
 

Open lower limb fractures in the UK trauma system: A multicentre prospective audit of 

current practice. 

 

Abstract 

Introduction 

Open fractures represent limb-threatening and life-changing injuries. Clear standards define 

how patients with these injuries should be managed in the UK. The study of open fractures is, 

therefore, a key measurable example of major trauma management as a whole. This study was 

conducted to characterise the demographic, assessment and treatment of patients sustaining 

lower limb open fractures across UK Regional Trauma Networks.  

 

Methods 

A prospective, multicentre, audit was conducted according to a prespecified protocol against the 

relevant British Orthopaedic Association (BOA) & British Association of Plastic, Reconstructive 

& Aesthetic Surgeons (BAPRAS) standards for Trauma. All UK hospitals treating adults with 

open fractures were eligible to take part in the study. Patients included were injured during a six 

month collection period at each site. 

 

Results 

3 Major Trauma Centres (MTCs) and 5 Trauma Units (TUs) were enrolled, with data collected 

by 24 collaborators. 239 patients were included, 11 had bilateral open fractures. There were 38 

patient datasets collected from TUs and 201 from MTCs. Patients were predominantly male with 

high energy injuries.  

 

31.3% of patients from MTCs were transferred in from another facility. Antibiotics were given to 

41.7% of patients within 1 hour. 74.4% of limbs with open fractures had a splint applied in the 
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emergency department. 85.8% of patients had a documented orthoplastics plan. 41.7% of 

patients with a high energy injury had their wound debrided within 12 hours.  

 

Discussion 

42.3% of patients with open fractures in our cohort were managed at some point in a TU, 

indicating triage was required within the trauma network. Due to sampling, we may be under-

estimating the number of patients passing through TUs, however, we have demonstrated that 

this cohort exists. These patients are under-represented in many other studies and registries 

such as the Trauma Audit Research Network (TARN) due to the funding model for data 

collection that privileges data collection in MTCs.  

 

Conclusion 

This study gives extensive new insight into the demographics and management of patients with 

open lower limb fractures in the UK, demonstrating a widespread involvement of TUs and 

consistent deviation from national standards. 

 

Highlights 

1. A prospective, multicentre, audit including 239 patients with open fractures from 3 Major 

Trauma Centres and 5 Trauma Units in the UK. 

2. 31.3% of patients from Major Trauma Centres were transferred in from another facility.  

3. 42.3% of patients with open fractures were managed at some point in a Trauma Unit. 

4. BOAST/BAPRAS Open Fracture standards are poorly adhered to across the study 

population. 

5. Trauma unit patients are excluded in many other studies and registries due to the model 

for data collection that privileges data collection in MTCs.  
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Main Text 

Introduction 

Open fractures represent limb-threatening and life-changing injuries which can affect any 

individual in society.[1] The British Orthopaedic Association (BOA) and British Association of 

Plastic, Reconstructive and Aesthetic Surgeons (BAPRAS) publish guidance for the 

management of open fractures which have become national standards for all patients injured in 

the UK.[2] These standards comprehensively cover all aspects of patient care from the 

assessment on scene and triage, to in-hospital management processes and timings for all open 

fractures of the long bones, hindfoot and midfoot. Further guidance on these fractures and for 

open fractures of other bones can be found from the National Institute for Health and Care 

Excellence (NICE) national guidance for open fractures.[3] 

 

Adherence to these standards has been shown to improve outcomes for patients. [4-5] Delays to 

transfer or treatment of these fractures are independent predictors of poor outcomes such as 

infection[6-7], with one study finding a 3% increase in infection with each one hour delay to 

antibiotics.[8] 

 

The new UK open fracture standards coincide neatly with the introduction of the Regional 

Trauma Networks (RTN) in 2012. This system was established in a hub and spoke format, each 

with one or more specialist Major Trauma Centres (MTCs) and peripheral Trauma Units (TUs). 

These network systems significantly improve outcomes for severely injured patients.[9] 

 

According to BOAST standards, patients sustaining open long bone fractures should be 

transferred to MTCs - either triaged pre-hospital or early transfer from a TU. Open fractures 

require early interventions from specialist teams,[10] are relatively common, easily diagnosed, 

and should be treated according to clear standards. They, therefore, can be used as a unique 
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tracer condition to assess major trauma systems across the UK and their implementation of 

timely, effective care. RTNs still vary in their performance and pathways for traumatically injured 

patients, in particular with little known about the management of open fractures in TUs 

 

This study aimed to characterise the demographics, assessment and treatment of patients 

sustaining lower limb open fractures across the UK RTNs and audit these findings against the 

BOAST national standard. Additionally, the study aimed to establish whether there are 

underreported numbers of patients managed in TUs that should have been transferred to MTCs 

earlier or a silent cohort that were not transferred at all. These would therefore not be captured 

in previous studies or registries such as the Trauma Audit Research Network (TARN) due to the 

way in which data collection is funded and organised primarily in MTCs. We hypothesise that 

these may predominantly include low energy open fractures in frail elderly patients - previously 

shown to receive poor triage, slow interventions and suffer worse outcomes - comparable to 

outcomes seen in neck of femur fractures.[11-12] 

 

Patients and Methods 

Study design 

A prospective, multicentre, audit was conducted according to a prespecified protocol against the 

agreed BOAST standards.   

 

Reporting 

This study is reported according to Strengthening the Reporting of Observational Studies in 

Epidemiology (STROBE) guidelines.[13] 

 

Setting 
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UK hospitals treating patients with open fractures were eligible to take part in the study. Patients 

included were injured during a six month collection period at each site. Each patient was 

followed up for 30 days from their presentation. The first site opened in May 2017 and the final 

site closed in March 2018. 

 

Participants 

All adults presenting with open lower limb fractures were eligible for inclusion. Collaborators 

prospectively identified patients from on-call lists, trauma meetings, and operating lists. Patients 

were followed up using electronic patient records and medical notes during and following their 

admission. 

 

Variables 

Data were collected on patient demographics: age, sex, Rockwood Frailty Score.[14] Data 

relating to the injury included Gustilo and Anderson grade[15], contamination, Glasgow Coma 

Scale (GCS), Injury Severity Score (ISS), mechanism of injury, and the presence of polytrauma 

defined as two or more severe injuries in at least two areas of the body. Admissions were 

captured as direct to that hospital or a transfer from elsewhere. Data on management related to 

orthoplastics plans, tetanus toxoid, antibiotics, splintage, wound excision, definitive and 

temporary stabilisation and soft tissue coverage. Data on outcomes related to return to theatre, 

wound infection (any depth), ITU admission, amputation, and death.  

 

Data sources 

Collaborators collected data from electronic patient records and medical notes for each variable. 

Obligatory data fields were used to aid data completeness.  

 

Bias 
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To address selection bias, eligible patients were included in a prospective and consecutive 

fashion. 

 

Study size 

The study aimed to collect data on all patients presenting to each centre during the six month 

period. 

 

Quantitative variables 

Quantitative variables were categorised as either normally distributed or not normally distributed 

using the Shapiro-Wilk test and were reported using appropriate descriptive statistics for each 

category. Groupings of quantitative variables were defined a priori and the data were collected 

in these groupings.  

    

Collaborative Network 

24 trainee collaborators were recruited using social media, mailing lists, and the British 

Orthopaedic Network Environment.[16] All collaborators were supervised by a consultant Trauma 

and Orthopaedic surgeon. This observational study collected only routine and non-identifiable 

data. Research Ethics Committee approval was not required under the assessment of the 

National Health Service Health Research Authority decision tool.[17] Collaborators were required 

to gain local research and audit department approval from their respective institutions. This 

established model of collaborative research has previously been described in detail 

elsewhere.[18]  Collaborators are recognised in accordance with national guidelines.[19] 

 

Database 

A bespoke data collection form was designed by OB, HC, and XG. Data were entered onto a 

database on the REDCap (Research Electronic Data Capture) online system.[20] Data were 
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stored securely on REDCap servers at the Nuffield Department of Orthopaedics, Rheumatology, 

and Musculoskeletal Science (NDORMS) at the University of Oxford. Entries were checked 

centrally and where updates or clarifications were required, these were updated by local 

investigators. 

 

Statistical methods 

 

Continuous data were described using mean and standard deviation (normally distributed) or 

median and interquartile range (not normally distributed). Categorical data were described using 

frequencies. No imputation of missing data was performed. Collaborators were required to attest 

that 30-day follow up was completed for all patients involved in the study to minimise loss to 

follow up. The chi-squared test was used to compare differences among categorical variables. 

The Mann-Whitney test was used to compare continuous variables (not normally distributed) 

between categorical groups. Statistical significance was ascribed when the p-value was <0.05. 

Statistical analyses were performed using Prism (GraphPad, San Diego, CA, USA).  

  

Results 

Hospitals 

3 MTCs (Oxford, Bristol, The Royal London) and 5 TUs (Swansea, Reading, Lewisham, Stoke 

Mandeville, Cramlington) were enrolled into this study and data were collected by 24 

collaborators (table 1). At the time of data collection, the Welsh trauma network was not 

established. Morriston Hospital (Swansea) is considered as a TU here, though it is a large 

hospital with specialist services e.g. plastic surgery. Stoke Mandeville hospital in Aylesbury also 

has plastic surgical input from its burns centre.  

 

Patients 
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239 patients with open fractures were included in the study. 11 patients had bilateral open 

fractures. The median age was 45.8 years, 158 (66.1%) were male and 81 (33.9%) were 

female. Median Rockwood frailty score was 2 (table 3). There were 38 patients included from 

TUs and 201 from MTCs. No patients were included twice having been seen at a TU and then 

transferred to an MTC. The median age was significantly lower in males with open fractures 

than women (P<0.0001) (fig 1). Mechanism of injury varied significantly by gender (P<0.0001) 

(figs 2-3). There was no association between the mechanism of injury and the admission type 

(direct/transfer) or type of hospital (MTC/TU).  

 

There was no association between Gustilo and Anderson grade and the type of hospital at 

which the patient was assessed (MTC/TU). There was no association between frailty and 

admission type (direct/transfer) or the type of hospital at which the patient was assessed 

(MTC/TU). The distribution of age was not different across categories of admission type 

(direct/transfer) or the type of hospital at which the patient was assessed. 

 

Injury 

61 (25.5%) patients sustained injuries as part of a polytrauma (two or more severe injuries in at 

least two areas of the body). Glasgow Coma Scale (GCS) score was 15 in 91.6% and median 

ISS was 9 (table 2). Table 3 describes the location of the open fracture(s), Gustilo and 

Anderson grade and presence of wound contamination. 

 

Management 

101/239 (42.3%) patients with open fractures in our cohort were managed at some point in a 

TU. 63/201 patients (31.3%) included from the 3 MTCs were transferred in from another centre. 

83% of these transfers were directly from an emergency department (ED) shortly after 
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diagnosing an open fracture. The remaining 17% were transferred after surgical intervention in a 

TU (table 3).  

 

Tetanus toxoid was given to 73.4% of patients and antibiotics were given to 94.1% of patients 

(table 3). Time to first antibiotic dose is shown in figure 4. Co-amoxiclav was the most 

commonly used drug and was given to 65.2%. Antibiotics were given within 1 hour of arrival to 

hospital to 41.7% and within 2 hours to 67.6%. Tables 3-4 contain further information on 

antibiotic use. 

 

74.4% of limbs with open fractures had a splint applied in the Emergency Department. 85.8% of 

patients had a documented combined Orthoplastics plan (table 4). 

 

Temporary stabilisation was performed in 56.9% and definitive stabilisation was performed in 

85.8% (table 3, figs 5-6). Definitive stabilisation was performed within 72 hours in 76.1% (table 

3). 

 

Wound excision was performed in 74.9%. Time to wound excision is outlined in tables 3-4. 

41.7% of patients with a high energy injury had their wound excised within 12 hours (fig 7). 9 

patients (11 limbs) had heavily contaminated (marine/ agricultural/ sewerage) wounds. Data on 

time to wound excision were available for 6/9 patients. 1 had their wound excised in <2 hours, 4 

in 12-<24 hours, 1 in 36-<48 hours. 

 

Definitive soft tissue coverage was performed in 72.4% (tables 2-3, fig 8). This was performed 

by an orthopaedic surgeon in 51.7% and a plastic surgeon in 47.2%. A consultant performed the 

soft tissue coverage in 65.7% (table 3). 
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Outcome 

6.9% had a wound infection (any depth) following their operation. 14.2% of patients returned to 

theatre during this admission for revision surgery following definitive fixation and soft-tissue 

coverage, the reasons for return are outlined in table 3. 7.8% of injured lower limbs were 

amputated and time to amputation is outlined in table 4.12.1% were admitted to ITU as part of 

their treatment. Length of ITU stay is outlined in table 3. 3% of patients died whilst in hospital. 

When outcomes were divided into treating hospitals, wound infections were most common in 

TUs (12.5%), whilst ITU admissions and returns to theatre were commonest in those patients 

directly transferred to MTCs. There were no amputations or deaths in patients treated at any 

point in TUs (Table 5). 

 

34.4% of open fractures were of the severe Gustilo and Anderson 3b or 3c types. Among this 

sub-group 9.3% had a wound infection (any depth), 20.9% returned to theatre during the 

admission for revision surgery, 18.6% were treated with amputation, 19.8% were admitted to 

ITU as part of their treatment, and 6.7% died whilst in hospital.  

 

All patients were followed up using hospital electronic patient records and medical notes for 30 

days following their injury. Patients were not telephoned and GPs were not contacted to capture 

outcome data that did not lead to readmission or outpatient contact with the hospital following 

discharge. 

 

The dataset is not complete for all variables. Tables report the data completeness for each 

variable by giving the number of patients, limbs, or fractures the data relates to. We have 

reported where collaborators have entered ‘unknown’ for a variable. 

 

Discussion 
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This multicentre, prospective collaborative study provides a broad snapshot of current practice 

for open fracture demographics, management and outcomes across several regional trauma 

networks in the UK. Surprisingly little is currently known on the true demographics and 

outcomes for this important group of injuries, which represent a key indicator of trauma care as 

a whole.   

 

There is a bimodal distribution of younger males and older females sustaining open fractures as 

seen in other studies.[12]  Low energy injuries were predominantly seen in elderly females, 

whereas high energy injuries were predominantly seen in young males. We find little definitive 

evidence of a ‘silent cohort’ of frail, elderly, low energy fractures managed in TUs. Of note, this 

study has considered 19 patients from Morriston Hospital (Swansea) as being from a TU as this 

is accurate for the time of data collection before the establishment of the Welsh Trauma 

Network. This centre does, however, have a number of specialists and equipment not available 

in other TUs in England such as combined orthoplastics care. 

 

63/201 patients (31.3%) included from the 3 MTCs were transferred in from another centre. 83% 

of these were early transfers from one Emergency Department to another suggesting that this 

triage could potentially have been done on the scene and the patient taken to the appropriate 

centre. The remainder had orthopaedic surgery in the TU before being transferred, which 

contravenes BOAST standards unless that TU can provide comprehensive orthoplastic care. 

When these 63 transferred patients are added to the 38 patients included from TUs, this 

represents 101/239 (42.3%) patients with open fractures in our cohort managed at some point in 

a TU.  

 

The ratio of TUs to MTCs in the UK is greater than reflected in this study. Due to sampling, we 

may be under-estimating the number of patients passing through TUs, however, we have 
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demonstrated that this cohort exists. These patients are excluded in many other studies and 

registries such as TARN due to the way that data collection predominantly is funded and takes 

place in MTCs. These patients should still be managed according to BOAST/BAPRAS 

standards. It may be that further evidence from TUs is required over longer time periods to 

further identify this cohort. 

 

Despite clear BOAST national standards on the management of open fractures, both MTCs and  

TUs are failing to consistently meet targets. Notably on time taken to give antibiotics, perform 

wound excision, and have a formal orthoplastics plan. Adherence to these targets is known to 

reduce the length of stay and improve outcomes. [6-7,10] Our data on time to antibiotics is based 

on the time from admission to hospital. The BOAST/BAPRAS open fractures standard 

recommends administration <1h from injury. By collecting data from hospital records, we were 

not reliably able to establish the time of injury and may not have recorded antibiotics given pre-

hospital. The administration of tetanus toxoid in 73.4% is also of interest although not in the 

BOAST standards. Tetanus immunoglobulin may also be advisable in cases of heavy 

contamination. 

 

This study also establishes that temporary management of the fracture is predominantly in cast 

or external fixator and permanent fixation mainly a plate or intramedullary nail. We also 

establish that the time taken to perform these operations does not universally meet national 

standards. 

 

Rates of infection, return to theatre and amputation reflect those seen in the recent literature. 

[12,21] We also provide new insight into reasons for return to theatre in 33 patients, namely further 

washout/debridement, soft tissue revision or revision of skeletal stabilisation in equal 

proportions. These numbers are based on the 30-day follow up period and may increase over 
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time. There are clearly significant delays in deciding to perform amputations, which must be 

addressed, but further research is required into the management pathways for this complex and 

emotive decision. It is of interest to report that TUs have a higher infection rate in open 

fractures. There were, however, small numbers of patients treated only in TUs, therefore 

imprecision in estimates precluded valid statistical analysis on differences in outcome with further 

potential confounding due to patient triage. 

 

Some elements of the BOAST standards could not be audited accurately with our data 

collection tool as we felt higher value should be placed on accurate reporting of certain key 

parameters. Standards not audited were: frequency of neurovascular examinations, treatment of 

arterial injuries, use of CT and angiograms, the existence of any ‘mini-washouts’ before theatre, 

photographs of the injury in the notes, use of fresh instruments in theatre after draping, decision 

processes for definitive stabilization or amputation including involvement of the family and wider 

MDT. We did not audit whether these patients had data submitted to TARN or whether patients 

were given suitable information about recovery and rehabilitation. 

 

This study investigates a large cohort of lower-limb open fractures sustained within a short time 

frame across a number of different centres, providing information on a more substantial 

proportion of the UK population than many other series published. Data were collected on 

multiple aspects of patient demographic, management and outcome, many of which are not to 

our knowledge reported by other large studies.  

 

A recent paper using the TARN database focussed on tibial fractures of Gustilo and Anderson 

grade 3B and above managed only in MTCs. This reports similar timings to antibiotics and 

wound debridement and highlights a potential tendency to delayed management for the 

elderly.[12] This paper, while high in patient numbers, suffers a high percentage of missing data 
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(44% on Abx timing). A further longitudinal study on motorcyclists with open fractures using 

TARN data has looked at adherence to some key BOAST open fracture standards with large 

patient numbers.[22] The TARN database does not report on all of the BOAST standards 

included in this study or the breadth of data such as frailty score, tetanus toxoid, types of 

procedure performed, soft tissue cover and reasons for returning to theatre. 

 

Targets for antibiotics, debridement, stabilisation and coverage have also been variably missed 

in other studies performed in the UK.[12,21,23-24] A combined ortho/plastics approach has also 

been identified as variably met in 33-92%.[12,23-24] Further studies conclude however that despite 

targets being missed, there remains a lack of evidence regarding the actual clinical impact of 

timely debridement or delivery of antibiotics.[12,25-27] 

 

This study should be considered in view of potential limitations. Due to the questionnaire design 

and investigator follow up, there are low numbers of incomplete data compared to other studies 

performed, which improves reliability. However, there may be a number of patients presenting 

during the time period that were not captured by this snapshot. This may represent a selection 

bias if for example low severity injuries which are not managed in MTCs or with brief hospital 

stays may be more likely missed. This snapshot style study does not follow up patients beyond 

the 30 day follow up which was asked of collaborators. This means we are unable to capture re-

admissions to hospital for chronic infection or further procedures. We did not collect data on all 

cases in the UK during the recruitment period. Our results may therefore not reflect the 

standards being followed in other trusts. 

 

Conclusion 

Whilst patients from MTCs represent the vast majority of our submitted data, nearly half of all 

included patients were managed in a TU at some point in their journey, 
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contraveningBOAST/BAPRAS standards. It is clear that there is significant variation across the 

UK in choice of antibiotics and methods of stabilisation, fixation or coverage. Open fractures 

represent a wide range of injuries and act as a unique litmus test for the trauma networks as a 

whole, with clear evidence that national standards are not being uniformly met. Further research 

is needed to establish why and to ascertain the impact these findings may have on outcomes. 

Collecting accurate and thorough data across multiple TUs still presents a significant difficulty.   
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Figure legends 

● Figure 1 - Ages of patients with open fractures of each gender (Line at median, bars 

show 95% CI, P<0.0001 ****). 

● Figure 2 - Patient age and gender distributions 

● Figure 3 - Mechanism of injury by gender 

● Figure 4 - Time to first antibiotic dose 

● Figure 5 - Type of temporary stabilisation used 

● Figure 6 - Type of definitive stabilisation used  

● Figure 7 - Time to wound excision in 96 high energy fractures 

● Figure 8 - Time to definitive soft tissue coverage 

 

Table legends  

● Table 1 - Hospitals included 

● Table 2 - Descriptive statistics of continuous variables 

● Table 3 - Descriptive statistics of categorical variables 

● Table 4 - Adherence to BOAST/BAPRAS open fractures guideline 

● Table 5 – Outcomes across different patient journeys  

 

 

 

 

 

 

 


