID-19-related literature
should be defined in relation to this parameter either as B.V. or A.V. [8].

In a cross-sectional study of influenza vaccine side effects, three out of thirty-seven
participants who were recently influenza-vaccinated (8%) developed oral side effects, thus
implying a non-statistically significant relationship between influenza vaccine and the oral
cavity [9]. The short-term side effects of vaccines vary in their clinical presentation; however,
they are commonly related to prophylactic vaccines’ humoral immune response [10]. The
oral cavity has been a locus for the adverse events of an array of vaccines, e.g., diphtheria,
tetanus, acellular pertussis, and polio vaccines [9]. The COVID-19-related oral symptoms
were attributed to the high expression of angiotensin-converting enzyme 2 (ACE2) receptors
in the tongue’s epithelial cells, buccal and gingival mucosa [11–18].

Thus far, all the available data on COVID-19 vaccine side effects has been published by
manufacturer-funded studies which are in compliance with the drug authorities’ guidelines
and monitored by third-parties [19]. A lack of independent studies on vaccines’ safety may
adversely impact the vaccine uptake, which has to be accelerated in the next few months in
order to escape this viscous circle of the virus and its variants [7]. Therefore, this study’s
primary objective was to estimate the prevalence of Pfizer–BioNTech COVID-19 vaccine
side effects among the early vaccinated healthcare workers in the Czech Republic.

The secondary objectives were:

1. To identify the potential risk factors of Pfizer–BioNTech COVID-19 vaccine side effects;
2. To evaluate the correlation of general side effects, oral side effects, and skin-related

side effects.

2. Materials and Methods

2.1. Study Design

This cross-sectional survey-based study was carried out from 27 January 2021 to 27
February 2021, to estimate the prevalence of COVID-19 vaccine side effects among the
priority groups of the randomly selected healthcare workers in the Czech Republic. The
study utilized a self-administered questionnaire of multiple-choice items which had been
designed digitally using KoBoToolbox version 2.021.03 (Harvard Humanitarian Initiative.
Cambridge, MA, USA, 2021).

The study protocol was registered in the trials registry of the U.S. National Library
of Medicine (NLM) under the title “Oral Side Effects of COVID-19 Vaccine–OSECV” with
the identifier NCT04706156; it was reported following the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines for cross-sectional studies [20,21].

After ethical clearance, invitation emails for the local coordinators of the member
institutions in the Czech Clinical Research Infrastructure Network (CZECRIN; Brno, Czech
Republic), the managers of all inpatient healthcare facilities within the network of the
Central Adverse Events Reporting System of the Institute of Health Information and
Statistics of the Czech Republic (IHIS-CR; Prague, Czech Republic), and all registered
dentists through the Czech Dental Chamber (ČSK; Prague, Czech Republic) to contribute to
this study by accessing the uniform resource locator (URL) of the digital questionnaire [22].
The awareness of the study was also raised by promotion on the websites and social media
profiles of CZECRIN and the Faculty of Medicine [23]. The collected data are controlled
by Masaryk University, and data acquisition and processing are in compliance with the
General Data Protection Regulation (GDPR) [24].
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2.2. Participants

Inclusion criteria for this study were Czech healthcare workers who were vaccinated
with the Pfizer–BioNTech COVID-19 vaccine during the early vaccination phase of the
governmental strategy (Phase 1A) [25]. The eligible participants should have received
the latest dose of the vaccine, either the first or the second dose, no more than thirty
days before filling in the questionnaire. Non-healthcare workers who were vaccinated
during Phase 1A and the healthcare workers who were vaccinated in February 2021 by
Moderna COVID-19 vaccine and Oxford/AstraZeneca COVID-19 vaccine were excluded
from this report. Participation in this study was not compensated financially or by any
other incentives.

2.3. Instrument

The self-administered questionnaire of this study was composed of twenty mandatory
multiple-choice items and eight conditional multiple-choice items, and it was adapted
from previous studies on the oral side effects of various vaccines by the authors [9,26]. A
panel of four experts in oral medicine, maxillofacial surgery, and infectious diseases were
formed to review the questionnaire draft and to assess its content validity. We used an
iterative discussion to finalize the questionnaire. Later, the reliability of the questionnaire
was evaluated by a group of eighteen recently vaccinated healthcare workers, who filled
in the questionnaire twice with a minimum interval of two weeks. The result of the test
re-test of the provisional instrument yielded substantial reliability, with a mean Cohen’s
kappa coefficient of 0.89 ± 0.13 (0.54–1) (Table 1).

Table 1. The results of test re-test reliability of the instrument of the “Oral Side Effects of COVID-19
Vaccine” study (OSECV) 1.

Participant κ Coefficient Participant κ Coefficient

No. 1 0.821 No. 10 0.540
No. 2 0.842 No. 11 1.000
No. 3 0.777 No. 12 1.000
No. 4 0.940 No. 13 1.000
No. 5 1.000 No. 14 1.000
No. 6 1.000 No. 15 0.937
No. 7 0.934 No. 16 0.872
No. 8 0.758 No. 17 0.868
No. 9 1.000 No. 18 0.762

1 Cohen’s Kappa statistic (κ): 0.01–0.20 as none to slight; 0.21–0.40 as fair; 0.41–0.60 as moderate; 0.61–0.80 as
substantial; and 0.81–1.00 as perfect agreement [27].

The questionnaire was divided into four main categories: (i) demographic data includ-
ing gender, age, region, profession, and length of work experience; (ii) medical anamnesis
including medical comorbidities and medications; (iii) COVID-19 related anamnesis in-
cluding vaccination date and the number of doses, previous infection, and exposure to
infected cases; and (iv) vaccine side effects including general side effects, oral side effects,
and skin-related side effects (Supplementary Materials Table S1).

2.4. Ethical Considerations

The study was reviewed and approved by the Ethics Committee of the Faculty of
Medicine at Masaryk University on 20 January 2021 (Ref. 2/2021). Digital informed
consent had been obtained from each participant prior to participation. The participants
were allowed to withdraw from the study at any moment without justifying, and no data
were saved before the participant submitted their answers completely.

2.5. Statistical Analysis

All statistical tests were executed using the Statistical Package for the Social Sciences
(SPSS) version 27.0 (SPSS Inc. Chicago, IL, USA, 2020). Primarily, descriptive statistics
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were carried out for the demographic variables (gender, age, profession, length of work
experience, and region), and medical anamnesis (non-communicable diseases, and medical
treatments), COVID-19-related anamnesis (number of doses, interval between doses, previ-
ous infection, patency period, and previous exposure to COVID-19 cases), and vaccine side
effects (general side effects, oral side effects, and skin-related side effects) were represented
by frequencies, percentages, means and standard deviations. Consequently, inferential
statistics were performed to assess the association between side effects and medical anam-
nesis, and the association of various side effects and each other using the chi-squared test
(χ2), Student’s t-test, one-way analysis of variance (ANOVA), and Pearson’s correlation test
(r), with a confidence level of 95% and significance value p ≤ 0.05. Strengths of correlation
are verbally described by the value of (r) 0.00–0.19 “very weak”; 0.20–0.39 “weak”; 0.40–0.59
“moderate”; 0.60–0.79 “strong”; 0.80–1.0 “very strong”.

3. Results

3.1. Demographic Characteristics

A total of 922 participants filled in the questionnaire properly by 27 February 2021.
Nineteen participants were administrative staff at healthcare facilities; therefore, they
were vaccinated, but they did not meet the study’s inclusion criteria. Similarly, twenty-
eight participants received either the Moderna COVID-19 vaccine or Oxford/AstraZeneca
COVID-19 vaccine; therefore, they were excluded from this report. Three participants did
not submit their age properly; therefore, they were omitted from the inferential statistics
based on age groups.

A total of 877 participants were included in the final analyses; 776 (88.5%) were
females, 100 (11.4%) were males, and 1 (0.1%) preferred not to state their gender. Their
mean age was 42.56 ± 10.5 years old, and it ranged between 19 and 78 years old with a
median of 43 years old. Given the fact that the median age of this study’s participants
corresponds with the mean age of healthcare workers in the Czech Republic, which is
between 40 and 45 years old, the sample’s median age (43 years old) had been used as a
cut-off to present the anamnestic characteristics and the COVID-19 vaccine side effects of
the participants [28,29] (Table 2).

On comparing the number of participants to the total number of healthcare work-
ers per region, reported by IHIS-CR, the mean density was 2.95 ± 2.22 responses per
1000 healthcare workers [30]. The highest density was in the South-Moravian region with
9.86 response per 1000 healthcare workers; the lowest was in the South Bohemian region
with 1.51 response per 1000 healthcare workers (Figure 1).

3.2. Medical Anamneses

A total of 271 (31%) participants reported having at least one non-communicable
disease (NCD) with a statistically significant difference between the ≤43-year-old group
and the >43-year-old group: 105 (23.9%) vs. 166 (38.2%), respectively. Out of all the
chronically ill participants, 100 (36.9%) reported chronic hypertension, 69 (25.6%) thyroid
disease, 59 (21.8%) asthma, 23 (8.5%) diabetes mellitus type-2, 16 (5.9%) cardiac disease,
16 (5.9%) allergy, 13 (4.8%) rheumatoid arthritis, 12 (4.4%) bowel disease, 11 (4.1%) blood
disease, 11 (4.1%) neurologic disease, 8 (3%) psychological distress, 6 (2.2%) renal disease,
5 (1.8%) chronic obstructive pulmonary disease (COPD), 4 (1.5%) cancer, 3 (1.1%) diabetes
mellitus type-1, 2 (0.7%) hepatologic disease, and 1 (0.4%) ophthalmologic disease. Across
the age groups, the total number of NCDs was significantly higher in the >43-year-old
group (1.39 ± 0.66) than the ≤43-year-old group (1.22 ± 0.46) with a significance value of
0.020 (Table 3).

The chi-squared test revealed a statistically significant difference in the distribution of
some NCDs between both age groups, e.g., chronic hypertension, psychological distress,
blood disease, and diabetes mellitus type-2 with significance values less than 0.0001, 0.004,
0.018, and 0.028, respectively.
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Table 2. Demographic characteristics of the Czech healthcare workers who received the Pfizer–
BioNTech COVID-19 vaccine, January–February 2021.

Variable Outcome Frequency Percentage

Gender Female 776 88.5%
Male 100 11.4%

Prefer not to say 1 0.1%

Age ≤43 years old 439 50.2%
>43 years old 435 49.8%

Profession Registered Nurse 540 61.6%
Physician 77 8.8%

Practice Nurse 75 8.6%
Lab Worker 46 5.2%
Paramedic 26 3.0%

Dentist 24 2.7%
Midwife 23 2.6%

Pharmacist 21 2.4%
Physiotherapist 19 2.2%

Radiological Assistant 12 1.4%
Psychologist 8 0.9%

Dietitian 5 0.6%
Dental Hygienist 1 0.1%

Length of Work Experience

1–5 years 134 15.3%
6–10 years 88 10.0%

11–20 years 188 21.4%
>20 years 467 53.2%

Region South-Moravian 301 34.3%
Prague 105 12.0%

Moravian-Silesian 92 10.5%
Hradec Kralove 78 8.9%

Central Bohemian 70 8.0%
Olomouc 51 5.8%

Plzen 29 3.3%
Usti nad Labem 29 3.3%

Zlin 25 2.9%
Vysočina 23 2.6%

South Bohemian 22 2.5%
Pardubice 21 2.4%

Karlovy Vary 17 1.9%
Liberec 14 1.6%

A total of 384 (44%) participants reported receiving at least one medical treatment at
the time of filling in the questionnaire, with a statistically significant difference between the
≤43-year-old group and the >43-year-old group: 144 (32.8%) vs. 240 (55.2%), respectively.
Out of all the regularly taken drugs, antihypertensive drugs were taken by 98 (25.5%),
followed by thyroid hormones replacement by 90 (23.4%), antihistamine by 75 (19.6%),
antidepressant by 45 (11.7%), contraceptives by 21 (5.5%), common analgesics 19 (4.9%),
nonsteroidal anti-inflammatory (NSAID) by 15 (3.9%), antidiabetics by 14 (3.6%), anti-
reflux by 13 (3.4%), cholesterol-lowering by 12 (3.1%), immunosuppressive by 8 (2.1%),
anti-asthma by 7 (1.8%), venous insufficiency by 6 (1.6%), anticoagulants by 6 (1.6%),
antiepileptics by 6 (1.6%), corticosteroids by 6 (1.6%), opioid analgesics by 3 (0.8%), an-
tibiotics by 2 (0.5%), and other drugs by 18 (4.7%), including bronchodilators, antifungals,
antidiuretic, estrogen hormone, chemotherapy, vitamin D, and interferon. Across the age
groups, the total number of taken drugs was insignificantly lower in the >43-year-old
group (1.20 ± 0.51) than the ≤43-year-old group (1.24 ± 0.55) (Table 4).
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Figure 1. Regional density of the participating Czech healthcare workers; (A) Prague; (S) Central Bohemian; (C) South
Bohemian; (J) Vysočina; (P) Plzen; (K) Karlovy Vary; (U) Usti nad Labem; (L) Liberec; (H) Hradec Kralove; (E) Pardubice;
(M) Olomouc; (T) Moravian-Silesian; (B) South-Moravian; (Z) Zlin; January–February 2021.

Table 3. Non-communicable diseases of vaccinated healthcare workers in the Czech Republic, January–February 2021.

Disease ≤43 Years Old >43 Years Old Total Significance 1

Allergy 9 (8.6%) 7 (4.2%) 16 (5.9%) 0.138
Asthma 26 (24.8%) 33 (19.9%) 59 (21.8%) 0.343

Blood Disease 8 (7.6%) 3 (1.8%) 11 (4.1%) 0.018
Bowel Disease 7 (6.7%) 5 (3.0%) 12 (4.4%) 0.154

Cancer 0 (0.0%) 4 (2.4%) 4 (1.5%) 0.109
Cardiac Disease 4 (3.8%) 12 (7.2%) 16 (5.9%) 0.245

Chronic Hypertension 21 (20.0%) 79 (47.6%) 100 (36.9%) <0.0001
COPD 0 (0.0%) 5 (3.0%) 5 (1.8%) 0.073

Diabetes Mellitus–I 2 (1.9%) 1 (0.6%) 3 (1.1%) 0.318
Diabetes Mellitus–II 4 (3.8%) 19 (11.4%) 23 (8.5%) 0.028
Hepatologic Disease 2 (1.9%) 0 (0.0%) 2 (0.7%) 0.074

Psychological Distress 7 (6.7%) 1 (0.6%) 8 (3.0%) 0.004
Neurologic Disease 2 (1.9%) 9 (5.4%) 11 (4.1%) 0.153

Ophthalmologic
Disease 0 (0.0%) 1 (0.6%) 1 (0.4%) 0.426

Renal Disease 2 (1.9%) 4 (1.8%) 6 (2.2%) 0.783
Rheumatoid Arthritis 3 (2.9%) 10 (6%) 13 (4.8%) 0.235

Thyroid Disease 31 (29.5%) 38 (22.9%) 69 (25.5%) 0.222
Number of NCDs

(1–17)
1.22 ± 0.46 1.39 ± 0.66 1.32 ± 0.59 0.026

Total 105 (23.9%) 166 (38.2%) 271 (31%) 0.020

1 Chi-square test and Student’s t-test were used with a significance level of <0.05. Bold format highlight the significantly different diseases
across age groups.
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Table 4. Regularly taken drugs by the vaccinated healthcare workers in the Czech Republic, January–February 2021.

Drug ≤43 Years Old >43 Years Old Total Significance 1

Anti-asthma 4 (2.8%) 3 (1.3%) 7 (1.8%) 0.279
Antibiotics 1 (0.7%) 1 (0.4%) 2 (0.5%) 0.714

Anticoagulant 1 (0.7%) 5 (2.1%) 6 (1.6%) 0.288
Antidepressant 19 (13.2%) 26 (10.8%) 45 (11.7%) 0.486

Antidiabetic 3 (2.1%) 11 (4.6%) 14 (3.6%) 0.206
Antiepileptic 4 (2.8%) 2 (0.8%) 6 (1.6%) 0.138

Antihistamine 37 (25.7%) 38 (15.8%) 75 (19.5%) 0.018
Antihypertensive 23 (16.0%) 75 (31.3%) 98 (25.5%) 0.001

Anti-Reflux 6 (4.2%) 7 (2.9%) 13 (3.4%) 0.512
Immunosuppressive 2 (1.4%) 6 (2.5%) 8 (2.1%) 0.460
Cholesterol-lowering 3 (2.1%) 9 (3.8%) 12 (3.1%) 0.363
Common Analgesic 7 (4.9%) 12 (5.0%) 19 (4.9%) 0.952

Contraceptive 15 (10.4%) 6 (2.5%) 21 (5.5%) 0.001
Corticosteroid 2 (1.4%) 4 (1.7%) 6 (1.6%) 0.832

Nonsteroidal anti-inflammatory (NSAID) 6 (4.2%) 9 (3.8%) 15 (3.9%) 0.838
Opioid Analgesic 2 (1.4%) 1 (0.4%) 3 (0.8%) 0.295

Thyroid Hormones 35 (24.3%) 55 (22.9%) 90 (23.4%) 0.756
Venous Insufficiency 4 (2.8%) 2 (0.8%) 6 (1.6%) 0.137

Other 5 (3.5%) 13 (5.4%) 18 (4.7%) 0.383
Number of Drugs (1–19) 1.24 ± 0.55 1.20 ± 0.51 1.21 ± 0.52 0.392

Total 144 (32.8%) 240 (55.2%) 384 (43.9%) <0.0001
1 Chi-squared test and ANOVA were used with a significance level of <0.05.

The chi-squared test revealed a statistically significant difference in the distribution of
some taken drugs between both age groups, e.g., antihypertensive drugs, contraceptives,
and antihistamine drugs, with significance values of 0.001, 0.001, and 0.018, respectively.

3.3. COVID-19-Related Anamnesis

By the time of filling in the questionnaire, the vast majority of the participants had
received both doses of the Pfizer–BioNTech COVID-19 vaccine (93.6%), while 56 (6.4%)
had received the first dose only. The interval between the first dose and the second dose
ranged between 7 and 55 days, with a median of 21 days. The difference was statistically
insignificant across the age groups, with a slight longer interval among the ≤43-year-old
group (22.69 ± 5.14 days) compared to the >43-year-old group (22.48 ± 4.7 days).

Although 169 (19.3%) participants had been previously infected by COVID-19, the
patency period between the recovery date and the first vaccine dose ranged between 7 and
270 days with a median of 65 days. Regarding the exposure to COVID-19 cases, a total
of 617 (70.6%) participants reported that they had been in contact with COVID-19 cases
previously: 317 (72.2%) of the ≤43-year-old group and 300 (69%) of the >43-year-old group,
without statistical significance (p = 0.293) (Table 5).

Table 5. COVID-19-related anamnesis of vaccinated healthcare workers in the Czech Republic, January–February 2021.

Variable Outcome ≤43 Years Old >43 Years Old Total Significance 1

Number of doses One dose 26 (5.9%) 30 (6.9%) 56 (6.4%) 0.557
Two doses 413 (94.1%) 404 (93.1%) 818 (93.6%)

Interval (days) 22.69 ± 5.14 22.48 ± 4.7 22.58 ± 4.92 0.551

COVID-19 infection Yes 90 (20.5%) 79 (18.2%) 169 (19.3%) 0.381

Patency period (days) 77.78 ± 54.69 72.44 ± 45.16 75.42 ± 50.58 0.534

Previous COVID-19 exposure Yes 317 (72.2%) 300 (69%) 617 (70.6%) 0.293
1 Chi-squared test and Student’s t-test were used with a significance level of <0.05.
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3.4. COVID-19 Vaccine Reported Side Effects
3.4.1. Prevalence of General Side Effects

A total of 814 (93.1%) participants reported having at least one side effect following the
COVID-19 vaccine. The prevalence of side effects was slightly higher in the ≤43-year-old
group (94.8%) than the >43-year-old group (91.5%). The most common side effect was
injection site pain (89.8%), followed by fatigue (62.2%), headache (45.6%), muscle pain
(37.1%), and chills (33.9%). All the reported side effects were more prevalent in the ≤43-
year-old group than the >43-year-old group, with a statistically significant difference in the
case of injection site pain (93.3% vs. 86.2%), headache (50.7% vs. 40.2%), fatigue (65.9% vs.
58.3%), muscle pain (40.9% vs. 33.2%), and feeling unwell (26% vs. 19.8%).

Regarding the general side effects’ duration, 45.1% of them lasted for 1 day, while
35.8% lasted for 3 days, 9.4% lasted for 5 days, 5.3% lasted for one week, 3% lasted for
over a week, and 1.4% for over a month. The severe side effects that required medical
intervention was reported by only 1.3% of the whole study group (Table 6).

Table 6. Prevalence of the general side effects of Pfizer–BioNTech COVID-19 vaccine among healthcare workers in the
Czech Republic, January–February 2021.

Variable Outcome ≤43 Years Old >43 Years Old Total Significance 1

Side Effect Injection site pain 388 (93.3%) 343 (86.2%) 731 (89.8%) 0.001
Fatigue 274 (65.9%) 232 (58.3%) 506 (62.2%) 0.026

Headache 211 (50.7%) 160 (40.2%) 371 (45.6%) 0.003
Muscle pain 170 (40.9%) 132 (33.2%) 302 (37.1%) 0.023

Chills 153 (36.8%) 123 (30.9%) 276 (33.9%) 0.077
Joint pain 119 (28.6%) 107 (26.9%) 226 (27.8%) 0.584

Injection site swelling 108 (26.0%) 100 (25.1%) 208 (25.6%) 0.785
Injection site redness 106 (25.5%) 81 (20.4%) 187 (23.0%) 0.082

Feeling unwell 108 (26.0%) 79 (19.8%) 187 (23%) 0.038
Fever 101 (24.3%) 76 (19.1%) 177 (21.7%) 0.073

Lymphadenopathy 72 (17.3%) 60 (15.1%) 132 (16.2%) 0.388
Nausea 61 (14.7%) 45 (11.3%) 106 (13.0%) 0.155

Number of Side Effects (1–12) 4.50 ± 2.596 3.87 ± 2.599 4.19 ± 2.615 0.001

Total 416 (94.8%) 398 (91.5%) 814 (93.1%) 0.056

Duration 1 day 196 (47.2%) 168 (42.7%) 364 (45.1%)
3 days 159 (38.3%) 130 (33.2%) 289 (35.8%)
5 days 31 (7.5%) 45 (11.5%) 76 (9.4%)
1 week 17 (4.1%) 26 (6.6%) 43 (5.3%)

>1 week 8 (1.9%) 16 (4.1%) 24 (3.0%)
>1 month 4 (1.0%) 7 (1.8%) 11 (1.4%)

Severe Side Effects 5 (1.1%) 6 (1.4%) 11 (1.3%) 0.747
1 Chi-squared test and ANOVA were used with a significance level of <0.05.

3.4.2. Prevalence of Reported Oral Side Effects

A total of 114 (13%) participants reported to have at least one oral side effect following
the Pfizer–BioNTech COVID-19 vaccine. The prevalence of oral side effects was insignifi-
cantly higher in the ≤43-year-old group (13.4%) than the >43-year-old group (12.6%). The
most common oral side effect was blisters (36%), followed by halitosis (25.4%), ulcers (14%),
bleeding gingiva (11.4%), and white/red plaque (10.5%).

However, there were no statistically significant differences between the age groups:
white/red plaque (10.9% vs. 10.2%), burning gingiva (9.1% vs. 8.5%), angular cheilitis
(5.5% vs. 3.4%), tongue tingling (5.5% vs. 3.4%), taste disturbance (5.5% vs. 1.7%), vesicles
(3.6% vs. 3.4%), and xerostomia (3.6% vs. 1.7%) were more prevalent in the >43-year-old
group than the ≤43-year-old group. On the other hand, blisters (37.3% vs. 34.5%), halitosis
(28.8% vs. 21.8%), ulcers (16.9% vs. 10.9%), bleeding gingiva (13.6% vs. 9.1%), and swollen
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lips (5.1% vs. 1.8%) were more prevalent in the ≤43-year-old group compared to the
>43-year-old group.

Regarding oral side effects’ onset, 28.6% of them emerged within the first week post-
vaccination, while 26.8% emerged within 1–3 days post-vaccination, 18.8% within the third
week post-vaccination, 16.1% within the second week post-vaccination, and 9.8% within
the fourth week post-vaccination.

The most common location of ulcers, blisters, and vesicles was the lips (74.1%), fol-
lowed by labial and buccal mucosa (14.8%), tongue (13%), palate (9.3%), and gingiva (9.3%).
The difference between the age groups was statistically insignificant; however, lips were
affected in 80% of the >43-year-old group versus 69% of the ≤43-year-old group. All (100%)
of the >43-year-old group participants had one affected location, whereas 72.4% of the
≤43-year-old group participants had one affected location, 20.7% had two affected loca-
tions, 3.4% had three affected locations, and 3.4% had four affected locations. In the case of
white/red plaque, the most common location was the tongue dorsum (75%), followed by
soft palate (16.7%) and labial and buccal mucosa (8.3%) (Table 7).

Table 7. Prevalence of oral side effects of Pfizer–BioNTech COVID-19 vaccine among healthcare workers in the Czech
Republic, January–February 2021.

Variable Outcome ≤43 Years Old >43 Years Old Total Significance 1

Side Effect Blisters 22 (37.3%) 19 (34.5%) 41 (36%) 0.760
Halitosis 17 (28.8%) 12 (21.8%) 29 (25.4%) 0.391

Ulcers 10 (16.9%) 6 (10.9%) 16 (14.0%) 0.354
Bleeding gingiva 8 (13.6%) 5 (9.1%) 13 (11.4%) 0.453

White/red plaque 6 (10.2%) 6 (10.9%) 12 (10.5%) 0.898
Burning gingiva 5 (8.5%) 5 (9.1%) 10 (8.8%) 0.907
Angular cheilitis 2 (3.4%) 3 (5.5%) 5 (4.4%) 0.591
Tongue tingling 2 (3.4%) 3 (5.5%) 5 (4.4%) 0.591

Taste disturbance 1 (1.7%) 3 (5.5%) 4 (3.5%) 0.276
Vesicles 2 (3.4%) 2 (3.6%) 4 (3.5%) 0.943

Swollen lips 3 (5.1%) 1 (1.8%) 4 (3.5%) 0.344
Xerostomia 1 (1.7%) 2 (3.6%) 3 (2.6%) 0.518

Number of Side Effects (1–12) 1.41 ± 0.098 1.22 ± 0.056 1.32 ± 0.603 0.093

Total 59 (13.4%) 55 (12.6%) 114 (13%) 0.727

Onset 1–3 days post-vaccination 10 (17.2%) 20 (37%) 30 (26.8%)
1st week post-vaccination 19 (32.8%) 13 (24.1%) 32 (28.6%)
2nd week post-vaccination 11 (19%) 7 (13.0%) 18 (16.1%)
3rd week post-vaccination 11 (19%) 10 (18.5%) 21 (18.8%)
4th week post-vaccination 7 (12.1%) 4 (7.4%) 11 (9.8%)

Location of ulcers, vesicles,
and blisters

Lips 20 (69.0%) 20 (80.0%) 40 (74.1%) 0.356
Labial/buccal mucosa 6 (20.7%) 2 (8.0%) 8 (14.8%) 0.191

Tongue 6 (20.7%) 1 (4.0%) 7 (13%) 0.069
Palate 4 (13.8%) 1 (4.0%) 5 (9.3%) 0.216

Gingiva 4 (13.8%) 1 (4.0%) 5 (9.3%) 0.216

Number of ulcers, vesicles,
and blisters’ locations

(1–5) 1.38 ± 0.728 1.00 ± 0.00 1.20 ± 0.562 0.012
One location affected 21 (72.4%) 25 (100.0%) 46 (85.2%)
Two locations affected 6 (20.7%) 0 (0.0%) 6 (11.1%)

Three locations affected 1 (3.4%) 0 (0.0%) 1 (1.9%)
Four locations affected 1(3.4%) 0 (0.0%) 1 (1.9%)

Location of white/red plaque
Tongue dorsum 5 (83.3%) 4 (66.7%) 9 (75.0%) 0.505

Soft palate 1 (16.7%) 1 (16.7%) 2 (16.7%) 1.000
Labial/buccal mucosa 0 (0.0%) 1 (16.7%) 1 (8.3%) 0.296

1 Chi-squared test and ANOVA were used with a significance level of <0.05.
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3.4.3. Prevalence of Skin-Related Side Effects

A total of 45 (5.2%) participants reported having at least one skin-related side effect
following the COVID-19 vaccine. The prevalence of skin-related side effects was insignifi-
cantly higher in the ≤43-year-old group (6.2%) than the >43-year-old group (4.1%). The
most common skin-related side effect was rash (62.2%), followed by urticaria (22.2%), and
other non-specific conditions (20%). Upper limb was the most common location (60%);
chest and trunk were the second most common (33.3%), and it was more common among
the older age group than the younger age group (Table 8).

Table 8. Prevalence of skin-related side effects of the Pfizer–BioNTech COVID-19 vaccine among healthcare workers in the
Czech Republic, January–February 2021.

Variable Outcome ≤43 Years Old >43 Years Old Total Significance 1

Side Effect Rash 17 (63.0%) 11 (61.1%) 28 (62.2%) 0.900
Urticaria 7 (25.9%) 3 (16.7%) 10 (22.2%) 0.464

Other 4 (14.8%) 5 (27.8%) 9 (20.0%) 0.287

Number of Side Effects (1–3) 1.03 ± 0.183 1.05 ± 0.224 1.04 ± 0.198 0.774

Total 27 (6.2%) 18 (4.1%) 45 (5.2%) 0.181

Location of skin-related side effects

Upper limb 18 (66.7%) 9 (50.0%) 27 (60.0%) 0.264
Chest/trunk 8 (29.6%) 7 (38.9%) 15 (33.3%) 0.519
Lower limb 7 (25.9%) 3 (16.7%) 10 (22.2%) 0.464

Face 5 (18.5%) 4 (22.2%) 9 (20.0%) 0.761
Back 5 (18.5%) 3 (16.7%) 8 (17.8%) 0.874

Number of locations (1–5) 1.59 ± 0.797 1.44 ± 0.856 1.53 ± 0.815 0.556
1 Chi-squared test and ANOVA were used with a significance level of <0.05.

3.4.4. COVID-19 Vaccine Side Effects and Medical Anamneses

The correlation test between the composite variables of side effects and medical
anamnesis revealed a significant direct association between the total number of general
side effects and the total number of medical treatments (r = 0.108; p = 0.041). Age was
significantly inversely correlated with the total number of general side effects (r = −0.180;
p < 0.001).

The general side effects’ duration was significantly and directly correlated with age
(r = 0.097; p = 0.006), the total number of medical treatments (r = 0.122; p = 0.021), and the
total number of general side effects (r = 0.256; p < 0.001). The total number of NCDs was
directly correlated with age (r = 0.182; p = 0.003), the total number of medical treatments
(r = 0.232; p < 0.001), and the total number of general side effects (r = 0.072; p = 0.258).

Similarly, the oral side effects were inversely, but not significantly, correlated with age
(r = −0.164; p = 0.086). The total number of oral side effects was positively correlated with
the total number of NCDs (r = 0.045; p = 0.790), the total number of medical treatments
(r = 0.175; p = 0.188), the total number of general side effects (r = 0.202; p = 0.038), and the
general side effects’ duration (r = 0.279; p = 0.004).

The oral side effects’ onset was inversely correlated with the (r = −0.202; p = 0.033),
and directly correlated with the total number of NCDs (r = 0.018; p = 0.914), the total
number of medical treatments (r = 0.168; p = 0.208), the general side effects’ duration
(r = 0.025; p = 0.794), and the total number of oral side effects (r = 0.143; p = 0.138) (Table 9).
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Table 9. Correlation between medical anamneses and side effects of Pfizer–BioNTech COVID-19 vaccine among healthcare
workers in the Czech Republic, January–February 2021.

Age
Chronic
Illnesses
Number

Medical
Treatments

Number

General SE
Number

General SE
Duration

Oral SE
Number

Oral SE
Onset

Age r 1 0.180 ** 0.016 −0.180 ** 0.097 ** −0.164 −0.202 *
Sig. 0.003 0.756 0.000 0.005 0.086 0.033

n 874 271 384 814 807 111 112

Chronic
Illnesses
Number

r 0.180 ** 1 0.232 ** 0.072 0.088 0.045 0.018
Sig. 0.003 0.000 0.258 0.167 0.790 0.914

n 271 272 249 249 246 38 37

Medical
Treatments

Number

r 0.016 0.232 ** 1 0.108 * 0.122 * 0.175 0.168
Sig. 0.756 0.000 0.041 0.021 0.188 0.208

n 384 249 386 359 354 58 58

General SE
Number

r −0.180 ** 0.072 0.108 * 1 0.256 ** 0.202 * −0.054
Sig. 0.000 0.258 0.041 0.000 0.038 0.574

n 814 249 359 817 809 106 109

General SE
Duration

r 0.097 ** 0.088 0.122 * 0.256 ** 1 0.279 ** 0.025
Sig. 0.005 0.167 0.021 0.000 0.004 0.794

n 807 246 354 809 809 106 107

Oral SE
Number

r −0.164 0.045 0.175 0.202 * 0.279 ** 1 0.143
Sig. 0.086 0.790 0.188 0.038 0.004 0.138

n 111 38 58 106 106 111 109

Oral SE
Onset

r −0.202 * 0.018 0.168 −0.054 0.025 0.143 1
Sig. 0.033 0.914 0.208 0.574 0.794 0.138

n 112 37 58 109 107 109 113

* Correlation is significant at the 0.05 level (2-tailed); ** Correlation is significant at the 0.01 level (2-tailed); SE, side effects.

3.4.5. Risk Factors of COVID-19 Vaccine Side Effects

Injection site pain was significantly more prevalent among the younger age group
(p = 0.001), the healthcare workers with shorter work experience (p = 0.009), the participants
with diabetes mellitus type-2 (p = 0.019), and the participants receiving antidiabetic drugs
(p = 0.038) and venous insufficiency drugs (p = 0.028).

Injection site swelling was significantly more prevalent among females (p = 0.021), the
participants receiving corticosteroids (p = 0.028), and the previously infected participants
(p = 0.030).

Injection site redness was significantly more prevalent among the participants with
allergies (p = 0.018), and the participants receiving antihistamine drugs (p = 0.013), and
corticosteroids (p = 0.001). It was also significantly associated with the total number of
NCDs (p = 0.010), and the total number of medical treatments (p = 0.031).

Fatigue was significantly more prevalent among the young age group (p = 0.024),
the healthcare workers with shorter work experience (p = 0.026), and the participants not
receiving cholesterol-lowering drugs (p = 0.010).

Headache was significantly more prevalent among females (p = 0.006), the young age
group (p = 0.003), the healthcare workers with shorter work experience (p = 0.007), and the
participants receiving antihistamine drugs (p = 0.007).

Nausea was significantly more prevalent among females (p = 0.015), the healthcare
workers with shorter work experience (p = 0.029), and the participants receiving antihis-
tamine drugs (p = 0.027), and antidepressants (p = 0.013).

Feeling unwell was significantly more prevalent among the younger age group
(p = 0.032), the healthcare workers with shorter work experience (p = 0.003), and the
participants with hepatologic disease (p = 0.006) and renal disease (p = 0.008).

Muscle pain was significantly more prevalent among the younger age group (p = 0.025),
the participants receiving antidepressants (p = 0.053) and antiepileptics (p = 0.018), and the
previously exposed participants to COVID-19 (p = 0.007).
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Joint pain was significantly more prevalent among the participants with NCDs
(p = 0.041) and hepatologic disease (p = 0.041), the participants receiving antibiotics
(p = 0.034) and antidepressants (p = 0.021), and the previously exposed participants
(p = 0.027).

Fever was significantly more prevalent among the healthcare workers with shorter
work experience (p = 0.014), the participants with NCDs (p = 0.033) and asthma (p = 0.008),
the participants receiving antihistamine drugs (p = 0.011) and NSAIDs (p = 0.035), and the
previously infected participants (p = 0.023).

Chills were significantly more prevalent among the healthcare workers with shorter
work experience (p = 0.005), and the participants receiving antihistamine drugs (p = 0.014)
and NSAIDs (p = 0.029).

Lymphadenopathy was significantly more prevalent among the participants receiving
antihistamine drugs (p = 0.019).

3.4.6. Number of Doses and Side Effects’ Prevalence

The prevalence of injection site pain, swelling, redness, fatigue, headache, nausea,
muscle pain, lymphadenopathy was higher among the participants who received two
doses compared to the participants with one dose. Injection site redness was the only
general side effect that was significantly more prevalent in the two-doses group (23.9%)
than the one-dose group (8%), with a p-value of 0.10.

The oral side effects were insignificantly more prevalent in the one dose group, e.g.,
ulcers, white/red plaque, and bleeding gingiva. In contrast, vesicles, blisters, burning
gingiva, swollen lips, angular cheilitis, xerostomia, taste disturbance, and tongue tingling
were more common in the two-dose group. The mean total number of oral side effects was
higher in the one-dose group (Table 10).

Table 10. Number of doses and the side effects of Pfizer–BioNTech COVID-19 vaccine among
healthcare workers in the Czech Republic, January–February 2021.

One Dose Two Doses Significance 1

Injection site pain 44 (88%) 690 (90%) 0.657
Injection site swelling 12 (24%) 197 (25.7%) 0.791
Injection site redness 4 (8%) 183 (23.9%) 0.010

Fatigue 30 (60%) 477 (62.2%) 0.757
Headache 21 (42%) 353 (46%) 0.580

Nausea 6 (12%) 101 (13.2%) 0.812
Feeling unwell 16 (32%) 173 (22.6%) 0.125

Muscle pain 18 (36%) 286 (37.3%) 0.855
Chills 17 (34%) 260 (33.9%) 0.988

Joint pain 17 (34%) 210 (27.4%) 0.311
Fever 11 (22%) 168 (21.9%) 0.987

Lymphadenopathy 8 (16%) 124 (16.2%) 0.975

Number of General SE 4.08 ± 2.52 4.20 ± 2.63 0.752

Ulcers 1 (14.3%) 15 (13.9%) 0.977
Vesicles 0 (0%) 4 (3.7%) 0.604
Blisters 2 (28.6%) 39 (36.1%) 0.687

White/red plaque 1 (14.3%) 11 (10.2%) 0.731
Halitosis 4 (57.1%) 25 (23.1%) 0.045

Bleeding gingiva 2 (28.6%) 11 (10.2%) 0.137
Burning gingiva 0 (0%) 10 (9.3%) 0.399

Swollen lips 0 (0%) 4 (3.7%) 0.604
Angular cheilitis 0 (0%) 5 (4.6%) 0.561

Xerostomia 0 (0%) 3 (2.8%) 0.655
Taste disturbance 0 (0%) 4 (3.7%) 0.604
Tongue tingling 0 (0%) 5 (4.6%) 0.561

Number of Oral SEs 1.43 ± 1.13 1.31 ± 0.56 0.610

Rash 2 (100%) 26 (60.5%) 0.260
Urticaria 0 (0%) 10 (23.3%) 0.439

Other skin-related SEs 0 (0%) 9 (20.9%) 0.469

Number of skin-related SEs 1 ± 0 1.04 ± 0.202 0.774
1 Chi-squared test and ANOVA were used with a significance level of <0.05.
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3.4.7. Oral and General Side Effects of COVID-19 Vaccine

The emergence of oral side effects was significantly associated with some general
side effects, e.g., headache (χ2 = 13.18; p < 0.001), nausea (χ2 = 10.36; p = 0.001), muscle
pain (χ2 = 4.56; p = 0.033), fever (χ2 = 4.86; p = 0.027), and lymphadenopathy (χ2 = 9.78;
p = 0.002). In addition to the association between the total number of general side effects,
their duration, and the emergence of oral side effects, blisters were significantly lower
among the participants receiving thyroid hormone replacements (χ2 = 4.05; p = 0.044).
In contrast, angular cheilitis was significantly more prevalent among the participants
receiving thyroid hormone replacements (χ2 = 7.2; p = 0.007).

4. Discussion

The first evidence to evaluate the efficacy of the Pfizer–BioNTech COVID-19 vaccine
was obtained from a randomized controlled trial (RCT) which recruited 43,000 volunteers
with a median age of 52 years old. The early results of this RCT showed that the vaccine’s
efficacy was around 95%, with several adverse reactions that occurred in the few days
following the vaccine shot [19]. The vaccine’s side effects could be categorized as either
local or systemic reactions, and their severity varied from mild to moderate [31].

The present study reported a statistically significant difference in the prevalence
of injection site pain (p = 0.001), fatigue (p = 0.026), headache (p = 0.003), muscle pain
(p = 0.023), and feeling unwell (p = 0.038) between the ≤43-year-old group and the >43-
year-old group, where the younger adults were more frequently affected. These findings are
consistent with those reported by the Food and Drug Administration (FDA): injection site
pain was more prevalent in the ≤55-year-old group than the >55-year-old group (80.56%
vs. 68.75%); fatigue was more prevalent in the younger group (53.13% vs. 42%), headache
was also more prevalent in the younger group (46.57% vs. 31.8%); and muscle pain was
more prevalent in the younger group (28.94% vs. 21.03%) [19].

However, differences between the age groups in terms of fever, chills and joint pain
were not statistically significant in our sample: the ≤43-year-old group was more affected
by fever (9.47% vs. 5.98%), chills (36.8% vs. 30.9%) and joint pain (28.6% vs. 26.9%) than the
>43-year-old group. These trends were similar to the FDA’s report, where fever was more
prevalent among young adults than old adults (24.3% vs. 19.1%), and the same pattern was
recorded for chills (24.11% vs. 14.15%) and joint pain (16.18% vs. 13.52%). In contrast to
the manufacturer’s data, injection site swelling (26% vs. 25.2%) and injection site redness
(25.5% vs. 20.4%) were more frequent in the younger age group of our sample. According
to the FDA’s report, injection site swelling was slightly less frequent among the younger
adults (6.02% vs. 7.51%). Injection site redness was also slightly less frequent among the
younger adults (5.37% vs. 5.92%).

The overall frequency of systemic reactions including fever, fatigue, headache, chills,
vomiting, diarrhea, muscle pain and joint pain was significantly higher among the younger
adults than the older adults, according to the FDA’s report (82.8% vs. 70.6%). The same
pattern was reported for local reactions, including injection site pain, swelling, and redness,
where 88.7% of younger adults were affected compared to 79.7% of the older. This pattern
was identified in our sample; the mean number of side effects (4.50 ± 2.596 vs. 3.87 ± 2.599)
and the overall frequency of affected participants (94.8% vs. 91.5%) were significantly
higher in the younger than the older.

The overall frequencies of injection site pain (89.8% vs. 75.35%), injection site swelling
(25.6% vs. 6.44%), and injection site swelling (23% vs. 5.5%) were significantly higher
among the Czech healthcare workers than the volunteers of the Pfizer–BioNTech trial [19].
In contrast, the overall frequency of headache was quite consistent between the Czech
sample and the FDA’s report (45.6% vs. 40.06%, respectively).

On comparing the first dose and the second dose of the vaccine, the FDA’s report
revealed that the frequency of local side effects was slightly higher after the second dose
compared to the first dose. The same trend was more significant in the case of systemic
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side effects [19]. The Czech data confirmed this trend in all the reported side effects except
for injection site redness, which was more frequent among the people with one dose only.

Injection site pain as a subjectively reported symptom has a number of confounders
that are worth being considered for future research on vaccines’ side effects, including
injection technique, vaccine temperature, and injection velocity. These confounders are
difficult to be standardized and will significantly impact one’s experience [32]. Moreover,
injection in a relaxed muscle leads to less pain compared to a tensed one; therefore, it
is recommended to lower the patient’s arm which will be injected. Vaccines in situ are
preserved in very low temperature, including the BNT162b2 vaccine which requires −70 ◦C,
and if injected without optimal warming up, this may increase the probability of post-
vaccination pain of the injection site [33]. Additionally, muscle mass might play a role in
pain perception following the injection. The healthcare workers involved in the vaccination
process are highly recommended to receive appropriate training on optimal injection
techniques to reduce inequalities in patients’ experience of pain after vaccination [34].

The allergic population that used antihistamine drugs were the most susceptible
group for experiencing side effects, because they were significantly affected by injection site
redness (χ2 = 6.27; p = 0.012), headache (χ2 = 7.5; p = 0.006), nausea (χ2 = 4.97; p = 0.026),
fever (χ2 = 6.62; p = 0.01), chills (χ2 = 6.1; p = 0.014), and lymphadenopathy (χ2 = 5.54;
p = 0.019). The Centers for Disease Control and Prevention (CDC) had stated, within
its interim guidelines for COVID-19 vaccine rollout, that people with a history of any
immediate allergic reaction to other vaccines or injectable therapies should be vaccinated
with high precaution. People with a history of severe allergic reactions such as anaphylaxis
after a previous dose or to a component of the vaccine such as polyethylene glycol (PEG)
are prohibited from receiving the vaccine at this stage [31]. Although people with allergies
to oral medications, food, pets, insects, venom, latex, and other environmental insults and
family histories are recommended to proceed with receiving the vaccine normally, it is
worth noting that antihistamine consumption increases considerably in spring in Europe;
therefore, special attention should be given to the prescription of these drugs during this
season in the context of vaccination. This result will be further explored in our upcoming
study phase.

Lymphadenopathy of the arm and neck was among the unsolicited side effects in
the FDA’s report with 64 cases; however, it should have been a predictable side effect
due to it being common with other vaccines such as the human papillomavirus vaccine
and influenza vaccine [35–37] Therefore, in this study, lymphadenopathy was among
the general side effects of the COVID-19 vaccine and its overall prevalence was 16.2%,
with a higher frequency among females compared to males (16.8% vs. 10.6%), young
adults compared to old adults (17.3% vs. 15.1%), and people with allergies (21.4% vs.
14.5%), asthma (17.6% vs. 14.1%), bowel disease (25% vs. 14.3%), cardiac disease (25%
vs. 14.2%), COPD (20% vs. 14.8%), DM type-2 (19% vs. 14.5%), and neurologic disease
(30% vs. 14.2%). The majority of participants with lymphadenopathy reported that its
duration was either one day (18.9%), three days (43.9%), or five days (18.2%). This finding
is slightly in agreement with the FDA’s report, where lymphadenopathy emerged 2–4 days
post-vaccination and lasted for approximately 10 days.

The median interval between the first dose and the second dose was 21 days, which is
in compliance with the recommended interval of the Czech ministry of health (MOH) [38].
The median patency period between the recovery date and the first vaccine dose was 65
days, which fulfills the recommendation of the Czech MOH for a patency period of seven
days between the positive test and the vaccination [39].

The reported NCDs in our sample were generally less frequent than what is reported
for the general Czech population. This difference was predictable for this special subset of
the population, because medical fitness is a prerequisite for pursuing healthcare professions.
Unfortunately, the data on diseases prevalence in the Czech Republic are not stratified
by profession or employment sector; therefore, there is no reference prevalence for Czech
healthcare workers. Diabetes Mellitus type-2 had prevalence in the Czech Republic around
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7.4% (2017); however, in our sample, its prevalence was considerably lower 2.63% [40,41].
Cardiac disease and chronic hypertension had prevalence around 4.3% and 23.7%, re-
spectively (2019), which were two-fold higher than the prevalence values of our sample,
which were 1.83% and 11.44%, respectively [42,43]. In contrast, asthma had a prevalence in
the Czech Republic 4.5% (2018), while in our sample it was 6.75% [44]. Thyroid disease
had a prevalence in the Czech Republic in 7.5% (2015) which was similar to our sample
(7.89%) [45].

4.1. Strengths and Limitations

The findings of this study should be interpreted cautiously regarding the association
of side effects with the second dose of the vaccine, because we did not ask whether the side
effect occurred after the first dose or the second dose. The external validity of this study
is limited because the sample was not equally distributed across gender or profession.
Another methodological limitation is due to the survey-based technique that may lead
to self-selection bias, when perhaps only the highly motivated participants filled in the
questionnaire. The self-reporting nature of the collected data compromises its objectivity
when it comes to clinical evaluation and standardization. This methodological confounding
had been controlled to some degree because all the study’s participants were healthcare
workers who have a high level of health literacy and medical expertise, so the outcomes
were supposed to be accurately reported. To the best of our knowledge, this was the first
independent study dealing with the BNT162b2 vaccine side effects, and the first designed
study evaluating the side effects among a European population.

4.2. Study Implications

1. Further independent (non-sponsored) epidemiological studies for COVID-19 vaccine
side effects should be carried out by academic institutions in the upcoming months to
increase public confidence in the vaccines’ safety and accelerate its uptake process.

2. The upcoming studies will benefit from comparing data of different vaccines from
other manufacturers.

3. The upcoming studies of vaccine side effects should distinguish between the side
effects that emerged after the first dose, the second dose, and both doses.

4. Healthcare workers and healthcare students are among the ideal population groups
to participate in this type of studies due to their high level of health literacy and
scientific motivation.

5. The potential association between antihistamine drugs and the vaccine side effects’
frequency should be further explored.

5. Conclusions

The most common side effects of the Pfizer–BioNTech COVID-19 vaccine among Czech
healthcare workers were injection site pain, fatigue, headache, muscle pain, chills, and joint
pain. They were highly consistent with the data reported by the manufacturer in terms of
their association with the younger age group and the second dose. The overall prevalence
of some local and systemic side effects was higher than the manufacturer’s report; this
could be attributed to the special type of population enrolled in this study. Antihistamines
were the most common drugs associated with side effect emergence, which might require
special attention in the following months. The oral side effects were significantly associated
with headache, nausea, muscle pain, fever, and lymphadenopathy. Further independent
studies on vaccine safety are strongly required to strengthen the public confidence in the
vaccine, and to provide a better understanding of the potential risk factors of vaccine
side effects.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10071428/s1, Table S1: OSECV Instrument (in Czech).
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Prague, Czech Republic, 2007.

89



J. Clin. Med. 2021, 10, 1428

41. Klugar, M.; Klugarová, J.; Pokorná, A.; Benešová, K.; Jarkovský, J.; Dolanová, D.; Mužík, J.; Líčeník, R.; Prázný, M.; Búřilová,
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Abstract: Knowledge about the detection potential and detection rates of severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) in various body fluids and sites is important for dentists
since they, directly or indirectly, deal with many of these fluids/sites in their daily practices. In this
study, we attempt to review the latest evidence and meta-analysis studies regarding the detection
rate of SARS-CoV-2 in different body specimens and sites as well as the characteristics of these
sample. The presence/detection of SARS-CoV-2 viral biomolecules (nucleic acid, antigens, antibody)
in different clinical specimens depends greatly on the specimen type and timing of collection. These
specimens/sites include nasopharynx, oropharynx, nose, saliva, sputum, bronchoalveolar lavage,
stool, urine, ocular fluid, serum, plasma and whole blood. The relative detection rate of SARS-
CoV-2 viral biomolecules in each of these specimens/sites is reviewed in detail within the text. The
infectious potential of these specimens depends mainly on the time of specimen collection and the
presence of live replicating viral particles.

Keywords: dentistry; RT-PCR testing; antigen; antibody; saliva; aerosols; body fluids; viral load;
epidemiological monitoring; COVID-19

1. Introduction

Human viral infection and transmission can occur through multiple routes, including
exposure to infected blood, exchange of saliva or aerosols generated from sneezing, cough-
ing or dental procedures, fecal–oral, ingestion of contaminated food and drinks and sexual
contact. Common examples of viruses isolated from the oral cavity include coronavirus,
norovirus, human immunodeficiency virus (HIV), rotavirus, hepatitis C virus, influenza
viruses herpes simplex viruses 1 and 2 and Epstein–Barr virus [1].

The cause of the coronavirus disease 2019 (COVID-19) is the severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which is an enveloped, positive-sense single-
stranded ribonucleic acid (RNA) virus (+ssRNA). The genome encodes 27 proteins includ-
ing a number of non-structural proteins, including an RNA-dependent RNA polymerase
(RdRP), putative accessory proteins and four structural proteins, named as surface or
spike glycoprotein (S), envelope protein (E), membrane protein (M) and nucleocapsid (N)
proteins. The virus binds to an angiotensin-converting enzyme 2 (ACE2) receptor through
S protein for host cell entry. The virus also has an RNA proofreading mechanism keeping
the mutation rate relatively low.

The practice of dentistry necessitates a close contact between the dentist, patient and
dental healthcare personnel for patient care and procedure support. In addition, the use of
rotary and ultrasonic instruments as well as air–water syringes create aerosols containing
particle droplets of water, saliva, blood, microorganisms and other debris. Therefore,
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the dental setting is a unique environment in the current pandemic since it potentially
possesses all transmission risk factors for SARS-CoV-2 virus, as stated by the Centers for
Diseases Control and Prevention (CDC). Accordingly, SARS-CoV-2 mainly spreads between
people who are in close contact with each other (within 6 feet or 2 m) through respiratory
droplets from an infected person. It can linger in aerosols for hours and be spread by
people who are not showing symptoms. SARS-CoV-2 can sometimes be spread by airborne
transmission within enclosed spaces that have inadequate ventilation within distances
more than 6 feet. Contact with contaminated surfaces is another potential transmission
route. The infection occurs when the virus is inhaled or deposited on mucous membranes,
including that of the nose and mouth [2,3]. Currently, there is no data available to assess
the risk of SARS-CoV-2 transmission during dental practice [4,5].

In a recent survey of 849 Italian dentists, a high level of concern for in-office transmis-
sion was noted. Dentists perceive needed improvement and change in screening, hygiene
and testing patients for SARS-CoV-2 [6]. The Delphi mythology was used among 197 Latin
American implant experts to define the importance placed on minimization of disease
transmission [7]. When French dental professionals were surveyed early in the pandemic,
laboratory-confirmed prevalence of COVID-19 was 1.9% among dentists. Interestingly,
practice limited to endodontics (implying general use of rubber dam) was associated with
reduced odds of disease [8]. The importance of protecting oral health workers was un-
derscored. A US survey among dentists conducted in June 2020 indicated that 16.6% of
participants were tested using respiratory and blood samples, and demonstrated a 0.9%
infection rate [9]. A narrative review of Canadian protocols to reduce disease transmis-
sion in the dental office included eight different areas involving administrative, physical
and procedural controls. The absence of testing was noted as a potential limitation of
practice [10].

The presence/detection of SARS-CoV-2 viral biomolecules (nucleic acid, antigens,
antibody) in different clinical specimens has been documented based on the type of fluid
or material and timing of collection relative to the onset of infection [11]. An infected
individual takes an average of 5–6 days (range, 1–14 days) following exposure to develop
symptoms (incubation period). The virus may be detectable in the upper respiratory tract
1–3 days before the onset of symptoms, facilitating pre-symptomatic or asymptomatic
transmission, but its load is highest around the time of symptom onset, after which it
gradually declines [12,13]. Reports recommend that upper respiratory tract samples may
have higher infectivity early in the course of the disease (0–5 days), after which the virus
starts moving towards the lower parts of the respiratory system. Lower respiratory tract
samples may have higher viral load later in the course of disease [14].

Current guidance from the World Health Organization (WHO) suggests that the
detection of SARS-CoV-2 depends on the testing method, clinical presentation and time
since symptom onset [13]. The CDC considers nasopharyngeal, oropharyngeal, nasal and
saliva samples to have high viral load and infectivity [15]. In addition, positive detection
of SARS-CoV-2 in other clinical samples including sputum, fecal matter, urine, ocular fluid
and blood has also been highlighted [16].

In this report, we attempt to review the latest evidence regarding the detection rate of
SARS-CoV-2 in different body specimens and sites. The knowledge of the detection rate
and the infectivity potential of these specimens is essential. This is of particular importance
for dentists because they, in their daily practices, directly or indirectly deal with these
specimens/sites which might be the port of entry, or replication and transmission site for
SARS-CoV-2.

2. Detection of COVID-19 in Alternative Samples/Sites

While SARS-CoV-2 can be detected in a wide range of body fluids and compartments,
saliva and respiratory samples remain the main choice for diagnostics. Table 1 summarizes
the characteristics of the alternative specimens/sites.
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2.1. Nasopharynx/Oropharynx

The nasopharynx and oropharynx are main detection sites in early-stage infection
of SARS-CoV-2 in both symptomatic and asymptomatic cases. The peak of viral load in
nasopharyngeal samples occurs within the first few days after symptom onset. A special
type of swabs (flocked swab, synthetic fiber swabs with plastic shafts) is used as the sample
collection tool. Calcium alginate swabs or those with wooden shafts are not recommended
since they may interfere with nucleic acid amplification tests (NAATs) or contain substances
which inactivate the virus [17]. While dependent on the viral load, nasopharyngeal samples
are generally more sensitive than oropharyngeal samples. However, the number of days
passed since the onset of symptoms and disease stage influence positive testing [13,18–20].
The infectivity potential of both specimens has been demonstrated [21].

In a meta-analysis of studies comparing at least two respiratory specimen types
(oropharyngeal, nasopharyngeal or sputum), the overall positive detection rate with NAATs
in confirmed patients was estimated to be 43% (95% confidence interval (CI): 34–52%) for
oropharyngeal swabs and 54% (95% CI: 41–67%) for nasopharyngeal swabs. The estimated
percentage of positive tests were 75% (95% CI: 60–88%) between days 0–7, 35% (95% CI:
27–43%) between days 8–14 and 12% (95% CI: 2–25%) after 14 days from symptom onset
for oropharyngeal swab sampling. For nasopharyngeal swabs, this figure was 80% (95%
CI: 66–91%), 59% (95% CI: 53–64%) and 36% (95% CI: 18–57%) at 0–7, 8–14 and >14 days
after symptom onset, respectively [20].

A recent meta-analysis of studies comparing paired oropharyngeal and nasopharyn-
geal samples in confirmed cases found a similar positive detection rate between oropha-
ryngeal and nasopharyngeal swabs (84% (95% CI: 57–100%) vs. 88% (95% CI: 73–98%),
respectively) using NAATs. Importantly, there is limited agreement between tests from
these sites as the percent of individuals positive for both specimens was only 68% (95% CI:
36–93%) [22]. Nevertheless, combining swabs from both sites has been shown to improve
sensitivity and reliability of the results [13]. In addition, a meta-analysis of studies investi-
gating the clinical performance of antigen tests not requiring a separate reading device in
confirmed COVID-19 patients revealed a pooled sensitivity of 0.747 (95% CI: 0.673–0.809)
for nasopharyngeal or combined oro/nasopharyngeal samples [23].

There are some contraindications for collection of nasopharyngeal samples, including
coagulopathy or anticoagulant therapy, and significant nasal septum deviation [24]. Swabs
should be placed immediately into a sterile transport tube containing 2–3 mL of either viral
transport medium (VTM), Amies transport medium, phosphate-buffered saline, or sterile
saline, unless using a test designed to analyze a specimen directly (i.e., without placement
in VTM) (Table 1).

2.2. Nasal

Nasal specimen may be obtained with swabs from two anatomical sites, nasal mid-
turbinate (deep nasal) and anterior nares, or with nasal wash/aspirate [15]. There is
currently no strong evidence regarding SARS-CoV-2 overall positive detection rate in nasal
wash compared to other methods. However, Calame et al. [25] compared nasal wash
and nasopharyngeal swab sampling and concluded that these methods have comparable
clinical and analytical sensitivity.

A meta-analysis of studies comparing paired nasal (either mid-turbinate or anterior
nares) and nasopharyngeal samples for NAATs in confirmed cases found that nasal swabs
had substantially lower positive detection rate than the nasopharyngeal samples (82% (95%
CI: 73–90%) vs. 98% (95% CI: 96–100%), respectively). The percent of individuals positive
for both specimens was only 79% (95% CI: 69–88%), suggesting limited agreement. Nasal
specimens collected from a single nostril seemed to perform better in comparison to swabs
collected from both nares [22]. In addition, studies of only symptomatic patients had a
similar positive detection rate for nasal samples as compared to studies of mixed patients.
Ultimately, the use of more sensitive assays (limit of detection < 1000 copies/milliliter) for
nasal samples resulted in lower positive detection in comparison to assays with limit of
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detection ≥ 1000 copies/mL. However, this figure was not affected by assay sensitivity in
nasopharyngeal samples. This reflects lower viral burden in the mid-turbinate/anterior
nares region than the nasopharynx, resulting in lower performance when using highly
sensitive assays [22].

A meta-analysis of studies that compared combined oropharyngeal-nasal swabs and
nasopharyngeal swabs for NAATs in confirmed cases found an identical positive detection
rate (97% (95% CI: 90–100%)) between the two methods. The percent of individuals positive
for both specimens was also high (90% (95% CI: 84–96%)) [22].

2.3. Saliva

The detection of SARS-CoV-2 through oral shedding and especially in saliva has been
shown. The infectivity potential of saliva has also been well-demonstrated [26]. SARS-
CoV-2 viral load in saliva may be a good indicator of the transmission potential of infected
patients, since it is highest during the first week of infection, during which a person is
most infectious.

Saliva has been shown to yield greater detection sensitivity and consistency through-
out the course of infection than the nasopharyngeal samples [18,27–30]. Positive detection
rate with NAATs in confirmed cases for saliva samples vary greatly in the literature but
is estimated to be higher than 80% [11,31]. A recent meta-analysis of studies compar-
ing paired saliva and nasopharyngeal samples in confirmed cases estimated a positive
detection rate of 88% (95% CI: 81–93%) and 94% (95% CI: 90–98%) respectively, with no
statistically significant difference. The percent of individuals positive for both the spec-
imens was 79% (95% CI: 71–86%), indicating relatively poor agreement [22]. This study
also demonstrated that positive detection rate with NAATs after 7 days from symptom
onset was lower compared to ≤7 days (74% (95%CI: 62–85%) vs. 89% (95% CI: 73–99%)),
which was also observed for nasopharyngeal swabs in the same patients (91% (95% CI:
82–98%) vs. 99% (95% CI: 90–100%), respectively) [22]. Another meta-analysis estimated an
overall diagnostic accuracy of 92.1% (95% CI: 70–98.3%), with sensitivity of 83.9% (95% CI:
77.4–88.8%) and specificity of 96.4% (95% CI: 89.5–98.8) for saliva samples in comparison to
nasopharyngeal/oropharyngeal samples in confirmed cases [32]. The sensitivity of saliva
was estimated to be 3.4% lower (−3.4%, 95% CI: −9.9–3.1%) than that of nasopharyngeal
swabs in another recent meta-analysis [33].

The differences in sensitivity of oral fluids’ evaluations are possibly because of large
differences in collection, transport, storage and processing techniques, as well as the
evaluation of different testing populations and disease stage. Collection methods included
spitting or drooling, coughing or clearing throat, collection with pipet or special sponges
and gargling with saline solutions [22,24]. It is likely that a simple drooling technique, with
no extra stimulation of saliva secretion, will provide the greatest sensitivity [24]. In addition,
many studies have supported the hypothesis of coughing (likely mixed sputum and saliva
specimen) or deep throat saliva being better than drool/spit. However, considerable
differences have not been revealed [22].

Another difference among studies is sample collection in the morning, or avoidance
of eating, drinking, or brushing teeth (30 min to 2 h before specimen collection), which
lead to a slightly higher positive detection rate. The variable dilution of saliva prior to
processing is another difference among the studies. However, the positivity rate is similar
in studies utilizing diluted or undiluted saliva samples. Moreover, studies that directly
input the saliva specimen into the amplification assay without any pre-processing showed
substantially lower positive detection than those which used a nucleic acid extraction step.
Additionally, a positive detection rate in saliva samples was shown to be similar between
asymptomatic and symptomatic patients [22]. Ultimately, no substantial difference was
detected among studies that used assays with low (<1000 copies/milliliter) or high limit of
detection for saliva samples, which demonstrates high viral load in saliva samples [22].

To optimize saliva-based testing and obtain a reliable and sensitive result, a specific,
standard and optimized saliva collection and transportation method should be utilized.

94



J. Clin. Med. 2021, 10, 1158

Also, an optimal solution should be used to collect, transport and store saliva samples. In
addition, the RNA isolation and detection protocol should be optimized for saliva, using
an appropriate internal control. The use of human DNA is suggested for nasopharyngeal
samples but not for saliva samples [24]. The use of saliva samples is quicker, less painful and
invasive and allows for higher volume testing, and collection by the patient at home or clinic
without posing risks to healthcare providers. Sample includes 1–5 mL of saliva in a sterile,
leak-proof screw cap container, with no preservative required (Table 1). The simplicity of
saliva-based testing for large populations must be weighed against the reported differences
in sensitivity when compared to nasopharyngeal samples.

2.4. Sputum

Sputum is mucus produced in the respiratory tract (the trachea and bronchi) and
is collected by coughing up deeply and spitting out directly into a sterile, leak-proof,
collection cup. It is indicated later in the course of the COVID-19 disease or in patients
with a negative upper respiratory sample result while there is a strong clinical suspicion
of COVID-19 [13]. The overall positive detection rate with NAATs in confirmed cases for
sputum samples was estimated by a recent meta-analysis to be 71% (95% CI: 61–80%),
which was significantly higher than that of nasopharyngeal and oropharyngeal samples in
the same study. More specifically, the estimated percentage of COVID-19-positive samples
was 98% (95% CI: 89–100%), 69% (95% CI: 57–80%) and 46% (95% CI: 23–70%) at 0–7 days,
8–14 days and >14 days after symptom onset, respectively [20]. In another meta-analysis,
an overall accuracy of 79.7% (95% CI: 43.3–95.3%), sensitivity of 90.1% (95% CI: 83.3–96.9%)
and specificity of 63.1% (95% CI: 36.8–89.3%) was estimated for deep-throat saliva/posterior
oropharyngeal saliva samples in comparison to nasopharyngeal/oropharyngeal samples
in confirmed cases [32].

The infectivity and transmissibility potential of sputum has been demonstrated [21].
If spontaneously produced, sputum collection is an easier process than swab sampling and
can easily be done by the patient. The collection of coughed or spit samples carries the
potential added risk of transmission by aerosolization [13] (Table 1).

2.5. Bronchoalveolar Lavage

Bronchoalveolar lavage is generally collected later in the course of COVID-19, from
patients with severe illness or undergoing mechanical ventilation or to determine the
recovery of admitted patients [13]. A meta-analysis revealed that it has a positive detection
rate of 91.8% (95% CI: 79.9–103.7%) by NAATs, which was higher than that of sputum and
nasopharyngeal specimen in the same review [34]. Collecting bronchoalveolar lavage is
complex and with high risk of aerosolization. It includes the instillation of sterile normal
saline into a sub-segment of the lung, followed by suction and collection. Endotracheal
aspiration has a lower risk of aerosolization than bronchoalveolar lavage with comparable
sensitivity and specificity [43] (Table 1).
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2.6. Stool

Fecal shedding of respiratory viruses is not uncommon and stool samples may contain
large viral loads of SARS-CoV-2 at early onset through the convalescent stage of illness.
The World Health Organization (WHO) recommends for stool diagnostic testing to be
considered from the second week after symptom onset and onwards, suggesting that this
positivity is prolonged compared to that of respiratory tract specimens [13]. Detection rate
of SARS-CoV-2 RNA in fecal specimens (excluding anal or rectal swabs) among patients
with confirmed diagnosis has been estimated to be 43.7% (95% CI: 32.6−55.0%) in a meta-
analysis [44]. This figure was 51.8% (95% CI: 43.8–59.7%) in the most recent meta-analysis
which used different inclusion criteria, and also, did not exclude anal or rectal swabs.
It was estimated that 64% of tested individuals had persistent positive fecal specimens test
despite negative respiratory tests for a mean duration of 12.5 days after negative respiratory
testing [35]. Importantly, it has been reported that SARS-CoV-2 viral shedding in stool may
persist up to 6 weeks after symptom onset [36]. An overall diagnostic sensitivity of 46.0%
(95% CI: 13.1–82.7%) and specificity of 91.4% (95% CI: 6.4–99.9%) has been estimated for
feces/anal swab in comparison to nasopharyngeal/oropharyngeal samples in confirmed
cases [32].

Fecal–oral transmission is an accepted mode of transmission for other coronaviruses
such as SARS-associated coronavirus (SARS-CoV) and Middle East respiratory syndrome
coronavirus (MERS-CoV) [45]. Detection of live active SARS-CoV-2 virus in stool samples
has been reported in the literature, underlining the possibility of fecal–oral transmission
through infected feces. However, it is unclear if the positive fecal test results are due
to active virion particles or inactive viral RNA amplified by polymerase chain reaction
(PCR). Therefore, the infectivity and transmissibility potential of stool has not been estab-
lished [21,28,35,45]. Fecal specimens are suggested to be tested concurrently with other
samples to detect false-positives and/or monitor disease progression.

Nevertheless, the viral detection rate could vary substantially due to the presence of
PCR inhibitors (bile, polysaccharides, hemoglobin and bilirubin) which make the process
of viral detection very difficult, susceptible to user error and requiring trained technicians
and special RNA extraction kits [17,18,46,47]. Sample collection is simple and can often be
performed at home by capturing a stool sample (about 10 g or peanut size) in a dry and
clean container and transferring into a sterile specimen cup (Table 1).

2.7. Urine

Urinary shedding of SARS-CoV-2 has been highly correlated with disease severity in
adults. A recent meta-analysis revealed that the frequency of viral shedding was 4.5% with
a weighted pooled estimate of 1.18% (95% CI: 0.14–2.87%) after excluding case reports and
case series with small sample size (<9 patients) [48]. The overall urinary shedding of SARS-
CoV-2 in confirmed COVID-19 patients was estimated to be 8% in another meta-analysis,
with a relative risk of 0.08 (95% CI: 0.05–0.16) compared to nasopharyngeal samples, 0.33
(95% CI: 0.15–0.72) compared to stool samples and 0.20 (95% CI: 0.14–0.29) compared
to blood/serum samples [49]. The pooled rate of urine positivity was 5.74% (95% CI:
2.88–9.44%) in another meta-analysis based on different inclusion criteria [36]. However, it
remains unclear if urine has infectivity and transmissibility potential despite containing
viral genetic material [26,48] (Table 1).

2.8. Ocular Fluid

Many respiratory viruses are known to enter through eyes or utilize the eye as a
replication site before causing a respiratory infection [50]. SARS-CoV-2 has been detected
occasionally in tears and conjunctival swabs in confirmed patients, however, the current
data is controversial. The positive detection rate varies greatly in the available studies and
figures fluctuate from 0% up to 28.57% [51–54]. While there are a number of published
meta-analysis studies [37–40], their search dates are not recent and may have omitted newly
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published studies. A recent meta-analysis reported an overall sensitivity of 17.4% (95% CI:
7.8–34.2%) and specificity of 96.1% (95% CI: 12.7–100%) for ocular fluid in comparison to
nasopharyngeal/oropharyngeal samples in confirmed cases [32].

The optimal time window to detect SARS-CoV-2 on the ocular surface, and whether
the viral RNA present in the ocular fluids has infectious potential, is still unclear [17,37].
A standardized sample collection method and additional sampling time points would
resolve heterogeneity in positive rates and provide insightful information. It has been
noted that conjunctiva, cornea or the epithelial cells of the nasolacrimal duct can take up
virus and may be a port of entry or direct inoculation site of infectious droplets, leading
to contraction of the infection [53]. This is of significant importance for dentists and oral
health professionals due the generation of potentially infectious droplets during dental
procedures. The collection method includes the use of conjunctival swabs to collect both
exfoliated cells and tears, or Schirmer’s test strips to collect tears (Table 1).

2.9. Serum, Plasma and Whole Blood

Serum, plasma and whole blood are primarily used in antibody (serology) tests
and occasionally for nucleic acid detection for tracking COVID-19 disease progression,
severity or prognosis, epidemiological studies and patient immunity [47]. According to the
recent meta-analysis of diagnostic performance of serology tests for COVID-19, the pooled
sensitivity of Immunoglobin G (IgG), Immunoglobin M (IgM) and combined IgM-IgG
tests in confirmed COVID-19 patients was 0.76 (95% CI: 0.65–0.86), 0.69 (95% CI: 0.59–0.78)
and 0.78 (95% CI: 0.70–0.85), respectively. Thus, negative serological results alone cannot
exclude the diagnosis of COVID-19 [55].

It was further demonstrated that serology tests had the lowest sensitivity at 0–7 days
after symptom onset, and the highest sensitivity (more than 85%) at >14 days, suggesting
that serological tests might be useful for diagnosis purposes at later stages of disease. The
specificity of IgG, IgM and combined IgM-IgG tests was 0.98 (95% CI: 0.96–0.99), 0.95 (95%
CI: 0.91–0.98) and 0.97 (95% CI: 0.93–0.99), respectively [55]. In another meta-analysis,
SARS-CoV-2 seropositivity rate was estimated to be 61.2% (95% CI: 53.4–69.0%) for IgM,
58.8% (95% CI: 49.6–68.0%) for IgG and 62.1% (52.7–71.4%) for IgM-IgG joint detection
in confirmed patients. Serologic testing also yielded high values in the identification
of asymptomatic infections with a seropositivity rate of 19% (95% CI: 10.0–27.0%) for
combined IgM-IgG [42]. Samples for serology tests are frequently collected by a fingerstick
forming the basis for a simple test that can be performed at home by the patient.

SARS-CoV-2 viral RNA has also been detected in blood, serum and plasma samples
from patients. A meta-analysis estimated the positive detection rate of viral RNA in blood
products up to 28 days following symptomatic onset to be 10% (95% CI: 5–18%) [41], most
of which are detected with low copy numbers, at earlier time points and in more severe
patients. However, it remains controversial whether the detection of viral RNA in blood
samples reflects the presence of infectious virus, as this has important safety implications,
especially for dental practitioners and personnel and those handling patient-related mate-
rials in clinical, laboratory and research environments [41]. For RNA detection, 5 mL of
anticoagulated blood is required. Vacuum tubes containing ethylenediaminetetraacetic
acid (EDTA) anticoagulant are recommended for blood collection (Table 1).

3. Discussion

Recommended infection prevention and control practices for dental treatment delivery
encourage the elective procedures and non-urgent outpatient visits to be postponed in
applicable circumstances, and tele-dentistry and triage protocols to be implemented prior
to dental appointments. The next step is to screen and triage everyone entering the
dental office for fever and symptoms consistent with COVID-19 or exposure to others
with COVID-19 infection. Nevertheless, a fever might only be associated with a dental
diagnosis if no other symptoms of COVID-19 are present. The patients should also be
requested to contact the dental office if they develop COVID-19 signs or symptoms or are
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diagnosed with COVID-19 within 2 days after the dental appointment [3,56]. However, pre-
symptomatic (before symptom onset), or asymptomatic patients (that account for more than
40% of confirmed cases), impose a greater challenge than symptomatic patients for dental
settings in this process [57]. The high transmissibility of SARS-CoV-2 has been attributed
to asymptomatic carriers and pre-symptomatic patients. These patients have similar viral
load to that of symptomatic COVID-19 patients, causing comparable transmissibility [58].

There are very limited studies which reported the prevalence of COVID-19 infection
among dental patients. Lamberghini et al. [59] reported an overall SARS-CoV-2 positivity
rate of 2.3% in asymptomatic children attending a high-volume pediatric dental practice.
Conway et al. [60] reported an overall test positivity rate of 0.6% (95% CI: 0.4–0.8%) in
child and adult asymptomatic patients attending multiple dental care centers. These find-
ings highlight that while dental practices must screen patients for signs and symptoms
of COVID-19 and refer patients for appropriate medical follow-up when indicated, such
screening alone will not identify all individuals who are infected. Therefore, timely, ac-
curate (highly sensitive and specific) and rapid screening and diagnostic testing that can
distinguish COVID-19 cases from healthy or other virus-infected individuals is an essential
need to take required actions, optimize patient care, maintain dental patients’ and treat-
ment providers’ safety and to contain and prevent disease spread. It is being recognized
that dental practices would greatly benefit from the ability to evaluate the disease status of
their patients by using point-of-care COVID-19 diagnostic tests.

4. Conclusions

SARS-CoV-2 can be detected in different body specimens and sites. Dentists, directly
or indirectly, deal with many of these specimens/sites in their daily practices. Information
regarding prevalence of SARS-CoV-2 virus among asymptomatic individuals is less well-
documented but is significant in future management of the dental environment. The
present literature indicates that detection of SARS-CoV-2 and the infectious potential of the
tested virus is dependent on the time of specimen collection relative to symptoms/infection
and the presence of actual live viral particles.
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Abstract: Since the announcement of the coronavirus 2019 (COVID-19) outbreak as a pandemic, several
studies reported increased psychological distress among healthcare workers. In this investigation,
we examined the association between psychological outcomes and various factors among German
dentists. Dentists from all German federal states were invited to participate in this study through a
self-administered online questionnaire between July and November 2020. This questionnaire collected
information on demographics, Depression Anxiety Stress Scales (DASS-21), and the Impact of Events
Scale-Revised (IES-R) instrument. The associations displayed between demographic and psychological
outcomes of depression, anxiety, stress, intrusion, avoidance, and hyperarousal were evaluated. Seven-
hundred-and-thirty-two dentists participated in the survey and reported overall scores of (4.88 ± 4.85),
(2.88 ± 3.57), (7.08 ± 5.04), (9.12 ± 8.44), (10.68 ± 8.88) and (10.35 ± 8.68) for depression, anxiety,
stress, intrusion, avoidance, and hyperarousal, respectively. For females, being between 50–59 years
of age, being immune deficient or chronically ill, working at a dental practice, and considering the
COVID-19 pandemic a financial hazard were reported as significant associated factors (p < 0.05) with
higher DASS-21 and IES-R scores. These findings underline the aspects which need to be taken into
attention to protect the mental wellbeing of dentists in Germany during the crisis.

Keywords: COVID-19; dentistry; IES-R; DASS-21; stress; anxiety; depression; dentists; psychological
impact

1. Introduction

Since the beginning of January 2020, COVID-19, a new contagious disease, has been
threatening the health and welfare of humans globally. The viral pandemic was first
defined in the Chinese city of Wuhan and was able to spread internationally in a few
months. This rapid disease transmission with growing numbers of infected cases and
associated critical health conditions or fatalities led to noticeable public anxiety and panic.
Early studies examining immediate psychological impacts during the first COVID-19 wave
of infection described moderate or severe psychological effects of the outbreak on the
general population [1].

In addition to the psychological effects of the pandemic on the general population,
healthcare workers are exposed to additional psychological difficulties due to their direct
treatment of infected patients and the accompanying, increased risk of infection [2]. These
include the fear of transmitting the disease to their families or loved ones [3], feeling
discriminated against or rejected by society as potential carriers of the virus [4], as well as
heavy workloads and time pressure, despite depleted personnel protection equipment [5].

Among all healthcare workers, the COVID-19 outbreak also negatively obstructed
the activities of the dental profession [6–8]. Routine measures and dental treatments have
been postponed due to the high risk of cross-infection during dental procedures [9–12].

J. Clin. Med. 2021, 10, 1008. https://doi.org/10.3390/jcm10051008 https://www.mdpi.com/journal/jcm
103



J. Clin. Med. 2021, 10, 1008

Furthermore, oral mucosa has been described as a potential route of viral entry [13],
restricting dental procedures to emergency treatments only to minimize the possible droplet
infection. Dental manufacturers, companies, and some practices additionally suspended
parts of their staff to counteract the financial complications during the pandemic [14].
Previous studies correspondingly described how dental professionals sense their moral
responsibility to reduce their regular work to evade the cross-infection among their patients
and relatives while having major concerns about the financial consequences of a lockdown
or decreased patient visits [15]. Other investigations declared suspended research or
educational activities [15], potential feelings of guilt among oral healthcare professionals,
and scarce personal protective equipment [16] as possible causes of psychological distress
among dentists during the worldwide outbreak [15].

To date, Germany has registered over one million SARS-CoV-2 infections, causing
numerous fatalities related to COVID-19 health complications [17,18]. Federal states
that are predominantly affected with high numbers of cumulative incidence (CI-cases
per 100,000 residents) include Bavaria (CI = 1041), Baden-Württemberg, and (CI = 922)
Saarland (CI = 875) [19]. In Germany, the distribution of the pandemic varies extensively
across all locations of the country and is subject to dynamic change. Following the first
outbreak caused by an infected traveler at the beginning of the year 2020 [20], further
transborder contagions were mostly due to individuals returning from ski resorts in Italy
and Austria, while local hotspots of infection have often been associated with crowded
events such as carnivals or concerts [17]. Other settings related to high rates of infection
within the German population were linked to working conditions, including crowded
collective accommodations and workplaces [17], or working in close contact with infected
individuals, as in the dental profession [21].

Germany is considered the largest member state of the European Union in terms of
general population and number of oral healthcare professionals, with about 80.5 million
inhabitants and nearly 70,000 dentists [22]. Under a scheme of statuary or private health
insurance, general dental practitioners and dental specialists provide oral healthcare ser-
vices to their patients in private practices or university clinics [23]. Although previous
studies reported the financial burden affecting dental personnel in Germany during the
COVID-19 pandemic [24], the psychological impact on German dentists, associated with
the pandemic and its related factors, still needs to be unveiled. Therefore, this study aimed
to investigate this topic using the Impact of Event Scale-Revised (IES-R) and Depression,
Anxiety Stress Scale (DASS-21) surveys on a nationwide level among German dentists.

2. Materials and Methods

2.1. Study Population and Procedures

A nationwide cross-sectional survey was designed to evaluate the psychological
impact of the COVID-19 pandemic and its related factors on German dentists. An online
survey was created using a web-based survey tool (Unipark, QuestBack GmbH, Cologne,
Germany) to diminish face to face communications and to allow easy participation for all
dentists. After the approval by the University of Kiel Ethics Board (D452/18), the survey
link was shared on various dental social network groups from different specialties, by
different dental websites, magazines, and publishing companies, and was sent by email
to registered dentists of different dental societies in Germany. The introductory text in
the survey briefly clarified the research project and guaranteed anonymity and voluntary
participation to the dentists. No financial incentives were promised to the contributors and
no criteria of exclusion were defined (e.g., age, gender, or nationality). All participants
consented at the beginning of the survey, confirming their readiness to contribute to the
questionnaire. Data was collected between July 2020 and November 2020.

2.2. Survey Instruments

In the first part of the questionnaire, sociodemographic information was gathered on
age, gender, federal state, marital status, number of children, workplace, comorbid medical
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diseases, and smoking status of the respondents. Participants were also asked whether
they consider COVID-19 a personal financial threat to them or not.

In the second part of the survey, the Depression Anxiety Stress Scale (DASS-21) was
provided to the participants. The Depression Anxiety Stress Scale (DASS-21) is a self-report
instrument comprising 21 items that evaluate three psychological constructs: depression,
anxiety, and stress [25,26]. Each subscale contains 7 statements that refer to the week
before survey participation. Participants are asked to read the statements and rate them
emotionally. Ratings are provided on a series of 4-point Likert-type scales from 0 (did not
apply to me at all/ never) to 3 (applied to me very much/ always). Higher scores designate
increased emotional and psychological distress. As previously described [27], the DASS-21
subscales were scored as follows: normal (0–4 DASS-21 points), mild (5–6 DASS-21 points),
moderate (7–10 DASS-21 points), severe (11–13 DASS-21 points), and extremely severe
(14+ DASS-21 points) for depression; normal (0–3 DASS-21 points), mild (4–5 DASS-21
points), moderate (6–7 DASS-21 points), severe (8–9 DASS-21 points), and extremely severe
(10+ DASS-21 points) for anxiety; and normal (0–7 DASS-21 points), mild (8–9 DASS-21
points), moderate (10–12 DASS-21 points), severe (13–16 DASS-21 points), and extremely
severe (17+ DASS-21 points) for stress. The German version of the DASS-21 survey was
applied previously in several studies and showed good validity and reliability (78–91%) in
the assessment of depression, anxiety, and stress levels [28,29].

The psychological impact of the outbreak was further assessed using the Impact of
Event Scale-Revised (IES-R) tool [30,31], which is a validated 22-item self-assessment mea-
suring the subjective psychological distress triggered by traumatic events. This assessment
has 3 subscales (Intrusion, Avoidance, and Hyperarousal), which show close associations
to symptoms of post-traumatic stress disorder. Respondents were requested to rate the
distress level for each statement on similar Likert-type scales, also referring to the previ-
ous seven days of their survey. The IES-R subscores were categorized similar to previous
investigations [31] as normal (0–23 IES-R points), mild (24–32 IES-R points), moderate
(33–36 IES-R points), and severe psychological impact of events (>37 IES-R points) [30,32,33].
The German version of the IES-R survey was applied previously in several studies and
presented good validity and reliability (79–90%) in the evaluation of the psychological
impact of events [33–36]. Both IES-R and DASS-21 scales have been validated for use in
recent investigations exploring the psychological impact of the COVID-19 outbreak on the
general population and healthcare workers [1,31].

2.3. Sample Size Calculation

To determine the number of responding dentists needed for nationwide significant
sample size, the following circumstances were defined for the sample size calculation:

1. The number of dentists in Germany (n = 70,000).
2. A confidence level of 95%.
3. A margin of error of 5%.

Based on these conditions it was determined that from all German federal states at
least 383 dentists were needed for a statistically significant sample size.

2.4. Statistical Analysis

Data from the online questionnaire was digitally recorded by the web-based survey
tool and exported afterwards for statistical analysis using SPSS software (SPSS Statistic
27, IBM, Armonk, NY, USA). Descriptive data analysis was performed on each question
separately and the Shapiro–Wilk-Test was performed to test for normality of the data.
Data were not normally distributed. Univariate analyses (Kruskal-Wallis and Mann-
Whitney U test) were conducted to explore the associations between DASS-21/IES-R
ratings and sociodemographic characteristics. In case of a significant test result post
hoc, single comparisons were performed using the Dunn-Bonferroni test. Subsequently,
multiple linear regression analyses were performed on DASS-21 total and subscores, as
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well as the IES-R subscales to identify the input of these previously identified, relevant
factors. Statistical significance was set at p < 0.05.

3. Results

3.1. Participation and Sociodemographic Data

A total of 732 dentists participated in the survey resulting in a statistically significant
sample. Participants included female (59.7%), male (40%), and third gender (0.3%) dentists
from all federal states of Germany except Bremen. Almost half of the participants (53.3%)
were 18–49 years old, while the other respondents were either 50–59 (31.6%) or over 60
(15.2%) years old. The majority of the contributing dentists were married or in a marriage-
like relationship (82.5%) and had children (66.9%), while other participants were single
(12.3%), divorced, separated, or widowed (5.2%) and had no children (33.1%). Nearly all
dentists were working in private practices (95.4%), while a minority stated to work at a
university clinic (2.9%) or in other institutions (1.6%). Among the respondents, around
two-thirds considered the COVID-19 outbreak to be a threat to their financial security
(61.3%). Moreover, the study population showed a smoking rate of 8.5% and different
conditions of medical comorbidity with the highest being cardiovascular diseases (13.9%)
and immunodeficiencies (4.8%) (Table 1).

Table 1. Characteristics of Participants (n = 732).

n %

Gender

Female 437 59.7

Male 293 40

Third Gender 2 0.3

Age

18–49 390 53.3

50–59 231 31.6

≥60 111 15.2

Marital status

Single 90 12.3

Married or in a marriage-like partnership 604 82.5

Divorced, separated, or widowed 38 5.2

Having children

Yes 490 66.9

No 242 33.1

COVID-19 being a personal financial threat

Yes 449 61.3

No 283 38.7

Workplace 1

Dental practice 698 95.4

University clinic 21 2.9

other 12 1.6

Federal state

Hamburg 12 1.6

Mecklenburg-Western Pomerania 17 2.3
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Table 1. Cont.

n %

Schleswig-Holstein 42 5.7

Brandenburg 11 1.5

Berlin 42 5.7

Lower Saxony 32 4.4

Baden-Württemberg 275 37.6

Thuringia 7 1

Hesse 37 5.1

Saarland 7 1

Bavaria 82 11.2

Saxony-Anhalt 6 0.8

Saxony 19 2.6

North Rhine-Westphalia 117 16.0

Rhineland-Palatinate 26 3.6

Smoker

Yes 62 8.5

No 670 91.5

Medical comorbidity 2

Diseases of the cardiovascular system (e.g., coronary heart disease and high blood pressure) 102 13.9

Chronic lung diseases (e.g., COPD) 19 2.6

Chronic liver diseases 6 0.8

Diabetes mellitus 12 1.6

Cancer 18 2.5

Immunodeficiency 35 4.8
1 Multiple choice was possible; 2 No or multiple choice was possible.

3.2. DASS-21 and IES-R Scales and Associated Factors

The findings of the analysis for psychiatric symptoms in the overall sample according
to the DASS-21 and IES-R scales were presented in (Tables 2 and 3 and in association with
the related factors in (Tables 4 and 5), respectively.

The total study population presented DASS-21 and IES-R scores of normal psycholog-
ical behaviors with potential mild distress due to the COVID-19 pandemic (Tables 2 and 3),
according to the applied scoring system.

Table 2. DASS-21 and IES-R Scores of the Study Sample.

Mean ± SD Interquartile Range

DASS-21 (n = 729) 1

Total 14.84 ± 12.31 17

Depression 4.88 ± 4.85 6

Anxiety 2.88 ± 3.57 5

Stress 7.08 ± 5.04 7

IES-R (n = 727) 1

Intrusion 9.12 ± 8.44 13

Avoidance 10.68 ± 8.88 14

Hyperarousal 10.35 ± 8.68 13

1 n varies because of missing data.
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Table 3. Amount of dentists and total population percentage for each DASS-21 and IES-R
subscale category.

Subscale Category n %

DASS-21 (n = 729) 1

Depression normal 413 56.7

mild 105 14.4

moderate 106 14.5

severe 47 6.4

extremely severe 58 8

Anxiety normal 506 69.4

mild 90 12.3

moderate 47 6.4

severe 33 4.5

extremely severe 53 7.3

Stress normal 427 58.6

mild 86 11.8

moderate 97 13.3

severe 81 11.1

extremely severe 38 5.2

IES-R (n = 727) 1

Intrusion normal 679 93.3

mild 43 5.9

moderate 6 0.8

severe 0 0

Avoidance normal 651 89.5

mild 68 9.4

moderate 7 1

severe 1 0.1

Hyperarousal normal 665 91.3

mild 54 7.4

moderate 9 1.2

severe 0 0
1 n varies because of missing data.

DASS-21 and IES-R scales associated factors showed significantly higher DASS-21
and IES-R total and subscale scores denoting normal or mild psychological impact on
depression, anxiety, stress, intrusion, avoidance, and hyperarousal among participating
females, dentists working at private practices, or having systemic diseases, as well as
among the respondents considering COVID-19 to be a financial threat (Tables 4 and 5).
Furthermore, the youngest and oldest groups of the participants (18–49 and ≥60 years)
showed significantly lower DASS-21 and IES-R scores in comparison to the middle-aged
group (50–59 years) of the survey (Tables 4 and 5).

Multiple regression analyses of DASS-21 total and sub-scores within the study model
showed a significant impact of financial factors, systemic immunodeficiency diseases, and
age of the participants on the psychological stress, depression, and anxiety of German den-
tists (Table 6). Similarly, multiple regression analyses of IES-R scores displayed significant
effects of analogous factors besides gender on intrusion, avoidance, and hyperarousal of
the study participants (Table 7).
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Table 6. Multiple regression analyses with relevant factors of DASS-21 total and subscores.

B SE β T p 95% CI

DASS-21 Total

Gender 1 −0.04 0.88 −0 −0.04 0.97 −1.76; 1.69

Age 2 −0.87 0.60 −0.05 −1.45 0.15 −2.04; 0.31

COVID-19 being personal financial threat 3 −9.05 0.89 0.36 −10.20 0 −10.79; −7.31

Workplace: Dental practice 4 −1.74 3.21 −0.03 −0.54 0.59 −8.03; 4.56

Workplace: University clinic 4 −5.54 4.08 0.08 −1.36 0.18 −13.56; 2.48

Medical comorbidity: Immunodeficiency 4 3.94 1.98 0.07 1.99 0.05 0.05; 7.83

DASS-21 Depression

COVID-19 being personal financial threat 3 −3.29 0.35 −0.33 −9.30 0 −3.98; −2.59

Workplace: University clinic 4 −0.98 1.03 0.03 −0.96 0.34 −3.00; 1.03

Medical comorbidity: Chronic liver diseases 4 2.76 1.87 0.05 1.48 0.14 −0.91; 6.43

Medical comorbidity: Immunodeficiency 4 1.79 0.79 0.08 2.27 0.02 0.24; 3.33

DASS-21 Anxiety

Gender 1 −0.23 0.26 0.03 −0.92 0.36 −0.73; 0.27

COVID-19 being personal financial threat 3 −2.07 0.27 −0.28 −7.81 0 −2.59; −1.55

Workplace: University clinic4 −0.12 0.77 −0.01 −0.15 0.88 −1.63; 1.40

Medical comorbidity: Immunodeficiency 4 1.16 0.59 0.07 1.95 0.05 −0.01; 2.32

DASS-21 Stress

Gender 1 −0.44 0.35 −0.04 −1.23 0.22 −1.14; 0.26

Age 2 −0.51 0.24 −0.07 −2.09 0.04 −0.99; −0.03

COVID-19 being personal financial threat 3 −3.70 0.36 −0.36 −10.25 0 −4.41; −2.99

Workplace: Dental practice 4 0.99 1.31 0.04 0.76 0.45 −1.57; 3.56

Workplace: University clinic 4 −1.54 1.66 −0.05 −0.92 0.36 −4.80; 1.73

B = unstandardized beta coefficient; SE = standard error; β = standardized beta coefficient; p = p-value; CI: confidence interval; Significant
results are highlighted; 1 1 = female; 2 = male; 3 = third gender; 2 1 = 18–49 years; 2 = 50–59 years; 3 = ≥ 60 years; 3 1 = yes; 2 = no; 4 0 = not
quoted; 1 = quoted.

Table 7. Multiple regression analyses with relevant factors of IES-R scores.

IES-R Intrusion

Gender 1 −1.57 0.61 −0.09 2.59 0.01 −2.76; −0.38

Age 2 0.35 0.41 0.03 0.86 0.39 −0.45; 1.16

COVID-19 being personal financial threat 3 −6.14 0.61 −0.36 −10.05 0 −7.34; −4.94

Workplace: Dental practice 4 0.67 2.21 0.02 0.30 0.76 −3.67; 5

Workplace: University clinic 4 −0.35 2.81 −0.01 −0.12 0.90 −5.87; 5.17

IES-R Avoidance

Gender 1 −2.59 0.63 −0.15 −4.13 0 −3.82; −1.36

COVID-19 being personal financial threat 3 −5.52 0.34 0.30 8.65 0 −6.77; −4.27

IES-R Hyperarousal

Gender 1 −1.21 0.62 −0.07 −1.96 0.05 −2.42; 0

Age 2 0.04 0.42 0 0.10 0.92 −0.78; 0.86

COVID-19 being personal financial threat 3 −6.68 0.62 −0.38 −10.74 0 −0.79; −5.46

Workplace: Dental practice 4 1.20 2.25 0.03 0.53 0.59 −3.22; 5.61

Workplace: University clinic 4 −1.22 2.86 −0.02 0.43 0.67 −6.84; 4.40

B = unstandardized beta coefficient; SE = standard error; β = standardized beta coefficient; p = p-value; CI: confidence interval; Significant
results are highlighted; 1 1 = female; 2 = male; 3 = third gender; 2 1 = 18−49 years; 2 = 50−59 years; 3 = ≥ 60 years; 3 1 = yes; 2 = no; 4 0 =
not quoted; 1 = quoted.
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4. Discussion

In the early months of 2020, the first reported case of COVID-19 in Bavaria, Germany
was confirmed [20]. Similar to the reactions globally, fast conversion and adaptation proce-
dures were initiated in the healthcare system and instant steps were taken to counteract the
outbreak. This severe and extraordinary crisis undoubtedly had an inevitable impact on
healthcare workers nationwide. Among all healthcare divisions, the dental sector is con-
sidered highly distressed by the viral outbreak in Germany and worldwide due to various
factors affecting the psychological steadiness and financial stability of dentists during the
pandemic and its related lockdowns [6,26,37]. To date, this study is the first to evaluate the
psychological effects of the COVID-19 pandemic on dentists in Germany nationwide.

In this survey 732 dentists participated via the online survey link and completed
the online questionnaire, displaying a significant sample size and representing German
dentists in the investigation. Sociodemographic data of the participants presented an anal-
ogous gender distribution compared to the dental population in Germany (60–70% female)
and Europe (Table 1) with higher percentages of female dentists [23,38]. The majority of
the survey participants were younger than 50 years old and working in dental practices
(Table 1). This corresponds to the reported average age (48 years old) and equivalent
professional characteristics among dentists in Germany [23,24,39]. Moreover, survey re-
spondents displayed a smoking rate below 10% (Table 1) comparable to reported results
of oral health professionals in Germany (5–8%), as well as in other dental communities
worldwide [38,40]. Cardiovascular diseases exhibited the most prevalent systemic diseases
among participating dentists, with a rate of 13.9% (Table 1), corresponding to the rates
reported by previous studies on the German population (10–13%) [41].

In the current investigation, German dentists displayed overall mild psychological im-
pact of the COVID-19 outbreak in terms of stress, anxiety, depression, intrusion, avoidance,
and hyperarousal as estimated by the DASS-21 and IES-R survey systems. This presents
obvious differences to healthcare professionals having higher levels of psychological dis-
tress in other countries worldwide [10,26,31,42–44] and might reflect the psychological
value of Germany’s reported success to contain the infection rates of COVID-19, stabilize
the financial state of its population during the crisis and communicate the rationale for
its policies to cope with the emergency [45–47]. Corresponding to the described high
rates of infection and cumulative incidence of COVID-19 in different German federal
states [17], several regions such as Saarland and other southern states displayed higher
scores of psychological impacts on DASS-21 and IES-R scales (Tables 4 and 5). Furthermore,
multiple associated factors seem to play an effective role in the amount of stress, anxiety,
and depression, besides potential symptoms of PTSD affecting dental professionals in
Germany during the crisis. Similar to previous investigations on healthcare workers and
dentists, female participants in the current study exhibited significantly higher scores
of anxiety, stress, and all three IES-R subscales (Tables 4 and 5) [26,48] than their male
counterparts. This might be related to the fact that females generally show significantly
greater risks than males to develop anxiety, stress, and depressive disorders, as well as
PTSD symptoms during adulthood [49,50]. This difference was explained as being due to
discrepant thought control strategies and metacognitive beliefs between genders, leading
to more emotional and neurotic distress among females [50]. Although only 0.3% of the
survey respondents represented the third gender (Table 1), these participants revealed
very high scores of psychological distresses in comparison to both males and females
(Tables 4 and 5). This result also confirms the previously described depressive symptoms,
interpersonal trauma exposure, stress, anxiety, and general distress among transgender
and gender non-conforming populations due to minority stress processes and multiple
social factors [51]. The current investigation further showed that being single, married, or
in a marriage-like relationship and having children among the participants were associated
with lower total DASS-21 and IES-R scores and sub-scores compared to being divorced,
separated, or widowed (Tables 4 and 5) as well as having no children. As defined by earlier
studies, this observation was similar in other countries among healthcare workers [26,52]
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and might be due to the reported lower levels of stress and psychological disorders of
couples in a relationship in comparison to divorced or widowed individuals. Moreover,
intimate and family relationships facilitate dyadic coping and social support to help as a
buffer against difficult situations, which can then translate into lower levels of psycholog-
ical distress [53,54]. In the current survey, the age factor also demonstrated a significant
role in the determination of dentists’ psychological status or levels of mental tension in
association with the COVID-19 outbreak. As observed in the results, respondents of the
youngest age group (18–49 years) and the group over 60 years had overall lower DASS-21
and IES-R scores than the middle-aged group (50–59 years) with significant DASS-21 total,
DASS-21 stress, and IES-R intrusion, as well as hyperarousal outcomes (Tables 4 and 5).
As the Robert-Koch Institute, the main German federal government agency and research
institute responsible for disease control and prevention, stated officially that the risk of
severe COVID-19 complications and mortality increases steadily from 50 to 60 years of
age [55], this aspect might increase the psychological burden upon the middle-aged group
(50–59 years) due to their fear of death, illness or complications [56,57]. Moreover, older
participants might have further health-associated age-dependent risk factors [55], which
can increase the possibility of getting infected by COVID-19 or having dangerous health
complications as medically compromised patients. Interestingly, the oldest age group (over
60 years old) of the study showed even lower DASS-21 and IES-R scores than the youngest
participants (Tables 4 and 5). This finding that people aged 60 years and above displayed
less psychological distress on this investigation’s rating scales is very thought-provoking,
as COVID-19 infections have been shown to cause significantly higher morbidity and
mortality in this age group in comparison with younger individuals [58,59]. Since the
media and health organizations emphasized the need for people over 60 years particularly
to perform strict procedures of social distancing, as they are more likely to have underlying
medical risk conditions, it may have been anticipated that older participants would be more
psychologically affected during the pandemic. Nevertheless, this outcome is consistent
with some previous investigations that described decreased indicator scores in stress, anxi-
ety, and depression of younger individuals in comparison to older age groups in European
and North American countries [60,61]. This observed psychological stability of the older
group could be explained by the fact that many respondents of this group might be retired
from the dental career, as the general age of retirement in Germany starts with 65 years [62].
Being in distance from patient treatment as a dentist during the COVID-19 crisis could elim-
inate multiple factors provoking the mental tension during the pandemic, as the stress and
fear of getting infected during treatment or taking the infection to family members [10], the
anxiety of treating patients with suspicious symptoms [6,16], or the depression and distress
of losing the job and financial safety [24]. Moreover, older people incline to show less social
mobility than younger individuals, which could explain their lower stress, anxiety, and
depression during a pandemic lockdown [61]. People above 60 years are correspondingly
expected to have experienced numerous difficult major life events in their past, such as
war, past pandemics, or financial crises, therefore increasing their resilience, as observed in
the current study [61]. Another theory that could be advocated to clarify this outcome is
that older people usually spend less time on social media due to their frequent resistance
to social networking sites [63]. High rates of news consumption about the pandemic have
been linked previously with elevated levels of psychological distress [64].

The presence of medical comorbidities during the COVID-19 pandemic has often been
linked to an increase in in-hospital complications and mortality rates [65,66]. Congruently,
individuals with systemic diseases and medical risk-factors have reported higher rates
of psychological pressure and distress [67]. According to this investigation, dentists in
Germany have displayed the same significant inclination during the COVID-19 emergency
among participants with chronic liver diseases or medical conditions of immune defi-
ciency (Table 4). This outcome resembles previous findings of healthcare workers in other
countries, where health professionals living among persons with immune deficiency or
chronic diseases significantly reported higher stress and anxiety scores [68,69]. Indeed,
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both medical conditions are considered among the highest risk factors associated with
severe medical complications after COVID-19 infection [70,71], which clarifies the reason
for psychological distress.

Workplace-related stress, anxiety, and depression are among the most important
factors affecting the mental health wellbeing of people worldwide [72]. In previous reports
dentists and healthcare workers equally conveyed various stressors within their workplace
including the risk of infection, constant time pressure, concern over their capability to
provide dental or medical services in the future, and financial pressure [73,74]. These
workplace stressors have significantly increased during the COVID-19 pandemic among
dental professionals globally [26,74]. According to the current survey German dentists
working in a private dental practice displayed significantly higher stress, hyperarousal,
and intrusion scores on the DASS-21 and IES-R scales than their colleagues at university
clinics (Tables 4 and 5). This observed outcome could be explained by different aspects.
While university dentists usually have their working-time divided into three branches
comprising education, research, and patient treatment, dental practices follow a policy
mostly aimed to treat the maximum number of patients. This may give university dentists
a feeling of safety from exposure to infection through continuous patient treatment [74].
Furthermore, previous reports described the lack of protective equipment against the
COVID-19 infection in German non-university health facilities, which can confidently
increase the risk of personnel infection and its related psychological distress [75]. Having
to face the lockdown and lack of patients during the pandemic as employers or employees
of private dental practices, this situation created a financial crisis for many German dental
practices and non-university health facilities [24,75], which is considered one of the main
sources of psychological distresses among healthcare workers worldwide [76,77]. This
was also confirmed by the current survey as participants considering the pandemic a
financial threat reported significantly higher scores on both DASS-21 and IES-R scales in
all parameters (Tables 4 and 5). Notably, dentists who stated to work in other facilities
(Tables 4 and 5) also showed lower psychological distress than their colleagues in dental
practices. This may be due to similar factors as those stated above, as they could working
at non-clinical institutions as dental companies or manufacturers.

To ascertain the independent effects of the measured significant factors of COVID-19
being a financial threat, workplace, gender, age, and medical comorbidities on the DASS-
21 and IES-R scores and subscores, multiple linear regression analyses were conducted.
Female gender, an age between 50–59 years, being immune deficient, and considering
the COVID-19 pandemic a financial hazard were independently associated with worse
psychiatric outcomes (Tables 4 and 5) marking these aspects as the most effective on
German dentists and their mental health during the COVID-19 crisis.

5. Limitations

To the best of our knowledge, this investigation is the first one in Germany examining
the psychological impact of COVID-19 on dentists nationwide. Nevertheless, we recognize
some limitations to our study. First of all, the investigation is restricted by its cross-
sectional nature and lacks the follow-up on a longitudinal level. On the other hand,
misinterpretations in such investigations are known to be equally dispersed [23]. In this
survey, the observed outcomes of German dentists cannot be accredited exclusively to
the analyzed aspects and socio-environmental information. Additional co-variables and
sociodemographic observations (including being an employer or employee, exact financial
challenges, and the number of treated patients) could play an important role in changing
some outcomes or interpretations of the study. The data collection phase of the study was
completed within three months. Given the time-sensitivity throughout this crisis and rapid
changes in regulations and infection rates, these aspects might also influence the results
reported by the respondents. Furthermore, the voluntary nature of the investigation might
have caused a selection bias among the German dentists. Finally, to reach the maximum
number of participants and to diminish face to face conditions, we applied an online
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self-report questionnaire to assess psychological symptoms that do not rely on diagnostic
evaluation by mental health professionals. Adding a clinical mental health evaluation by
psychiatric specialists would definitely contribute to the outcome of the survey. Regardless
of the above limitations, conclusions of this survey provide important information on the
psychological impact of COVID-19 on dentists across Germany.

6. Conclusions

The mental wellness of dentists is vital for guaranteeing the sustainability of dental
services during the struggle with the COVID-19 pandemic. Our findings among the study
population display being female, in an age group between 50–59 years, being immune
deficient or chronically ill, working at a dental practice, and considering the COVID-19
pandemic a financial hazard are significant factors which cause distress in German dentists
during the COVID-19 crisis and reporting higher DASS-21 and IES-R scores and subscores.
Analyzing these aspects can assist health authorities in Germany in implementing the
needed actions to diminish the unwanted psychological effects of the pandemic and their
influencing factors on the German dental community.
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Abstract: The outbreak of Coronavirus Disease 2019 (COVID-19), caused by Severe Acute Respiratory
Syndrome Coronavirus 2 (SARS-CoV-2), has significantly affected the dental care sector. Dental
professionals are at high risk of being infected, and therefore transmitting SARS-CoV-2, due to the
nature of their profession, with close proximity to the patient’s oropharyngeal and nasal regions and
the use of aerosol-generating procedures. The aim of this article is to provide an update on different
issues regarding SARS-CoV-2 and COVID-19 that may be relevant for dentists. Members of the
French National College of Oral Biology Lecturers (“Collège National des EnseignantS en Biologie
Orale”; CNESBO-COVID19 Task Force) answered seventy-two questions related to various topics,
including epidemiology, virology, immunology, diagnosis and testing, SARS-CoV-2 transmission and
oral cavity, COVID-19 clinical presentation, current treatment options, vaccine strategies, as well
as infection prevention and control in dental practice. The questions were selected based on their
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relevance for dental practitioners. Authors independently extracted and gathered scientific data
related to COVID-19, SARS-CoV-2 and the specific topics using scientific databases. With this review,
the dental practitioners will have a general overview of the COVID-19 pandemic and its impact on
their practice.

Keywords: COVID-19; dental practice; dentistry; oral health; SARS-CoV-2

1. Introduction

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the cause of the
current Coronavirus Disease 2019 (COVID-19) pandemic, whose first case was reported in
December 2019 in Wuhan, Hubei province, China. In January 2021, the pandemic is still
ongoing and is getting worse [1]. Dental surgery is considered to be a profession at high risk
for being infected, and therefore transmitting SARS-CoV-2. Our professional practice was
disrupted by lockdowns, resulting in reduced activity, new dental protocols and additional
costs for staff protective equipment. This has caused unexpected financial difficulties for
many dental practitioners. Even with treatments or vaccines, our professional practice
will probably never revert back to the previous situation, as the new constraints may
become permanent.

The aim of this article is to provide an update on issues dentists may encounter with
SARS-CoV-2/COVID-19 or that are not addressed in recommendations to dental professionals.

To compose this integrative review, a panel of questions susceptible to be of major
interest for the dental community has been selected. The questions were selected after
discussion between the members of the working group, which is mostly composed of
dentists and experienced dental researchers that are members of the French National
College of Oral Biology Lecturers (“Collège National des EnseignantS en Biologie Orale”;
CNESBO-COVID19 Task Force). Questions were grouped in 10 different major topics that
made up the different sections of the manuscript.

To answer these questions, a wide range of keywords was chosen to cover all the topics
that are discussed. In total, 378 references were selected in this review. Original studies
and significant reviews were included, based on their importance regarding the chosen
topics, but also websites from relevant national and international health agencies (e.g.,
World Health Organization (WHO), Center for Disease Control and Prevention (CDC)).
The time period covered by this review gathers published literature from the onset of the
COVID-19 pandemic until mid-January 2021.

Q1—What is the impact of COVID-19 on dental practice?

In the Hospital of Stomatology from Wuhan, nine dental staff members and students
were infected from 23 January to 4 February 2020 [2]. Chinese dental surgeons immediately
responded with recommendations for the management of patients in the context of the
epidemic [2,3]. Since then, recommendations have been published on professional websites
in many countries, for example in the US (Centers for Disease Control and Prevention
(CDC), American Dental Association), in Europe (European Centre for Disease Prevention
and Control (ECDC)), in the UK (National Health Service, British Dental Association),
in France (Health Ministry, French Dental Association). During the first epidemic wave, the
most affected countries put in place a general lockdown, with the closure of dental offices.
Only dental emergency services and teleconsultations were authorized. Then, dental
offices reopened, with strict conditions for sorting and receiving patients, and detailed
protocols for staff protection and to carry out dental care. These recommendations are
still ongoing [4,5]. The economic impact is worrying. Besides, fear of contracting and
transmitting the virus has caused work-related stress, and sometimes premature retirement
of dental surgeons [6–8]
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2. Worldwide COVID-19 Epidemiology

Q2—What was the starting point of the pandemic?

At the end of 2019, several cases of “pneumonia of unknown cause” were identified
in Wuhan, and a new coronavirus, SARS-CoV-2, was rapidly identified [9,10]. An outbreak
of zoonotic origin was suspected, as bats are the natural reservoir of many coronaviruses.
Transmission to humans may be mediated by intermediate animals [11]. Attention was
focused on the Wuhan wholesale market, which trades in a variety of live animals, but
not bats. Genomic analysis confirmed that SARS-CoV-2 shared 96.2% identity with a bat
coronavirus (BatCoV RaTG13), and 91.02% identity with a Pangolin-CoV, newly identified
from Wuhan market [12]. Direct contact with pangolins, or meat consumption, were
suspected to be the main source of transmission of SARS-CoV-2 [13]. However, in the initial
cohort of 41 hospitalized patients, 14 patients had no direct exposure to Wuhan market [14].
In particular, the first patient identified had no reported connection with the Wuhan market,
or with subsequent cases. His respiratory symptoms began on 1 December 2019, indicating
that SARS-CoV-2 was circulating in Wuhan in November 2019. The 7th edition of the World
Military Summer Games, which took place in Wuhan and ended October 27, is suspected
to have been an early cluster. To date, the starting point of COVID-19 pandemic is still
unknown [15,16].

Q3—Why did the initial outbreak turn into a pandemic?

The COVID-19 outbreak arose at the time of the Chinese New Year holidays with large
movements of travelers across China. Holidays began on 21 January 2020. Chinese Author-
ities quarantined Wuhan on January 24 and implemented severe control measures [1,17,18].
In early 2020, Health Authorities from various countries estimated that they could stop
COVID-19 by applying the same control measures as for SARS (Severe Acute Respiratory
Syndrome) pandemic (2002–2003) and MERS (Middle East Respiratory Syndrome) pan-
demic (2012, still ongoing). However, scientific studies have progressively shown that
SARS-CoV-2 was more contagious than SARS-CoV and MERS-CoV [19]. SARS-CoV-2
is easily transmitted by droplets from person to person, and via contaminated surfaces.
Asymptomatic people may be contagious, and sick people are contagious before, during
and after clinical symptoms onset [20]. As a result, temperature checking was not sufficient
to detect virus carriers. Travelers arriving from Wuhan before January 24 were able to
transmit SARS-CoV-2 throughout China and then to Thailand and other countries. In ad-
dition, on January 30, the World Health Organization (WHO) “believed that it was still
possible to stop virus spread by applying strong preventive measures at the international
level,” but did not ban travel and trade [21]. Travel controls and preventive measures have
been gradually introduced by various countries, but too late [22].

Q4—What is the extent of the pandemic today?

COVID-19 epidemiologic data vary according to sources, such as Johns Hopkins
University (JHU) coronavirus resource center or WHO situation updates. Mid-January 2021,
global data approached 91 million cases and 2 million deaths worldwide [23]. According to
JHU [1], current global mortality rate of COVID-19 is 2.2%. As a comparison, the mortality
rate of SARS was 9.6%, MERS was 34.5% and pandemic flu H1N1 (2009–2018; pdm09 virus)
were 0.07% [24]. There are major differences between countries that depend on geographical
and demographic factors, and on the political will to communicate the data transparently.
Infection fatality rate for COVID-19 is below 1% under 50 years, with an exponential
increase over 60 years, ranging from 2.5% in the age group 65–74 years, to around 28% over
80 years [25]. According to JHU reports, there was an initial epidemic peak in China on
13 February 2020, followed by three pandemic waves worldwide in April–May, August–
September and November–December-January (still ongoing) [1]. A fourth wave has been
described in Hong Kong. Vaccination began in some countries in December 2020, but at
the beginning of January 2021, its impact is not yet noticeable. Taking into account the
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number of cases, the ten most affected countries are currently the US (>23 million cases,
>388,000 deaths), followed by India, Brazil, Russia, United Kingdom, France, Turkey, Italy,
Spain, and Germany [1].

Q5—What is the effectiveness of preventive measures implemented?

Preventive measures aim at slowing down the transmission of the virus via social
distancing, face masks, hand hygiene, avoidance of crowds and poorly ventilated spaces,
contact tracing, rapid testing and isolation [26]. At the beginning of the pandemic, many
countries attempted to detect and quarantine at-risk travelers, identify clusters and isolate
confirmed patients. This strategy was not efficient, and lockdown was imposed [26].
The aim was to “flatten the curve” of new contaminations, and to avoid the saturation
of hospitals and intensive care units. Teleworking, banning cultural, sports, and family
gatherings, closure of schools, universities, non-essential businesses have had a heavy
psychological and economic impact. In China, lockdown and all preventive measures have
been applied with highest severity. It was accepted by the population, which has made it
possible to stop the virus transmission [17]. In addition, protective equipment is mostly
manufactured in China [17]. Initially, in some countries, medical teams and populations
could not be properly equipped [8]. In January 2021, the pandemic seems under control in
China and in some other countries [1]. Elsewhere, preventive measures were implemented
too late, insufficient or poorly accepted because all nations do not share the same idea of
civil liberties [17]. The pandemic continues to spread rapidly [26,27].

Q6—Is there a risk to be co-infected with SARS-CoV-2 and other respiratory pathogens?

As with other acute respiratory infections, microbial superinfection is common in
people infected with SARS-CoV-2 [19]. In a series of 257 subjects, 94.2% of cases had
co-infection, and 9 viruses, 11 bacteria and 4 fungi were detected. The most common
were bacterial superinfections due to Streptococcus pneumoniae, Klebsiella pneumoniae and
Haemophilus influenzae. The other germs most often isolated were a fungus (Aspergillus)
and a virus (Epstein Barr Virus; EBV). At a lower rate, other bacteria (Escherichia coli,
Staphylococcus aureus, Pseudomonas aeruginosa), viruses (Rhinovirus, Adenovirus, Herpes
virus, but rarely Influenza virus A or B) and fungi (Mucor, Candida spp.) were detected [28].
In a series of 2188 patients, respiratory viruses were identified, mostly Bocavirus, followed
by Respiratory Syncytial and Parainfluenza viruses [29]. However, the boundaries between
viral/viral co-colonization, superinfection or successive infections must be clarified. The
diagnosis of bacterial or fungal superinfections is easier. Overall, co-infections aggravate
respiratory signs and the risk of severe or critical COVID-19 by weakening the immune
system (see Q20). There is no association between SARS-CoV-2 and specific respiratory
pathogens, but influenza vaccine appears more than ever to be recommended for dental
surgeons, in order to avoid two successive acute respiratory infections [28,30].

3. SARS-CoV-2 Virology

Q7—Where does the virus come from? Are there some other pathogenic coronaviruses?

Human coronaviruses, discovered in the 1960s, are part of the Coronaviridae family
and the Nidovirales order [31]. These are enveloped viruses with unsegmented, single-
stranded RNA of positive polarity approaching 30,000 nucleotides (Baltimore Classification
Group IV [32,33]). Among the Coronaviridae, 7 strains of coronavirus are known to infect
humans. Four are considered to be responsible for benign respiratory infections such as the
“common colds” (HCoV-229E, -OC43, -NL63 and -HKU1) and three strains, identified more
recently, can cause the development of serious, potentially fatal pneumopathies. SARS-CoV
and MERS-CoV were discovered in 2002 and 2012, respectively, while SARS-CoV-2, named
because of its similarity to SARS-CoV, was discovered in 2019 [34,35].
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Q8—What is SARS-CoV-2 as a virus?

Coronaviruses are enveloped viruses characterized by the presence of spikes (S) made
up of glycoproteins, found in trimeric form and embedded in the viral envelope. These
spikes, arranged in the shape of a crown around the viral membrane, give their name to
the coronaviruses. The genomic RNA (gRNA) is encapsulated in a nucleocapsid (N) of
helical shape. The whole genomic RNA and the nucleocapsid (N), called ribonucleoprotein
(RNP), are enveloped in the viral particle using membrane (M) and envelope (E) glyco-
proteins [36]. The SARS-CoV-2 genome enables the transcription of gRNA as well as of
9 major subgenomic RNAs [37]. From the complete genomic RNA, two polypeptides are
translated according to their open reading frame. Their autocleavage allows the release
of about 26 non-structural proteins essential for virus replication, among which are the
proteins of the replicase-transcriptase complex [37]. Subgenomic RNAs allow the expres-
sion of structural proteins (N, M, E and S) common to all coronaviruses, and of certain
non-structural and accessory proteins, which are all virulence factors [36,37].

Q9—How does the virus penetrate cells?

The spike (S) surface protein interacts through its receptor-binding domain (RBD)
with the cell surface receptor ACE2 [38]. ACE2 is the angiotensin 2 converting enzyme,
whose function is to decrease the plasma concentration of angiotensin, thereby causing
vasoconstriction and regulation of blood pressure [39]. This receptor is common to several
strains of coronavirus, including SARS-CoV, SARS-CoV-2 and HCoV-NL63 [38,40,41]. After
SARS-CoV endocytosis, an interaction of the viral protein S with the transmembrane serine
2 protease (TMPRSS2) mediates its cleavage [42,43], thus exposing the fusogenic peptide of
protein S and allowing subsequent fusion between the viral envelope and the membrane
of endocytosis vesicles [38,40,44].

Q10—How does the virus replicate?

After entering the cell cytosol, viral genomic RNA, which is 3’polyadenylated, is di-
rectly translated by cellular ribosomes into non-structural polypeptides which are self-
cleaved by their proteolytic activity and reassembled into a RNA-dependent replicase
protein complex [45]. This allows RNA replication into genomic RNA or subgenomic
RNAs. The subgenomic RNAs are then translated into structural proteins (N, M, E and S)
and accessory proteins, which assemble into new virions at the level of an intermediate
compartment between the endoplasmic reticulum and Golgi apparatus [46,47]. The fusion
of the vesicles containing the viral particles with the cell plasma membrane allows the
release by exocytosis of the virions into the extracellular medium [45].

Q11—Which cells/organs are infected by SARS-CoV-2 and how does SARS-CoV-2
spread in infected organism?

As SARS-CoV [48], SARS-CoV-2 is a multiple organ targeting virus. The abundant
epithelial expression of ACE2 (angiotensin 2 converting enzyme) is thought to provide
a route for virus entry into the organism, while its vascular endothelial expression may
help the virus replication and spreading within the organism [49]. The importance of
host proteases, mainly TMPRSS2 (transmembrane serine 2 protease), in SARS-CoV-2 entry
has been evidenced [50]. Using single-cell RNA sequencing, Ziegler et al. identified the
tissue-resident cells subsets expressing both ACE2 and TMPRSS2 proteins. They found that
secretory goblet cells, type II pneumocytes and absorptive enterocytes were the primary
targets of SARS-CoV-2, thus explaining the high replication rate of the virus in these tissues,
and the associated symptoms [51]. Finally, as glial cells and neurons express ACE2, they
have been suspected of being targets for SARS-CoV-2 infection [52,53], in agreement with
the neurological manifestations observed in a large proportion of COVID-19 patients [54].
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Q12—Does the virus evolve?

Thanks to the proofreading activity of their polymerase (nucleic acid repair activity),
coronaviruses exhibit a lower mutation rate than other RNA viruses [55]. Nonetheless,
several mutants of SARS-CoV-2 have been described [56]. Mutations on the S protein are
closely monitored because they could involve some modification of the virus virulence,
as well as the emergence of resistance against vaccines targeting this protein. Very early
in the development of the epidemic, a D614G mutation (aspartic acid into glycine) was
described as increasing infectivity. This mutation presented a selection advantage, as this
subtype of SARS-CoV-2 is now the major variant worldwide [57]. More recently, a set of
new mutations in the spike (S) protein (viral strain B.1.1.7) has been described in the UK,
as probable evolutionary advantages for the virus, increasing its dissemination ability [58].

4. Immunology of COVID-19

Q13—What are the main characteristics of the innate immune response against

SARS-CoV-2?

The efficacy of the innate immunity against viral infections relies on the early and
robust type I interferon (IFN) responses, which promotes viral clearance and induction
of adequate adaptive immunity [59,60]. SARS-CoV-2 is able to evade immune system
recognition, to suppress the activation of the innate immune system, and to dampen type I
IFN responses [61–65]. This is supported by the observation that very rare genetic defects
causing primary immunodeficiency of type I IFN immunity and autoantibodies against
type I IFNs are more commonly found in patients with life-threatening COVID-19 [66,67].
These viral immune evasion strategies allow uncontrolled SARS-CoV-2 replication without
triggering the innate anti-viral response machinery of epithelial cells [63]. However, at
a later stage, infected cells undergo cell death, particularly in the airways, resulting in
lung injury. The important release of viral particles triggers the production of high levels
of pro-inflammatory cytokines (e.g., IL-1β, IL-6, TNF-α). Failure to control SARS-CoV-2
infection at early stages in the respiratory tract may in some cases lead to a dysregulated
systemic hyperinflammation called “cytokine storm”, in a second phase of the disease
(see Q18) [59].

Q14—What are the main characteristics of the adaptative immune response against

SARS-CoV-2?

Adaptive immunity involves both humoral (mediated by antibodies) and cellular
(mediated by T lymphocytes) responses. However, lymphopenia has been shown to be one
of the most prominent markers of COVID-19 [59,68–71].

Humoral immunity to SARS-CoV-2 is mediated by antibodies directed against surface
proteins of the virus. Antibodies are important for viral neutralization and clearance, but
also play a role in the modulation of immune responses. The neutralizing antibodies mainly
target the spike (S) protein (in particular the receptor-binding domain RBD), thus blocking
the interaction between SARS-CoV-2 and ACE2 and inhibiting the virus entry into host
cells, but also the nucleocapsid (N) protein. In most infected individuals, anti-SARS-CoV-2
IgM and IgG antibodies are detectable within 1-2 weeks (median: 11 days [72]) after symp-
toms onset (see Q24) [73]. IgM are typically the first produced antibodies, but some authors
have found that the IgA response peaks earlier and may be more pronounced [74,75]. How-
ever, the detection of antibodies against SARS-CoV-2 does not indicate directly protective
immunity and the kinetics of neutralizing antibodies is yet unclear (see Q17). A strong
antibody response appeared to correlate with more severe clinical disease [76,77]. Sex
differences have also been reported, with males displaying higher antibody levels shortly
after infection, but a faster decrease of neutralizing antibodies at 3–6 months [78].

Regarding cellular adaptive immunity, both CD4+ helper T lymphocytes and CD8+

cytotoxic T lymphocytes are crucial for optimal antibody production and lysis of virus-
infected cells [79]. They also secrete cytokines that drive the recruitment of other immune
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cells. SARS-CoV-2-specific CD8+ and CD4+ T-cell responses are found in most COVID-19
patients within 1–2 weeks [80,81]. Similar to other viral infections, SARS-CoV-2-specific
CD4+ T cells predominantly possess a Th1 phenotype (that lead to an increased cell-
mediated response) [79]. A decrease in the number of T cells has been reported in patients
with more severe forms of COVID-19, suggesting that strong T-cell responses may be
correlated with milder disease [59,68–70]. In addition, reduced functional diversity and
elevated T-cell exhaustion (i.e., dysfunction with loss of effector functions) contribute to
severe progression [80]. Some individuals exposed to SARS-CoV-2 develop specific T-cell
memory responses (see Q17) but no specific antibodies, suggesting that cellular immunity
might be induced in the absence of humoral immune responses [82,83].

Q15—Are there differences in the immune responses between symptomatic and

asymptomatic individuals?

Approximately 45% of SARS-CoV-2 infections may be asymptomatic [84] but impor-
tantly, asymptomatic carriers have been proven to be contagious [85]. Several differences
in immune responses have been observed between symptomatic and asymptomatic indi-
viduals. First, the duration of viral shedding is longer in asymptomatic individuals [86].
Second, IgG titers were reported to be significantly lower in asymptomatic individuals
compared to symptomatic patients, with a faster decrease of antibody responses (40% of
asymptomatic individuals become seronegative within 2–3 months versus 13% of symp-
tomatic patients) [86]. Conversely, many individuals with asymptomatic or mild COVID-19
seem to have highly durable memory T-cell responses, even in the absence of detectable
humoral responses [82]. The level of “herd immunity” (i.e., population immunity) can
therefore not be extrapolated from serology studies only.

Q16—Are there differences in the immune responses between adults and children?

Children are underrepresented in the total burden of COVID-19 (about 2%; see
Q37) [87]. Except rare cases of life-threatening multisystem inflammatory syndrome (MIS-C
or Kawasaki-like hyperinflammatory syndrome) [88,89], children tend to develop a milder
disease and a large proportion of infected children are asymptomatic (see Q37) [87,90,91],
probably resulting in an under-estimation of SARS-CoV-2 infection in this population [92].
Different mechanisms have been proposed. First, the expression of ACE2 receptors in
the airway epithelial cells appears to be lower in children [93,94]. Second, children may
exhibit more robust innate immune responses [89,95]. They also have the ability to produce
more rapidly than adults the so-called natural antibodies (IgM) that play an important
role in early phases of infection as they are present prior to antigen encounter. Owing to
their high reactivity, they contribute to containing the infection until specific antibodies
are produced [96,97]. Third, previous infection by seasonal endemic coronaviruses, which
are very frequent in children, could confer a certain degree of cross-reactive immunity
to SARS-CoV-2 (see Q19) [98]. It has also been suggested that frequent vaccinations and
repeated infections might result in a more “trained immunity” (i.e., form of memory exhib-
ited by the innate immune system) [99,100]. Fourth, adaptive immune responses differ in
pediatric and adult populations. In contrast with COVID-19 adult patients, which present
high rates of lymphopenia [59,68], white blood cell counts are within the normal ranges
in most children [90]. Both quantitative and qualitative differences have been observed
in the specific antibody response. Children have a reduced breadth of anti-SARS-CoV-2
specific antibodies and a lower neutralizing activity as compared to adult COVID-19 co-
horts [101]. The reduced functional antibody response could be due to a more efficient
immune-mediated viral clearance [101]. Pediatric T-cell responses to SARS-CoV-2 may
exceed those of adults as children present a higher number of naive T cells [102].

Q17—What do we know about long-term protective immunity to SARS-CoV-2 infection?

Long-term immunity relies on memory T and B lymphocytes, the latter being able to
produce antibodies for a long time. Evaluating its duration and strength in the protection
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against reinfection is a key issue to predict the course of COVID-19 pandemic. Indeed, cases
of SARS-CoV-2 reinfection have been reported [103–107], some resulting in worse disease
outcomes than at first infection [104,105]. Insight can be gained from previous studies on
other human coronaviruses [108]. Protective immunity to seasonal coronaviruses respon-
sible for “common colds” is short-lasting with frequent reinfections [108,109]. In SARS,
serum antibody titers remain elevated for the first 2 years, but then decrease significantly
over time with undetectable memory B cell responses at 6 years. However, SARS-CoV
specific T-cells have been shown to persist more than 10 years after infection [110–114].

Regarding SARS-CoV-2, some authors observed a decline in specific IgG and neu-
tralizing antibodies titers after an initial peak [115]. One study revealed that 40% of
asymptomatic and 13% of symptomatic infected individuals, after showing anti-SARS-
CoV-2 IgG positivity, reverted back to seronegativity in the early convalescent phase [86].
In addition, antibody responses were not detectable in all patients, especially asymptomatic
individuals or with mild forms of COVID-19 [86]. Other studies have however shown a rel-
ative stability of antibodies titers [116,117] for more than 6 months, with S-specific memory
B cells that were more abundant at 6 months than at 1 month post symptom onset [117].

SARS-CoV-2-specific memory T cells have been detected in most convalescent individu-
als, including asymptomatic cases and those with undetectable antibody responses [80,82,118].
Remarkably, more than 90% of “exposed asymptomatic” individuals exhibited detectable T
cell responses to SARS-CoV-2, despite 60% of them only being seropositive [82,119]. However,
a recent study showed that SARS-CoV-2 specific memory T cells declined with a half-life
of 3-5 months [117]. Further studies are therefore strongly needed to assess the kinetics of
long-term immunity and to evaluate the efficiency of memory responses against reinfection.

Q18—What does the expression “cytokine storm” mean?

Between 5 and 10% of COVID-19 patients may develop a severe form requiring crit-
ical care management, with a high mortality rate [59,120]. Rapidly progressing clinical
deterioration is generally observed in the advanced stages of COVID-19 (7-10 days after
symptoms onset), with the development of acute respiratory distress syndrome (ARDS),
accompanied by a state of aggressive systemic hyperinflammation in a condition termed
“cytokine storm” [121]. Notably, ARDS occurs despite a decreasing viral load, suggesting
that it may be due to an exuberant host immune response, rather than to viral virulence [59].
Normal anti-viral immune responses require the activation of inflammatory pathways
and the production of proinflammatory cytokines (IL-1β, IL-6, TNF-α, type I IFNs) [122].
However, in some cases, a dysfunctional immune reaction can lead to an uncontrolled
release of pro-inflammatory cytokines [123]. The “cytokine storm” is not a specific compli-
cation of COVID-19 and can be associated with a variety of other infectious (e.g., influenza,
SARS, MERS) and non-infectious diseases [121,124]. It produces an excessive inflamma-
tory feedforward loop, which starts at a local site (in the lungs in COVID-19) but rapidly
spreads throughout the body and drives the pathology. It is responsible for vascular hyper-
permeability, coagulopathy, widespread tissue damage, leading multi-organ failure with
ARDS, and ultimately death [125–127]. Several factors have been involved and include
rapid viral replication in the early stages of infection, resulting in high proinflammatory
responses. Surprisingly, SARS-CoV-2 is also able to dampen the host immune responses,
inducing a state of immunodeficiency, which contributes to a less controlled inflammatory
response [126] (see Q20).

Underlying uncontrolled diseases that are characterized by an hyperinflammatory
state such as diabetes, but also possibly generalized periodontitis, may increase the risk
of developing severe forms of COVID-19 [128–130]. The presence of diabetes in patients
with COVID-19 is associated with a significant increase in severity and mortality [129].
Various hypotheses have been proposed to explain this correlation, including a dental
hypothesis [131], diabetes being a risk factor for periodontal diseases. Although there is
currently insufficient evidence to link periodontal diseases with an increased risk of SARS-
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CoV-2 infection, some authors have observed a higher mortality for COVID-19 patients
with periodontal diseases [130,132].

The development of treatments targeting the cytokine storm (i.e., anti-cytokine therapy
or immunomodulators; see Q41) will be crucial for patients with severe COVID-19. How-
ever, this strategy must be balanced with the maintenance of an adequate inflammatory
response for virus clearance [127].

Q19—Can previous exposure to “common cold” coronaviruses protect against

SARS-CoV-2 infection?

Four strains of coronaviruses (see Q7) have been shown to be responsible for around
15% of “common colds” in humans [108]. It has been suggested that previous infection
with these seasonal endemic coronaviruses could confer a certain degree of cross-reactive
immunity to SARS-CoV-2 [98]. This can be explained by a relatively high amino acid simi-
larity between recognized SARS-CoV-2 and seasonal coronaviruses epitopes [79]. Indeed,
T cells reactive to SARS-CoV-2 have been detected in 20% to 60% of healthy individuals
without known exposure to the virus [80,110,133]. It has been estimated that more than
90% of adults have serum antibodies specific for the common cold coronaviruses (that
could potentially cross react with SARS-CoV-2 epitopes) [108], but their titers wane rapidly
within months after infection, with only a weak protection against reinfection [63,98,109].
Although we still lack direct evidence that recent exposure to seasonal coronaviruses
can reduce COVID-19 severity (this could also contribute to an increase in inflammatory
signals [79]), understanding the protective value of pre-existing SARS-CoV-2-reactive T
cells will therefore be crucial, in particular since cross-reactive immune responses can be
boosted through vaccination and contribute to an increased vaccine-induced protective
immunity [63].

Q20—Are patients with immunodeficiencies/under immunosuppressants at higher

risk to develop severe COVID-19?

Immunodepression may be a “double-edged sword” in SARS-CoV-2 infection [134].
On the one hand, an immunocompromised state may predispose to infections and facil-
itate virus spreading. Patients with a compromised immune status (e.g., HIV infection,
cancer, primary immunodeficiencies, history of solid organ transplantation, immunosup-
pressive/modulating treatments) have been identified as being at higher risk of developing
severe forms of COVID-19 both in Europe (European Centre for Disease Prevention and
Control; ECDC) and the US (Centers for Disease Control and Prevention; CDC) [135,136].
The risk seems even increased as SARS-CoV-2 itself induces lymphopenia [14,71], favoring
the development of secondary infections (see Q6). On the other hand, in advanced stages
of COVID-19, immunosuppression may be beneficial in countering immune-mediated
damage due to excessive inflammation, particularly in the context of “cytokine storm” (see
Q18). Several immunosuppressive therapies are currently under investigation or at various
phases of development to control or prevent the development of this complication (see
Q41) [59,137]. Current knowledge on the impact of immunosuppression on SARS-CoV-2
infection is still limited with varying results between studies and depending on the cause
of immunosuppression [138–148]. Patients suffering from cancer seem to represent the
highest risk subgroup [140,144,145]. Regarding COVID-19 patients with primary immun-
odeficiencies, more than one third presented only a mild form of COVID-19 and the risk
factors predisposing to severe disease were comparable to those in the general popula-
tion [148]. A higher prevalence of COVID-19 has been observed in patients with systemic
autoimmune diseases, particularly in those without ongoing conventional immunosup-
pressants [147]. However, the risk of complications appeared to be similar when compared
to the general population [146]. Patients under immunosuppressive/modulating therapy
without suspected or confirmed COVID-19 should continue their treatment without mod-
ification, unless otherwise indicated by the patient’s expert physician, as recommended
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by national and international societies [149–151]. Until reliable data are available, a close
clinical monitoring and social distancing should be prioritized for these patients.

Q21—What is the role played by oral/mucosal immunity in SARS-CoV-2 infection?

To date, very little is known about mucosal immune responses at the sites of SARS-
CoV-2 infection. As this virus mainly penetrates mucosal epithelial cells, mucosal immunity
may be an important parameter influencing the infection course. The induction of a strong
local immune response may be crucial for the initial control of the virus and for paving
the way to an effective adaptive immune response [152]. Mucosal immune responses are
initiated at inductive sites in nasopharynx-associated lymphoid tissues and lead to the
production of secretory IgA. The latter play a crucial role in the exclusion of pathogens
from the upper respiratory tract mucosal surfaces. During SARS-CoV-2 infection, IgG,
IgA and IgM antibodies directed against the Spike (S) protein and the receptor-binding
domain (RBD) of the S protein are detectable in the saliva, but only the IgG response seems
to persist beyond day 60 [153]. A better understanding of mucosal immune responses will
be crucial, as they may have important implications for vaccine design, in particular for
the development of mucosal immunization strategies (see Q45) [154,155].

Q22—Can the microbiota play a role in the course of SARS-CoV-2 infection?

The microbiota is crucial for maintaining mucosal homeostasis. Indeed, a persistent
imbalance of microbial communities, named dysbiosis, can lead to dysregulated immune
responses with hyperinflammation. A dysbiosis profile has been observed in COVID-19
patients, particularly in those presenting a severe form of the disease and/or with pre-
existing comorbidities [156–159]. Future studies are needed to understand the interactions
between the microbiome and SARS-CoV-2, and the influence of the microbiota on the
course of the disease. The therapeutic potential of microbiota modulation should also be
evaluated in this context.

5. Diagnosis and SARS-CoV-2 Detection

Q23—What are the various tests to diagnose COVID-19?

Samples are generally obtained using nasopharyngeal swabs (NPS) but also from the
oral cavity, as high viral loads are found both in the respiratory tract and the saliva [160,161]
(see Q31). The highest viral loads are usually detected in the airways 5 to 6 days after the
onset of symptoms. The swabs are then placed in a viral transport medium and can be
kept for up to 72h at 2–8 ◦C, but should be stored below −70 ◦C for longer time [162] The
rRT-PCR (real-time Reverse Transcription Polymerase Chain Reaction) assay, which relies
on the recognition and amplification of viral RNA, is the “gold standard” for diagnosing
COVID-19 [163,164]. The interpretation of rRT-PCR results is based on the number of
amplifications that are necessary to obtain a detectable fluorescent signal, named cycle
threshold (Ct). The Ct is inversely proportional to the viral load of the sample but does not
correlate with the severity of the disease [164]. More recently, Rapid Antigen Tests (RATs)
have emerged as low-cost, fast and simple-handling tests for COVID-19 diagnosis [165].
These tests detect viral antigens using specific recombinant antibodies. RATs are less
sensitive than rRT-PCR assays because they can detect the presence of high loads of viral
antigens, only when the patient is most infectious. Tests that are commercially available
or in development for the diagnosis of COVID-19 are listed at the following address:
https://www.finddx.org/covid-19/pipeline/ (accessed on 5 December 2020) [166].

Q24—What are the roles of the serological tests? [167,168]

While the diagnosis of SARS-CoV-2 infection (acute phase) is primarily based on
detection of viral RNA (see Q23), serological tests, which detect SARS-CoV-2 specific
antibodies (IgM, IgG and/or IgA), are used to identify exposure to the virus. Indeed,
IgM and IgG are not detectable until 1–2 weeks following the onset of symptoms [72] (see
Q14). Serological assays are mainly blood tests, but they can also be performed on other
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body fluids, including the oral fluid (see Q25). Different types of serological assays have
been developed and include quantitative assays to determine antibodies titers (enzyme-
linked immunosorbent assays (ELISAs)), assays with binary results (yes/no; lateral flow
assays), and assays that show Ab functionality (virus neutralization assays). In ELISA and
lateral flow assays, recombinant SARS-CoV-2 antigens (spike (S) and nucleocapsid (N)
proteins, receptor-binding domain (RBD) domain of the S protein) are used to detect specific
antibodies. Neutralization assays are more complicated to implement as they require the
use of replication-competent infectious SARS-CoV-2 (biosafety level 3 facilities). The main
purpose of serological tests is to measure the antibody responses induced by SARS-CoV-
2, but also by the vaccination, and to determine seroconversion. Both quantitative and
functional antibody assays will be important in evaluating immune protection against
reinfection, and known protective titers would be extremely beneficial, in particular for
vaccine development. Serological tests also play an essential role in epidemiological
studies, to evaluate the prevalence of SARS-CoV-2 infection in different populations, and
to determine the level of “herd immunity”.

Q25—What could be the benefits of using saliva tests?

Nasopharyngeal swab (NPS) has been recommended by the World Health Organiza-
tion, especially to test early stage SARS-CoV-2 infection [169], but may be associated with
pharynx irritation, pain, sneezing and cough, increasing the risk of contamination [170].
Saliva offers many advantages because its collection is easy, potentially carried out at-home
by the patient, non-invasive, inexpensive, stress-free, painless, and with a minimal infection
risk [171,172]. Saliva tests have also been developed and approved by the Food and Drug
Administration (FDA) with an Emergency Use Authorization, as saliva contains SARS-CoV-
2 (see Q30 and Q31). In fact, viral loads equivalent to those obtained from NPS are present
in saliva the first week of symptoms, then decrease over time [173]. Based on the presence
of viral RNA in saliva, but also of specific antibodies such as IgA (detectable 2 days after the
onset of symptoms), some tests such as rRT-PCR or ELISA can be performed using saliva,
but require a medical laboratory [172,174]. The promising role of saliva is highlighted by
some tests that are usable in medical office as diagnostic tool, for example by colorimetric
RT-LAMP (reverse transcription loop-mediated isothermal amplification) [175] or on the
field (Point-Of-Need) for mass screening, in particular by lateral flow assay (Rapid Salivary
Test), which detects the presence of the virus (Antigen Test), by identifying the spike (S)
protein in saliva in a few minutes [176].

Q26—What are the diagnostic performances of saliva tests?

When comparing saliva with nasopharyngeal swab (NPS), the sensitivity values of
salivary rRT-PCR ranged from 60% to 98% (mean sensitivity of 85%). Specificity values set-
tled over 90% in most cases [172,177,178]. However, several studies have reported positive
saliva samples from COVID-19 patients with negative NPS, suggesting that the combined
use of saliva and NPS tests could increase diagnostic accuracy [172,178]. Detection of
salivary IgA by ELISA tests, seems to show good diagnostic accuracy (>90% agreement
with rRT-PCR) [174], as well as Point-of-Care technologies with RT-LAMP (95% agree-
ment with rRT-PCR) [179] and Point-of-Need tools with Rapid Salivary Test (sensitivity of
93%) [176]. Further studies are needed, in particular for asymptomatic individuals, where
the diagnostic accuracy of these tests is still largely under evaluation. However, these
tests could be useful before aerosol-generating treatments and could reduce the risk of
SARS-CoV-2 transmission in dental offices.

6. SARS-CoV-2 Transmission and Oral Cavity

Q27—Is the oral cavity a potential entry route for SARS-CoV-2?

The oral cavity can be a significant reservoir for respiratory pathogens such as Mycobac-
terium tuberculosis, Influenza virus, SARS-CoV, MERS-CoV, but also SARS-CoV-2 [180–186].
Several mechanisms could explain the ability of these oral pathogens to exacerbate lung
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infection including their oral inhalation into the lower respiratory tract, by swallowing con-
taminated oral fluid, but also by the oral localization of host receptor-proteases-mediated
pathways facilitating their viral infectivity [184,187,188].

Q28—Which are the oral sites expressing receptor-proteases of SARS-CoV-2

infectivity? Other receptors?

The transmembrane protein receptor ACE2 (angiotensin 2 converting enzyme), as well
as TMPRSS2 (transmembrane serine 2 protease) and furin enzymes, have been identified
as critical determinants of oral SARS infectivity [189]. ACE2 is expressed on different
cells of oral tissues including oral mucosa, gingiva, tongue, salivary glands, and ton-
sils [49,190–196] (Figure 1). Almost 96% of ACE2-positive oral cells would locate in dorsal
tongue. Epithelial cells of the oral cavity showed abundant expression of ACE2 receptor,
that is also expressed in T cells, B cells, and fibroblasts, although to a lesser extent [190,194].
ACE2 is reported to be predominantly localized to the basal cells of stratified squamous
epithelium but was also visible in the horny layer of keratinized epithelium and finally,
in tongue coating [49,190,191]. Interestingly, gingival sulcular epithelium tended to dis-
play stronger ACE2 expression than the buccal gingival epithelium [191]. The presence
of ACE2 is confirmed in the taste epithelial cells of tongue fungiform papillae. The ep-
ithelial cells of salivary ducts and serous cells of human submandibular glands express
abundantly ACE2 [191,195,196]. Its expression in epithelial cells of minor salivary glands
is even higher than in lung cells, and could constitute a reservoir zone for SARS-CoV-2
in asymptomatic patients [193,196]. Interestingly, TMPRSS2 and furin were found to be
expressed globally in the same oral tissues as ACE2 (dorsal tongue, gingiva, salivary
glands, taste buds) [191,196,197]. TMPRSS2 is expressed in the squamous epithelium of
the tonsils [198,199]. Oral localization of furin was not systematically associated with
that of TMPRSS2 and ACE2. Furin-positive cells were neither observed on the surface of
the squamous epithelium of the dorsal tongue and salivary ducts, nor on tongue coating.
Conversely, furin was secreted in saliva like TMPRSS2 [191]. TMPRSS2 may play a larger
role in oral infection compared to furin, and ACE2–TMPRSS2 co-expression is a privileged
target for SARS-CoV-2 infection.

Figure 1. Potential entry routes for SARS-CoV-2.
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The membrane protein neuropilin (NRP1) and extracellular MMP inducer (EMM-
PRIN) have been recently considered as other targets for SARS-CoV-2 infectivity. NRP1 is
expressed in the differentiated epithelial cell layers of human normal tongue and in epithe-
lial cells of human healthy salivary glands. The neuropilin-1 receptor is up-regulated in
dysplastic epithelium and oral squamous cell carcinoma [200–204]. EMMPRIN expression
is also up regulated in oral squamous cell carcinoma. Since ACE2 expression is depleted in
oral squamous cell carcinoma, EMMPRIN receptor might be taken over for SARS-CoV-2
entry into cancer host cells [201,205]. The oral expression of all these factors indicate that
oral cavity may be vulnerable to SARS-CoV-2 invasion.

Q29—Does SARS-CoV-2 penetrate the oral tissues?

While Wang et al. have reported a proliferation of SARS-CoV in exfoliated epithelial
cells in saliva [184], SARS-CoV-2 is detected with a sensitivity of 89.8% on the surface of
the tongue after swabbing [206]. To our knowledge, there is only one article demonstrating
the direct presence of SARS-CoV-2 in COVID-19 autopsy oral tissues such as human
salivary glands and mucosa. In particular, SARS-CoV-2 was detected in oral squamous
keratinocytes [196].

Dysgeusia and xerostomia (early symptoms associated with SARS-CoV-2
infection) [195,207–209], but also some oral manifestations such as tongue ulcers [210],
could be related to the presence of SARS-CoV-2 invasion factors (such as ACE2 and TM-
PRSS2) on the taste buds and dorsal tongue [196]. Interestingly, the expression of ACE2
and TMPPRSS2 in gingival sulcular epithelium (directly linked to gingivitis or periodon-
titis) [191], and the detection of SARS-CoV-2 in the inflammatory gingival crevicular
fluid [211], raise questions on the possible role of this epithelium in SARS-CoV-2 infection.
The potential passage of SARS-CoV-2 through the systemic route [212] could be considered
as it has been demonstrated for periodontal bacteria such as Porphyromonas gingivalis [213].
It might be possible to imagine the risk of co-infection between SARS-CoV-2 and bacteria of
the periodontal pocket. Co-infection of influenza virus and Porphyromonas gingivalis could
initiate in vitro the autophagy of pulmonary epithelial cells [214].

Q30—How does saliva represent a reservoir for SARS-CoV-2?

Whole saliva is a biological fluid secreted by major and minor salivary glands and
contains gingival crevicular fluid (GCF), desquamated oral epithelial cells, dental plaque,
bacteria, nasal and bronchial secretions, blood and exogenous substances [215]. The de-
tection of SARS-CoV-2 in saliva was first reported in 11 COVID-19 patients (91.7%) in
Hong Kong [216]. Since then, more than 250 publications have revealed the presence of
SARS-CoV-2 in saliva, in connection with the development of saliva diagnostic tests for
COVID-19. At least four different pathways for SARS-CoV-2 entry are suggested into
saliva: first, by major and minor salivary gland infection; second, from the lower and upper
respiratory tract (sputum, oropharynx, cough); third, from the blood into the GCF and
fourth, from dorsal tongue [206,217]. Since SARS-CoV has been shown to be able to infect
epithelial cells in salivary gland ducts, as early as 48h after its intranasal inoculation in rhe-
sus macaques [192], autopsy of human salivary glands from COVID-19 patients confirmed
SARS-CoV-2 infection in these tissues [196]. Furthermore, SARS-CoV-2 nucleic acids were
detected in pure saliva from mandibular salivary glands [195]. The salivary glands could
constitute a direct source of the virions in the saliva. Saliva is principally secreted from the
salivary glands but can contain secretions coming down from the nasopharynx or from the
lung, especially later in infection. Saliva samples obtained by coughing up saliva from the
posterior oropharynx, were collected from 23 SARS-CoV-2 infected patients. Of these, 87%
were tested positive for SARS-CoV-2 [216]. Yet, it is possible that these samples included
secretions from the nasopharynx or lower respiratory tract. A passive contamination of
sputum could affect the kinetics of saliva [218,219]. Some SARS-CoV-2 positive ciliated
cells originating from nasal cavity are found in the saliva [196]. SARS-CoV-2 infected GCF
establishes the possible contribution of this fluid to the viral load of saliva [211]. Finally,
the presence of SARS-CoV-2 on the dorsal tongue and in infected squamous epithelial cells
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in saliva [196,206] provides a potential cellular mechanism for spread and transmission of
SARS-CoV-2 by saliva.

Q31—How does the profile of the viral load in oral fluid change over time?

SARS-CoV-2 viral RNA load in oral fluid globally ranged from 9.9 × 102 to 7.1 ×
1010 copies/mL [161,173,176,216,220–224]. The peak was globally reached during the
first week of symptom onset and declined over time with gradual symptom improve-
ment [161,173,183,216,220–223,225,226]. A high load in the pre-symptomatic phase could
also be expected [227]. During the period of virus shedding, viral RNA could be detected
up to 25 days after symptom onset [161,173,184,216,219] and in one case report, up to
37 days [228], independently of the severity of the illness [184]. Few studies have reported
an association between viral loads and severe symptoms [173,216,225,229]. Although
in a study using posterior oropharyngeal saliva, viral loads were found higher (1 log10
higher) in patients with severe disease compared to patients with mild disease, this re-
lationship was not statistically significant [216]. No significant difference was observed
in disease severity or clinical symptoms between patients in whose saliva viral RNA
was detected or undetected [225]. However, the prevalence of severe disease and cough
were frequently higher in patients in whom viral RNA from saliva was detected [218].
Interestingly, several studies have reported the presence of viral RNA in the saliva of
asymptomatic patients [220,225,230–232]. Salivary SARS-CoV-2 RNA was detected in more
than 50% of asymptomatic patients and of patients before the symptom onset [225]. Among
98 asymptomatic health-care workers, two individuals were tested negative for matching
self-collected nasopharyngeal samples, but positive in saliva [161]. Alternatively, saliva
samples from symptomatic patients with negative SARS-CoV-2 NPS could also be posi-
tive [233,234]. Saliva may be more sensitive in detecting asymptomatic or pre-symptomatic
infections. The timing and duration of infectivity are important to establish, especially
for asymptomatic individuals, because the risk of transmission by air through salivary
droplets is possible. Indeed, the relationship between SARS-CoV-2 detection, viral load
and infectivity is still unclear as viral RNA may not represent infectious transmissible
virus. Viral culture studies using COVID-19 patients to confirm the presence of infectious
SARS-CoV-2 are limited. A positive viral culture of infectious virus was found from the
saliva of three patients [221]. The infectivity of SARS-CoV-2 in saliva has been demon-
strated, even 15 days after the onset of clinical symptoms, using cell culture and an animal
model [235]. A recent study suggested that no viable virus could be cultured from salivary
swab specimens collected from COVID-19 patients with prolonged viral RNA shedding
(>20 days after diagnosis) [236]. The risk of virus transmission can therefore be expected to
be low, even though late viral shedding is present in asymptomatic or mildly symptomatic
patients. Further investigations with larger cohorts and standardized procedures are neces-
sary to precise the correlation between salivary viral loads, disease severity, infectivity of
salivary virus.

Q32—What are the physiological aerosolization mechanisms of oral and nasal fluids?

SARS-CoV-2 is transmitted to human either by hand carriage or by airborne route.
In both cases, the virus originates from nose and/or mouth of an infected patient when
breathing, speaking, sneezing, coughing or during dental treatments. By breathing, the
warm (36 ◦C) and moist (6.2% water) gases produced in alveoli rise to the mouth and
nose where they cool and condense before being expelled (0.6 to 1.4 m/s) in the form
of droplets by the respiratory flow. These droplets (0.8–1 μm diameter) contain water
and mucous particles from the alveolar and the upper respiratory tract, and the eventual
infectious agents. They form a bio-aerosol and can contaminate nearby people but can
also remain in the atmosphere (Figure 2). The questions of virus viability duration and
concentration in air remain unsolved [237]. Speaking differs by the vibrations of the
vocal cords, the longer exhalation time, and the typical flow and pression due to some
consonants. Thus, droplets are sprayed from 0.5 to 3 m with possible contamination
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(Figure 2). The same question of virus viability duration and concentration in the air
remains [238]. By coughing and sneezing, air expulsion is brutal (up to 13 m/s), resulting
in the transport of a large amount of alveolar, nasal/oral mucous materials and infectious
agents included in very large droplets up to 100 μm [239]. In a few milliseconds, the
droplets flatten and split up over a distance of 0.7 m. The heaviest particles fall down
and contaminate the underlying surfaces which become fomites. In 10–20 s, the largest
droplets lose water through evaporation, mostly in case of low relative humidity and high
atmospheric temperature [240]. The resulting little particles with a low water content (i.e.,
droplet nuclei) and can stay in the atmosphere for many hours or even days (Figure 2). The
aerial viral load can therefore increase over time, mostly in closed spaces without sufficient
ventilation. Inhaled airborne viruses deposit directly into the human respiration tract.
Finally, airborne transmission appears to be highly virulent and represents an important
transmission route of the disease [241].

Q33—How is indirect viral transmission by fomites possible for COVID-19?

Direct droplet and airborne transmissions of SARS-CoV-2 occur at variable distance
and extended duration [242]. The droplets and droplet nuclei containing SARS-CoV-2
fall down (<1.5 m and several meters, respectively) and contaminate the surrounding
surfaces which become fomites (Figure 2). Viral transmission from contaminated surfaces
or fomites has a long history, including self-inoculation of the oral, nasal and ocular mucous
membranes by hands that have touched these surfaces [243]. This transmission route is
important in dental settings where aerosolization of droplets containing SARS-CoV-2 is also
generated by many dental instruments. The bio-aerosols produced could be found several
meters from the patient’s mouth and could remain in the atmosphere of the treatment room
for several hours before settling on the worktops [237].

Figure 2. Aerosolization mechanisms of oral and nasal fluids.
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Q34—How long can an infected surface remain contaminated?

Regarding the stability of viruses on surfaces, the persistence of SARS-CoV-2 infectivity
on fomites has been analyzed by spraying a solution containing the virus onto various
surfaces [244]. The stability is higher on plastic and stainless-steel surfaces, 72 h and 48 h,
respectively, than on copper and cardboard, 4 h and 24 h respectively. Another study
showed that internal and external protective masks may be contaminated for several days
with SARS-CoV-2 [245]. These results increase the probability of transmission by contact
with fomites since the virus can remain viable several days on supports (plastic, steel) that
frequently found in the medical environment [245,246].

7. Clinical Presentation of COVID-19 and Risk Factors

Q35—What are the main presenting symptoms of COVID-19?

Many individual variabilities in the clinical manifestations of COVID-19 have been
recorded, ranging from asymptomatic patients confirmed by rRT-PCR to severe forms of
infection. The mean incubation period has been reported to be around 5.44 days [247].
The differences in clinical features are due to the age of the infected individuals, their
underlying conditions, immune status, coinfection, or even the daily diet, which seems to
alter ACE2 expression [248].

World Health Organization (WHO) has classified three levels of symptoms [23].

• Most common symptoms: fever, dry cough and tiredness.
• Less frequent symptoms: loss of taste or smell, nasal congestion, conjunctivitis, sore

throat, headache, muscle or joint pain, skin rash, nausea/vomiting, diarrhea, chills
or dizziness.

• Severe manifestations: shortness of breath, loss of appetite, confusion, persistent chest
pain or pressure, high temperature (above 38 ◦C) that can lead to acute respiratory
distress syndrome and “cytokine storm” (see Q18).

Some symptoms may persist, collectively referred as post-COVID syndrome, such as
tiredness, cough, congestion, shortness of breath or even loss of taste or smell [249,250].
Additionally, COVID-19 may increase the risk of health problems by affecting certain
organs such as the heart or lungs.

In the oral cavity, sudden loss of taste and smell has been suggested as an early and
easy indicator of COVID-19 [251,252].

Q36—What are the main comorbidities and risk factors of COVID-19?

The links between COVID-19 severity and the presence of underlying comorbidi-
ties have been thoroughly studied [71,253,254]. Richardson et al. have concluded that
hypertension, obesity (see Q38), diabetes and chronic obstructive pulmonary diseases
are the most common comorbidities [255]. The risk is increased in elderly patients with
weakened immune response, higher frequency of metabolic syndrome along with an
increased damage of endothelial cells, as well as increased affinity and distribution of
ACE2 (angiotensin 2 converting enzyme) and TMPRSS2 (transmembrane serine 2 protease)
compared to children [256,257]. Stable vitamin D3 level and melatonin availability may
have protective effects against COVID-19 [258,259]. Smoking and exposure to nicotine,
associated with the fragility of the cardiopulmonary system, may be linked to severe
COVID-19 forms. However, some studies have suggested a protective effects of smoking
via the anti-inflammatory action of nicotine [260,261]. Drug–drug interactions (especially
in the context of cancer and autoimmune diseases) have been also considered as a major
factor affecting the circuit of COVID-19 for patients receiving these therapies [262]. The
severe forms of COVID-19 in patients with underlying conditions have been explained by
the availability of ACE2 in different organs (including lungs, heart, kidneys, brain and oral
mucosa), the extreme immune reaction to SARS-CoV-2 (see Q18), and also the variations
of microbiota (see Q22) [253,263–265]. In the oral cavity, oral submucous fibrosis seems
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to worsen COVID-19 by activating ACE2 [266]. Poor oral health, as an indirect cause of
comorbidities, may increase the risk of severe symptoms [267].

Q37—What are the main symptoms in children and adolescents? Can they present

severe forms of COVID-19?

COVID-19 is much less common in the pediatric population. In a cohort of 44,672
confirmed cases, only 2% were children and adolescents aged from 0 to 19 years [87].
Severe forms are rare within this population (0.6%) [268] with very low morbidity and
mortality rates compared to the adult population (0.3% of total deaths in the US) [23].
Children tend to develop a milder disease with reduced respiratory symptoms and a
very low incidence of acute respiratory distress syndrome (ARDS). Although a large
proportion of infected children is asymptomatic [87,90,91], they can spread SARS-CoV-
2 [269]. COVID-19 can affect children at all ages (average age: 8–9 years) with no significant
sex difference [270]. Children have been typically exposed to the virus through a family
member (75.6%) [271]. Fever remains the main presenting symptom together with cough,
rhinorrhea and tiredness [271].

Children with other underlying conditions (e.g., congenital heart diseases, pulmonary
chronic diseases, diabetes, immune-related disorders, co-infections, obesity) may however
develop severe forms of COVID-19 [136,270]. In rare cases, SARS-CoV2 infection has also
been associated with severe multisystem inflammatory syndrome (MIS-C or Kawasaki-like
hyperinflammatory syndrome) in previously healthy children [272].

No evidence of any related oral manifestation of SARS-CoV-2 infection has been
found. All reported manifestations, like fissured lips, erythema, or strawberry tongue
(Kawasaki-like disease manifestations) were more related to the underlying conditions and
the immune system rather than to the infection itself [273].

Maternal–fetal transmission of COVID-19 during pregnancy is about 2.67% [274], but
it is unknown whether the newborns were infected during pregnancy or delivery [275].
SARS-CoV-2 infection during pregnancy seems to be associated with a higher disease
severity and an increased frequency of fetal and neonatal complications [276]. However,
no relationship between the exposure of newborns to SARS-CoV-2 and the severity of
COVID-19 is yet well established [274].

Q38—What are the links between COVID-19, overweight and malnutrition?

The links between COVID-19, weight and nutrition are complex. On the one hand,
in Europe, the first lockdown resulted in weight gain in approximately 30–40% of the
population (average 2.5–3.0 kg) [277,278]. This was due to boredom or stress, resulting
in an increase in calorie intake (overeating, alcohol) associated with limited outdoor exer-
cise [279]. Besides, overweight people have an increased risk to develop a severe or lethal
form of COVID-19 (see Q36) [280]. On the other hand, lockdown resulted in weight loss
in approximately 10–20% of the population, in average 3 kg [278]. Loss of appetite was
due to stress (fear of going out, income decrease), social isolation or a depressed state [279].
In addition, approximately 60% of people with mild to moderate forms of COVID-19 have
anosmia and ageusia, which generally regress within a few weeks [281,282]. Severe or
persistent forms can cause anorexia and rapid weight loss. Whether it is recent or installed,
underweight is usually the sign of protein-energy malnutrition. SARS-CoV-2 infection
is characterized by inflammatory syndrome leading to increased muscle catabolism and
increased protein-energy needs. There is a vicious circle, because dyspnea, oxygen therapy
and isolation hinder food intake [283]. In a study involving 403 patients hospitalized
for COVID-19, 70% of them left the hospital with malnutrition and an average loss of
6.5 kg [284].

Q39—What are the main oral manifestations of COVID-19?

Taste impairment is considered to be one of the most common oral manifestations
directly linked to SARS-CoV-2 infection, with different degrees varying from dysgeusia,
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hypogeusia, to ageusia [285,286]. Taste alterations can be one of the earliest signs of
COVID-19 and may be the only symptom of COVID-19 in asymptomatic and mild forms
of the disease [287]. Prevalence variations of taste disorders have been reported between
populations [288] but no significant sex difference has been found [289]. Taste disorders
seemed to affect older and hospitalized patients [290], but they can affect younger patients
too [289]. First, it was proposed that taste disorders may be associated with olfactory
dysfunction [289], but later with increasing case reports, it has been shown that they
may happen with or without, and even before the apparition of olfactory disorders [291].
No significant association has been found between comorbidities and the development
of olfactory or gustatory dysfunctions [289]. Dysgeusia was also linked to poor oral
hygiene and hyposalivation [290]. Many difficulties in evaluating this dysfunction have
been reported and include the lack of specific tests, the fact that some COVID-19 patients
did not remember having taste disorders and that patients with severe forms were not
evaluated for dysgeusia. The four taste receptors (i.e., salty, sweet, bitter, sour) can be
affected [289]. Many hypotheses have been proposed to explain taste disorders in COVID-
19 patients [291–293]. They may result from interactions between neurons expressing
high levels of ACE2 and SARS-CoV-2, which consequently disturb the gustatory pathway
by affecting gustatory cranial nerves (VII, IX, X) [292]. The tongue and taste buds’ cells
that highly express ACE2, interact with SARS-CoV-2, and facilitate its tissular invasion,
subsequently altering taste function (see Q28). This was explained by the dysregulation
of dopamine and serotonin pathway [292]. This hypothesis is based on previous findings
on taste impairment with ACE inhibitors used to treat hypertension [294]. Taste disorders
have also been considered as a side effect of COVID-19 treatment [292]. Finally, it has
been suggested that SARS-CoV-2 binds to sialic acids of salivary mucins, which leads to
their accelerated degradation and the alteration of gustative function [195]. Despite the
absence of evidence, dysgeusia seems to persist in some patients, even after COVID-19
recovery [207].

Alteration of salivary glands secretion have also been reported in COVID-19 patients
(about 30% of hospitalized patients) [295] but the links are not yet well established. Elderly
patients and patients with other comorbidities such as hypertension or diabetes have
pre-existing decreased salivary secretion, which makes it difficult to perform an objective
reliable evaluation. Since ACE2 is expressed by acinar epithelial cells of major and minor
salivary glands [221], some authors have hypothesized the development of acute sialadeni-
tis during SARS-CoV-2 infection phase and chronic sialadenitis after recovery [296]. This
hypothesis has been supported by series of case reports of acute parotitis and submandibu-
lar gland sialadenitis in middle-aged to elderly COVID-19 patients [297–299]. Altogether,
this supports a possible direct link between SARS-CoV-2 infection and sialadenitis, but
further investigations are needed in order to establish this relationship, such as eliminating
all other viral co-infections of salivary glands and expand clinical observations to larger
cohorts of COVID-19 patients.

Some authors have described oral manifestations close to those associated with other
oral viral infections such as oral pain (burning), desquamative gingivitis, irregular ulcers
and blisters, aphthous stomatitis, glossitis, mucositis, patchy tongue, recurrent herpetic
stomatitis, lip semi mucosa or vesiculobullous lesions [300–303]. Increased stress and tired-
ness during COVID-19 course have been associated with an increased risk of developing
other oral viruses like Herpes simplex virus or Varicella-zoster virus [304]. ACE2, TMPRSS2
(transmembrane serine 2 protease) and FURIN proteins are highly expressed by epithelial
cells of different oral mucosae (see Q28) [190]. Despite the low number of reported cases of
these manifestations, it seems that they equally affect men and women. All oral mucosa
localizations were found (tongue, palate, lips, gingiva, buccal mucosa). In mild cases, oral
mucosal lesions developed before or at the same time as the initial respiratory symptoms.
Viral exanthem was also suggested to be a COVID-19 related clinical manifestation [305].
Due to lockdown and altered lifestyle (poor oral health or overconsumption of mouth-
washes, tobacco, alcohol), some oral mucosa pathologies could find suitable conditions

138



J. Clin. Med. 2021, 10, 779

for their development or recurrence. Some oral manifestations such as candidiasis have
been reported to be due to opportunistic infections caused by broad spectrum antibiotics
prescription [306]. Similarly, halitosis was described and associated to epithelial changes of
keratinized tongue desquamation [307]. Variation of oral clinical manifestations may be
found even between different members of the same family infected with SARS-CoV-2 [308].
Altogether, this suggests that oral mucosal lesions should be thoroughly investigated in
COVID-19 patients.

Q40—What is the impact of COVID-19 on patients with rare diseases?

As the majority of rare diseases are chronic, COVID-19 pandemic has exacerbated
the difficulties encountered by this population, from potential reduced access to medical
care to increased anxiety, with a significant impact on their health status and social well-
being [309]. Due to the very wide number of rare diseases (over 7000) and their great
variability, it is not possible to address here the impact of COVID-19 on each of these rare
conditions. Expert recommendations and information regarding COVID-19 and specific
rare diseases are available at the following address: http://international.orphanews.org/
summary/id-200327.html (accessed on 21 January 2021).

8. Therapeutic Management of Patients with COVID-19

Q41—Which treatments have been proposed for COVID-19?

Early in the course of the infection, the disease is driven by SARS-CoV-2 replication.
At advanced stages, the disease is driven by an excessive inflammatory response to the
virus, leading to immune-mediated tissue damage, particularly in the context of concomi-
tant “cytokine storm” (see Q18). It has been hypothesized that antiviral strategies would
be more effective in the early course of disease, while immunosuppressive therapies may
be beneficial in the later stages of COVID-19.

The National Institute of Health provides treatment guidelines available at: https:
//www.covid19treatmentguidelines.nih.gov/ (accessed on 6 December 2020) [310].

Several antiviral strategies have been proposed and almost all steps of viral replication
have been targeted. All registered clinical trials using antiviral strategies against SARS-
CoV-2 have been reviewed [311]. Chemical molecules tested in clinical trials are gathered
in Table 1 and the mechanisms of action of these antivirals on viral life cycle are shown in
Figure 3.

Figure 3. Mechanisms of action of the antiviral drugs on the viral life cycle.
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• Serotherapies, based on the transfusion of plasma coming from convalescent patients
have early been proposed [312]. This strategy assumes that convalescent plasma
contains a cocktail of neutralizing antibodies against SARS-CoV-2.

• Bamlanivimab is a monoclonal antibody-based therapy, using neutralizing IgG1 tar-
geting the receptor-binding domain (RBD) of the spike (S) protein from SARS-CoV-2.
Clinical trial showed a reduction of hospitalizations for COVID-19 during the 28 days
after treatment, with an improvement of symptoms [313].

• Chemical drugs (Table 1) target the different steps of the virus life cycle, from entry
to virion assembly. Most of the drugs that have been tested in trials are antiviral
molecules that had been developed against other viruses and reused in the fight
against SARS-CoV-2.

• Type I interferons (IFN) are antiviral cytokines that have shown efficacy in the treat-
ment of several viral diseases They trigger the regulation of more than 1000 genes
involved in adaptive or innate immunity, allowing the infected cell to enter in an
antiviral state, decreasing viral spreading, upregulating antigen presentation and
recognition by T and B cells. While type I IFN pathways are targeted and inhibited
by SARS-CoV-2 (see Q13) [314], the virus appears to be sensitive to treatment with
exogenous IFN-β and IFN-α2. Hence, several clinical trials were conducted using
type I IFN alone, or in association with other drugs, showing a decrease of severe
symptoms or a lower mortality [315].

Table 1. Chemical drugs targeting the different steps of the virus life cycle.

Antiviral molecule Initial Use Target in the Viral Cycle References

Losartan ACE2 antagonist ACE2 receptor: protein S binding [316]

Camostat mesylate

TMPRSS2 protease
inhibitor,

recommended for the
treatment of chronic

pancreatitis
Protease TMPRSS2: cleavage of the S protein and

release of the fusion peptide

[50]

Nafamostat
Anticoagulant, targets

Factor Xa and
Thrombin

[317,318]

Umifenovir

Antiviral, fusion
inhibitor used against

Influenzaviruses A and
B pH of endosomal compartments: fusion of viral

and cellular membranes

[319,320]

Chloroquine,
Hydroxychloroquine

Anti-malaria, used in
the treatment of

autoimmune diseases
[318,319]

Lopinavir Antiretroviral, HIV-1
protease inhibitor

Viral protease: maturation of the viral
replication/transcription complex

[321–323]

Ritonavir Antiretroviral, HIV-1
protease inhibitor [322,323]

Darunavir Antiretroviral, HIV-1
protease inhibitor [319]

Danoprevir Antiviral, used for
VHC treatment [324,325]
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Table 1. Cont.

Antiviral molecule Initial Use Target in the Viral Cycle References

Remdesivir Antiviral, developed
against Ebolaviruses

RNA dependent RNA
polymerase (RdRp)

Nucleoside analog
(adenine) [318,319]

Favipiravir
Antiviral, approved for

Influenzaviruses
treatment

Nucleoside analog
(guanine) [318,319,326]

Ribavirin
Antiviral, used for
hepatitis C (HCV)

treatment

Nucleoside analog
(guanine) [318,327]

Clevudine
Antiviral, used for
hepatitis B (HBV)

treatment

Nucleoside analog
(pyrimidine) [328]

Triazavirin
Antiviral, developed
for Influenzaviruses

treatment

Non-nucleoside
inhibitor [329]

Sofobuvir Antiviral, used for
HCV treatment

Nucleoside analog
(pyrimidine) [327,330]

Galidesivir
Antiviral, developed

against HCV, used for
Ebolavirus treatment

Nucleoside analog
(adenine) [330]

Azvudine
Antiviral, developed
against HCV, tested

against HIV-1

Nucleoside analog
(cytidine), [331]

Nitazoxanide

Antiparasitic, used to
treat cryptosporidiosis
and giardiasis, broad

spectrum antiviral

Blocks the maturation of the viral nucleocapsid [332,333]

Several immunosuppressive therapies are currently under investigation or at vari-
ous phases of development to control or prevent the development of “cytokine storm”
syndrome [59,137] (see Q18). Treatment with dexamethasone, a corticosteroid, has been
shown to improve survival in patients with severe COVID-19 and receiving respiratory sup-
port [334]. Therefore, the use of dexamethasone has been strongly recommended [334,335].

COVID-19 has been associated with a prothrombotic state [336] and an increased
incidence of thromboembolic disease has been reported [337]. Anticoagulant thrombopro-
phylaxis has been recommended (in the absence of a contraindication) in acutely/critically
ill hospitalized patients by different expert panels [338–340]. However, the risks and ben-
efits of anticoagulation in COVID-19 patients must be evaluated by dedicated clinical
trials.

9. Vaccine Strategies for COVID-19

At the beginning of January 2021, more than 60 candidate vaccines reached the clinical
trial stage of development. Out of them, 10 reached phase III, and 5 were used for vacci-
nation in various countries. World Health Organization maintains a landscape document
referencing the candidate vaccines in development [341], available at: https://www.who.
int/publications/m/item/draft-landscape-of-covid-19-candidate-vaccines (accessed on
22 November 2020).

Q42—Which are the various strategies to design vaccines to protect against

SARS-CoV-2 infection? [81,342–344]

Several vaccine platforms are under development and include:
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• Inactivated virus vaccines: They are produced by culturing SARS-CoV-2 in cell cultures
followed by inactivation of the viral particles to prevent their replication into the host.
Whole virus or subunits may be used. Three candidates are in phase III, and 5
candidates are in phases I/II.

• Viral vectored vaccines: They use viral vectors (i.e., another virus than SARS-CoV-2)
engineered to express SARS-CoV-2 proteins and able to infect target cells. The latter
produce viral proteins that usually induce strong humoral and cellular immunity. Non-
replicating human or simian adenoviruses are used as viral vectors in several clinical
trials (four in phase III). Replicating viral vectors from vesicular stomatitis virus or
measles virus are also used for the development of COVID-19 vaccines (currently in
phases I/II).

• Protein and peptide vaccines: Recombinant SARS-CoV-2 proteins or peptides may be
used for vaccine formulations. Candidate vaccines focus on the S protein or its RBD
domain subunit to obtain antibodies that neutralize virus entry in target cells. Fifteen
candidates are in phases I/II, and 4 in phases II/III.

• mRNA vaccines: Viral protein-specific mRNA encapsulated into lipid nanoparticle
are expected to reach the cytoplasm of target cells. Thus, cells produce and release the
protein of interest, which induces both humoral and cellular immune responses. This
technology is new, and mRNA vaccines pose logistical issues as they need to be stored
at very low temperatures (−80 ◦C). Two mRNA vaccines encoding the S glycoprotein
or its RBD subunit were claimed to be at least 90% protective against COVID-19 as a
result of the phase III trials. Four other mRNA vaccines are under phase I/II clinical
trials.

• DNA vaccines: They are based on a plasmid DNA containing the gene of the S protein
or its subunits under the control of a mammalian promoter. Despite the high stability
of plasmid DNA, DNA vaccines often exhibit low immunogenicity, and have to be
administered via delivery devices (e.g., electroporators) to make them efficient. Yet,
no DNA vaccine reached the phase III, but five are in phase I/II.

Q43—How to control vaccinal efficiency and safety? [81,343,345]

The efficiency and safety of a candidate vaccine are supported by several properties:
(1) a virus-specific immunogenic preparation inducing long-term protection, (2) limited
and controlled side-effects, (3) storage conditions that allow an easy distribution all around
the world, (4) an easy route of administration that prevents infectious risks. Each anti-
genic formulation (see Q42) has interests and limitations for combining immunogenicity
and tolerance. Immunogenicity is closely related to vaccine design and the presence of
adjuvant. However, the adjuvant may vary depending on the route of administration (i.e.,
intramuscular versus mucosal). After the assessment of efficacy by in vitro and animal
experiments, the efficacy and safety of a candidate vaccine for humans is determined by the
3-phase clinical trials. Phase I evaluates the safety of vaccine candidates on a limited cohort,
phase II establishes formulation and dosages to optimize efficacy and to limit side-effects,
and phase III demonstrates efficacy and safety in a larger cohort. In traditional vaccines
development these clinical trials take 5 to 7 years, whereas they only took several months
in the accelerated anti SARS-CoV-2 vaccines development. We have to keep in mind that
the efficacy of a vaccine may be evaluated not only by total prevention of the disease but
also by preventing the severe forms and decreasing the hospitalization rate. All vaccines
that have reached phase III use the intramuscular route of delivery, which can limit their
use in developing countries. However, candidate vaccines using mucosal routes are under
investigation (see Q45).

Q44—What does “Vaccine-Associated Disease Enhancement” mean? [81,343,346,347]

Vaccine-associated disease enhancement (VADE) can result from Antibody-associated
Disease Enhancement (ADE) and/or a Th2 biased immune response. ADE appears when
the immune response produces low titers of neutralizing IgG antibodies. Thus, the antibody
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response is unable to block virus entry into target cells but can even facilitate it. Antigen-Ab
complexes induce the release of inflammatory cytokines by binding to Fcγ receptors on
immune cells, or by activating the complement cascade. In a similar way, the bias of the
helper T-cell response to Th2 rather than to the anti-viral protective Th1 dominant response
(cell-mediated response), induces pro-inflammatory cytokines release and eosinophilic
infiltration. VADE results in an increased disease severity in vaccinated animals/humans
submitted to natural infection. VADE has been reported during the development of
several vaccines (against Respiratory Syncytial Virus, Dengue, SARS-CoV, MERS-CoV).
To control the risk of VADE, SARS-CoV-2 candidate vaccines must induce (1) high and
long-lasting titers of neutralizing antibodies, (2) low titers of non-neutralizing antibodies,
and (3) a strong cellular immunity. More than likely, candidate vaccines entering phase
III respond to these criteria. However, the diversity of the immune responses among the
population (i.e., younger versus older, male versus female, previously infected versus
naïve) and its impact as regards the risk of developing VADE is still an open question.
Even if phase III trials have not evidenced such side effects, the exposure of vaccinated
individuals to natural infection is not easy to follow, and probably, waiting for longer
periods as well as larger cohorts will be needed to evaluate the real risk.

Q45—How could oral mucosal immunity contribute to vaccine development? [155,348]

Mucosal (nasal or oral) route vaccines for COVID-19 prevention represent 5 out of
the 51 vaccines in clinical trials (December 2020). The nasal/oral routes present several
interests for vaccine development against viral diseases, especially those affecting the
airways: (1) secretory IgAs are polymeric and efficiently neutralize virus entry in animal
models of SARS, (2) nasal/oral vaccines are associated with high titers of secretory IgA and
a local cytotoxic T lymphocytes activation that may prevent severe forms of respiratory
diseases, (3) unlike IgG, IgA are not able to activate Fcγ receptors expressing cells or the
complement cascade and thus may limit the risk of a “cytokine storm” or ADE (see Q18
and Q44), (4) mucosal vaccines are easy to administrate, do not need medical training and
prevent the risks associated with needle use. However, the mucosal immune system is
devoted to maintaining homeostasis through non-inflammatory processes called “immune
exclusion”. This immune exclusion tolerates the healthy microbiome and prevents tissue
infection by pathogens. The stimulation of the mucosal immune system may induce
tolerance rather than an active immunization, and the development of mucosal vaccines
needs specific adjuvants.

10. Infection Prevention and Control in Dental Facilities Based on World Health
Organization (WHO), European Centre for Disease Prevention and Control (ECDC)
and Centers for Disease Control and Prevention (CDC) Recommendations

10.1. Identification and Management of Suspected/Confirmed COVID-19 Patients

Q46—How to identify suspected/confirmed patients with COVID-19?

Suspected COVID-19 patients are symptomatic patients showing signs of COVID-19
(see Q35) or asymptomatic patients in close contact—within the previous 14 days—with
another person infected or presenting these symptoms [349]. Confirmed COVID-19 patients
are symptomatic or asymptomatic patients who have been tested positive for SARS-CoV-2
with rRT-PCR or rapid antigen test [169]. The early and rapid recognition of infected
patients and patients in close contact with COVID-19 infected individuals aims at limiting
contacts with others to break the viral chains of transmission [349]. Screening questionnaire
based on the criteria of confirmed/suspected SARS-CoV-2 infection should be carried out
by telephone or by internet when a patient makes an appointment, and at the dental office
entrance [350,351].

Q47—How to manage dental appointments?

Patients should access the dental office only by appointment [350]. To minimize
contact with other patients, only one single patient is ideally allowed in the waiting
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room with waiting time as short as possible [350,352]. The planning schedule should be
set with sufficient time for patients’ appointments [350,351,353]. During the COVID-19
outbreak, patients should not be accompanied to the dental office unless necessary. Only
essential persons such as parents of pediatric patients and guardian of patients presenting
intellectual disability are allowed [350–352]. The presence of these persons is prohibited
(if possible) during aerosol-generating procedures (AGPs) [352]. Patients should have their
appointment be rescheduled if they show symptoms of COVID-19 within 10 days, if they
have been tested positive for SARS-CoV-2 infection within 10 days, or if they have had
close contact with a suspected/confirmed COVID-19 person within 14 days, prior to their
scheduled appointment [353]. In case of dental emergency, their appointment must be set
at the end of the day [351].

Q48—How to manage patients according to their COVID-19 status?

For patients who seem to be “negative” for COVID-19, all dental cares can be pro-
vided by applying the standard precautions and using a respirator for aerosol-generating
procedures (AGPs). Patients with suspected/confirmed COVID-19 should not enter the
dental facility, unless they need urgent dental care [350]. Only dental emergency should
be handled minimally invasively—without AGPs if possible—in a well-ventilated room.
The dental staff in the treatment room should be limited to essential personnel and the
doors should always remain closed during treatment. Dental staff should apply standard,
contact and droplet precautions when performing clinical exam, and add airborne pre-
cautions when performing AGPs (see Sections 10.3 and 10.4) [349,351,352]. Tele-dentistry
(i.e., telephone consultations or videoconferencing) could be an alternative to face-to-face
outpatient visits, providing clinical support and pharmacological treatments without direct
contact with suspected/confirmed COVID-19 patients [352]. An appointment can be made
after the contagiousness period (see Q47 and Q57).

10.2. Identification and Management of Suspected/Confirmed COVID-19 Dental Staff Members

Q49—How to identify a dental staff member infected with SARS-CoV-2?

Early detection of SARS-CoV-2 infection among dental staff members may be achieved
through daily self-assessment for signs and symptoms of COVID-19 [351,354], and labora-
tory testing in case of suspected SARS-CoV-2 contamination [354].

Q50—What to do if a dental staff member is suspected/confirmed COVID-19?

Dental staff members exposed to SARS-CoV-2—due to a close contact with a COVID-
19 person without appropriate personal protective equipment—should be excluded from
work, self-monitor their symptoms and self-quarantine for 14 days [353,355,356]. They
should be tested [353,355]. A rRT-PCR test on day 10 after exposure can be performed
and if it is negative, quarantine can be discontinued earlier [356]. Dental staff member
presenting symptoms that are compatible with COVID-19 should stop working, self-isolate
at home [350,351,353] and get tested [350,355]. A dental staff member with a positive
SARS-CoV-2 test—with or without symptoms—should self-isolate at home. The safe return
to work can be achieved after at least 10 days (minimum 20 days for severe COVID-19
and for immunocompromised staff member) with an additional 24 to 72h without fever
associated with improvement of respiratory symptoms [354,357].

10.3. Applying Standard Precautions for All Patients in a COVID-19 Context

Q51—What are standard precautions?

Standard precautions are designed to reduce the risk of pathogen transmission, including
bloodborne and airborne pathogens. They include hand and respiratory hygiene, use of ap-
propriate personal protective equipment based on the risk assessment [351] (see Section 10.5),
care equipment and environmental cleaning, and safe waste management [358].
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Q52—How to perform hand hygiene?

Hand hygiene is one of the most effective method to prevent pathogen transmission
and healthcare-associated infections [358,359], including COVID-19 [353]. Dental staff
members should apply WHO’s “My five moments for hand hygiene” approach: before
touching a patient, before a clean or aseptic procedure, after body fluid exposure risk,
after touching a patient, and after touching patient surroundings (whether or not gloves
are worn). In addition, hand hygiene should be performed before putting on personal
protective equipment and after removing them [353,358–361]. To perform hand hygiene,
nails should be kept natural (without nail polish, artificial fingernails or extenders) and
short (≤0.5 cm). Wearing watches, rings or other jewelry is discouraged, and long-sleeves
should be avoided [360]. When hands are not visibly dirty or soiled, the preferred method
is to use an alcohol-based hand rub for 20−30 s until they are dry [358–360]. Virucidal
activity of hand rub agents is tested by EN 14476 (European Committee for Standardization
standards) or by ASTM E1838 (American Society for Testing and Materials standards).
When hands are visibly dirty or soiled with blood or other body fluids, hands must be
washed with plain soap and water for 40−60 s [358–360].

Q53—How to perform respiratory hygiene?

Controlling the spread of pathogens from the source is key to avoiding any trans-
mission. Standard respiratory hygiene precautions should be applied to every person
exhibiting respiratory symptoms (coughing or sneezing) [358]. Respiratory hygiene precau-
tions are taken during influenza and SARS-CoV epidemics. They are as follows: cover nose
and mouth with a disposable/single-used tissue or bent elbow when coughing or sneezing,
discard used tissues and masks, and perform hand hygiene after any contact with respira-
tory secretions or objects potentially contaminated with respiratory secretions [352,358,362].
During COVID-19 outbreak, patients and visitors should wear a medical or cloth mask in
the dental facility to prevent the spread of respiratory secretions due to potential asymp-
tomatic and pre-symptomatic transmission [351,353]. Patients should be provided with
hand hygiene means, paper tissues and masks in common areas (i.e., reception area and
waiting room) [351–353,358,363].

10.4. Implementing Additional Precautions in COVID-19 Context

Q54—What are additional precautions in COVID-19 context?

Additional precautions are supplementary infection prevention and control mea-
sures required by dental staff members to protect themselves and prevent transmission
of pathogens like SARS-CoV-2 [363,364]. They include contact, droplet and airborne pre-
cautions [362]. During the COVID-19 outbreak, spatial distancing of at least 1–1.5 m
should always be maintained between patients [350–353,363]. It should be also main-
tained between dental staff members when they need to be unmasked (when eating and
drinking) [351]. It can be only broken by dental staff members during a patient’s dental
treatment. In addition, use of physical barriers such as glass or plastic panels as protection
against respiratory droplets can reduce dental staff members’ exposure to SARS-CoV-2,
especially in the reception area [350–352,363]. It does not exempt patients and dental staff
members from respecting spatial distancing and the use of masks [350].

Q55—How to implement contact and droplet precautions in COVID-19 context?

SARS-CoV-2 is mainly transmitted through respiratory droplets (>5 μm in diameter)
and contact routes (see Q32 and Q33). Droplet transmission occurs when a person is
in close contact (within 1 m) of infected people. Their mucosae (mouth, nose, eyes)
are therefore exposed to infectious respiratory droplets. Transmission can also occur
through direct contact with infected people and indirect contact with surfaces (fomites)
in the immediate environment or with medical devices previously used on an infected
person [352]. Therefore, contact and droplet precautions should be implemented by dental

145



J. Clin. Med. 2021, 10, 779

staff caring for each suspected/confirmed COVID-19 patient [349]. They comprise the
use of appropriate personal protective equipment (PPE): medical mask, eye protection,
non-sterile long-sleeved gown, and medical gloves (see Section 10.5) [352,365]. PPE must
fulfil quality standards (European Committee for Standardization [CEN] or American
Society for Testing and Materials [ASTM] standards for instance) [354]. A new set of PPE is
needed when providing care to a different patient. Dental staff members should refrain
from touching their eyes, nose or mouth with potentially contaminated gloved or bare
hands [352].

Q56—How to implement airborne precautions in COVID-19 context?

Airborne transmission refers to the presence of droplet nuclei (<5 μm in diameter)
which can remain in the air for longer periods of time and can be transmitted to others
for distances greater than 1m (see Q32). Airborne transmission of SARS-CoV-2 is possible
in settings where aerosol-generating procedures (AGPs) are performed [352]. During
the COVID-19 outbreak, airborne precautions should be applied by dental staff for each
AGP [350] (e.g., use of high-speed dental turbine and handpiece, air/water syringe, ul-
trasonic scaler, air polishing, and air abrasion) [351]. They rely on the use of appropriate
personal protective equipment: respirator, eye protection, non-sterile long-sleeved gown,
and medical gloves. If gowns are not fluid resistant, dental staff members should use
an additional water-resistant apron. In addition, the dental treatment room should be
ventilated [352].

Q57—When discharging patients from additional precautions?

To relieve patients from isolation, negative rRT-PCR tests are not required [366].
Indeed, the detection of viral RNA does not necessarily mean that a person is contagious.
The duration of rRT-PCR positivity generally appears to be 1-2 weeks for asymptomatic
patients, and up to 3 weeks or more for symptomatic patients [349].

Criteria for releasing COVID-19 patients from isolation are:

• For symptomatic patients: at least 10 days after symptoms onset (14 to 20 days for
severe COVID-19, and 20 days for immunocompromised patients) with an additional
24 to 72 h without fever associated with improvement of respiratory symptoms.

• For asymptomatic cases: 10 days after positive SARS-CoV-2 test [366–368].

10.5. Using Personal Protective Equipment

Q58—Why using personal protective equipment in COVID-19 context?

Appropriate use of personal protective equipment aims to reduce, but not eliminate,
the risks of transmission of respiratory pathogens to dental staff [362].

Q59—How to use gloves in dental facility?

According to standard precautions, medical gloves are indicated in all clinical situ-
ations at risk of contact with blood, body fluids, secretions, excretions and items visibly
soiled by body fluids, and in cases of contact with mucosae and non-intact skin of pa-
tients [359,360,369]. In addition, they are indicated for handling/cleaning instruments,
handling waste and cleaning environmental surfaces in the dental facility [359,360]. Their
use does not replace the need for proper hand hygiene [359,364]. It is recommended to
change them between each patient, and to perform hand hygiene immediately after their
removal [358]. Washing or decontaminating gloved hands is strictly prohibited [360,369].
The double gloving is not recommended for COVID-19 patients [363]. Gloves should be
removed as soon as they are damaged (or non-integrity suspected). They should also be
removed as soon as dental treatment has been completed, and when there is an indication
for hand hygiene [356,360].
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Q60—Which mask for which situation in dental facility?

Masks are indicated for the protection of healthy people. Wearing a mask allows to pro-
tect oneself in case of contact with a COVID-19 patient, and prevents onward transmission
of the virus when used by a COVID-19 patient [365].

For the general population, the cloth mask is recommended as an alternative to the
medical mask during COVID-19 outbreak in public places where there is community
transmission and where other prevention measures, such as physical distancing, are not
possible [349,365]. Patients and visitors should wear their own cloth mask upon arrival
and throughout their stay in the dental facility. Patients may remove them in the dental
treatment room, but they must put it back on at the end of dental treatment [351]. For
dental staff, the use of cloth masks as an alternative to medical masks is not considered
appropriate [363,365] because cloth masks are not personal protective equipment [351].
In addition, cloth masks are not fluid-resistant and thus may retain moisture, become
contaminated, and act as a potential source of infection [363].

Medical masks—also known as surgical masks—are indicated for dental staff member
and at-risk individuals [365]. Continued use of a medical mask by dental staff members
is recommended during all routine activities throughout the entire shift [349,351,353].
Dental staff members caring for COVID-19 patients without aerosol-generating procedures
(AGPs) may wear a medical mask. Medical masks should be type IIR (EN 14683 [European
Committee for Standardization standards] or tested by ASTM F2100 [American Society for
Testing and Materials standards]) [365].

Particulate respirators—also known as filtering facepiece respirator—offer greater
filtration capacity. Whereas medical masks filter 3 μm droplets, respirators filter out 0.075
μm solid particles [365]. Thus, medical masks do not offer adequate respiratory protection
against aerosols (droplet nuclei), especially due to leaks around the edge of the mask when
the user inhales [362]. Use of a respirator is required in dental treatment room where AGPs
are performed, especially for COVID-19 patients [351,353,365,370]. In addition, according
to ECDC and CDC, respirators are indicated when managing a suspected/confirmed
COVID-19 patient (with or without AGPs) [351,353,370]. Respirators should be FFP2 or
FFP3 (EN 149; European standards), N95 (NIOSH-42CFR84.181; US standards), or KN95
(GB 2626-2006; Chinese standard) [365]. Moreover, respirators with exhalation valves
should not be used during surgical procedures as they allow unfiltered exhaled breath to
escape [351,352].

To date, WHO, ECDC and CDC recommendations did not change regarding mask
use despite the emergence of new SARS-CoV-2 variants, which have led to increased
transmissibility [371–373]. However, some countries no longer accept cloth mask for the
general population in certain places (e.g., hospitals, public transportation) and extend the
use of respirators.

Q61—How to use a mask/respirator?

Correct use of mask/respirator consists in performing hand hygiene before putting on
the mask, then placing the mask/respirator on carefully, ensuring it covers the mouth and
nose, adjusting it to the nose bridge, and tying it securely to minimize any gaps between
the face and the mask/respirator, and finally avoiding touching the mask/respirator while
wearing it [365]. Regarding respirator, an initial fit testing is needed before use [352,370].
If the dental staff member has a beard, this may prevent proper fit of the respirator [352].
Mask/respirator should be removed if it is wet, soiled or damaged, if it is exposed to
splashes, if it is touched or displaced from face for any reason [363,365]. The use of the
same medical mask/respirator by a dental staff member between a confirmed/suspected
COVID-19 patient and a patient who does not have COVID-19 is not recommended due to
the risk of transmission [363]. Mask/respirator should be removed without touching their
front, then a hand hygiene should be performed [365].
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Q62—Can dental staff members extend the period of use of their masks/respirators?

Medical mask and respirator are single-used personal protective equipment (PPE).
They should ideally be changed after each patient [351,362]. However, during COVID-19
outbreak, which created severe shortages of PPE, medical masks and respirator could be
used by dental staff without removing them for up to 6h and 4h, respectively [363,364].
However, wearing medical mask during a prolonged period increases the risk of contamina-
tion of the mask/respirator with SARS-CoV-2 and other pathogens. There is a risk that den-
tal staff members will contaminate their hand by touching the front of the mask/respirator.
If it is touched/adjusted, hand hygiene must be performed immediately [363]. The risk of
contamination can be reduced by wearing a face shield over the mask [356]. Finally, wear-
ing the same medical mask/respirator is only allowed to treat several patients who have the
same COVID-19 status [356,364]. Methods of reprocessing medical mask/respirator—by
disinfection or sterilization—are neither well established nor standardized. No evidence is
available to date on the reprocessing of medical mask/respirator [363].

Q63—How to use eye protection?

Eye protection—such as goggles and face shield—are indicated to reduce the risk
of droplets transmission and splashes to the ocular mucosa [365,370]. Face shield cov-
ers and protects the entire face from splashes, including the side of the face and the
chin [363]. Conventional eye glasses should not be used as eye protection [362]. During
COVID-19 outbreak, dental staff should wear eye protection associated with their medical
mask/respirator during all patient care [351]. Immediately after removal, goggles and face
shield should be decontaminated, and hand hygiene should be performed [363].

Q64—How to use gowns?

According to the additional precautions, a long-sleeved water-resistant non-sterile
gown is indicated to protect skin and prevent soiling of work clothes during treatment and
activities that may generate splashes of blood or body fluids, and during aerosol-generating
procedures (AGPs) [356,358,370]. When used, gowns should always be changed after each
patient contact [356]. Immediately after removal, single-use gowns should be discarded
and hand hygiene is required [358]. Cloth gowns can be decontaminated for reprocessing
by machine washing them at high temperature (60–90 ◦C) and laundry detergent [363].
If gowns are not water-resistant, dental staff should use an additional disposable water-
resistant apron over the gown [352,370]. Water-resistant plastic aprons should not be used
alone when performing AGPs on COVID-19 patient [363].

Q65—In which order should personal protective equipment be put on and removed

during dental treatments?

Before dental cares, CDC and ECDC suggest the following sequence to put on personal
protective equipment (PPE): (1) perform hand hygiene, (2) put on a clean gown or apron,
(3) put on a medical mask/respirator, (4) put on eye protection, and (5) put on clean
gloves [351,370]. After completion of dental cares, CDC suggests the following sequence
to remove PPE: (1) remove gloves, (2) remove gown or apron, (3) perform hand hygiene,
(4) remove eye protection, (5) remove and discard surgical mask/respirator, and (6) perform
hand hygiene [351].

10.6. Environmental Cleaning and Disinfection, and Waste Management

Q66—How to perform environmental cleaning and disinfection in COVID-19 context?

Procedures for cleaning and disinfecting the dental environment aim to reduce any
role fomites may play in the transmission of SARS-CoV-2. The SARS-CoV-2 virus remained
viable for up to a few days on surfaces, but it is an enveloped virus with a fragile outer
lipid envelope that makes it sensitive to disinfectants [374]. Materials, objects, and devices
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should be stored in a way that facilitates environmental cleaning and disinfection [350].
In the waiting room, toys, magazines, books or other non-essential items that patients
may touch should be removed [350,351]. All surfaces in dental facility should be regularly
cleaned and disinfected, especially high-touch surfaces, and whenever they are visibly
soiled or contaminated with body fluids [352,363]. In common areas, high-touch surfaces
require regular cleaning at least twice a day. In dental treatment rooms, high-touch surfaces
should be disinfected after each patient visit [350,374] and terminal cleaning is required for
low-touch surfaces, high-touch surfaces and floors at least once a day [374].

After ventilation, surfaces should be thoroughly cleaned using a detergent-disinfectant
product effective against viruses following the manufacturer’s instructions [350,351,375].
Virucidal activity of disinfectants is tested by EN 14476 (European Committee for Stan-
dardization standards) or by ASTM E1053 (American Society for Testing and Materials
standards). Cleaning should progress systematically to avoid missing areas, from the
least soiled (cleanest) to the most soiled (dirtiest), and from higher to lower levels [374].
Cleaners should wear adequate personal protective equipment: water-resistant apron (or a
long-sleeves water-resistant gown after a suspected/infected COVID-19 patient), gloves,
medical mask (or respirator in a room were aerosol-generating procedures have been
performed) and eye protection [374,375].

No-touch disinfection technology, such as UV irradiation or vaporized hydrogen
peroxide, can complement but not replace the first manual cleaning of environmental
surfaces that are required to remove organic material [374]. The effectiveness of alternative
disinfection methods (e.g., ultrasonic waves, UV irradiation, and blue LED light) against
SARS-CoV-2 are not known [351].

Q67—Should sterilization protocols be adapted for SARS-CoV-2?

Dental staff should perform routine cleaning, disinfection, and sterilization protocols
of medical devices [351].

Q68—How to laundry work clothes?

To decontaminate work clothes, machine wash at high temperature (60–90 ◦C) for at
least 30 min and the use of laundry detergent is recommended [361]. If a hot-water cycle
cannot be used, bleach or other laundry products for decontamination of textiles should be
added to the wash cycle [375].

Q69—How to manage waste?

Healthcare waste generated during the care of suspected/confirmed COVID-19 pa-
tients are considered as infectious clinical waste and should be collected safely in clearly
marked lined containers and sharp safe boxes [352,356,361,375]. Waste are disposed at least
once a day [374]. Waste generated in the waiting room can be classified as non-hazardous
and should be disposed of in sturdy black bags before being collected by municipal waste
management services [361].

10.7. Limiting Indoor Air Contamination during the COVID-19 Outbreak

Q70—How to minimize indoor air contamination during dental cares?

For suspected/confirmed COVID-19 patients, aerosol-generating procedures (AGPs)
should be avoided as much as possible. When the AGP is required for dental treatment
and cannot be postponed, the risk can be minimized by performing a preprocedural mouth
rinse, applying rubber dam isolation, using evacuation aspirators/suction and practicing
four-handed dentistry [350,351]. If an AGP was performed, the dental treatment room
needs to be naturally or mechanically ventilated before admitting a new patient [350].

Q71—How to ventilate the dental treatment room?

Adequate ventilation with fresh and clean outdoor air can play an important role to
prevent the spread of airborne infections by reducing the concentration of infectious respi-
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ratory aerosols in indoor air. There are three methods for ventilating: natural (window),
mechanical, and mixed-mode ventilation [352,362,376]. In dental treatment rooms, a mini-
mum of 6 (ideally 12) air changes per hour is recommended by CDC and ECDC [350,351].
WHO recommends an average natural ventilation rate ≥ 60 L/s/patient or ≥ 12 air changes
per hour for mechanical ventilation in an outpatient room with airborne precautions [376].

Q72—Are air cleaners helpful to decontaminate the indoor air?

Air cleaners using a high-efficiency particulate air (HEPA) filter may be effective
in reducing the concentrations of infectious aerosols for dental offices without adequate
natural or mechanical ventilation [352,375,377]. However, the evidence for the effectiveness
of HEPA filters in preventing coronavirus transmission is currently limited [352,356].
If used, the CDC recommends placing the HEPA unit near the dental chair—but not
between a dental staff member and the patient’s mouth—and it should not draw air into or
through the breathing zone of the dental staff [351].

Air cleaners using ultraviolet germicidal irradiation, air ionizers using negative ion
and ozone generators have been proposed in addition to ventilation [351,354,376]. However,
the evidence on their effectiveness is currently limited and they are potentially hazardous
to human health [377].

11. Conclusions

In the course of twelve months, this new virus will have devasted the world order
and challenged our medical practices. Starting from virtually nothing, knowledge about
SARS-CoV-2 is enriching daily, often overthrowing the approaches of the day before.

The answers to these 72 questions were submitted to give the reader a current state of
science in this field. With this review, we have given a broad overview about SARS-CoV-2,
in particular its behavior and transmission abilities, and COVID-19 on a global scale. This
manuscript briefly explains how the patients respond to the infection, the symptoms with a
focus on oral manifestations, the risk factors and comorbidities, but also the strategies that
have been developed to counter the viral spread. As dental professionals are particularly
exposed to COVID-19, due to their practice in a potentially contaminated environment,
one of the objectives of this review was to inform them of the risks of being infected and
therefore transmitting the virus. Thus, we focused on the role played by the oral route
in the infection and transmission of SARS-CoV-2, leading to recommendations related to
infection prevention and control in dental facilities based on guideline from national and
international health agencies.

Finally, the only attitude to be held is to consider each patient as a potential carrier
of the SARS-CoV-2 or of another infectious agent. From these data, the reader should
be able to master the further knowledge and fully play his role as health actor with his
patients. With the difficulties to provide dental healthcare in these specific conditions and
the requirement to mobilize all the sanitary resources, it is essential to rethink the role of
dentists and to give them a greater space in an integrated medical model.
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Abstract: Background: The critically ill patients suffering from coronavirus disease (COVID-19) and
admitted to the intensive care units (ICUs) are susceptible to a wide array of complications that can
be life-threatening or impose them to long-term complications. The COVID-19 oral mucocutaneous
complications require multidisciplinary management and research for their pathophysiological
course and epidemiological significance; therefore, the objective of this study was to evaluate
the prevalence and characteristics of the critically ill COVID-19 patients with oral complications.
Methods: We described the clinical and microbiological characteristics of the critically ill COVID-19
patients in our ICU department (Banska Bystrica, Slovakia). In addition, we reviewed the current
body of evidence in Ovid MEDLINE®, Embase, Cochrane Library, and Google Scholar for the
oral mucocutaneous complications of ICU patients with COVID-19. Results: Three out of nine
critically ill patients (33.3%) in our ICU department presented with oral complications including
haemorrhagic ulcers and necrotic ulcers affecting the lips and tongue. The microbiological assessment
revealed the presence of opportunistic pathogens, confirming the possibility of co-infection. On
reviewing the current literature, two hundred ten critically ill patients were reported to have oral
complications due to their stay in the ICU setting. Perioral pressure ulcers were the most common
complication, followed by oral candidiasis, herpetic and haemorrhagic ulcers, and acute onset
macroglossia. The prolonged prone positioning and mechanical ventilation devices were the primary
risk factors for those oral complications, in addition to the immunosuppressive drugs. Conclusions:
The multidisciplinary approach is strongly advocated for monitoring and management of COVID-
19 patients, thus implying that dermatology and oral healthcare specialists and nurses should be
integrated within the ICU teams.

Keywords: candidiasis; COVID-19; critical care; macroglossia; oral manifestations; pressure ulcer;
prone position
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1. Introduction

The patients with coronavirus disease (COVID-19) have been diagnosed with an
array of oral and dermatologic symptoms in addition to their typical respiratory manifesta-
tions [1–7]. These oral symptoms were equally distributed across the gender and had higher
prevalence among older patients and the patients with higher severity of the COVID-19
infection [1,2]. However, there is still a question about the pathophysiologic origin of these
symptoms, whether they are due to direct viral infection, co-infections, drug reactions,
iatrogenic complications, or stress [2]. Current research shows that coronavirus damage to
respiratory and other organs could be related to the distribution of angiotensin-converting
enzyme 2 (ACE-2) receptors in the human body [8]. The high expression of ACE-2 in
the epithelial cells of the tongue and the salivary glands may explain the development of
dysgeusia and the mucocutaneous oral lesions in patients with COVID-19 [9].

The epidemiologic evidence reveals that up to one-quarter of the hospitalised COVID-
19 patients need intensive care unit (ICU) admission, making them more vulnerable to
secondary pneumonia, cardiac injury, sepsis, kidney injury, and neurologic disorders [10].
The ICU-related cutaneous and mucosal complications, including contact dermatitis, cu-
taneous candidiasis, pressure ulcers, and hospital-acquired infections (HAIs) have been
well documented, and they require a multidisciplinary approach for timely diagnosis and
treatment [11].

The association of oral health and critical care can be depicted as a bidirectional
relationship because frequent toothbrushing and the use of chlorhexidine were found by
a recent Cochrane review to be effective in preventing ventilator-associated pneumonia
in critically ill patients [12]. Moreover, in a national retrospective analysis of ICU patients
in the Czech Republic, facial pressure ulcers including perioral ulcers were significantly
associated with the length of stay in the ICU [13].

The severity and frequency of dermatologic disorders increase dramatically in the
patients with prolonged ICU stay; therefore, a tight collaboration among intensivists,
anesthesiologists, dermatologists, nurses, and oral healthcare professionals cannot be
emphasised enough especially for critically ill COVID-19 patients [14].

In compliance with this guideline, we performed an oral examination for all the
patients at our ICU department with COVID-19 in order to evaluate the hypothesis of
critical care impact on oral mucocutaneous conditions emergence.

The primary objectives of this study were to evaluate the prevalence of oral complica-
tions in ICU patients with COVID-19 and to describe these oral mucocutaneous conditions
clinically and microbiologically if present. The secondary objective was to review the
current body of evidence regarding the oral mucocutaneous complications of ICU patients
with COVID-19.

2. Materials and Methods

On 8 December 2020, there were nine critically ill COVID-19 patients at the ICU
department of F.D. Roosevelt Teaching Hospital (Banska Bystrica, Slovakia). All the
patients underwent a complete oral examination by the same investigator who also took na-
sopharyngeal and lingual swabs for microbiological assessment and reverse transcription-
polymerase chain reaction (RT-PCR) testing.

The samples were collected under sterile conditions in the morning on an empty
stomach using a cotton swab with a solid transport medium for microbiological assessment.
On standard culture media prepared by MASTERCLAVE 10® (Biomérieux, Marcy-l’Étoile,
France), the upper respiratory tract’s biological materials were cultivated using Columbia
agar base dehydrated with sheep blood (Columbia 64674 Bio-Rad, Marnes-la-Coquette,
France), chocolate agar base dehydrated with horse blood (Columbia 64678 Bio-Rad,
Marnes-la-Coquette, France), and Sabouraud dextrose agar base dehydrated (Sabouraud
64494 Bio-Rad, Marnes-la-Coquette, France) in a biological thermostat for 18–24 h at a
temperature of 35–37 ◦C. In the case of pathogenic microorganisms, sensitivity to antibiotics
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was determined qualitatively by the disk diffusion method and quantitatively by estimating
minimum inhibitory concentration (MIC) using the modified microdilution method.

For RT-PCR testing, a viral transport medium (VTM) compatible with the isolation
kit, inactivating the accompanying microbial flora and stabilising the nucleic acid, was
used. The samples were collected in the morning on an empty stomach, and the patients
coughed before swabbing. The collection set included two pieces of Dacron collection
tampons. Firstly, the investigator wiped the palatal arches with a tampon in a circular
motion without touching the tonsils. Secondly, the investigator wiped the mucosa of the
nasal dome back through both nostrils. The samples were transported within one hour to
the microbiology laboratory of the hospital to be tested using an RT-PCR system with a
thermal cycler and QuantStudioTM 5 (Thermo Fisher Scientific Inc., Waltham, MA, USA).
VERSANT® Sample Preparation 1.0 Reagents Kit (Siemens AG. Munich, Germany) was
used to isolate the viral RNA, which was transcribed into complementary DNA (cDNA)
and amplified by standard polymerase chain reaction methods. For viral detection, the FTD
SARS-CoV-2 Assay (Siemens AG. Munich, Germany) kit which identifies N and ORF1ab
genes was used.

The oral cavity was systematically examined—beginning with palatoglossal arch,
followed by mucosa of palatum durum et molle, upper and lower gingiva, dorsum of the
tongue, buccal mucosa, and floor of the mouth. In intubated patients, the examination was
more challenging to perform. The patients’ medical and oral anamneses had been reported
according to the CARE guidelines and in full accordance with the Declaration of Helsinki
for medical research involving human subjects [15,16].

In the second part of this study, we searched the literature from inception until
30 December 2020 for ICU-related oral conditions in COVID-19 patients. An electronic
search strategy composed of a combination of keywords ((COVID-19 OR SARS-CoV-2 OR
coronavirus) AND (candidiasis OR ulcer OR macroglossia OR xerostomia)) was developed
and carried out in Ovid MEDLINE®, Embase, Cochrane Library, and Google Scholar. The
inclusion criteria were admission to ICU and COVID-19 confirmation by RT-PCR testing.
The outcomes of interest included all oral mucocutaneous conditions regardless of their
severity and duration. No restrictions for language or study type were applied.

3. Results

In our examined series of cases, various oral conditions were found in three (33.3%)
of them. The most common condition was haemorrhagic ulceration. On microbiological
assessment, Pseudomonas aeruginosa was cultivated in two (22.2%) patients, and Klebsiella
pneumoniae and Enterococcus faecalis were cultivated in one (11.1%) patient. The RT-PCR
testing yielded positive results in both nasopharyngeal swabs and lingual swabs of 66.6%
of the patients with oral conditions who are further described in detail (Table 1).

Table 1. Critically ill COVID-19 patients at F.D. Roosevelt Teaching Hospital (SK)—8 December 2020.

Patient No. 1 Patient No. 2 Patient No. 3

Age, gender 68-year-old, Male 61-year-old, Male 64-year-old, Male

Medical anamnesis

Arterial hypertension, chronic
hepatopathy,

hypercholesterolemia, and
gastroesophageal reflux

disease.

Obesity, arterial hypertension,
and a history of myocardial
infarction and septic shock.

Chronic medications:
Egiramlon (Ramipril),

Ebrantil (Urapidil), Tenaxum
(Rilmenidine), and

Metoprolol.

Chronic medications: Coaxil
(Tianeptine), Trittico

(Trazodone), and Cefixime.
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Table 1. Cont.

Patient No. 1 Patient No. 2 Patient No. 3

COVID-19-related treatment
before ICU admission

Ceftriaxone, Klacid
(Clarithromycin), Remdesivir,

Paracetamol, Solumedrol
(Methylprednisolone),

Vitamin C, Vitamin B1, and
Fraxiparine (Nadroparin

calcium).
Nasogastric tube:

Isoprinosine (Inosine
pranobex), Atorvastatin,

Lagosa, Vigantol
(Cholecalciferol), Zinc, and

Quamatel (Famotidine).

Ceftriaxone, Remdesivir,
Dexamethasone,

Polyoxidonium, Vitamin C,
Vitamin B1, and Fraxiparine

(Nadroparin calcium).
Nasogastric tube:

Isoprinosine (Inosine
pranobex), Atorvastatin,

Lagosa, Vigantol
(Cholecalciferol), Zinc, and

Quamatel (Famotidine).

Cefixime, Remdesivir,
Solumedrol

(Methylprednisolone).

Date of ICU admission 8 November 2020 12 November 2020 14 November 2020

Dermatologic complications
(extraoral) No Yes Yes

Oral examination
Haemorrhagic ulcers in the
middle third of the dorsal

surface of the tongue.

Haemorrhagic ulcers along
the lips and focal necrosis

affecting the anterior third of
the dorsal surface of the

tongue accompanied by white
patches.

Painful haemorrhagic ulcers
along the upper and lower
lips. Viral exanthem on the
skin in the form of painless

macules.

Reverse
transcription-polymerase
chain reaction (RT-PCR) 1

LRTS: positive
Nasopharyngeal: positive

Lingual: positive

LRTS: positive
Nasopharyngeal: negative

Lingual: negative

LRTS: positive
Nasopharyngeal: positive

Lingual: positive

Microbiological assessment Pseudomonas aeruginosa
Gram-positive cocci,

Enterococcus faecalis, and
Pseudomonas aeruginosa

Klebsiella pneumoniae

Post-ICU outcomes

Deceased on 11 December
2020 due to septic shock and
multiple organ dysfunction

syndrome.

Released from ICU on 21
December 2020 in good
condition and without

intubation.

Released from ICU on 17
December 2020 after two

consecutive negative RT-PCR
results on December 14th and

16th, 2020.
1 LRTS: lower respiratory tract sputum.

3.1. Case-Series of ICU Patients in Banska Bystrica
3.1.1. Case Report No. 1

A 68-year-old male patient with arterial hypertension, chronic hepatopathy, hyper-
cholesterolemia, and gastroesophageal reflux disease tested positive during the mass
antigen-based testing in Slovakia on 31 October 2020 [17]. Three days later, he progressed
with headache, fever, dry cough, and dyspnoea. He was transferred on 8 November 2020
from his district hospital in west Slovakia to our ICU department due to an occupancy
issue. At our ICU department, the patient was continuously under analgosedation by Tra-
madol and Tiapridal (Tiapride; Sanofi-Aventis, Bratislava, Slovakia), and he began to receive
Entizol (Metronidazole; Polpharma, Warsaw, Poland) because of clostridium difficile from
12 November 2020. Two days later, he began to receive Cefepime and Colistin due to Pseu-
domonas aeruginosa which were replaced by Vancomycin and Meropenem on 16 November
2020. To control hypercoagulation, the patient received Fraxiparine (Nadroparin calcium;
GlaxoSmithKline Slovakia, Bratislava, Slovakia) which was replaced by Heparin, and to
control clostridia infection, the patient was prescribed Noradrenalin, Dobutamine, and
Embesin (Vasopressin; Orpha-Devel Handels und Vertriebs GmbH, Purkersdorf, Austria).
By 29 November 2020, the clinical condition worsened, and the inflammatory param-
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eters increased; therefore, Piperacillin/tazobactam, Linezolid, and Voriconazole were
administered.

On 8 December 2020, the patient was intubated, under sedation and without tra-
cheostomy. Our oral examination found out oral lesions at the dorsal surface of the tongue,
specifically in the middle third, in the form of haemorrhagic ulcerations. Oral mucosa
of the mouth in other places was free of lesions. The microbiological assessment for the
swab of tongue dorsum showed Pseudomonas aeruginosa, and the RT-PCR testing for severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was positive for both nasopha-
ryngeal and lingual swabs. During the evening check-up, oedema of the masseter region
was observed bilaterally with pain on palpation which was examined by the head of the
maxillofacial surgery department who confirmed an acute form of bilateral parotitis. Non-
invasive treatment was carried out using a sterile swab from the exudate for cultivation
then administering antibiotic therapy.

The patient deceased on 11 December 2020 due to septic shock and multiple organ
dysfunction syndrome induced by enterocolitis. According to the Committee on Publi-
cation Ethics’ (COPE) Code of Conduct, the permission of the patient’s next of kin was
granted [18].

3.1.2. Case Report No. 2

A 61-year-old male polymorbid obese patient with arterial hypertension and a history
of myocardial infarction and septic shock was admitted to the ICU department with bilat-
eral COVID-19-related pneumonia on 12 November 2020. After two weeks, tracheostomy
was done by an otolaryngologist. On 2 December 2020, a dermatologist was consulted due
to exanthema on the skin of shoulders and back which was diagnosed as viral exanthema
commonly observed in COVID-19 patients [19]. A topical treatment protocol was com-
posed of bisulepin (Dithiaden; Zentiva, Prague, Czech Republic), loratadine (Flonidan; TEVA
Pharmaceuticals Slovakia, Bratislava, Slovakia), and betamethasone (Beloderm; Fagron,
Olomouc, Czech Republic).

During the oral examination, the patient was not under sedation. The microbiological
assessment confirmed the presence of Enterococcus faecalis and Pseudomonas aeruginosa.
However, his RT-PCR testing for lower respiratory tract sputum yielded a positive result
on December 7th and 14th, the results of nasopharyngeal and lingual swabs negative.
The intraoral examination revealed multiple lesions located on the tongue dorsum and
labial mucosa. The lesions were mainly haemorrhagic ulcerations along the lips and focal
necrosis affecting the anterior third of tongue dorsum accompanied by white patches. On
December 18th, tracheostomy cannula was removed, and three days later, the patient tested
negative and was transferred to the non-COVID-19 department.

3.1.3. Case Report No. 3

A 64-year-old male patient who had had contact with his COVID-19 positive daughter
was examined at the emergency department of our hospital with moderate symptoms of
COVID-19; therefore, he was treated at home due to persistent fever, dyspnoea, and dry
cough. The general practitioner prescribed him an antibiotic treatment of cefixime one
week before performing an antigen test for SARS-CoV-2, which yielded a positive result.
On 14 November 2020, the patient was admitted to our ICU department, where a computed
tomography (CT) scan revealed severe bronchopneumonia requiring oxygen supplement.
During his ICU stay, the patient was intubated and treated with Methylprednisolone and
Remdesivir.

On 8 December 2020, the patient was not under sedation; therefore, he was able to
communicate nonverbally. The extraoral examination showed viral exanthem in the form
of painless macules on the skin, while the intraoral examination yielded focal painful
lesions located mainly along the upper and lower lip with a maximum diameter of 7 mm
and erythema around them thus resembling haemorrhagic ulcerations. The oral lesions
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developed simultaneously with ICU admission. On 14th and 16th December 2020, the
patient tested negative; therefore, he was transferred to the non-COVID-19 department.

3.2. Literature Review

On reviewing the emerging evidence on ICU-related complications in COVID-19
patients, fourteen studies (one cohort study [20], two case-control studies [21,22], one
cross-sectional study [23], two case-series [24,25], and eight case-reports [26–33]) with two
hundred ten patients met the inclusion criteria. The majority of the cases were from the
Americas (USA n = 103, 49.5%; Brazil n = 4, 1.9%), followed by Europe (Spain n = 57, 27.1%;
UK n = 16, 7.6%; France n = 2, 1%; and Italy n = 2, 1%), and Middle East (Iran n = 26,
12.4%). The demographic characteristics of 85 cases were described in the primary studies,
sixty-two of them (72.9%) were males, and twenty-three (27.1%) were females. The reported
cases’ average age was 60.2 years old (min: 27, max: 81 years old). All the patients had been
defined as critically ill according to the Australian guidelines for the clinical care of people
with COVID-19 [34]. On their hospital admission, the patients were initially treated with
antibiotics, corticosteroids, and hydroxychloroquine sulphate just before transferring to the
ICU department. During their ICU stay, one hundred eighty patients (85.7%) underwent
prone positioning in addition to mechanical ventilation (Table 2).

The reported oral complications were mainly perioral pressure ulcers (n = 179, 85.2%),
intraoral candidiasis (n = 27, 12.9%), other intraoral ulcers (n = 3, 1.4%), and macroglossia
(n = 1, 0.5%). While the onset ranged between four and twenty-four days after ICU admis-
sion, the duration ranged between one and two weeks. The medical treatments included
dressings, position adjustment, antifungals, antivirals, and surgical interventions including
full-thickness excisions. Regarding the suggested aetiology, most of the complications were
caused by the prone positioning which is an essential procedure for some cases in critical
care. Prolonged pronation cycles, pronation monitored by less experienced staff, and use of
respiratory support equipment were risk factors to increase the incidence of pressure ulcers
among ICU patients who underwent pronation. The use of broad-spectrum antibiotics and
immunosuppressive drugs was associated with co-infections such as fungal, bacterial, or
viral infections in the hospital setting (Figure 1).

3.2.1. Perioral Pressure Ulcers (ICD-11: EH90)

The perioral (facial) pressure ulcers have been the most prevalent ICU-related oral
complication in COVID-19 patients reported by ten studies in one hundred seventy-nine
patients; 73.75% of them were males, and the vast majority were of old age [20–23,25,29–33].
Prolonged pronation and endotracheal intubation were the most evident risk factors for
perioral pressure ulcers. Given the long-term psychological impact of scarring caused by
perioral ulcers, and their interference with mechanical ventilation equipment in the critical
care setting, an array of interventions and prophylactic precautions has been proposed to
prevent this potential epidemic [35–37].

3.2.2. Oral Candidiasis (ICD-11: 1F23.0)

Oral (oropharyngeal) candidiasis has been reported by two studies with twenty-seven
patients who have been treated initially by broad-spectrum antibiotics and immunosuppres-
sants, which are believed to cause immune dysregulation [24,26]. Therefore, the reported
patients were more susceptible to get secondary infections and HAIs, and they were man-
aged by either systemic fluconazole or topical nystatin according to the infection severity
and lesion surface. In addition to our included cases, there were thirty-six COVID-19 pa-
tients with milder clinical courses who experienced oral candidiasis and were not admitted
to the ICU [24,38–43]. The most common risk factor among mild, moderate, and critically
ill COVID-19 patients with fungal co-infection, e.g., oral candidiasis, was the prolonged
use of antibiotics.
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Figure 1. Summary of the oral complications which were reported in the ICU patients with COVID-19; (a) by type, aetiology,
and region; (b) frequency of reported cases by country.
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3.2.3. Oral Ulcers (ICD-11: DA01)

Herpetic ulcers and haemorrhagic necrotic ulcers were reported by Brandao et al. 2020
in three patients above 70 years old [28]. The ulcers emerged four-to-five days after the res-
piratory symptoms, and they were treated by antivirals and photobiomodulation therapy.
The lesions were suggested to be triggered by the ICU admission and the pre-admission
antibiotics, which may have caused immune dysregulation, thus promoting HAIs.

3.2.4. Macroglossia (ICD-11: DA03.5)

Acute macroglossia has been reported by Andrews et al. 2020 in a 40-year-old male
patient who experienced prolonged pronation cycles for eleven days [27]. Endotracheal
tubes and throat packing as well had been associated with lingual oedema as a result of
disruption of venous drainage [44]. There has been a number of ICU cases with acute
macroglossia before the COVID-19 pandemic; therefore, the emergence of this rare but
devastating complication was anticipated, and its non-invasive management is deemed
required [27].

4. Discussion

The emerging evidence on COVID-19 related oral manifestations had triggered a
broad debate regarding the pathophysiological course and the epidemiological significance
of these mucocutaneous symptoms, given that the case definition of COVID-19 needs
to be as sensitive as possible [1–7,43]. The current case definitions of COVID-19 are
exclusively dependent on the typical pulmonary symptoms common with other respiratory
diseases. Meanwhile, from the laboratory perspective, leukopenia with lymphopenia,
thrombocytopenia, high values of C-reactive proteins, and low levels of procalcitonin
are well-established diagnostic aids for case triage [45]. In the review of Iranmanesh
et al. 2020, direct viral enanthem, inflammatory response secondary to the viral infection,
opportunistic infections, lack of oral hygiene, and stress were suggested aetiologies for the
oral symptoms in COVID-19 patients which were equally distributed across the gender and
associated with older age and more severe clinical courses of the disease [1]. As highlighted
by Riad et al. 2020, the lack of reference time point consistency among the COVID-19 case-
reports and case-series has undermined the efforts for accurate estimation of the onset of
the COVID-19 related oral symptoms and their epidemiological significance [2]. Therefore,
following the reporting guidelines was and is still strongly advocated for COVID-19 clinical
literature.

The COVID-19 critically ill population imposed an unprecedented challenge for
the health systems worldwide due to the supply/demand ratio which has been further
complicated by lack of evidence on the clinical prognosis of COVID-19 cases and their post-
admission complications including the life-threatening ones [46]. However, the common
terminating complications are related to acute respiratory distress syndrome (ARDS) like
multi-organ failure, kidney injury, sepsis, atrial arrhythmias, and myocardial infarction,
the dermatological complications like candidiasis, and perioral ulcers can become life-
threatening if left untreated [10]. Therefore, the multidisciplinary approach of managing
COVID-19 patients in ICU units, the use of teledermatology and teledentistry, the allied
staff’s awareness of those mucocutaneous complications are highly recommended while
navigating through this pandemic [47–49].

The primary objective of this study was to share our clinical experience with critically
ill COVID-19 patients in a central European country with 120,203 detected cases (63,818
females and 56,385 males), 1046 deceased cases, and 30,753 active cases on the day of our
clinical examination—8 December 2020 [50]. The oral complications of our ICU patients
were similar to those described by Brandao et al. 2020 from Brazil, as both groups of patients
experienced haemorrhagic ulcers related to the lips and labial mucosa [28]. All the patients
were above 60 years old, and they were mainly males with a pre-ICU antibiotic therapeutic
course which had been extended during their ICU stay; therefore, immune dysregulation
was suggested as a pathophysiological pathway. This suggestion was supported by the
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microbiological results of our patients which revealed the increase of opportunistic species,
e.g., Pseudomonas aeruginosa, Klebsiella pneumoniae, and Enterococcus faecalis.

One of the limitations of this case-series is that the microbiological assessment of the
lingual swabs was carried out for the patients with oral complications only, and it was not
possible to take clinical photographs because of infection control guidelines and the fact
that there was only one clinical investigator permitted to examine all the patients.

Provided that prone positioning-related complications were the most prevalent ICU-
related oral complications, Moore et al. 2020 systematically reviewed the current body of
evidence and recommended to use pressure redistribution support surface/positioning
devices, use protective coverings during pronation, and carry out simple and frequent
changes in the posture of the patient and the device positioning. The clinicians are strongly
advised to assess the common risk areas for pressure ulcers frequently and to keep the skin
clean and moisturized [35]. This practice recommendation requires a close collaboration
between intensivists, anaesthesiologists, nurses, dermatologists, and dentists to monitor
and manage the pressure ulcers at an early stage. Overloaded healthcare systems for the
long-term by COVID-19 might be one of the reasons for the high prevalence of perioral
pressure ulcers as in many countries less experienced healthcare staff might be present in
the ICU as retrieved by our literature review [22,29].

The immune dysregulation was suggested as a pathophysiological pathway for the
emergence of oral ulcers in COVID-19 patients, especially in the severely affected ones.
This hypothesis was supported by several cases where recurrent aphthous stomatitis
and traumatic ulcerations were ruled out based on rigorous clinical and laboratory in-
vestigation, while herpes simplex virus was detected in the vast majority of the old and
immunocompromised patients [28,51]. Reflecting on other immune dysregulation-related
oral complications like the opportunistic infections especially those that emerge in the
hospital setting, the review of Rawson et al. 2020 recommended to develop antimicrobial
stewardship protocols for managing COVID-19 patients in order to support the optimal
treatment outcomes and prevent the potential bacterial/fungal co-infection in critically ill
COVID-19 patients [52].

Although it is currently confirmed by several high-quality clinical practice guidelines
that hydroxychloroquine should not be used as the treatment for COVID-19 [34,53,54]. This
research waste was identified in treatment protocols of cases from Brazil, Italy, and the USA.
Higher awareness and evidence-based medicine principles about COVID-19 treatment
should be advocated in all countries. A very useful tool that can inform practice by best
available evidence might be the recently published living COVID-19 recommendation
map [55,56].

5. Conclusions

Perioral pressure ulcers, oral candidiasis, herpetic and haemorrhagic oral ulcers, and
acute macroglossia were the commonly reported complications in critically ill COVID-19
patients. These oral mucocutaneous complications were caused by the prolonged prone
positioning and mechanical ventilation devices in the ICU setting, in addition to the
immunosuppressive treatments prescribed for this special cohort of patients. Therefore,
a multidisciplinary approach is strongly advocated for monitoring and management of
COVID-19 thus implying that dermatology and oral healthcare specialists and nurses
should be integrated within the ICU teams.
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Abstract: The novel corona virus, Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2),
and the disease it causes, COVID-19 (Coronavirus Disease-2019) have had multi-faceted effects on a
number of lives on a global scale both directly and indirectly. A growing body of evidence suggest that
COVID-19 patients experience several oral health problems such as dry mouth, mucosal blistering,
mouth rash, lip necrosis, and loss of taste and smell. Periodontal disease (PD), a severe inflammatory
gum disease, may worsen the symptoms associated with COVID-19. Routine dental and periodontal
treatment may help decrease the symptoms of COVID-19. PD is more prevalent among patients
experiencing metabolic diseases such as obesity, diabetes mellitus and cardiovascular risk. Studies
have shown that these patients are highly susceptible for SARS-CoV-2 infection. Pro-inflammatory
cytokines and oxidative stress known to contribute to the development of PD and other metabolic
diseases are highly elevated among COVID-19 patients. Periodontal health may help to determine
the severity of COVID-19 infection. Accumulating evidence shows that African-Americans (AAs) and
vulnerable populations are disproportionately susceptible to PD, metabolic diseases and COVID-19
compared to other ethnicities in the United States. Dentistry and dental healthcare professionals
are particularly susceptible to this virus due to the transferability via the oral cavity and the use of
aerosol creating instruments that are ubiquitous in this field. In this review, we attempt to provide a
comprehensive and updated source of information about SARS-CoV-2/COVID-19 and the various
effects it has had on the dental profession and patients visits to dental clinics. Finally, this review is a
valuable resource for the management of oral hygiene and reduction of the severity of infection.

Keywords: COVID-19; periodontitis; Angiotensin Converting Enzyme 2 (ACE-2); saliva;
inflammation; oxidative stress; dental practice

1. Introduction

Corona viruses are a diversified class of viruses with zoonotic origin, highly transmit-
ted in humans, causing mild to severe respiratory infections. In 2002 and 2012, respectively,
two highly pathogenic coronaviruses emerging in humans were (a) severe acute respiratory
syndrome coronavirus (SARS-CoV) and (b) Middle East respiratory syndrome coronavirus
(MERS-CoV), causing deadly respiratory illness. At the end of 2019, a novel coronavirus
designated as SARS-CoV-2 emerged as a pneumonia of the lower respiratory tract in a pa-
tient in Wuhan, China on December 29, 2019 [1,2]. The World Health Organization (WHO)
classified COVID-19, the disease associated with the virus SARS-CoV-2, as a global pan-
demic. Several patients with pneumonia were then reported to have contracted the novel
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virus, linked to a Hunan South Province China Seafood Market in Wuhan, Hubei Province,
China [3]. This virus has currently spread to approximately 215 countries with over forty
nine million cases and over 1.24 million deaths worldwide [4].

SARS-CoV-2 differs from SARS-CoV due to its higher level of transmissibility and
pandemic risk. SARS-CoV-2 has a greater significant reproductive number (R), the statistic
used to determine how infectious the agent is, at 2.9. SARS-CoV had an R of (1.77) [2,5,6].
It is this specific trait of SARS-CoV-2 that makes it more of a global concern than SARS-CoV.
SARS-CoV-2, like SARS-CoV, is transmitted via aerosols and can pass from human to
human [7]. The incubation period for the virus is from 1–14 days and the infected patient
can remain contagious even through its latency period. Once symptoms are observed, a
positive diagnosis is achieved by performing real-time PCR (RT-PCR) to positively detect
SARS-CoV-2 RNA in various bodily fluids, including sputum, throat swabs, and secretions
of the lower respiratory tract and from fecal and blood samples [2,5]. Alternative detection
methods using serological/antibody testing are also employed but there are conflicting
conclusions about these methods’ effectiveness. Due to the recent discovery of this virus,
its full effects on the body are not yet totally understood. However, scientists and dentists
believe the oral cavity may play a crucial role in the early diagnosis and treatment of
this disease [8,9].

The pneumonia-like symptoms of COVID-19 include fever, cough, myalgia or fatigue,
and complicated dyspnea. However, there are reported symptoms including headache,
diarrhea, hemoptysis, runny nose, and phlegm-producing cough [2]. Symptoms in the
most severe cases rapidly progress to acute respiratory distress syndrome, respiratory
failure, multiple organ failure and death [5]. These patients often experience oral and
gastrointestinal complications, loss of taste and smell [2]. Patients having underlying health
complications such as diabetes, cancer, cardiovascular diseases (CVD) and hypertension are
more susceptible to developing COVID-19 [2,5]. In this Review, we summarize the current
understanding of the nature of SARS-CoV-2/COVID-19 and its link to oral health. Based on
recently published findings, this comprehensive Review covers the epidemiology/origin,
cellular pathways involved, and drug–drug interactions of SARS-CoV-2 with respect to
oral health and dentist perspectives.

2. Epidemiological/Viral Origin Data

SARS-CoV-2 was first discovered and isolated in Wuhan, China. The virus was
isolated from a patient who suffered from pneumonia-like symptoms including fever,
cough, and myalgia/fatigue. Three other cases were soon found and the outbreak was
linked to a local “wet market”. To confirm the infection source of SARS-Cov-2, Centers for
Disease Control and Prevention (CDC) researchers collected 585 samples from the Huanan
Seafood Market in Wuhan, Hubei Province, China between January 1–12, 2020. Though
the original transmission is thought to be animal-to-human in nature, it is now clear that
the virus has adapted a human-to-human transmission pattern. With a now recognized
effective reproductive number(R) of 2.9, researchers declared SARS-CoV-2 as one of the
more transmissible viruses. Other studies suggested that the basic reproduction range (R0)
is between 2.6–4.71 with an average incubation time within the range of 2–11 days [2,5,6].

Important epidemiological factors include age, sex, race, age at death, susceptible
populations, and mortality rate. To date COVID-19 affects populations regardless of
age, with most cases between 35 and 55 years [2,10,11]. Susceptible to death from a
COVID-19 related infection are patients 75 years and older. As of Nov 4, 2020 in the
mortality rate for all 75+ years, COVID-19 patients are at 57% (Figure 1A) [12]. With age a
susceptibility factor, healthcare workers and researchers have also noted that people with
co-morbidities, poor immune function, long-term use of immunosuppressants, and surgery
history before admission are also more susceptible to worse outcomes from a COVID-19
infection [2,13–17]. There are higher rates of infection in males (~59–68%) compared to
females suggesting that female sex hormones may have a beneficial role in protecting
against COVID-19 [2,6,14].
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The mortality rate for COVID-19 is one factor that is under dispute. Between 29 December
2019–28 January 2020, the mortality rate was estimated at between 2.3–11% [2,14,18,19]. As of
1 May 2020 the Infection Fatality Rate (IFR) was 1.4%, meaning 1.4% of people infected
with SARS-CoV-2 have a fatal outcome, while 98.6% recover [2,19,20]. The total number of
deaths from COVID-19 in United States alone is around 231,988 as of 4 November 2020
(Figure 1A) [12]. A comprehensive review by Alcendor provided in-depth information
on the factors associated with morbidity and mortality among minority populations [21].
African Americans (AAs) and Hispanics/Latinos were disproportionately impacted by
COVID-19 infection when compared with non-Hispanic Whites (Figure 1B) [21–23]. U.S.
counties such as Hancock and Randolph County, Georgia, with majority AA population
are experiencing a three-fold higher infection rate and six-fold higher death rate than White
counties. The death rate in AAs ranges from 40–70% due to COVID-19. Comorbidities like
hypertension and diabetes, which are tied to COVID-19 complications, disproportionately
affect the AA community [21].

Figure 1. Cumulative confirmed cases of COVID-19 in United States as of November 4, 2020. The
number of confirmed COVID-19 deaths by age (A) [12], and the number of confirmed COVID-19
deaths by race and ethnicity (B) [22] are presented.

However, the alarming rates at which COVID-19 is causing mortality in AAs extends
beyond these comorbidities and can be attributed to decades of spatial segregation and
inequitable access to testing and treatment [21]. Periodontal disease (PD) and metabolic
syndrome such as obesity, diabetes and hypertension are known to be higher among this
population. Therefore, it is not surprising that the morbidity and mortality rate from
COVID-19 is greater in the AA population. These populations are located in poor accom-
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modation, and have less access to health care and education with high unemployment
rates. Low socioeconomic status is a risk factor for poorer health outcomes and is forcing
some individuals residing in these communities out of their homes and into the workforce.
Therefore, there is an unmet need to increase the access to and effectiveness of diagnostic
testing interventions and provide various educational strategies by understanding the
social, ethical, and behavioral implications of testing among underserved and vulnerable
populations. In addition, biomarker evaluation may also help early diagnosis and identify
the risk factors associated with COVID-19 [21].

3. Mechanism of Infection in Oral and Overall Body Health

Poor oral health may adversely influence other parts of the body. Recent studies
showed that oral manifestations are commonly noticed in about 45% of COVID-19 pa-
tients [24–26]. Salivary glands, tonsils, and tongue are highly sensitive for SARS-CoV-2
infection [27–29]. The development of infection causes loss of taste, smell, and blisters on
the tongue in COVID-19 patients [30,31]. It has been reported that the pathogenic micro-
biome found in different parts of the body such as the oral cavity, lungs and gut enhances
inflammation and oxidative burden (Figures 2 and 3). Studies show PD that occurs due to
gram negative bacteria can aggravate COVID-19 symptoms [32–34]. Co-infection with the
SARS-CoV-2 virus and the pathobionts of the oral cavity plays a critical role in increasing
the inflammatory response and cytokine storm. Poor oral health shows a direct connection
to COVID-19 infection and to a higher risk of severe illness in patients with COVID-19 [35].
In addition, the SARS-CoV-2 virus stimulates lesions on the skin, hand, foot and mouth
disease which resemble those of other viral infections [35]. Further investigations need to
done to determine if the virus in COVID-19 patients causes oral manifestations [36,37].

SARS-CoV 2 is classified as a β coronavirus that infects its host by five sequential
steps: attachment, penetration, biosynthesis, maturation, and release, like many viruses.
There are four structural proteins identified in the nucleocapsids of coronaviruses; Spike
(S), membrane (M), envelope (E), and nucleocapsid (N). The Spike is a glycoprotein that
protrudes from the viral surface, contributing to diversity between coronaviruses, and
setting tropism. The Spike is composed of subunits S1 and S2. S1 binds the host cell while
S2 acts to fuse the host cell membrane with the viral membrane [38].

It was proposed that upon binding of the Spike protein, protease cleavage occurs at the
S1/S2 that triggers priming and activation [38]. Upon cleavage, the subunits remain non-
covalently bound, and S1 assists in the stabilization of the S2 subunit. In contrast, cleavage at
this site allows for fusion via conformation changes that were found to be irreversible [38].
The receptor binding domain in the study done by Shang et al. was found to switch
between a standing-up position and a lying-down position, more binding occurring when
this domain was lying down [39]. Yuki et al. proposed that many different proteases were
found to have the capability of cleaving and activating the Spike, but the furin cleavage
site, specifically at the S1/S2, is believed to make coronaviruses pathogenic [39]. Another
protein, pro-protein convertase (PPC) found at the Spike protein site, was found not to
enhance the entry of SARS-CoV2 into the cell; however, when PCC was mutated at the
site, cleavage was found not to occur, thus decreasing SARS-CoV2’s ability to enter the cell.
Though researchers have elucidated most of the SARS-CoV2 mechanism of infection, work
continues to use what is known to develop strategies to combat the infection and disease
effectively [38,39].

According to Yuki et al., Angiotensin Converting Enzyme 2 (ACE-2) was identified as
one of the key targets for SARS-CoV 2, in which its expression is high among lung epithelial
cells [39]. Shang et al. were amongst a group that discovered that HeLa cells (human
cervical cells), Calu-3 cells (human lung epithelial cells), and MRC-5 cells (human lung
fibroblast cells) were all cells that could effectively be infected by SARS-CoV-2 due to its
increased affinity for hACE2, which all of these cells either exogenously or endogenously
express [38]. Studies have shown that the ACE-2 receptor is a binding site for SARS-CoV2
and helps facilitate the virus’s entry into cells [40]. ACE-2 counters the activation of the
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Renin-Angiotensin-Aldosterone System [41]. Discussions revolve around ACE-inhibitors
potentially modifying ACE-2 receptors and the effect on the virulence of COVID-19 [41,42].
Since the SARS-Coronavirus 2 disease (COVID-19) is primarily a respiratory infection, it is
worth noting that ACE2 receptors are expressed on the lung alveolar epithelial cells. Lung
alveolar epithelial cells were implicated as target cells for SARS-CoV 2 [41–43]. While ACE
inhibitor use was widely examined due to its effects on ACE2 receptors, another class of
antihypertensive drugs was also investigated for similar effects.

The coronavirus infection triggers endoplasmic reticulum (ER) stress responses in in-
fected cells, associated with increased levels of reactive oxygen species (ROS) and unfolded
protein response (UPR). ER stress has an important role in cardiovascular and metabolic
disease, obesity and in diabetes. NRF2 (NF-E2-related factor 2) is a redox-sensitive, basic
leucine zipper transcriptional factor that upregulates antioxidant gene expression by bind-
ing to the promoter region of the antioxidant response element (ARE) [44]. NRF2 controls
the expression array of the detoxifying and antioxidant defense gene in multiple tissue
damage during infection [44]. In addition to regulating antioxidant genes and suppressing
oxidative burden, NRF2 also regulates inflammation in the pathogenesis of various disease
complications including periodontitis [45]. That SARS-CoV-2 inhibits NRF2 indicates that
the virus deprives the host cells of an essential cytoprotective pathway, and it will be crucial
to determine how and when during the process of the viral infection this takes place, and
the underlying mechanism [44]. Binding of viral protein to ACE-2 leads to virus entry.
ACE-2 gene expression in oral tissues [46,47], lungs [48,49], kidney [50], stomach [51], and
colon [52] has been shown to repress NRF2 [53]. The role of NRF2 in viral infections was
investigated in the context of both DNA and RNA viruses [54]. In general, viruses can
benefit from either activating or inhibiting NRF2 in host cells [53]. The receptor-binding
domain (RBD) located in the S protein of SARS-CoV-2 interacts with the angiotensin-
converting enzyme 2 (ACE-2) of host cells to allow viral entry [55]. NRF2 is the most potent
antioxidant in humans and can block the AT1R axis. NRF2 plays a key role in protecting
tissue destruction by excess reactive oxygen species (ROS) and suppressing inflammation
occurring in periodontitis [56]. NRF2 deficiency is known to upregulate ACE-2, whereas its
activator oltipraz reduces ACE2 levels, suggesting that NRF2 activation might reduce the
availability of ACE-2 for SARS-CoV-2 entry into the cell [57]. The upregulation of NRF2
signaling inhibits the overproduction of IL-6, pro-inflammatory cytokines and chemokines
as well as limiting the activation of NFkB [58]. Glycogen synthase kinase 3 beta (GSK-3β)
has been reported to be elevated in adipose tissue of insulin-resistant obese rodent models
and in skeletal muscle of diabetic patients [59]. GSK-3β participates in the cellular response
to oxidative stress, a hallmark of several nervous system disorders through its interaction
with NRF2 [59].

Angiotensin-converting enzyme 2, which is the receptor for SARS-CoV-2, is a regulator
of vascular function by modulating nitric oxide (NO) release and oxidative stress [60,61].
NO reportedly interferes with the interaction between coronavirus viral S-protein and its
cognate host receptor, ACE-2 [62]. Nitric oxide-mediated S-nitro-sylation of viral cysteine
proteases and host serine protease, TMPRSS2, which are both critical in viral cellular entry,
appear to be nitric oxide sensitive [60,63,64]. COVID-19 patients often experience peri-
odontal disease [65,66], and vascular [67,68] and gastrointestinal (GI) [69,70] complications,
perhaps because ACE2 receptors are widely expressed among these tissues [71,72]. A hy-
posalivation symptom is exhibited highly in COVID-19 patients [73,74]. Hyposalivation is
severe in older ages and can be linked to higher COVID-19 infection and mortality rate [74].
ACE-2 has been reported to be present in epithelial cells of the salivary gland and clinical
manifestation observed in COVID-19 patients has been linked to xerostomia [75]. The
expression of ACE-2 in the minor salivary glands was higher than the lungs (lung medium
post-translational modifications (PTM, transcripts per kilobase of exon model per Million
mapped reads) = 1.010, minor salivary gland medium PTM = 2.013), which suggests that
salivary glands could be a potential target for COVID-19 [76]. SARS-CoV RNA can also
be detected in saliva before lung lesions appear [77]. The positive rate of COVID-19 in
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patients’ saliva can reach 91.7%, and saliva samples can also cultivate the live virus [78].
This suggests that COVID-19 transmitted by asymptomatic infection may originate from
infected saliva. Most importantly, SARS-CoV-2 infection may cause only GI symptoms
such as nausea, vomiting and diarrhea in some of these patients [79]. Microbial symbiosis
is very common with viral infection and SARS-CoV-2 RNA has been detected in feces of
COVID-19 patients [80]. NRF2 and NO synthesis can be modulated by bacterial dysbio-
sis [81–83]. Our laboratory showed that Nrf2 and NO signaling play a role in maintaining
vascular and gastrointestinal function in diabetic and oral infection animal models in vivo
and in vitro [84–86]. The above data collectively suggest that infection with SARS-Cov-2
disrupts healthy microbiome and elevates inflammation and oxidative stress. This in turn
modulate Nrf2 and NO signaling and may cause abnormalities in multiple organ function
including respiratory, cardiovascular and gastrointestinal function in COVID-19 patients
(Figure 3).

Al-Lami et al. discussed a higher rates of SARS-CoV-2 infection in adult males (~59–68%)
compared to females [87]. This observation is due to the elevated levels of endogenous
sex steroid hormones such as estrogen and progesterone known to play a critical role in
viral defense in premenopausal women. In contrast, testosterone may be a culprit for the
viral infection in males. Higher morbidity and mortality rate due to COVID-19 observed
in postmenopausal women is probably due to the decrease in endogenous sex steroid
hormones [87]. Sex hormones regulate multiple organ (cardiovascular, renal, GI, etc.) func-
tions through antioxidant and anti-inflammatory properties in various disease conditions
in human and rodent models [88]. The above data suggest that elevated endogenous
sex hormones are more protective against SARS-CoV-2 infection in female than in male
patients. In addition, the available data strongly suggest that a common mechanism of
action on cytokine storm, lung injury and endothelial damage observed in most of the
co-morbidities were also noticed with COVID-19 infection. Therefore, investigating the
changes in these mechanisms may help to better assess the potential severity of COVID-19
infection in both sexes.

 
Figure 2. An overview of COVID-19 infection. COVID-19 infection is more pronounced in pop-
ulations with comorbidities such as periodontitis, obesity, diabetes and cardiovascular disease.
COVID-19 infection induces oxidative stress, triggers unregulated cytokine production (cytokine
storm) and inflammation [89–91]. These events enhance the risk of morbidity and mortality rate in
most vulnerable populations [21,23].
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Figure 3. Schematic representation of the proposed mechanism involved in COVID-19-infection inducing multiple organ
failure. Binding of viral protein to Angiotensin Converting Enzyme 2 (ACE-2) leads to virus entry. ACE-2 gene expression in
oral tissues [46,47], lungs [48,49], vascular [71], kidney [50], stomach [51], and colon [52] has been shown to repress nuclear
factor erythroid 2–related factor 2 (NRF2) [53]. A possible mechanism of ACE-2 and reactive oxygen species (ROS) activation
by COVID-19 and the repressing of NRF2 executes oral manifestations, acute respiratory distress syndrome (ARDS) in
lungs, inflammation and oxidative stress in multiple organs. Suppression of estrogen receptors (ER) by COVID-19 infection
elevates inflammation in multiple organs. Suppression of NRF2 by COVID-19 infection reduces tetrahydrobiopterin (BH4, a
cofactor for nitric oxide synthase) availability, nitric oxide synthases (NOS) uncoupling, thus altering overall gastrointestinal
(GI) function.

4. Pre-Exiting Condition Effect on COVID-19 Outcome

There is an abundance of information available regarding the effects of pre-existing
medical conditions on patients’ COVID-19 infection outcomes. Of the pre-existing con-
ditions that researchers suspect may have an impact on the outcome of patients infected
with COVID-19, hypertension has been frequently mentioned. The primary association
between patients with pre-existing hypertension and COVID-19 is related to the use of
Angiotensin Converting Enzyme (ACE) inhibitors, a common anti-hypertensive medica-
tion [21,40,41,60,92].

In a Japanese study, it was determined that Olmesartan, an Angiotensin Receptor
Blocker that is prescribed as an antihypertensive medication, resulted in a higher uri-
nary ACE-2 receptor than individuals not taking the medication [41,93]. Individuals
with pre-existing hypertension that are currently taking one of these medications and are
subsequently infected with SARS-CoV2 may be more susceptible to severe complications.

Obesity is one of the significant independent risk factor for COVID-19 infection [94].
Obesity itself promotes chronic inflammation, vitamin D deficiency, impairs immune
response and causes atelectasis [95]. Hypoxemia with impaired ventilation has been
associated with abdominal obesity, which increases the severity of COVID-19 infection.
SARS-CoV-2 interacts with the renin–angiotensin–aldosterone system and impairs blood
potassium levels, with increased susceptibility to tachyarrhythmias, possessing a potential
risk of respiratory distress syndrome [95]. Therefore, COVID-19 infected obese individuals
are at an additional risk of an elevated inflammatory influx and electrolyte imbalance that
proves to be a potentially deadly outcome [95].
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Current evidence demonstrates that patients with diabetes are more likely to experi-
ence severe symptoms and complications than patients without diabetes due to COVID-19
infection. Hyperglycemia facilitates the virus entry into the cells since ACE2 and virus both
need glucose for their function [96]. Patients with poorly controlled hyperglycemia have
higher pro-apoptotic factors as well as apoptosis dependent cell death in kidneys, liver,
lungs, and brain [96]. Diabetic patients are prone to more severe degrees of COVID-19
infection due to their altered Renin-angiotensin-aldosterone system (RAAS) functions
which facilitate viral invasion [96].

Besides, PD may also be a pre-existing condition that worsens COVID-19 outcomes [35,37].
Inflammation present in periodontal infections is often caused by an immune response
known as a cytokine storm [89,90]. This immune response facilitates the release of cytokines
locally into the gingival causing inflammation in periodontitis; however, increased cytokine
levels are also observed systemically [97]. The cytokine storm was frequently identified
as a cause of adverse outcomes in COVID-19 infections including Acute Respiratory
Disease and Multiple Organ Failure [97,98]. Since patients with existing PD prior to SARS-
CoV2 infection are likely to have elevated cytokine levels, they may be susceptible to
more severe, and fatal, outcomes. To support this, lung tissues from COVID-19 patients
express the pro-inflammatory cytokines that play an essential role in the development
of PD [98]. Prevalence of severe periodontitis in diabetics and non-diabetics has been
found to be 59.6% and 39%, respectively [99]. Another pre-existing condition pertaining
to oral health is halitosis, which occurs due to an infection either in lungs, ears, nose,
throat or gastrointestinal disease. COVID-19 infection is highly prevalent in subjects with
halitosis [100]. The finding of Riad et al. suggest that SARS-CoV-2 affects the upper side of
the tongue epithelial cells. The proposed alteration is due to the high expression of ACE
2 receptors in the dorsal part of the tongue and around the oral mucosa [101]. Evidence
suggests that the mouth is a powerful source of SARS-CoV-2 infection and transmission.
The presence of underlying co-morbidities synergistically affect the clinical outcomes of
COVID-19 infection.

5. COVID-19 from a Dental Perspective

As a profession, dentistry deals with the human oral cavity, the main route for the
spread of this disease (sneezing and coughing) [102]. This puts dentists and dental offices
particularly at risk of being hubs for the spread of infection, from patients to doctors, and
patients to other patients. As we learn more about this infection, it is important for dentists
and dental practices to update and become as familiar as possible with all aspects of this
disease (Table 1). COVID-19 infection spreads mainly through droplets that remain sus-
pended as an aerosol [36,103,104]. Dental procedures create an increased risk for infection
to patients, doctors, and staff by producing aerosols and the presence of saliva. Dental
practices should have procedures in place for the prevention of transmission of biological
agents. “However, the procedures adopted routinely to date have not been specifically
designed for the prevention of pathogens transmissible by aerosol. Therefore, there are
currently no specific guidelines for the protection of dentists against SARS-CoV-2.” [26].
In addition, there are no specific procedures that are in place to prevent transmission by
aerosol, so extra precautions must be taken to help prevent the spread of COVID-19 [36,103].
Fortunately, the latest statistics show that only 0.9% of dentists surveyed (N = 2195) had
contracted COVID-19 infection. This implies that the recommended current PPE and social
distancing precautions may be sufficient in dental practices to control transmission of
SARS-CoV-2 [105].
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Table 1. Effective COVID-19 Practices for a Dental Office.

Procedures Details Ref

PPE, Decontamination and
Sterilization Procedures

• All equipment surfaces should be
protected with barrier film, cleaned
with hydroalcoholic disinfectants at
concentrations above 60%, and then
changed after every patient.

• It is suggested that patients use a
mouth rinse of 1% hydrogen peroxide
or 1% iodopovidone for 30 secs to help
lower virus concentration in the mouth.

[36,103,106]

Fresh Air or Medical Grade
Air Purifiers

• Allow fresh air between patients either
by open windows or medical-grade air
purifiers.

[107]

Telephone Triage

• Performing a telephone triage with
patients to determine if they have
symptoms or have come into contact
with COVID-19 will allow dental
providers the ability to screen patients.

• If a patient has responses that indicate,
they might have come in contact inform
the patent and defer treatment unless it
is an emergency case.

[108]

Social Distancing

• Dental offices should adhere to social
distancing in the waiting room.
Minimize the amount of people who
have entry into operatory rooms to
individual patients or a single adult
for minors.

• All personal items should be left in the
waiting room.

[105]

Temperatures of all patients,
dentists, and staff are required

• If the patient’s/staff/dentists’
temperatures are less than 100 ◦F and
no COVID-19 symptoms, patients may
be treated, and the dental staff and
dentist may perform treatment.

[109]

In dental practice, prevention of transmission of biological agents take place by use of
PPE, decontamination and sterilization procedures. The SARS-CoV-2 virus is sensitive to ul-
traviolet rays and heat. If exposed to temperatures of at least 56 ◦Celsius (132.8 ◦Fahrenheit)
for at least 30 min it becomes inactive. Performing a telephone triage with patients to
determine if they have symptoms or have come into contact with COVID-19 will allow
dental providers the ability to screen patients [108]. If a patient has responses that indicate,
they might have come in contact, the patient should be informed and treatment deferred
unless it is an emergency case. Dental offices should adhere to social distancing in the
waiting room. The number of people who have entry into operatory rooms should be
minimized to individual patients, or a single adult to accompany minors. All personal
items should be left in the waiting room. Allow fresh air between patients either by open
windows or medical-grade air purifiers [107]. All staff should use PPE (gloves, gowns,
face shields, surgical masks, FFP1,2,3 grade masks) and dispose into medical waste bins to
prevent transmission by aerosol [36,103]. Temperatures of all patients, dentists, and staff are
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required, additionally to proper use of PPE, and disinfection. If the patient’s/staff/dentists’
temperatures are less than 100 ◦F and there are no COVID-19 symptoms, patients may
be treated, and the dental staff and dentist may perform treatment [109]. All equipment
surfaces should be protected with barrier film, cleaned with hydroalcoholic disinfectants
at concentrations above 60%, and then changed after every patient. It is suggested that
patients use a mouth rinse of 1% hydrogen peroxide or 1% iodopovidone for 30 s to help
lower virus concentration in the mouth [106]. Providers should perform extra-oral exams
over intra-oral exams when possible to prevent stimulation of coughing. Besides, dental
treatment may reduce the virus burden for several hours among infected patients. Oral
hygiene and mouthwashes are being looked at for their effect on reducing the viral load of
COVID-19. Chlorhexidine, a common oral rinse, demonstrates substantive uses intra-orally.
However, it appears not to be effective in reducing viral load. Combining chlorhexidine
with ethanol at appropriate concentrations may be a useful strategy to reduce the viral load
as this utilizes the effectiveness of chlorhexidine within the mouth [35,37].

6. Psychological Effects on Dental Patients and HealthCare Providers

Within the dental community, the psychological impacts of COVID-19 are vast. They
affect not only dentists and patients, but also dentists’ family, and staff. As stated earlier,
the nature of the profession places dentists at an increased risk of becoming exposed to
COVID-19 and spreading it to their patients, families, and peers. Fears that dentists have
been reported to experience include carrying the virus to family, getting infected while
treating coughing patients, and getting infected by coworkers. These fears can lead patients
to undergo treatment delays, which is why it is important to develop psychological coping
mechanisms and strategies to keep the practice running [110].

Countrywide shutdowns due to COVID-19 caused many to undergo a mandated
quarantine. The effects of quarantine can have severe impacts on an individual. It increases
the possibility of psychological and mental problems because people lack interpersonal
communication, are distant from those they care about, and psychological treatment
resources are severely limited [111,112]. With that in mind, it becomes essential to look for
warning signs and symptoms that show someone may be suffering from mental trauma.
Some may experience anxiety, depression, nervousness, anger, rumination, hopelessness,
decreased concentration, insomnia, and fear [113,114]. These are some of the emotions
that dentists need to be looking for, not only in their patients but also in themselves and
their staff.

Psychological distress, which often presents as fear amongst dentists, was a common
experience during this pandemic. A study reported that many dentists may experience
fear, anxiety, concern, sadness, and anger, but only a small percentage (8.7%) feel these
intensely [10]. Another psychological effect the dental community may experience is high
overload and low self-efficacy, which were associated with psychological distress amongst
dentists and dental hygienists [114]. Dentists also reported fear for their professional future,
such as inability to pay expenses leading them to go out of business [10,115]. The financial
impact that dentists may experience has both short and long-term impacts. Some providers
will go out of business, which will lead to a shortage of providers [115]. Some of this
psychological distress must be ameliorated by professional improvement, such as better
PPE, body temperature checks, and waiting room access. Jordanian dentists reported that
they lack the minimum PPE and precaution to control infection, with 71% viewing the
virus as moderately dangerous and seeing the importance of social distancing [116].

The psychological fear that both patients and dentists experience can ultimately
influence the patients’ health outcomes. Improvements ibn oral health reduces their risk of
developing the non-oral systemic disease [117]. This is why it is crucial that patients must
receive care while under pandemic conditions. The American Dental Association (ADA)
has created guidelines for dentists to utilize in dental emergencies. These recommendations
take into account the psychological conditions of a patient. Phone triage is being used to
assess the patients’ psychological and neurological functioning, resulting in patient triaging
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based on anxiety risk assessment. Though this cannot solely dictate if a patient has a dental
emergency, it can influence the overall score [118].

Available data demonstrate that higher infection rates and the majority of deaths due
to COVID-19 occur in assisted living homes and underserved communities due to lack
of awareness, education and various psychosocial burdens [119–121]. As the pandemic
continues, new ways to deal with dental concerns, especially in assisted living homes and
underserved communities, are being implemented. As mentioned previously, telemedicine
became an essential tool during COVID-19, assessing and triaging patients while also
limiting contact [5,119,122]. In addition, since smokers were determined to be a high-risk
group for COVID-19 complications, students and medical practitioners need to develop
skills in providing smoking cessation. It is expected to see a trend towards more people
wanting to quit smoking [123].

Korea is an example of implementing psychological well-being in the treatment of
COVID-19. Korea has deployed mental health professionals to assist during quarantine
because feelings of distress and anxiety can be exacerbated when experiencing symptoms
or receiving treatment for COVID-19 [113]. Some strategies to help cope during this time
are self-care and psychological flexibility. Establishing guidelines for dentists and a survey
checking their mental status is an important next step for the dental community [111]. With
these changing dynamics, there is a need to establish safe and secure methods for services
to provide psychological counseling. In summary, high anxiety levels and significant
psychosocial implications were noted among dental staff and health care workers during
this pandemic. Our findings add to a growing body of data on the psychosocial impact of
virus outbreaks on healthcare workers and highlight the importance of wellbeing initiatives
for healthcare workers to be placed at the forefront of future pandemic crisis planning.

7. Potential Drugs for Fighting SARS-CoV-2 Infection and Their Interaction with Oral
Health Medications

It is clinically important for oral health professionals to be aware of possible drug
interactions that may occur between drugs commonly prescribed in dentistry, in order to
prevent adverse reactions that may even endanger the life of a patient with COVID-19.

The ongoing pandemic caused by the SARS-CoV-2 virus has proven to be challenging
in the pharmaceutical pursuit of a successful drug for treatment. New discoveries unveiling
the details of the virus’s biochemical and molecular nature have helped to determine
potential drugs for treatment of the COVID-19 infection. However, the need for successful
clinical trials to substantiate these drugs remains. Therefore, no official FDA approved
drug for the treatment of COVID-19 currently exists. There are currently several drugs
being researched for treatment which will be discussed.

Perhaps the most promising drug investigated for the treatment of COVID-19 is the
antiviral drug known as remdesivir [124]. Remdesivir’s overall mechanism disrupts viral
replication by acting as an adenosine analog. It enters the body as a prodrug but, in its
active form, can incorporate into the viral RNA via RNA-dependent RNA polymerases.
This blocks the enzyme’s activity, which stops RNA synthesis in the virus [125]. The drug
was noted to block the virus in vitro. It also improved the condition of an infected patient
via intravenous administration [126]. Other drugs similar to remdesivir include favipiravir
and ribavirin. Both of these drugs are guanine analogs that are currently approved for the
treatment of other infections. There is still not enough evidence to support their use in the
treatment of COVID-19 [127].

Lopinavir is a protease inhibitor that targets the major coronavirus protease, 3CLpro.
3CLpro is responsible for processing the polypeptide translation product from the genomic
RNA into the protein components. By blocking 3CLpro the virus is unable to complete
normal protein translation and cannot replicate [128]. With ritonavir as a booster, lopinavir
and/or ritonavir have been shown to possess anti coronavirus activity in vitro. The efficacy
of the drug has been tested in vitro and studies have shown that SARS-CoV-2 could be
inhibited by lopinavir and that the drug has an acceptable EC50 [129]. However, most
clinical trial studies assess the drug in combination, or in the late stages of the disease
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progression. Therefore, it is difficult to assess whether lopinavir/ritonavir can treat COVID-
19 as a monotherapy or combined with additional drugs [129].

Chloroquine and hydroxychloroquine are classified as aminoquinolines and are typi-
cally used to treat malaria and autoimmune diseases such as systemic lupus erythematosus.
In the treatment of SARS-CoV-2 infections, they can block the glycosylation of cell receptors
of the virus. They also increases the endosomal pH required for viral fusion and have
the potential to be used as broad-spectrum antiviral drugs. The use of these two drugs is
included in COVID-19 treatment guidelines internationally; however, additional evidential
support is needed. Clinical trials are currently being conducted to assess how safe and
effective the drug is against COVID-19. One study with more than 100 patients found that
chloroquine was more successful at inhibiting the exacerbation of pneumonia than the
control treatment [129]. An additional study found hydroxychloroquine was even more
potent than chloroquine with an EC50 of 0.72 μM,n possibly rendering it more effective at
inhibiting the virus in vitro [130].

In addition, some of the medicines such as ketoconazole and erythromycin, used for
dental treatment may interfere with remdesivir, lopinavir and hydroxychloroquine [131–133].
This in turn may worsen COVID-19 symptoms. Therefore, dental professionals should be
aware of the underlying comorbidities, discuss possible drug interactions and provide an
appropriate treatment regimen for COVID-19 patients visiting dental clinics.

DMF, the only drug approved by the US Food and Drug Administration (FDA) and
the European Medicines Agency (EMA) that targets the NRF2/KEAP1 axis [134], and two
types of NRF2 activator were tested in advanced clinical trials, and thus can be immediately
expedited to examine their therapeutic efficacy in patients with COVID-19. NRF2 activators
such as sulforaphane and bardoxolone methyl are already in advanced clinical trials for
other indications, providing a clear route for their testing in randomized clinical trials in
patients with COVID-19.

Inhaled Nitric Oxide (iNO) is also being developed as a potential treatment for the
pulmonary symptoms of COVID-19 [135]. NO is a potent vasodilator but when it is
administered to a patient intravenously, it is quickly inactivated by hemoglobin. When
NO is aerosolized, it can directly access lung tissue and exert its vasodilator effects on the
lung’s vasculature [135]. iNO has six beneficial effects in COVID-19 patients including,
anti-thrombin effects, anti-inflammatory effects, ventilation/perfusion effects, broncho-
dilatory effects and microbicidal effects. This gas allows patients to have a better chance of
recovery from COVID-19 while on ventilators and other ventilation aids [135].

Corticosteroids such as hydrocortisone and dexamethasone are also being tried out as
they have shown some benefits in pneumonia and ARDS patients [136]. Corticosteroids
were found to be less promising when treated for SARS and MERS [136]. In Covid-19 pa-
tients who received corticosteroids for 3–12 days mortality rate was higher than those who
were not treated with corticosteroids in a meta-analysis study of about 21,350 patients [137].
Hence, there is a need to explore for an optimal duration for the use of corticosteroids in
the treatment of SARS-CoV-2.

Sex steroid hormones, especially estrogen, mount a stronger immune response in fe-
males when compared to males. As estrogen levels fall during menopause, women become
more vulnerable to numerous health issues, including loss of bone mineral density which
can lead to osteoporosis. Around the same time, changes in oral health are also common as
teeth and gums become more susceptible to disease, which can lead to inflammation, pain,
bleeding, and eventually lost or missing teeth. Estrogen therapy was shown to be effective
in reducing tooth and gum diseases in postmenopausal women [138–140]. This protective
role is lost in older adults or postmenopausal women due to decreased levels of endoge-
nous sex hormones among COVID-19 patients [87,88]. Several clinical trials are underway
using sex hormones (estrogen and progesterone) as a potential drug candidate to combat
COVID-19. Jarvis et al. have discussed the combination of estrogen and progesterone
to improve the immune abnormalities due to cytokine storm in COVID-19 patients [141].
Our study demonstrated that in vivo supplementation of estrogen attenuated rapid gastric

192



J. Clin. Med. 2021, 10, 156

emptying and restored gastric relaxation, serum NO levels, nNOSα, and normalizing Nrf2-
Phase II enzymes, inflammatory response, and mitogen-activated protein kinase (MAPK)
protein expression in ovariectomized diabetic rodent model [88]. We speculate that sex
hormones may be helpful in suppressing COVID-19 symptoms by attenuating impaired
Nrf2-NO signaling in targeted organs.

The drugs described include several possible contenders for treatment of the disease,
but more evidence is necessary before an official treatment drug is endorsed. For this to
occur, further in vitro, in vivo and clinical trials are warranted to determine the possible
roles of the drugs in the management of COVID-19.

8. New and Ongoing Research

Research for vaccines and drugs to fight COVID-19 infections has been a priority in
most of the world’s institutions. Until an effective vaccine/drug is developed or discovered,
reliable and efficient testing has become one of the United States most significant needs.
ACE-2 expression has been found to be higher in salivary glands when compared to the
lungs. Therefore, SARS-CoV-2 can be detected in saliva earlier and even before lung lesions
emerge, and patients can present as asymptomatic carriers. A possible correlation between
SARS-CoV-2 infections is the association with sialadenitis. The virus can cause lysis of the
acinar cells in the salivary glands leaking salivary amylase into the bloodstream, leading
to chronic sialadenitis. Dentists diagnosing sialadenitis may recommend that patients are
tested for COVID-19 even though they might not present with the normal symptoms [27].
Salivary testing is widely used for the diagnosis of SARC-CoV-2 RNA among COVID-19
patients across the world.

Syncope or near-syncope may be a sign of COVID-19 infection [117,142]. This is still a
preliminary report, only conducted in non-U.S. patients. The variation in the prevalence of
tobacco use, cardiovascular disease, and dietary patterns may be confounding factors in
correlating syncope with COVID-19 infection [117,142].

Vitamin D (1,25-dihydroxycholecalciferol) deficiencies have recently been linked to
worse prognoses in COVID-19 infections. Vitamin D was found to increase the production
of anti-inflammatory cytokines such as defensins and cathelicidins, which in turn mediate
the response of the immune system to the infection. Pro-inflammatory cytokines damage
lung epithelium and induce the pneumonia-like symptoms associated with a COVID-19 in-
fection. Vitamin D deficiency may be correlated with an increased risk of “cytokine-storm”
immune activity. Nutritionists recommend that people at risk of viral infections such as
influenza and/or COVID-19 consider taking 10,000 IU/d of vitamin D3. After a few weeks
on this regimen, Vitamin D concentrations should be increased to about 40–60 ng/mL
(100–150 nmol/L). For those confirmed COVID-19 positive, a higher dose may be recom-
mended. Research is still ongoing on the effects of Vitamin D and randomized controlled
trials and large population studies should be conducted to evaluate these recommen-
dations [143]. Vitamin D deficiencies may also be linked to why the African American
population in the US may be more susceptible to the adverse risks of COVID-19. Another
innovation in the fight against COVID-19 is the use of copper (Cu). Copper has three
main anti-viral properties which are: (I) it damages viral envelopes and can destroy the
DNA or RNA of the viruses; (II) it generates reactive oxygen species (ROS) that can kill
the virus; and (III) it interferes with proteins that operate important functions for the virus.
Copper supplements were suggested to be used in combination with remdesivir (RDV),
N-acetylcysteine (NAC), nitric oxide (NO) and colchicine to treat COVID-19 [144]. Also,
the survivability of SARS-CoV and SARS-CoV-2 on copper surfaces is much lower than on
other metal surfaces. On stainless steel, SARS-CoV-2 survived for up to three days and was
undetectable after four days. However, on copper SARS-CoV-2 survived for 4 h. Using
copper in hospital settings and dental offices on frequently touched metal surfaces may
have an increased effect on lowering the chances of surface related infections [145].

Biomarkers are critical to determining whether interventions are favorable to re-
lieve patients from disease progression. Specific biomarkers such as cardiac and pro-

193



J. Clin. Med. 2021, 10, 156

inflammatory cytokines are elevated in some COVID-19 patients and in AA subjects with
diabetes, hypertension and cardiovascular disease (CVD) and more recently periodontal
disease [146]. Some of these biomarkers include cTn1/T, BNP, and CK-MB. Elevated cTnT
was detected in COVID-19 patients with CVD, and predicted an acute myocardial injury
and admission to an intensive care unit (ICU) in 4 out of 5 patients [147]. AA are diagnosed
and treated for diabetes, hyper-tension and CVD at higher rates than Caucasians; however,
it is yet to be determined whether biomarkers in AA are altered compared to Caucasian
patients.

These and many other new strategies are being developed to combat the spread and
effects of COVID-19. With continued perseverance COVID-19 will become a disease that
the scientific community has well under control.

In conclusion, the SARS-CoV-2 virus has had an indelible effect globally and dentistry
is not excluded. New standard protocols are implemented in dental offices worldwide
and until an effective vaccine or drug is produced, much of these protocols will remain
in effect long-term. A good understanding of the etiology, mechanism of infection, and
epidemiology of COVID-19 will help dentists treat their patients. Knowing what co-
morbidities increase the risks of fatal COVID-19 outcomes will help dentists better assess
what dental procedures are worth the risks of performing on COVID-19 positive patients.
In addition, staying abreast of what novel drugs are created to combat the infection is
important for dentists. Patients look to dentists not only for oral health advice, though that
is their main task; dentists are also expected to provide patients with holistic health advice.

Information is generated everyday describing new signs and symptoms of COVID-19.
Oral pathologies associated with COVID-19 are still being discovered and could be used
in early diagnoses and/or onset of the disease. Research is still being done to look into
saliva as a diagnostic tool for the virus. The antibodies associated with saliva and even the
expression of certain proteins may be a correlated presence of the virus and can be used as
an inexpensive and less invasive way to test and diagnose patients quickly and accurately.
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Abstract: Background: On 30 January 2020, a public health emergency of international concern was
declared as a result of the new COVID-19 disease, caused by the SARS-CoV-2 virus. This virus is
transmitted by air and, therefore, clinical practices with the production of contaminant aerosols are
highly at risk. The purpose of this review was to assess the effectiveness of bio-inspired systems,
as adjuvants to nonsurgical periodontal therapy, in order to formulate bio-inspired protocols aimed at
restoring optimal condition, reducing bacteremia and aerosols generation. Methods: A comprehensive
and bibliometric review of articles published in English. Research of clinical trials (RCTs) were included
with participants with chronic or aggressive periodontal disease, that have compared benefits for
nonsurgical periodontal therapy (NSPT). Results: Seventy-four articles have been included. For probing
depth (PPD) there was a statically significant improvement in laser, probiotic, chlorhexidine groups,
such as gain in clinical attachment level (CAL). Bleeding on probing (BOP) reduction was statistically
significant only for probiotic and chlorhexidine groups. There were changes in microbiological and
immunological parameters. Conclusions: The use of bio-inspired systems in nonsurgical periodontal
treatment may be useful in reducing risk of bacteremia and aerosol generation, improving clinical,
microbiological and immunological parameters, of fundamental importance in a context of global
pandemic, where the reduction of bacterial load in aerosols becomes a pivotal point of clinical practice,
but other clinical trials are necessary to achieve statistical validity.

Keywords: periodontitis; bio-inspired; nonsurgical periodontal therapy; dentistry; dental hygiene

1. Introduction

On 30 January 2020, a public health emergency of international importance was declared as a result
of the new disease COVID-19, an infection caused by a virus never identified in humans, SARS-CoV-2.
The virus belongs to the family Coronaviridae, genetically placed within the genus Betacoronavirus,
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with a distinct clade in the lineage B of the sub-genus Sarbecovirus as well as two non-human Sars-like
strains. It is an RNA virus covered by a capsid and a peri-capsid, crossed by glycoproteic structures
that give it the typical appearance of a corona; it binds to the cell thanks to the interaction of the
spike protein with the cellular receptor angiotensin-convertin enzyme 2 (ACE2) [1–3]. In addition to
the definition, the mode of transmission of the virus has also been configured, which occurs mainly
through inhalation, ingestion and direct contact of the mucous membranes with droplets of saliva; it
is also essential to remember that the virus can survive on hands, objects or surfaces that have been
exposed to infected saliva [3].

In Italy, the reported cases have grown dramatically over time, leading the country to gain a
prominent position in the international scenario of infected patients.

This emerging pandemic and its serious outbreak led the Italian government to promote drastic
impact measures to flatten the infection curve and, in turn, prevent health systems from collapsing.
In fact, the limitation of people moving away from home, the social distancing, the cessation of almost all
work activities and the request to the population to use masks and protective gloves, have the aim of
minimizing the likelihood of non-infected persons coming into contact with persons who have contracted
the virus; some professions, however, have had to guarantee a public service, such as dentistry [4].

1.1. The Problem in Dentistry

On 15 March 2020, the New York Times published an article titled “The Workers Face the
Greatest Coronavirus Risk”, where an impressive scheme has described that dentists, dental hygienists,
secretaries, chair assistants and laboratory technicians are among the workers most at risk of being
affected by COVID-19 [5]. So, on the one hand there is a request to continue to offer a service for
emergencies, and on the other hand operators must be able to work safely, while being exposed to
great risk: direct contact, and contact with biological liquids and aerosols. In this regard, an article has
recently been published by researchers of the Wuhan University School and Hospital of Stomatology
with the aim of providing recommendations to dentists, for the management of the patient: minimize
operations that can produce droplets or aerosols and use low- or high-volume vacuum cleaners to
reduce them [6]. Since the viral load in saliva is very high, rinsing with antiseptic mouthrinses can
only reduce the infectious amount, but is not able to eliminate virus [7]. The Regional Federation of
Medical Surgeons and Dentists has also made available guidelines for patient management, where the
telephone triage is mandatory with simple questions (Figure 1), to be able to frame the patient and
assess the existence of an impossible performance. In addition, it is necessary to provide adequate
air exchange in the operating room after each individual patient and to have adequate personal
protective equipment. Among the figures working in the dental team, one of the most exposed
professionals is definitely the dental hygienist, both for the close working distance, and for the use
of instrumentation able to produce a large amount of aerosol [8]. In fact, ultrasonic scalers produce
contaminant aerosols [9], defined as the suspension of extremely fine particles in the air, which can
be liquid, solid, or a combination of both, with a diameter of 50 μm or less [10], and which may
transmit pathogenic micro-organisms dangerous to health [11,12]. It can therefore be said that most
dental procedures produce droplets and contaminant aerosols. This risk is related to the number of
pathogens present in the aerosol/spray, and some instruments, such as rotating instruments, ultrasonic
scalers and piezo tools, produce a greater amount of spray and aerosols than other instruments such
as air-to-water syringes. The SARS-CoV-2 virus has a high affinity for epithelial lung cells and those
of the salivary glands (large number of ACE2 receptors), and during a oral hygiene session with an
infected patient, a large amount of virus is excreted to the aerosol spray, which can be inhaled by the
health professional; the ACE2 expressing cells in oral tissues might provide possible routes of entry for
the 2019-nCov, and thus, the oral cavity might be a potential risk route of 2019-nCov infection [13,14].
Bizzocca et al. have attributed risk scores for the dental team and patients for each procedure to be:
direct contact with saliva (score 1), direct contact with blood (score 2), production of low levels of
spray/aerosol via air–water syringes (score 3), the production of high levels of spray/aerosol by use of
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rotating, ultrasound and piezoelectric tools (score 4): “tartar scaling” has one of the most high risk
(7.5), such as some surgical or endodontic procedures [15].

Figure 1. Telephone triage before entering the office.

Several strategies can be implemented to contain this problem, such as antiseptic pre-treatment
rinsing, which helps control the infectious agents in aerosol [16,17], reducing the colonies by up to
94% [18], or the use of a rubber dam, which would seem to eliminate any contamination from blood and
saliva. In fact, the latter has several limitations, as it is inapplicable in the procedures of scaling–root
planning (SRP), periodontal surgery and prophylaxis routine. Reducing bacteriemia must be among
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the main objectives of nonsurgical periodontal therapy, regardless of the historical moment in which we
are living: it is necessary to manage the production of contaminating aerosols, favoring therapies that
make use of new technologies, which are increasingly minimally invasive, such as lasers, ozone and
probiotics, and disinfectants with bactericidal action, such as chlorhexidine and ozone (although the
latter require further studies to validate their effectiveness).

1.2. Oral Microbiota and Periodontal Disease

A well-balanced oral microbiota is essential in preventing the onset of oral cavity diseases.
However, we do not always find ourselves in a state of eubiosis, and therefore in that physiological
condition of functional balance in which bacteria and structures operate in a balanced manner, favoring
absorption and regulation of the system. Very often, in fact, we move from a state of microbial
equilibrium in which the oral microbiota produces the metabolites necessary for the human body,
with positive effects for human health, and we move to a state of dysbiosis. In this particular condition,
not only does the gene coding of useful molecules fail, but harmful compounds are partially metabolized
by pathogenic microorganisms, also part of the microbiota. By the term of dysbiosis is meant, therefore,
the pathological condition of functional imbalance of the digestive system, where the functions of the
selective barrier are lost [19]. The clinical objective is to restore the symbiotic balance between bacteria
and host.

Periodontal disease is a multifactorial, degenerative and irreversible disease affecting the tissues
supporting the teeth: one of the main factors is undoubtedly the formation of bacterial biofilms.
Its control, in fact, promotes the prevention and maintenance of good health by the oral cable [20].

Therefore, the basic periodontal treatment aims to eliminate hard and soft deposits above and
below the gingiva, establishing the conditions to allow effective control of the bacterial plaque: in this
sense, scaling and root planning through the use of manual and ultrasonic instrumentation, turns out
to be the gold-standard procedure for debridement of root surfaces, demonstrating clinical and
microbiological benefits [21]. However, traditional nonsurgical periodontal therapy has limitations:
longer sessions, less comfort for the patient, excessive instrumentation (overtreatment); it is also
performed in several sessions, usually one appointment for each quadrant, so there is the possibility of
bacterial recolonization with consequent delay in the healing of the patient [22].

In the context of the increasing new approaches to periodontal treatment and in view of the
increasing possibility of a proactive therapy, that is, a therapy able to solve clinical problems at the
first symptoms or to prevent them altogether, bio-inspired protocols have been developed for the
achievement of health conditions and the respect of tissues, favoring the restoration of a microbiological
balance. This is made possible by the new technology available, which has enabled the introduction
of different methods for the treatment of patients with periodontal disease, using the support of
laser devices, ozone therapy, airflow powders based on glycine and/or erythritol, and also the use of
probiotics, thus reducing the chemical–pharmacological action. From the literature, we know that
the laser has been extensively studied to highlight its benefits in nonsurgical periodontal treatment.
From different clinical trials, in fact, it is clear that the main effects are found in the reduction of the
probing depth and in the gain of the clinical attachment with the use of a Er:YAG laser (as described
in [23], after nonsurgical periodontal therapy in [24], and laser compared with SRP alone in [25]),
but also Nd:YAG laser was used in cases where there was bleeding on probing, after nonsurgical
periodontal therapy with ultrasonic and hand instruments [26,27]. Further improvements were found
in the decrease in levels of IL-1β and TNF-α following photodynamic therapy [28]. The lasers used
were used at different wavelengths, even surgically, associated with or compared to nonsurgical
periodontal therapy. Additional benefits are evident with the use of ozone devices in the most
significant periodontal clinical parameters, resulting in reduction of inflammatory parameters in
a quarterly follow-up, such as PTX-3, IL-1β, Hs CRP [29], and bacterial count [30], especially of
aggregatibacter actinomycentemcomintans (reduction of 25%) [31]. As for glycine and/or erythritol
powders, on the other hand, they are more frequently used in periodontal support therapy for the
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removal of the subgingival biofilm, with greater comfort for the patient [32–34]. Finally, the use
of probiotics showed an improvement in the epidemiological indices of reference for periodontal
disease [35], as well as a reduction of the bacteria belonging to the red and orange complex of socransky
and the proinflammatory cytokines [36].

Additionally, it is known from the literature that chlorhexidine is the antibacterial compound
with bactericidal action most used as a support of periodontal therapy, in favor of the reduction of the
pocket depth [37,38] and in the change of the subgingival microbiota [39,40]; is mainly used in the
form associated with the Xanthan gel, when the latter is able to stabilize the molecule in subgingival
tissues for a sufficient time [38]. On the basis of this information and available knowledge, a study
was conducted to verify the effects of chlorhexidine on the oral microbiome, and it emerged that
it significantly increased the abundance of Firmicutes and Proteobacteria and reduced the content
of Bacteroidetes, TM7, SR1 and Fusobacteria. This shift was associated with a significant decrease
in saliva pH and buffering capacity, accompanied by increased levels of lactate and saliva glucose.
Lower concentrations of saliva and plasma nitrites were found after the use of chlorhexidine, followed
by a tendency to increase systolic pressure. Overall, this study shows that mouthwash containing
chlorhexidine is associated with an important change in the salivary microbiome, which leads to
more acidic conditions and a lower availability of nitrites [41]. In addition, it is shown that a rinse
with chlorhexidine prior to any dental procedure can reduce the likelihood of cross-infection, due to
the presence of bacteria in the environment and the spread of aerosols [42], and the risk of bacterial
infections [43], which can be induced by simple oral hygiene maneuvers, but also by more complex
procedures, such as scaling and root planning [44]. In fact, periodontal disease contributes to systemic
blood flow and to the migration of microorganisms, and their products, throughout the body [45,46]:
bacteria have developed mechanisms to invade and adapt in host cells, escaping the host’s immune
response and releasing free toxins, causing transient bacteremia. This explains the relationship between
oral and systemic conditions and the importance of pre-treatment rinses with antimicrobial action,
from which it is reasonable to expect a positive effect on bacteremia.

In order to approach bio-inspired systems, even in this historical context, without giving up the
tools now needed in daily clinical practice, it is essential to focus on the concept of bacteremia and
generation of aerosols, to understand how to best manage the instrumentation, evaluating scientifically
validated protocols in literature: all these protocols, aim at the reduction of bacteriemia and therefore
the bacterial load present in aerosols.

A patient with altered periodontal status needs strict controls that aim at restoring biological
conditions and are minimally invasive, such as the use of ultrasonic inserts that are best suited to
the shape of the element taken into consideration, or diamond inserts, if forks are also involved; the
aggressiveness of a manual instrumentation would lead to a the re-entry of bleeding and periodontal
pockets, but also to a greater loss of tissue, that is, an increase of the gum recessions and probable
loss of adherent gums. Moreover, in an environment that is increasingly being defined by the
mini-invasiveness of any therapy that aims at restoring the aesthetic, also antimicrobial agents should
be reviewed. Similar results to those obtainable with the irrigation of the pockets with chlorhexidine,
are with the use of ozone, whether in liquid, gaseous or gel form for an immediate decontamination of
the grooves and/or periodontal pockets, being a powerful natural disinfectant. Additionally, for the
control of gingival inflammation and for a proper restoration of the oral microbiome, an alternative
may be the use of lactobacilli-based probiotics, administering two of them daily, in such a way as
to reduce the bacterial population, particularly streptococci. Another aspect to take into account
during the treatment of periodontal disease is the treatment of hard tissues with bio-inspired materials.
Biomimetics nanohydroxyapatite products can be recommended for the remineralization of dental
enamel, allowing a more accurate retention of surfaces [47], especially during orthodontic treatment
than can alter the oral environment [46] and detersion efficacy [48].

Bad oral hygiene habits can encourage the accumulation of periodontal pathogens in the oral
cavity and dysbiosis can accelerate the decline of lung function: in addition, pathogenic bacteria such as
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treponema denticola, P. gingivalis, fusobacterium nucleatum, aggregatibacter actinomycetemcomitans
and veillonella parvula, were found in the lungs of patients admitted to the ICU [49]. Their presence,
can not only change the microbial composition of the respiratory system, but also promote a number of
responses of cytokines, affecting the immune homeostasis of the lungs: spherical levels of IL-6 and IL-8
increase significantly in patients with pulmonary dysfunction and local inflammatory factors spread
into the systemic circulation. Changes in cytokines are assumed to reflect the state of the disease to a
certain extent [50].

A high bacterial and viral load in the mouth can lead to complications in systemic diseases such as
cardiovascular diseases, neurodegenerative diseases and autoimmune diseases, further supporting the
bond between the mouth and the body: risk factors established for COVID-19 (age, sex and comorbidity)
are also strongly implicated in imbalances in the oral microbiome. In fact, diabetes, blood hypertension
and heart disease are associated with a greater number of F. nucleatum, P. intermedia and P. gingivalis,
favoring the progression of periodontal disease: Patients with periodontal disease increase the risk
for cardiovascular disease by 25%, for high blood pressure by 20% and triple the risk for diabetes
mellitus [51–54]. Epithelial sensitization and hematogenic diffusion of proinflammatory mediators
such as cytokines, produced in the periodontal diseased tissue, can increase systemic inflammation
and decrease airflow: this can be exacerbated by the stimulation of the liver to produce acute phase
proteins, such as interleukin-6, which boost the inflammatory response of the lungs and the rest of the
body. Similarly, patients with COVID-19 in severe form also express systemic inflammation and higher
levels of IL-6, IL-2, IL-10, TNF and C-reactive protein [55].

2. Materials and Methods

2.1. Focus Question

Can the use of lasers, ozone, probiotics, glycine and/or erythritol, chlorhexidine in combination
with nonsurgical periodontal treatment have additional beneficial effects on the clinical parameters
of periodontal disease? Can these bio-inspired instruments be used to reduce the risk of bacteremia
during COVID-19 disease?

2.2. Elegibility Criteria

First, we have analyzed studies in accordance with the following inclusion criteria:
Type of studies. Randomized controlled clinical trials, controlled clinical trials, prospective clinical

trials, in vivo retrospective clinical trials with the approval of the Ethics Committee.
Types of participants. Participants with chronic and/or aggressive periodontal disease were

considered. (1) Patients undergoing periodontal surgery or nonsurgical periodontal treatment within
three months prior to the beginning of the clinical trials examined were excluded; (2) undergoing
maintenance therapy or periodontal support, or (3) treatment of residual pockets, following periodontal
or nonsurgical surgical therapy; (4) patients with concomitant systemic pathologies that could have
affected the periodontal outcome were excluded.

Type of interventions. Clinical trials that have compared benefits for scaling and root planning in
quadrant or full-mouth (SRP/FMD). The experimental group assisted by one or more laser treatments
such as, diode lasers, Er:YAG laser, Nd:YAG laser, Er, Cr:YSGG laser, photobiomodulation (PBM),
photodinamic therapy (PDT); ozone treatments such as, ozone gas, ozone water, ozone gel; treatments
with probiotics such as Lactobacillus or Bifidobacterium; treatments with glycine airpolishing or
periopolishing; treatments with erythritol airpolishing or periopolishing; chlorhexidine treatments
such as, chlorhexidine mouthwash, gel, chip or varnish. One or more control groups administered a
placebo or control treatment other than the experimental one.

Outcome type. Primary outcomes: plaque index (PI), blindind on probing (BOP), probing depth
(PPD), and clinical attachment level (CAL). Other clinical parameters, where present, such as gingival
index (GI), gingival recession (GR(REC)), gingival margin index (MGI), modified bleeding index (MBI),
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gingival bleeding index (GBI), sulcular bleeding index (SBI), full mouth plaque score (FMPS), visible
plaque index (VPI), visible plaque index (API) and microbiological and immunological parameters
have been considered.

We have included in the second phase only those studies that met all the inclusion criteria, that is to
say, the analysis of the selected studies according to the exclusion criteria: (1) clinical studies where the
authors have not reported at least one of the clinical parameters chosen as outcomes; (2) clinical studies
where participants have undergone periodontal surgery or nonsurgical periodontal treatment during
the 3 months prior to the beginning of the clinical trials examined; (3) clinical studies performed on
participants with concomitant systemic pathologies that could have affected the periodontal outcome;
(4) studies performed on participants in support/maintenance therapy; (5) clinical studies carried out
on participants for the treatment of residual pockets, following periodontal surgical or nonsurgical
therapy; (6) clinical studies where laser, ozone, probiotics, glycine, erythritol or chlorhexidine have not
been used as a test group; (7) in vitro or animal clinical studies; (8) clinical trials carried out without
the approval of the Ethics Committee.

The risk of bias was determined evaluating: adequate sequence generated (participants should be
allocated to groups, using a true randomization sequence), allocation concealment (participants and
investigators should not be able to predict allocation before participants are included in the study),
blinding (participants and investigators should be unaware of the allocation to ensure that everyone
gets the same amount of attention; the blindness of those who evaluate the outcomes may reduce the
risk that knowledge of the intervention received, influence the measurement of outcomes), incomplete
outcome data (report should describe how the outcomes have been measured in the method section)
and registration of outcome (results should be reported for each outcome identified at the beginning).

2.3. Search Strategy

The review is based on the research of clinical trials (RCTs) in reference to the PICOT model
(Population, Intervention, Comparison, Outcome, Timing), identified through bibliographic research
in electronic databases, examining the bibliography of articles, on Pubmed (MEDLINE) and Google
Scholar. Initially, all abstracts of clinical studies published from January 2010 to March 2020 were
taken into consideration which evaluated the effect of the addition of laser therapy, ozone therapy,
probiotics, glycine and erythritol, chlorhexidine to nonsurgical periodontal therapy in the treatment of
periodontal disease.

2.4. Research

We performed the search using: “periodontal disease”, “periodontitis”, “nonsurgical periodontal
treatment”, “laser”, “RCTs AND laser AND periodontal disease”, “laser AND periodontitis”, “laser
AND nonsurgical periodontal treatment”, “ozone”, “RCTs AND ozone AND periodontal disease”,
“ozone AND periodontitis”, “ozone AND nonsurgical periodontal treatment”, “probiotics”, “RCTs
AND probiotics AND periodontal disease”, “probiotics AND periodontitis”, “probiotics AND
nonsurgical periodontal treatment”, “RCTs AND glycine AND periodontal disease”, “glycine AND
periodontitis”, “glycine AND nonsurgical periodontal treatment”, “erythritol”, “RCTs AND erythritol
AND periodontal disease”, “erythritol AND periodontitis”, “erythritol AND nonsurgical periodontal
treatment”, “chlorhexidine”, “RCTs AND chlorhexidine AND periodontal disease”, “chlorhexidine
AND periodontitis”, “chlorhexidine AND nonsurgical periodontal treatment”. We have included
patients with chronic periodontitis or aggressive periodontitis, based on the classification of periodontal
diseases proposed by Armitage in 1999 and the new classification presented on 22 June 2018 on the
occasion of the Europerio9.
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2.5. Screening and Selection of Articles

Titles and abstracts were collected, in which were present the search keywords and the information
related to the inclusion criteria to proceed with the reading in full-text. After reading in detail, the studies
that met all the selection criteria were evaluated, to then extract and analyze the data collected.

2.6. Search Outcome and Evaluation

The first research outcomes were PI, BOP, PPD, CAL. Other interesting outcomes, where present,
were the changes in the subgingival plate. Information was extracted from each study on (1) participants’
characteristics (age and disease characteristics) and criteria for inclusion and exclusion from the clinical
trial in question; (2) intervention (modality) vs. placebo or vs. no treatment or vs. comparison treatment
(different from the one tested, therefore different from laser, ozone, glycine, erythritol, probiotics
and chlorhexidine); (3) outcome (possible improvement of the clinical parameters examined for the
treatment groups included); (4) clinical data examined (PPD, CAL, BOP, PI); (5) other clinical data
(possible microbiological evaluation); (6) follow-up.

3. Results

3.1. Study Selection

A total of 458 articles on the use of minimally invasive technologies in nonsurgical periodontal
treatment emerged from several researchers. Subsequently, from a first reading of the abstracts found,
we eliminated: (1) articles emerged in more researches carried out; (2) review and meta-analysis;
(3) articles on the treatment of mucositis and peri-implantitis; (4) articles on the treatment of gingivitis;
(5) articles on the treatment of gingivitis and periodontitis in orthodontic treatment. A total of 96 studies
were therefore identified (52 laser studies; 8 ozone studies; 10 airpolishing studies; 25 probiotic studies;
21 chlorhexidine studies) on nonsurgical periodontal treatment, approved by the Ethics Committee.

In a second phase, following the full-text reading, 11 clinical studies (4 inherent to the laser;
1 inherent to the ozone; 1 inherent to the airpolishing; 4 inherent to the probiotics; 1 inherent to the
chlorhexidine), of which there was only the availability of reading the abstract and further 10 studies
not in compliance with the eligibility criteria.

74 articles have been included (36 RCTs nonsurgical periodontal therapy (NSPT) + laser; 5 RCTs
NSPT + ozone; 3 RCTs NSPT + airpolishing; 15 RCTs NSPT + probiotics; 15 RCTs NSPT + chlorhexidine;
Figure 2).

3.2. Characteristics of Studies

3.2.1. NSPT and Laser

Methods. The 36 studies selected for the review were randomized clinical trials published in
English. The duration of studies varied from 1 to 12 months for a total average of about 5 months (5.25),
where 5.5% of studies had a follow-up of 1 month, 2.8% of 2 months, 30.6% of 3 months (these studies
have some limits related to pocket depth and clinical attachment gain, because the follow-up is too
short to allow the re-attachment), 50% of 6 months and 11.1% of 1 year. The 27.8% of the studies
analyzed were conducted in Turkey, a further 27.8% in Brazil and India (equally distributed), 8.3% in
Spain, 11.1% in Italy and China (equally distributed) and 25% in Germany, the Netherlands, Poland,
Croatia, Greece, Iran, Serbia, Arabia and Thailand (equally distributed). Randomization of the studies
was performed with different methods: computer-generated table, where the majority of allocation
concealment was done through the use of opaque sealed envelopes, or tossing/flipping a coin; the
58.3% of clinical trials was designed in split-mouth.

208



J. Clin. Med. 2020, 9, 3914

Figure 2. Articles included in the present investigation. NSPT: nonsurgical periodontal therapy.

Participants. Studies on average recruited about 31 patients (31.61), where 66.7% of studies
included ≤31 patients and 33.3% of studies included >31 patients. The main inclusion criteria included:
age ≥18 (100% of the studies examined), presence of at least 2 teeth with at least 1 site with PPD
and bleeding on probing in each quadrant, have not undergone periodontal surgery or nonsurgical
periodontal treatment within 3 months prior to the start of clinical trials, without any systemic
pathology that could affect periodontal clinical parameters and patients who did not require antibiotic
prophylaxis for dental treatments.

Interventions. Patients underwent nonsurgical periodontal treatment (scaling and root planning
in full-mouth or in quadrants) in addition to laser therapy for the test group. The 25% of the studies
used the PDT, 19.4% the diode laser, 16.7% Er:YAG laser, 16.7% used Nd:YAG laser or Er,Cr:YSGG
laser (equally distributed), 13.9% the PBM, 5.6% used a combination with Er:YAG and Nd:YAG laser
and 2.7% of the studies used, instead, a combination of PDT and PBM. The control group was only
subjected to nonsurgical periodontal therapy. Some of the studies included used one or more test
groups (eight clinical trials, 22.2% of the total studies) and one or more control groups (one clinical
trial, 2.8% of the total studies). The patients have undergone scaling and root planning with ultrasonic
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and hand instruments: the laser was used, in most cases, immediately after nonsurgical periodontal
treatment, except for some lasers (such as Er:YAG) that were used before therapy.

Primary outcomes. In most of the studies they were PPD and CAL; in one study, among the
primary outcomes, was also the bacterial count; all studies have evaluated every type of adverse event.
The frequency of evaluation of outcomes was variable: monthly, quarterly, half-yearly or a single final
evaluation at one year.

Secondary and additional outcomes. BOP, PI (or VPI, FMPS), API GI, SBI, bleeding index
(BI), GR (REC) were clinical parameters evaluated in addition to the probing depth and the loss
of clinical attachment; they have not been recorded in all the studies examined. Some studies
have also performed microbiological and immunological (61.1% of the total); other studies: one
study evaluated the perception of the patient during treatment; one study evaluated fluctuation of
periodontal somatosensory function and gingival microcirculation and two further studies evaluated
the patient’s halitosis.

3.2.2. NSPT and Ozone

Methods. The 5 studies selected for review were randomized clinical trials published in English.
The duration of studies varied from 1 to 3 months for a total average of about 2 months (2.2),
where 20% of studies had a follow-up of 1 month, 80% a follow-up of 2 and 3 months (40% each).
Additionally, in these clinical trials the follow-up is too short for evaluate improvements in clinical
parameters. The 60% of the studies were conducted in Turkey, while the remaining clinical trials
were conducted in Japan and Poland. Randomization of studies was performed with different
methods: computer-generated/randomization list or tossing a coin; the 40% of studies were designed
in split-mouth.

Participants. Studies on average recruited about 32 patients (32.2), where 40% of studies included
≤32 patients, while 60% of studies included >32 patients. The main inclusion criteria included: age ≥18
(100% of the studies examined), presence of at least a 2 teeth with at least 1 site with PPD and bleeding
on probing in each quadrant, have not undergone periodontal surgery or nonsurgical periodontal
treatment within 3 months prior to the start of clinical trials, without any systemic pathology that
could affect periodontal clinical parameters and patients who did not require antibiotic prophylaxis for
dental treatments.

Interventions. Patients underwent nonsurgical periodontal treatment (scaling and root planning
in full-mouth or in quadrants) in addition to ozone therapy. Most studies used ozone in gaseous
form, while one study evaluated the effect of NBW3 (ozonated water nanobubbles). The patients
have undergone to scaling and root planning with ultrasonic and hand instruments: ozone was used
immediately after periodontal treatment.

Primary outcomes. In most of the studies they were PPD and CAL. In one study they were
included as primary outcomes PPD, GI, PI and BOP (the difference between these variables was then
used as secondary outcomes); all studies evaluated each type of adverse event. The frequency of
evaluation of outcomes was variable: monthly or quarterly.

Secondary and additional outcomes. BOP, PI, GI, SBI, API are clinical parameters evaluated in
addition to the probing depth and the loss of clinical attachment; they have not been recorded in all
the studies examined. A microbiological and/or immunological evaluation was carried out in all the
studies examined; one study evaluated the antioxidant status (TAS), total oxidant status (TOS), nitric
oxide (NO), 8-hydroxy-2′-deoxyguanosine (8-Ohdg), myeloperoxidase (MPO), glutathione (GSH),
malondialdehyde (MDA), and transforming growth factor-beta (TGF-β) and one study evaluated the
MMP-1, MMP-8 and MMP-9 levels.

3.2.3. NSPT and Airpolishing

Methods. The 3 studies selected for the review were randomized clinical trials published in
English. The duration of the studies varied from 1 to 6 months: 1 study had a follow-up of 1 month,
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1 study had a follow-up of 3 months and the last one a follow-up of 6 months; two studies had a
too short treatment period for settlement of clinical improvement acts. The three clinical trials were
conducted in Korea, Turkey and China. Randomization of studies and was performed with different
methods: computer-randomized or tossing a coin.

Participants. Studies have on average recruited 36 patients, where 66.7% (two studies) included
≤36 patients and 33.3% (one study only) included >36 patients. The main inclusion criteria included:
age ≥18 (100% of the studies examined), presence of at least a 2 teeth with at least 1 site with PPD
and bleeding on probing in each quadrant, have not undergone periodontal surgery or nonsurgical
periodontal treatment within 3 months prior to the start of clinical trials, without any systemic
pathology that could affect periodontal clinical parameters and patients who did not require antibiotic
prophylaxis for dental treatments.

Interventions. Patients underwent nonsurgical periodontal treatment (scaling and root planning
in full-mouth or in quadrants) in addition to airpolishing with glycine and/or erythritol immediately
after treatment (two studies with glycine and one study with erythritol).

Primary outcomes. Studies carried out evaluated PPD, CAL, BOP; all studies evaluated each type
of adverse event. The frequency of evaluation of outcomes was variable: monthly or quarterly.

Secondary and additional outcomes. PI, GI, GR are clinical parameters evaluated in addition to
the probing depth and the loss of clinical attachment; they have not been recorded in all the studies
examined. Two studies performed a microbiological or immunological analysis; one study only
evaluated the patient’s halitosis through volatile sulfur compounds (VSCs).

3.2.4. NSPT and Probiotics

Methods. The 15 studies selected for the review were randomized clinical trials in English.
The duration of studies varied from 1 to 12 months for a total average of 5 months, where: 26.7% of
studies had a follow-up of 1 month, 6.7% a follow-up of 2 months, 26.7% a follow-up of 3 months,
6.7% a follow-up of 9 months and 13.3% a follow-up of 1 year. In order to establish the effectiveness
of therapy, it is necessary to ensure a follow-up of 3 months: so, the 33.4% of studies analyzed are
insufficient to assess improvements. The portion of 26.7% of the studies were conducted in India, 20%
in Turkey, 14.3% in Chile and 40% in China, Brazil, Iran, Spain, Pakistan, Arabia (equally distributed).
Randomization of studies was performed using different methods: computer-based randomization
and sealed opaque envelopes; one study was designed in split-mouth (for scaling and root planning
(SRP) treatment).

Participants. Studies on average recruited 42 patients (42.86), where 80% of studies included
≤46 patients and 20% included >46 patients. The main inclusion criteria included: age ≥18 (100% of the
studies examined), presence of at least a 2 teeth with at least 1 site with PPD and bleeding on probing in
each quadrant, have not undergone periodontal surgery or nonsurgical periodontal treatment within
3 months prior to the start of clinical trials, without any systemic pathology that could affect periodontal
clinical parameters and patients who did not require antibiotic prophylaxis for dental treatments.

Interventions. Patients underwent nonsurgical periodontal treatment (scaling and root planning
in full-mouth or in quadrants) in addition to the administration of probiotics, mainly bifidobacteria and
lactobacilli. Some of the studies included used one or more test groups (four clinical trials, 26.7% of the
total studies) and one or more control groups (one clinical trial, 6.7% of the total studies). In the majority
of studies probiotics were administered in lozenges (in two studies probiotics were administered in
mouthwash and in one study they were administered in sachets).

Primary outcomes. In most of the studies they were PPD and CAL; all studies evaluated each
type of adverse event. The frequency of evaluation of outcomes was variable: monthly, quarterly,
half-yearly or a single final evaluation at one year.

Secondary and additional outcomes. BOP, PI, SBI, GI, GBI, MGI, MBI are clinical parameters
evaluated in addition to the probing depth and the loss of clinical attachment; they have not
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been recorded in all the studies examined. Some studies have also performed microbiological and
immunological (60% of the total); one study has also evaluated halitosis through ORG and BANA tests.

3.2.5. NSPT and Chlorhexidine

Methods. The 15 studies selected for the review were randomized clinical trials in English.
The duration of studies varied from 1 to 12 months for a total average of 3 months (3.8), where: 20% had
a follow-up of 1 month, 53.3% a follow-up of 3 months, 20% a follow-up of 6 months and 6.7% a
follow-up of 1 year; 20% of studies, that have had a follow-up of 1 month, are unsuitable to provide
effective results in pocket depth and in the gain of clinical attachment. 46.7% of the studies were
conducted in India, 13.3% in Germany and 40% in Bosnia and Herzegovina, Iran, Italy, Arabia,
Brazil, Spain (also distributed). Randomization of the studies was performed with different methods:
computer-generated table, where the majority of allocation concealment was done through the
use of opaque sealed envelopes, or tossing/flipping a coin; the 40% of clinical trials was designed
in split-mouth.

Participants. Studies have on average recruited 36 patients (36.3), where 66.7% of studies included
≤36 patients and 33.3% included >36 participants. The main inclusion criteria included: age ≥18
(100% of the studies examined), presence of at least a 2 teeth with at least 1 site with PPD and bleeding
on probing in each quadrant, have not undergone periodontal surgery or nonsurgical periodontal
treatment within 3 months prior to the start of clinical trials, without any systemic pathology that
could affect periodontal clinical parameters and patients who did not require antibiotic prophylaxis for
dental treatments.

Interventions. Patients underwent nonsurgical periodontal treatment (scaling and root planning
in full-mouth or in quadrants) in addition to rinsing or gingival irrigations with chlorhexidine after
therapy (mouthwash, gel, chip or varnish). Some of the included studies used one or more test groups
(60% of the total studies) and one or more control groups (13.3% of the total studies).

Primary outcomes. In most of the studies they were PPD and CAL; all studies evaluated each
type of adverse event. The frequency of evaluation of outcomes was variable: monthly, quarterly,
half-yearly or a single final evaluation at one year.

Secondary and additional outcomes. BOP, PI (PS), GR (REC), PBI, GI, BGI are clinical parameters
evaluated in addition to the probing depth and loss of clinical attachment; they have not been
recorded in all studies examined. Some studies have also performed microbiological (or analysis of
plaque) and immunological (46.7% of the total); one study has also taken into analysis systemic and
hematological parameters.

3.3. Synthesis of Results

3.3.1. PPD

PPD and Laser

The probing depth has improved in all clinical trials examined; only one study did not consider
PPD as a clinical parameter. For a total of 35 studies, therefore, although there was an improvement,
there were no statistically significant differences between treatment groups in 65.7% of studies; there
was a higher gain in pocket depth for the test group (statistically significant difference between
treatment groups) in 31.4% of studies (one study showed a greater reduction in PPD in the control
group, subject to only scaling and root planning). A portion of 54.5% of these were treated with PDT or
Er:YAG laser (equally distributed) and 45.5% with PBM (photobiomodulation), diode laser or Nd:YAG
laser, a combination of Er:YAG and Nd:YAG or a combination of PDT and PBM, (equally distributed);
there was an improvement in pockets greater than or equal to 7 mm [25,56–59] and a reduction in sites
with PPD greater than 4.5 mm [60]. In some clinical trials, although there were no significant differences
between treatment groups, the probing depth was significantly reduced in the test group [25,56–65].
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PPD and Ozone

The probing depth has improved in all the clinical trials examined. For a total of 5 studies,
therefore, although found an improvement, there were no statistically significant differences between
treatment groups; one study found an improvement in the PPD parameter in favor of ozone therapy,
although there were no significant differences [30].

PPD and Airpolishing

The probing depth has improved in all the clinical trials examined. For a total of 3 studies,
therefore, although there was an improvement, there were no statistically significant differences
between treatment groups.

PPD and Probiotics

The probing depth has improved in all the clinical trials examined. For a total of 15 studies,
although there was an improvement, there were no statistically significant differences between treatment
groups in 60% of studies; there was more gain in pocket depth for the test group (statistically significant
difference between treatment groups) in 40% of studies. Of these 66.7% were treated with strains of
lactobacilli and 33.3% with strains of bifidobacteria or a combination of lactobacilli and bifidobacteria
(equally distributed). In some clinical trials, although there were no significant differences between
treatment groups, the depth of the survey was reduced more in the test group for moderate and deep
periodontal pockets [66–68].

PPD and Chlorhexidine

The probing depth has improved in all the clinical trials examined. For a total of 15 studies,
although there was an improvement, there were no statistically significant differences between
treatment groups in 53.3% of studies; there was more gain in pocket depth for the test group (statistically
significant difference between treatment groups) in 46.7% of studies. Of these 57.1% was treated with
chlorhexidine chip or chlorhexidine gel (equally distributed) and 42.9% was treated with chlorhexidine
mouthwash, chlorhexidine varnish or a full-mouth disinfection protocol (then gingival irrigation with
chlorhexidine gel, tongue brushing with chlorhexidine gel and rinsing with chlorhexidine mouthwash),
equally distributed.

3.3.2. CAL

CAL and Laser

The loss of clinical attachment has improved in all the clinical trials examined; three studies have
not considered CAL (RAL) as a clinical parameter. For a total of 33 studies, therefore, although there
was an improvement, there were no statistically significant differences between treatment groups in
66.7% of studies; there was a higher gain in clinical attack for the test group (statistically significant
difference between treatment groups) in 33.3% of studies. Of these 54.5% was treated with PDT, PBM,
or a combination of Er:YAG and Nd:YAG (equally distributed) and 18.2% with Er:YAG, diode laser or
a combination of PDT and PBM, equally distributed; an improvement was observed in pockets greater
than 4.5 mm [58] and over 7 mm [25,58].

CAL and Ozone

The loss of clinical attachment is improved in all the clinical trials examined. For a total of 5 studies
there was an improvement in follow-up, although, even in this case, there were no significant differences
between treatment groups; one study found a greater gain in clinical attachment in favor of ozone
therapy, without significant differences [30].
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CAL and Airpolishing

The loss of clinical attachment is improved in all the clinical trials examined. For a total of 3 studies,
there was therefore an improvement in follow-up, although, again, there were no significant differences
between treatment groups.

CAL and Probiotics

The loss of clinical attachment has improved in all clinical trials examined. For a total of 15 studies,
although there was an improvement, there were no statistically significant differences between treatment
groups in 75% of studies; there was more gain in pocket depth for the test group (statistically significant
difference between treatment groups) in 25% of studies. Of these 66.7% were treated with lactobacilli
strains and only one study with bifidobacteria strains. In some clinical trials, although there were no
significant differences between treatment groups, the gain in clinical attachment was best in the test
group, for moderate or severe periodontal pockets [67].

CAL and Chlorhexidine

The loss of clinical attachment improved in all clinical trials examined; two studies did not
consider CAL as a clinical parameter. For a total of 13 studies, although there was an improvement,
there were no statistically significant differences between treatment groups in 69.2%; there was a higher
gain in clinical attachment (statistically significant difference between treatment groups) in 23.1% of
studies (one study found a greater improvement in CAL in the control group, subject to only scaling
and root planning [69]).

3.3.3. BOP

BOP and Laser

Bleeding on probing improved in all clinical trials examined; 11 studies did not consider BOP.
For a total of 25 studies, therefore, although there was an improvement, there were no statistically
significant differences between treatment groups in 60% of studies; there was a higher gain in terms of
BOP for the test group (statistically significant difference between treatment groups) in 12% of studies.
Two studies have had greater improvements in bleeding at the poll for control groups [70,71].

BOP and Ozone

Bleeding on probing improved in all clinical trials examined; only one study did not consider
BOP as a clinical parameter. For a total of 4 studies, there was therefore an improvement in follow-up,
but there were no significant differences between treatment groups: one study reported significant
improvements for bleeding on probing with the use of ozone [30].

BOP and Airpolishing

Bleeding on probing has improved in all the clinical trials examined. For a total of four
studies, there was an improvement in follow-up, but there were no significant differences between
treatment groups.

BOP and Probiotics

Bleeding on probing has improved in all clinical trials examined. For a total of 15 studies, although
there was an improvement, there were no statistically significant differences between treatment groups
in 72.7% of studies; there was a higher gain in terms of BOP for the test group (statistically significant
difference between treatment groups) in 27.3% of studies (all treated with lactobacilli strains).
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BOP and Chlorhexidine

Bleeding on probing has improved in all clinical trials examined; six studies did not consider
BOP as a clinical parameter. For a total of 9 studies, therefore, although there was an improvement,
there were no statistically significant differences between treatment groups in 66.7% of studies; there
was a significant improvement for the test group (statistically significant difference between treatment
groups) in 33.3% of studies.

3.3.4. PI

PI and Laser

The plaque index has improved in all the clinical trials examined; seven studies have not considered
PI as a clinical parameter. For a total of 29 studies, therefore, although there was an improvement,
there were no significant differences between treatment groups in 82.7% of studies; there was a
greater improvement in the plaque index for the test group (statistically significant difference between
treatment groups) in 13.8% of cases (one study had a better result in the control group [47]).

PI and Ozone

The plaque index has improved in all clinical trials examined; only one study did not consider PI
as a clinical parameter. For a total of four studies, there was therefore an improvement in follow-up,
but there were no significant differences between treatment groups.

PI and Airpolishing

The plaque index has improved in all clinical trials examined; only one study did not consider PI
as a clinical parameter. For a total of two studies, there was therefore an improvement in follow-up,
but there were no significant differences between treatment groups.

PI and Probiotics

The plaque index has improved in all clinical trials examined; only one study did not consider PI
as a clinical parameter. For a total of 14 studies, although there was an improvement, there were no
statistically significant differences between treatment groups in 71.4%; there was a greater improvement
in plaque indices for the test group in 28.6% of studies (all treated with lactobacilli strains).

PI and Chlorhexidine

The plaque index has improved in all the clinical trials examined; two studies have not considered
PI as a clinical parameter. For a total of 13 studies, although there was an improvement, there were
no statistically significant differences between treatment groups in 46.1% of studies; there was a
greater improvement in the plaque index for the test group (statistically significant difference between
treatment groups) in 46.1% of studies (one study achieved a better result in SRP treatment [69]).

3.3.5. Microbiological and Immunological Analysis

Microbiological and Immunological Analysis: Laser

Improvements were found in bacterial count [72], in the number of pathogens belonging to
the red complex [59] and orange [59,73], a reduction of aggregatibacter actinomycetemcomitans,
porphyromonas gingivalis, prevotella intermedia, prevotella nigrescens, tannerella forsythia [24],
an improvement in levels IL 1-β and TNα [26] and ratio levels of IL1-β and IL-10 [59].
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Microbiological and Immunological Analysis: Ozone

There were improvements in GCF PTX-3 levels [29], an increase in TGF-β levels [73,74],
a significant reduction in the number of bacteria present in subgingival plaque [30], especially
prevotella intermedia [75]; one study found increased MMP levels in patients with chronic periodontitis
and decreased MMP levels in patients with aggressive periodontitis [76].

Microbiological and Immunological Analysis: Airpolishing

There was an improvement in the number of bacteria present, with a difference in the relative
expression of porphyromonas gingivalis [77] and a significant reduction in a quarterly follow-up of
GCF [78].

Microbiological and Immunological Analysis: Probiotics

There have been improvements in bacterial count for obligatory anerobics [79], a reduction in red
and orange complex bacteria [36,80], a reduction in proinflammatory cytokines [36] and an increase in
TIMP-1 levels [81].

Microbiological and Immunological Analysis: Chlorhexidine

Improvements were found in anaerobic bacterial count [82], a reduction of the bacteria belonging
to the red complex [83] and a reduction of capnocytophaga ssp. [84].

3.3.6. Results of Single Studies and Bias

Supplementary Tables S1–S5 (these tables reported the number of participants who completed the
follow-up and were included in the analysis of the results).

Table 1 shows the risk of bias of the main articles examined. This review present a relatively low
risk of bias.
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ğa

r
20

16

H
ay

ak
um

o
20

13

Te
ug

he
ls

20
13

Le
ci

c
20

16

Pa
rk

20
18

V
iv

ek
an

an
da

20
10

G
re

en
sy

m
bo

l:
Lo

w
ri

sk
of

bi
as

;Y
el

lo
w

sy
m

bo
l:

M
od

er
at

e
ri

sk
of

bi
as

;R
ed

sy
m

bo
l:

El
ev

at
e

ri
sk

of
bi

as
.

217



J. Clin. Med. 2020, 9, 3914

4. Discussion

The purpose of this review was to assess the effectiveness of minimally invasive therapies,
as adjuvants to nonsurgical periodontal therapy, in order to formulate operational protocols aimed
at restoring optimal conditions, respecting biological tissues, but also to the reduction of bacteremia,
in an increasingly evolving historical context.

The reduction of bacteriemia is the main objective of nonsurgical periodontal therapy: this would
prevent the spread of proinflammatory mediators, such as cytokines, and increase systemic
inflammation; in addition, trying to reduce the bacterial load of patients, would reduce the production
of highly contaminating aerosols. We must promote the use of rinse chlorhexidine or hydrogen peroxide
before each dental procedure, the adoption of new therapies such as laser and ozone, the administration
of probiotics, in order to minimize the use of instruments that produce aerosols, such as ultrasound
and air and periopolishing systems.

4.1. Rinse Pre-Treatment

As already mentioned, it is generally believed that a preoperative antimicrobial mouthwash
reduces the bacterial charge inside the oral cavity. However, as indicated by The Guidelines for the
diagnosis and treatment of new coronavirus pneumonia (fifth edition), chlorhexidine is not effective to
kill SARS-CoV-2 [2]. It is vulnerable to oxidation, therefore, the use of oxidizing agents containing 1%
hydrogen peroxide or 0.2% iodopovidone is recommended in order to reduce the salivary load of oral
microbes, including the potential transport of virus [85,86], before all dental procedures; a mouthwash
based on ozonated olive oil or the use of ozonated water appliances could be useful in this respect.
Ozone, in fact, seems to be effective against virus [87].

4.2. Modified Full-Mouth Disinfection and Chlorhexidine

Chlorhexidine has always been used in nonsurgical periodontal treatment due to its antimicrobial,
bactericidal and bacteriostatic effect (in concentrations from 0.12% to 0.20%), high substantivity and
lack of systemic toxicity [37], effective in the reduction of periodontal indexes [88,89], resulting in this
way an antiseptic useful to produce benefits in patients with periodontal disease [69,82–84,88–93];
other authors, instead, argue that the use of chlorhexidine is not able to produce additional benefits to
the treatment, compared to only scaling and root planning [94], having a minor role even in the long
term [95].

In 1995, Quirynen introduced the “full mouth disinfection” treatment to prevent reinfection of
treated sites during conventional periodontal therapy (quadrant therapy). The treatment consists of
scaling and root planning performed over a period of 24 h, combined with gingival irrigation with 1%
chlorhexidine gel, tongue brushing with 1% chlorhexidine gel and final rinsing with 0.2% chlorhexidine
mouthwash. Then the patients follow a 2-month home protocol, continuing to brush the tongue with a
1% chlorhexidine gel and a rinse with 0.20% mouthwash, twice a day. This approach is effective in
reducing microbial load, resulting in improved periodontal indices [96].

In 2014, a study conducted by the Tuscan Stomatological Institute, proposed an amendment to the
Quirynen protocol, elaborating the concept of modified full-mouth disinfection, with the idea that it
was more effective to get the reduction of bacterial load before the session of scaling and root planning,
performing the disinfection protocol with chlorhexidine two weeks before treatment. So the first session
is dedicated exclusively to the motivation and instruction of the patient in order to reduce bacteremia
and recondition tissues, establishing a relationship of trust: this approach aims to reduce the bacterial
load and clinical indices, thus reducing the patient’s discomfort, pain and bleeding before they can
proceed to the treatment itself. Then we proceed to the actual treatment in full-mouth, with consequent
revaluation in order to establish a tailor-made periodontal support therapy [97]. Therefore the results
of this study showed a significant reduction of bleeding, thus favoring both the patient’s comfort and
the operator’s procedure. In addition, the classic full-mouth approach highlights that the experience
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perceived by the patient is a fundamental component of the overall effect in nonsurgical full-mouth
periodontal therapy, with anesthesia. In fact, the negative experience of anxiety results in a greater
evasion resulting in delay in oral hygiene appointments and worsening of oral health [98].

The modified full-mouth, on the other hand, supports the modern trend towards more
patient-centered approaches that become a proactive part of preventive therapy. Therefore, the real
advantage of the two-week preparation period is the patient’s understanding of the therapy, which,
acting beforehand on the clinical symptoms before treatment, allows the use of local anesthetics [97,98].

4.3. Measures for Modified Full-Mouth Disinfection

We have already seen that in this case it is the risk of pre-therapy bacteremia, which allows to avoid
manual overtreatment and tissue contraction, reducing the discomfort for the patient. Furthermore,
in order to reduce the contaminating aerosol, in this case, an ultrasonic ablator can be used in ‘soft-mode’
mode, thus reducing the width of movement of the insert, maintaining the same frequency (Figure 3).

Figure 3. Sessions for modified full mout disinfection protocol.

However, as indicated by the Guidelines for the diagnosis and treatment of new coronavirus
pneumonia (fifth edition), chlorhexidine, is not effective to kill SARS-CoV-2. It is vulnerable to
oxidation, so it is recommended to use oxidizing agents containing 1% hydrogen peroxide or 0.2%
iodopovidone, in order to reduce the salivary load of oral microbes, including the potential transport
of virus [2]. So, in the light of this statement, we might consider modifying the pre- patient’s home
protocol treatment, for example the use of a gel based on sunflower oil ozonized 15% and rinse with a
mouthwash based on ozonated olive oil.

4.4. Laser Therapy

For many years, the laser has been recommended as an additional or additional protocol in the
treatment of nonsurgical periodontal disease [73], due to its ability to achieve tissue ablation effects,
hemostats, bactericides and detoxifiers against periodontal pathogenic bacteria [99].

Several studies have proven the effectiveness of laser use during periodontal therapy, highlighting
an improvement in depth of survey, in the gain of clinical attachment and in the reduction of
gingival bleeding in moderate and severe pockets: after a single application of the 810 nm diode
laser, improvements have been achieved in parameters such as PPD and CAL [56,73,100] but also
in levels of IL1-β [62]; other authors, however, argue that there are no further benefits in clinical
parameters with the use of a diode laser, compared to/e solo/e scaling and root planning [101].
Also photodynamic therapy produces benefits in periodontal pockets [102], in the index of gingival
bleeding and in gingival inflammation [64], as well as being effective in single-rooted teeth with
aggressive periodontal disease [59], as well as the PBM [61,103–105] and Er:YAG laser [23,58,106],
which is also favourable for the reduction and control of the proliferation of microorganisms [24,70],
and Er,Cr:YSGG [63,107]. Less significant, however, is the Nd:YAG laser if not used in combination
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with Er.YAG laser, thus improving clinical and microbiological parameters for moderate and severe
pockets, even in areas difficult to reach [25,72].

4.5. Measures for Laser Therapy in Modified Full-Mouth Disinfection

The modified full-mouth disinfection protocol can also be revised with the use of the laser.
We recommend the use of diode laser during the scaling and root planning session for about 20–30 s
in each periodontal pocket (810–980 nm, 1.5 W), favoring biostimulation, decontamination and
cauterization of the tissue. Use it at the end of treatment in the II session (Figure 4).

Figure 4. Laser as an adjuvant to the modified full mouth disinfection protocol. FMD: Full mouth
disinfection; 1.5 W: 1.5 Watt.

4.6. Ozonetherapy

Ozone is an allotropic form of the oxygen molecule that occurs naturally in the Earth’s atmosphere:
in medicine, a mixture of pure oxygen and pure ozone is used in the ratio between 95% and 99.95%
and between 0.05% and 5% [108–110], respectively. It is applied as a powerful disinfectant, able to
control bleeding and the cleaning of wounds in soft tissues, improving healing, with the increase of the
supply of local oxygen [109,111]. In addition, at a high concentration, it kills bacteria very quickly and
is a thousand times more powerful than other anti-bacterial agents [108].

The antibacterial action is related to the ability to react with double lipid bonds, thus leading
to the lysis of the bacterial wall and the distortion of the content of bacterial cells; entering the cell
promotes the oxidation of nucleic amino acids. It also inactivates viruses by spreading through the
protein coating in the nucleus, causing damage to viral nucleic acid [112]. The use of dentistry provides
only the topical application in the form of gas, water or oil, with a multitude of effects: anti-microbial,
analgesic, oxygenating, anti-edema, immunomodulating [113].

It is also associated in the treatment of periodontal disease, as it affects the cellular and humoral
immune system by stimulating the proliferation of immunocompetent cells and the synthesis of
immunoglobulins. Biologically active substances, such as interleukins, leukotrienes and prostaglandins,
which are useful in reducing inflammation and wound healing, are synthesized after the application of
ozone [78]. In recent years, several clinical trials have been conducted to evaluate the effectiveness of
ozone therapy as an adjunct to nonsurgical periodontal therapy. It has been noted that ozone both in
gaseous and aqueous form reduces the growth of aggregatibacter actinomycentemcomintans, tannerella
forsythensis, treponema denticola, porphyromonas gingivalis and prevotella intermedia [114]. Recently,
the antimicrobial activity against specific periodontal pathogens of ozonated water has been shown: its
use has shown a significant reduction in the number of bacteria present in the subgingival plaque [30].

4.7. Measures for Ozone Therapy in Modified Full-Mouth Disinfection

The modified full-mouth disinfection protocol can also be revised with the use of ozone, given the
recent studies that highlight its potential effect against SARS-CoV-2 virus. It might be useful to
associate ozone therapy (gas or water) to the first motivational session, promoting home products for
a continuous contribution of the active ingredient; in fact, toothpastes, gels and mouthwashes are
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available. Subsequently for the causal therapy can be applied both at the beginning and at the end of
treatment: 3–4 close applications are desirable in order to stimulate the healing of the tissue (Figure 5).

Figure 5. Ozone ad an adjuvant to the modified full mouth disinfection protocol. FMD: Full
mouth disinfection.

4.8. Airpolishing

The use of airpolishing with glycine is effective in the removal of biofilm above and below
gingival and is increasingly used in maintenance periodontal therapy, reducing the formation of
bacterial colonies in periodontal pockets [115]: FFP2 mask respirators are critical to protect dental
hygienists and dentists and their importance it has been recognized [116]. In fact in periodontal
pockets from 1 to 4 mm, the airpolishing with glycine, using a classic nozzle, is more effective in the
removal of the subgingival biofilm than manual or ultrasonic instruments; in pockets from 5 to 9 mm,
we recommend a perio tip [117], without causing periodontal tissue damage [118]. Another powder
used is erythritol, introduced later, which is also suitable for the removal of biofilm, for the size of
its particles, relatively small, and for the more stable chemical properties, compared to glycine [119];
it is also effective against some periodontal bacteria, such as Porphyromonas gingivalis [120] and
Aggregatibacter actinomycentemcomintans [34].

It is a therapeutic choice common in clinical practice: a good compliance of the patient and an
effective initial treatment, through the use of laser and ozone therapy to reduce the bacterial charge in
the periodontal pockets, minimizes its use in necessary cases.

4.9. Measures for Airpolishing

The use of a perio tip, then of inserts created specifically for a deplaquing subgingival, having a
jet confined within the periodontal pocket, can help to reduce the production of aerosol contaminant.
Another important consideration, to avoid greater exposure to the clinical risk of contracting the virus
SARS-CoV-2, is the choice of suitable powders: glycine and erythritol, being two very fine powders.
They are not instruments of choice for a supragingival deplaquing or for the removal of extrinsic
spots, because they would require more time to use; in this case, it is preferable to use powders based
on calcium carbonate, whose spherical particles have a particle size ranging from 45 μm to 75 μm,
less abrasive than sodium bicarbonate and therefore less aggressive on the tissues (Figure 6).
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Figure 6. How to choose the type of powder, based on the oral health of the patient. NSPT: nonsurgical
periodontal therapy.

4.10. Home Hygiene Advice: The Probiotic Theme

Taking up the concept of oral microbiome, to reduce the chemical–pharmacological action and
maintain a proper microbiological balance within the oral cavity, probiotics or bio-inspired products
based on probiotics, such as toothpastes, mouthrinses or chewable gums can be recommended.
The issue of probiotics begins to make its way even more in the dental field: according to the official
definition of the World Health Organization probiotics are living organisms that, administered in
adequate quantities, bring a benefit to the health of the host. Currently it has been shown that they
are able to provide beneficial effects to the organism through the mechanism of stabilization of the
microbial flora and modulation of the immune system of the host. Bacteria capable of exerting one or
more of these effects are predominantly lactobacilli or bifidobacteria.

Recent studies have highlighted the usefulness that probiotics could have for the prevention or
treatment of certain diseases of the oral cavity such as caries, gingivitis and periodontitis, that are
associated with a variation in the composition of the microbial flora and the activity of bacterial species
as well as the reaction of the host. Several studies have proven their effectiveness in reducing anaerobic
bacterial load [79] and highly virulent bacteria belonging to the red and orange complex [36,67,80],
helping tissue healing, in terms of depth of survey, loss of clinical attack, gingival bleeding and
plaque index.

In view of these considerations, toothpastes containing selected and tindalized probiotics are
available on the market, namely Bifidobacterium and Lactobacillus, which have an antimicrobial
action that allows blockage of the growth of pathogenic bacteria, but above all they are able to bind
to the toxins that are released by the latter, inhibiting their action. In addition, these toothpastes
also have inside them the Mastic of Chios, known for its bacterial and anti-inflammatory properties,
which acts as an immunostimulant. The chewable gums, on the other hand, mentioned above, contain
microrepair, therefore microcrystals of hydroxyapatite, added with three billion of selected probiotics,
that is Lactobacillus reuteri, Lactobacillus salivarius and Lactobacillus plantarum, vitamin C, vitamin
D3, calcium and zinc. It is recommended to use for at least 20 min once a day, preferably after a proper
cleansing, and continued for 10 days. In addition, previously, dental machines, mouthwashes and gels
based on olive oil or ozonated sunflower seed oil were also mentioned as a continuation of the causal
therapy for a continuous release of ozone at the tissue level.

5. Conclusions

To understand human health in its entirety and to intervene in a timely manner on the disease with
precise and effective bio-inspired therapies that aim not only to solve the problem in the immediate,
but also to reduce or even avoid relapse, we absolutely need to know the oral microbiome. In addition,
knowing in depth the stability or variability of the human microbiota will allow us to better assess the
health status of each patient in a holistic sense: to periodontics, an analysis of the oral microbiome will
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allow to associate, beyond reasonable doubt, the presence and severity of a possible periodontal disease.
Given the link of the latter with a long series of different diseases, the collaboration between the dentist
and other specialist doctors will ensure more timely, accurate and calibrated care for each patient.
Therefore, analyzing the available scientific literature, we can evaluate ever more minimally invasive
therapies, which aim at the reduction of bacteremia and the reduction of periodontal reference indices,
with advantageous results for both the operator and the patient: laser, ozone, probiotics, glycine
and erythritol appear to be a valuable support for nonsurgical periodontal treatment. This concept
is even more important in a global pandemic situation, where the reduction of the bacterial load
present in aerosols becomes a primary outcome, in order to manage the clinical risk in public or
private health environments, without necessarily abandoning the promising instruments adopted
so far. Bio-inspired systems have shown improvements in clinical parameters of greater relevance,
such as depth of survey, loss of clinical attack, gingival bleeding and the index of plaque, accompanied
by a reduction in bacterial load and proinflammatory cytokines, but these improvements have not
been statistically significant. The risk of bias of the present investigation is relatively low, but it is not
absent. Additionally, some studies present more than one aspect with uncertain or high risk. Therefore,
future randomized clinical studies on the topic would be welcomed.

Further studies, aimed at assessing the effectiveness of the success of nonsurgical periodontal
therapy, adjuvant by the use of laser and ozone therapy, airpolishing, probiotics and chlorhexidine,
on the reduction of the risk caused by the new coronavirus are probably needed. This will promote a
better management of health-workers’ risks of generating contaminated aerosols from patients who
undergo nonsurgical periodontal therapy; limiting the chemical–pharmacological action to an initial
period in order to manage and respect the biological tissues and avoiding, finally, an overtreatment.
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Pietruski, J.; Milewski, R.; Wysocka, J. Evaluation of the influence of ozonotherapy on the clinical parameters
and MMP levels in patients with chronic and aggressive periodontitis. Adv. Med. Sci. 2010, 55, 297–307.
[CrossRef]

77. Park, E.J.; Kwon, E.Y.; Kim, H.J.; Lee, J.Y.; Choi, J.; Joo, J.Y. Clinical and microbiological effects of the
supplementary use of an erythritol powder air-polishing device in non-surgical periodontal therapy:
A randomized clinical trial. J. Periodontal. Implant. Sci. 2018, 48, 295–304. [CrossRef]

78. Tsang, Y.C.; Corbet, E.F.; Jin, L.J. Subgingival glycine powder air-polishing as an additional approach to
nonsurgical periodontal therapy in subjects with untreated chronic periodontitis. J. Periodontal. Res. 2018, 53,
440–445. [CrossRef] [PubMed]

79. Tekce, M.; Ince, G.; Gursoy, H.; Dirikan Ipci, S.; Cakar, G.; Kadir, T.; Yılmaz, S. Clinical and microbiological
effects of probiotic lozenges in the treatment of chronic periodontitis: A 1-year follow-up study.
J. Clin. Periodontol. 2015, 42, 363–372. [CrossRef]

80. Vivekananda, M.R.; Vandana, K.L.; Bhat, K.G. Effect of the probiotic Lactobacilli reuteri (Prodentis) in the
management of periodontal disease: A preliminary randomized clinical trial. J. Oral Microbiol. 2010, 2, 5344.
[CrossRef]
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Abstract: The coronavirus pandemic has become a huge global challenge medically, economically
and psychologically. The COVID-19 pandemic shows that the population can experience general
psychological distress. The sanitary regime in dental offices and lack of vaccine for coronavirus may
have an impact on the level of dental anxiety among patients undergoing oral surgery procedures.
A clinical study was conducted between November 2019 and September 2020. A total of 175 patients
(n = 175) were enrolled in the research. The aim of the study was to assess the attitude of patients
towards the new situation related to the reduced availability of dental offices providing oral surgery
procedures. The level of anxiety associated with surgical intervention was measured using a self-made
COVID-19 questionnaire and the MDAS scale. The ED-5Q questionnaire and EQ-VAS scale were also
used in this research. The study showed that 21.9% of respondents presented with increased anxiety
about a dental visit compared with the time before the pandemic. This epidemiological situation has
led to an overwhelming increase in moderate dental anxiety (M: 11.4) among patients undergoing oral
surgery procedures. The quality of patients’ health (EQ-VAS) related to the impact of the coronavirus
pandemic and the quarantine decreased by 10 percentage points. Oral surgeons should be prepared
for more anxious patients in dental offices during the pandemic.

Keywords: dental anxiety; pandemic; dentistry; oral surgery; dental care; SARS-CoV-2; COVID-19

1. Introduction

The outbreak of the coronavirus pandemic (SARS-CoV-2), which started in December 2019 in
Wuhan, China, has become a huge global challenge medically, economically and psychologically [1].
On the 30 January 2020, the World Health Organization (WHO) declared the COVID-19 outbreak
a global health emergency. At the end of September 2020, the WHO reported that more than 23
million people had been infected worldwide and 800,000 deaths had been caused by the SARS-CoV-2
infection [2,3]. The number of infected people around the world is still rising. The limited knowledge
of COVID-19 and overwhelming news delivery may lead to anxiety and fear in the public.

Three main mechanisms of dental anxiety are hypothesized. One of them is based on patients’
own experiences (mostly traumatic experiences from the past) and the other two result from external
factors, such as negative-biased information and observations of negative behavior during dental
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treatment [4–6]. In time, it may transpire that we will also have to deal with another mechanism linked
to the difficulty in finding a dental office which provides surgical services during pandemic lockdown
and in accordance with the pandemic-related regime. These are factors we did not have to consider
in this study. Depending on the examined population and the assessment tools, 2.5–20% of people
experience dental anxiety [7,8].

The population at large may experience disappointment, stress and irritability when in isolation [9].
Psychologists from China examined the general population during the initial stage of the COVID-19
pandemic. They found that 53.8% of the respondents rated the psychological impact of the outbreak as
moderate or severe, 16.5% reported moderate to severe depressive symptoms, and 28.8% reported
moderate to severe anxiety symptoms [10]. Another study, which included more than 50,000 people in
China during the coronavirus pandemic, showed that about 35% of people experienced psychological
distress [11].

Peloso et al. reported that the pandemic has a considerable impact on dental appointments and
anxiety in patients. There was an association between patients’ attitudes towards the pandemic and
their enthusiasm to attend a dental appointment. The author reported that at the beginning of the
pandemic 28.6% of interviewees reported experiencing anxiety. Their concerns were associated with
the risk of getting infected and transmitting the disease to family members [9].

There are some studies on the psychological influence of the COVID-19 pandemic on patients
in different medical sectors [11–13] yet, there are no studies on patients undergoing oral surgery
procedures in outpatient dental surgeries [5]. Assessing the severity of anxiety in this group of patients
may contribute to the optimization of the treatment process [12].

The aim of this study was to compare the psychological functioning of patients undergoing dental
surgery procedures before and after the outbreak of the pandemic.

2. Experimental Section

This study was approved by the Independent Research Ethics Committee of the Medical University
in Gdańsk, Poland (NKBBN/366/2016).

A clinical study involving 175 (n = 175) patients was carried out. The patients were divided
into three groups: those undergoing a surgery before the outbreak of the pandemic, those during the
most severe restrictions after the COVID-19 outbreak, and those after the lifting of the most severe
restrictions. The patients were consecutively recruited at the Department of Oral Surgery at the Medical
University of Gdańsk. The patients’ visits took place at the Oral Surgery Department from November
2019 to September 2020. In 47 instances, the procedures were performed before the SARS-CoV-2
reached Poland (first confirmed case–4 March 2020). At the time, planned surgeries were performed.
Patients were given routine verbal information on the course of treatment and the post-operative
indications. All verbal information was standardized and presented by the same dental surgeon.
During the time of pandemic restrictions 128 (n = 128) patients were treated. They received the same
verbal information as the group treated before the pandemic and the procedures were performed by
the same dentist. This group was divided into two subgroups. The patients from the first subgroup
(n = 57) underwent the surgeries at the time of the most severe restrictions-between 4 March 2020 and
31 May 2020. The second subgroup (n = 71) was admitted after the most severe restrictions were lifted
in Poland (31 May 2020) [2].

All examined patients (175) filled in a questionnaire on their sex, age, place of residence and
presence or lack of symptoms related to COVID-19. The procedures to which the patients were
subjected included tooth extractions, surgical tooth extractions, abscess drainage and drain removals
(Table 1). All patients gave their written informed consent for the study. Fear of coronavirus in the
group operated on after the outbreak was measured using a custom-built questionnaire consisting of
ten statements about COVID-19 (Table 2). A Likert scale with five sorted categories from 1 (definitely
no) to 5 (definitely yes) was used here. Patients undergoing surgery before the outbreak of the
pandemic did not answer questions about COVID-19. Questionnaires related to the EuroQol 5D
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Quality of Life Self-esteem, which consists of two parts-EQ-5D (Five Questions of EuroQol 5D Quality
of Life Self-esteem Questionnaire) and EQ-VAS (Visual Analogue Scale of EuroQol 5D Quality of
Life Self-esteem Questionnaire), and the MDAS (Modified Dental Anxiety Scale) were completed
by all 175 patients [14–18]. The participants had a doctor’s help if they had any doubts regarding
questions or answers. Patients older than 18 years of age who agreed to participate in the study were
considered eligible.

2.1. MDAS: Modified Dental Anxiety Scale

The answers are: calm (1 point), a bit nervous (2 points), nervous (3 points), very nervous (4 points),
and extremely nervous (5 points). Points are added up, and the results range between 5 and 25 points.
A score of 5 indicates no anxiety, 6–10 a low level of anxiety, 11–14 a moderate level of anxiety and
14–18 a high level of anxiety. A result of more than 19 points indicates an extraordinarily strong level of
anxiety, entitling the patient to be included in the group of people suffering from dentophobia. The use
of the MDAS questionnaire with each patient before the commencement of dental treatment allows for
a simple and objective assessment of the occurrence and severity of anxiety [14–17].

2.2. ED-5Q and EQ-VAS

The ED-5Q questionnaire describes function and quality of life in five dimensions: mobility,
self-care, usual activities, pain or discomfort, and anxiety or depression. The EQ-VAS is a visual
analogue scale on which the patient is assessing their health on a scale from 0 (worst imaginable health
condition) to 100 (best imaginable health condition) [18].

2.3. Statistical Analysis

The collected data were subjected to statistical analysis using the STATISTICA 13.1 (StatSoft Inc.,
Tulsa, OK, USA, serial number JPZ0097539310ARACD-1) licensed by the Medical University of Gdańsk.
The quantitative statistical analysis included the chi-square test. For this purpose, the following
parameters have been calculated: values mean (M), median (Me), standard deviations (SD), minimum
(MIN) and maximum (MAX) values. The Mantel–Haenszel test has also been used. In addition,
in several cases where groups had insignificant numbers, Fisher’s exact test was used. Additionally,
the non-parametric Mann–Whitney test and the non-parametric Kruskal–Wallis test, supplemented
by post-hoc tests, were implemented. The test results were considered significant when p < 0.05.
Cronbach’s alpha test for the COVID-19 questionnaire was 0.787, for the MDAS was 0.899 and for the
ED-5Q was 0.558. The power calculation for the MDAS was −0.03, for the ED-5Q it was −0.18 and for
the EQ-VAS it was 0.2.
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3. Results

3.1. COVID-19 Questionnaire Results

In total, 128 patients completed the COVID-19 questionnaire. Patients undergoing surgeries before
the outbreak of the pandemic did not answer these questions. Summary results for affirmative answers
are shown in Table 2. Statistical analyses for all the respondents are shown in Tables 3 and 4. In total,
35.2% of respondents were concerned about the outbreak of the coronavirus pandemic. Half of the
examined patients followed all of the news on coronavirus. A total of 50.8% of those surveyed believed
that this virus is much more dangerous than seasonal flu. Every sixth respondent was concerned that
friends or family would be infected. In total, 83.6% of the examined patients felt safe in a dentist’s
office, when they saw a high level of medical staff protection. Every fifth (21.9%) respondent reported
that a dental visit made them feel more anxious than before the pandemic.

Table 3. Statistical analysis of the COVID-19 questionnaire in all patients treated after the outbreak of
the SARS-CoV-2 pandemic. N—number of patients; M–mean; SD—standard deviation.

COVID N Mean Median Minimum Maximum SD Skewnes Kurtosis

Q1 128 2.781250 3.000000 1.000000 5.000000 1.229157 0.16910 −1.13026
Q2 128 4.273438 5.000000 1.000000 5.000000 1.084717 −1.76863 2.60379
Q3 128 3.039063 3.500000 1.000000 5.000000 1.359726 −0.16712 −1.35985
Q4 128 2.632813 2.000000 1.000000 5.000000 1.373948 0.37449 −1.21185
Q5 128 3.320313 4.000000 1.000000 5.000000 1.315765 −0.35988 −0.99105
Q6 128 3.468750 4.000000 1.000000 5.000000 1.315788 −0.47889 −1.01309
Q7 128 4.187500 4.500000 0.000000 5.000000 1.113624 −1.76906 2.96985
Q8 128 3.656250 4.000000 1.000000 5.000000 1.388578 −0.84930 −0.58150
Q9 128 2.312500 2.000000 1.000000 5.000000 1.195464 0.58027 −0.77846

Q10 128 4.398437 5.000000 1.000000 5.000000 0.933538 −1.94076 3.98116

Table 4. Comparison of patients operated on during severe restrictions with patients operated on after
the lifting of restrictions in terms of the total score from the COVID-19 questionnaire. N-number of
patients; M-mean; SD-standard deviation; t-value of the Student’s t-test; df-degrees of freedom; p-level
of statistical significance.

COVID-19

During Severe
Restrictions

After Lifting the
Restrictions

t-Test

N M SD N M SD t df p-Value

Total Score 57 34.67 6.71 71 33.59 7.67 0.83 126 0.407

Comparing patients undergoing surgeries at the time of high restrictions with patients operated
on after these restrictions were lifted, statistical significance (p < 0.05) was found in questions 8 and
10. Statistical analyses according to the time of admittance are shown in Table 5. A total of 80.7% of
patients from the first group admitted that they had tried to cope with pain using home methods
before going to a dental appointment, while in the second group the percentage was almost 59.2%.
Every seventh respondent operated on at the time of high restrictions expressed concern that friends
or family would be infected by SARS-CoV-2, while only every fifth patient gave the same statement
after the highest restrictions were lifted (Table 2).

236



J. Clin. Med. 2020, 9, 3344

Table 5. Statistical analysis of COVID-19 questionnaire results in patients treated after the SARS-CoV-2
pandemic according to the time of admittance. N-number of patients; R-average rank; p-level of
statistical significance.

COVID-19
During Severe Restrictions

After the Restrictions
Were Lifted

Statistical Analysis

N R Me N R Me Z p-Value

Q1 57 66.82 68.99 71 62.64 66.07 0.63 0.528
Q2 57 63.96 68.00 71 64.93 65.19 −0.14 0.886
Q3 57 65.07 3.00 71 64.04 3.00 0.15 0.878
Q4 57 62.20 4.00 71 66.35 4.00 −0.63 0.532
Q5 57 61.50 4.00 71 66.91 3.00 −0.82 0.414
Q6 57 71.66 1.00 71 58.75 1.00 1.95 0.051
Q7 57 66.12 4.00 71 63.20 4.00 0.44 0.659
Q8 57 72.36 1.64 71 58.19 1.71 2.15 0.032
Q9 57 63.33 0.00 71 65.44 0.00 −0.32 0.752

Q10 57 63.52 0.00 71 65.29 0.00 −0.27 0.790

3.2. MDAS Results

Of all surveyed, 10.1% did not report any anxiety related to the dental visit. Low levels of anxiety
were reported by 39.1% of patients. A moderate level of anxiety was reported in 21.1% cases. Every
fifth respondent showed a high level of dental anxiety and 8.6% of patients were extremely anxious.
There were no statistically significant differences for different sex or age group categories. The average
result of MDAS was 11.4, which means that the examined group is characterized by a moderate level
of anxiety (Table 6).

Table 6. Statistical results of MDAS, ED-5Q and EQ-VAS questionnaire according to the time of
admittance. N-number of patients; M–mean; SD-standard deviation; H-the Kruskal-Wallis H test;
p-level of statistical significance.

Result Group N M Me Min Max SD Skewnes Kurtosis

MDAS
Before pandemic 47 11.17 10.00 5.00 24.00 5.02 0.52 −0.54

During severe
restrictions 57 11.42 10.00 5.00 25.00 5.35 0.79 0.00

After lifting the
restrictions 71 11.61 11.00 5.00 23.00 4.66 0.35 −0.83

H(2.175) = 0.48; p = 0.787

ED-5Q
Before pandemic 47 6.70 6.00 5.00 13.00 1.92 1.48 2.27

During severe
restrictions 57 7.54 7.00 5.00 19.00 2.41 2.15 8.08

After lifting the
restrictions 71 7.51 7.00 5.00 16.00 2.24 1.29 2.41

H(2.175) = 6.11; p = 0.047

EQ-VAS
Before pandemic 47 82.79 85.00 40.00 100.00 14.49 −1.27 1.381

During severe
restrictions 57 72.68 80.00 20.00 100.00 18.91 −0.871 0.420

After lifting the
restrictions 71 77.63 80.00 30.00 100.00 16.26 −0.706 −0.047

H(2.175) = 8.85; p = 0.0119

The number of low or moderate anxiety responses according to the MDAS scale was highest in
the group of patients operated on after the outbreak of the pandemic. The results show that, after the
introduction of restrictions related to the pandemic, the number of patients reporting medium, high or
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extreme levels of anxiety increased. There was no correlation found between the groups in terms of
place of residence, type of procedure, history of anxiety or the time of admittance.

3.3. ED-5Q Results

The subjects whose treatment was carried out during the pandemic were characterized by a
significantly higher incidence of signaling somatic symptoms and helplessness resulting from being
ill (U = 2.286.500; p < 0.05). At the same time, the respondents operated on after the outbreak of the
pandemic assessed the quality of their health significantly more negatively than those operated on
before the introduction of the severe restrictions related to COVID-19 (U = 2227.500; p < 0.01). It was
determined that there were significant differences between the three groups. Therefore, the multiple
comparison procedure was performed using the Z-test. The H test showed differences between
the groups, but the Z-test did not confirm these differences. The mean ranks (R) show that in the
pre-pandemic group the ED-5Q score was lower than that of the patients undergoing surgery after the
outbreak of the pandemic (Table 6).

3.4. EQ-VAS Results

The respondents operated on after the outbreak of the pandemic considered their health to be
significantly worse when compared with those operated on before the introduction of restrictions
related to COVID-19 (U = 2227.500; p < 0.01). The quality of patients’ health (EQ-VAS) related to the
impact of the coronavirus pandemic was approximately 72, which was 10 points less than before the
pandemic (Table 6).

3.5. Results and Comorbidities

For all the respondents, a relationship between the number of comorbidities and ED-5Q was found.
The results were analyzed according to the types of restrictions effective at the time. The strongest
relationship between ED-5Q and the number of diseases was found in the group of patients who
underwent treatment after the lifting of the most severe restrictions (Table 7). The more comorbidities
the examined patients had, the more somatic symptoms resulting from being ill they reported.

Table 7. Questionnaire results and comorbidities according to the time of admittance. N-group size;
R-value of Spearman’s R test; p-level of statistical significance.

Comorbidities All Respondents Before the Pandemic
During Severe

Restrictions
After Lifting the

Restrictions

N R p-Value N R p-Value N R p-Value N R p-Value

MDAS 175 0.063 0.4 47 0.116 0.433 57 0.011 0.929 71 0.071 0.556
Q1 128 0.22 0.012 0 0 0 57 0.258 0.051 71 0.187 0.117
Q2 128 −0.061 0.488 0 0 0 57 −0.019 0.884 71 −0.09 0.45
Q3 128 0.121 0.17 0 0 0 57 0.256 0.054 71 0.026 0.826
Q4 128 0.108 0.221 0 0 0 57 0.024 0.855 71 0.177 0.137
Q5 128 0.192 0.029 0 0 0 57 0.285 0.031 71 0.127 0.288
Q6 128 0.106 0.23 0 0 0 57 0.203 0.128 71 0.032 0.79
Q7 128 0.04 0.648 0 0 0 57 0.252 0.058 71 −0.11 0.359
Q8 128 −0.052 0.558 0 0 0 57 −0.242 0.068 71 0.076 0.527
Q9 128 −0.054 0.54 0 0 0 57 −0.004 0.974 71 −0.08 0.504

Q10 128 −0.071 0.409 0 0 0 57 0.093 0.487 71 −0.214 0.072
COVID-19
Total Score 128 0.155 0.08 47 0 0 57 0.203 0.129 71 0.111 0.354

ED-5Q 175 0.234 0.002 47 0.163 0.272 57 0.156 0.245 71 0.327 0.005
EQ-VAS 175 −0.09 0.235 47 0.006 0.96 57 −0.051 0.702 71 −0.181 0.13

4. Discussion

The current pandemic situation is causing mental-health problems, such as distress, anxiety and
depression, both in medical workers and in patients. Due to the nature of dental procedures, during
which water-air spray is generated, the risk of coronavirus infection is considered to be very high.
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The small distance between the doctor and the patient during dental procedures also increases the
risk of infection [5,6,19]. Increased levels of anxiety can lead to negligence in attending regular visits
and emergency dental appointments, resulting in poor oral health [19–25]. There was a significant
association between patients’ feelings and their willingness to visit the dentist. Patients who regularly
visited the dentist before the pandemic are more likely to visit the dental office during the time of
COVID-19-related restrictions [11,12].

The patients whose treatments were carried out during the pandemic were characterized by a
significantly higher level of ED-5Q index. Our study shows that respondents operated on after the
outbreak of the pandemic assessed the quality of their health as significantly worse than those operated
on earlier. There is no other published study that compares the quality of surgical patients’ health
before and during the pandemic using the EQ-VAS questionnaire; therefore, there is no published data
with which to compare our results.

Torales et al. observed an increased percentage of people with anxiety, depression, fear and sleep
problems during the COVID-19 pandemic, both in the healthy population and in people with the
previously mentioned symptoms [26]. A study from China showed that 53% of people experienced
feelings of anxiety and fear about the spreading pandemic [27,28]. The COVID-19 pandemic has
exacerbated anxiety levels in many people. Our study shows that low, moderate and high levels
of anxiety increased after the outbreak of SARS-CoV-2. The results of our study also show that the
pandemic has an impact on the psychological functioning of patients.

Our study shows that the more comorbidities the examined patients have, the more somatic and
invalidating symptoms resulting from being ill they reported. Public Health England suggest
that patients with comorbidities such as cardiovascular diseases, diabetes, chronic respiratory
diseases, hypertension and neoplastic diseases have a higher mortality rate than patients without
comorbidities [29].

Although the present study reports on the important issue of oral surgery healthcare during
the pandemic, the study limitations must be emphasized. The results represented a single-center
experience and were obtained from a small population size. Moreover, dental anxiety is multifactorial,
and this research did not explore the effects of personal traits and family-related issues, including
socioeconomic status and the level of education of patients [30,31]. The study was not designed to
delve into explaining the exact reasons for the observed anxiety levels in examined patients. After the
outbreak of the pandemic, only patients with dental emergencies were admitted to the clinic, whereas
before the outbreak, planned surgeries were performed. The reason for admittance may also be of
importance when assessing anxiety levels in patients, which suggests a possible bias.

5. Conclusions

As the COVID-19 pandemic continues to spread, our findings will provide vital guidance for the
development of a psychological support strategy for dental surgery patients. It is important to prepare
medical staff for the necessity of a special approach towards patients during times of wide-spread
coronavirus transmission. The conducted research clearly shows that the number of patients signaling
anxiety related to a surgical visit has increased. The study was conducted preliminarily, before the peak
of transmission occurred in Poland. Dentists do not usually screen the patients for dental anxiety. The
practitioners who are interested in treating patients with dental anxiety should use a screening method
to evaluate their patients’ level of anxiety before the procedure. These data will help to perform oral
surgery more efficiently, without burdening patients with additional anxiety. Good communication
with a trusted dentist, continuity of treatment and regular dental visits, and exposure to a dental
environment are the best methods for managing dental fear.

Author Contributions: Conceptualization, D.P.-D., A.S., K.R.; methodology, D.P.-D., A.S.; software, D.P.-D., A.S.,
K.R.; validation, D.P.-D., W.J.C., A.S.; formal analysis, D.P.-D., A.S., W.J.C.; investigation, D.P.-D., A.S.; resources,
D.P.-D., A.S., K.R.; data curation, D.P.-D., A.S.; writing—original draft preparation, D.P.-D.; writing—review
and editing, D.P.-D., A.S., B.A.J.-F., D.A., W.J.C., K.R.; visualization, D.P.-D., A.S., B.A.J.-F., D.A., W.J.C., K.R.;

239



J. Clin. Med. 2020, 9, 3344

supervision, D.P.-D., A.S., W.J.C., B.A.J.-F., D.A.; project administration, D.P.-D., A.S., W.J.C., funding acquisition,
D.P.-D., W.J.C., A.S. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Acknowledgments: The authors would like to thank all of the dentists, residents and assistants of the Oral Surgery
Department at the Medical University of Gdańsk, for their help and advice.
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Abstract: Background: In late December 2019, a new pandemic caused by the SARS-CoV-2 (Severe
Acute Respiratory Syndrome Coronavirus 2) infection began to spread around the world. The new
situation gave rise to severe health threats, economic uncertainty, and social isolation, causing
potential deleterious effects on people’s physical and mental health. These effects are capable of
influencing oral and maxillofacial conditions, such as temporomandibular disorders (TMD) and
bruxism, which could further aggravate the orofacial pain. Two concomitant studies aimed to
evaluate the effect of the current pandemic on the possible prevalence and worsening of TMD and
bruxism symptoms among subjects selected from two culturally different countries: Israel and Poland.
Materials and Methods: Studies were conducted as cross-sectional online surveys using similar
anonymous questionnaires during the lockdown practiced in both countries. The authors obtained
700 complete responses from Israel and 1092 from Poland. In the first step, data concerning TMDs and
bruxism were compared between the two countries. In the second step, univariate analyses (Chi2) were
performed to investigate the effects of anxiety, depression, and personal concerns of the Coronavirus
pandemic, on the symptoms of TMD, and bruxism symptoms and their possible aggravation. Finally,
multivariate analyses (logistic regression models) were carried out to identify the study variables that
had a predictive value on TMD, bruxism, and symptom aggravation in the two countries. Results:
The results showed that the Coronavirus pandemic has caused significant adverse effects on the
psychoemotional status of both Israeli and Polish populations, resulting in the intensification of their
bruxism and TMD symptoms. Conclusions: The aggravation of the psychoemotional status caused
by the Coronavirus pandemic can result in bruxism and TMD symptoms intensification and thus
lead to increased orofacial pain.

Keywords: COVID-19; SARS-CoV-2; coronavirus pandemic; temporomandibular disorders; bruxism;
orofacial pain
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1. Introduction

Temporomandibular disorders (TMD) are a group of conditions that cause pain and dysfunction
of the masticatory muscles, the temporomandibular joints (TMJs), and associated structures. The most
common features of TMD are regional pain, limited jaw movements, and acoustic sounds from
TMJs during motions [1]. The prevalence of TMD in the general population is estimated at about
10–15% [2–4], and these conditions affect women more frequently than men. Psychosocial factors,
such as anxiety, stress, depression, coping strategies, and catastrophizing, may influence the onset
of pain, as well as precipitate or prolong the TMD pain [5–8]. The International Association for the
Study of Pain (IASP) reported that TMD-related facial pain occurs in 9–13% of the general population,
while only 4–7% seek treatment. The TMD-related pain may also affect the daily activities, physical
and psychosocial functioning, and quality of life of the affected individuals [9].

Bruxism is a repetitive jaw muscle activity characterized by clenching or grinding of the teeth,
and/or bracing or thrusting of the mandible [10]. It can act as a potential risk factor for several negative
consequences of health such as masticatory muscle pain, oral mucosa damage, mechanical tooth wear,
and failures of prosthodontic constructions [11–13]. This condition is divided into sleep bruxism (SB)
awake bruxism (AB). The prevalence of SB is estimated at about 16% among young adults and at 3–8%
among adults, while the prevalence of AB in the general population is estimated at about 22–30%.
Both forms of bruxism men and women equally [14].

Psychosocial factors, such as stress and anxiety, have been indicated as associated with both
SB and AB [15–20]. However, the latest research showed that self-reported perceived stress was not
correlated with the intensity of SB [21].

In late December 2019, a new unfamiliar and threatening pandemic called COVID-19 (Coronavirus
2019 disease), which is caused by the SARS-CoV-2 (Severe Acute Respiratory Syndrome Coronavirus 2)
infection, began to spread around the world. Due to almost complete uncertainty about the ways of
virus spread [22] and the appropriate modes of treatment, insufficient availability of health services,
and no existing vaccine or efficient drug for treatment, most countries adopted the policies of social
distancing and partial to total lockdown.

The situation continued, and within weeks, routine life was drastically altered. This gave rise to
severe health threats, economic uncertainty, and social isolation, causing potential deleterious effects
on the physical and mental health of the people. The common psychological responses of individuals
to the Coronavirus pandemic included stress, anxiety, and depression [22]. All these are capable of
influencing the oral and maxillofacial syndromes, such as TMD and bruxism, which could further
aggravate the orofacial pain [23].

Studies aimed to: (i) evaluate the effect of the current Coronavirus pandemic on the possible
prevalence and worsening of TMD and bruxism symptoms, among subjects selected from two culturally
different countries: Israel and Poland; and (ii) to define the predictors of TMD and bruxism during the
lock down periods, in the above countries.

2. Materials and Methods

Studies were conducted as cross-sectional online surveys using anonymous questionnaires.
The final questionnaire was compiled from tools commonly used with regard to TMD, bruxism, anxiety
and depression (3Q/TMD, possible/probable bruxism, and Patient Health Questionnaie-4, as detailed
below), and specific questions referring to demographics, concerns specific to the Coronavirus, media
consumption, etc. The latter were agreed upon, and tested for content validity, by a group of subject
matter experts (SMEs). The group consisted of four dentists (AE-P, IE, NU, and EG) who work at
the Tel Aviv University School of Dental Medicine and have vast clinical and academic experience in
working with patients suffering from TMD and bruxism. Each SME proposed questions for the study
and, following discussions, the final questions were agreed upon. The questionnaire was compiled in
Hebrew and translated to Polish by the Polish group. The surveys were carried out one month after
the start of the total lockdown periods in each of the countries.
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2.1. Population

The questionnaire was distributed through the internet (in Hebrew in Israel, in Polish in Poland).
In Israel, the study questionnaire was posted on SurveyGizmo (https:www.mysurveygizmo.

com/s3) and distributed through mailing lists of dental clinics and social media (e.g., Facebook and
WhatsApp).

In Poland, the questionnaire was posted on Reddit, an American social news aggregation platform
that allows the users to interact on community-created discussion forums, and on r/Polska sub-reddit.

In both countries, the responses were given anonymously by the participants.
Studies were conducted in full accordance with the World Medical Association Declaration of

Helsinki. In Israel, all the study procedures were approved by the Ethics Committee of the Tel Aviv
University in Israel (ID: 0001332-1). In Poland the Bioethical Committee of the Wroclaw Medical
University approved the study protocol (ID: KB-302/2020). Informed consent was obtained from all the
subjects as required.

2.2. Instruments

The following data were collected from the participants:

1. Demographic and general information: This included the consent to participate in the study, age,
gender, and conjugal status (with partner and children, with partner but no children, with children
but no partner, with roommate, alone).

2. Concerns specific to the Coronavirus: These included worries about the risk of being contaminated
(yes/no), and about the financial aspects, physical health, mental health, and relationship with
relatives and friends (ranging from 1—not at all to 5—very worried).

3. TMD screening: The 3Q/TMD questionnaire, which is a reliable and acceptable tool for screening
the TMD conditions, was used for collecting data [24,25]. The questionnaire has an excellent
negative predictive value and is regarded as a valid tool for screening [24,25]. It asks about the
existence of pain in the temple, face, and jaw during mouth opening or chewing, and whether
there is an experience of jaw locking. A positive response to one of these confirms the presence
of TMDs.

4. Possible/probable AB: An accepted way to assess possible AB and/or SB is the use of a self-report
questionnaire [12,17,26]. The questions are related to awareness (by self or being told by others)
of grinding, clenching, and holding the teeth together and/or tightening the masticatory muscles
during the day (scale ranging from 0—never to 4—all the time). A positive answer to one of these
(either than “never”) confirms the presence of “possible AB”. An additional positive response to
the question that refers to “being told by a dentist that you clench/grind your teeth” confirms the
presence of “probable AB” [10,27].

5. Possible/probable SB: It is assessed through the question, “Do you know or have been told that you
clench or grind your teeth while you sleep?” A scale ranging from 0 (never) to 4 (4–7 nights/week)
is used for this assessment. Any score above 0 (never) confirms the presence of “possible SB”.
An additional positive response to the question that refers to “being told by a dentist that you
clench/grind your teeth” confirms the presence of “probable SB” [10,27].

6. Possible aggravation of symptoms associated with TMDs and bruxism (“since the beginning of
the Coronavirus confinement do you feel any changes in . . . etc.”). The evaluated symptoms
referred to: (i) pain in temple, face, jaw or jaw joint, pain at mouth opening or chewing and jaw
locking (for TMD); (ii) headache during the day in the temple area, exacerbation in pain levels
during the day and change in the temple pain upon functioning (for TMD and AB); and (iii)
difficulties in mouth opening upon awaking, jaw and/or muscle stiffness upon awaking and
temple headache that is reduced after some time (for SB) [28]. The scores were as follows: no
change, slight aggravation, significant aggravation, and improvement.

245



J. Clin. Med. 2020, 9, 3250

7. Anxiety and depression: The Patient Health Questionnaire-4, a brief screening tool, is used for
assessing anxiety and depression [29]. The total score of this questionnaire ranges from 0 to 12,
and the conditions are usually evaluated using the following cut-off scores: 0–2, normal; 3–5, mild;
6–8, moderate; 9–12 severe [29]. The questionnaire also allows performing a separate evaluation
for anxiety and depression.

8. Media consumption: Report of news consumption concerning the Coronavirus pandemic through
television, internet, and/or social media was also assessed (scale ranging from 1—not at all to
4—all reports/all the time).

All questions were formulated in a first person voice (referring to self), and referred to the last
30 days, namely, to the period of the lock down.

The surveys were open to anyone who entered the SurveyGizmo (https:www.mysurveygizmo.
com/s3) site and/or the Facebook and/or WhatsApp apps (in Israel) or the r/Polska sub-reddit in Poland.

In Israel, complete lock down was imposed on 19 March 2020. Data were collected from 16 April
(namely, four weeks after the beginning of the complete lock down) to 20 May 2020. In Poland,
complete lock down was imposed on 31 March 2020. Data were collected from 29 April (four weeks
after the beginning of the lockdown) to 3 May 2020.

2.3. Statistical Analysis of Data

Data analysis was performed using STATISTICA PL Version 12 software (Tulsa, OK, USA), with the
level of significance set at p < 0.05. In the first step, the data concerning TMDs, AB, and SB were
compared between the two countries (descriptive analyses). In the second step, univariate analyses
(Chi2) were performed to investigate the effects of anxiety, depression, and personal concerns of the
Coronavirus pandemic (being contaminated, being influenced financially, experiencing negative effects
on physical and/or mental health and on the relationship with relatives and friends) on the symptoms
of TMDs, SB, and AB and their possible aggravation. Finally, multivariate analyses (logistic regression
models—binomial logit models) were carried out to identify the study variables that had a predictive
value on the symptoms of TMDs, AB, and SB and their aggravation.

3. Results

In Israel, a total of 867 subjects responded to the questionnaire, out of whom 80.74% (N = 700)
fully completed it. In Poland, a total of 1096 subjects responded to the questionnaire, of which 99.63%
(N = 1092) fully completed it.

The age groups of participants were defined according to “young adults” (age of 18–35 years)
and “adults” (36–56 years old) as accepted in the literature [30]. Some significant differences existed
between the two populations with regard to gender and age groups (Tables 1 and 2).

Table 1. Gender of study populations.

Gender Percent Israel Count Percent Poland Count

Male 33.6% 235 41.6% 454
Female 66.4% 465 58.4% 638

Total 100% 700 100% 1092

The Polish population had more females (p < 0.05), and the participants were significantly younger
compared to their Israeli counterparts (p < 0.05).

Due to these significant differences in age and gender between the studied populations,
comparisons were carried out separately for males and females, categorized into predefined age groups.

246



J. Clin. Med. 2020, 9, 3250

Table 2. Age of study populations.

Age
Israel Poland

Female N (%) Male N (%) Total Female N (%) Male N (%) Total

18–35 142 (30.5) 61 (26.0) 203 443 (69.4) 385 (84.8) 828
36–55 185 (39.8) 98 (41.7) 283 171 (26.8) 63 (13.9) 234
>56 127 (27.3) 73 (31.1) 200 24 (3.8) 6 (1.3) 30
N/A 11 (2.4) 3 (1.3) 14 0 0 0

Total 465 235 700 638 454 1092

3.1. Descriptive Analyses—TMDs, Possible/Probable AB, and Possible/Probable SB

1. TMD screening: The results showed that the odds of occurrence of TMDs among the Polish
young adult and adult age groups (18–35 years and 36–55 years) were significantly higher for both
males and females as compared to the Israeli groups (odds ratios ranged from 3.04 to 5.37). However,
no such differences were observed for the elderly group (>56 years) between the populations (Table 3).

Table 3. Temporomandibular disorders (TMD) distribution.

TMD Positive TMD Negative
p * OR (95% CI) #

Age Gender Israel Poland Israel Poland

18–35
Male N (%) 7 ((1.6) 158 (35.4) 54 (12.1) 227 (50.9) 0.0000 5.37 (2.38, 12.11)

Female N (%) 48 (8.2) 280 (47.8) 94 (16.1) 163 (27.9) 0.0000 3.36 (2.26, 5.00)

36–55
Male N (%) 13 (8.1) 20 (12.4) 85 (52.8) 43 (26.7) 0.005 3.04 (1.38, 6.69)

Female N (%) 47 (13.2) 105 (29.5) 138 (38.8) 66 (18.5) 0.0000 4.67 (2.9, 7.34)

>56
Male N (%) 10 (12.7) 1 (1.3) 63 (79.7) 5 (6.3) >0.05 1.26 (0.13, 11.93)

Female N (%) 25 (16.6) 12 (7.9) 102 (67.6) 12 (7.9) 0.003 4.08 (1.64, 10.16)

N/A 2 0 12 0 - - - - - - - -

Total 152 576 548 516

* Comparison of countries in regard to TMD positive/TMD negative in particular age and gender groups (Chi2).
# OR comparing Poland versus Israel in regard to TMD positive in particular age and gender groups.

2. Possible/probable AB: Similar results were found for possible/probable AB. The odds of
occurrence of these conditions among the Polish participants were significantly higher in general
than among the Israeli participants (except the young and elder males), with the odds ratios ranging
between 2.51 and 6.41 (Table 4).

Table 4. Awake bruxism (AB) distribution.

Probable AB (I) Possible AB (II) AB Negative (III)
p * OR (95% CI) #

Age Gender Israel Poland Israel Poland Israel Poland

18–35
Male N (%) 8 (1.8) 71 (15.9) 21 (4.7) 138 (30.9) 32 (7.2) 176 (39.5) >0.05 1.31 (0.76, 2.25)

Female N (%) 40 (6.8) 187 (32.0) 38 (6.5) 151 (25.8) 64 (10.9) 105 (17.9) 0.0000 2.64 (1.78, 3.93)

36–55
Male N (%) 19 (11.8) 17 (10.6) 15 (9.3) 19 (11.8) 64 (39.7) 27 (16.8) 0.015 2.51 (1.31, 4.81)

Female N (%) 46 (12.9) 94 (26.4) 38 (10.7) 50 (14.0) 101 (28.4) 27 (7.6) 0.0000 6.41 (3.88, 10.60)

>56
Male N (%) 8 (10.1) 0 4 (5.1) 1 (1.3) 61 (72.2) 5 (6.3) >0.05 1.02 (0.11, 9.50)

Female N (%) 30 (19.9) 9 (6.0) 9 (6.0) 6 (4.0) 88 (58.3) 9 (6.0) 0.007 3.76 (1.52, 9.33)

N/A 2 0 0 0 12 0 - - - - - - - -

Total 153 378 125 365 422 349

* Comparison of countries in regard to Possible/Probable AB/AB negative in particular age and gender groups
(Chi2). # OR comparing Poland versus Israel in regard to AB positive (Possible and Probable AB) in particular age
and gender groups.

3. Possible/probable SB: The findings for possible/probable SB were also consistent. The odds
of occurrence of these conditions among the Polish subjects (except for males in the two higher age
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groups) were similar to those of the Israeli subjects, with the odds ratios ranging from 1.4 to 3.99
(Table 5).

Table 5. Sleep bruxism (SB) distribution.

Probable SB (I) Possible SB (II) SB Negative (III)
p * OR (95% CI) #

Age Gender Israel Poland Israel Poland Israel Poland

18–35
Male N (%) 8 (1.8) 61 (13.7) 9 (2.0) 74 (16.6) 44 (9.8) 250 (56.0) 0.008 1.40 (0.77, 2.54)

Female N (%) 34 (5.8) 182 (31.1) 21 (3.6) 90 (15.4) 87 (14.9) 171 (29.2) 0.0000 2.52 (1.71, 3.71)

36–55
Male N (%) 22 (13.7) 16 (9.9) 9 (5.6) 7 (4.4) 67 (41.6) 40 (24.8) >0.05 1.24 (0.64, 2.42)

Female N (%) 50 (10.7) 84 (23.6) 23 (6.5) 21 (5.9) 112 (31.5) 66 (18.5) 0.0000 2.44 (1.59, 3.74)

>56
Male N (%) 6 (7.6) 0 4 (5.1) 1 (1.3) 63 (79.8) 5 (6.3) >0.05 1.26 (0.13, 11.93)

Female N (%) 29 (19.2) 8 (5.3) 4 (2.7) 6 (4.0) 94 (62.2) 10 (6.6) 0.0008 3.99 (1.62, 9.84)

N/A 3 0 0 0 11 0 - - - - - - - -

Total 152 351 70 199 478 542

* Comparison of countries in regard to Possible/Probable SB/SB negative in particular age and gender groups (Chi2).
# OR comparing Poland versus Israel in regard to SB positive (Possible and Probable SB) in particular age and
gender groups.

3.2. Aggravation of AB, SB and TMD Symptoms

Almost half (48.8%) of the Poles reported experiencing at least once a week pain in temple, face,
jaw or jaw joint during the past 30 days, namely, since the beginning of the lockdown. A total of 247
individuals (22.6%) declared pain during mouth opening or chewing and 101 (9.2%) jaw locking or
getting stuck at least once a week. Among the Israelis, the numbers were 166 (23.7%), 91 (13.0%),
and 35 (5.0%), respectively.

Among the Polish responders, 372 (34%) reported TMD symptoms aggravation, 372 (34%) AB
aggravation, and 311 (28%) SB aggravation. Among the Israeli responders, 107 (15%) reported TMD
symptoms aggravation, 111 (16%) AB symptom aggravation, and 94 (13%) SB symptom aggravation.

Both in Israel and in Poland, females reported more symptoms of TMD, AB, SB and symptom
aggravation, than males (Chi2, p< 0.05 for all). However, further logistic regression analyses, performed
among Israeli population (see below), rejected gender as a predictor of SB. Distributions of TMD, AB,
SB among males and females in Poland and in Israel are presented in Tables 3–5.

3.3. The Effect of Conjugal Status

Significant relationships were observed between subjects’ conjugal status and TMD aggravation,
AB aggravation and SB aggravation among the Polish responders (Chi2, p < 0.05, for all). Respondents
living with a roommate or sharing apartment with a partner, reported more TMD and AB aggravation
than those living with a spouse without children (Chi2, p < 0.001 for both). They also reported higher
SB symptom aggravation than those with children but with no partner or spouse (p < 0.001).

In Israel, no differences in TMD, AB. and SB symptom aggravation were observed among subjects
with different conjugal status.

3.4. The Effect of Demographic Data on Anxiety and Depression

In Poland, anxiety was more frequent among females than males (Chi2, p < 0.05). Additionally,
a significant relationship was found between subjects’ conjugal status and depression (p < 0.05).
Depression was more often among respondents living with a roommate or sharing an apartment with a
partner than among responders living with spouse and children (p < 0.001). There were no significant
relationships between gender and depression or age and depression, between age and anxiety and
between conjugal status and anxiety.

In the Israel, anxiety and depression were more frequent among females than males (Chi2, p < 0.05).
No relationships between conjugal status and depression or anxiety, and between age and depression
were detected. Anxiety was more frequent among young adults (18–35 years) than among the elderly
group (>56 years) (Chi2, p < 0.001).
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3.5. Effect of Anxiety, Depression, and Personal Concerns on TMD, SB, and AB (Chi2)

1. TMD: The presence of anxiety, depression, or personal concerns significantly increased the
odds of occurrence of TMDs among both populations. The odds ratio ranged between 1.32 (concerns
of being contaminated by the virus) and 2.75 (anxiety) for the Polish subjects, while it ranged between
1.46 (concerns about personal finances due to the pandemic) and 6.4 (anxiety) for the Israeli population.

2. Possible/probable AB: The presence of anxiety, depression, and personal concerns significantly
increased the odds of occurrence of possible/probable AB among both populations. The odds
ratios ranged from 1.45 (concerns of being affected financially, for Polish subjects) to 2.85 (anxiety,
for Israeli subjects).

3. Possible/probable SB: Mixed results were observed for possible/probable SB. In Poland the odds
ratios ranged from 1.34 (concerns of being affected mentally) to 1.84 (anxiety). No effect was observed
for the concerns regarding personal finances or depression. Among the Israeli subjects, the odds ratios
ranged from 1.38 (worries of being affected financially) to 2.27 (anxiety). No effect was observed for
worries of being contaminated by the virus.

3.6. Effect of Anxiety, Depression, and Personal Concerns on the Possible Aggravation of TMD, SB, and AB
Symptoms (Chi2)

1. Aggravation of TMD symptoms: Anxiety, depression, and personal concerns significantly
increased the odds of aggravation of TMD symptoms in both populations. The odds ratios ranged from
1.58 (concerns regarding personal finances, for Polish subjects) to 3.03 (anxiety, for Polish subjects).

2. Aggravation of possible/probable AB symptoms: The obtained results were similar with regard
to the aggravation of AB symptoms. The odds ratios ranged from 1.36 (concerns regarding personal
finances, for Polish subjects) to 3.95 (anxiety, for Israeli subjects).

3. Aggravation of possible/probable SB symptoms: Similar results were observed for the
aggravation of SB symptoms. The odds ratios ranged from 1.60 (concerns regarding personal finances,
for Polish subjects) to 3.32 (anxiety, for Israeli subjects).

3.7. Multivariate Analyses (Logistic Regression)

1. TMD: The best predictors of TMD in Poland were female gender, anxiety, and personal concerns
(worries of being contaminated by the virus and about the pandemic’s effect on mental health) (Table 6).
Aggravation of TMD was best predicted by female gender, worries of being contaminated, use of social
media to look for information about the pandemic, and worries about the pandemic’s effect on mental
health (Table 7).

Table 6. Prediction of temporomandibular disorders (TMD) in Poland.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.384 0.065 34.516 1 2.16 (1.67, 2.78) 0.0000
Risk of contamination * Yes 0.237 0.065 13.526 1 1.61 (1.25, 2.07) 0.0002

Anxiety Yes 0.372 0.082 20.505 1 2.10 (1.53, 2.90) 0.0000
Mental health ** II 0.160 0.069 5.354 1 1.38 (1.05, 1.80) 0.0207

Link function: Logit. * Feeling at high risk of being contaminated (yes/no). ** Worries about the effect of the
Coronavirus on mental health (not at all/a little worried (I) versus somewhat worried/worried/very worried (II)).

On the other hand, the only significant predictor of TMDs in Israel was anxiety (Estimate: 0.917,
S.E.: 0.107, Wald: 73.922, df: 1, odds ratio 6.25, 95% confidence interval 4.11–9.49).

The best predictors of TMD aggravation in Israel were female gender, concerns about the
pandemic’s effect on the relationship with family and friends, and anxiety (Table 8).
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Table 7. Prediction of temporomandibular disorders (TMD) aggravation in Poland.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.321 0.072 19.715 1 1.90 (1.43, 2.52) 0.0000
Risk of contamination * Yes 0.218 0.069 10.150 1 1.55 (1.18, 2.03) 0.0014

Social media ** II 0.249 0.069 12.929 1 1.65 (1.25, 2.16) 0.0003
Anxiety Yes 0.389 0.08 23.579 1 2.18 (1.59, 2.98) 0.0000

Mental health *** II 0.224 0.073 9.372 1 1.57 (1.18, 2.09) 0.0022

Link function: Logit. * Feeling at high risk of being contaminated (yes/no). ** How often connecting to social media
to check for news regarding the pandemic (not checking at all/checking once a day (I) versus checking several times
a day/checking all the time (II)). *** Worries about the effect of the Coronavirus on mental health (not at all/a little
worried (I) versus somewhat worried/worried/very worried (II)).

Table 8. Prediction of temporomandibular disorders (TMD) aggravation in Israel.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.255 0.127 4.041 1 1.66 (1.01, 2.74) 0.0444
Relations * II 0.375 0.112 11.155 1 2.12 (1.36, 3.29) 0.0008

Anxiety Yes 0.351 0.123 8.184 1 2.02 (1.25, 3.26) 0.0042

Link function: Logit. * Worries regarding the effect of the Coronavirus pandemic on relations with relatives and
friends (not at all/a little worried (I) versus somewhat worried/worried/very worried (II).

2. Possible/probable AB: In Poland, the best predictors of possible/probable AB were female gender,
concerns of being contaminated by the virus, and concerns about the pandemic’s effect on mental
health (Table 9). The aggravation of AB was best predicted by concerns about being contaminated by
the virus, anxiety, concerns of the pandemic’s effect on physical and/or mental health, and use of social
media for obtaining information about the pandemic (Table 10).

Table 9. Prediction of awake bruxism (AB) in Poland.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.472 0.069 46.245 1 2.57 (1.96, 3.37) 0.0000
Risk of contamination * Yes 0.212 0.070 9.089 1 1.53 (1.16, 2.01) 0.0026

Mental health ** II 0.249 0.075 11.041 1 1.64 (1.23, 2.21) 0.0009
Anxiety Yes 0.334 0.095 12.215 1 1.95 (1.34, 2.83) 0.0005

Link function: Logit. * Feeling at high risk of being contaminated (yes/no). ** Worries about the effect of the
Coronavirus on mental health (not at all/a little worried (I) versus somewhat worried/worried/very worried (II).

Table 10. Prediction of awake bruxism (AB) aggravation in Poland.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.349 0.074 22.300 1 2.01 (1.50, 2.69) 0.0000
Risk of contamination * Yes 0.208 0.071 8.615 1 1.51 (1.15, 2.00) 0.0033

Anxiety Yes 0.461 0.081 32.200 1 2.51 (1.82, 3.46) 0.0000
Physical health ** II 0.217 0.075 8.371 1 1.54 (1.15, 2.07) 0.0038
Mental health *** II 0.260 0.076 11.781 1 1.68 (1.25, 2.26) 0.0006
Social media **** II 0.241 0.071 11.516 1 1.62 (1.23, 2.14) 0.0007

Link function: Logit. * Feeling at high risk of being contaminated (yes/no). ** Worries about the effect of the
Coronavirus on one’s physical health (not at all/a little worried (I) versus somewhat worried/worried/very worried
(II)). *** Worries about the effect of the Coronavirus on one’s mental health (not at all/a little worried (I) versus
somewhat worried/worried/very worried (II)). **** How often connecting to social media to check for news regarding
the pandemic (not checking at all/checking once a day (I) versus checking several times a day/checking all the
time (II).

In Israel, the best predictors of possible/probable AB were female gender, depression, concerns
regarding personal finances, and anxiety (Table 11). The aggravation of AB was best predicted by
female gender, concerns about the pandemic’s effect on the relationship with relatives and friends and
on mental health, and anxiety (Table 12).
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Table 11. Prediction of awake bruxism (AB) in Israel.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.175 0.088 3.946 1 1.42 (1.00, 2.00) 0.0470
Depression Yes 0.202 0.101 4.000 1 1.50 (1.01, 2.23) 0.0455
Finances * II 0.233 0.081 8.283 1 1.59 (1.16, 2.19) 0.0040
Anxiety Yes 0.383 0.109 12.472 1 2.15 (1.41, 3.30) 0.0004

Link function: Logit. * Worries about finances (not at al/a little worried (I) versus somewhat worried/worried/very
worried (II)).

Table 12. Prediction of awake bruxism (AB) aggravation in Israel.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.333 0.134 6.208 1 1.95 (1.15, 3.29) 0.0127
Relations * II 0.250 0.123 4.156 1 1.65 (1.02, 2.67) 0.0417

Anxiety Yes 0.445 0.131 11.522 1 2.44 (1.46, 4.08) 0.0007
Mental health ** II 0.292 0.134 4.737 1 1.79 (1.06, 3.04) 0.0295

Link function: Logit. * Worries regarding the effect of the Coronavirus pandemic on relations with relatives and
friends (not at all/a little worried (I) versus somewhat worried/worried/very worried (II)). ** Worries about the effect
of the Coronavirus on one’s mental health (not at all/a little worried versus somewhat worried/worried/very worried).

3. Possible/probable SB: In Poland, the best predictors of possible/probable SB were female gender,
worries of being contaminated by the virus, and anxiety (Table 13). The aggravation of SB was best
predicted by female gender, worries of being contaminated by the virus, anxiety, use of social media,
and concerns of the pandemic’s effect on mental health (Table 14).

Table 13. Prediction of sleep bruxism (SB) in Poland.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.485 0.065 55.413 1 2.64 (2.04, 3.41) 0.0000
Risk of contamination * Yes 0.198 0.064 9.646 1 1.49 (1.16, 1.91) 0.0019

Anxiety Yes 0.225 0.074 9.341 1 1.57 (1.18, 2.09) 0.0022

Link function: Logit. * Feeling at high risk of being contaminated (yes/no).

Table 14. Prediction of sleep bruxism (SB) aggravation in Poland.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.329 0.077 18.030 1 1.93 (1.42, 2.61) 0.0000
Risk of contamination * Yes 0.301 0.072 17.302 1 1.83 (1.38, 2.43) 0.0000

Anxiety Yes 0.405 0.083 24.071 1 2.25 (1.63, 3.11) 0.0000
Social media ** II 0.230 0.073 10.026 1 1.58 (1.19, 2.11) 0.0015

Mental health *** II 0.245 0.078 9.939 1 1.63 (1.20, 2.21) 0.0016

Link function: Logit. * Feeling at high risk of being contaminated (yes/no). ** How often connecting to social media
to check for news regarding the pandemic (not checking at all/checking once a day (I) versus checking several times
a day/checking all the time (II)). *** Worries about the effect of the Coronavirus on one’s mental health (not at all/a
little worried (I) versus somewhat worried/worried/very worried (II).

In Israel, possible/probable SB was best predicted by anxiety and concerns regarding the pandemic’s
effect on the relationship with relatives and friends (Table 15). The aggravation of SB was best predicted
by female gender, anxiety, and concerns about mental health (Table 16).

Table 15. Prediction of sleep bruxism (SB) in Israel.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Anxiety Yes 0.323 0.103 9.762 1 1.91 (1.27, 2.86) 0.0018
Relations * II 0.359 0.091 15.516 1 2.05 (1.43, 2.92) 0.0001

Link function: Logit. * Worries regarding the effect of the Coronavirus pandemic on relations with relatives and
friends (not at all/a little worried (I) versus somewhat worried/worried/very worried (II)).
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Table 16. Prediction of sleep bruxism (SB) aggravation in Israel.

Effect Predictor Estimate S.E. Wald df OR (95% CI) p

Gender Female 0.419 0.147 8.160 1 2.31 (1.30, 4.11) 0.0043
Anxiety Yes 0.358 0.139 6.665 1 2.05 (1.19, 3.53) 0.0098

Mental health * II 0.346 0.131 6.971 1 2.00 (1.20, 3.34) 0.0083

Link function: Logit. * Worries about the effect of the Coronavirus on one’s mental health (not at all/a little worried
(I) versus somewhat worried/worried/very worried (II))

4. Discussion

The two studies, carried out in two different countries, used similar tools and collected data
at similar points in time, as far as the pandemic progression and lock down periods are concerned.
In Israel, data collection started four weeks after the beginning of a total lockdown in the country.
Schools, kindergartens, and universities were closed. Leaving home for a distance more than 100 m was
prohibited, except for emergency, buying basic products, or work in vital posts (specifically defined by
the government). All nonemergency medical and dental treatments were stopped. Shops, restaurants,
and most public places were shut down. Personal contact with family members not cohabitating in the
same home and/or with friends was forbidden. Similarly, in Poland, data collection started four weeks
after the beginning of a total lockdown in the country, when the country was practicing an almost
complete lockdown with similar regulations as mentioned above for Israel (with minor exceptions,
e.g., there were no limitations on the distance of leaving home). Although the studied populations in
Poland and in Israel were not similar, age- and/or gender-wise, the similarity in research tools and in
the point in time allows us to evaluate some interesting differences between the two societies.

The first emerging finding of the two studies is that significant differences existed in the odds of
occurrence of bruxism (AB and SB) and TMD between the Polish and Israeli populations during the
lock down periods in the two countries. Except in a few cases (higher age group), the odds in Poland
were found to be higher by several hundred percent than those in Israel.

In the general population, the prevalence of bruxism is estimated at 8–31% and tends to decrease
with age [31]. SB prevalence is about 16% among young adults and 3–8% among adults, while the AB
prevalence in the general population is 22–30% [14]. Even the reported prevalence of bruxing activities
has a large range (2.7–57.3% for AB, 4.1–59.2% for SB) [26]. When considering TMD, it is believed
that about 75% of the general population may experience at least one TMD-associated sign during
their lifetime and about 33% have at least one TMD symptom at each time [32]. The differences origin
mostly in different modes of measuring.

Regretfully, accurate data on possible differences in pre-pandemic occurrence of bruxism in
the Polish versus Israeli populations are not available. However, some studies from Poland and
from Israel suggest that the occurrence of TMD in the Polish population may differ from that in the
Israeli population. Wieckiewicz et al. reported that 54% of Polish university students present TMD
symptoms [33]. In another study, the same group of authors reported that 56% of participants were
diagnosed with pain-related TMD after a clinical examination [34]. In Israel, Winocur et al. reported
that 37% of individuals had at least one TMD symptom [35]. Thus, the differences between countries,
observed in the present study, may be due to several reasons. First, the higher findings of TMD in
the Polish populations may have been there before the pandemic [33–35]. Possibly, the increase in
anxiety/depression in both countries affected TMD and bruxism in both countries in a proportional
manner. Additionally, the differences in the demographic properties of populations were significant,
a fact that might have affected the results.

As both bruxism and TMD can be caused and intensified by psychologic factors [8,31],
the differences in their prevalence during the pandemic could have resulted from the psychological
differences between the participants. These, in turn, may result from ethnic, socioeconomic, political,
and cultural differences between the Polish and Israeli societies [36,37]. These factors could have
potentially modulated the psychoemotional status of the participants, influenced their coping strategies
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during the Coronavirus pandemic, and in turn increased the prevalence of both bruxism and TMD in
Poland. However, this issue needs a further study focused on differentiating between the populations.

It should also be emphasized that TMDs are closely associated with orofacial pain. The IASP
reported that TMD-related facial pain occurs in 9–13% of the general population. As TMD-related
pain can affect the daily activities, physical and psychosocial functioning, and quality of life of
the affected individuals, such a relationship could play an important role during the COVID-19
pandemic [9]. Increased psychosocial distress during the pandemic can exacerbate the TMD symptoms,
including those associated with orofacial pain, which in turn may further negatively affect the patients’
psychoemotional status.

When the effects of anxiety, depression, and personal concerns on TMD, SB, and AB, and the
aggravation of their symptoms (pain in temple, face or jaw, pain when opening mouth, sticking
of jaw, headache, difficulty in mouth upon awaking, and stiffness in jaw upon awaking, etc.) were
analyzed, some similarities were observed between the countries. Although the odds of occurrence of
TMD, SB, and AB in Poland were by far higher than in Israel, the effects of emotional factors and of
personal concerns on the associated symptoms and their aggravation were found to be similar in both
countries. Anxiety, depression, and worries regarding finances, health and relationships significantly
increased the odds of occurrence of bruxism and TMD in both the Polish and Israeli societies (with some
minor exceptions).

Apparently, anxiety, depression, and personal worries evoked by the Coronavirus pandemic
increased the prevalence of TMD and bruxism. This is in line with the literature results, that anxiety,
stress, depression, coping strategies, and catastrophizing may precipitate or prolong the TMD pain [2–8],
and that psychosocial factors are associated with both forms of bruxism [13,14,16–20]. When the
pandemic situation kept changing rapidly from day to day, uncertainty and worries about the present
and future were common and unavoidable [38,39]. Moreover, subjects had to stay home and many
were unemployed, with the media constantly broadcasting apocalyptic news. Under such conditions,
a significant increase in the odds of occurrence of TMD, SB, and AB is not surprising.

The one prominent difference was observed between the studied populations. The studies show
that unlike the Polish participants, the worry of being contaminated by the virus did not increase the
odds of occurrence of AB and SB, or aggravate the symptoms of the conditions (TMD, SB, and AB)
among the Israeli subjects. This may be explained by the advanced and generally good public health
services available in Israel. All the Israeli citizens have governmental health insurance and are entitled
to all the necessary health services with no extra costs (besides a mandatory monthly fee). Furthermore,
hospitals are considered to meet high medical standards, and medical personnel are required to be
well trained. In Poland, citizens’ trust in national healthcare system is limited [40].

Logistic regression models used in this study for identifying the variables that can serve as
significant predictors of TMD, SB, AB, and/or the aggravation of their symptoms, showed that female
gender was significant in most of the calculations. In Poland, female gender played a significant role
in predicting the presence of TMD, AB, and SB, as well as the symptom aggravation, while in Israel
this factor played a significant role in predicting the presence of AB (but not TMD or SB) and the
aggravation of TMD, SB, and AB symptoms.

The role of gender is expected because most of the TMD patients worldwide are women [1].
In spite of the differences between the two countries, results showed that women in both places are
highly vulnerable to the effects of unexpected prolonged stress situations. Aggravation of chronic pain
symptoms such as TMD and symptoms associated with bruxism may be only some of the negative
consequences that affect women more severely than men [41,42].

Additional factors that were consistently identified as significantly predicting the TMD, AB, and SB
(and/or the symptom aggravation) in the present studies were anxiety, worries of being contaminated
by the virus, and concerns about the pandemic’s effect on physical or mental health (to slightly different
extents in the two countries). In some instances, two additional factors were identified in the regression
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analyses: worries that the pandemic will affect the relationship with relatives and friends (in Israel) and
the use of social media (but not TV or internet) for checking news regarding the pandemic (in Poland).

In Israel, close family ties and long-term friendships are very common in the society [43].
Apparently, the social distancing period, which prevented face-to-face meetings, took its toll on Israeli
society. The fact that the use of social media affected, in some cases, the Polish, but not the Israeli,
participants, may be explained by the younger age of the former. Another explanation may be that
the Israeli society is constantly exposed to security tension and alerts making it more resilient [44].
The Israeli public extensively check the news at all times, and the Coronavirus crisis is no different
from many other emergencies experienced by these people.

In a recent study, Varshney et al. reported that during the initial stages of the Coronavirus
pandemic in India, almost one-third of the respondents manifested a significant psychological
impact [45]. The factors that predicted a higher psychological impact were young age, female gender,
and the presence of a physical comorbidity. The authors of the study also showed that males faced
a lesser psychological impact as compared to females [45]. Thus, in spite of the differences between
countries and cultures, many of the basic factors affecting the public are similar.

Several limitations of the studies should be pointed out. No inclusion and/or exclusion criteria were
specified and the study samples were not predetermined. The significant differences in demographic
variables might have been a reason for some of the detected differences, especially in view of the fact
that gender (but not age) came out as a predictive factor in most of the models calculated for TMD,
bruxism, and symptom aggravation, in both countries. Moreover, the studies were performed during
a specific point in time at the first phase of the pandemic and may be indicative of the immediate stress
evoked by the sudden health risk and changes in life style. Additionally, possible confounders that
could have influenced the results were not under control.

Further longitudinal studies are needed to evaluate the pandemic’s possible long-term mental
and physical consequences. Multifactorial and multicultural research should be performed to identify
the risk groups and counteract the aggravation of emotional and physical effects in the case of future
global crises.

5. Conclusions

The coronavirus pandemic has caused significant adverse effects on the psychoemotional status
of both Israeli and Polish populations, resulting in the intensification of their bruxism and TMD
symptoms and thus leading to increased orofacial pain.
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Prevalence and Correlation between TMD Based on RDC/TMD Diagnoses, Oral Parafunctions and
Psychoemotional Stress in Polish University Students. BioMed Res. Int. 2014, 2014, 472346. [CrossRef]

34. Wieckiewicz, M.; Grychowska, N.; Nahajowski, M.; Hnitecka, S.; Kempiak, K.; Charemska, K.; Balicz, A.;
Chirkowska, A.; Zietek, M.; Winocur, E. Prevalence and Overlaps of Headaches and Pain-Related
Temporomandibular Disorders Among the Polish Urban Population. J. Oral Facial Pain Headache 2020,
34, 31–39. [CrossRef]

35. Winocur, E.; Reiter, S.; Livine, S.; Goldsmith, C.; Littner, D. The prevalence of symptoms related to TMD and
their relationship to psychological status: A gender comparison among a non-TMD patient adult population
in Israel. J. Craniomandubular Funct. 2010, 2, 39–50.

36. Elran, M.; Even, S. Civilian Resilience in Israel and the COVID-19 Pandemic: Analysis of a CBS Survey.
INSS Insight, 17 May 2020. Available online: https://www.inss.org.il/publication/coronavirus-survey/
(accessed on 5 September 2020).

37. Maciaszek, J.; Ciulkowicz, M.; Misiak, B.; Szczesniak, D.; Luc, D.; Wieczorek, T.; Fila-Witecka, K.;
Gawlowski, P.; Rymaszewska, J. Mental Health of Medical and Non-Medical Professionals during the
Peak of the COVID-19 Pandemic: A Cross-Sectional Nationwide Study. J. Clin. Med. 2020, 9, 2527. [CrossRef]
[PubMed]

38. Wang, C.; Pan, R.; Wan, X.; Tan, Y.; Xu, L.; McIntyre, R.S.; Choo, F.N.; Tran, B.; Ho, R.C.; Sharma, V.K.; et al.
A longitudinal study on the mental health of general population during the COVID-19 epidemic in China.
Brain Behav. Immun. 2020, 87, 40–48. [CrossRef] [PubMed]

39. World Health Organization. Mental Health and Psychosocial Considerations during the COVID-19 Outbreak,
18 March 2020. Available online: https://apps.who.int/iris/handle/10665/License:CCBY-NC-SA3.0IGO
(accessed on 10 April 2020).
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Abstract: The correlation between SARS-CoV-2 and oral manifestations is still controversial. The aim
of this observational study was to determine the oral manifestation of the hospitalized patients
for COVID-19. A total of 20 patients met the inclusion criteria and gave their signed informed
consent. A questionnaire of 32 questions regarding the oral and systemic health condition was
administrated to these patients during the convalescence. A descriptive statistic was performed.
Data were analysed through the use of χ2 test, to assess the statistical significance. A statistically
significant increase of about 30% of reporting xerostomia during hospitalization was observed
(p = 0.02). Meanwhile, a decrease of oral hygiene was observed during the hospitalization, even if
a non-statistically significant difference was shown between the two study time points (before and
after hospitalization). During the hospitalization period, 25% of patients reported impaired taste,
15% burning sensation, and 20% difficulty in swallowing. An interesting result was that among the
systemic conditions, hypertension was observed in 39% of patients and mostly in female patients
(62.5%). Further studies are necessary to better understand the symptoms of this new virus in order
to faster detect its presence in humans. Probably, a multidisciplinary team following the COVID-19
patients could be of key importance in treating this disease.

Keywords: SARS-CoV-2; COVID-19; oral manifestation; xerostomia; dysgeusia

1. Introduction

The SARS-CoV-2 (Severe Acute Respiratory Syndrome-CoronaVirus 2) is the seventh coronavirus
known to infect humans [1,2]. Specifically, it belongs to the family of Coronaviridae, of the order
Nidovirales, comprising large, single, plus-stranded RNA as their genome [3,4]. The new coronavirus
SARS-CoV-2 has, like other coronaviruses, with high probability, a zoonotic origin [5]. Among these,
α-CoV and β-CoV tend to infect the respiratory, gastrointestinal, and central nervous systems [6].
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By studying nucleotide sequences thoroughly, SARS-CoV-2 has been seen to be part of β-CoV with a
79% similarity to the SARS-CoV virus already described in the past decades [7].

The main transmission routes described are direct, as caused by coughing, sneezing, droplets of
saliva expelled during the phonation, or indirect by contact with the main body mucous membranes
such as oral, ocular, and nasal [8–11]. Public awareness of the spread of microorganisms and infectious
diseases in the dental office among the dentist, auxiliaries, and laboratory personnel has increased
significantly [12]. Therefore, several scientific dental societies have produced recommendations
on dental activity, specifically for the management of acute dental infections [13]. A recent
paper demonstrated, through a survey, that during lockdown period endodontic urgency resulted
predominant [14], thus increasing the probability of being infected if measures are not respected
through the high aerosol generation during the dental procedures. All over the world, the evolution of
the disease diffusion, which today counts high numbers, is being monitored. Specifically, to date, the
numbers of infected people still result in a constant increase. The numbers registered by the Center
for Systems Science and Engineering (CSSE) at Johns Hopkins University are 33,082,994 infected
worldwide and 997,799 deaths (updated to 28 September 2020). On the other hand, cases of recovered
patients are also increasing all over the world [7]. These high numbers justify the declared state of
pandemic and are undoubtedly attributable to the ease of human infection of the virus itself.

The main symptoms of COVID-19 are fever, tiredness, and dry cough. Some patients may
experience soreness and muscle pain, nasal congestion, runny nose, sore throat, or diarrhea, but in
severe cases, the infection can cause pneumonia, severe acute respiratory syndrome, kidney failure,
and even death [8]. Moreover, the possible asymptomaticity in infected patients is very important and
should absolutely not be underestimated [9].

Although there are many studies in the literature on clinical signs in positive SARS-CoV-2 patients,
the majority of them have not verified the oral health status of the patients [15].

Possible oral-related symptoms include: hypogeusia, xerostomia, and chemosensory
alterations [16]. In fact, xerostomia has been found mainly among COVID-19 patients, due to the
neuroinvasive and neurotropic potential of SARS-CoV-2. It was reported that angiotensin-converting
enzyme 2 (ACE2)-positive epithelial cells of the salivary gland are an early target of SARS-CoV-2 in
rhesus macaques, and these findings suggest that oral manifestations may appear due to impediment
of salivary flow in COVID-19-affected patients [17]. In fact, a cross-sectional survey of 108 patients
with confirmed SARS-CoV-2 in China observed that 46% of them reported dry mouth, among other
symptoms [17,18].

In literature, several cases of oral manifestations apparently related to SARS-CoV-2 have been
described [19–21]. The importance of good oral hygiene could be an interesting aspect to evaluate a
hypothetical relationship between SARS-CoV-2 and oral manifestations. Badran et al. hypothesized that
periodontal pocket could be a reservoir for this virus [22]. Periodontopathic bacteria, involved in several
process like inflammation, bacteraemia, pneumonia, are also present in the metagenome of positive
SARS-CoV-2 patients [23]. Several authors described case reports of SARS-CoV-2-positive patients with
oral manifestations potentially compatible with this type of coronavirus [19–21]. Moreover, a key factor
in the damage of the respiratory system and other organs could be related to the distribution of ACE2
receptors in the human system [24]. Therefore, cells with ACE2 receptor distribution may become
host cells for the virus and further cause inflammatory reactions in related organs and tissues, such
as the tongue mucosa and salivary glands [25]. It has also been demonstrated that COVID-19 acute
infection, along with associated therapeutic measures, could probably contribute to adverse outcomes
concerning oral health. In fact, Dziedzic and Wojtyczka, in 2020, showed that it can lead to various
opportunistic fungal infections, unspecific oral ulcerations, recurrent oral herpes simplex virus (HSV-1)
infection, dysgeusia, fixed drug eruptions, xerostomia linked to decreased salivary flow, ulcerations
and gingivitis as a result of the impaired immune system and/or susceptible oral mucosa [26].

It is not clear if the abovementioned manifestations derive from the viral infection, or they could
be caused by some systemic deteriorations, based on potential negative reactions to treatments or even
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possible opportunistic infections [27]. Furthermore, some reports affirm that the oral cavity represents
the main channel for infection, considering also several consequences for the dental practice and the
role of saliva in identifying COVID-19 [24,25]. One of the latest studies links a higher risk of getting
COVID-19 to hyposalivation as well as to taste loss [28].

Although, despite the probable relationship between oral cavity and SARS-CoV-2, to date, there
are also many variables that could influence the presence of the oral manifestations. In fact, most
patients take a large number of drugs that may produce the oral manifestations, thus the need in
evaluating in an observational study the oral manifestation of COVID-19 hospitalized patients.

Based on the hypothesis that oral manifestations could be an initial pattern typical of this
virus, the aim of this study was to better understand the relationship between these manifestations
and SARS-CoV-2.

2. Experimental Section

2.1. Study Design and Sample Selection

A total of 20 patients were enrolled in this observational study conducted in a period of one
month (from May 2020 to June 2020). The survey was completed by 20 patients who met, during
the described period, the inclusion and exclusion criteria. The average age of the participants was
69.2 years. Of these, 55% were male (aged between 44 and 91 years) and 45% female (aged between 35
and 85 years).

A specific anamnestic questionnaire of 32 questions (Appendix A) was submitted to these patients
affected by SARS-CoV-2 and hospitalized in “Policlinico ‘SS. Annunziata’ - Chieti, Italy” with the aim
to collect information related to health status, oral hygiene habits, and symptoms in the oral cavity
before and during the disease manifestation. In addition, a series of questions were also addressed to
the Unit of Internal Medicine of the hospital to better know the clinical condition of these patients.
This observational study was administered through a printing questionnaire and, prior to completion,
the patients gave their informed consent signed to the doctor working in the Unit of Internal Medicine
at the “Policlinico ‘SS. Annunziata’” hospital. The patients were free to participate or not (based in a
volunteer way) in this observational study. The inclusion criteria were patients of both sex and of any
age hospitalized for COVID-19 at the abovementioned hospital able to give their consent to participate
in the study. The exclusion criteria were patients of both sex and any age hospitalized for COVID-19 at
the Internal Medicine department of the SS Annunziata hospital in Chieti in need of intensive care
and/or who were unable to give their consent to participate in the study or who were unable to intend
or to want. The methodology adopted for the creation of the questionnaires allowed us to use both
quantitative and qualitative variables, differently distributed. All the questionnaires were given to the
patients during the doctor routine visits in that department. Then, all the papers were collected in a
separate box with all the recommendations to reduce the contagion. The data were analysed after a
period of rest from their collection.

2.2. Ethical Consideration

The study protocol was approved by the Ethical Committee of the “G. Annunzio University”
of Chieti and Pescara: No. 1687 of 22 April 2020. Participants provided their informed consent in
accordance with the EU General Data Protection Regulation GDPR (UE) n. 2016/679 and following the
Declaration of Helsinki before beginning the completion of the questionnaire. Data collection took
place in the time period from 8 May to 1 June 2020.

2.3. Statistical Analysis

Some of the answers were codified as dichotomous variables, namely as Yes/No responses, or in
general as categorical variables, when a multiple-choice selection was requested. Given the nature
of our survey we computed descriptive statistics for most of the questions. For each question, we
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computed the percentage of the respondents that gave a particular answer with respect to the number
of total responses to the question. Answers obtained prior and during the disease manifestation were
compared through the use of χ2 test, to assess the statistical significance. All statistical comparisons
were conducted with a significance level of p < 0.05. Statistical analyses were performed using
the GraphPad version 8 (GraphPad Software 2365 Northsides, Dr. Suite 560 San Diego, CA, USA)
statistical software.

3. Results

The results demonstrated that most of the patients (65%) had more than 20 teeth and used to go to
the dentist routinely. Moreover, the majority of participants (90%) were nonsmokers. The 40% of them
reported that they brushed their teeth three times a day, before hospitalization, but most of them (70%)
did not use dental floss. The patients also reported that during the hospitalization period, the attention
to oral hygiene decreased. In fact, the number of patients who did not brush their teeth at all increased
during the hospitalization, and the number of those who regularly brush three times a day decreased,
as shown in Figure 1. However, the difference between the groups was not statistically significant
(p = 0.20). Regarding the presence of oral manifestations (i.e., xerostomia), none of the patients reported
xerostomia before contracting the virus, whilst during hospitalization the percentage increased to 30%.
The difference between the two study time points was statistically significant (p = 0.02), as shown in
Figure 2. In addition, during the hospitalization period, 25% of patients reported impaired taste, 15%
burning sensation, and 20% difficulty in swallowing. Finally, by comparing these data and the onset
of some manifestations between sex and age, no statistically significant results emerged, although a
trend in some of these was detectable (please see Appendix B). Among the latter’s, the presence of
hypertension was found in 40% of patients, mostly in female patients (62.5%), as shown in Figure 3.
Furthermore, an interesting data aspect was that the burning sensation of the mouth was present only
in female patients. In addition, 15% of patients were affected by diabetes, 15% by obesity, and 25%
presented thyroid disorders such as hypothyroidism or hyperthyroidism. Of note, 95% of the patients
were given the following drugs: lopinavir/ritonavir and/or hydroxychloroquine, in combination with
other specific drugs for the various systemic pathologies they presented.

Figure 1. The graphic represents the times the patients used to brush their teeth before and after
hospitalization. No statistical significance (p = 0.20) was shown between these two time points of
the study.
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Figure 2. The xerostomia manifestation before and after hospitalization of the patients. A statistical
difference was shown between the study time points (p = 0.02).

Figure 3. The graph shows the presence of hypertension between males and females. No statistical
significance (p = 0.34) was shown between the sexes on the presence of hypertension.

4. Discussion

The aim of this observational study was to better understand the relationship between SARS-CoV-2
and oral manifestations before and during the hospitalization. Several clinicians have observed many
extrapulmonary manifestations of COVID-19. In fact, the recent literature suggests that the hematologic,
cardiovascular, renal, gastrointestinal and hepatobiliary, endocrinologic, neurologic, ophthalmologic,
and dermatologic systems can all be implicated [29,30]. On the other hand, numerous studies have
drawn attention to the oral cavity as the main route of infection [28].

Although recent evidence suggests a relevant role of the oral cavity and its mucosae in the
transmission and in the pathogenicity of SARS-CoV-2, as the entrance to the body of the virus, its
protective or aggravating element for the infection and progression of the virus is still controversial [28].
It has been demonstrated that there is an association between periodontitis and a higher risk of
increased gravity of COVID-19 in periodontopathic patients [31]. Most of the individuals (65%) in our
sample had more than 20 teeth and they used to go to the dentist for control visits, demonstrating
the importance given to the oral health condition. Moreover, about 14 out of 20 of the patients with
COVID-19 diagnosis had performed extractions due to periodontitis.

In addition, regarding the presence of xerostomia, only 30% of the patients developed this
symptom during the period of hospitalization. These data are relevant because xerostomia has also
been found in a relatively high proportion of COVID-19 patients from Chinese researchers [32]. On the
other hand, these results should be carefully discussed. In fact, it has been shown that xerostomia can
also be induced by different drug therapies such as: antidepressants, antipsychotics, anticholinergics,
antihypertensives, antihistamines, and sedatives [33]. Furthermore, there is strong evidence that
xerostomia is very common in diabetic patients and may be present in >50% of cases, and recently
it was reported that the use of artificial saliva spray was shown to be effective in the treatment of
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xerostomia in type 1 and type 2 diabetes [34,35]. However, in our study, only 15% of patients were
affected by diabetes (not specified if type 1 or type 2).

In fact, 56% of the patients enrolled in our study had these kinds of therapies, but only 5% of them
manifested xerostomia during hospitalization. These data deserve attention, because the symptom
of xerostomia was manifested by patients affected by COVID-19 and enrolled in our study in 30% of
cases, regardless of the drug therapy followed prior to admission. Therefore, this oral manifestation
can probably be linked to the disease itself. Indeed, it has been demonstrated that the salivary glands
are a reservoir of the virus, thus the contagion of people by way of saliva droplets [36].

Interestingly, the SARS-CoV-2 infection has been shown to be more severe in individuals over 50
years old and with the presence of associated comorbidities such as diabetes, cardiovascular problems,
and diseases involving the nervous system. These disorders have been associated with hyposalivation;
in our case 15% of patients were affected by diabetes, 15% by obesity, 39% by hypertension, and
25% presented thyroid disorders such as hypothyroidism or hyperthyroidism, but none of them,
before being hospitalized, reported having xerostomia. Therefore, the onset of this symptom can
be associated with the drug therapy administered for the treatment of COVID-19 and also with the
infectious and inflammatory processes activated by the virus itself. Regarding other symptoms such
as altered taste, 25% of the participants said they had dysgeusia. This is a very important finding
and in line with recent publications on this topic, which attest to 33% the frequency of COVID-19
patients who report having this symptom [37]. Indeed, dysgeusia can be described as one of the
early symptoms of COVID-19 infection. Clinically, these data may allow easier identification of
pre-symptomatic or asymptomatic patients. Moreover, the diagnosis of this oral manifestation may
significantly reduce disease transmission, especially when diagnostic tests are not readily available
and/or unpredictable [38].

Focusing on the patient’s systemic conditions, it appears significant that most of the patients
hospitalized for COVID-19 had previous systemic conditions such as hypertension, heart disease,
oncological pathologies, pathologies affecting the thyroid gland, diabetes, and pathologies affecting the
respiratory system. Furthermore, only one patient in his medical history did not report any previous
pathology. In addition, it should be noted that, in a recent study on 5700 patients, the most common
comorbidities were hypertension in 56.6% of cases, obesity in 41.7%, and diabetes in 33.8% of patients
with diagnosis of COVID-19 [39]. Our results are in agreement with these data. In fact, about 39% of
our patients had hypertension. It is almost known that such pathologies are aggravated by factors
such as smoking. An interesting result that emerged from our study is that approximately 90% of the
participants were nonsmokers. In the literature, there are several studies that analysed the relationship
between COVID-19 and smoking. According to the World Health Organization (WHO), no studies
examined tobacco use and the risk of infection or the risk of hospitalization with COVID-19 among
smokers [40]. In fact, the majority of the studies in the literature are observational reports, and they
reported the prevalence of smoking amongst hospitalized COVID-19 patients [40].

As for the presence of cardiovascular diseases, the results of our study show that 50% of
the participants had cardiovascular diseases, specifically 78% of them suffer from hypertension.
Currently, the literature is controversial, also in the management of patients with hypertension since
the SARS-CoV-2 uses ACE2 as a cell entry receptor [41]. It is unclear whether uncontrolled blood
pressure is a risk factor for acquiring COVID-19, or whether controlled blood pressure among patients
with hypertension is or is not less of a risk factor [42].

Although this observational study reports interesting data of 20 COVID-19 hospitalized patients,
it has different limitations. Firstly, the small sample size, only 20 patients enrolled. This was given
from different limitations on performing the study during the pandemic; the difficulty in enrolling
patients with the abovementioned criteria during that period and the difficulty in having personnel
available to administrate the questionnaire.

264



J. Clin. Med. 2020, 9, 3218

After the results raised, the questionnaires probably should have been done in a more specific
way to better understand on which day of the disease the symptoms appear and if they had prior to
the first symptom the symptoms they reported.

5. Conclusions

This study demonstrates the importance of the close link between SARS-CoV-2 and oral
manifestations. There is no scientific evidence in the literature that certifies which oral symptoms
SARS-CoV-2 can actually cause. In fact, from the analysis of our data, it is hard to notice that clinical
conditions that patients manifest are due to the SARS-CoV-2. The presence of xerostomia in our
patients suggests a symptom given by the virus, but it must always be correlated with the patient’s
therapy. In addition, it may be essential to carry out the measurement of the salivary flow before and
after the COVID-19 diagnosis to demonstrate a close correlation of it with the virus. Furthermore, the
dysgeusia present in only 25% of our study suggests that this symptom may be a warning signal for
the patients. Finally, the reduction of oral hygiene conditions in the hospitalized patient (even if it
was not the focus of this study) suggests how important it is to have a team specialized in dentistry
within hospitals.

Further studies are necessary to better understand the symptoms of this new virus in order to
faster detect its presence in humans; probably, a multidisciplinary team following the COVID-19
patients could be of key importance.
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Appendix A. Questionnaire

1. Age

2. Sex
Male

Female

3. Place of origin

4. How many teeth do you have in your mouth?

>20 teeth
10–19 teeth

1–9 teeth
totally edentulous patient

5. Are you a smoker?
Yes
No

6. When did you last go to the dentist?
performed within 6 months

performed within 1 year
more than a year since the last visit

7. How many times did you brush your teeth in a day before
being hospitalized?

times/after meals daily
times daily
1 time daily

Never

8. Did you use interdental brushes?
Yes
No
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9. If yes, how often weekly?

Yes, but it has been treated
Yes, but I neglect the problem

No, I wasn’t told
I don’t know

10. When brushing your teeth, do your gums bleed?
Yes
No

11. Did you clean your tongue before hospitalization?
Yes
No

12. Did the dentist ever tell you that you have gum problems,
gum infections or inflammation?

Yes, but it has been treated
Yes, but I neglect the problem

No, I wasn’t told
I don’t know

13. Did the dentist extract your teeth because they had high
mobility?

Yes
No

14. Are you wearing a fixed prosthesis? Yes

15. Are you wearing a removable prosthesis?

Yes, total
Yes, partial

Yes, both total and partial
No

16. Has anyone in your family of origin (father, mother, siblings,
uncles, . . . ) had gum problems such as periodontitis?

Yes
No

I don’t know

17. Do you suffer from xerostomia (dry mouth)?
Yes
No

18. Which home oral hygiene aids do you use now that you are
hospitalized?

toothbrush + toothpaste + floss
prosthesis brush + toothpaste + tablets

toothbrush + toothpaste
nothing

19. How many times do you brush your teeth a day, now that
you are hospitalized?

1230

20. Do you still clean your tongue now?
Yes
No

21. Do you currently bleed from your gums while cleaning your
teeth?

Yes
No

22. Did you have any chewing problems during the period of
illness (COVID-19)?

Yes
No

23. Did you have any swallowing problems during the period of
illness (COVID-19)?

Yes
No

24. Did you experience a burning sensation in your mouth
during the period of your illness (COVID-19)?

Yes
No

25. Did you experience halitosis during the period of your illness
(COVID-19)?

Yes
No

26. During the period of your illness (COVID-19) did you have
tooth problems/pain?

Yes
No

27. During the period of the disease (COVID-19) did you have
any taste alterations?

Yes
No
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28. Did you suffer from xerostomia during the period of your
illness (COVID-19)?

Yes
No

29. Do you suffer from diabetes?
Yes
No

30. Do you suffer from cardiovascular disease?
Yes
No

31. Do you suffer from senile dementia?
Yes
No

32. Did you experience any other oral problems during
hospitalization?

Yes
No

Appendix B. Statistical Results

 
Figure A1. Use of dental floss before and after hospitalization of the patients. No statistical difference
was shown between the study time points (p > 0.99).

 
Figure A2. Habit of tongue-brushing before and after hospitalization of the patients. No statistical
difference was shown between the study time points (p = 0.333).

267



J. Clin. Med. 2020, 9, 3218

 
Figure A3. Bleeding of gums before and after hospitalization of the patients. No statistical difference
was shown between the study time points (p > 0.99).

Figure A4. Tooth extraction (EX) carried out between males and females. No statistical significance (p
= 0.15) was shown between the sexes on the tooth extraction performed.

Figure A5. Difference between fixed-prosthesis wearers between males and females. No statistical
significance (p = 0.40) was shown between the sexes.
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Figure A6. Difference between removable-prosthesis wearers between males and females. No statistical
significance (p = 0.64) was shown between the sexes.

Figure A7. Difference between chewing problems between males and females. No statistical significance
(p = 0.56) was shown between the sexes.

 
Figure A8. Difference between swallowing problems between males and females. No statistical
significance (p > 0.99) was shown between the sexes.
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Figure A9. Difference between oral burning sensation between males and females. No statistical
significance (p = 0.56) was shown between the sexes.

 
Figure A10. Difference of halitosis perception between males and females. No statistical significance (p
> 0.99) was shown between the sexes.

 

Figure A11. Difference of dysgeusia perception between males and females. No statistical significance
(p = 0.31) was shown between the sexes.
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Abstract: The practice of dentistry has been dramatically altered by the coronavirus disease 2019
(COVID-19) pandemic. Given the close person-to-person contact involved in delivering dental
care and treatment procedures that produce aerosols, dental healthcare professionals including
dentists, dental assistants and dental hygienists are at high risk of exposure. As a dental clinic
in a comprehensive cancer center, we have continued to safely provide medically necessary and
urgent/emergent dental care to ensure that patients can adhere to their planned cancer treatment.
This was accomplished through timely adaptation of clinical workflows and implementation of
practice modification measures in compliance with state, national and federal guidelines to ensure
that risk of transmission remained low and the health of both immunocompromised cancer patients
and clinical staff remained protected. In this narrative review, we share our experience and measures
that were implemented in our clinic to ensure that the oral health needs of cancer patients were met
in a timely manner and in a safe environment. Given that the pandemic is still on-going, the impact
of our modified oral healthcare delivery model in cancer patients warrants continued monitoring
and assessment.

Keywords: COVID-19; oral oncology; dental; oral surgery; head and neck cancer; cancer patients
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1. Introduction

The outbreak of coronavirus disease 2019 (COVID-19) [1] has dramatically changed the practice of
dentistry worldwide, given the close “person-to-person” contact involved in delivering dental care and
treatment procedures that produce aerosols, often resulting in dental providers being exposed to blood,
saliva and respiratory droplets [2,3]. Given the mode of transmission of COVID-19, dental healthcare
professionals including dentists, dental assistants and dental hygienists are at high risk of exposure
among all healthcare personnel [4,5]. In this regard, studies from multiple groups around the globe
have reported on critical infection control measures [5–7] and guidelines for modifications to dental
clinic workflows that were implemented during the pandemic [8,9]. Reports have also described
the impact of COVID-19 on the practice of dental specialties, including oral medicine [10] oral and
maxillofacial surgery [11–13], orthodontics [14] and endodontics [4,15].

Oral oncology (sometimes referred to as “Dental Oncology”) is a branch of dentistry/oral
medicine that provides specialized care to address the complex dental and oral health needs of cancer
patients [16,17]. The division of Dentistry and Maxillofacial Prosthetics (DMFP) is a clinical service
within the Department of Oral Oncology at Roswell Park, a National Cancer Institute (NCI)-designated
Comprehensive Cancer Center located in Buffalo, New York. The center provides comprehensive
cancer care to patients in the Buffalo–Niagara metropolitan area, surrounding counties in Western
New York (WNY) and patients from New York State (NYS). The center also provides cancer care
for patients from other states within the U.S. and Canada. The mission of DMFP is to provide
high-quality oral healthcare to cancer patients. Specialized services provided by DMFP include
management of existing dental conditions prior to the start of cancer therapy, prevention and
management of oral complications from cancer treatment (radiation, chemotherapy and hematopoietic
stem cell transplantation) and functional rehabilitation of patients after invasive cancer surgery [18–20].
Cancer patients are immunocompromised and, as a result, susceptible to oral and respiratory infections,
including COVID-19 [21]. Given this “double whammy” (increased risk for cancer patients and dental
providers), the pandemic has necessitated rapid implementation of changes to our oral healthcare
delivery model, including adaptation of clinical workflows and diagnostic and treatment paradigms.
Kochhar et al. have recently described recommendations for provision of dental care to cancer patients
during the pandemic [22]. As a dental clinic in a comprehensive cancer center, we have continued to
safely deliver dental care to cancer patients during this pandemic. This was accomplished through
adaptation of clinical workflows to ensure that cancer patients can adhere to their planned cancer
treatment. Timely implementation of practice modification measures was critical to ensure that patients
and dental clinic staff remained protected and the risk of transmission remained minimal.

2. Overview of DMFP Clinic Responsiveness to COVID-19

The overview of the DMFP clinic response to COVID-19 is shown schematically in Figure 1.
In response to the pandemic, a DMFP clinic task force was created in early March 2020 to implement
clinic-centric measures that were in compliance with Centers for Disease Control and Prevention (CDC),
the American Dental Association (ADA), NYS and institutional guidelines and develop protocols
for safely providing dental care for cancer patients. The taskforce included the department chair,
the clinical chief, a general dentist, the lead dental assistant and the clinic administrator. Such a
composition of the task force ensured that all administrative and operational needs of the clinic and
staff concerns were addressed. Given the relatively fluid nature of the situation, daily virtual meetings
of the taskforce were conducted (via WebEx) to monitor the regional situation and to appraise team
members of any updates to institutional policies regarding patient care and staff. The goals of the task
force and the strategic approach undertaken to implement clinic-centric measures that complemented
institutional measures are summarized in Figure 1.
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Goals

Overview of DMFP Clinical Responsiveness to COVID-19
Creation of DMFP Clinic Task Force 

1. Implement clinic-centric measures in compliance with 
CDC, ADA, NYS and institutional guidelines 
2. Develop protocols for safely providing dental care to 
cancer patients

1. Identify critical clinic functions and assignments
2. Evaluate staffing needs and workforce reduction
3. Identify education and cross-training needs
4. Assess and anticipate demand for critical supplies 
5. Communication and continuity planning

1. Modifying clinic schedules 
2. Establishing patient tiers to prioritize appointments
3. Rotational scheduling of clinic staff
4. Patient screening, triage and treatment pathways
5. Telemonitoring and follow-up

Strategy

Implementation

Figure 1. Schematic overview of the responsiveness of the Dentistry and Maxillofacial Prosthetics
(DMFP) clinic at Roswell Park Comprehensive Center to the pandemic. (CDC—Centers for Disease
Control and Prevention; ADA—American Dental Association; NYS—New York State).

The following measures were implemented in our clinic to limit traffic in clinical areas and ensure
that the oral health needs of cancer patients were met in a timely manner and in a safe environment.

2.1. Identifying Critical Services Provided by the Dental Clinic

With the evolution of the pandemic in NYS and around the United States, the ADA, CDC and
the New York State Dental Association (NYSDA) issued guidance on March 16, 2020, that all dental
offices provide only emergency dental care for patients. A minimum of 3 weeks of postponement was
recommended for all elective and non-emergent services. By mid-March 2020, the dental clinic taskforce
had decided to scale down clinical operations to essential critical functions. In compliance with NYS,
ADA and CDC guidelines, clinic visits were restricted to management of active cancer patients that
needed medically necessary oral health evaluations (e.g., patients requiring dental clearance prior
to start of radiation therapy, bone marrow transplant patients, patients scheduled for surgery) and
urgent/emergent dental treatment.

2.2. Modifying Clinic Schedules

All clinic providers were asked to review their schedules for the months of March and April.
Consistent with the framework [23] suggested by the Centers for Medicare and Medicaid Services
(CMS), a three-tiered classification of patients was developed to modify clinic schedules as shown in
Figure 2. Patients with scheduled appointments were immediately contacted and their health status
assessed over the phone to determine the urgency of their treatment. The immune status of patients
(undergoing active chemo/RT or immunotherapy, recent organ transplant; on immunosuppressive
therapy) was also taken into consideration while determining the tier and type of appointment. Patients
with appointments for elective dental procedures (e.g., routine follow-up appointments, prosthetic
or routine oral hygiene maintenance patients that could wait) that could be safely deferred were
rescheduled (on an average of 4–6 weeks from the initial appointment date). Patients were notified of
their rescheduled appointments by the clinic receptionist along with the communication regarding the
availability of all dentists and specialists for telephone consults.
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Tier 1
(High acuity/risk)

Lack of in-person oral health evaluation/timely care would result 
in harm.
• Active cancer patients including radiation/bone marrow 

transplant patients requiring dental clearance.

Tier 2 
(Med acuity/risk)

Lack of in-person oral health evaluation/care has the potential to 
result in harm/increase morbidity. Existing dental/oral health 
issues may escalate into emergencies if treatment is delayed. 
• Cancer patients or survivors without any dental emergencies or 

urgent dental needs. Tele-monitoring and follow-up of these 
patients was implemented.

Tier 3 
(Low acuity/risk)

Oral health evaluation or care can be safely postponed for a short-
term (3 months) without increased risk to the patient. 
• Patients scheduled for regular, periodic follow-ups, hygiene 

appointments and maxillofacial prosthetics. Tele-monitoring and 
follow-up of these patients was implemented.

Figure 2. Three-tiered classification of patients based on their oral health needs for optimal scheduling
of appointments during the pandemic.

2.3. Rotational Scheduling of Clinic Faculty and Staff

In alignment with the institutional “directed to leave campus” (DLC) policy, non-critical clinic
staff, including personnel in administrative and research arms of the department, were scheduled
to work remotely. Secure remote access (email, virtual desktop) was provided to staff members,
which allowed them to continue their daily tasks from home. For essential clinic staff, a rotational
schedule was implemented wherein one dentist and two dental assistants were assigned on a weekly
basis. The providers and the assistants were on-site two days of the week to attend to patients requiring
medically necessary dental procedures, but all providers were available for teleconsultation during
the week. Additional emergent/urgent appointments were also handled by the same dentist /dental
assistant team scheduled to be “on call” for the week. This arrangement also ensured a two-week
window before the same provider/assistant team was scheduled to be back on-site (i.e., Week 1: Team A;
Week 2: Team B; Week 3: Team C; Week 4: Team A). This temporal spacing of provider/staff schedules
minimized overlap between faculty and staff from individual teams and allowed for a potential 14-day
period of isolation or quarantine in the unfortunate event that one of the team members became
symptomatic. All staffwere instructed to continue self-monitoring and advised to stay home if they
experienced flu-like symptoms.

2.4. Transitioning to a ‘Virtual’ Tumor Board

Another COVID-related modification in our clinical workflow involved a change in the conduct
of a multidisciplinary head and neck conference (“tumor board”). The multidisciplinary conference
serves as a valuable forum for discussions among team members regarding diagnosis and treatment
planning of head and neck cancer patients. Roswell Park conducts a weekly head and neck tumor board
meeting that is attended by faculty from the above-mentioned specialties along with nurse practitioners,
physician assistants, physical therapists, palliative care and social workers. These weekly meetings are
quintessential to ensure adequate work up for correct diagnosis, staging, discuss treatment strategies
(surgery versus radiation), surgical reconstruction approaches for best quality of life and survivorship
issues. In a pre-COVID-19 world, this involved an in-person meeting of about 25–30 specialists
in a packed conference room. With the onset of the pandemic and the restrictions that followed,
such a gathering was no longer possible. Given the large number of participants at these weekly
meetings, a decision was made in March 2020 to move the tumor board to an online platform (“virtual”
tumor board). We transitioned to weekly virtual tumor board meetings utilizing the WebEx platform
developed by Citrix systems. The WebEx platform allowed both video and audio presentation,
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including a screen sharing ability. The platform was approved by Roswell IT and was compliant with
the Health Insurance Portability and Accountability Act (HIPAA) regulations. Email invitations for
these sessions were sent out to participants along with the pertinent WebEx information. Participation
required a valid attendee name and a Roswell Park email login. The virtual format allowed for
efficient participation of a large number of attendees with case presentations made in Microsoft Power
Point format by the head and neck fellow, along with review of histology slides by a pathologist
and imaging by the radiologist. Although not a new concept, we had no previous experience with
virtual multidisciplinary conferences. Our experience to date with the virtual tumor board format has
been positive, and the format has encouraged greater and timely participation from a large group of
participants. In addition, since most of the attendees participated in the virtual meeting from their
workstations, it provided them with the ability to instantly access not just patient records, but also
published literature to clarify any points if needed. The biggest limitation of the virtual format is the
lack of personal interaction and interactive conversations between multiple speakers. Despite a few
initial technical glitches, this approach continues to be effective, allowing the entire team to engage in
thoughtful discussions regarding treatment plans for individual patients without increasing the risk of
exposure and potential members between clinic staff.

2.5. Screening of Patients Prior to Visits

Multiple measures were put in place for screening patients with scheduled appointments at
our clinic. These included inquiry of symptoms over the phone (“tele-triage”) 24 h prior to their
appointment. Patients were screened (symptom checks, temperature measurements) at the main
entrance to our cancer center and then at the clinic front desk at check-in. The duration of appointments
for patients requiring medically necessary or emergency dental procedures was also lengthened
(approximately 90 min) with adequate time (30–45 min) between appointments to allow clinic staff to
perform all infection control procedures according to CDC guidelines.

2.6. Infection Control Training and Operatory Preparation

Recognizing the need for stringent infection control protocols, several institutional and
clinic-centric training measures were implemented to train all clinical faculty and staff. In addition
to the mandatory annual in-services routinely completed by all hospital staff, refresher training on
infection control procedures was provided in the form of training videos, instruction sheets, flyers as
well as presentations and group discussions (via WebEx). Topics covered in these training sessions
included but were not limited to the basics of COVID-19, hand hygiene, respiratory etiquette, personal
protective equipment (PPE), donning and doffing, sterilization and disinfection procedures, protection
of all equipment (e.g., computer screens, monitors), proper disposal of single-use instruments and
minimizing clutter (e.g., leaving all paperwork outside the operatory; removal of any potential sources
of contamination, such as pictures from the walls) within the operatories. All providers, including
assistants, wore full surgical garb (shoe covers, head covers, surgical gowns, gloves, N95 masks and
face shields) while examining patients.

2.7. Clinical Care Guidelines for Dental Management of Cancer Patients

Given the unprecedented nature of events, guidelines for managing oral care of cancer patients
were developed. Due to the known risk of COVID-19 transmission via respiratory droplets, a decision
was made to avoid high aerosol-generating procedures including the use of high-speed hand pieces,
ultrasonic scalers and air-water syringe. A prophylactic hydrogen peroxide mouth rinse was provided to
all patients prior to their clinical examination. Aerosol-generating procedures were avoided in severely
immunocompromised patients, and clinical evaluation of these patients was performed in dedicated
operatories. Consideration was given and plans put in place for performing low aerosol-generating
procedures in the operating room (OR) to these patients if clinically warranted. Conservative treatment
for asymptomatic carious restorations and minimal debridement were provided without the use of
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ultrasonic equipment to reduce the microbial load prior to their treatments. Restorative procedures
were performed following the principles of atraumatic restorative therapy [24]. Based on the depth
of invasion and the presence/absence of symptoms, caries excavation and temporary restorations
were placed. Alternatively, caries arresting measures, through the use of silver diamine fluoride
(SDF 38% Advantage Arrest), were performed. Hand scaling was performed, and no ultrasonic scaling
or polishing was done. Procedures were performed under rubber dam isolation, and radiography
was limited to extra-oral radiographs. Extractions of non-restorable teeth were performed following
the recommended PPE protocols. Extractions of teeth were only done when the teeth had significant
mobility, poor bone support or a root morphology that was amenable to a simple extraction. For head
and neck patients undergoing surgical procedures, dental extractions were performed in the operating
room (OR) in close coordination with the head and neck surgeons. Contingency plans were also made
for providing dental care in peri-operative surgical suites as alternatives to dental operatories, if needed.
Emergency floor consultations were provided for in-patients and treatments provided as needed.
During this time, the dental faculty maintained crucial communication with patients, their treating
physicians (medical and radiation oncologists) and surgeons to maintain continuity of care.

2.8. Maxillofacial Rehabilitation of Cancer Patients during COVID-19

Maxillofacial prosthetics is the sub-specialty of prosthodontics that deals with the rehabilitation
of head and neck defects beyond the immediate oral region. The most common procedures performed
by a maxillofacial prosthodontist at a cancer center are the obturation or restoration of missing
maxillary and mandibular structures and the replacement of missing orbital, nasal, auricular and
cranial structures [16,17,25]. Other procedures performed include surgical placement of implants
to support or retain prostheses or the creation of devices to aid the delivery of surgical or radiation
treatment. The decision-making process during COVID-19 was complicated by the fact that, although
many non-emergent prosthetic procedures could be postponed, the delay in adequate rehabilitation
has major consequences, including deficient speech, swallowing as well as the psychosocial issues
for patients due to a visibly missing body part. The treatment protocol at Roswell Park considered
both the patient’s medical status as well as the urgency of the procedure involved and attempted
to provide treatment with the fewest number of visits and procedures to prevent exposure to the
virus. Medically necessary surgical obturations that could be inserted with sutures or ligation were
performed in the operating room. Removal of the surgical prosthetic and replacement with an interim
prosthesis were evaluated on a case-by-case basis, and all adjustments were carried out under a
laboratory hood. Since the creation of definitive prosthetics often requires multiple aerosol-generating
procedures, these treatments were postponed. Conventional prosthodontic procedures and surgical
implant placement also generate a large amount of aerosol and were delayed in order to limit the
exposure of severely medically compromised patients. Fabrication of facial or somatic prostheses
also requires multiple visits and would increase patient and provider risk of exposure (asymptomatic
carriers) and was postponed.

2.9. Telemonitoring and Follow-Up

All phone consultations were documented in the electronic health record (EHR). The temporal
scheduling of clinical faculty and staff enabled providers that were off-site to monitor requests for
clinic appointments. Concerns and requests from patients seeking emergency appointments were
reviewed by a dental provider to understand the nature of their emergency and the appropriate course
of management. Phone consults were also performed for patients receiving radiation to follow up
for dysphagia, mucositis or candidiasis. Individual prescription requests (e.g., fluoride toothpaste,
chlorhexidine) were managed by the providers. Appropriate prescriptions were called into their
pharmacies. All patient concerns were initially addressed with a phone call, and if a clinic visit was
deemed necessary, the patient was scheduled for a visit.
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2.10. Modifications to a General Practice Dental Residency Training Program

The DMFP department serves as a home to a 1-year General Practice Residency (GPR) program that
is administered jointly with the State University of New York, University at Buffalo, School of Dental
Medicine. The program has an annual intake of two residents who spend approximately 70 percent
of their time in the clinical care of patients. The didactic portion consists of treatment-planning
seminars and literature reviews, as well as lectures in diagnosis, prosthodontics, endodontics and
practice management. When the directive to leave campus (DLC) for all non-essential staff was
implemented at our cancer center, a distance education model based on an online learning curriculum
and continuing education (CE) credits covering all areas of general dentistry was implemented.
Subsequently, following the implementation of several risk reduction measures and enhanced infection
controls, residents were allowed to return on a rotating basis and observe patient care, to minimize
contact and exposure for an already vulnerable patient population. PPE donning/doffing procedures
were extensively reviewed. Modifications to dental practice and clinical decision making in the context
of a pandemic were thoroughly explained. Differences in risk–benefit considerations between ideal
treatment plans versus minimally acceptable treatment to “clear” patients for oncologic care were
discussed. Residents also participated in care by conducting assessment phone calls with patients
calling the clinic with dental concerns. Residents learned to triage and classify dental emergencies
and urgent care cases based on ADA interim guidelines. Emphasis was placed on gathering pertinent
patient information to come up with working diagnoses before scheduling patients to minimize
appointment times and overall exposure. Residents were tasked with leading virtual weekly case
reviews. A thorough medical and dental history was presented for each patient that was seen in the
clinic that week. Dental treatment that was proposed or completed to clear them to proceed with their
cancer care was outlined and discussed with the faculty. Detailed discussions took place surrounding
the modifications that had to be made in their oncologic and dental care as a result of COVID-19.
Although not ideal, these modifications enabled the residents to effectively continue their dental and
oral oncology training during the pandemic.

3. Conclusions

3.1. Teamwork Is Integral to Ensure Timely and Optimal Coordination of Care

Managing the oral health of cancer patients requires timely coordination of care between surgeons,
radiation oncologists, medical oncologists, radiologists, pathologists, dentists and maxillofacial
prosthodontists. For example, we have previously documented that stem cell transplant patients
may have a narrow window of adequate disease control for successful transplantation [26]. Similarly,
the time from a head and neck cancer diagnosis to the initiation of radiation therapy correlates with
survival [27]. As a result, timely dental clearance of cancer patients is integral to their overall cancer care.
While such coordination of care was routinely performed prior to the pandemic, the unprecedented
outbreak of COVID-19 posed several logistical challenges and uncertainties in dental and oral healthcare
delivery models. Therefore, the importance and the value of teamwork and communication between
dentists and medical professionals cannot be understated.

3.2. The Road Ahead

We have recently begun resuming our clinical services in a phased manner with modified
clinical workflow while maintaining social distancing guidelines in our clinic waiting rooms and
continued incorporation of infection control procedures in our clinic areas. At the present time,
clinical care is provided with staggered appointments while simultaneously managing unscheduled
consultation requests and emergencies. Roswell Park currently offers COVID testing on-site by
scheduled appointment, drive-up or in an expedited manner at point-of-care for cancer patients based
on clinical need. As a result, we have routinely begun COVID testing our dental clinic patients.
These modifications have enabled us to safely provide dental care to cancer patients while ensuring
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that they adhere to their planned cancer treatment. However, it is now being increasingly recognized
that the impact of COVID-19 is likely to be long-standing (several months to years) with a possibility
of a second wave of infections in the fall. As we gradually progress to a “new normal”, evaluating the
impact of these optimized practices and processes within the dental clinic will be important. Given the
planned scale-down of our clinic operations, the number of patients seen by our clinic during this
time was reduced. We are currently reviewing our clinic volume data (number of appointments,
number and type of procedures performed) during March–September 2020 and comparing it to our
“pre-COVID” (March–September 2019) metrics. Such a comparative assessment would have to take
additional variables into consideration, including number of active providers (dentists and specialists)
on staff, number of residents and so on., to recognize the true impact of COVID-19 on our practice.
Equally important is measuring the impact of these practice modifications on patient outcomes and
evaluating the overall impact of these changes to clinical workflows on patient experience. The impact of
COVID-19 on healthcare economics for dentistry and oral medicine also warrants further investigation.
In this regard, we have recently begun examining the financial consequences of COVID-19 on our
clinical practice through a review of our billing records. We continue to closely monitor the impact of
our clinic measures on treatment-related oral health complications and outcomes in cancer patients
and hope to report our findings in the future.
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Abstract: Dental fear and anxiety is a significant issue that affects pediatric patients and creates
challenges in oral health management. Considering that the coronavirus disease 2019 (COVID-19)
pandemic, along with its associated sanitary regime, social distancing measures and nationwide
quarantines, could itself induce public fears, including in children, it is of great interest to explore
whether this situation and the necessity of reorganizing dental care could potentially affect the
emotional state of pediatric patients facing a need for urgent dental intervention. The present study
assessed the emotional state of children ≤ seven years old (n = 25) requiring dental healthcare during
a nationwide quarantine in Poland, as well as the anxiety levels of their caregivers. The Faces Anxiety
Scale was adopted, and the evaluation was independently performed by the dentist, caregivers and
children themselves. The level of anxiety in caregivers was also measured. As demonstrated,
children requiring dental intervention during the nationwide quarantine did not reveal a significantly
higher anxiety level as compared to the age- and indication-matched pre-pandemic control group
(n = 20), regardless of whether their emotional state was evaluated by the dentist, caregivers, or by
themselves. However, the share of children scoring the lowest anxiety level in all assessments was
smaller in the pandemic group. Boys in the pandemic group had a higher anxiety level, as indicated
by a caregiver assessment, and displayed a negative correlation with age in all three types of
evaluation. Moreover, caregiver anxiety levels were higher in the pandemic group as compared
to the pre-pandemic subset and revealed stronger correlations with the dental anxiety in children.
The results suggest that the reorganization of oral healthcare under the pandemic scenario did not
have a profound effect on children’s dental anxiety. Nevertheless, findings in young boys highlight
that they may be more vulnerable and require special care to mitigate their anxiety and decrease
the risk of dentophobia in the future—these observations must be, however, treated with caution
due to the small sample size and require further confirmation. Moreover, it is important to reassure
caregivers of the safety of the dental visit during the pandemic to minimize the effect of their own
anxiety on dental fears in children.

Keywords: COVID-19; SARS-CoV-2; dental care; children; dentist-patient relation; pandemic

1. Introduction

The outbreak of the novel coronavirus disease COVID-19 in December 2019 that spread across
the Asian continent and eventually turned into a pandemic [1,2] created numerous challenges in
health care sectors unrelated to the management of infectious diseases, including dentistry [3–7].
Following the confirmation of the first case in an increasing number of countries, the physical
infrastructure, including entire hospitals, hospital wards, beds and technical equipment, had to
be repurposed. The workforce resources in health care have also undergone reorganization and
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reallocation to support the response to the pandemic. This has led to the limitation or postponing
of non-emergency health care appointments and treatments. In the meantime, the rapidly evolving
epidemiological situation has forced numerous countries to implement strict sanitary regimes and social
distancing measures, and eventually impose nationwide quarantines to decrease transmission rates.
Under such circumstances, and particularly lockdown-associated isolation, significant public distress
can be seen, further magnified by mass media coverage, often based on sensational, panic promoting
headlines, as well as by online social media through which the spread of unsupported claims and fake
news could be seen [8–10]. This stress is not only related to a fear of contracting the disease but also to
significant and rapid changes to lifestyle and work [11]. As already demonstrated, all of these factors
can be so profoundly affecting that a relevant percentage of individuals are put at risk of less or more
severe mental health issues [12], including children and their parents [13–16]. Moreover, one study in
adults has already reported that the introduction of the pandemic caused anxiety in 25% of dental
patients [17]. However, no research has specifically addressed dental anxiety levels during COVID-19,
including that in children.

During the COVID-19 pandemic, children suffer from not going to kindergartens and schools,
not having real contact with their friends and some family members and having to live at home with
decreased ability to practice physical activity and carry out some of their hobbies. As shown in an
Italian survey, a significant percentage of children become nervous when hearing about the pandemic
(e.g., on television) [18]. To protect them from distress, parents might often avoid discussing the
pandemic, although the research supports that sensitive communication during the crisis has benefits
for children’s wellbeing [19,20]. In addition, their emotional state can closely reflect that of caregivers,
further adding to anxiety level [21].

Providing children with dental care during the COVID-19 pandemic, and in particular during
the increased social restrictions, can be a challenging task. It is known that appointments are often
met with dental fear and anxiety, while 7–8% of children in pre- and early school age display it at a
level which might interfere with dental procedures [22,23]. This primarily originates from fears of
procedure and pain [24–27], but under pandemic-related lockdown these emotions and feelings can
potentially be further exacerbated by the new stressors present in their environment as well as by
the psychological tension resonating from the caregivers who need to take a decision to leave home
and potentially risk contracting SARS-CoV-2. Moreover, in the regular setting, there is a possibility of
the effective management of children’s fear, anxiety and phobia with the support of caregivers and
through desensitization, tell-show-do, positive reinforcement, and other behavioral techniques [26,28].
As the main route of SARS-CoV-2 transmission is via airborne droplets, dental staff are required to use
personal protective equipment (PPE), i.e., suits, goggles, face visors, and face masks. The PPE affects the
voice tone, makes it more difficult for children to understand what a dentist is communicating, does not
allow children to read facial expressions which are important for building their trust with a dentist,
adds to white coat syndrome, and overall hinders interaction with the patient [7]. Although some
techniques to manage the anxiety level are still possible and still performed, the additional safety
measures may effectively worsen the relationship between pediatric patients and personnel.

Survey studies reported that 50–70% of dental professionals admit to experiencing higher stress
and anxiety levels as a result of the COVID-19 pandemic [29,30], an effect that may, in turn, alter their
relationship with the pediatric patient. All of this, along with empty dental clinics and the smell of
ozone disinfectant, can affect the children’s trust in and perception of the oral healthcare provider,
particularly in patients with a high fear level, and potentially aggravate the possibility of reassuring
and de-stressing them in the waiting room and dental office, and eventually this may reinforce
dental anxiety.

The present study aimed to explore the level of anxiety in children and their caregivers during
dental visits at the time of the nationwide quarantine in Poland. The first COVID-19 case in the country
was confirmed on 4 March 2020. Following this, schools and universities were closed on 11 March
and a nationwide quarantine was imposed on 24 March. The lockdown lasted till 4 May when hotels
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and shopping centers were permitted to reopen while on 6 May daycare centers and kindergartens
were allowed to resume their activities. Despite the easing of social distancing rules, dental care
will continue to be provided with new sanitary regimes. Evaluation of the emotional state of young
patients and their caregivers during the pandemic and related nationwide lockdown is important to
understand whether the additional safety measures can affect dental fear and to discuss the strategies
that could effectively decrease this.

2. Experimental Section

2.1. Study Design

The study was designed to explore the emotional state of 25 children aged four–seven who
required intervention at the Pediatric Dentistry Clinic at Poznan University of Medical Sciences,
Poznań, Poland, during the nationwide quarantine in Poland (pandemic group), and to compare it
to an age- and an indication-matched group of pediatric patients before the COVID-19 pandemic
(pre-pandemic group). The pre-pandemic group used for comparison consisted of 20 children aged
four–seven requiring dental intervention between January and June 2018. The level of anxiety related
to the dental visit was also assessed in caregivers in both groups, as they remain in a close emotional
relationship with their children and can affect each other. The following medical indications for
dental appointments were considered in both groups of pediatric patients: tooth extraction, abscess,
dental trauma (traumatic injury to orofacial tissues), mucosal lesion, and necessity of performing pulp
treatment. All children enrolled in the study had a dental history of no more than three appointments,
no history of chronic disease and no mental disorder. The following descriptive variables of the studied
children were collected: age, sex, and medical indication for dental intervention.

The anxiety levels in the pandemic group was evaluated between 24 March and 30 April 2020
(pandemic group). At the time the study was initiated, COVID-19 infections were active in 195
countries and territories, including Poland, with 425,675 cases and 19,195 deaths confirmed globally.
During the time the study was conducted, the total number of confirmed infections and fatal cases in
Poland increased from 901 to 12,877 and from 10 to 644, respectively. This period represents the strictest
national lockdown, which was imposed from 24 March with some restrictions lifted at the beginning
of May when hotels, shopping centers, daycare centers, and kindergartens were permitted to reopen.
During this period, the following modifications to dental healthcare procedures were undertaken:

1. To limit the direct time of the visit, medical history was taken via phone or online call.
2. Children’s caregivers were informed about new safety regulations and measures employed by

the dental clinic, and about additional safety measures.
3. Before the appointment, all caregivers were advised to explain the safety measures to children

and show them a picture of dental staff in PPE to make them more familiar with the situation.
4. The body temperature of each child and caregiver was measured at the entrance to the

waiting room.
5. Each child and caregiver was instructed to disinfect hands in the waiting room.
6. Only one adult caregiver was allowed to accompany a child during the visit to the dental office.
7. In the case of all appointments, two professionals (a dentist and assistant) were maximally present

in the dental office.

All caregivers and children in the pandemic group adhered to the above-mentioned rules.
The purpose and protocol of the study were explained to every child and their supervisor.

Participation in the research was entirely voluntary. Prior to participation, all supervisors were asked
to give their written informed consent. The supervisor accompanied the child during the emotional
assessment. The study protocol was submitted to the Bioethical Committee at Poznan University of
Medical Sciences - according to the performed evaluation, it lacked the characteristics of a medical
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experiment and, in line with Polish law and the Good Clinical Practice, it did not require specific
approval by the Bioethics Committee.

2.2. Emotional State Evaluation

The emotional state of children was evaluated in the waiting room prior to dental procedures by a
caregiver, dentist and by the child. The whole procedure took max. 15 min. Dentists and caregivers
independently assessed the children’s emotional state using the faces mood scale (Figure 1). The scale
was prepared by a graphic artist according to the facial muscle changes involved in a fearful expression
and based on photographs of faces showing increased fear [31]. The evaluating individual selected
one of the six drawn faces that suited the child’s emotional state. The drawings were numbered
as follows: 1—calm; 2—uncertain; 3—reserved, closed and uncooperative; 4—avoiding; 5—loud;
6—crying. The pediatric patients, given the paper with a blank face (Figure 1), were asked to complete
the drawing by adding the facial elements: eyes, nose and lips. Prior to this, all children were instructed
that a drawing should express their own emotions before the dental appointment. The dentist then
categorized the children’s drawings to the corresponding faces 1–6, mostly by matching eye and lip
expressions. Such a graphical approach in the evaluation of the emotional state of children appears
to be advantageous compared to the numerical scale assessment - it only requires simplified verbal
instructions and is more accessible for children to understand than a translation of their inner state
to a particular numerical score [32]. It has also been demonstrated that children and their caregivers
tend to prefer the faces scale over other evaluation methods [33,34]. The numbers associated with each
drawing were operationalized by transforming them into 1–6 Likert scales, where 1 and 6 indicated
the lowest and highest level of anxiety, respectively.

 

Figure 1. The graphical scale used to assess the emotional state of pediatric patients before the dental
appointment (A) and a blank face (B) used by children to express their own emotional state by drawing
missing elements: eyes, nose and lips.

Additionally, the caregivers were asked to assess their own level of anxiety related to the dental
visit by using a Likert scale 0–10, where 0 corresponded to lack of fear, 5 indicated medium anxiety,
while 10 represented a very high level of anxiety.

2.3. Statistical Analysis

The statistical analyses were performed using Statistica v.13.1 (StatSoft Inc., Tulsa, OK, USA).
Because age did not meet the assumption of Gaussian distribution (Shapiro–Wilk test; p < 0.05) and the
emotional state of children was measured in the ordinal scale, non-parametric methods were employed.
The differences in the emotional state scores in pandemic and pre-pandemic groups, as well as between
boys and girls, were assessed with the Mann-Whitney U test. The association between children’s age
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and the scores were evaluated using Spearman’s rank correlation coefficient (Rs). The differences in
the prevalence of medical indications for dental intervention in the pandemic and the pre-pandemic
group were assessed by Pearson’s χ2 test. A value of p < 0.05 was considered statistically significant.

3. Results

The pandemic group consisted of 25 children: 15 boys (mean ± SD age 5.1 ± 1.1 years) and 10 girls
(mean ± SD age 5.3 ± 0.9 years). The pre-pandemic group consisted of 10 boys (mean ± SD age
4.5 ± 0.8 years) and 10 girls (mean ± SD age 5.6 ± 1.1 years). The comparative age of the two groups
did not differ (p > 0.05, Mann-Whitney U test). The demographic breakdown of medical indications
for a dental visit in both groups is summarized in Table 1. The prevalence of these indications did not
differ between the studied groups (p > 0.05, χ2 test in all cases); tooth extraction was the most frequent
procedure (Table 2).

Table 1. Spearman’s rank correlation coefficient calculated for the level of anxiety in the pre-pandemic
(n = 20) and pandemic group of children (n = 25) before the dental appointment assessed by the dentist,
caregivers and children themselves. All values are statistically significant.

Group Caregiver Evaluation Children Evaluation

Dentist evaluation
pre-pandemic 0.88 0.59

pandemic 0.86 0.75

Caregivers evaluation
pre-pandemic - 0.79

pandemic - 0.82

Table 2. Medical indications for the dental visit in pediatric patients in the pandemic and pre-pandemic
groups included in the present study.

Medical indication
Pandemic Group

(n = 25)
Pre-pandemic Group

(n = 20)

Tooth extraction (n/%) 14/56 10/50
Abscess treatment (n/%) 5/20 1/5

Mucosal lesion (n/%) 1/4 2/10
Pulp treatment (n/%) 2/8 5/25
Dental trauma (n/%) 3/12 2/10

The emotional state of children in the pandemic group did not differ from that in the pre-pandemic
group, either when assessed by the dentist [median (interquartile range, IQR): 3 (2–5) vs. 2 (1–4)],
caregiver [3 (2–5) vs. 3 (2–5)], or the children themselves [3 (2–4) vs. 2 (1–3)] (p > 0.05 in all cases,
Mann-Whitney U test). However, the percentage of children for whom the highest anxiety score
of 6 in the pre-pandemic and pandemic groups was 20.0 and 12.0% (dentist’s evaluation), 20.0 and
16.0% (caregiver’s evaluation) and 10.0 and 24.0% (self-evaluation by children), respectively In turn,
the lowest anxiety score of 1 in these groups was 30.0 and 16% (dentist’s evaluation), 15.0 and 12.0%
(caregiver’s evaluation) and 40.0 and 24.0% (self-evaluation by children), respectively The summary of
scores in each group given by dentists, caregivers and children is presented in Figure 2. The scores
given by the dentist, caregivers, and self-reported by the children were all highly correlated in both
studied groups of children (Table 2).

Moreover, the gender of children did not differentiate the level of their anxiety in either pre- or
pandemic groups (p > 0.05 in all cases, Mann-Whitney U test) (Figure 3). The only exception was
the assessment of children’s anxiety performed by parents in the pandemic group, with a higher
score given for boys than girls [median (IQR): 4 (3–5) vs. 2 (2–3)] (p < 0.05, Mann-Whitney U test).
The comparison of each gender across the two groups yielded no differences in anxiety level (p > 0.05
in both cases, Mann-Whitney U test).

287



J. Clin. Med. 2020, 9, 2751

Figure 2. The emotional state of pediatric patients before the dental appointment in the pre-pandemic
(n = 20) and pandemic group (n = 25) as assessed by dentists, caregivers and children themselves.

Figure 3. The emotional state of boys and girls before the dental appointment in the pre-pandemic
(n = 20) and pandemic group (n = 25) as assessed by dentists, caregivers and children themselves.
The bars represent median, the whiskers represent interquartile range.

However, as presented in Table 3, the percentage of boys in the pandemic group having the lowest
and highest anxiety levels was respectively decreased and increased compared to the pre-pandemic
subset in all three evaluations—such a phenomenon was not seen in the case of girls.

As shown in Table 4, a number of negative correlations were found between children’s age in the
pandemic group and the scores they were given, including their own assessment of emotional state.
However, when differentiated by gender, these correlations were only significant for the subset of boys
(Table 4). When evaluated by the dentist, caregivers and children themselves, the median (IQR) scores
of anxiety in boys aged four from the pandemic group were 5 (5–6), 5 (5–6) and 4 (3–6), respectively,
while for those aged seven, these scores were 1 (1–2), 2 (1–4) ad 2 (1–4), respectively.

A significant difference in the anxiety of caregivers accompanying children before and during
the pandemic was observed with a median (IQR) level of 6 (4–8) and 3 (2–4), respectively (p < 0.01,
Mann-Whitney U test). The number of caregivers indicating a score >5 (above the level of anxiety
defined as ‘medium’) in pre-pandemic and pandemic groups was 1/20 (5%) and 13/25 (52%), respectively.
The parental anxiety level in the pandemic group was positively correlated with children’s dental
anxiety as assessed by the dentist (Rs = 0.80, p < 0.05), the caregiver (Rs = 0.76, p < 0.05) and
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self-evaluated by the children (0.74, p < 0.05). In the pre-pandemic group, positive correlations with
the children’s anxiety evaluated by caregivers (Rs = 0.57, p < 0.05) and children themselves (Rs = 0.72
p < 0.05) were observed.

Table 3. The percentage of boys and girls with the lowest and highest anxiety levels before the dental
appointment in the pre-pandemic (n = 20) and pandemic group (n = 25) as assessed by dentists,
caregivers and children themselves.

Evaluation Score

Boys Girls

Pre-Pandemic
(n = 10)

Pandemic
(n = 15)

Pre-Pandemic
(n = 10)

Pandemic
(n = 10)

Dentist (%) Lowest 20.0 6.7 40.0 30.0
Highest 10.0 13.3 10.0 10.0

Caregiver (%) Lowest 10.0 6.7 20.0 20.0
Highest 10.0 20.0 10.0 10.0

Children (%) Lowest 40.0 13.3 40.0 40.0
Highest 10.0 13.3 10.0 10.0

Table 4. Relationship between the age of pediatric patients and their fear as evaluated by dentists,
caregivers and self-reported by children (Spearman’s rank correlation coefficient).

Group Dentist Evaluation Caregiver Evaluation Children Evaluation

Age

Pandemic
boys (n = 15)
girls (n = 10)

−0.67 *
−0.84 *
−0.34 ns

−0.63 *
−0.69 *
0.57 ns

−0.44 *
−0.57 *

−0.39 ns

Pre-pandemic
boys (n = 10)
girls (n = 10)

−0.25 ns

−0.08 ns

−0.38 ns

−0.40 ns

−0.14 ns

−0.69 *

−0.36 ns

−0.32 ns

−0.52 ns

* p < 0.05; ns—not significant (p > 0.05).

4. Discussion

The present study is the first to report on the emotional state of children ≤ seven years during
the COVID-19 pandemic. Its unique aspect is that it was specifically conducted during the strictest
form of the nationwide quarantine. The previous research in adults has shown that dental patients
reported feeling anxious about the pandemic, although this finding cannot be attributed directly
to dental anxiety, and, contrary to our study, it did not investigate anxiety levels during the dental
appointment [17]. In turn, dental fear and anxiety in children represent an important issue in
dental management, and as hypothesized, fears related to the ongoing epidemiological situation and
associated changes in the dental service organization could further potentiate them. This could be
particularly expected given the fact that the emotional state of children is often influenced by that of
their parents [35,36], and during the pandemic-related lockdown the fear of contracting SARS-CoV-2
during different activities, e.g., while shopping in the grocery store, were frequently reported [11].
On the other hand, the additional measures undertaken to shorten dental appointments via applying
telemedicine, i.e., video/phone consultation to take medical history and talk through the proposed
treatment, as well as efforts to make children as familiar as possible with the new sanitary regime
during the dental visit, could possibly mitigate, at least to some extent, fear and anxiety in children.
The observations of the present study indicate that children requiring dental intervention during the
COVID-19 pandemic-related nationwide quarantine may not experience significant changes in their
emotional state, as compared to the pre-pandemic, age- and indication-matched group. It should be
however noted that the share of patients with the lowest anxiety level in all assessments was smaller in
the pandemic group.
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The emotional state of pediatric patients was evaluated in the present study by children themselves,
but also by their caregiver and the dentist. Such an approach allows for a broader assessment of the
child’s inner state. As previously suggested by studies on pain intensity, self-reporting tools can be
inaccurate for children younger than seven years due to poor understanding of the method and the
skills needed to express their experiences not yet being fully developed [37,38]. Therefore, in such
groups, complementary observational measures should be employed. In such a case, caregivers can be
used as a proxy for patients’ reports, especially in situations in which some communication barriers
may exist. Finally, the assessment of the child by the dentist is also valuable as it is based on professional
experience and not biased by the strong emotional relationship that exists between a child and a
parent [39]. One should, however, note that a survey conducted in 30 countries reported increased
levels of anxiety in dentists during the COVID-19 pandemic [29], and this may potentially alter their
perception and assessment of the patient’s emotional state. Importantly though, the present study
demonstrated that the results on children’s emotional state obtained using the face scale from the
dentist, caregivers and self-reported by the pediatric patients generally agree with each other.

Previous research has related dental anxiety in children to various factors such as personality
traits, increased general fears, a history of painful dental experiences, parental dental fears and
other family-related factors [22,40,41]. Some studies have also found that it tends to be higher in
girls than boys, and in younger children. These age and gender-related differences were, however,
not always confirmed [42]. In the present study, gender-differences, with a higher level of anxiety in
boys, were observed only in the group undergoing a dental procedure during the pandemic-related
nationwide quarantine, and only when the assessment was performed by a caregiver. One should note
that the percentage of boys in the pandemic group who displayed the highest and lowest level of anxiety
increased and decreased, respectively, when compared to the pre-pandemic subset. Furthermore,
the present study suggests that younger boys were the most vulnerable, as highlighted by the negative
correlation of all anxiety assessments and their age, and the highest scores seen in patients aged
4. This is an interesting finding since general anxiety levels tend to be higher in girls during early
childhood [43]. It can be hypothesized that under the pandemic scenario it may be more challenging to
explain the nature of the situation to younger boys than girls, due to the difference in the development
of their language skills [44–47]. As reported, four-year-old boys reveal a significantly lower expression
of pivotal factors for human communication, such as FOXP2 protein [48]. Nevertheless, the present
results highlight that special care may be needed for younger boys requiring a dental intervention
during pandemic in order to mitigate their anxiety and decrease the induction of potential dentophobia
in the future. One should however stress that implementation of any mitigation strategies in this regard
should only be considered if the present results, based on small sample size, would find confirmation
in future studies.

Importantly, the present study clearly shows that parental anxiety levels are correlated with the
emotional state of children and that this association was stronger during the pandemic. The percentage
of caregivers having anxiety above the medium level was over 10-fold higher in the pandemic group
when compared to the pre-pandemic subset. Increased anxiety in adults during epidemiological
events is not uncommon and has been observed previously, e.g., during the H1N1 pandemic in
2009–2010 [49–51]. Unsurprisingly, it has also been reported during the COVID-19 pandemic [52–54].

In turn, previous dental studies show that parents play a key role in children’s anxiety and
development [55–57]. Therefore, it is of high importance, particularly during the pandemic, to ensure
that caregivers of pediatric patients are fully aware of these links and to educate them on how to make
a dental visit a more comfortable event for children. Considering that parental anxiety levels in the
pandemic group were higher than in the pre-pandemic group, it can be suggested that fears related to
COVID-19 and contracting SARS-CoV-2 were responsible for this effect. It is, therefore, necessary for
healthcare professionals to explain, prior to the appointment, all the measures undertaken to maximally
limit the risk of infection in the dentist’s surgery and to reassure patients of their safety. This can
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be achieved with a phone or video call preceding the dental visit during which medical history is
also recorded.

Although the present study reports on the important issue of dental healthcare under a pandemic
scenario, the study limitations must be emphasized. Firstly, the results represented a single-center
experience and were obtained from a small population size. Moreover, dental anxiety in children
is multifactorial, and this research did not explore the effect of personal traits and family-related
issues, including socioeconomic status and level of education of caregivers [40,41,58–60]. Moreover,
transforming the Faces Anxiety Scale into the Likert scale allowed for a more in-depth statistical
elaboration of the results, although the study was not designed to delve into explaining the exact
reasons for the observed anxiety levels in children. This would require additional questions, time spent
in the dental clinic, and communication approaches that were challenging to apply during the dental
clinical practice under the scenario of the most strict form of the COVID-19 related quarantine.

5. Conclusions

This is the first study to report on dental anxiety in children during the strictest form of the
COVID-19 lockdown. In general, the present research indicates that, contrary to the concerns that
pediatric children will be significantly more stressed due to dental appointments during a nationwide
quarantine related to the COVID-19 pandemic, their anxiety levels, assessed by the dentist, caregivers
and by themselves, did not differ from the pre-pandemic group of pediatric patients. Nevertheless,
the percentage of children having the lowest level of anxiety in all employed assessments decreased
in the pandemic group. The results suggest that younger boys may potentially be more vulnerable
in this regard—this finding should be treated with caution and would require further confirmation
in larger-scale studies. Moreover, parental anxiety levels were highly associated with the emotional
state of children, particularly during the pandemic period. It seems reasonable to make parents aware
of this association and, further, to reassure their safety by explaining that the risks of contracting an
infectious agent during a dental visit are mitigated by appropriate measures.
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Abstract: Background: COVID-2019 spread rapidly throughout the world from China. This infection
is highly contagiousness, has a high morbidity, and is capable of evolving into a potentially lethal form
of interstitial pneumonia. Numerous countries shut-down various activities that were considered
“not essential.” Dental treatment was in this category and, at the time of writing, only non-deferrable
emergencies are still allowed in many countries. Therefore, follow-up visits of ongoing active therapies
(e.g., orthodontic treatment) must be handled taking special precautions. This literature review aims
at reducing in-office appointments by providing an overview of the technologies available and their
reliability in the long-distance monitoring of patients, i.e., teledentistry. Methods: A literature review
was made according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) guidelines. Randomized clinical trials, cross sectional, observational, and case-control
studies were evaluated with the Mixed Methods Appraisal Tool for quality assessment and study
limitations. Results: A primary search found 80 articles, 69/80 were excluded as non-relevant on
the basis of: the abstract, title, study design, bias, and/or lack of relevance. Twelve articles were
included in the qualitative analysis. Conclusions: Teleorthodontics can manage most emergencies,
reassuring and following patients remotely. The aim set by dental teleassistance was met as it reduced
patients’ office visits whilst maintaining regular monitoring, without compromising the results.
Although our preliminary findings should be further investigated to objectively evaluate the efficacy,
cost-effectiveness, and long-term results, we are confident that teleassistance in orthodontics will
have a role to play in the near future.

Keywords: COVID-19; dentistry; teleassistance; remote sensing technology; orthodontics;
teledentistry; teleorthodontics

1. Introduction

A new type of coronavirus initially named Novel Coronavirus Pneumonia (NCP) and later
renamed new Corona Virus 2019 (2019-nCoV or Covid-19) spread rapidly from China to the world from
December 2019. It is the seventh coronavirus known to spillover to humans [1]. This viral infection is
of great concern due to its high contagiousness and morbidity, as well as its ability to evolve into a
potentially lethal form of interstitial pneumonia and its possible evolution into a potentially lethal
form of interstitial pneumonia [2]. Preventive hygiene measures such as social distancing, quarantine,
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and isolation have been taken to limit its diffusion in most countries to different extent [3]. On 30
January 2020, the World Health Organization (WHO) stated that COVID-19 constituted a public health
emergency of international relevance [4].

The National Health Committee keeps receiving an ever-increasing number of confirmed,
suspected, and fatal cases reported from all over the world. To date, they are still carrying out
world surveillance.

There was an estimated human-to-human healthcare-related transmission of about 41% at the
beginning of the outbreak [5]. Many health care workers got and still are getting infected [5].

Government and healthcare services have put on their thinking hats to re-organize triage services
in an attempt to reduce nosocomial infection by COVID 19 [5]. This task is particularly arduous
as transmission is mainly through droplets and numerous subjects may be asymptomatic and/or in
the incubation period. Dental clinics belong to a high-risk category as infection can be facilitated
during dental maneuvers that generate droplets, including restorative procedures, professional hygiene
sessions, etc., or whilst patients are in the waiting room [6]. Therefore, strict and effective hygiene
protocols for infection control are urgently needed for dental practices to reduce dental practitioners’
and patients’ risk to get infected.

The use of appropriate personal protective equipment (PPE) is pivotal in avoiding cross infection
during clinical practice between patients and healthcare workers and the adoption of adequate
decontamination measures can help to reduce the risks. Although it has also currently been suggested
that dental clinics limit their practice only to not deferrable emergencies, this is not always possible.
Some ongoing treatment such as orthodontic therapies and/or critical situations, like conditions that
must be identified in the early stages and treated immediately to avoid more serious outcomes,
require timely follow-up appointments. Indeed, continuous monitoring by the orthodontist is a must
in orthodontic treatment so as to evaluate the efficacy and/or any undesirable effects [7,8].

However, some periodic visits are not strictly necessary and others could be delayed by instructing
the patient how to make simple changes to the appliance, for example by indicating which teeth
to put the intraoral elastics on or how many activations to perform on the central screw of a rapid
palatal expander.

At the time of writing, despite huge investments and research efforts, the current pandemic is still
under investigation as are the best preventive measures to be adopted in individual fields. However,
we are of the opinion that avoiding unnecessary follow-up appointments whilst maintaining the
monitoring of treatment outcomes and current health status would be of great interest and importance
for healthcare providers. Recently, an innovative approach has been proposed in the medical field.
Although it was originally developed to provide healthcare services in remote areas, it may well be of
use in managing healthcare services in this unprecedented emergency situation, i.e., telemedicine.

The World Health Organization (WHO) defines telemedicine as the use of telecommunications
and virtual technologies to provide healthcare outside of traditional healthcare facilities [9]. In more
detail, telemedicine is a set of technologies, especially Information and Communication Technologies
(ICT), specifically aimed at providing healthcare services from a distance to lessen the need for contact
between the patient and the healthcare provider [10,11] Secure communication of medical information,
notes, sounds, pictures, or any other form of data necessary are required to prevent, or to diagnose
pathologies, and therefore, to treat and to monitor patients [9].

Moreover, telemedicine is not only able to facilitate communication and interaction between the
healthcare provider and the patient, but also between the providers themselves. Indeed, it can, to a
certain extent, remove geographical and temporal barriers, bridging gaps in the dishomogeneous
distribution of the healthcare offer. Therefore, it can provide care for more people, enabling them
to benefit from healthcare services, especially those who live in remote areas and/or have poorly
developed healthcare facilities. It can simplify online transmission of diagnostic tests and reduce
waiting lists for consultations through an enhanced organization of appointments [12–14]. This makes
these technologies a great resource in optimizing and reducing in-office visits and does not compromise

296



J. Clin. Med. 2020, 9, 1891

necessary check-ups. Treatment progress and efficacy can be monitored in this time of social distancing,
which will most likely be prolonged into the year to come as the international scientific community has
declared that a definitive cure and/or vaccine is not yet available as research is still ongoing. Nowadays,
telemedicine is becoming more and more widespread in the fields of oncology, cardiology, pediatrics,
psychiatry, psychology, radiology, pneumology, dermatology, neurology, orthopedics, ophthalmology,
and dentistry [15].

Although teleassistance in dentistry is far from new, it seems that its advantages in orthodontics
have not yet been fully explored and is used on a limited scale.

Indeed, there are some reviews on teledentistry in general but none on teleorthodontics as most
articles about teleorthodontics are relatively new.

As no reviews have yet been carried out on the efficacy of teleassistance in orthodontics as a way
to manage patients at a distance, we would like to report on the evidence available as to the possibility
of implementing new technologies in teleassistance, generally known by teleorthodontics to help
during the COVID-19 pandemic to remotely monitor patients’ conditions.

2. Experimental Section

2.1. Search Strategy

This topic is far from new, however, few studies have been reported, there is need for exploratory
research for a better understanding. Given the above, a non-systematic literature review was
performed [16]. The electronic literature was searched using the following databases: Medline,
Pubmed, Embase, Cochrane Library, EBM Reviews, Web of Science, Ovid, and Google Scholar.
The search was mainly based on five terms, i.e., teledentistry, teleorthodontics, virtual assistance,
tele assistance, and telemedicine. Embase and PubMed were searched respectively using also the terms
Embase subject headings (Emtree) and Medical Subject Heading (MeSH).

The EndNote software reference manager (Version X7× 9.21, Thomson Reuters, released September
2014, Toronto, ON, Canada) was used/adopted to store/archive and view/analyze retrieved references
studies. The research refers to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA-P) 2015 [17,18]. Grey literature was also searched, but no data met the inclusion criteria.
A hand search for relevant studies in the selected bibliography was also performed.

2.2. Inclusion Criteria

Studies involving new or already existing devices and software for teleassistance in orthodontics
were included. Service provided, type of intervention, clinical outcomes, efficacy and efficiency
of assessed methods, and possible time saving compared to traditional methods were evaluated.
The following study designs were included: observational studies, longitudinal studies, prospective
studies, case-control studies, systematic and narrative reviews, and clinical trials.

Given the state of technology and its rapid evolution, the search was limited to papers published
over the previous 15 years.

2.3. Exclusion Criteria

Studies in a language other than English or on application areas unrelated to orthodontics
were excluded.

Articles with a poor methodology description lacking at least two of the following were
excluded: study design, sample size, hardware utilized, software installed. Letters to the editor, short
communications, and all other publications not subjected to the peer review process were also excluded.
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2.4. Data Extraction and Quality Assessment

Considering the variety of study designs in the articles included, Mixed Methods Appraisal Tool
(MMAT) was used for quality assessment [17]. The score of each article was calculated by dividing the
criteria that were considered satisfied by 4 (25% by 1 criterion, 100% if all 4 criteria were considered
satisfied). The use of this system is compatible with a literature review that analyzes different research
methodologies, as reported by Whittemore [18].

Two of the authors of this study (A.F and M.E.M) read the titles of the retrieved articles
independently to ensure they met the eligibility criteria. If in doubt, the abstracts were read and the
same method was applied. A final selection was then made by an independent evaluation of the full
text of aforementioned papers before inclusion. Any disagreement between the assessors was resolved
by their discussing the full texts. The studies selected according to eligibility criteria are reported in the
evidence table (Table 1). One reviewer (A.F) extracted data from the full-texts and the other (M.E.M),
independently verified the extracted data. Data extraction included: journal and year of publication,
study design, clinical outcomes, and the conclusions of the research. The description of the included
studies is reported in Table 1.

Table 1. Description of included studies and Mixed Methods Appraisal Tool (MMAT) score.

Author Year Study Design Journal Primary End Point
MMAT Score and
Study Limitations

Morris R.S et al. 2019 Cross-sectional
study

Am J Orthod
Dentofacial

Orthop

Digital models taken with
Dental Monitoring software
(DM) are precise enough for

clinical application.

MMAT score 75%.
The sample is too small
to extend to the entire

population.

Costa A.L.P. et al. 2011 Qualitative Dental Press J.
Orthod

Remote management of
clinical cases was successfully

carried out. Therefore,
teleorthodontics is deemed a

viable option. Available
technologies, that are

accessible and reduced in cost,
suggest a quick development

of teleassistance in
orthodontics in the near

future.

MMAT score 100%.

Bradley S.M et al. 2007 Survey Primary dental
care

Almost 50% of the responding
dentists working in primary

care in this area had a positive
attitude towards a

teledentistry-based referral
scheme to the orthodontic

consultants. These
practitioners were more likely
to be familiar with the use of

digital camera and using
removable appliances.

MMAT score 100%.

Estai M et al. 2018 Systematic
review

J Telemed
Telecare

There is emerging evidence as
to the efficacy of the use of
teledentistry technologies.

However, there is some doubt
about the price and the

long-term efficacy. As the
current evidence is

inconclusive, further research
is needed.

Not applicable

Favero L. et al. 2009 Survey

European
Journal of
Paediatric
Dentistry

Teleassistance in dentistry is a
new and powerful tool that

makes for effective
communication between the

care provider and patient and
between the providers

themselves. The study stated
that these technologies can be
of significant help in treating

orthodontic emergencies.

MMAT score 75%.
The sample is not

representative of the
target population.
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Table 1. Cont.

Author Year Study Design Journal Primary End Point
MMAT Score and
Study Limitations

Dunbar A.C. et al. 2014

Prospective
observational

cross- sectional
study

Health Eng.

Observations taken from this
pilot study through the
assessment of treatment

planning and comparison
between patients’ opinion

about traditional dental
examinations (face to face)

and teleorthodontics showed
that the treatment planning

was influenced by the
diagnosis of the observer.

However, the consultation
system satisfied both the
clinician and the patient.

MMAT score 50%.
A bigger sample of

patients should have
been analyzed to

evaluate the
significance of
differences in

treatment planning
because of the three
diagnostic means.

Most patients came
from urban areas and
only one center was

considered.
Concordance between
operators in treatment

planning was not
possible to be assessed

completely because
not all the observers

examined every
subject clinically.

Hansa I. et al. 2018 Survey Seminars in
Orthodontics

This preliminary study
assessed the possibility to

reduce the number of in-office
visits using teleorthodontics

software. The patients’
feedback on the use of the

aforementioned software was
positive.

MMAT score 100%.

Moylan H.B. et al. 2019
Cross-sectional

study and
survey

Angle
Orthodontics

A comparison between
measurements performed on
models taken in-office or with
Dental Monitoring software.
Intercanine and intermolar

distances showed little
difference (below 0.5 mm).
Therefore, this orthodontic

teleassistence system is
reliable to make clinical

decisions.

MMAT score 100%.

Berndt J. et al. 2008 Case-Control
Study

Am J Orthod
Dentofacial

Orthop

Children presenting
malocclusions in remote areas
with difficulties in accessing
orthodontic care could get
interceptive orthodontic

treatment through cooperation
between general dentists and

orthodontists using
teledentistry.

MMAT score 75%. It is
unclear whether all the

outcome data have
been provided.

Mandall N.A. et al. 2005 Randomized
Controlled Trial Br Dent J

The authors deemed that
teledentistry is an effective

method to identify
appropriate referrals.

Moreover, they stated that
teledentistry could increase

treatment effectiveness.

MMAT score 100%.
No limitations.
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Table 1. Cont.

Author Year Study Design Journal Primary End Point
MMAT Score and
Study Limitations

Kuriakose P. et al. 2019
Cross-sectional

study and
survey

Journal of the
World

Federation of
Orthodontists

Dental Monitoring is a reliable
tool to monitor rapid palatal

expansion in the correction of
the crossbite. Dental
Monitoring, digital

impression, and in-office
examination showed no
significant difference in

assessing intermolar distances.
The study concluded that

in-office assessment of a rapid
maxillary expander can be

successfully substituted with
teleorthodontics (DM

software).

MMAT score 50%.
This paper presents a
small sample size due

to several dropouts.
The sample was

selected from a pool of
patients attending a
single hospital and,

therefore, the
conclusions cannot be
extended to a private

setting.

Caprioglio A. et al. 2020 Qualitative Progress in
Orthodontics

Teleorthodontics is a useful
tool to manage emergencies,

and monitor patients at a
distance using WhatsApp.

MMAT score 50%.
The study is based on
personal experience.

No patients were
analyzed, no results

were evidenced

2.5. Risk of Bias in Individual Studies

Due to the differences in the design of the selected studies, understandable given the heterogeneity
of what was taken into account, it was not deemed fit to apply common methods for evaluation of the
risk of bias. There was a low or absent overall risk of bias as to data description but high risk of bias for
the efficacy analysis of such a technology. All considered papers had high or unknown selection bias
and reference standards. Moreover, as this is a novel topic, to the best of our knowledge, no validated
protocol has yet been reported.

2.6. Limitations of the Review

Due to the heterogeneity of study designs and the technological tools assessed, it was not possible
to carry out a meta-analysis of the data. Therefore, a thematic investigation was made, targeting the
main topics that were analyzed in the selected papers. No other limitations appear to be present, as the
review was carried out according to the PRISMA-P guidelines.

3. Results

Initially 129 articles were found. The primary search retrieved 80 articles, net of elimination of
duplicates (n = 49). A total of 31 articles were then deemed irrelevant after screening the abstract,
the title, or the study design and were therefore excluded. Twenty records were screened from the
database and another 8 articles were excluded due to bias. Twelve studies were read in extenso and
were included in the qualitative analysis. The summary of the studies that met the inclusion criteria is
shown in Table 1. The PRISMA flow chart reports the search methodology (Figure 1).

Five studies assessed the benefits of teleassistance in orthodontics for the management of patients
at a distance. They all stated that teleorthodontics has the potential to provide significant and
determinant help even if further investigation is deemed necessary [19–23].

Five papers evaluated the efficacy and reliability of orthodontic teleassistance in the diagnosis
treatment and follow-up of patients [24–28].
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart.

One study endorsed the use of teleorthodontics for remote patient management [29].
One study evaluated which of the available IT technologies would allegedly be used in the near

future for remote patient management [30]. All the included studies agreed on the advantages of
introducing teleorthodontics into clinical practice. Taking into consideration the 11 included studies,
one was not analyzed by MMAT, as this system is not suitable for non-empirical studies such as reviews
and theoretical papers [20].

A total of 11 studies were analyzed by MMAT, nine of them were quantitative, two qualitative,
and no studies used mixed methods. All the papers that were included were rated equal to or above 50%
(average score 79.5%) according to the Mixed Method Assessment Tool and were therefore included.
Table 1 presents a detailed summary of each of the 11 studies included.

3.1. Available Technologies

Currently, available technologies that can be used in teleorthodontics are: high-speed Internet
connection, digital videos and photographs, smartphones, and websites. A review by Costa et al. [30].
emphasized that peer-to-peer communication services (MSN, Skype, etc.) can be helpful in patient
management but that they are not sufficiently reliable by themselves, since they are products of big
companies, they may be subjected to unpredictable changes. The authors of the aforementioned review
thus recommend using websites instead, as they are easier to use and require no installation. In order
to minimize problems involving safety, the same authors recommend using anti-virus and/or firewalls
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and adopt only sites with valid digital certification and end-to-end data encryption [31]. WhatsApp
messenger seems to be the most widely used communication tool according to available literature [29].
Maintaining periodic virtual contacts, while it is impossible to do otherwise, is a valuable tool to build
and maintain a positive patient–clinician relationship and a valuable therapeutic allegiance [29].

Digital technology in imaging and impression taking, that is now commonplace in most dental
practices, is a powerful tool for the orthodontist to access, analyze and, if need be, communicate with
patients, colleagues, and/or dental technicians. The widespread diffusion of smart phones among
doctors and patients led to the development of a new option. [32,33] Indeed, an application for
smartphones that allows remote monitoring of orthodontic patients using an algorithm of artificial
intelligence, has recently been developed. This application is called Dental MonitoringTM (DM) [34].
Its purpose is to provide a precise record of the patient’s occlusion with the integrated phone camera.
DM was designed to carry out orthodontic follow-up at a distance. It tracks tooth movement through a
3D reconstruction of an intraoral movie taken with the smartphone camera and specific cheek retractors.
The patients themselves make a video that is processed into a scan by DMTM. Therefore, orthodontists
can perform real-time monitoring of treatment outcomes anywhere and anytime.

This smartphone application (Android, iOS) was originally designed to provide access to
orthodontic treatment for people living in places with limited access, to improve comfort and fruibility
of the service for people who have busy schedules or travel frequently for work. Similarly, patients
who are on orthodontic treatment during the COVID 19 pandemic period can benefit tremendously
from remote monitoring, avoiding unnecessary follow-up appointments. Patient monitoring through
this simple software may also improve treatment efficacy by avoiding late detections of problems
such as debonded brackets, broken ligatures, non-tracking aligners, and are therefore able to solve the
problem in the early stage [22].

3.2. Benefits of Teleorthodontics

A review on the benefits of teledentistry published in 2018, which considered only papers with
high quality assessment scores, stated that not only is teledentistry potentially an effective tool for
patient management, but it also has a positive economic impact on the dental profession. This review
also pointed out that there is a rapid increase in the number of publications as to the efficacy of
teledentistry, especially in oral medicine, periodontics, pediatric dentistry, and orthodontics [20].

However, due to the lack of conclusive evidence and the different methods (outcomes, assessment
methods, main goal, etc.) they adopted, the findings cannot be generalized.

Other papers evaluate teleorthodontics as a means of performing initial examinations and report
that there was no disagreement between in-office assessment and remote assessment through clinical
photographs as to diagnosis and treatment planning [11,21]. They demonstrated that teleorthodontics
reduced costs and provided treatment access to a wider range of persons able to benefit from specialist
treatment at a distance, without compromising the quality of care [11,35,36].

A study by Favero et al. reported how new technologies applied to orthodontics allowed for
remote management of several common orthodontic questions that would have otherwise necessitated
in-office treatment: e.g., ligature displacement, discomfort from the appliance, cheek irritation [21].

A preliminary study by Hansa et al. [22]. evaluated whether the use of remote monitoring, carried
out with DMTM software, is able to reduce the number of in-office visits compared to the traditional
appointment management. The same study used a questionnaire to assessed patients’ attitude towards
the use of a remote monitoring software during treatment the patients who had remote monitoring had
fewer in-office appointments: 1.68 in average during the 7-month follow-up taken into consideration.
This means that over a 2-year treatment period, an average of 5.8 in-office appointments could be
avoided by the use of DM software. Most patients classified the application as user-friendly (easy or
very easy) (86%) and (84%) thought it was useful for their treatment. The questionnaire revealed that
most patients using DM had the sensation of enhanced communication with their dentist and better
convenience. However, this study [22] provides only preliminary results and, as do other studies,
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suggests that if the whole treatment period were to be considered instead of just 7 months, more precise
information on the effects of teleorthodontics could be obtained.

Some studies analyzed the benefits of teleassistance in orthodontics and reported their utility in
periodic check-ups for those in retention to make an early identification of problems and immediately
book in-office appointments, thus maintaining a good doctor–patient relationship and a good level of
surveillance over finished cases, without taking up the dentists’ and patients’ time unnecessarily [26].

3.3. Effectiveness and Reliability of Proposed Methods

Several studies have described teleorthodontics as an effective tool that allows the orthodontist to
maintain treatment control in situations where the patient cannot go to the clinic [37]. These results are
in agreement with data reported by Berndt et al. [19]. The authors provided evidence of the viability of
teleorthodontics during interceptive treatment. Other studies have shown that the use of new patient
monitoring technologies has enabled dental professionals to enhance the quality of treatment provided
to their patients, as reported by Mandall and Stephens [23,38]. These authors stated that teledentistry
is an effective way to identify appropriate referrals and that teledentistry may well increase treatment
efficacy [20].

Dunbar et al. compared the reproducibility of treatment planning performed on digital records,
clinical examinations, and standard records. The paper also considered patients’ opinion of in-office
visits and teleassistance [25]. It showed that that 50% of the observers were influenced by the type of
records used to decide which treatment was more appropriate. The agreement between doctors was
higher on standard records than on digital ones. The authors of this study concluded that it is possible to
save money, time, and avoid the need to go to the dental office for a consultation [25]. Bradley et al. also
made favorable comments about this system [28]. The attitudes toward teleassistance in orthodontics,
and in general, dentistry by respective dental care professionals, was investigated in several studies
which confirmed it was as an effective alternative to in-office visits for several routine procedures
and to make consultations more accessible to dentists and patients [23,38]. Mandall concluded that
teleassistance in dentistry is a reliable tool, enabling the screening of new patients and therefore,
that it was of substantial help in lowering incorrect referral rates and reduced the waiting list for fist
consultations [23].

Morris et al. [24] stated that three dimensional impressions taken with dental monitoring software
do not differ greatly to those taken with an intraoral scanner (iTeroElement, Align Technology,
Santa Clara, CA, USA). There was a clinically insignificant mean difference of 0.02 mm between
the digital models generated with dental monitoring and intraoral scans, suggesting and therefore
judging it clinically insignificant [24]. Heather et al. [26] evaluated the reliability and accuracy of DM.
They assessed intercanine and intermolar distances during rapid maxillary expansion (RME) on DM
scans and on digital models taken at in-office follow-up appointments. The paper reported a slightly
higher margin of error for DM scans compared to digital model at the molar level. However, in-office
and DM measurements differed by less than 0.5 mm. Therefore, the author of this study concluded
that, as long as DM scans are of acceptable quality, they can be reliable in the formulation of clinical
decisions. The reliability of DM in the evaluation of rapid palatal expansion treatment, compliance and
satisfaction were also studied by Kuriakose et al. [27], who was in agreement with the aforementioned
claims. That is, DM was able to make a remote assessment of the condition of posterior crossbite.
No significant difference was noted in intermolar width between DM, digital model, or intraoral
examination. On the basis of these data, it seems that in-office control of maxillary expansion can be
substituted by teleassistance with DM software [27].

Bernd et al. [19] stated that facial orthopedic treatments can be delivered by sufficiently trained
general dentists through remote supervision of an orthodontist using teleassistance technology.
This may well make a significant improvement in conditions of malocclusion in children, who for
various reasons, cannot be treated in-office by an orthodontist. Even if most patients treated with
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phase I orthodontics usually require a phase II treatment cycle, malocclusion is far less complex and is,
therefore, easily managed.

4. Discussion

The ever more powerful capacity of modern computers has led to a continuous development of
innovative technologies. Indeed, currently, various branches of medicine and dentistry are benefiting
from the advances provided by new technologies for the diagnosis and treatment of several pathologies.
Teledentistry is the part of telemedicine that deals with the application of ICT to dental care. Moreover,
teledentistry and dental video phoning allow colleagues to readily exchange information. It can
also become a cutting-edge screening system able to reduce patients’ waiting time for specialist
advice. As long as it is correctly set up, it is capable of improving service and working conditions
and may even reduce costs [21]. Teleorthodontics generally refers to any orthodontic care delivered
through information technology. A common and relevant example could be that of colleagues being
able to discuss the digital records of clinical cases over the Internet and to exchange advice and
share experience.

The first studies on teleorthodontics date back to the early 2000s [23,38]. A remarkable example that
yielded promising results was a paper investigating the possibility to deliver orthodontic treatments
through the remote real-time supervision of an orthodontic specialist for general dentists so as to reach
patients with limited access to orthodontic care [19,38]. Another useful application is remote retention
check-up by sending images rather than physically going to the dentist [22].

However, most likely, we shall have to wait for yet another decade before teleorthodontics becomes
a viable option as technological and cultural obstacles still have to be overcome.

In recent years, the number of patients who wish to undergo orthodontic treatment requiring
fewer in-office visits, while at the same time allowing the specialist to maintain control over the
progress of their treatment, has grown. Teleorthodontics as a mean to further reduce unnecessary
journeys to the orthodontic practice while maintaining control over treatment is allegedly one of the
main reasons teleorthodontics has gained ground over the past few years. The development of clear
aligners and lingual custom prescription brackets with robotic multi-wires has significantly reduced
chair-side time and in-office visits [39,40]. As a rule, aligners or wires are changed during in-office
visits at pre-established appointments that have been made on the basis of personal experience and
common knowledge of an approximated time span for the wire to have exhausted its biological efficacy.
However, a one size fits all approach is not always ideal, as average values do not take into account a
patient’s individual biological response. Teleorthodontics allows for tailor-made scheduled in-office
visits though remote monitoring, promoting a more productive workflow.

These procedures are capable of reducing chair time and improving patient convenience.
As reported in the results of our review, it appears that the most promising technology for

teleassistance in orthodontics is Dental MonitoringTM (DM). This is based on three integrated platforms:
a smartphone application that takes the patient through correct record taking; a software that adopts
an algorithm that quantifies individual tooth movements (less than 0.5◦ for mesiodistal angulation
and faciolingual inclination, and rotation) and an Internet-based interface where the dentist can check
patients’ updates as soon as they are uploaded and interact with the patient. Alerts can be set at
certain thresholds to receive warnings should an emergency condition arise, e.g., debonded brackets,
gingival issues depending on poor hygiene, non-tracking aligners, and so forth and/or for specific
treatment objectives. All images recorded by the software are available on the clinician’s platform.
Physicians can take advantage of in-office photos (baseline and interim photos) as reference to better
understand changes. The software allows four possible monitoring levels, i.e., the number of photos
per period of time. Routine pre-treatment monitoring requires one picture every couple of months.
The monitoring of active treatment requires one or two photos per week (for aligners and the other
therapies respectively). The monitoring of the retaining phase has a more complex picture timing
scheme: once weekly for a month, then once monthly for six months, followed by once every couple
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of months. The last possibility is known as DM Go Live, which is for use in aligner therapy, where
pictures are taken once weekly and the patient is informed whether to keep the same aligner or to
proceed to the next one. Although expectations are promising, teleassistance in orthodontics could
have some limitations. Forwarding scans each 7 days may become a nuisance and frustrating for the
patient as they may sometimes need to be taken again.

Moreover, the reduction in the time spent visiting the patient in person may deteriorate the
patient–doctor relationship. Therefore, consent and education are needed for the patient to begin a
similar path in order to build a positive and strong therapeutic allegiance [22]. During the pandemic
outbreak, orthodontists had to significantly reduce, and in certain cases, suspend follow-up visits
of patients currently under active treatments. We can therefore say that the use of applications
for monitoring orthodontic therapy could be an effective solution to continue to keep deferrable
orthodontic patients under control during the closure of dental practice due to COVID 19 and to reduce
unnecessary in-office appointments.

The Italian Society of Orthodontics (SIDO) has recently published the recommended guidelines on
the management of orthodontic patients during the COVID-19 outbreak. Orthodontic emergencies are
unpredictable issues caused by orthodontic appliances that provoke pain or discomfort, thus requiring
urgent dental care [29]. Orthodontic emergencies should be faced using a stepwise approach. The first
recommended approach should be virtual assistance through photographic documentation or a video
call. It is important to perform a preliminary triage to distinguish situations that require in-office
treatment rather than those that are remotely manageable. Unlike other dental questions, orthodontic
problems like traumatic injuries of teeth and periodontal structures, abscesses, etc., have a lower degree
of severity and often do not necessitate in-office care to be solved. The most common orthodontic
emergencies are related to the detachment of one or a few brackets and acute stinging of the lips
and the oral mucosa caused by orthodontic wire or scraping brackets. Many of these problems can
be readily solved at home with less stress for patients’ families, saving time for both patients and
dentists alike. Since they are not true emergencies, they can, more often than not, be easily resolved
by providing the patient with simple instructions during a video call or with typed messages after
photographic documentation of the problem, describing the intraoral condition. It has been suggested
that dental caregivers become familiar with the potential social networks and modern web-based
communication platforms have, thanks to the possibility of making a precise evaluation of indications
and contraindications [41,42]. Patients should continue ongoing therapies, but should also be video
checked periodically. Dental professionals and their team must select the number of eligible patients
and organize this procedure [29]. In all other cases, it is advisable to contact each individual patient
in therapy actively in order to give specific indications and it is recommended to make telephone
appointments with patients 4–6 weeks apart to carry out a further check-up or fix an appointment in
the studio, if strictly necessary [29]. Patients must be reassured and periodically checked, in particular
if they have discomfort or problems related to their orthodontic appliance.

It is important to emphasize that not only must emergencies be managed by the orthodontist,
but also all other patients with both mobile and fixed appliances. Teleorthodontics relies on information
technology and telecommunications and allows for various types of orthodontic follow-up visits at
a distance. Therefore, it is of fundamental importance to be able to avail oneself of teleorthodontics
for the constant monitoring of all patients should the orthodontic practice be shut-down and/or visits
significantly limited.

The professional, thanks to special devices, can check a patient’s real situation remotely and
compare it with the digital setups previously made, especially in the case of treatments with lingual
orthodontics and aligners [26]. Based on the revised articles, new information technology improved
the management of orthodontic patients, and in numerous cases, allowed for their remote management.
Teleorthodontics has the potential to improve patient management and reduce treatment costs.

This review does have some limitations. One such limitation is the fact that the studies included
had only a fair scoring in MMAT. Moreover, although most papers reported a positive attitude towards
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teleorthodontics, a publication bias may be present since all papers reported one or more positive
outcomes for accuracy and/or efficacy and some papers are technical reports or pilot studies.

Only a limited number of papers made a controlled comparison of teleassistance in orthodontics
with traditional methods. Many included studies focused on the evaluation of efficacy rather than the
effectiveness of teleorthodontics. It would be of great importance to evaluate the appropriateness of
teleassistance in orthodontics by assessing clinical outcomes and costs/template details the sections
that can be used in a manuscript.

5. Conclusions

This review found a growing number of studies sustaining the efficacy of teleassistance in
orthodontics. The advent of a large number of technological innovations over the past few years
in dental and in orthodontic practices has allowed for substantial improvement. The COVID-19
pandemic will surely have long-term effects on patient management as it seems unlikely there will be
any definitive treatment or vaccines available in the near future. This condition will require a different
organization of dental appointments for several months to come and remote patient management
could be efficiently carried out using instant messaging platforms to deliver healthcare consultancies.
We believe that teleassistance in orthodontics should be considered a welcome resource, as it is able to
successfully manage many dental emergencies, to reassure and follow patients at a distance without
exposing them and/or dental practitioners to unnecessary risks. Moreover, most case issues can be
promptly solved without the patients coming to the orthodontist office by communicating with photos
and/or videos, saving both the patient’s and clinician’s valuable time.

The aim of teleorthodontics is fulfilled by reducing unnecessary follow-up visits while maintaining
regular monitoring, thus not jeopardizing expected results. The potential of teleorthodontics is virtually
endless; remote consultations could be carried out across the globe without the obstacles of distances
or of scheduling appointments. This kind of approach could be of great help in the management of all
dentofacial orthopedic removable appliances and of orthodontic treatments that need little in-office
maintenance, such as some clear aligner therapies.

Even though in-office visits are still required for many dental and orthodontic procedures,
teleorthodontics opens up open new horizons in the treatment and follow-up of many patients.

Nevertheless, currently, most studies report only pilot studies and evaluate short-term results of
teleassistance in orthodontics. Therefore, there is limited evidence and the study designs differ, as do
the interventions and endpoints assessed in the papers included, meaning that our findings cannot be
strictly generalized. However, although we are of the opinion that further studies with higher levels of
evidence are needed to objectively evaluate efficacy, cost-effectiveness, and long-term results, we are
confident that teleassistance in orthodontics will have a role to play in the future.

6. Future Implications

Technological advances have substantially changed dentistry. In orthodontics, software like Dental
Monitoring, which is capable of providing web-based platforms for sharing health data [43] between
patients and doctors, may allow orthodontists to closely monitor their patients’ status, reducing in-office
visits and delivering more patient-centered treatment. The aim of teleassistance in orthodontics is
to reduce unnecessary in-office visits and improving monitoring and early treatment of problems
that may jeopardize the desired final outcome. Teleassistance in orthodontics may allow for remote
consultations that can be carried out wherever without the need for the patient to be anywhere near
the office. The downside of teleorthodontics is the reduced time to develop and maintain a positive
relationship between doctor and patient [44,45].

Dunbar [25] reported in a feasibility study that 70% of patients thought that in-office consultation
was extremely important, and most patients preferred it to teleorthodontics assistance.

Another important consideration are the points of law regarding patient confidentiality that may
be in danger because of digital communication of sensible data over the Internet [46]. The quality
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of the doctor–patient relationship is particularly important should the treatment have complications
or if outcomes are deemed unacceptable. Malpractice lawsuits may increase if patients feel they are
not receiving treatment of a satisfying quality. Moreover, teleassistance in orthodontics and patients’
confidentiality issues are more complicated in orthodontics because patients are often minors.

Therefore, the teleorthodontics we are implementing during the COVID 19 pandemic should not
be seen in the future as a new treatment option for patients looking for cheaper and aesthetic alternatives
to traditional orthodontics, as dental and orthodontic care should not be reduced to a simple question
of “commodity” [47]. As already reported by Hansa et al. [22], orthodontists are still a little doubtful
about treatment at a distance because of the possibility of limiting their patient base and due to the
risk patients may face. It is the authors’ opinion that, in the future, teleassistance in orthodontics will
be helpful to maintain high standards of care while reducing unnecessary in-office visits in order to
improve rather than reduce the quality of the service already provided by conventional orthodontics.
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