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Background : COVID-19 has created huge pressures on healthcare systems. The ongoing provision of major 

trauma services during this time has proved challenging. We report our experience of managing open 

lower limb fractures (oLLFs) during the pandemic in a London major trauma centre (MTC). 

Methods : This was a prospective study of all open lower limb fractures presenting to our unit over the 

initial 48 days of UK government lockdown - 24th March till 10th May 2020. Results were compared to 

the same time period in 2019 retrospectively. Epidemiological data, mechanism, Gustilo-Anderson (G-A) 

severity grading, time to initial debridement and definitive coverage were analysed. 

Results : There was a 64% reduction in emergency department (ED) attendances (25,264 vs 9042). There 

was an 18% reduction in oLLFs (22 vs 18). Approximately three-quarters of injuries were in males across 

both cohorts (77% vs 78%) and tended to occur in younger patients (median age, 37 vs 35). Road-traffic- 

accidents (RTAs) were the most common injury mechanism in both 2019 and lockdown, but a rise in 

jumpers from height was seen in the latter. A similar pattern of G-A severities were seen, however only 

3 injuries during lockdown required major soft tissue reconstruction. There was no significant differ- 

ence in times taken for initial debridement (p = 0.72786) or definitive wound coverage (p = 0.16152). A 

greater proportion of independent operating was seen during lockdown between orthopaedics and plastic 

surgery. 

Conclusions : Despite government lockdown measures, oLLFs still placed significant burden on our MTC. 

Notwithstanding significant staffing alterations and theatre pressures, we have been able to ensure these 

lower limb emergencies remain a surgical priority and have managed to utilise resources appropriately. 

© 2020 Published by Elsevier Ltd. 
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Since it was first recognised in December 2019, Coronavirus 

isease 19 (COVID-19) has subsequently created huge pressures for 

ealthcare systems worldwide. The National Health Service (NHS) 

n the United Kingdom (UK) has certainly not been spared, with 

he UK recording the highest death toll in Europe at the time of 

riting this article [1] . As the incidence of coronavirus grew, lead- 

ng to a rising inpatient numbers, a nationwide lockdown was an- 

ounced by the Prime Minister on 23rd March 2020, to try and 

urb the virus spread. This was then followed by the first easing of 

estrictions on 10th May 2020 [2] . 

Throughout this time, hospitals have been placed under huge 

train and have had to try and adapt quickly, including increasing 
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otal inpatient capacity, creation of COVID-19 zones/wards, as well 

s the re-deployment of staff from their usual areas of work. Major 

rauma centres have had the additional pressures of still provid- 

ng trauma services throughout this time. Trauma patients require 

apid assessment, often in resuscitation zones of the emergency 

epartment (ED), who will already be dealing with the COVID-19 

atient influx and the additional time-consuming challenges asso- 

iated with their management. Increased competition for radiology, 

ccess to theatres, ventilators and a physical inpatient space can 

ead to delays in trauma patient management. 

Open lower limb injuries have an incidence of 3.4 per 10 0,0 0 0 

nd their management requires a high resource burden [ 3 , 4 ]. Set

imelines for their management should follow BOAST4 (BOA Stan- 

ards for Trauma and Orthopaedics) guidelines [5] . Across all sur- 

ical specialties it became clear that there would be an increased 

mphasis on managing patients non-operatively and decreasing 

ace-to-face contact where possible [ 6 , 7 ]. In response to COVID-19, 

pecific guidance for the management of trauma during the pan- 
OVID-19 Pandemic: the effect on open lower limb fractures in a 
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Table 1 

Patient Age Demographics. 

n % Median Age Range 

Lockdown 

Total 18 37 15-89 

Male 14 78 33 15-89 

Female 4 22 57 27-83 

2019 

Total 22 35 15-83 

Male 17 77 28 15-55 

Female 5 23 41 20-83 
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emic was issued by the British Orthopaedic Association (BOA) and 

he British Association of Plastic Reconstructive and Aesthetic Sur- 

eons (BAPRAS). Points emphasised included that patients ‘ should 

nly be admitted to hospital if there is no alternative’ , the ‘ capabil- 

ty for performing emergency life and limb-threatening surgery should 

e maintained at all major trauma centres and ‘high quality care to 

ajor trauma patients should be maintained to the greatest possi- 

le extent…while ensuring that critical resources are preserved as far 

s possible. ’ 4 All patients who are ‘obligatory inpatients’ must have 

heir ‘ [treatment expedited] to avoid pre-op delay and expedite rehab 

o minimise length of stay [ 6 , 8 ] . 

Further additional guidance included the scope for consider- 

ng alternative techniques for patients who required soft tissue re- 

onstruction, to avoid multiple operations or critical care admis- 

ion and to consider early amputation in those where limb salvage 

ould have an uncertain outcome [7] . 

In this study, we aim to report our experiences of managing 

ajor lower limb trauma during the COVID-19 pandemic in a ma- 

or trauma centre (MTC) in London. 

aterials & Methods 

A prospective study was performed analysing all patients that 

ere admitted to the Royal London Hospital MTC with lower limb 

njuries which required treatment under BOAST4 principles. This 

ncluded all open fractures of long bones, hind foot or mid foot. 

pen fractures to the forefoot or digits were excluded. The study 

eriod covered the initial 48 day UK lockdown - 24th March till 

0th May 2020. Data was collected from the same time period in 

019 retrospectively to act as a control group for comparison. 

Epidemiological data, mechanism and Gustilo-Anderson (G-A) 

everity grading, time to initial debridement and definitive cover- 

ge were collected and analysed. Low energy injuries were defined 

s falls from standing height or less, with high energy trauma be- 

ng defined as any other trauma. Data regarding staffing and oper- 

ting logistics was obtained from relevant departmental leads. 

tatistical Analysis 

The ‘R project for Statistical Computing’ was used for statistical 

nalysis. Statistical significance was taken at the 95% confidence 

nterval. The Mann Whitney U test was used to identify statistical 

ignificance. 

esults 

epartmental Changes 

Staffing : Throughout lockdown all plastic surgery doctors at Se- 

ior House Officer (SHO) level (postgraduate year 2-4, PGY) were 

econded to assist in critical care. This was then followed by 33% 

f those at registrar level (PGY 5-10) and 14% of consultants. An av- 

rage of three members of the remaining team were in isolation at 

ny one point. Orthopaedic SHOs were re-deployed on a rotational 

olicy. Of the orthopaedic registrars and fellows, on average 19% of 

he department were in isolation at any one point. All emergency 

heatre lists required for the treatment of oLLFs could be staffed 

dequately with surgeons, due to a greater number of consultants 

eing available compared to pre-lockdown. This in part, was due 

o the cancellation of routine elective operating. This allowed reg- 

strars to help offset the loss of the SHOs by concentrating more 

n clerking patients. 

Theatres : Adult surgery across all specialties had to be concen- 

rated into 2-3 staffed theatres, with paediatric surgery stream- 

ined into 1-2 theatres. This resulted in different surgical speciali- 

ies competing for access, which varied depending on anaesthetic 
2 
nd theatre staff availability, and post-op recovery capacity. Loca- 

ions of these theatres were split into ’COVID positive’ and ‘COVID 

egative’ zones. Remaining theatres and anaesthetic rooms were 

sed for extensions of critical care. For all patients, full personal 

rotective equipment (PPE) was used. A maximum of two surgeons 

er speciality was enforced with a preference for consultant op- 

rating, if available. To increase theatre capacity for definitive soft 

issue reconstruction procedures to take place, extra lists in private 

ospitals were utilised for appropriate patients. 

atient Demographics 

There was an overall large reduction in the number of patients 

resenting to the Royal London Hospital MTC during lockdown. 

In 2019 there a total of 25,264 patients presenting to the 

oyal London Hospital emergency department (ED). There were 

2 patients admitted with an open lower limb fracture (oLLF). 

ale patients accounted for 77% (n = 17), with a median age of 28 

range = 15-55). For females (n = 4) the median age was higher, at 

1 (range = 20-83). A total of 18% of oLLF patients had an under- 

ying diagnosed mental health disorder. 

During the 48 day initial lockdown period, 9,042 patients pre- 

ented to the ED, representing a 64% reduction in attendances. Al- 

ogether, 18 patients suffered an oLLF. Of these, 78% were male 

n = 14) with a median age of 33 (range = 15-89). The median age

or females was once again higher, at 57 (range = 27-83). Of note, 

5% of oLLF patients had an underlying mental health disorder. 

Table 1 displays full age demographics in tabular form. Fig. 1 

elps to illustrate the spread of ages seen. During lockdown, 3 pa- 

ients tested positive for coronavirus (17%), 9 tested negative (55%) 

nd 5 were not tested (28%). 

njury Characteristics 

In 2019, 82% of injuries were classified as high-energy trauma 

n = 18, median age = 33). Polytrauma was sustained by 4 pa- 

ients (where another area or system is injured in addition to an 

LLF, 18% of whole cohort). All of these patients were male, with 

 median age of 35. Road traffic accidents (RTAs) were the most 

ommon mechanism (55%), followed by falls (23%). Jumping from 

eight accounted for 5% (this patient had an underlying depressive 

iagnosis). Open tibia and/or fibula injuries were by far the most 

ommon injury (86%, n = 19). No patient’s sustained more than 1 

LLF. 

During lockdown, 89% of injuries were due to high-energy 

rauma (n = 16, median age = 27). Polytrauma was sustained by 8 

atients (44% of whole cohort). All of these patients were again 

ale, with a median age of 29. Open tibia and/or fibula injuries 

ere again the most common injury location (71%, n = 12), fol- 

owed by open femoral injuries (22%). RTAs accounted for 35% 

f presentations. Those jumping from height contributed 29%, of 

hese 60% had an underlying mental health diagnosis. No patients 

ustained more than 1 oLLF. Tables 2 and 3 provide a further 

omparative breakdown of these results. The majority of patients 

ithin the lockdown cohort suffered G-A type II open fractures 
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Fig. 1. Patient Age Demographics. 

Table 2 

Open fracture mechanism. 

Mechanism of Injury 2019 Lockdown 

RTA (patient is driver/passenger) 6 5 

RTA (patient is pedestrian) 6 1 

Jump from height 1 5 

Fall from height 3 0 

Fall from standing 2 3 

Crush injury 2 2 

Gunshot wound 1 0 

Sporting related 1 1 

Table 3 

Open fracture location. 

Injury 2019 Lockdown 

Open Femur 2 4 

Open Tibia/Fibula 19 12 

Open Midfoot 0 1 

Open Hindfoot 1 1 
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56%), followed by IIIA and IIIB (17% each) and then I (11%). No 

atient suffered a type IIIC fracture. In 2019, type II open fractures 

lso predominated (59%), followed by IIIB (18%), IIIA (14%), I and 

IIC (5% each). 

anagement 

Coverage Type : During lockdown 15 patients underwent di- 

ect closure at the time of initial debridement and tempo- 

ary/permanent fixation (83%). A single patient underwent a pri- 

ary below knee amputation (6%). The remaining 2 patients un- 

erwent flap coverage on their second look in theatre - 1 local 

ap (transposition type) and 1 anterolateral thigh free flap (FF) (6% 

ach). 

Comparatively in 2019, 73% of injuries underwent primary di- 

ect closure (n = 16) with 5% requiring an additional split skin graft 

n = 1). Delayed below knee amputation (previously had initial de- 

ridement in theatre) occurred in 9% (n = 2) and 14% underwent FF 

overage- 2x Antero-Lateral Thigh FF, 1x Medial Sural Artery Per- 

orator FF) at second look. Fig. 2 helps to illustrate the relationship 

etween G-A severity and coverage type by cohort. 
3 
Speciality presence at initial debridement : During lockdown, 

nly 11% of operations had both orthopaedic and plastic surgeons 

resent at initial debridement (n = 2), however all cases had been 

reviously discussed at a virtual MDT meeting (containing both or- 

hopaedic and plastic senior decision makers). Orthopaedics were 

olely present in 72% of cases (n = 13), whereas 17% had plastics 

nly (n = 3). This compares to 59% of cases being joint in 2019 

n = 13), 36% orthopaedics alone (n = 8) and 5% plastics alone (n = 1).

Time until initial debridement : During lockdown, high energy 

rauma patients (HETPs) underwent debridement on average at 31 

ours post injury. In 2019, this occurred at 36 hours. This differ- 

nce was not found to be significant (p = 0.72786). 13% of HETPs 

n lockdown underwent surgery < 12hours post injury, compared 

o 6% during 2019. 

For low energy trauma patients (LETPs) during lockdown, initial 

ebridement was performed on average at 24 hours post injury. In 

019, this was at 31 hours. 50% of LETPs in lockdown underwent 

urgery < 24 hours post injury, compared to 25% in 2019. Sample 

izes were too small to facilitate statistical comparison. 

Time until definitive coverage: During lockdown definitive cov- 

rage of an open fracture was achieved on average at 38 hours post 

njury, with 89% of patients not exceeding the 72 hour BOAST4 

uideline. In 2019, the average time till coverage was 47 hours post 

njury (77% within 72 hours). This observed difference in defini- 

ive coverage time was not found to be statistically significant 

p = 0.16152). 

Length of stay: For all patients, the average length of stay 

ALOS) patients in 2019 was 12 days, compared to 9 days in lock- 

own. For those with isolated oLLFs (not polytrauma patients) the 

LOS in 2019 was 11 days, compared to 6 days in lockdown. 

iscussion 

We have identified only a minimal decrease in oLLF injuries 

uring lockdown, despite a significant (64%) decrease in ED atten- 

ances compared with the same timeframe in 2019. This is sur- 

rising, given it would have been fair to expect a more dramatic 

eduction in the frequency of oLLF after the imposition of lock- 

own rules. This assumption would also translate into polytrauma 

ases, where we also saw an increase in cases during lockdown. 

ll polytrauma cases that presented to our unit involved RTAs or 
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Fig. 2. Frequency of injury severities as per Gustilo-Anderson categorisation, along with definitive closure types utilised. 
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ump from height as their mechanism, with the exception of one 

unshot related incident in the 2019 cohort. We observed an ongo- 

ng mixed severity pattern with a similar spread (as illustrated in 

ig. 2 ). The long bones of the lower limb were the most commonly 

ffected in both cohorts, in line with a recent literature review by 

lniel and Giannoudis (2018), along with a G-A grading of II [9] . 

The overall trends seen across both cohorts were that oLLF 

ere more likely to occur in younger patients with high energy 

rauma and occur in males - also echoed by Elniel and Gian- 

oudis, (2018). While the low numbers in this comparison study 

ake statistical analysis of injury mechanisms not possible, trends 

an be inferred. Although there was an overall reduction in their 

ncidence during lockdown, oLLFs caused by RTAs were still the 

ost common injury mechanism, with 38% of high energy injuries 

aused by them. Of those where the patient was not a paedes- 

rian, the median ages in lockdown and 2019 respectively were 

6 and 29 years old. Trips in motorised vehicles have declined up 

o 45% over the lockdown period [10] , with the majority of the 

ublic heeding government rules on staying at home and leav- 

ng for essential trips only. The decrease in traffic seen has not 

ppeared to translate into an overall proportional drop in RTAs 

owever (where the patient was a driver or passenger). All inci- 

ents involved documented ‘high speed’, with 80% involving mo- 

orbikes/mopeds. Transport for London has found increases in av- 

rage speeds in some areas of the capital by greater than 50%, 

inked to emptier roads. The Metropolitan Police stated there had 

een an increase in drivers caught speeding in the capital by 71% 

11] , some travelling even greater than 130mph [12] . Known signif- 

cant risk factors for both RTAs and greater risk taking are younger 

ge and being male [ 13 , 14 ]. An ongoing social study by University

ollege London (UCL), with over 85,0 0 0 respondents, has demon- 

trated that compliance with lockdown measures is much lower 

n this grouping [15] . The World Health Organisation even felt it 

as necessary to specifically reinforce that young people were “not 

nvincible” to COVID-19 [16] . Overall, it is likely that a combina- 

ion of breaking lockdown, speeding and greater risk taking has 

elped to sustain the number of RTA associated oLLFs. Further- 

ore, a steep rise in home delivery of takeaways and same-day or- 

ers may also have contributed, as these companies often employ 

 young workforce, who in turn often use motorbikes/moped for 

apid delivery throughout London [ 17 , 18 ]. The number of patients 

eing a paedestrian involved in a RTA comparatively decreased by 

3%, likely linked to less people being outside. 

Our study observed a large percentage increase in the incidence 

f attempted suicide by jumping from height. All lockdown pa- 

ients with this mechanism were under 38 years old and 80% were 

ale. A previously diagnosed mental health disorder was found in 
4 
0%. In fact, overall, we saw a rise in incidence of oLLFs in those 

ith a mental health diagnosis - 35%, compared to 18% in 2019. Ev- 

dence from the same UCL social study and comments by authors 

n The Lancet Psychiatry have suggested worsening symptoms over 

ockdown for these patients as well as likely increased presentation 

f new mental health issues, especially linked with loss of employ- 

ent, financial stressors and stretched crisis helplines [ 15 , 19 ]. 

Open LLFs are complex limb-threatening injuries and involve 

he loss of complete skin and soft tissue coverage over the site 

f injury. This predisposes to infection, with potential catastrophic 

onsequences. On average, the time taken until initial debridement 

or both HETPs and LETPs improved during lockdown, despite only 

n 18% reduction in caseload. The average time for definitive cov- 

rage of injuries was also improved upon. The lack of a statistically 

ignificant difference between the 2019 and lockdown cohorts im- 

lies that the provision of a reliable trauma service was achieved 

espite COVID-19 pressures. It is likely that increased seniority 

resence across all departments helped achieve this by speeding 

p both decision making and management processes (e.g. surgical 

ime, anaesthetising, discharging of patients to free up beds). Con- 

ersely, this will possibly have had a negative impact upon training 

pportunities for juniors. 

Ideally time until definitive oLLF coverage should be within 

2 hours. This was achieved in 89% of patients during lockdown 

n = 16) compared to 77% in 2019 (n = 17) and this was not found

o be statistically significant. This improvement is likely as a result 

f access to private sector theatre space during lockdown. When 

imilar procedures are planned for theatres within the MTC, they 

re often subject to cancellation or delay in the event of new, life- 

hreatening trauma presentations to the hospital. Like time until 

ebridement, the timestamp of when definitive coverage should 

ccur continues to be challenged. 

Despite a similar pattern of G-A injuries, the ALOS within lock- 

own was 25% lower for all patients with oLLFs, and 45% lower for 

hose with an isolated oLLF (not polytrauma patients). Again, it is 

ikely that increased consultant presence for operating and key de- 

ision making (management plans and discharge dates) helped to 

ower this greatly, something which was requested by senior man- 

gement and stipulated in revised guidance for orthoplastic teams 

7] . 

Over both periods, FFs were only required for those with G- 

 IIIB injuries (n = 4). Guidance to plastic surgeons for COVID-19 

tated that ’alternative techniques [should be considered] for patients 

ho require soft tissue reconstruction to avoid multiple operations or 

he need for critical care input’. 5 Although the proportion of patients 

equiring flap reconstruction (local or free) was small, at no point 

id the team feel coverage choice was influenced by the need for a 
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Fig. 3. Comparison of specialties present during cases in 2019 versus the lockdown 

period at initial debridement. 
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[

[

[

[

[

[

[

[  
ore ‘simple’ operation. Skin substitutes or dermal scaffolds were 

vailable in our MTC, however they were not deemed to be re- 

uired. 

Despite BOAST4 guidelines stipulating combined orthopaedics 

nd plastics involvement at initial debridement, a large increase in 

ndependent operating was seen during lockdown, as highlighted 

n Fig. 3 . This was most likely due to a combination of more senior-

ed orthopaedic operating and reduction in the total number of 

taff allowed in theatres at any one time. Consequently a greater 

roportion of simple direct closure cases were managed purely 

y orthopaedics during lockdown. Where plastics operated alone, 

his was for all G-A IIIB cases (n = 3), where greater soft tis- 

ue management was likely to be required from the outset - pri- 

ary below-knee amputation, debridement of significant foot de- 

olving with underlying mid-foot fracture (for k wire fixation) and 

here no orthopaedic involvement was necessary for fracture fix- 

tion (casting alone for a tibial fracture). Whilst independent oper- 

ting likely increased frequency and speed of cases, we still do not 

dvocate this as routine. 

In summary, this study provides valuable information in terms 

f the epidemiology and management of oLLFs at a busy major 

rauma centre during the COVID-19 pandemic. Despite a significant 

rop in ED footfall, the number of oLLF patients presenting to our 

nit hardly decreased. RTAs were still the most common mech- 

nism of injury despite almost a 50% reduction in traffic on the 

oads. A combination of breaking lockdown, speeding and greater 

isk taking has likely had an influence on the results seen. The lack 

f a significant difference in the management of these patients be- 

ween cohorts has demonstrated that lower limb emergencies have 

emained a surgical priority and that staff have managed to utilise 

esources appropriately. 

onclusion 

Major trauma still continues to require efficient treatment, even 

n times of a pandemic. Greater senior input has shown to be a ne-

essity in order to help expedite oLLF management. It is important 

hat any positive changes made throughout this time continue to 

e harnessed and built upon, with our unit continuing to explore 

he role of using NHS funded private operating lists for definitive 

oft tissue coverage. 
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