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Abstract
Background The Coronavirus disease (COVID-19) pandemic has contributed to over 1,000,000 deaths worldwide. Hos-
pitals responded by expanding services to accommodate the forecasted rise in COVID-19-related admissions. We describe 
the effects these changes had on management of orthopaedic trauma and patient outcomes at a district general hospital in 
Southern England.
Methods Data were extrapolated retrospectively from two separate 6-week periods in 2019 and 2020 (1st April–13th May) 
using electronic records of patients referred to the orthopaedic team. Soft tissue injuries were included where a confirmed 
diagnosis was made with radiological evidence. Patients were excluded if no orthopaedic intervention was required. Data 
were compared between the two time periods.
Results There were fewer attendances to hospital in 2020 compared with 2019 (178 vs. 328), but time from presentation 
to surgery significantly increased in 2020 (2.94 days vs. 4.91 days, p = 0.009). There were fewer operative complications in 
2020 (36/145 vs. 11/88, p < 0.001). However, ordinal logistic regression analysis found a significantly greater complication 
severity in 2020 including death (p = 0.039). Complication severity was unrelated to COVID-19 status.
Conclusions Restructuring of orthopaedic services in response to the COVID-19 pandemic has been associated with sig-
nificant delays to surgery and higher post-operative complication severity. Our results demonstrate the need for fast-track 
emergency operative orthopaedic services in UK district general hospitals whilst the COVID-19 pandemic continues.
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Introduction

The Coronavirus disease 2019 (COVID-19) global pan-
demic has infected over 20 million people and contributed 
to over 1,000,000 deaths worldwide as of September 18th 
2020 [1]. UK hospitals have been required to radically adapt 
their practice in response to COVID-19 to meet the service 
demands placed on medical and critical care departments 
and mitigate virus exposure to patients and staff [2]. For 
trauma and orthopaedic departments, this response has 
included redeployment of trainees, conversion to virtual or 
telephone clinic appointments, routine use of full personal 
protective equipment (PPE) for operations, and cancellation 
of non-essential and elective procedures.

Despite such extensive reforms in practice, hospitals 
have been required to deliver substantive ongoing trauma 
and orthopaedic emergency care. Although the number of 
orthopaedic admissions has declined during the COVID-19 
pandemic [3], there is a paucity of evidence describing the 
impacts of hospital reforms on both the management and 
outcomes of orthopaedic injuries. These data are essential 
for informing and updating clinical guidelines to optimise 
care during such an unpredictable and challenging climate.

This article describes how the recent changes made at 
a busy district general hospital in Southern England in 
response to the COVID-19 pandemic significantly impacted 
both management and outcomes of orthopaedic trauma. To 
our knowledge, this is the first study to describe outcomes 
of orthopaedic trauma managed during the pandemic. We 
collected and analysed data from a 6-week period during 
the pandemic and compared it with the same time period 
last year. We describe 6-week outcomes following discharge 
from hospital and make recommendations for change in the 
management of orthopaedic injuries during the ongoing 
pandemic.

Methods

Data were obtained retrospectively from two separate 
6-week periods: 3rd April 2019 to 13th May 2019 and 3rd 
April 2020 to 13th May 2020. All data were obtained from 
electronic records and recorded on an anonymised spread-
sheet. This project was submitted to the local research and 
development department at Buckinghamshire NHS Health-
care Trust and approved as a service evaluation. It was 
deemed that ethical approval was not required for this study.

Confirmed diagnoses of orthopaedic trauma and joint 
sepsis were included. Soft tissue injuries were included 
where a confirmed diagnosis was made with radiologi-
cal evidence, for example muscle and/or tendon ruptures. 
Patients were excluded if no diagnosis had been made or 

no orthopaedic input was warranted. Head injuries, chronic 
vertebral insufficiency fractures, patients referred to tertiary 
centres and other trusts, and patients followed up at differ-
ent trusts were excluded. Detection of COVID-19 was con-
firmed or excluded based on a swab detecting viral RNA by 
polymerase chain reaction.

The following data were extrapolated from electronic 
records (Evolve™, Kainos  Ltd©): total number of cases 
managed operatively (defined as having a procedure carried 
out in theatres, even if no incision was made e.g. manipu-
lation under anaesthesia in theatres), injury description by 
anatomical site, total number of cases managed non-opera-
tively (not requiring transfer to theatre for procedure), total 
number of cases performed with and without general anaes-
thesia (GA), mean time from presentation to operation and 
6-week complication rates.

For operative cases, complications were classified using 
a modified version of the Clavien–Dindo–Sink system [4–6] 
(Table 1). For cases that were managed non-operatively, 
complication severity was graded from 1 to 5 using an in-
house scoring system based on the Clavien–Dindo–Sink 
system (Table 2).

Statistical analysis was carried out using GraphPad Prism 
(GraphPad Software, San Diego, CA) and SPSS (SPSS Inc., 
Chicago, IL)™. Chi-squared tests were run to compare pro-
portional outcomes, and an unpaired t test was run to com-
pare time to operation between 2019 and 2020. To investi-
gate whether COVID-19 was associated with a significant 
change in complication grade, we ran ordinal logistic regres-
sion models with year as an independent variable (2019 or 
2020) and complication grade [I–V (Clavien–Dindo–Sink) 
or 1–5 (in-house system)] as a dependent variable.1 We 
excluded 14 participants from analysis of non-operative 
complication rates in 2019 because their follow-up was con-
ducted at a separate hospital. Data did not violate assump-
tions for the statistical methods used.

Results

There were 328 patients referred to the orthopaedic team 
in 2019 vs. 178 in 2020. The injury profiles seen in both 
2019 and 2020 are described in Fig. 1. Mean sample age 
was 51.2 years (SD 29.9) for 2019 and 58.2 years (SD 30.1) 
for 2020. This difference in age was statistically signifi-
cant (p = 0.006, t = 2.76). We found that 162/328 referrals 
(49.4%) were male in 2019 and 88/178 referrals (49.4%) 

1 Please note that this in-house scoring system is not validated; 
however, was reviewed and devised by senior orthopaedic clinicians 
involved in the production of this manuscript.
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Table 1  The modified Clavien–Dindo–Sink scoring system for patients undergoing surgery for orthopaedic trauma. Taken from Camino-Willhu-
ber et al. [6]

Grade Definition Examples of specific complications

I Non-life-threatening complication that requires transient medica-
tion and resolves within the next 72 h

Nausea/vomiting/diarrhoea that requires transient medication
Superficial phlebitis

II Requiring pharmacological intervention for at least 72 h, or active 
observation without interventions

Post-operative paralysis resolving completely
Superficial wound infection requiring antibiotics
Transient neuropraxia
Delayed union following femoral or trochanteric osteotomy
Brooker I–II heterotopic ossification; wound complication that does 

not require treatment

Unscheduled blood transfusion is also considered
Transient neurological deficit that requires physical therapy with 

complete recovery
Careful observation of hematoma or seroma

III Requiring endoscopic, radioscopic or surgical treatment
Outside the operating theatre, without or with local anaesthesia 

(IIIA)
In the operating theatre, with regional or general anaesthesia 

(IIIB)

IIIA: prosthetic hip dislocation requiring reduction without anaes-
thesia

DVT
Knee stiffness not requiring MUA
Abscess that requires percutaneous drainage with/without local 

anaesthesia
Wound dehiscence that can be treated under local anaesthesia
IIIB: implant loosening
Brooker III–IV heterotopic ossification requiring surgical treatment
Implant failure requiring revision surgery
Periprosthetic fracture including cortical perforations
Joint stiffness requiring MUA
Polyethylene dislocation following total or unicompartmental knee 

arthroplasty
Avascular necrosis following hip preservation surgery requiring 

further surgery
IV Life-threatening complication requiring management in the inten-

sive care unit (ICU)
Post-operative paralysis from nerve injury without recovery
Compartment syndrome requiring fasciotomy with post-operative 

Volkmann contracture
Myocardial infarction/pulmonary embolism requiring ICU manage-

ment
Permanent vascular/neurological injury

Permanent, unexpected, nerve deficit without recovery

V Death

Table 2  Our local in-house scoring system for patients undergoing non-operative management for orthopaedic trauma. Based on the modified 
Clavien–Dindo–Sink classification system for orthopaedic surgery from Camino-Willhuber et al. [6]

Grade Definition Examples of specific complications

1 Non-life-threatening complication that requires transient medica-
tion and resolves within the next 72 h as a result of hospital 
admission

Nausea/vomiting/diarrhoea that requires transient medication
Superficial phlebitis

2 Requiring pharmacological intervention for at least 72 h, or active 
observation without interventions

Transient neuropraxia as a result of non-operative management of 
a fracture

Delayed union following non-operative management
Brooker I–II heterotopic ossification

Unscheduled blood transfusion is also considered
Transient neurological deficit that requires physical therapy with 

complete recovery
3 Requiring endoscopic, radioscopic or surgical treatment IIIA: DVT

Knee stiffness not requiring MUA
IIIB: Brooker III–IV heterotopic ossification requiring surgical 

treatment
Joint stiffness requiring MUA

Outside the operating theatre, without or with local anaesthesia 
(IIIA)

In the operating theatre, with regional or general anaesthesia (IIIB)

4 Life-threatening complication requiring management in the inten-
sive care unit (ICU)

Paralysis from nerve injury without recovery
Compartment syndrome
Myocardial infarction/pulmonary embolism requiring ICU manage-

ment
Permanent, unexpected, nerve deficit without recovery

5 Death
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were male in 2020. There was no significant difference in 
gender between cohorts (p = 0.992, χ2 < 0.001).

There was no significant difference in the proportion of 
referred cases managed operatively [145/328 (2019) vs. 
87/178 (2020); χ2 = 1.258, p = 0.262, Fig. 2]. There was also 
no significant difference in the proportion of cases managed 
with general anaesthesia (χ2 = 0.305, p = 0.581). A summary 
of demographic data is displayed in Table 3.

When we looked at whether the COVID-19 pandemic 
was associated with longer waiting times from presentation 

to operation, we found a mean waiting time of 4.91 days 
(SD 4.55) in 2020 and 2.94 days (SD 7.92) in 2019. This 
difference (1.97 days) was statistically significant (t = 2.401, 
p = 0.009, Fig. 3).

Next, we wanted to test the hypothesis that the COVID-
19 pandemic was associated with a difference in the overall 
complication rate of either operative or non-operative man-
agement between 2019 and 2020. There were significantly 
lower complication rates in patients managed operatively in 
2020 [χ2 = 5.168, p < 0.001; 36/145 (24.8%; 2019) vs. 11/88 

Fig. 1  Orthopaedic injury profile from 6-week periods in 2019 and 2020 and orthopaedic injury profile by distribution from 6-week periods in 
2019 and 2020. n = 328 (2019), n = 178 (2020)
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(12.5%; 2020)]. This was also the case for non-operatively 
managed patients [χ2 = 3.826, p = 0.050; 32/183 (17.4%; 
2019) vs. 8/89 (8.99%; 2020)].

The next interesting question was whether the COVID-19 
pandemic affected the severity of complications suffered fol-
lowing operative or non-operative management. To achieve 
this, we ran two ordinal logistic regression models with an 
independent variable of year (2019 or 2020) and an ordi-
nal dependent variable of either the Clavien–Dindo–Sink 
Classification Grade (I–V), or a classification grade deter-
mined in-house for non-operative management (1–5). For 
post-operative complications, we found a significant overall 
model fit (χ2 = 4.269, p = 0.039). Being operated on during 
the COVID-19 pandemic significantly increased the odds 
of having a higher grade of complication on the modified 

Clavien–Dindo–Sink scoring system (Odds ratio [95% CI] 
2.100 [1.020–4.327], p = 0.044; Fig. 4). Since we observed 
a significant difference in age between 2019 and 2020, we 
added age as a covariate in this ordinal regression model. 
Age did not significantly affect the complication severity 
(OR 0.996 [95% CI 0.986–1.007], p = 0.499).

When investigating for differences in the severity of com-
plications for patients managed non-operatively, the ordinal 
logistic regression showed a non-significant overall model 
fit (χ2 = 0.856, p = 0.355). Being managed non-operatively 
during the COVID-19 pandemic did not significantly change 
the odds of having a more severe complication (Odds ratio 
[95% CI] 0.510 [0.126–2.068], p = 0.346; Fig. 5).

In 2020, 86/178 (48.3%) of total referrals had a COVID-
19 swab test (Table 4). There was no significant difference in 

Fig. 2  Management of orthopaedic trauma referrals in 2019 vs. 2020. 
Referrals from 2019 and 2020 were compared to determine if there 
was any change in the proportion of cases managed operatively or 

non-operatively as a result of the COVID-19 pandemic. The results 
showed that there was no significant change in the proportion of 
referrals managed operatively in 2019 vs. 2020 *p < 0.05, ** p < 0.01
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p = 0.262
χ2 = 1.258

Table 3  Summary of 
demographic data

The data show there was a significant difference in age between the two cohorts compared in 2019 and 
2020

Year Statistical significance

2019 2020

Number of referrals 328 178
Mean age 51.2 years (SD 29.9) 58.2 years (SD 30.1) p = 0.006, t = 2.76
Gender 162 male 88 male p = 0.992, χ2 < 0.001

166 female 90 female
Operative management 145 87 χ2 = 1.258, p = 0.262
General anaesthesia χ2 = 0.305, p = 0.581
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complication severity between COVID-19 positive and neg-
ative patients who were managed operatively (Mann–Whit-
ney U = 9.5, p = 0.360) or non-operatively (Mann–Whit-
ney U = 1, p = 0.400). Out of all six COVID-19-positive 
patients, one died after developing pneumonitis following 
a non-operatively managed acetabular fracture on a back-
ground of hypertension, ischaemic heart disease, chronic 
kidney disease and transient ischaemic attack. In 2019, there 
were a total of seven recorded deaths (five non-operative, 
two operative). This was also the case for 2020 (three non-
operative and four operative).

Discussion

This study sought to determine the effects of COVID-19 on 
the management and outcomes of orthopaedic trauma at a 
district general hospital in the UK. We found that during the 
COVID-19 pandemic, there were significantly fewer refer-
rals for orthopaedic trauma. However, patients presenting 
during the pandemic were significantly older, experienced 
a significant delay to operation time, and had significantly 
higher post-operative complication severity including death.

Our finding of a reduction in presentations to the emer-
gency department during the COVID-19 pandemic is con-
sistent with both national and international trends [7–10]. 
This directly influences the number of orthopaedic injuries 
cases being managed (either operatively or non-operatively) 
during the pandemic. The reduction in orthopaedic injury 
referrals has several possible explanations. First, it may 
reflect travel restrictions and social curfews resulting in 

Fig. 3  Time from presentation to the emergency department to opera-
tion in 2019 vs. 2020 The data show that during the COVID-19 pan-
demic, there was a significant increase in the time to operation with 
a mean wait of 4.91  days in 2020 compared to 2.94  days in 2019. 
*p < 0.05, **p < 0.01

Fig. 4  The spread of complication severity following operative man-
agement of orthopaedic trauma during the COVID-19 pandemic. 
Results are normalised to the overall number of complications [n = 36 
(2019), n = 11 (2020)]. The data show that during the COVID-19 

pandemic, there was a greater occurrence of complications with a 
higher Clavien–Dindo–Sink grade than in the same period in 2019. 
*p < 0.05. CD Clavien–Dindo–Sink
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decreased exposure to physical injury [7]. Second, it may 
reflect a reduction in work-related injuries associated with 
more people working from home [7]. Third, it may reflect a 
reduction in face-to-face primary care consultations leading 
to fewer referrals from general practitioners [11].

Interestingly, although there was a significantly lower 
overall complication rate during the pandemic, we found 
that individuals who were operatively managed in 2020 had 
significantly increased odds of developing a more severe 
complication. Concerningly, this includes a higher likeli-
hood of experiencing worse post-operative complications, 
including death. A possibility is that the severity of injuries 
and the patterns of trauma observed during the pandemic 
were different compared to this historical norm. This has 
been observed by other studies: despite a lower presenta-
tion rate to hospital, injuries were more complex in nature 
compared to the pre-COVID-19 era [12, 13]. We did not find 
a significant effect of age on complication grade, although 
there may have been unmeasured differences in comorbidity 
and case severity between patients operated on in 2019 and 
2020, which explains the variance in complication sever-
ity. Since there were no individuals who tested positive for 

COVID-19 at the time of operative management, majority of 
the differences in complication severity do not appear related 
to contracting COVID-19. Two patients contracted COVID-
19 in the post-operative period but remained asymptomatic. 
This is supported by our observation that having COVID-
19 did not significantly affect non-operative or operative 
complication rates. This increased incidence could also 
be related to high risk and/or essential cases being oper-
ated upon during the pandemic. Alternative explanations 
could be explained by staff shortages owing to contracting 
COVID-19. As such, the need for expediting trauma patient 
care whilst ensuring patient and staff safety is paramount in 
such unprecedented times [14].

Alternatively, the significant increase in post-operative 
complication severity in 2020 may reflect delays in time to 
operation. We observed that the pandemic was associated 
with nearly double the waiting time to operation. Delays in 
operative management have previously been associated with 
higher 30-day complication rates and severity following hip 
fracture [15]. In our study, hip trauma (in particular neck of 
femur fracture patients) constituted a sizeable proportion of 
our workload (see Fig. 1). This was also observed in at least 
one other centre [16]. It is known that delays in operating 
on this cohort of patients correlate with significantly worse 
post-operative outcomes [17]. Wignall et al. published a case 
series at the beginning of the pandemic and highlighted that 
mortality can be as high as 41% in this cohort after having 
contracted COVID-19 [16, 18]. This further highlights the 
importance of delivering care safely and promptly to these 
patients and has also been reiterated in at least one meta-
analysis [19]. By contrast, other studies have reported no 

Fig. 5  The spread of complication severity following non-operative 
management of orthopaedic trauma during the COVID-19 pandemic. 
Results are normalised to the overall number of complications [n = 32 

(2019), n = 8 (2020)]. The data show that during the COVID-19 pan-
demic, being managed non-operatively was not associated with an 
increased risk of complication when compared to 2019

0 50 100

2020

2019

Non-Operative Complication Grade

Normalised complication rate (%)
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Complication Grade

Table 4  Results of COVID-19 swabs during 2020

There was no significant relationship between COVID-19 swab 
results and post-operative outcomes

Positive Negative Not swabbed Total

Operative 2 54 31 87
Non-operative 4 26 61 91
Total 6 80 92 178
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difference in functional outcomes for patients with hip frac-
tures who experienced a delay in time to operation [20, 21].

An increase in waiting time from presentation to opera-
tion during the pandemic has been reported by other ortho-
paedic and trauma departments [14, 18]. The delay may 
reflect hospital policy to wait for a COVID-19 result before 
operating. Alternative explanations for prolonged waiting 
times include staff redeployment or the use of full PPE, 
which results in slower operation turnover [22–24].

This study has some limitations. We did not test all 
patients for COVID-19, therefore, we cannot fully deter-
mine how contracting COVID-19 affected complication 
grade or severity. During the initial phase of lockdown, not 
every patient received a COVID-19 swab test. In our opera-
tive cohort, approximately 35% of patients did not have a 
swab and overall, 52% of patients were not tested, thereby 
masking the true effect of contracting the virus. Second, our 
follow-up is limited to 6 weeks and we, therefore, do not 
describe long-term patient outcomes and functional status. 
This is also relevant to the Clavien–Dindo Scoring system 
that we have used, where complications such as avascular 
necrosis, knee stiffness, heterotopic ossification and post-
operative paralysis may not develop or recover in 6 weeks’ 
duration. Third, we did not control for differences in the 
complexity or severity of injury and/or surgery observed in 
2019 compared with 2020. Lastly, we did not account for 
the pre-injury status of patients between these two periods. 
The factors described above may also have contributed to an 
increase in operative delays.

Conclusion

The COVID-19 pandemic has resulted in widespread 
changes to the management and outcomes of orthopaedic 
injuries at our district general hospital orthopaedic depart-
ment. Whilst we observed significantly fewer orthopaedic 
admissions and a lower overall complication rate, we were 
referred significantly older patients who experienced sig-
nificant delays to operation associated with significantly 
increased odds of experiencing more severe post-operative 
complications. Despite the limitations of our study, our work 
demonstrates the need for fast-track emergency surgical ser-
vices during the pandemic to decrease time to operation and 
reduce post-operative complication severity. This has been 
described by other orthopaedic departments globally [25, 
26].

With the third lockdown in the United Kingdom currently 
in full swing, the observations and outcomes from this study 
will encourage departments to manage these orthopaedic 
trauma cases more efficiently. We recommend earlier test-
ing and faster laboratory processing of COVID-19 swabs to 
expedite patient care. In addition, full PPE could be reserved 

for individuals who have a confirmed positive test to mini-
mise delays to operating.

Data Availability If you wish to access the raw data, please contact the 
corresponding author.
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