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Abstract

Background: To determine an optimized treatment protocol during the COVID-19 epidemic for patients with
closed fracture and delayed surgery.

Methods: The epidemic data of three hospitals, randomly selected from different administrative regions of Wuhan,
were analyzed retrospectively from 23 January to 31 March 2020. Changes in the number of confirmed cases per
day (cumulative and new) of each region were tracked as a reflection of changing epidemic risk levels. The risk
level map was drawn. The epidemic status, treatment protocols, and treatment efficiencies for patients with closed
fracture in the three hospitals were compared.

Results: Overall, 138 patients with closed fracture were admitted. Each hospital had established its own protocol,
according to the initial perceived risk. Based on the risk level map, over the study period, the risk levels of the three
regions changed independently and were not in sync. All patients recovered and were timely discharged. No staff
member was detected with COVID-19.

Conclusions: The COVID-19 risk level of each area is dynamic. To optimize medical resources, avoid cross-infection,
and improve efficiency, changes in epidemic risk should be monitored. For patients with closed fracture, treatment
protocols should be adjusted according to changes in epidemic risk.

Keywords: Coronavirus disease 2019 (COVID-19), Risk level of the epidemic, Delayed surgery, Closed fracture,
Treatment protocol, Optimization strategy
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Background
The novel coronavirus pneumonia due to SARS-CoV-2
(severe acute respiratory syndrome coronavirus 2) infec-
tion was termed coronavirus disease 2019 (COVID-19)
by the World Health Organization (WHO) [1]. To pre-
vent the spread of the disease, the local government of
Wuhan took decisive action to shut down the city. The
imposed limits on travel let to a sharp reduction in traf-
fic injuries. Even so, low-energy fractures (i.e., due to
falling from up to standing height [2]) still occurred
from time to time during the home quarantine period.
Insufficient protection in the midst of an epidemic can

leave medical staff vulnerable to infection. For example,
a postoperative patient with delayed diagnosis of
COVID-19 caused the transmission of the disease to 14
of the associated medical personnel in one ward [3]. In
2003 in Canada during the SARS (severe acute respira-
tory syndrome) epidemic, nine medical staff were in-
fected after exposure to an infected patient in the
operating room [4]. During the COVID-19 pandemic,
these unfortunate experiences led to a global guideline
for limiting elective surgical procedures, in order to re-
duce the risk of cross-infection, and make medical space
and personnel more available for the greater need [5].
However, patients with severe fracture, such as dis-

placement or intraarticular, have absolute indications for
surgery, and conservative treatment cannot achieve satis-
factory results [6]. Although it is unclear if SARS-CoV-2
can harbor in synovial fluid, musculoskeletal symptoms
such as myalgia, arthralgia, and asthenia are very com-
mon. To relieve musculoskeletal symptoms, joint (intra-
articular and periarticular) injection therapy with hyalur-
onic acid can be used [7]. Yet, it can be difficult to diag-
nosis COVID-19 immediately in the emergency room
because the disease has a long incubation period, mild
symptoms go unrecognized, and nucleic acid detection
is prone to a false negative result. Therefore, under epi-
demic conditions, it is challenging to provide timely,
safe, and effective treatment to patients in need of
trauma orthopedic surgery.
The objective of the present study was to compare the

treatment protocols at three hospitals with various levels
of risk and to determine an optimized strategy of treat-
ment during the COVID-19 epidemic for patients with
closed fracture and delayed surgery.

Methods
This is a retrospective cohort study. The clinical re-
search ethics board of Union Hospital, Tongji Medical
College, and Huazhong University of Science and Tech-
nology approved the protocol of the study (No. LSZ
[174], 2020) and all methods were performed in accord-
ance with the relevant guidelines and regulations. This
report conforms to the recommendations of STROBE

(Strengthening the Reporting of Observational Studies in
Epidemiology) [8].

Setting and participants
The study was performed based on data collected, for
the period from 23 to 2020 (the beginning of Wuhan
lockdown) to 31 March 2020, from the following three
hospitals: Wuhan Union Hospital (H1); People’s Hospital
of Dong-Xi-Hu District, Wuhan (H2); and People’s Hos-
pital of Caidian District, Wuhan (H3). These hospitals
are located in different administrative regions of Wuhan
and were randomly selected according to their probable
risk levels, i.e., H1 is located in the Jianghan District,
which was the most affected area of the epidemic in
Wuhan. H2 is located at the edge of the third ring of
Wuhan, and H3 is in the far urban area of Wuhan.
We included patients with closed fracture in delayed

surgery, without restriction for age or gender. Patients
who required emergency treatment due to the following
were excluded from this analysis: open fracture, or a few
closed fractures or fracture-dislocation including those
with neurovascular injury or osteofascial compartment
syndrome, or spine fractures with spinal cord injury. In
addition, patients with confirmed COVID-19 were
excluded.

Data collection
The official data for the cumulative number of con-
firmed cases and newly confirmed cases in each adminis-
trative district of Wuhan were obtained from the
Wuhan Municipal Health Commission. The primary
clinical characteristics of the patients at the three hospi-
tals were collected, as well as the treatment protocols
(screening, anesthesia, and operation); and preoperative,
postoperative, and total hospitalization times. The pa-
tients were treated as three cohorts (P1, P2, P3), corre-
sponding to the three respective hospitals (H1, H2, H3).

Data analysis
The risk category of each county or urban unit was
judged as low, moderate, or high. Low risk was defined
as no confirmed cases, or no newly confirmed cases for
14 consecutive days. Moderate risk consisted of ≤ 50 cu-
mulative newly confirmed cases within 14 days, or ≤ 50
cumulative confirmed cases without a clustering epi-
demic within 14 days. High risk meant that the cumula-
tive number of confirmed cases was > 50 with a
clustering epidemic, within 14 days.
The dynamic chart of the COVID-19 epidemic risk

level was recorded based on the government official no-
tification data. The percentage of new confirmed cases
per million population in each administrative region was
calculated daily, and the newly confirmed number was
added every day. A risk level map of the COVID-19 data
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in Wuhan was drawn with the location of the three hospitals
(H1, H2, H3) to assess the daily risk level of COVID-19 in
each administrative district. The risk level for COVID-19 in
different regions was compared on the time axis (Fig. 1).
Flow charts for each treatment protocol in the three

hospitals were drafted. Categorical variables are shown
as count, with percentage or frequency. Continuous vari-
ables are shown as mean with standard deviation. For
comparisons of categorical variables, Pearson’s chi-
squared test or Fischer’s test were used. Comparisons of
continuous variables among the three hospitals were
performed by analysis of variance (ANOVA) or Kruskal-
Wallis one-way analysis-of-variance, depending on the
distribution of the data. All statistical analyses were per-
formed using SPSS 20.0 statistical software.

Results
Clinical characteristics of the included patients
Overall, 138 patients with closed fracture were admitted
to the three hospitals during the study period (Table 1).
The age of these patients was 52.4 ± 16.6 years, and 68
of them were men (49.3 %). The predominant three frac-
tures were of the hip, tibiofibular joint, and femur
(28.6 %, 21.1 %, and 11.3 %, respectively, or 38, 28, and
15 patients).
Most of the 138 patients were hospitalized for more

than two weeks. During the 2-week isolation period, two
patients and one caregiver were confirmed to have
COVID-19 in H1, and three patients were confirmed in
H2. These five patients and one caregiver were trans-
ferred to a designated hospital for COVID-19, for further
treatment immediately. No medical staff member was
found to have COVID-19 during the study period in any
of the three hospitals.

Treatment protocols in the three hospitals
At H1
H1 is in the area of highest risk for COVID-19. To man-
age the epidemic, H1 established a COVID-19 expert
consultation group and buffer wards. Especially, an
orthopedic emergency room (OER) was set up to screen,
separate, and treat patients with COVID-19 (Fig. 2).
The following protocol (P1) was applied at H1. First,

outpatients were sorted at an emergency triage station.
Those with fever or respiratory symptoms were guided
to the fever clinic, and those with confirmed COVID-19
were transferred to a designated hospital. Second, all
fracture cases without upper respiratory symptoms were
treated in the OER, where preoperative preparation was
performed for those who needed delayed surgery; mild
cases were treated conservatively. Those patients with
non-life-threatening conditions were transferred to a
designated hospital. For patients at critical risk, emer-
gency surgeries were performed in a negative pressure

operating room under level-3 protection. After the oper-
ation, the patients were admitted to the isolation ward of
the infection department.
Patients with fractures who required hospitalization

for a selective operation were admitted to the buffer
ward, after screening with chest computed tomography
(CT) and for SARS-CoV-2 antibody. After 24 h, screen-
ing for SARS-CoV-2 was repeated in the buffer ward be-
fore patients were transferred to the regular orthopedic
ward. After one week of isolation, patients in the ortho-
pedic ward were reevaluated for the SARS-CoV-2 anti-
body. For those who tested negative, surgery was
performed under routine protocols. Patients who tested
positive were transferred to a designated hospital. Fi-
nally, all patients were reevaluated for the SARS-CoV-2
antibody before discharge.

At H2
Relative to H1, the epidemic risk level at H2 was consid-
ered lower because of its geographic location. The ad-
ministration at H2 established an expert consultation
group, but not a designated emergency orthopedic con-
sulting room, and the emergency room served for pa-
tients’ reception.
The patient protocol (P2) applied in H2 was as follows

(Fig. 3). First, screening with emergency chest CT was
performed for each patient in the emergency room,
without detection of the virus nucleic acid or antibody.
For patients whose CT was negative, the orthopedic
clinic then addressed the problem of closed fracture and
other orthopedic emergencies. There was no special buf-
fer isolation ward set up at H2. Patients and their care-
givers were isolated in a single room in the general
ward.
After more than one week of admission isolation, pa-

tients were reexamined for COVID-19 by testing for
virus nucleic acid and antibody. For patients were nega-
tive results, surgery was performed. Expert diagnosis and
treatment of COVID-19 was emphasized. A team of ex-
perts was repeatedly invited for identification consult-
ation, and relied on to ensure the accuracy of diagnosis
and treatment.

At H3
Because H3 is located in the remote urban area of Wu-
han, the epidemic risk was assumed lower than at H1 or
H2. A significant feature of the protocol (P3) applied at
H3 was that all treatments were adjusted based on the
dynamic changes of its own test conditions and the epi-
demic at the hospital location (Fig. 4).
Prior to 5 February 2020, it was impossible to perform

a routine nucleic acid test at H3, and admission screen-
ing did not include nucleic acid screening. (Since 5 Feb-
ruary 2020, the hospital has been able to check for the
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nucleic acid.) Surgical patients were screened by chest
CT, routine blood, and nucleic acid test (twice) within
three days before surgery. If the result was negative, pa-
tients underwent standard operation protocols; if posi-
tive, patients were transferred to the designated hospital.
Since no patient was found with a positive nucleic acid
test from 5 February to 10 March, H3 has not routinely
checked for nucleic acid since 10 March 2020. To
shorten the diagnostic and treatment protocols, and im-
prove efficiency, H3 only performed the nucleic acid test
and antibody test for patients with pulmonary infection
and fever of unknown cause.

Anesthesia, operation, and prognosis
The anesthesia type that was most frequently applied at
H1 was general anesthesia (83.3 %; Table 1). However, at
H2 and H3, combined spinal and epidural anesthesia
was preferred, at rates of 73.8 and 68.9 %, respectively.
All fractures were treated with classic surgical methods.
Most fractures were treated with open reduction and in-
ternal fixation with a steel plate, some with closed re-
duction and internal fixation with an intramedullary
nail. A few were treated with an external fixator or artifi-
cial joint replacement.
The hospital stay at H1 was significantly longer than

at H2 or H3 (P < 0.05), including the length of preopera-
tive and the postoperative stay (Table 1). After surgery,
all patients experienced a good alignment, and their
wounds were well recovered. There were no periopera-
tive complications, such as infection.

Risk level map of COVID-19 in Wuhan
H1, H2, and H3 are in the Jianghan, Dong-Xi-Hu, and
Caidian areas, respectively (Fig. 5). From 5 February to
31 March 2020, the risk level of COVID-19 in all these
administration areas decreased. Most of the time, the

hierarchy of risk, from high to low, was Jianghan, Dong-
Xi-Hu, and Caidian (Fig. 1). The number of newly con-
firmed cases within the most recent 14 days in the three
areas decreased from 1 March to 3 March 2020. The
peak time for new cases within the most recent 14 days
was from 12 to 26, February 2020.

Discussion
Unlike in other countries [9, 10], in China there was no
national protocol for closed fracture treatment during
the pandemic. Multiple trauma care is often challenging
too [11]. The present study explored a reasonable treat-
ment protocol for patients with closed fractures during
the COVID-19 pandemic by evaluating the results from
3 hospitals in Wuhan, China. The three hospitals ad-
justed their treatment protocol according to the level of
epidemic risk and their own infrastructure. We found
that it is feasible and effective to evaluate the epidemic
risk level of each county and city, to select the appropri-
ate protocols according to the risk level of each hospital,
and to adjust protocols as changes in risk level occur.
The above adjustment is consistent with the global guid-
ance for surgical care during the COVID-19 pandemic
[5].
One of our principles is that COVID-19 should not be

a contraindication for surgery in patients with fracture
[12]. According to our maps of dynamic COVID-19 risk
levels, the three targeted hospitals differed in risk and
source of patients. Patients at H2 and H3 are mainly
local residents, while H1 is a large-scale tertiary hospital
with patients from all areas of Hubei Province and with
relatively complex cases. As the most severe area of the
epidemic, H1 was overwhelmed during the entire period.
During the pandemic, patients in non-designated hospi-
tals with fracture who needed emergency surgery were

Fig. 1 Dynamic changes in the time axis of the epidemic risk in the three regions (based on the cumulative number of newly diagnosed people
within 14 days). (A) From January 17, 2020 to March 5, 2020. (B) From March 7, 2020 to March 31, 2020

He et al. BMC Musculoskeletal Disorders          (2021) 22:743 Page 4 of 10



simply bandaged and stabilized, and then transferred to
designated hospitals for treatment [5, 13]. Concerning
the cohort at H1, all patients who underwent immediate
emergency surgery were treated as though they had con-
firmed COVID-19.
It is believed that close contact with patients’ infected

respiratory droplets are the main routes of COVID-19
transmission [14], even when the infected person is
asymptomatic [15, 16]. Some patients have no respira-
tory symptoms but do have diarrhea, mild muscle ache,

or other symptoms, and already have the ability to trans-
mit COVID-19 [17, 18]. In patients with acute fracture
symptoms such as trauma, bleeding, or pain, asymptom-
atic COVID-19 can be easily overlooked [19, 20]. Mus-
culoskeletal symptoms are also associated with COVID-
19 [21]. Therefore, it is vital to enhance detection of
COVID-19 and temporarily isolate patients after hospital
admission.
According to the management guideline for fractures

[19], waiting time for soft tissue swelling that is generally

Table. 1 Clinical characteristics of the 133 patients with closed fracture a

H1 H2 H3 Total P b

Subjects, n 32 45 61 138 —

Age, y 46.1 ± 19.4 57.1 ± 17.6 53.0 ± 13.7 52.4 ± 16.6 0.001

Male, n (%) 18 (56.3) 21 (46.7) 29 (47.5) 68 (49.3) 0.656

Fracture

Total, n 35 56 68 159

Tibia and fibula 3 (8.6) 9 (16.1) 16 (23.5) 28 (17.6) 0.207

Femoral neck 5 (14.3) 11 (19.6) 7 (10.3) 23 (14.5) 0.032

Femur 5 (14.3) 5 (8.9) 5 (7.4) 15 (9.4) 0.393

Spinal column 8 (22.9) 4 (7.1) 1 (1.5) 13 (8.1) 0.023

Ankle 1 (2.9) 6 (10.7) 6 (8.8) 13 (8.1) 0.238

Calcaneus 2 (5.7) 2 (3.6) 7 (10.3) 11 (6.9) 0.035

Patella 1 (2.9) 4 (7.1) 4 (5.9) 9 (5.7) 0.484

Clavicle 2 (5.7) 1 (1.8) 6 (8.8) 9 (5.7) 0.163

Humerus 1 (2.9) 2 (3.6) 5 (7.4) 8 (5.0) 0.047

Intertrochanteric femur 0 5 (8.9) 3 (4.4) 8 (5.0) 0.069

Pelvis & acetabulum 4 (11.4) 2 (3.6) 1 (1.5) 7 (4.4) 0.159

Ulna and radius 1 (2.9) 2 (3.6) 4 (5.9) 7 (4.4) 0.301

Other 2 (5.7) 3 (5.4) 3 (4.4) 8 (5.0) 0.742

Anesthesia

Total, n 30 42 61 133

General 25 (83.3) 5 (11.9) 5 (8.2) 35 (26.3) 0.003

Brachial plexus 1 (13.3) 6 (14.3) 14 (23.0) 21 (15.8) 0.237

Spinal & epidural 4 (13.3) 31 (73.8) 42 (68.9) 77 (57.9) 0.048

Operation type

Total, n 32 42 61 135

Plate and screw 26 (81.3) 33 (78.6) 50 (82.0) 109 (80.7) 0.002

External fixator 2 (6.3) 0 2 (3.3) 4 (3.0) 0.718

Joint replacement 4 (12.5) 5 (11.9) 5 (8.2) 14 (10.4) 0.029

Intramedullary nail 0 4 (9.5) 4 (6.6) 8 (5.9) 0.001

Hospital stay, d

Total 21.9 ± 8.1 19.5 ± 4.5 15.3 ± 4.3 18.6 ± 5.8

Preoperative 10.9 ± 6.1 8.9 ± 4.4 6.8 ± 4.1 8.5 ± 5.0 0.015

Postoperative 10.7 ± 3.9 6.8 ± 3.4 8.6 ± 3.2 8.9 ± 3.5 0.101
a Reported as n (%) unless indicated otherwise.
b P value comparing 3 target hospitals by ANOVA for continuous variables and chi-squared test for categorical variables.
Abbreviations: H1 Wuhan Union Hospital; H2 People’s Hospital of Dong-Xi-Hu District; H3 People’s Hospital of Caidian District.
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Fig. 2 Flow chart of admission classification and treatment process for emergency patients in Wuhan Union Hospital (H1)

He et al. BMC Musculoskeletal Disorders          (2021) 22:743 Page 6 of 10



1 to 2 weeks [22]. Notably, the incubation period of
COVID-19 is also usually up to 2 weeks [23]. Therefore,
we can make full use of the waiting period in patients with
fracture to detect COVID-19. In our study, the overall
wait time in each hospital was more than one week. Five

patients (2 in H1, and 3 in H2) were found to have
COVID-19 during the hospital stay prior to surgery.
Tracheal intubation to implement general anesthesia

requires opening the patient’s respiratory tract, which in-
creases the exposure risk of medical staff to the virus

Fig. 3 Flow chart of admission classification and treatment process for emergency patients in Dongxihu District Hospital (H2)
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Fig. 4 Flow chart of admission classification and treatment process for emergency patients in Caidian District Hospital (H3)
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[24, 25]. During the pandemic, it has been suggested that
simple anesthesia methods should be chosen if possible,
i.e., local or nerve block, rather than general anesthesia
for any operation [26]. In the present study, H1 applied
general anesthesia significantly more often than H2 or
H3 did for closed fracture surgeries, because of differ-
ences in conventional anesthesia tradition. However,
none of the staff in any hospital contracted COVID-19
due to operative exposure. Therefore, if the prevention
and control measures are appropriate, all kinds of
anesthesia are safe [26].
During the pandemic, most hospitals in China strictly

adhered to the same protocols, which did not allow pa-
tients with fracture a timely operation. As these were ap-
plied without regard for patients’ specific circumstances,
there was a serious decline in work efficiency and great
waste occurred. A recently published review [27] sug-
gested conservative treatment, as far as possible, for
non-obligatory fracture and in lesser equipped centers.
The present study supplies a guideline for the admission
of patients with fracture that depends on the risk of
COVID-19. The cohort at H3 had the shortest hospital
stay, where the risk of COVID-19 was least. Thus, the
protocol at H3 is safe for COVID-19 areas at low risk.
The protocol at H1, where the risk of COVID-19 was
consistently high, is relatively cumbersome and
hospitalization time is prolonged, but it is the most
logically safe and suitable for those circumstances.
Currently, the gradual availability of COVID-19 vac-

cines has greatly relieved the burden of the hospitals.
However, the protocols in the present study are very
suitable for future pandemic conditions. The limitations
of the present study include small sample size and a

brief study period. Future large-scale research is needed
to confirm our findings.

Conclusions
During the COVID-19 pandemic, the methods for asses-
sing risk at the regional level should be based on the
local number of confirmed patients. For patients with
closed fracture, the protocols described herein are prac-
tical and feasible, as they were customized according to
the epidemic risk level in the geographic area. For low-
risk areas, a relatively aggressive and simplified protocol
(P3) was adopted; for medium and high-risk areas, the
protocols were rather more conservative (P1/P2). Risk
levels can change, and treatment protocols should be ad-
justed accordingly to save human, material, and financial
resources, as well as ensure medical safety.
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