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Abstract: The coronavirus disease 19 (COVID-19) has challenged dental health professions. This
study analyzes its impact on urgent dental care in the Department of Conservative Dentistry and
Periodontology, University Hospital Munich and Bavaria, Germany. Patient numbers without and
with positive/suspected COVID-19 infection, their reasons for attendance, and treatments were
retrospectively recorded (February–July 2020) and linked to local COVID-19 infection numbers,
control measures, and numbers/reasons for closures of private dental practices in Bavaria, Germany.
Patient numbers decreased within the urgent care unit and the private dental practices followed
by a complete recovery by the end of July. While non-emergency visits dropped to almost zero
during the first lockdown, pain-related treatments were administered invariably also in patients
with positive/suspected COVID-19 infections. Reasons for practice closures were lack of personal
protective equipment (PPE), lack of employees, staff’s increased health risks, and infected staff,
which accounted for 0.72% (3.6% closures in total). Pain-driven urgent dental care remains a constant
necessity even in times of high infection risk, and measures established at the beginning of the
pandemic seem to have provided a safe environment for patients as well as oral health care providers.
PPE storage is important to ensure patients’ treatment under high-risk conditions, and its storage and
provision by regulatory units might guarantee a stable and safe oral health care system in the future.
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1. Introduction
Emerging infectious diseases (EID) have increased in the last century due to socioeconomic factors such as population density and global traffic [1]. One of those pathogens,
a novel coronavirus causing the severe acute respiratory syndrome (SARS-CoV-2) [2],
emerged at the end of the year 2019 in Wuhan, China. The resulting coronavirus disease
19 (COVID-19) developed quickly toward a global pandemic and health crisis. After a
year, it is still ongoing, with over 300,000 reported cases per day worldwide and over
2,500,000 deaths in total as of 1 March 2021 [3]. The first patient in Germany was diagnosed
in Munich, and the city quickly became a hotspot in the country [4]. Similar to many other
nations, the number of infections was reduced by, so far, two national lockdowns, which
were accompanied by recommendations to suspend elective medical/dental care [5,6].
Such extensive measures are unprecedented in modern history and have unpredictable
effects on medical specialties and their patients. Additionally, transmission via aerosols
and droplets [7,8], which are unavoidable for many dental procedures, as well as proximity
to and number of patients attended by dental staff comprise a high risk of infection.
Nevertheless, dentistry has been considered an essential service during the pandemic,
but its impact on the profession and patients has not been evaluated yet [6]. The first
infection wave was followed by so far two others with higher infection numbers. Even
though vaccines became available in January 2021, the population remains in a state of
uncertainty because of several new COVID-19 variants [9,10]. This uncertainty in the
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development of the pandemic calls for a detailed analysis of demand for as well as specifics
of dental treatment during the first infection wave in order to predict and plan dental care
in the future [11]. Accordingly, a recent article asked for a consensus on the definition
of essential oral health care and postulated a model with advanced, essential, basic, and
urgent care [12].
The urgent care unit of the Department of Conservative Dentistry and Periodontology
is one of the primary diagnosis centers for acute dental problems at the University Hospital
Munich. At the beginning of the pandemic, a detailed report about the department’s
safety measures against COVID-19 was published, but the effects and efficiency have not
been evaluated yet. In the presented study, we analyzed patient development during the
pandemic and evaluated the necessity of dental treatments. Therefore, the aim of this
retrospective study was to record patient numbers without and with positive/suspected
COVID-19 infections, their reasons for attendance, and associated treatments, and to link
these data to local COVID-19 infection numbers, control measures, as well as numbers and
reasons for the closures of private dental practices in Bavaria, Germany.
2. Materials and Methods
2.1. Study Design and Setting
This retrospective observational surveillance study focused on the urgent outpatient
care unit of the aforementioned department between February 1 and the end of July 2020.
February was considered as baseline, as the public awareness toward COVID-19 was
low. Patients could attend the urgent care unit spontaneously without appointment or
prerequisites. Primary care was carried out. If necessary, patients were sorted to specific
units for further care later on. The urgent care unit provides an optimal and stable setting
to analyze patients’ flow before, during, and after the national lockdown. Other subunits
within the same department—namely, the private outpatient care, pediatric dentistry, or
special care—were not included in this study because their treatment spectrum is more
complex. The teaching section switched from patient treatment to phantom head simulation
to guarantee students safety and therefore was omitted. Additionally, the outpatient care
of the oral and maxillofacial surgery and prosthodontics departments were not considered
in this study. In comparison, the mean patient numbers during the same calendar weeks in
the years from 2016 to 2019 were collected. The study was approved by the medical faculty
ethics committee of the Ludwig-Maximilians-Universität, Munich (No. 20-0904).
A detailed description of measures regarding the increased hygienic demands and
requirements for social distancing during the COVID-19 pandemic has been given before [13]. In short, each patient was assessed for the likeliness of SARS-CoV-2 infection by a
questionnaire before entering the clinic. They were asked if they presented symptoms that
coincide with COVID-19, if they had traveled to a COVID-19 risk area, or if they have had
close contact to a positive COVID-19 patient. Additionally, temperature was measured at a
triage station at the entrance of the clinic. Upon a positive answer or increased temperature,
the respective patient was treated in a separated unit by staff wearing increased personal
protective equipment (PPE) [13]. During that time period, the testing infrastructure was
not as advanced, and COVID-19 confirmation could often not be obtained before treatment
in the urgent care unit. All other patients were treated under regular dental protective
measures.
2.2. Data Acquisition
All patients were asked for their reason of attendance before being admitted to the
urgent care section. These reasons were recorded and afterwards categorized in pain,
broken tooth or restauration, trauma, continued appointment, and checkup regarding
simple questions such as dentin hypersensitivity. To date, these reasons represented the
opinion/perception of each patient on their need of dental care regardless of professional
dental diagnosis or the following treatment.
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The following treatments were categorized into endodontic, restorative, periodontal,
surgical, trauma, or pharmacological intervention. Each patient received a checkup, and
patients without the need of immediate intervention were categorized into checkup. Multiple answers were possible if separate treatments independently of each other were needed
in one patient.
A distinct group of patients was referred from other medical departments, for example
for identification of unknown infection origins, before radio- or chemotherapy or general
dental problems during the patients’ hospital stay. These were summarized by the category
“inpatient consultation” regarding both reason of attendance as well as treatment. All data
were collected in October 2020.
To complete the picture of the necessity of urgent dental care, the following additional
data were collected: first, the number of positively tested COVID-19 cases in Munich
according to the Robert Koch Institute (RKI) and the national health department in Germany [14] (collected 24 October 2020); second, governmental measures taken in Bavaria for
infection control [15] (collected 24 October 2020); third, information about the number and
reasons of practice closures in Bavaria and the amount of quarterly invoiced treatments in
comparison to 2019 were kindly provided by the Bavarian Association of Statuary Health
Insurance (KZVB) (15 December 2020). This was possible as practices that treat patients
insured by the statutory health insurance are obliged to report closures to the KZVB. Reasons for closure were categorized into missing PPE, missing staff, administrative order,
and others. Multiple answers were possible.
2.3. Statistics
The software Microsoft Excel (16.43) (Microsoft, Redmond, WA, USA) was used
for descriptive data analysis. Data were depicted in bar diagrams and pie charts using
Photoshop 2020 (21.2.2) and Illustrator 2020 (24.3) (both Adobe, San Jose, CA, USA). For
statistical analysis, data were grouped into pre-lockdown (3 February 2020 to 21 March
2020), lockdown (22 March 2020 to 25 May 2020) as well as post-lockdown (26 May 2020 to
31 July 2020). Mean and standard deviation were calculated for each group and statistically
compared (Prism, GraphPad Software, San Diego, CA, USA). Gaussian distribution was
tested by Shapiro–Wilk tests. If data were distributed normally, one-way ANOVA was used
in conjunction with Bonferroni correction. Otherwise, the Kruskal–Wallis test with Dunn’s
correction was used to determine significance. Significance was assumed at p ≤ 0.05.
3. Results
3.1. Patient Numbers during the COVID-19 Pandemic
Firstly, the effect of the COVID-19 pandemic on patient volume was recorded (Figure 1A)
along with measures for infection control by the University Hospital (Figure 1B) as well
as the German government (Figure 1C). In total, 3014 patients attended the urgent care
unit between 3 February 2020 and 31 July 2020. Of these, 51% were male and 49% were
female with an age range from 2 to 94 years and a median age of 54 years (Figure S1). The
public awareness of SARS-CoV-2 at the beginning of March led to a quick decline in patient
numbers. On 18 March, elective treatments were suspended by governmental order, while
urgent dental care was maintained [13]. At this time, COVID-19 cases increased exponentially in Munich, and accordingly, the number of positive/suspected COVID-19 patients
raised to a maximum of 5 patients with an average of 3.74 ± 1.67 per week for 6 weeks
(Figure 2A). The following week after the national lockdown showed the lowest number
of patients receiving urgent dental care with only 46 patients (23 March to 30 March).
This constitutes only 25% of the average patient volume in previous years (Figure 2B) and
coincided with the government ordering the national lockdown on 22 March. The peak of
COVID-19 cases was reached 8 days after introduction of the lockdown with 314 reported
new cases per day in Munich on 31 March.
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section
dental care unit and patients with positive/suspected COVID-19 infections from 3 February to
show corresponding (B) hospital and (C) governmental measures taken as precautions against COVID-19. Each measure
31 July 2020. In temporal context, the middle and lower section show corresponding (B) hospital and
is given on the timeline (dotted line, each dot represents a day with weekly separation by vertical lines). The red line marks
(C) governmental measures taken as precautions against COVID-19. Each measure is given on the
the beginning of the national lockdown.
timeline (dotted line, each dot represents a day with weekly separation by vertical lines). The red
line marks the beginning of the national lockdown.

Within the following three months, the number of patients recovered slowly.
Accordingly, reported COVID-19 cases per day in Munich declined. During this time,
elective treatments restarted on 5 May, 48 days after switching to solely urgent care, while
positive/suspected COVID-19 patients declined to one every couple of weeks (Figure 2A).
At this time, on average, 15 cases of COVID-19 were reported per day in Munich, and
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lockdown measures were loosened by the government and restaurants and stores were
reopened.
At the end of July, patients receiving urgent dental care normalized to around
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30 a day, similar to previous years, which showed a stable average of approximately 35
patients (Figure 2B).
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lockdown measures were loosened by the government and restaurants and stores were reopened. At the end of July, patients receiving urgent dental care normalized to around 30 a
day, similar to previous years, which showed a stable average of approximately 35 patients
(Figure 2B).
3.2. Reasons for Seeking Urgent Dental Care and Resulting Treatment
The reasons given by the patients for attending the urgent dental care unit were
recorded weekly (Figure 3). In February 2020, which was considered as baseline, these
reasons were pain (25%), checkups for minor questions (26%), and broken restorations
or broken tooth (12%). Inpatient consultations accounted for 17% of all reasons; 15% of
the patients came for continued treatment, which had been started earlier. Acute dental
trauma constituted 5% of the reasons.
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from 3 February to 31 July 2020. Treatments were categorized into endodontic (n = 410), restorative
and pharmacological (n = 77) interventions as well as inpatient consultations (n = 370) or checkups with minor questions
(n = 525), periodontal (n = 137), surgical (n = 410), trauma (n = 32), and pharmacological (n = 77)
(n = 1160). The first red line marks the beginning and the second marks the end of the national lockdown, dividing the
interventions
well as inpatient
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(n = 370)patients
or checkups
questions
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Directly
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without
practical intervention
***
p ≤ 0.001).
abruptly
from 45% to zero (Figure 4), meaning that all patients who attended the urgent

care unit until 21 April needed urgent interventions. In detail, endodontic therapy was
Directly after the lockdown, checkups without practical intervention dropped abruptly
necessary on average in 19 patients per week before the lockdown, and it decreased
from 45% to zero (Figure 4), meaning that all patients who attended the urgent care unit
afterwards by 42% to 11 patients on average per week by 15 June and returned to initial
until 21 April needed urgent interventions. In detail, endodontic therapy was necessary on
numbers thereafter. Nevertheless, endodontic therapy was the least affected treatment.
average in 19 patients per week before the lockdown, and it decreased afterwards by 42%
Restorative therapy decreased from 21 patients per week before the lockdown by 55% to
to 11 patients on average per week by 15 June and returned to initial numbers thereafter.
10 patients afterwards and increased again to normal levels by 25 May with 22 patients
Nevertheless, endodontic therapy was the least affected treatment. Restorative therapy
per week on average. Similarly, surgical treatment decreased from 24 patients on average
decreased from 21 patients per week before the lockdown by 55% to 10 patients afterwards
to eight patients after the lockdown (67%) but did not recover fully in the recorded
and increased again to normal levels by 25 May with 22 patients per week on average.
timeframe. In July, only an average of 14 patients required surgical treatment per week.
Similarly, surgical treatment decreased from 24 patients on average to eight patients after
In contrast, acute periodontal therapy as well as trauma treatments remained constant.
the lockdown (67%) but did not recover fully in the recorded timeframe. In July, only an
Inpatient consultations also slightly decreased after the lockdown, assumingly because
average of 14 patients required surgical treatment per week. In contrast, acute periodontal
the referring
specialties
were
affectedconstant.
by COVID-19
as well
and therefore
therapy
as wellmedical
as trauma
treatments
remained
Inpatient
consultations
also
required
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dental
expertise.
After
25
May,
these
numbers
recovered
to
similar
numbers
slightly decreased after the lockdown, assumingly because the referring medical specialties
as before
(average
15 patientsasweekly).
were
affected
by COVID-19
well and therefore required less dental expertise. After
25 May, these numbers recovered to similar numbers as before (average 15 patients weekly).
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3.3. Treatments Performed on Patients with Positive/Suspected COVID-19 Infections
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Figure 6. Effects of the COVID-19 pandemic on Bavarian dental practices. (A) Reason for temporary

Figure 6. Effects of the COVID-19 pandemic on Bavarian dental practices. (A) Reason for
closure of dental practices in absolute numbers on 6 April 2020. (B) Invoiced treatments of patients
temporary closure of dental practices in absolute numbers on 6 April 2020. (B) Invoiced treatments
insured under a statutory insurance in Bavaria in the quarters Q1–Q3 in 2020 in percent of the same
of patients insured under a statutory insurance in Bavaria in the quarters Q1–Q3 in 2020 in percent
quarters in 2019.
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observed; however, it was accompanied by an increase in tooth extractions, which has
been attributed to loss of insurance due to increasing unemployment [24].
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As a consequence, it may be assumed that the pandemic could have long-term effects
on the prevention and progression of oral diseases. This is underlined by the fact that
only patients with acute pain remained constant, of which almost all received urgent
interventions. Less acute but nevertheless existing dental problems were neglected [25,26],
which was mainly noticed by a reduction in restorative, endodontic, as well as surgical
interventions during the first lockdown. This change could have impaired people’s oral
health within the respective time period and emphasizes the importance of a working
oral health care system during a pandemic. It even has been reported that urgent interventions could not be administered because of limited access to dental practices [27]. In
the beginning of the lockdown in Bavaria, the lack of sufficient basic PPE was the most
common reason for closures of dental practices. Therefore, the provision and storage of PPE
could help to avoid such closings in order to guarantee dental care during acute infection
waves. Additionally, during the first lockdown, testing infrastructure was limited, and
upon suspected COVID-19 infection, patients were required to be treated as such. This
access limitation is especially true for rural areas, private dental practices, or upon the
emergence of new diseases.
Therefore, it has been suggested to implement a travel-, contact- and symptomhistory questionnaire to screen for positive COVID-19 cases from the beginning of the
pandemic [13,16,28]. Interestingly, the peak of registered patients with positive/suspected
COVID-19 infections in the urgent dental care unit of our department coincided with the
peak of infection numbers in Munich during the first wave, indicating the effectiveness
and importance of such screening methods. In addition, telephone screening has been
evaluated to reduce the number of dispensable dental visits effectively [29].
A systematic review has described gustatory dysfunctions and rarely oral mucosal
lesions in COVID-19 positive patients [30]. In the urgent care unit, these symptoms were
not the reason for seeking dental care but underlying preexisting dental problems that
might have been avoidable by preventive checkups.
For the treatment of these patients with positive/suspected COVID-19 infections, more
intensive protection protocols for staff members have been indicated [4]. Although the risk
of transmission has been evaluated to be very high for dental staff due to aerosol generating
dental procedures and proximity to the respiratory tract during treatments [8,31,32], dental
offices have not revealed higher infection numbers. Accordingly, an analysis of oral
health care workers in Wuhan showed only few COVID-19 infections in dental staff,
which could not be traced back to dental treatment itself [16]. During the first infection
wave in April, only 0.72% of dental practices in Bavaria reported a positive COVID-19
infection of a staff member. A similar low percentage has been reported for dentists in
the United States [33]. Accordingly, no staff contracting COVID-19 during work has been
registered in our department so far nor have SARS-CoV-2-antibodies been found in July
2020 (unpublished study). Only three staff members contracted COVID-19 by 19 July 2021,
and all could be traced back to private contacts. These data show that protocols established
at the beginning of the pandemic [13] in conjunction with already high hygiene standards
seem to provide a safe environment for oral health practitioners as well as patients.
5. Conclusions
In conclusion, accessibility of dental care is necessary even under circumstances of
high infection risk, and measures should be taken to guarantee its continuation. Data
showed a distinct number of patients with positive/suspected COVID-19 infection needed
predominantly pain-related urgent dental interventions. Measures established at the
beginning of the pandemic include careful detection of patients with high COVID-19
risk and treatment of those with advanced PPE, which seem to have provided a safe
environment for patients as well as oral health care providers. The storage as well as
provision of PPE to dental practices by regulatory units could help to guarantee a stable
and safe oral health care system in the future.

Int. J. Environ. Res. Public Health 2021, 18, 7963

11 of 12

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/ijerph18157963/s1, Figure S1: Dotplot of patients‘ age in urgent care pre-lockdown, during
lockdown as well as post-lockdown.
Author Contributions: Conceptualization, E.W. and K.C.H.; Data curation, E.W. and L.v.B.; Formal
analysis, E.W.; Funding acquisition, R.H.; Investigation, E.W., L.v.B. and K.C.H.; Methodology, E.W.;
Resources, L.v.B.; Supervision, R.H. and K.C.H.; Visualization, E.W.; Writing—original draft, E.W.
and K.C.H.; Writing—review and editing, R.H. All authors have read and agreed to the published
version of the manuscript.
Funding: This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.
Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and by the ethics committee of the Ludwig-Maximilians-Universität (No.
20-0904; 14.10.2021).
Informed Consent Statement: Not applicable.
Data Availability Statement: The data that support the findings of this study are available on
reasonable request from the corresponding author.
Acknowledgments: We would like to thank the KZVB for their fruitful collaboration. Additionally,
we wish to thank the entire team in the urgent care unit for their support of the study during
the pandemic.
Conflicts of Interest: The authors declare no conflict of interest.

Abbreviations
PPE
EID
SARS-CoV-2
COVID-19

Personal protective equipment
Emerging infectious disease
Severe acute respiratory syndrome coronavirus 2
Coronavirus disease 19

References
1.
2.

3.
4.
5.
6.
7.
8.
9.

10.
11.

Jones, K.E.; Patel, N.G.; Levy, M.A.; Storeygard, A.; Balk, D.; Gittleman, J.L.; Daszak, P. Global trends in emerging infectious
diseases. Nature 2008, 451, 990–993. [CrossRef]
Gorbalenya, A.E.; Baker, S.C.; Baric, R.S.; de Groot, R.J.; Drosten, C.; Gulyaeva, A.A.; Haagmans, B.L.; Lauber, C.; Leontovich,
A.M.; Neuman, B.W.; et al. The species Severe acute respiratory syndrome-related coronavirus: classifying 2019-nCoV and
naming it SARS-CoV-2. Nat. Microbiol. 2020, 5, 536–544. [CrossRef]
Dong, E.; Du, H.; Gardner, L. An interactive web-based dashboard to track COVID-19 in real time. Lancet Infect Dis. 2020,
20, 533–534. [CrossRef]
Rothe, C.; Schunk, M.; Sothmann, P.; Bretzel, G.; Froeschl, G.; Wallrauch, C.; Zimmer, T.; Thiel, V.; Janke, C.; Guggemos, W.; et al.
Transmission of 2019-NCOV infection from an asymptomatic contact in Germany. N. Engl. J. Med. 2020, 382, 970–971. [CrossRef]
Di Domenico, L.; Pullano, G.; Sabbatini, C.E.; Boëlle, P.Y.; Colizza, V. Impact of lockdown on COVID-19 epidemic in Île-de-France
and possible exit strategies. BMC Med. 2020, 18, 240. [CrossRef]
World Health Organization. Considerations for the Provision of Essential Oral Health Services in the Context of COVID-19.
Available online: https://www.who.int/publications/i/item/who-2019-nCoV-oral-health-2020.1 (accessed on 20 October 2020).
van Doremalen, N.; Bushmaker, T. Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1. N. Engl. J. Med.
2020, 382, 1564–1567. [CrossRef]
Herrera, D.; Serrano, J.; Roldán, S.; Sanz, M. Is the oral cavity relevant in SARS-CoV-2 pandemic? Clin. Oral Investig. 2020,
24, 2925–2930. [CrossRef]
Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.;
Zerbini, C.; et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef]
[PubMed]
Vasireddy, D.; Vanaparthy, R.; Mohan, G.; Malayala, S.V.; Atluri, P. Review of COVID-19 Variants and COVID-19 Vaccine Efficacy:
What the Clinician Should Know? J. Clin. Med. Res. 2021, 13, 317–325. [CrossRef]
Stutt, R.O.J.H.; Retkute, R.; Bradley, M.; Gilligan, C.A.; Colvin, J. A modelling framework to assess the likely effectiveness of
facemasks in combination with ‘lock-down’ in managing the covid-19 pandemic. Proc. R. Soc. A Math. Phys. Eng. Sci. 2020, 476.
[CrossRef]

Int. J. Environ. Res. Public Health 2021, 18, 7963

12.
13.

14.
15.

16.
17.
18.

19.

20.
21.

22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

33.

12 of 12

Benzian, H.; Beltrán-Aguilar, E.; Mathur, M.R.; Niederman, R. Pandemic Considerations on Essential Oral Health Care. J. Dent.
Res. 2020. [CrossRef]
Diegritz, C.; Manhart, J.; Bücher, K.; Grabein, B.; Schuierer, G.; Kühnisch, J.; Kunzelmann, K.H.; Hickel, R.; Fotiadou, C. A detailed
report on the measures taken in the Department of Conservative Dentistry and Periodontology in Munich at the beginning of the
COVID-19 outbreak. Clin. Oral Investig. 2020, 24, 2931–2941. [CrossRef]
Robert Koch-Institut COVID-19 Dashboard. In Open Data Licence Robert Koch-Institute (RKI), dl-de/by-2-0. Available online:
https://experience.arcgis.com/experience/478220a4c454480e823b17327b2bf1d4/ (accessed on 24 October 2020).
Bundesgesundheitsministerium (National Health Department) Coronavirus SARS-CoV-2: Chronik der bisherigen Maßnahmen.
Available online: https://www.bundesgesundheitsministerium.de/coronavirus/chronik-coronavirus.html (accessed on 24
October 2020).
Meng, L.; Hua, F.; Bian, Z. Coronavirus Disease 2019 (COVID-19): Emerging and Future Challenges for Dental and Oral Medicine.
J. Dent. Res. 2020, 99, 481–487. [CrossRef]
Faccini, M.; Ferruzzi, F.; Akemi, A.; Gabriela, M.; Santin, C.; Cristina, R.; Ricardo, O.; Gobbi, C.; Polyane, D.O.; Queiroz, M.; et al.
Dental Care during COVID-19 Outbreak: A Web-Based Survey. Eur. J. Dent. 2020, 14, 1–7. [CrossRef]
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