
VOL. 1, NO. 6, JuNe 2020 309

Freely available onlineFollow us @BoneJointOpen

BJO

M. Mueller,
F. Boettner,
D. Karczewski,
V. Janz,
S. Felix,
A. Kramer,
G. I. Wassilew

Center for 
Musculoskeletal 
Surgery, Department 
of Orthopaedic 
Surgery, Charité 
Universitaetsmedizin 
Berlin, Berlin, Germany

Correspondence should be sent to
Daniel Karczewski; email:  
 daniel. karczewski@ charite. de

doi: 10.1302/2633-1462.16.BJO-
2020-0067.R1

Bone Joint Open 2020;1-6:309–
315.

 � GenerAl OrthOpAeDIcS

Dealing with the COVID-19 pandemic 
in orthopaedics: experiences and 
procedure in Germany

Aims
The worldwide COVID-19 pandemic is directly impacting the field of orthopaedic surgery 
and traumatology with postponed operations, changed status of planned elective surgeries 
and acute emergencies in patients with unknown infection status. To this point, Germany's 
COVID-19 infection numbers and death rate have been lower than those of many other na-
tions.

Methods
This article summarizes the current regimen used in the field of orthopaedics in Germany 
during the COVID-19 pandemic. Internal university clinic guidelines, latest research results, 
expert consensus, and clinical experiences were combined in this article guideline.

results
Every patient, with and without symptoms, should be screened for COVID-19 before hospi-
tal admission. Patients should be assigned to three groups (infection status unknown, con-
firmed, or negative). Patients with unknown infection status should be considered as infec-
tious. Dependent of the infection status and acuity of the symptoms, patients are assigned 
to a COVID-19- free or affected zone of the hospital. Isolation, hand hygiene, and personal 
protective equipment is essential. Hospital personnel directly involved in the care of COV-
ID-19 patients should be tested on a weekly basis independently of the presence of clinical 
symptoms, staff in the COVID-19- free zone on a biweekly basis. Class 1a operation rooms 
with laminar air flow and negative pressure are preferred for surgery in COVID-19 patients. 
Electrocautery should only be utilized with a smoke suction system. In cases of unavoidable 
elective surgery, a self- imposed quarantine of 14 days is recommended prior to hospital 
admission.

conclusion
During the current COVID-19 pandemic, orthopaedic patients admitted to the hospital 
should be treated based on an interdisciplinary algorithm, strictly separating infectious and 
non- infectious cases.

Cite this article: Bone Joint Open 2020;1-6:309–315.

Keywords: COVID-19

Introduction
The new coronavirus SARS- CoV-2 (COVID-
19) has spread with alarming speed and 
frightening magnitude to turn it into a global 
pandemic with significant impact on the care 
of orthopaedic and traumatological patients. 
With globally increasing numbers of infected 
patients and the resulting restrictions on 
the elective surgical care of musculoskeletal 
patients, orthopaedic surgeons are faced 
with challenges in providing continuity 

of care to musculoskeletal patients, while 
ensuring the safety of patients and hospital 
personnel.

The COVID-19 virus spreads via aerosols 
of the respiratory tract and nasal cavities, 
with small particles remaining airborne 
for multiple hours, or via direct contact 
with infected patients or indirectly through 
contaminated surfaces.1-4 Hospital staff are 
at increased risk for COVID-19 infection and 
can unknowingly spread it during all phases 



BOne & JOInT Open 

M. Mueller, F. Boettner, D. KarczewsKi, V. Janz, s. Felix, a. KraMer, G. i. wassilew310

Fig. 1

Division of the hospital into three separate areas for patients with negative, uncertain and positive COVID-19 status. patients are classified as uncertain in the 
presence of fever, flu- like symptoms, coughing, throat soreness, fever chills, contact with other COVID-19 patients, or while waiting for their screening test 
results.

of patient care including hospital admission, outpatient 
clinics, inpatient care, and surgery.5 epidemiological data 
from China confirm an extremely high infection risk for 
hospital staff with mortality rates of up to 3%.6-8 As of 17 
April 2020, the Italian national Federation for the Orders 
of Doctors and Dentists (FnOMCeO) reported over 131 
physician deaths due to COVID-19. It is important to 
note that it is not only COVID-19 patients that pose a 
high infection risk; it can also originate from asymptom-
atic COVID-19- positive carriers. Current investigations 
confirm that asymptomatic carriers have similar viral loads 
in their upper respiratory tract compared to symptomatic 
patients and can therefore spread COVID-19 with similar 
infectiousness.1 Therefore, a strict hygiene protocol and a 
restructuring of hospital procedure is necessary to safely 
treat patients during the COVID-19 pandemic.

Methods
This article presents a combined guideline out of two 
German university clinic systems used during the 
COVID-19 pandemic in the field of orthopaedic surgery 
and traumatology. The first clinic is the Centre for Muscu-
loskeletal Surgery at the Charité University Medicine 
Berlin (Germany), europe’s largest university clinic. In 
addition, the internal guidelines of the Clinic for Ortho-
paedics and Surgical Orthopaedics of the University 
Medicine Greifswald (Germany), in co- operation with 
the clinic for Cardiology, Angiology, pneumology/Infecti-
ology and Internal Intensive Care Medicine of the Univer-
sity Medicine Greifswald, and the Institute for Hygiene 
and environmental Medicine of the University Medicine 
Greifswald, were considered in this article. An additional 
expert opinion was obtained from the Adult Reconstruc-
tion and Joint Arthroplasty Service of the Hospital for 
Special Surgery, new York , USA, as part of the epicentre 
of the COVID-19 pandemic in the western world.

In cases of non- evident or non- existing literature 
results, considering the rapidly developing situation, our 

personal clinical recommendations and experiences were 
given, based on an internal consensus.

results
The results are divided into the following parts: 1) 
Recommendations for clinical practice in the current 
pandemic; 2) Admission screening and procedure for 
elective and emergency cases; 3) Recommendations for 
COVID-19- free area of the hospital; 4) Recommendations 
for the confirmed COVID-19 area of the hospital; 5) Anes-
thesiologic care of COVID-19 patients; 6) Surgical care 
of suspected or confirmed COVID-19 patients; and 7) 
Surgical care of elective non- COVID-19 patients.
1. recommendations for clinical practice in the current 
pandemic. In the current pandemic, it is necessary to 
practice distancing and reduce personal contact as much 
as possible to reduce the possibility of infection of hospi-
tal staff and patients and ultimately disrupt the spread of 
COVID-19. During the acute phase of COVID-19 it is ad-
vised that all non- essential inpatient surgical procedures, 
including the majority of all elective orthopaedic proce-
dures, should be postponed.9 Outpatient clinics should 
also reduce their capacity and only treat urgent cases. 
This reserves resources, including beds and hospital staff, 
for the treatment of COVID-19 patients.10 The postpone-
ment of all elective surgeries is also supposed to reduce 
the number of patients and thus the risk of uncontrolled 
spread of COVID-19 within the hospital. Besides, the ad-
ditional hospital bed capacities are necessary to ensure 
the special separation into three isolations areas within 
the hospital: for infected COVID-19 patients, patients 
with uncertain infection status and non- infected patients 
(Figure 1).
2. Admission screening and procedure for elective and 
emergency cases. A special admission screening must be 
established and strictly adhered to prevent infection of 
clinic personnel and to avoid uncontrolled spreading of 
COVID-19 within the hospital. This screening is required 
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Fig. 2

Organization and admittance procedure of an orthopaedic/trauma department.

for all hospital admissions, independently of elective or 
emergent nature, and should be performed in a sepa-
rate screening area of the hospital (Figure 2).11 patients 
are additionally assessed according to patient history 
(travel to high- risk areas, contact to COVID-19 patients, 
employment in medical institutions, nursing homes, or 
other high- risk institutions) and clinical symptoms, under 
special consideration of the most common (fever 82% to 
87%, coughing 37% to 44%, anosmia 19% to 59%)12,13 
and severe ones (dyspnea).13–15 In the presence of any 
amnestic factors or clinical symptoms, a COVID-19 test 
should be performed via a combined nose- throat swab 
(pCR) and in the presence of any clinical symptoms a low- 
dose CT- scan of the thorax is recommended.16

In the case of COVID-19, IgM class antibodies can 
only be detected after ive to seven days in symptomatic 
patients, while in asymptomatic or immunosuppressed 
one’s detection might even be later or not possible at all.17 
For that reason, pCR has been used as a direct tool of virus 
conformation in acute cases, antibody tests as a screening 
tool for prior contacts and possible existing immuniza-
tion. Subsequently, antibody tests were also used to test 
medical staff,18 which then, in case of a possible immu-
nization, could be used in risk areas (COVID-19 patients, 
suspected cases, emergency rooms). However, up to this 
date, the exact length and extent of immunity following a 
first contact remain unknown. Given the high rate of false 
negative test results, a negative pCR should be repeated 
in cases of high clinical suspicion.19

For patients presenting with elective/non- life- 
threatening conditions, in which it is medically justifiable 
to postpone treatment until the results of a COVID-19 
test are present, the screening procedure is performed in 
the screening area and treatment, if feasible, can be initi-
ated within the same treatment area.patients presenting 
with life- threatening conditions, requiring emergency 

treatment, are admitted directly to the confirmed 
COVID-19 area of the hospital, enabling a possible imme-
diate therapy. As soon as stabilization of the patient has 
been successful and life treating events are excluded, an 
immediate test should be performed. After the test results 
have been obtained, the patients are transferred to the 
applicable area of the hospital.20

3. recommendations for cOVID-19-free area of the hos-
pital. The operating procedure in the COVID-19- free 
area of the hospital is concordant with general hospi-
tal and hygiene procedures, with only a few specific 
recommendations.

All patients and hospital staff within the COVID-19- 
free area of the hospital have been negatively screened 
or tested for COVID-19 infection. This can only be guar-
anteed as long as all hospital personnel and patients are 
continuously monitored and also self- report any suspi-
cious symptoms. In the absence of clinical symptoms all 
hospital staff should be tested for COVID-19 infection on 
a biweekly basis. The clinical re- evaluation of patients is 
performed by physicians as well as nursing staff. In the 
presence of any new risk factors or clinical symptoms a 
new COVID-192 test should be performed.16 This contin-
uous monitoring within the COVID-19- free area intends 
to immediately identify patients with a new infection, 
false- negative initial test results, and patients within the 
incubation period, which is reported to be as long as 
14 days.21 The sensitivities and specificities of COVID-19 
screening tests cannot be finally assessed due to the 
limited data available at this point. preliminary studies 
report diagnostic sensitivities ranging from 80% to 
95%.21,22

Based on the CDC (Centre for Disease Control and 
prevention) recommendations, surgical face masks were 
used to reduce the discharge of aerosols from expiratory 
air and the radii for contagion (https://www. cdc. gov).23 
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Fig. 3

proper gowning order for personal protective equipment.

every patient admitted to the hospital should be consid-
ered a potential carrier of COVID-19, until a negative test 
result has been obtained, and should receive a surgical 
face mask upon admittance to the hospital, regardless of 
admittance to the emergency room, outpatient clinic or 
as an inpatient. Surgical face masks should also be worn 
by all persons in the hospital irrespective of visitor or 
personnel.23

Hand hygiene is an important factor in stopping 
the spread of COVID-19 and should be practiced upon 
entering and leaving the hospital, as well as after every 
contact with patients or potentially contagious surfaces. 
All alcohol- based disinfectants with the declaration 
“partially viricidal” are potent against coronaviruses, 
including COVID-19.3 To facilitate a high compliance, 
additional disinfectant dispensers should be placed in 
every patient room, at the hospital entrance, in outpa-
tient clinics and on patient wards.
4. recommendations for the confirmed cOVID-19 area of 
the hospital. The isolations measures in the confirmed 
COVID-19 area of the hospital are extensive and necessi-
tate certain structural requirements and special training 
of all hospital staff at regular intervals by the hygiene 
department. Apart from guaranteeing the correct hy-
giene procedures, regular contact with hygiene special-
ists enables staff a chance to ask questions and propose 
improvements. All hospital staff involved in the direct 
care of COVID-19 should also be tested for infection on 
a weekly basis independently of the presence of clinical 
symptoms.

The most important structural requirement is the 
creation of specific anterooms adjacent to every patient 
room, operating room (OR) or other areas for the 

treatment of COVID-19 patients. The anterooms are 
required for the dressing and undressing of personal 
protective equipment (ppe) (Figure  3 and 4). Multiple 
confirmed COVID-19 positive patients may be grouped 
within in a single room as long as proper hygienic proce-
dure can be guaranteed between individual patients. 
The number and duration of contacts between patients 
and hospital staff should thereby be reduced to a 
minimum.24,25 nursing staff and physicians caring for 
COVID- 19patients should, if possible, only treat COVID-
19- positive patients. Additionally, every patient should 
receive education and instructions concerning isolation 
protocol, safety measures and proper hand disinfec-
tion procedure.26 patients are only allowed to contact 
and communicate with friends and family members via 
mobile telephone, tablet or laptop.
5. Anesthesiologic care of cOVID-19 patients. The clinical 
course of COVID-19 can be very dynamic and present 
with rapid deterioration of the patient’s respiratory, car-
diovascular or general condition. Therefore, all sympto-
matic COVID-19 patients should be monitored continual-
ly for their respiratory and cardiovascular function. If the 
patient’s oxygen saturation drops < 94%, supplemental 
oxygen therapy is indicated. Advanced monitoring is indi-
cated if the patient’s general condition deteriorates, espe-
cially in the presence of somnolence, delirium, dyspnea 
or reductions in oxygen saturation. Advanced monitor-
ing should include monitoring of oxygen saturation, res-
piratory frequency, blood pressure and pulse frequency, 
complete blood count (CBC), C- reactive protein (CRp), 
D- Dimer, Ferritin, pCT, Interleukin-6 (IL-6), renal and he-
patic panel, and a thoracic CT- scan. The following criteria 
should be reasons for a transfer to the intensive care unit 
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Fig. 4

proper de- gowning order for personal protective equipment.

(ICU): respiratory frequency > 30/minutes, oxygen satu-
ration < 93% at rest despite supplemental oxygen thera-
py, arterial partial pressure of oxygen (paO2)/inspiratory 
oxygen concentration (FiO2) < 300 mmHg and radiolog-
ical progression of pulmonary lesions > 50% within 24 to 
48 hours.27

6. Surgical care of suspected or confirmed cOVID-19 pa-
tients. Isolated reports of viremia in COVID-19 patients 
are present, thus a blood- borne contagion is theoreti-
cally possible, posing the risk of transmission for all OR 
personnel.28,29 The risk for VOVID-19 transmission is es-
pecially increased during orthopaedic and traumatolog-
ical surgeries due to the development of aerosols from 
blood, bone, and tissue from hammer blows or powered 
instruments.30 Therefore, the indications for the surgical 
care of COVID-19 patients should be made restrictively 
(life- sustaining operations, mobilization) and in consent 
with internal medicine and anesthesiology departments. 
Besides, the quickest or least invasive procedures should 
be selected.
a) Air exchange systems in operating rooms. Modern ORs 
are equipped with laminar air flow (LAF) and positive 
pressure systems reducing the risk of postoperative sur-
gical site infections by directing all air flow away from the 
patient and channeling all airborne contaminants outside 
of the OR. In the case of airborne transmission, such as 
COVID-19, these ventilations systems pose a significant 
risk of contagion for all hospital personnel. There is limit-
ed evidence concerning the risk of COVID-19 contagion 
in relation to the OR air exchange systems. However, after 
a careful risk- benefit analysis and consideration of expert 
opinions the authors recommend the following:
�� If the air from the OR is channeled directly outside of 

the OR and not into the adjacent rooms, the OR can 
be used without restriction and standard ppe for the 
OR staff is sufficient.

 � negative pressure ORs are preferred for the care of 
COVID-19 patients.31 If possible, the ventilation system 
of the OR should be switched from positive to nega-
tive pressure. However, even in negative pressure ORs 
an exchange with the air of neighboring areas occurs 
as soon as the doors to the OR are opened. Therefore, 
all doors must remain closed as long as the OR is in 
use.

 � Class 1a ORs with LAF have a significantly higher 
volume of air exchange and are preferential to ORs 
with mixed or turbulent displacement air flow (class 
1b), due to the quicker dilution and elimination of 
aerosols. The unidirectional air flow in ORs with LAF 
offers additional safety for the OR staff in comparison 
to the turbulent displacement in class 1b ORs.

 � Class 1b ORs are permitted for orthopaedic and 
traumatological operations, but are associated with 
an increased risk of contagion from aerosols, due 
to the lower volume and turbulent displacement of 
exchanged air. For this reason, FFp3 masks or posi-
tive pressure body exhaust suits should be worn by 
all personnel in these ORs.32,33

�� All other ORs without air exchange systems, without 
sterile air filters and low volumes of air exchange, 
should not be used for the care of SARS- CoV-2 
patients, since the aerosols resulting from ortho-
paedic and traumatological operations are not diluted 
and high concentrations of aerosols are transferred to 
the surrounding ambient air once the OR doors are 
opened.

b) Anteroom and Or procedure
�� personnel not relevant to the surgical procedure are 

prohibited from entering the OR. The mobile nurse 
remains in the sterile hallway and is responsible for 
delivering the materials relevant to the surgical proce-
dure. The preparation of all operative tables and trays 
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should be performed in the sterile hallway outside 
of the OR. The OR and the anteroom must remain 
sealed off from the hallway and remaining areas of the 
hospital for the duration of the surgical procedure.34

 � The anesthesiologic preparations including induction 
and recovery are to be performed in a separate area, 
outside of the OR and the normal induction area. 
Only the anesthesiology nurse and physician should 
be present. Specially trained anesthesiology teams 
should perform the induction and emergence of 
general anesthesia for COVID-19 patients.35

�� After completion of the operative procedure the OR 
should be disinfected with an agent of limited viricidal 
activity, such as oxygen donors, e.g. Descogen liquid.

c) electrocautery use. The effect of electrocautery smoke 
in the OR on the infection risk of OR personnel with 
COVID-19 is currently unknown. However, electrocau-
tery should be omitted or utilized in conjunction with a 
smoke suction system to prevent the rising of warm air 
from the surgical field and reduce overall air turbulence 
within the OR.36

d) personal protection equipment (ppe) in the Or. ppe is 
indispensable for self- protection. However, previous ex-
perience from ebola outbreaks has shown, that the effica-
cy of ppe can only be guaranteed if the dressing and un-
dressing procedure are performed properly (Figure 3 and 
4).37 It is highly recommended to have members of the 
hygiene department demonstrating proper technique. In 
addition to the general ppe, outside of the OR, specific OR 
ppe consists of a high- performance gown, double gloves, 
glasses, and/or face shield and FFp2 or higher surgical 
face mask (Figure 3 and 4).38

7. Surgical care of elective non-cOVID-19 patients. elective 
cases must continue at a certain point, given the risk of 
chronification and reduced outcome following immobi-
lization, muscle atrophy, joint stiffening, pain chronifica-
tion and even depression. However, surgical treatment is 
subject to the constraints of current resources and contin-
ued compliance with the hygienic precautions.39 elective 
surgical treatment occurs within the COVID-19- free areas 
of the hospital and postoperative care in the outpatient 
clinics. The gradual return to elective surgery at the au-
thor’s departments were planned under consideration 
of the current national and local infection numbers and 
epidemiological development.40 The current capacity for 
elective surgery for the upcoming week was discussed 
and consented upon by all operative specialties under the 
coordination of the anesthesiology department. The first 
patients scheduled for elective surgery should not require 
postoperative ICU- capacities and the absolute number 
should be well below the maximum bed capacity of the 
hospital to ensure the continued adherence to hygienic 
protocol and allow sufficient capacity for an unexpect-
ed admission of new COVID-19 patients. To account for 
the incubation period of up to 14 days,21 a self- imposed 

quarantine of the identical duration is recommended to 
each patient scheduled prior to hospital admission for 
elective surgery. We consider the combination of a pre-
operative quarantine period of 14 days and a COVID-19 
test a practicable exclusion option for an infection.

conclusion
The goal of the current social lockdown and restrictions 
placed upon the healthcare system during this pandemic 
is to slow the contagion of COVID-19. These measures 
are necessary to keep the absolute number of COVID-19 
patients within the capacity of the health care system. Our 
guidelines recommend all emergency cases to be treated 
as COVID-19- positive until proven otherwise. elective 
cases should not be postponed indefinitely. Operative 
roms require structural modifications and specialized ppe 
for the care of COVID-19 patients, due to the significantly 
increased risk of contagion during the surgical care. Both 
patients and medical personnel should regularly be 
educated on hygiene and correct use of protection equip-
ment. It is unknown when the COVID-19 situation will 
end or if a recurrence is likely. Without a vaccine, proper 
hygiene and isolation measures are the only evident 
strategies. The German concept presented in this article 
might be useful for further research, especially when 
comparing the approaches of different countries during 
the COVID-19 pandemic in the field of orthopaedics.
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