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Abstract
Purpose This study aimed to evaluate the acceptability of 14 days of self-quarantine and the positivity rate of pre-operative
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) polymerase chain reaction (PCR) screening for patients under-
going elective orthopaedic surgery.
Methods The self-quarantine programme and pre-operative SARS-CoV-2 PCR screening were initiated for patients who were
scheduled for admission later than 7 May 2020 for elective orthopaedic surgery on admission. On the day of admission, the
patients declared compliance with self-quarantine regulations. The admission was refused in cases of non-compliance. After
admission, the patients underwent SARS-CoV-2 PCR screening. If PCR results were negative, isolation was terminated. If PCR
results were positive, the surgery was postponed. If the patients had symptoms suspicious of coronavirus disease (COVID-19)
after surgery, the PCR test was repeated.
Results Overall, 308 patients (age: 63.2 ± 18.8 years, 197 female and 111 male) were scheduled for elective orthopaedic surgery.
Two patients did not agree with the requirements of self-quarantine, and two other procedures were cancelled. No non-
compliance was reported; thus, the completion rate of the self-quarantine programme was 304/308 (98.7%). Finally, 304 patients
underwent PCR testing, and there were no positive PCR results. After cancellations of four operations due to reasons other than
COVID-19, 300 surgical procedures were performed. No patients developed COVID-19 during hospitalisation.
Conclusions Although this system is based on trusting the good behaviour of patients, accompanied by PCR screening, we
believe that the results showed the efficacy of the system in safely performing orthopaedic surgery during the COVID-19
pandemic.
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Introduction

The coronavirus disease (COVID-19) pandemic, caused by
the severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), has globally threatened lives in the past several
months. During the pandemic, healthcare systems were highly

stressed and non-urgent elective surgery was postponed or
cancelled to free up beds and medical staff for treating patients
with COVID-19. With a decrease in the number of patients
with COVID-19 and reduction of stress on the healthcare sys-
tem, elective surgery has resumed.

Pre-operative screening of surgical patients for COVID-19
is currently recommended, although no universal guidelines
exist [1]. One of the unfavourable features of COVID-19 is the
existence of asymptomatic carriers; even in symptomatic pa-
tients, several days of the incubation period are required for
symptom occurrence [2]. To avoid the admission of undiag-
nosed asymptomatic carriers, pre-operative universal screen-
ing is a reasonable option. Screening is highly beneficial for
the patients themselves; a mortality rate of 20.5% in 34 elec-
tive procedures performed in China and 18.9% in 280 elective
operations in an international cohort were reported within the
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incubation period of COVID-19 [3, 4]. Screening is also ben-
eficial for hospital staff because transmission of the COVID-
19 from patients to surgeons and other hospital staff has been
reported [5–7]. Hence, the detection of asymptomatic patients
before admission is highly desirable to protect both the med-
ical staff and patients.

Repeated outbreaks of COVID-19 have been reported
worldwide, and a resurge of infection has been reported in
many countries. Japan has also experienced multiple out-
breaks. To safely resume elective orthopaedic surgery in these
difficult circumstances, our hospital conducted a single poly-
merase chain reaction (PCR) test pre-operative screening in
combination with 14 days of self-quarantine before admis-
sion. This study aimed to evaluate the acceptance of pre-
admission self-quarantine and PCR screening in patients un-
dergoing elective orthopaedic surgery, the positivity rate of
SARS-CoV-2 PCR screening after self-quarantine, and
whether there was a patient diagnosed with COVID-19 after
surgery.

Materials and methods

This study was a prospective case series under the approval of
the ethics committee of our hospital. Informed consent from
each patient was waived, and an opt-out was offered. The self-
quarantine programme and pre-operative SARS-CoV-2 PCR
screening (Fig. 1) were commenced for the patients who were
scheduled for admission to a teaching hospital in Kyoto Japan
later than 7th May 2020 after the five successive hospital
holidays. All elective orthopaedic surgery was extracted from
the electronic data registry in the medical record system and
were prospectively included in this study. The elective surgery
in this study included arthroplasties, non-urgent spine surgery,
procedures for musculoskeletal tumours, and other elective
orthopaedic operations for joints, peripheral nerves, tendons,
and bones. Patients who underwent emergency or urgent sur-
gery, such as trauma procedures, emergency spine operations,
emergency tumour procedures, surgery for acute infection, or
surgery for ischaemic conditions were excluded. Patients who
denied participating in this prospective data collection were
excluded, as were patients undergoing outpatient surgery un-
der local anaesthesia. There was no exclusion due to the back-
ground or health condition of the patients.

Patients scheduled for elective surgery were asked to un-
dergo two weeks of self-quarantine (Table 1). The patients
were required to be admitted to the hospital one to five days
before the surgery. On the day of admission, the patients de-
clared that they had followed the self-quarantine regulations
and had not had any symptoms or contact with COVID-19
patients. Admission was refused in the case of non-compli-
ance. After admission, the patients were isolated in a private
room and underwent SARS-CoV-2 PCR screening using

either a nasal swab or saliva, even when a patient had a recent
negative PCR result. Additional radiological screening was
not performed. Until the PCR results were known, they were
treated as suspected COVID-19 patients, were isolated in the
private room, and medical staff were required to wear personal
protective equipment in the presence of these patients. If PCR
results were negative, isolation was terminated. If PCR results
were positive, the surgery was postponed, and the patients
were kept isolated. The patients were followed up until dis-
charge. If the patients had symptoms such as unexplained
fever, respiratory tract symptoms, dysgeusia, or dysosmia that
led to a suspicion of COVID-19, the PCR test was repeated
with an adequate radiographic evaluation. If the patient came
in contact with a person who was suspected with COVID-19,
the PCR test was repeated even when the patient was
asymptomatic.

Fig. 1 Flowchart of the self-quarantine programme and pre-operative
SARS-CoV-2 PCR screening. Processes before and after admission are
illustrated on the blue and orange backgrounds, respectively
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PCR test

Samples were liquefied using semi-alkaline protease
(Sputazyme; Kyokuto Pharmaceutical Industrial, Tokyo,
Japan) before centrifuging at 20,000×g for two minutes.
RNA was extracted from 140 μL of the supernatant of saliva
samples or universal transport media for nasal swabs using the
QIAamp Viral RNA Mini Kit (Qiagen, Hilden, Germany)
with RNA extraction controls, 5 μL of LightMix Modular
EAV RNA Extraction Control (EAV; Roche, Basel,
Switzerland) or 10 μL of MS2 phage (Thermo Fisher
Scientific, Waltham, MA, USA), and eluted in a final volume
of 60 μL. Real-time reverse transcriptase PCR was performed
using N1, N2, and RNaseP (RP) internal control assays devel-
oped by the Centers for Disease Control and Prevention
(2019-nCoV CDC EUA kit, obtained from Integrated DNA
Technologies, Coralville, IA, USA) using a LightCycler 480
System II (Roche).

Statistics

Descriptive statistics were employed. The following numbers
were recorded: the scheduled elective orthopaedic surgery,
acceptance or denial of the self-quarantine, compliance and
non-compliance with the self-quarantine, admissions, total
PCR screenings, positive and negative PCR results, surgery
performed, suspected COVID-19 patients after surgery, and
repetitive PCR tests after surgery. The data are expressed as
actual counts, percentages, and means ± standard deviations
for continuous values. The data were also analysed in sub-
groups according to age and sex. To answer the clinical ques-
tions in this study, (1) the rate of acceptance of pre-admission
self-quarantine and PCR screening, (2) the PCR screening

positivity rate, and (3) number of repetitive PCR and diagno-
ses of COVID-19 after elective surgery were obtained.

Results

The rate of acceptance of pre-admission self-quaran-
tine and PCR screening

Between 7th May and 31st October 2020, 308 patients (age:
63.2 ± 18.8 years, 197 female and 111 male) were scheduled
for elective orthopaedic surgery under general or spinal anaes-
thesia. Two patients cancelled the surgery because they did
not agree with the requirements of self-quarantine and pre-
operative PCR screening. The acceptance rate of the self-
quarantine programme was 306 /308 (99.4%). Two surgical
procedures were cancelled before admission due to reasons
unrelated to COVID-19. On the day of admission (3.8 ± 1.2
days, minimum 1 day, maximum 5 days, prior to the surgery),
304 patients submitted the self-quarantine document, and no
non-compliance was declared. Thus, the completion rate of
the self-quarantine programme was 304 /308 (98.7%). The
details are shown in Table 2 with subgroups according to
age and sex.

The PCR-positive screening rate

Finally, 304 patients were admitted to the ward. All 304 pa-
tients underwent PCR testing, and there were no positive re-
sults after 0.7 ± 0.4 days (minimum 0 days, maximum 2 days)
(Table 2). The surgery of three patients were cancelled after
PCR sample collection because of personal reasons, and they
were discharged. One operation was cancelled because of high
fever due to otolaryngologic disease. For the remaining 300
patients who cleared two weeks of self-quarantine and had
negative SARS-CoV-2 PCR results, orthopaedic surgery
(111 arthroplasties, 46 musculoskeletal tumour surgeries, 45
spine operations, 35 hand and microscopic surgical proce-
dures, 18 arthroscopic procedures, 16 knee and hip
osteotomies for adults, 15 foot and ankle operations, and 14
other surgical procedures) were performed as scheduled.

The development of COVID-19 after elective surgery

There were no patients with unexplained fever or symptoms
related to COVID-19 after surgery. SARS-CoV-2 PCR was
not repeated for suspected symptoms of COVID-19; however,
PCRwas repeated for one patient with negative result because
the patient had possible contact with COVID-19 patients.
Thus, no patients were diagnosed with COVID-19 during
hospitalisation.

Table 1 Two weeks of self-quarantine programme

Please do not take the following actions from 2 weeks before admission.

a. Stay in closed spaces with poor ventilation

b. Stay in crowded places with many nearby people

c. Participation in close-contact settings such as close-range conversa-
tions

d. Go abroad

e. Have a domestic trip

The patient would not be permitted for admission, if he/she would be in
the following conditions.

1. If the patient or his/her immediate family had at least one of the
symptoms written below two weeks before admission:

a. would have a fever at 37.5°C or more;

b. would present with cold-like symptoms (e.g., nasal discharge, sore
throat, cough); and

c. would lose their sense of taste or smell.

2. If the patient or his/her immediate family members were infected or in
close contact with the novel coronavirus.
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Discussion

To protect patients and medical staff from COVID-19 and
safely perform elective surgery, concentrated efforts should
be made to not form clusters of patients undergoing elective
surgery at the hospital. A high risk of exposure of healthcare
workers to COVID-19 has been reported. Surprisingly, 19%
of patients in the United States were identified as healthcare
workers [7]. Infection transmission from surgical patients to
medical staff was reported in China; six out of 51 surgeons,
nine out of 38 ward nurses, and one out of nine
anaesthesiologists who were exposed to surgical patients with
COVID-19 were infected [5]. In a report of 26 orthopaedic
surgeons, the suspected sites of exposure were general wards
(79%), public places in the hospital (21%), operating theatre
(13%), intensive care unit (4%), and outpatient clinic (4%) [6].
Thus, there is a high risk of infection transmission to medical
staff from patients with COVID-19.

According to the international statement [8] and orthopae-
dic guidelines/recommendations [9, 10], elective surgery may
be performed in cases of a continuous decrease in the number
of patients with COVID-19 and sustained reduction in the
incidence of new COVID-19 cases in the relevant geographic
area for at least 14 days. The availability of sufficient facilities,
beds, personal protective equipment, and most importantly,
medical staff is essential. Japan has been combating several
waves of COVID-19 by voluntary self-isolation of people
without any enforcement, punishment, or lockdown of its cit-
ies (Fig. 2). Although a state of emergency was proclaimed in
our prefecture on 7 April 2020 with the third highest number
of COVID-19 infected people per million population in 47
prefectures, the number of new patients started decreasing in
the middle of April, and the number of patients continued to
decrease since the end of April. Overwhelming of hospitals
because of the increase in infection was also avoided. With

these local conditions, self-quarantine and pre-operative
SARS-CoV-2 PCR screening were undertaken for patients
undergoing elective surgery in the second week of May and
continued until 31 October 2020.

Consensus has not yet been reached regarding the best
screening method for elective orthopaedic procedures during
the COVID-19 pandemic. To perform surgery without a def-
inite screening method, the stratification approach for an elec-
tive surgery is advocated according to the priority of surgery,
subspeciality, and risks of the patients [1]. The decision-
making algorithm for risk stratification is also useful in decid-
ing whether to perform elective surgery. [11]. Universal
screening for essential orthopaedic surgery in New York in
April 2020 showed a 12.1% COVID-19 positive rate, which
included 58.3% asymptomatic patients [12]. Computed to-
mography (CT) screening for urgent elective surgery in the
United Kingdom reported findings suggestive of COVID-19
in 13/156 (8%) patients, and COVID-19 was confirmed in two
of these patients with an additional PCR test [13]. Although
CT provides the most accurate diagnosis for COVID-19 pneu-
monia, the use of CT for universal screening may be imprac-
tical due to its high cost and radiation exposure [12, 14]. Other
screening methods use antibody tests, but the presence of an-
tibodies was <40% among patients within one week of onset
[15]. Thus, antibody testing as a screening method in the early
stages would result in false negatives. For the universal
screening of patients for elective surgery, diagnosing as many
asymptomatic patients as possible is desirable. The sensitivity
of PCR is approximately 70–98%, and it seems reasonable for
screening purposes [16]. In the recommendation of the
Japanese Orthopaedic Association in May, both PCR tests
and CT were recommended for screening [10]. Currently,
the International Consensus Group (ICM) and Research
Committee of the American Association of Hip and Knee
Surgeons (AAHKS), European Society of Sports

Table 2 Numbers of scheduled surgery and the results of self-quarantine programme with PCR test

Age Surgery
scheduled

Refusal of
self-quarantine

Cancellation
before admission

Admission, PCR
test performed

Positive
PCR test

Cancellation
after admission

Surgery
performed

Females −29 10 0 0 10 0 0 10

30–49 17 0 0 17 0 0 17

50–69 71 1 0 70 0 0 70

70- 99 0 1 98 0 2 96

Sub-total 197 1 1 195 0 2 193

Males −29 13 0 0 13 0 0 13

30–49 20 0 1 19 0 0 19

50–69 37 1 0 36 0 1 35

70- 41 0 0 41 0 1 40

Sub-total 111 1 1 109 0 2 107

Total 308 2 2 304 0 4 300
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Traumatology, Knee Surgery & Arthroscopy (ESSKA), and
European Hip and European Knee Society support the use of
PCR for screening in cases of elective orthopaedic surgery [9,
17, 18].

The number of PCR tests is also important for effective
screening. Given the reported false-negative rate of the PCR
test for COVID-19 (2–30%) [16], repeat PCR testing may be
justified. However, there is no consensus on repeating the
PCR test for screening purposes. A recent study reported a
1.9% rate of positive PCR after initially negative PCR results
and supports selective repeat PCR testing only when symp-
toms develop after a negative test, or in hospitalised patients
with a high clinical suspicion for COVID-19 [19]. Another
report also supports selective repeat of PCR tests only when
patients exhibit typical CT findings of COVID-19 and does
not recommend routine repetitive PCR only because of the
possibility of false negatives [20]. We do not hesitate to per-
form a repeat PCR test in suspicious cases, but we now do not
routinely repeat PCR for asymptomatic inpatients.

No patients were diagnosed with COVID-19 during
hospitalisation after surgery. This may indicate that our self-
quarantine with PCR screening safely blocked the admission
of COVID-19 patients. We believe that self-quarantine is a
crucial component of patient behaviour to prevent an increased
risk of infection. The nosocomial spread of COVID-19 is not
uncommon. In the worst-case scenario, asymptomatic but

infected patients could become super spreaders, which may
generate infection clusters in the hospital. In a recent calculation
in the United Kingdom, the risk of patients with an undetected
SARS-CoV-2 infection being inadvertently admitted for elec-
tive orthopaedic surgery was relatively low (0.07%, 1 in 1400)
[21]; however, the best efforts should be taken to decrease this
possibility. The self-quarantine programme is beneficial in de-
creasing the possibility of infection in patients scheduled to
undergo elective surgery if all patients strictly obey the rules.
It is important to make the patients aware that they are a poten-
tial source of bringing COVID-19 infection into the hospital,
and they must reduce the exposure to COVID-19 as much as
possible. Minimising the transmission of COVID-19 among
healthcare workers is also a high priority. To this end, hospital
staff have undergone selective PCR and antibody surveillance
in conjunction with several behavioural protocols. They have
been required to check their body temperature every day, to
wear a mask whenever in the hospital, and to comply with strict
hospital rules similar to the self-quarantine programme. By
complying with self-quarantine, patients as well as medical
staff protect the hospital from the undesirable spread of
COVID-19.

A limitation is that this self-quarantine programme is based
on the voluntary cooperation of the patients. Given the cooper-
ative self-isolation of the majority of the Japanese population
under the state of emergency, we believe that the majority of

Fig. 2 The number of cases with
COVID-19 in Japan from 16th
January to 31st October 2020
[26]. A state of emergency was
proclaimed in several metropoli-
tan areas in Japan, including
Kyoto on 6th April, and lifted
21st May 2020
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our patients would have adequately complied with the self-
quarantine rules, which is critical for reducing the risk of
SARS-CoV-2 infection in the hospital. Additionally, in-
hospital isolation with PCR screening could diagnose a small
number of asymptomatic patients who could be sources of
nosocomial infection. The small patient number was another
limitation. Several studies have shown that patients with undi-
agnosed COVID-19 visit hospitals. During the explosive surge
of COVID-19 in New York, 13.5% of women admitted for
delivery in March were reported as SARS-CoV-2 PCR-
positive [22]. Universal screening at three children’s hospitals
in the US reported an infection rate of 0.93% from 26March to
22 April 2020 [23]. In Tokyo, 5.97% of asymptomatic patients
receiving non-coronavirus-related treatments were confirmed
to have SARS-CoV-2 infection by PCR tests between 13
April and 19 April 2020 [24]. In another screening study using
antibody titres against SARS-CoV-2 in an outpatient clinic in
Kobe from 31 March to 7 April 2020, 3.3% of the asymptom-
atic population showed positive results [25]. The PCR-positive
rate in all populations in the Kyoto prefecture was 3.5% during
the study period (Table 3) [26]. These results indicate that a
small percentage of patients who visit hospitals may have
SARS-CoV-2. Although this study did not include as many
patients as reported in other multi-centre studies of universal
screening [23, 27], zero PCR-positive results out of 304 tests
may be meaningful to introduce this unique screening pro-
gramme. Finally, this study did not include a control group. A
control group without self-quarantine, or even without PCR
screening, might be needed to scientifically prove the efficacy
of our programme. However, to minimise the risk of the entry
of COVID-19 to the ward and operation theatre, a combination
of self-quarantine and pre-operative PCR was performed. A
control group could not be prepared for ethical and safety rea-
sons, as it might theoretically increase the risk of bringing
COVID-19. Although this study did not include a control
group, we believe that accumulating the results of various
screening methods is important for determining the best screen-
ing method and formulating proper guidelines.

In conclusion, even though this system is based on trusting
the good behaviour of patients, the results of this survey

showed that self-quarantine accompanied by PCR screening
is an effective method for safely performing orthopaedic sur-
gery during the COVID-19 pandemic.
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