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Abstract

Objective The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) pandemic has created hitherto unknown chal-
lenges for healthcare systems and patient care. This study aimed to analyze its influence on patient care and healthcare manage-
ment in oral and maxillofacial surgery (OMFS) in Germany.

Materials and methods A nationwide survey of the German Association of Oral and Maxillofacial Surgery was performed.
Individual questionnaires containing 10 questions for university as well as non-university hospitals and 15 questions for private
practices (PPs) for OMFS were created to collect data for patient numbers and surgical procedures conducted, usage of personal
protection equipment (PPE), SARS-CoV-2 tests, and economic aspects.

Results Fifty-four hospitals and 240 PPs participated in the study. The reduction in ward capacities and number of
surgical procedures ranged from 17 to 78%. PPE consisted of standard surgical masks (58% hospitals, 64% PPs) and
FFP2/N95/KN95 respirators (45% hospitals, 48% PPs). Preoperative SARS-CoV-2 tests were more frequently per-
formed in hospitals (34% vs 2%). At PPs, turnover for medical and dental procedures billed to the public insurance
had reduced to 58.81% and 62.43%, respectively, of the corresponding values for 2019, and 58.75% of the PPs had
applied for short-time allowances.

Conclusion With the exception of some elective procedures, primary patient care in OMFS has been assured during
the pandemic. However, the immense economic burden on hospitals and PPs cannot be conclusively assessed at this
point.

Clinical relevance For OMFS, the German healthcare system has shown the ability to adapt to emergency situations such as the
SARS-CoV-2 pandemic. Adequate surgical capacities in OMFS are necessary even during pandemics.
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Introduction

The severe acute respiratory syndrome coronavirus-2 (SARS-
CoV-2) caused a global pandemic that first broke out in the
province of Wuhan (China) in 2019 [1]. The World Health
Organization (WHO) declared it a global pandemic on
March 11, 2020 [2]. Patients infected with SARS-CoV-2 typ-
ically show lung-related symptoms that manifest as severe
inflammatory responses and lung injury. The disease, which
is referred to as corona virus disease 2019 (COVID-19), can
be fatal when it occurs with severe pneumonia [3]. The rele-
vant risk factors that can negatively influence the outcome of
COVID-19 included, but is not limited to, male sex, age over
65 years, smoking, and different comorbidities, such as car-
diovascular and respiratory diseases [4]. SARS-CoV-2 can
cause severe vascular and endothelial damage with wide-
spread thrombosis and microangiopathy in the lungs of affect-
ed patients [5]. However, the exact pathological mechanisms
in the lung have not yet been fully elucidated.

The SARS-CoV-2 pandemic has created enormous chal-
lenges related to all aspects of pandemic management and
patient care for healthcare systems worldwide. On the one
hand, it is necessary to treat patients with SARS-CoV-2 infec-
tion, especially those with severe courses of the infection. This
has brought some healthcare systems to the edge of decom-
pensation [6]. On the other hand, there is also a need to con-
tinue providing medical care to non-infected in- and outpa-
tients in hospitals and private practices of all medical special-
ties and to protect them and the medical staff from SARS-
CoV-2 infection. As of mid-March 2020, the German govern-
ment asked all public and private hospitals to postpone elec-
tive procedures to ensure increased intensive care capacities.
By mid-April, hospitals were encouraged by the federal min-
istry of health to reschedule these postponed appointments to
be conducted from the beginning of May'. However, the in-
structions for private practices were, to some degree, contra-
dictory and differed significantly depending on the specific
federal state authority.

By April 2020, many private practices were registered as
SARS-CoV-19 specialized practices. These registered prac-
tices were supposed to act as the first point of contact for
SARS-CoV-2-positive patients. They were equipped with ad-
ditional personal protection equipment (PPE) and were able to
bill certain SARS-CoV-2-related surcharges to the statutory
health insurance.

Dentists, oral and maxillofacial surgeons, and ear-nose-
throat (ENT) specialists treating patients with SARS-CoV-2
infection were assumed to be at a high risk of getting infected
themselves. This was mainly attributed to their proximity to

! https://www.aerzteblatt.de/nachrichten/112048/Spahn-Schrittweise-
Rueckkehr-in-einen-Regelbetrieb-in-Kliniken; source last assessed online on
July 18, 2020
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the respiratory tract and the oral cavity, and the presence of
SARS-CoV-2 in the saliva and nasal secretions of infected
patients [7-9]. This risk may be increased by the use of med-
ical instruments that can create potentially contagious droplets
and aerosols, such as CO, lasers, electrosurgical units, and
rotating devices such as drills and saws [10—12]. In this con-
text, SARS-CoV-2 infections in oral and maxillofacial surgi-
cal residents and the resultant mortalities have been reported
[2]. Consequently, implementation of protection protocols
and increased use of PPE for medical staff were necessary to
reduce the risk of infections among healthcare workers.
Increased rates of SARS-CoV-2 infections among healthcare
workers and medical staff can further increase the burden on
and the limitations of the healthcare system [12—15]. Thus,
new management strategies, such as telephone hotlines and
video consultations, were established, with the aim of decreas-
ing physical contact with patients during the pandemic
[16-18]. The insufficient availability of PPE also led to the
development of various innovative and partly improvised so-
lutions using modern technologies such as 3D printing, which
is traditionally well represented in the field of oral and maxil-
lofacial surgery, e.g., the widespread use of 3D-printed face
shields [19, 20].

To conclude, oral and maxillofacial surgeons at (non-) uni-
versity hospitals and private practices in Germany faced a
multitude of problems during the pandemic. On the one hand
side, they experienced difficulties related to aspects such as
patient care, infection protection and hygiene, and the avail-
ability of PPE and SARS-CoV-2 tests. On the other hand, the
pandemic created newer economic challenges due to the sig-
nificantly decreased patient numbers and the lack of govern-
mental financial and non-financial support. To understand
these challenges in greater detail, this study aimed to identify
the influences of the SARS-CoV-2 pandemic on hospitals and
private practices (including ambulatory health care centers
and those holding inpatient beds), and to analyze the medical
and economic burden caused by the SARS-CoV-2 pandemic
on patient care and healthcare management in all fields of oral
and maxillofacial surgery (OMFS) in Germany.

Material and methods

A nationwide online survey was performed by the German
Association of Oral and Maxillofacial Surgery (DGMKG).
Two separate questionnaires, including 10 questions for par-
ticipants working at university and non-university hospitals
and 15 questions for those working at private practices for oral
and maxillofacial surgery were created using SurveyMonkey
(San Mateo, CA, USA). Due to the differences in regulations,
official recommendations, and the surgical spectrum, separate
questionnaires were designed for private practices and hospi-
tals. The questionnaires were kept concise to achieve the
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highest completion rate possible and to obtain specific infor-
mation from these two cohorts. In addition to basic data and
key economic data, the surveys contained questions about
measures taken to adapt to the new situation. Furthermore,
PPE supply and PPE use in general and changes in the fre-
quency of surgical procedures were evaluated. Table 1 illus-
trates the contents of the questionnaires for participants from
hospitals and private practices in detail. An internal validation
of the questionnaires was performed by the DGMKG board
prior to the start of the survey. For this purpose, the number of
questions, their length, and their order were evaluated auto-
matically. Consequently, the questionnaire was distributed
among DGMKG board members and modified according to
the suggestions of the test participants.

In total, 79 heads of departments of oral and maxillofacial
surgery in hospitals and 935 oral and maxillofacial surgeons
working in private practices in Germany were contacted via
email by the board and head office of the DGMKG (Hotheim,
Germany). They were invited to take part in this survey on an
anonymous basis. Responses were limited to one reply per
hospital and one reply per private practice. The surveys were
conducted between April 29 and June 24, 2020. Results were
collected using SurveyMonkey, analyzed using Wizard for
Mac 1.9.42 by Evan Miller, and illustrated in numbers
(Apple, Cupertino, CA, USA). For descriptive statistics, mean
values and standard deviations (in brackets, after a plus-minus
sign) are given. The distribution of dichotomous variables was
evaluated using the chi-squared test (equivalent to z-score).

Results

Completed questionnaires were obtained from 240 private prac-
tices and 54 hospitals (27 university hospitals and 27 non-
university hospitals). The response rate was 68.35% for hospi-
tals and 25.59% for private practices. Within the university- and
non-university hospitals, the ward capacity used reduced by
43.20% (£ 25.75%) due to the pandemic, while the frequency
of inpatient surgical procedures reduced by 47.58% (£
21.10%). The number of outpatient surgical procedures under
general anesthesia reduced by 77.59% (£ 21.45%) and those
under local anesthesia reduced by 70.33% (= 20.97%). In pri-
vate practices, the frequency of inpatient surgical procedures
reduced by 40.47% (+ 43.34%). In general, 20.68% of the
private practices stated that they did have beds for inpatients
available. Their number of outpatients reduced by 45.31% (£
24.27%), and the number of outpatient surgical procedures un-
der general anesthesia reduced by 44.18% (+ 35.68%), while
the number of those outpatient procedures under local anesthe-
sia reduced by 49.74% (£ 26.26%).

In the private practice, screening for SARS-CoV-19
(Fig. 1) was conducted once preoperatively by 5.33% and
twice by 1.78% of the participants, while 93.78% stated that

they did not routinely conduct preoperative tests for SARS-
CoV-19. Within the university and non-university hospitals,
33.96% of the participants stated that they routinely conducted
a SARS-CoV-19 test once preoperatively, 37.74% stated that
they conducted a SARS-CoV-19 test before admission to the
ward, and 3.77% stated that they conducted a test after dis-
charge. Most (45.28%) participants from hospitals stated that
they did not routinely conduct a SARS-CoV-19 screening test.

Routinely used personal protective equipment (PPE, Fig. 2)
consisted of standard surgical masks in 57.41% of the univer-
sity and non-university hospitals, and 64.14% of the private
practices. FFP2 and equivalent (N95 or KN95) respirators were
used by 46.30% of the university and non-university hospitals,
and 48.52% of the private practices. Higher grades of filtering
were used by 1.85% of the hospitals and 6.33% of the private
practices. 3D-printed face shields were used in 22.22% of hos-
pitals and in 36.71% of the private practices.

The supply of PPE by the Federal Associations of Statutory
Health Insurance Physicians was rated as sufficient by 40.91%
of the SARS-CoV-19-specialized practices and by 39.43% of
the other non-specialized private practices. The supply by the
Federal Associations of Sick Fund Dentists was rated as suffi-
cient by 40.91% of the SARS-CoV-19-specialized practices
and by 12.85% of the non-specialized practices. SARS-CoV-
19-specialized practices were significantly more often satisfied
by their dental associations than those not classified as special-
ized practices (p = 0.001). To prevent SARS-CoV-19 spread,
25.42% of the private practices worked in separate teams in a
shift system and 12.92% worked in separate teams without a
shift system. Of these, 27.92% took other measures and 36.67%
did not take any additional measures to address this point.

Detailed key economic figures were only available from
private practices in this study. Turnover for medical and dental
procedures billed to public insurance had reduced to 58.81%
and 62.43%, respectively, of the corresponding values for
2019. Similarly, procedures billed to private insurers or direct-
ly to the patient had reduced to 55.17% of the turnover in 2019.
The majority (58.75%) of private practices applied for short-
time allowances from the state, while 41.25% did not apply for
these allowances. The short-time allowances were approved
for 39.17% of the practices, while 19.58% of the private prac-
tices had not received the money despite applying for it.

Among the private practices, 14.71% reported contact with
SARS-CoV-19-positive patients, although only 10.83% of the
practices had been classified as SARS-CoV-19-specialized
practices. These specialized practices received SARS-CoV-
19-positive patients significantly more often (p = 0.017).

Hospitals were asked about the surgical procedures con-
ducted in April and the surgical procedures that were planned
to be conducted from May: oncologic procedures (98.15% in
April vs 98.11% from May), trauma care (100.00% vs
100.00%), and surgical treatment of infections (100.00% vs
98.11%) were hardly affected by the changes in the
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Table 1

Contents of the questionnaires for (non-) university hospitals (left) and private practices (right). FASHI - Federal Association of Statutory

Health Insurance Physicians, FASHD - Federal Association of Statutory Health Insurance Dentists.

Question

Possible answers

Hospitals

Federal state of the participant

Infrastructure

Percentage of ward capacity used compared to that before the
pandemic

Percentage of current outpatient surgical procedures with local
anesthesia compared to that before the pandemic

Percentage of current outpatient surgical procedures with general
anesthesia compared to that before the pandemic

Percentage of current inpatient surgical procedures compared to
that before the pandemic

Do you routinely conduct SARS-CoV-19 screening tests?

PPE used for surgical procedures for patients assumed to be
SARS-CoV-19-negative
Types of surgical procedures currently conducted

Types of surgical procedures planned to be conducted by
May 2020

Private practices
Federal state of the participant
Is your office a SARS-CoV-19-specialized practice?
Change in patient contacts compared to 2019
Sufficiency of supply of PPE by FASFD and FASHI

Have you applied for short-time allowances
Measures taken to prevent SARS-CoV-19 spread within the office

Change in the number of outpatient surgical procedures with local
anesthesia compared to 2019

Change in the number of outpatient surgical procedures with
general anesthesia compared to 2019

Do you have beds available at a hospital for inpatients?

Change in the number of inpatient surgical procedures compared
t0 2019

Change in the turnover billed to public and private insurance

Did you have contact with SARS-CoV-19-positive patients?
Do you routinely conduct SARS-CoV-19 screening tests?
PPE used for surgical procedures

Types of surgical procedures currently conducted and procedures
planned to be conducted from June 2020 onwards

Every German federal state was available for selection
University hospital/non-university hospital
Freely selectable number

Freely selectable number
Freely selectable number
Freely selectable number

No/once preoperatively/twice preoperatively/before admission / after admission
Surgical mask/FFP2 respirator/FFP3 respirator/3D-printed face shield

Oncologic procedures/trauma care/surgical treatment of infections/osteonecrosis/
orthognathic surgery/cleft surgery/bone augmentations/dental implants/-
dentoalveolar procedures such as comprehensive dental treatment under general
anesthesia

Oncologic procedures/trauma care/surgical treatment of infections/-
osteonecrosis/orthognathic surgery/cleft surgery/bone augmentations/dental
implants/dentoalveolar procedures such as comprehensive dental treatment
under general anesthesia

Every German federal state was available for selection
Yes/no
Freely selectable number

Sufficient by FASFD/not sufficient by FASFD/sufficient by FASHI/not sufficient
by FASHI

Applied for and approved/applied for & not (yet) approved/not applied for

Work in separate teams in a shift system/Work in separate teams without a shift
system/other measures/no additional measures

Freely selectable number
Freely selectable number

Yes/no

Freely selectable number

Freely selectable numbers

Yes/no

No/once preoperatively/twice preoperatively

Surgical mask/FFP2 respirator/FFP3 respirator/3D-printed face shield

Dentoalveolar/skin tumors/traumatology/surgical treatment of
infections/osteonecrosis/orthognathic surgery/bone augmentations/dental
implants/comprehensive dental treatment under general anesthesia

regulations by the federal ministry of health. Surgical proce-
dures for the treatment of osteonecrosis (85.19% vs 96.23%)
were rescheduled in some hospitals. However, the schedules
for orthognathic surgery (14.81% vs 58.49%), cleft surgery
(44.44% vs 67.92%), bone augmentation (11.11% vs
37.74%), dental implants (18.52% vs 50.94%), and other
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dentoalveolar procedures such as comprehensive dental treat-
ment under general anesthesia (59.26% vs 79.25%) were sub-
ject to major changes.

Due to the differences in regulations and official recom-
mendations and the differences in the surgical spectrum, pri-
vate practices were provided with a different questionnaire.
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Fig. 1 Conduct of routine SARS-
CoV-19 PCR tests

2 x preoperatively

1 x preoperatively

Before admission

After dismissal

No routine testing

0.00 %

They were asked to compare their surgical procedures planned
to be conducted in April 2020 to those planned from
June 2020. Dermal oncologic procedures (79.66% in April
2020 vs 91.10% planned from June 2020), dentoalveolar pro-
cedures (96.19% vs 99.15%), surgical treatment of infections
(86.44% vs 85.59%), and comprehensive dental treatment un-
der general anesthesia (75.00% vs 87.29%) were hardly

Fig. 2 Use of personal protection
equipment (PPE) for patients not
known to be SARS-CoV-19-
positive

Surgical mask

FFP2 respirator

FFP3 respirator

Faceshield

0.00 %

B Hospitals

@ Hospitals

25.00 %

Routine SARS-CoV-19 PCR test

25.00 % 100.00 %

50.00 %

75.00 %

W1 Private practices

affected by the SARS-CoV-19 situation. Some changes were
seen in the scheduling of trauma care (22.88% vs 33.47%) and
surgical procedures for the treatment of osteonecrosis
(48.31% vs 69.07%). However, orthognathic surgeries
(2.54% vs 17.37%), bone augmentation procedures (57.20%
vs 92.80%), and dental implant procedures (71.61% vs
97.03%) were subject to major changes.

Routine PPE
\

50.00 % 75.00 % 100.00 %

[ Private practices
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Discussion

The SARS-CoV-2 pandemic has significantly decreased the
number of patients and the number of surgical procedures in
all surgical specialties [21]. In the vascular surgery division in
the USA the weekly clinic volume and surgical volume reduced
by 96.5% and 71.1%, respectively [22]. The extent of these
reductions is dependent on different aspects, including the sur-
gical specialty, hospital, and country. During the SARS-CoV-2
pandemic, the conduct of essential and non-deferrable opera-
tions such as tumor surgery was challenging while elective
operations were postponed [23]. In this context, Maffia et al.
conducted a global survey of 154 surgical centers for oral and
maxillofacial surgery in 54 countries to assess their current
practices in oral and maxillofacial surgery [24]. Despite the
differences in oral and maxillofacial practice in Germany from
those in other countries, the results were found to be similar to
those presented herein. Maffia et al. demonstrated that the three
most required sub-specialties in oral and maxillofacial surgery
during the pandemic were—without a more accurate break-
down—(1) traumatology, (2) oncologic surgery, and (3) oral
surgery. The reported outbreak activity indices (OAls) of
83.2%, 66.7%, and 38.3%, respectively, are consistent with
the findings of the current study [24]. Similar results were re-
ported for dentistry. The number of patients was significantly
reduced, while the number of dental infections significantly
increased. In addition, the frequency of dental trauma decreased
[17]. One possible explanation for the decreased frequency of
dental trauma might be the contact bans and curfews in some
countries resulting in reduced sports and leisure activities, such
as (team-) sports that are associated with an increased risk for
dental trauma. The most comprehensive restrictions were seen
in orthognathic surgery (OAI, 8.7%) and temporomandibular
joint (TMJ) surgery (OAI 6.9%). Next, the study by Maffia
et al. reported that 28 departments of oral and maxillofacial
surgery were completely closed, of which 7 were located in
European countries, and 6 departments reported to work regu-
larly without any restrictions during the pandemic [24].
Subsequently, the SARS-CoV-2 pandemic also influenced oral
and maxillofacial surgery training and education [25].

The findings of the study clearly show that the frequencies
of orthognathic surgery, cleft surgery, and dental implant
placement were taken up again at the hospitals from April to
May 2020, as the situation improved. The reduced bed capac-
ities and thus SARS-CoV-2-induced financial losses in hospi-
tals were to some degree financially directly compensated for
by the government. This was achieved by direct payments for
building the reserve capacity of intensive care beds. Logically,
this reduced the capacities for elective procedures. In contrast,
private practices were unable to receive such compensation to
improve intensive care capacities. For private practices, espe-
cially those performing dental implant placement and aug-
mentation procedures, the number of surgical interventions
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increased sharply from April to June 2020. One reason for this
increase might be the backlog of patients requiring implant
and augmentation procedures and the fact that these patients
were unable to receive treatment in hospitals because of the
aforementioned intensive care capacity regulations. This ob-
servation can also be explained by the different range of treat-
ments in private practices, which generally focus more on
dental implantology than hospitals.

Costa et al. performed a nationwide survey of 142 oral and
maxillofacial surgeons in Brazil [26]. Contrary to the findings
of'the present study, the results of Costa et al. illustrated a lack
of knowledge regarding different aspects of SARS-CoV-2,
such as transmission routes, symptoms, laboratory findings,
hygiene, and infection prevention, which might be considered
as one of the public health problems responsible for the high
infection rates in Brazil [26].

The results of our study demonstrate an extremely low
number of SARS-CoV-2 screening tests performed in hospi-
tals and private practices. Currently, testing methods for
SARS-CoV-2 virus (RT-PCR), SARS-CoV-2 antibody (e.g.,
ELISA), and SARS-CoV-2 antigen detection are available
[27-29]. Unfortunately, even the most sensitive and specific
SARS-CoV-2 tests are associated with a significant ratio of
false-positive tests [30]. One reason for the low testing rates in
Germany might be the lack of detailed recommendations re-
garding SARS-CoV-2 tests, especially for private practices.
Unfortunately, the exact reasons for the low frequency of
SARS-CoV-2 tests could not be captured in detail in this sur-
vey. This might be reserved for a subsequent study.

In comparison to other countries, Germany and Europe
lack available guidelines for the treatment and management
of patients requiring oral and maxillofacial surgery [31]. To
focus hygiene measures to the point of need, some oral and
maxillofacial surgery practices in Germany have been
assigned as SARS-CoV-2-specialized practices to treat
SARS-CoV-2-infected patients. These specialized practices
have been equipped with more PPE and served as contact
points for SARS-CoV-2-infected patients requiring oral and
maxillofacial treatment, with participation from the Federal
Association of Statutory Health Insurance Physicians and
the Federal Association of Statutory Health Insurance
Dentists. Besides that, workflows in hospitals and private
practices have had to be re-organized in order to prevent
cross-sectional infections among patients. To accomplish this,
significant changes in the infrastructure of in- and outpatient
units and operating rooms have had to be implemented [32].

With respect to the economic burden of the SARS-CoV-2
pandemic on dentistry in Germany, utilization of all dental
services has been significantly reduced (-80% prevention, -
76% periodontics, -70% prosthetics) [33]. In comparison to
the decrease in the patient and surgery numbers in oral and
maxillofacial surgery, the corresponding reductions in the
field of dentistry might be higher, since general dental practice
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includes a higher proportion of elective procedures than oral
and maxillofacial surgery. In this regard, some hospitals and
dental practices may not survive the pandemic or may not be
able to restart general practice after the pandemic [34].

During the SARS-CoV-2 pandemic, technologies such as
telemedicine have become increasingly popular to ensure pa-
tient care and prevent SARS-CoV-2 infections [35]. This
change can be seen as an opportunity to include these concepts
in oral and maxillofacial practice as well. In addition, there is a
need for national guidelines for medical care related to oral
and maxillofacial surgery during exceptional situations such
as pandemics. These guidelines should be established in ac-
cordance with the experiences during the SARS-CoV-2 pan-
demic, even though the there is still a lack of data availability
regarding this by now [36]. Patel et al. designated the pandem-
ic as an opportunity for oral and maxillofacial surgery to be
acknowledged in medicine and for oral and maxillofacial sur-
geons to take frontline roles and use their wide-ranging skills
gained from training in oral and maxillofacial surgery [37].
Finally, the patient care can be considered well-adapted to the
SARS-CoV-2 pandemic in the field of oral and maxillofacial
surgery. Even there was a reduction of surgical procedures of
in- and outpatients in OMFS, there is a necessity to provide
adequate surgical capacities in OMFS to ensure OMFS patient
care, on the one hand in the fields of oncology, traumatology
and septic surgery and on the other hand in further OMFS
areas such as primary malformation surgery.

However, this study had some limitations. Both online sur-
veys were completed at different time points, and both surveys
were open for completion for days. Due to the rapid develop-
ments during that time, the significantly differing external in-
fluences between the participants might have caused bias.
Furthermore, the private practices were necessarily contacted
indirectly by sending invitations to all DGMKG members
working in this sector. Thus, we cannot entirely rule out the
possibility that some participants may not have followed the
instruction to complete one questionnaire per private practice.
Even though participation was voluntary and the evaluation
was carried out anonymously, the influence of personal inter-
ests when answering these questions cannot be fully elucidated.

Conclusions

For oral and maxillofacial surgery, the German healthcare
system has shown the ability to adapt in- and outpatient care
to emergency situations such as the SARS-CoV-2 pandemic.
Patient care in oral and maxillofacial surgery has been ensured
at hospitals and private practices in more difficult conditions
during the pandemic. Adequate surgical capacities for in- and
outpatients care are essentially and have to be ensured in
OMEFS even in exceptional circumstances such as SARS-
CoV-2 pandemic. However, the extent of the immense

economic burden imposed by the pandemic on hospitals and
private practices cannot be conclusively assessed at this point.
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