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Patterns of Traumatic Brachial Plexus Injuries: A Nationwide Study of Geographic, 1 
Demographic, and Socioeconomic Factors in England and Wales 2 

 3 

Abstract 4 

Introduction: 5 

Traumatic brachial plexus injuries (TBPIs) are severe, life-altering injuries associated with 6 
significant functional impairment. While previous studies have highlighted mechanisms 7 
of injury, there is limited research on the geographical and socioeconomic factors 8 
influencing TBPI incidence. This study examines TBPI patterns across England and Wales, 9 
identifying demographic risk factors and geographic "hotspots". 10 

 11 

Methods:  12 

A retrospective cohort study was conducted using data from the Trauma Audit and 13 
Research Network (TARN) and the STATS-19 road traffic accident database from January 14 
2010 to March 2022. Patients with confirmed TBPIs meeting TARN inclusion criteria were 15 
analysed. Cases were categorised into vehicular collisions (VCs) and non-vehicular 16 
injuries (NVIs). Key variables included age, sex, injury mechanism, Index of Multiple 17 
Deprivation (IMD) scores, and urban-rural classification. Geographic distribution was 18 
assessed to identify high-incidence regions. 19 

 20 

Results: 21 

A total of 1,003 TBPI cases were identified: 601 (60%) vehicular and 402 (40%) non-22 
vehicular related injuries. VC TBPIs were more frequent in young males (median age: 35 23 
years), whereas NVIs occurred more in older females (median age: 63 years), mainly due 24 
to falls <2m. Higher IMD scores were associated with penetrating injuries. Urban 25 
“hotspots” for penetrating injuries included cities in Greater London, Greater Manchester, 26 
and West Yorkshire. 27 

 28 

Discussion: 29 

This study describes geographic and socioeconomic patterns of TBPIs across England 30 
and Wales. Although less frequent than other trauma entities, TBPIs carry a high per-31 
patient burden due to upper-limb paralysis and neuropathic pain, with substantial 32 
indirect costs. The identification of demographic profiles and regional clustering provides 33 
an epidemiological baseline to inform clinicians and major trauma services. 34 
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 35 

Highlights 36 
 37 

1) TBPIs predominantly affect younger males in vehicular collisions and older 38 
females following low-level falls. 39 
 40 

2) Penetrating TBPIs in urban areas were strongly associated with high deprivation 41 
and male sex. 42 
 43 

3) Single carriageways and high-speed zones accounted for most vehicular TBPI 44 
incidents. 45 
 46 

4) Regional clustering of TBPIs underscores the need for targeted trauma service 47 
planning and access to specialist care. 48 
 49 

5) Linking trauma and road safety data can guide resource allocation and improve 50 
care in high-risk areas. 51 

 52 
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Introduction 68 

Traumatic brachial plexus injuries (TBPIs) are severe, life-altering injuries characterised 69 
by long-term physical disability, chronic pain, and psychological challenges for the 70 
affected individuals [1]. The consequences of TBPIs extend beyond the individual to 71 
impact their families and the wider community. The economic burden of such injuries 72 
exceeds $1.1 million per patient in the US [2]. The cost in the UK is unknown but is 73 
expected to be of a similar magnitude. This underscores the substantial societal and 74 
healthcare cost associated with TBPIs, highlighting the importance of understanding and 75 
mitigating the risks associated with these injuries. Although TBPIs are less common than 76 
some other traumatic conditions, the loss of upper-limb function and refractory 77 
neuropathic pain can markedly reduce independence and quality of life. 78 

 79 
In recent years, there has been growing concern over an increase in TBPI incidence, partly 80 
attributed to the rising rates of high-speed road traffic collisions (RTCs) [3]. Although 81 
trauma care has advanced significantly, efforts to prevent trauma have received 82 
comparatively less attention, aside from key interventions such as the implementation 83 
of mandatory seatbelt legislation in the UK in 1983 [4] and the progressive integration of 84 
airbags into vehicles since the late 1980s [5]. Studies from other regions also indicate 85 
that socioeconomic factors, particularly low socioeconomic status, are associated with 86 
a higher incidence of trauma [6]. However, there is limited contemporary data within the 87 
UK examining the incidence of TBPIs, the mechanisms of injury, and the influence of 88 
social deprivation on these patterns. 89 

 90 

This study aims to address these gaps by examining the geographical variation in TBPI 91 
incidence across England and Wales, utilising data from both the Trauma Audit and 92 
Research Network (TARN) [7] and the STATS-19 [8] database. By exploring associations 93 
between TBPI incidence and socioeconomic indicators, this study seeks to identify high-94 
risk populations and geographic “hotspots” of TBPIs, with the goal of informing clinicians 95 
and service planning at major trauma centres. 96 

 97 
Methods 98 

Study Design 99 

This cohort study was conducted in accordance with the STROBE (Strengthening the 100 
Reporting of Observational Studies in Epidemiology) guidelines [9]. Prospectively 101 
captured data were utilised from the TARN database [7] for the period between January 102 
2010 and March 2022. Duplicate entries (from patients transferred between hospitals) 103 
were identified and merged and any entries without a valid postal outcode were excluded 104 
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prior to analysis. The dataset was subsequently divided into cases involving a vehicular 105 
collision (VC) and non-vehicular injuries (NVIs).  106 

 107 

The TARN database provided comprehensive records on patients with traumatic injuries 108 
across England and Wales. Inclusion criteria for TARN required that patients met at least 109 
one of the following criteria: Hospital stay of three days or more, admission to critical care, 110 
trauma resulting in death, transfer for specialist or high dependency care (excluding 111 
rehabilitation services). A diagnosis of a TBPI is made by clinicians at the receiving major 112 
trauma centre. Only confirmed injury diagnoses recorded by trained, experienced coders 113 
are included in the TARN database which ensures consistency. 114 

 115 
To enrich the TARN dataset, cases involving a VC were subsequently matched with 116 
corresponding records from STATS-19 based on casualty demographics including, age 117 
sex, casualty home postal outcode and date and time of the incident. STATS-19 is a 118 
database of all RTCs resulting in personal injury, documented either by police at the 119 
roadside or reported within 30 days by a member of the public [8]. STATS-19 provides 120 
additional details on the accident circumstances, vehicles involved, a casualty record 121 
and any contributory factors relevant to the accident. 122 

 123 

Rural Urban Classification  124 

For each NVI, the casualty home postal outcode was assigned a proportion of urbanity, 125 
according to the Rural Urban classification [10]. For VCs, the outcode of the incident 126 
location was used to assign a proportion of urbanity.  127 

 128 

Index of Multiple Deprivation 129 

Indices of multiple deprivation (IMD) are a measure of deprivation specific to lower level 130 
super output areas (LSOAs), each representing a geographic area with a population of 131 
approximately 1500 [11]. The English IMD ranks each area from 1 (most deprived) to 132 
32,844 (least deprived), with lower ranks indicating greater deprivation. The indices 133 
consider weighted factors to calculate each index as follows: income (22.5%), 134 
employment (22.5%), education and skills training (13.5%), health deprivation and 135 
disability (13.5%), crime (9.3%), barriers to housing and services (9.3%) and living 136 
environment (9.3%). Using the same techniques that the Office for National Statistics use 137 
to aggregate LSOA IMD scores and ranks to local authorities, LSOA IMD scores and ranks 138 
were aggregated to postal outcodes [11]. Following adjustments to allow for comparison 139 
between countries of the United Kingdom, as described by Abel et al [12], a 2019 time-140 
period appropriate IMD rank was assigned to each NVI case.  141 
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 142 

Discordance from Home  143 

For VCs, the road distance from the casualty’s home postal outcode to the incident 144 
location was calculated by measuring the distance between the centroids of the postal 145 
outcode areas using the Open Source Routing Machine (OSRM) package [13].  146 

 147 
Analysis 148 

All analyses were descriptive. Continuous variables are reported as medians and 149 
interquartile ranges (IQR). Categorical variables are presented as counts with 150 
percentages. 151 

 152 

Ethical Considerations 153 

Existing ethical approval for the use of anonymised registry data was obtained under 154 
Section 251 of the National Health Service Act 2006, with data securely stored on a 155 
University of Manchester server [7]. 156 

 157 

Results 158 

Demographics 159 

A total of 1,003 TBPI cases were identified during the study period, with 601 (59.9%) 160 
resulting from VCs and 402 (40.1%) NVIs. The median age for patients in the NVI cohort 161 
was 63 years (IQR: 41-77). This was older than the VC cohort, with a median age of 35 162 
years, (IQR: 25-48). The male-to-female ratio also differed between groups, with a higher 163 
proportion of males among VCs (n=521/601, 86.7%) compared to the NVI cohort 164 
(n=235/402, 58.4%). 165 

 166 
Vehicular Collision TBPIs 167 

A mean frequency of 47 TBPIs caused by VCs occurred annually during the study period. 168 
A possible COVID-19-related significant drop in frequency was observed between 2021 169 
and 2022 compared to all other years (23.0 vs 51.6). No differences were found between 170 
the median age of males (35.2, IQR:25.2 – 47.3) and females (36.6, IQR:28.0-50.5) in this 171 
cohort. 172 

 173 
Overall, 62.4% (n=375/601) of VC cases from the TARN database were matched with the 174 
STATS-19 database (Supplementary Material 1). From the STATS-19 matched cohort, a 175 
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difference in frequency of TBPIs based on road speed limit was observed with the most 176 
common speed limits resulting in injury being 30mph (n=151/601) and 60mph 177 
(n=106/601). Figure 1 displays the count of different road speed limits associated with 178 
TBPIs by vehicle type. Motorcycles over 500cc and cars demonstrated a greater variation 179 
across road speed limits. 180 

  181 
Single carriageways accounted 76.5% (n=460/601) of cases. Over a quarter (n=178/601) 182 
of TBPIs occurred at a T or staggered junction, over one-fifth (n=133/601) occurred on wet 183 
or damp road conditions, over one-fifth (n=136/60) involved a manoeuvre around a bend 184 
and two-thirds (n=416/601) occurred in daylight. Alcohol and/or drug use was reported in 185 
11.1% (n=67/601) of cases. 186 

 187 

A measure of discordance from home postal outcode prior to a VC demonstrated a 188 
median distance of 7.1km (IQR: 0.0–20.9) (Figure 2). On average, females (median: 189 
7.8km, IQR: 0.0-27.2) were further away from their home location compared to males 190 
(median: 7.1km, IQR: 0.0-21.0) at the time of a TBPI. 191 

 192 

Figure 3 displays the geographic distribution of VC TBPIs across England and Wales. For 193 
VC TBPIs, suitable exposure denominators were unavailable at a resolution aligned to 194 
incident location and study period; maps therefore display case counts (event burden). 195 
Peterborough had the highest number of cases (n=15/601) over the 12-year data 196 
collection period followed by Guildford (n=13/601). In Peterborough, 87% (n=13/15) of 197 
the cases were on single carriageways with a speed limit of 60mph and over 73% 198 
(n=11/15) involved a motorcycle. The central region of England, including Sheffield 199 
(n=10/601), Derbyshire (n=8/601), Leicestershire (n=9/601), Birmingham (n=10/601), 200 
Coventry (n=8/601) and Oxford (n=11/601) accounted for approximately 10% (n=56/601) 201 
of VC TBPIs. 202 

 203 

The median proportion urbanity for VCs (89.0%, IQR: 45.4-99.6) was lower than for NVIs 204 
(median: 98.3%, IQR: 79.1-100.0). No differences were identified between vehicle type 205 
and the urbanity of the area in which the injury occurred.  206 

 207 

Non-vehicular TBPIs 208 

A mean of 33 NVI cases occurred annually, with minimal variation during the COVID-19 209 
pandemic. Males (median age: 52, IQR: 31-71) were 17 years younger than females 210 
(median age: 72, IQR 58-82) at the time of injury. Elderly individuals from the cohort (65 211 
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years of age or over) had a lower deprivation rank (median: 1019, IQR: 609.8 - 1786.5) at 212 
the time of a TBPI than those under 65 years of age (median: 1408, IQR: 766.5-1885.0). 213 
Over 75% (n=305/402) of the cohort resided in a postal outcode with an urban percentage 214 
of over 75%.  215 

 216 
Mechanisms of NVIs are summarised in Figure 4. The most common mechanism was a 217 
fall of less than 2m, accounting for 56.0% (n=225/402) of cases. An older age distribution 218 
was found to sustain a fall of less than 2m (median age: 73, IQR: 60-82) compared to the 219 
age distribution for all other mechanisms of injury combined (median age:  42, IQR: 25-220 
62). Females (77.2%, n=129/167) were more likely to experience a fall of less than 2 221 
metres compared to males (40.9%, n=96/235). Of the male cohort, the most common 222 
mechanisms of injury were falls of less than 2m (n=96/235), falls of greater than 2m 223 
(n=46/235) and stabbings (n=43/235). 84.3% (n=43/51) of all stabbings and 67.7% 224 
(n=46/68) of all falls greater than 2m occurred in the male cohort. 225 

 226 
Over 15% (n=56/402) of injuries were due to penetrating trauma, such as a stabbings or 227 
shootings. Those individuals sustaining penetrating TBPIs (median IMD: 1687, IQR: 977-228 
2082) lived in areas with higher deprivation ranks compared to those sustaining non-229 
penetrating mechanisms of TBPIs (median IMD: 1147, IQR: 574-1755). Penetrating TBPIs 230 
occurred in individuals that lived in areas with a higher urban percentage compared to 231 
non-penetrating mechanisms of injury (100% vs 97.6%). The most common casualty 232 
postal outcodes for penetrating mechanisms of injury was Manchester (n=4/56), 233 
followed by Huddersfield (n=3/56), South-East London (n=3/56) and East London 234 
(n=3/56). These postal outcodes combined accounted for over one-fifth (n=13/56) of 235 
casualty’s sustaining penetrating TBPIs. No significant associations were found between 236 
deprivation ranks and length of stay, complications or survival.   237 

 238 

Figure 5 shows the geographic distribution of NVIs across England and Wales normalised 239 
by the population of the area. The casualty home area with the highest TBPI cases per 240 
million of the population was Bournemouth (35.5 cases per million), followed by Oxford 241 
(19.0 cases per million) and Swansea (16.1 cases per million). In Bournemouth, 58% 242 
(n=10/17) of cases were female, the median age of the cohort was 70 years (IQR: ), all 243 
cases (n=17/17) involved a fall, and over 70% (n=12/17) involved a concurrent bony injury 244 
(either a fracture, subluxation or dislocation). 245 

 246 

Discussion 247 
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This study provides valuable insights into the geographical and demographic patterns of 248 
TBPIs across England and Wales, revealing distinct differences in injury mechanisms, 249 
socioeconomic associations, and urban-rural distributions. By leveraging data from the 250 
TARN and STATS-19 databases, we were able to identify important associations between 251 
TBPI occurrence and factors such as age, sex, deprivation levels, and accident location, 252 
which carry significant public health implications. 253 

 254 
Our study has demonstrated that NVIs occur in a younger cohort of males compared to 255 
females and that this cohort has a higher level of social deprivation. In turn, we have also 256 
demonstrated that these individuals are more likely to sustain penetrating brachial 257 
plexus injuries compared to other mechanisms of injury. This is in keeping with previous 258 
studies which have shown populations living in socioeconomically deprived areas have 259 
a higher incidence of penetrating trauma, but this is not associated with case fatality 260 
[6,14]. In deprived urban areas, social determinants such as unemployment, poor 261 
housing conditions, limited access to recreational facilities, and higher crime rates likely 262 
increase individuals' exposure to violence and injury. Future studies could explore 263 
whether similar patterns are present in other developed countries with comparable 264 
socioeconomic structures. 265 

 266 

Interestingly, while global studies have reported higher trauma incidence in rural regions 267 
[1,15], our findings indicate a higher frequency of NVIs in urban areas. This discrepancy 268 
may reflect specific socio-cultural and environmental factors within the UK, where 269 
densely populated urban settings are associated with increased exposure to 270 
mechanisms of injury like falls and stabbings.  271 

 272 

The most common mechanism of NVIs was a fall of less than 2m and this mechanism of 273 
injury was more likely in older females as demonstrated by the cohort of cases from 274 
Bournemouth. Bournemouth is a coastal retirement destination with a comparatively 275 
older resident population compared to other parts of England and Wales [16]. This aligns 276 
with studies showing that falls are a primary cause of injury in this demographic, driven 277 
by age-related factors such as reduced balance [17]. The high association with a 278 
concurrent bony injury suggests a potential causative factor for their TBPI also shown 279 
from previous studies [18]. 280 

 281 

Our study’s findings align with prior research demonstrating that TBPIs frequently result 282 
from VCs, particularly in younger males [19,20]. The reduction in VC TBPIs in 2021 is likely 283 
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due to the effects of  the COVID-19 pandemic lockdown which ran from January to July 284 
2021, and is in keeping with previous studies [21,22]. 285 

 286 

An interesting finding from analysing the discordance from home was that males were 287 
involved in VCs closer to home. This may be explained by the higher likelihood for males 288 
to engage in high-risk activity such as motorcycle use, speeding and substance misuse 289 
compared to female counterparts [19,23]. Linking healthcare data with road safety data, 290 
as this study does, offers a richer perspective on injury mechanisms. 291 

 292 

The distribution of VC-related TBPIs revealed notable geographic patterns, with 293 
Peterborough and Guildford identified as areas with the highest number of cases. 294 
Peterborough and Guildford lie on major transport corridors linking high-speed A-roads 295 
and motorways. In Peterborough, the predominance of single carriageways with a 60mph 296 
speed limit and the high proportion of motorcycle involvement aligns with known risk 297 
factors for severe trauma in rural areas. These findings suggest that the central region of 298 
England, including urban centres such as Birmingham and Oxford, accounted for a 299 
significant proportion of VC TBPIs. This clustering may be partly explained by the region's 300 
role as a major transport hub, with high-density road networks and significant commuter 301 
traffic. The mix of urban centres and high-speed rural roads likely contributes to the 302 
elevated TBPI risk. 303 

 304 

The identification of geographic “hotspots” from our study suggests that specialist 305 
services such as nerve surgery and neurorehabilitation may need to be more readily 306 
available in high-incidence regions to improve access and reduce delays in care. 307 

 308 

Moreover, the high proportion of NV TBPIs occurring in older adults, particularly due to 309 
low-level falls, raises concerns about age-related disparities in trauma care. Previous 310 
qualitative studies have highlighted potential differences in the aggressiveness and 311 
intensity of treatment due to implicit age bias, even when injury severity is comparable 312 
[24]. This underscores the need for further research and policy attention to ensure that 313 
treatment decisions are based on clinical need rather than age alone. 314 

 315 

Limitations 316 

This is a retrospective study, and this inherently introduces bias related to data 317 
availability. The reliance on TARN and STATS-19 data introduces potential biases due to 318 
variable reporting standards across trauma centres and police jurisdictions. While 319 
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compliance in data submission has improved since the establishment of major trauma 320 
centres in 2012, discrepancies remain in data completeness across centres and regions.  321 

 322 

Inclusion in the TARN database is subject to specific severity criteria, which introduces a 323 
severity bias where the dataset may overrepresent more severe injuries while 324 
underestimating the true incidence of TBPIs across the population. Milder TBPIs from 325 
closed injuries and certain mechanisms may lead to spontaneous reinnervation and are 326 
therefore unlikely to be captured [25]. This may skew the identified patterns toward 327 
higher-acuity cases.  328 

 329 

Additionally, not all cases in the TARN database could be matched to corresponding 330 
STATS-19 records, potentially limiting the generalisability of our findings. In analysing VC 331 
TBPIs, the study focused on the injured individual rather than external contributing 332 
factors, such as the role of other drivers on the road which may have played a significant 333 
role but was not accounted for. 334 

 335 

This study used area-based IMD ranks rather than individual-level deprivation data, 336 
which may introduce ecological fallacy of socioeconomic status [26]. Another limitation 337 
for the NVI cohort is the assumption that the TBPI occurred within the casualty’s home 338 
postcode region. Some individuals may have sustained their injuries in a different 339 
location due to travel or other factors, potentially affecting the accuracy of geographic 340 
and socioeconomic associations. 341 

 342 

Conclusion 343 

This study provides a comprehensive analysis of TBPIs across England and Wales, 344 
demonstrating distinct geographical and demographic patterns influenced by 345 
socioeconomic factors. TBPIs were most prevalent among younger males involved in VCs 346 
and older females sustaining falls at home, with higher deprivation ranks associated with 347 
penetrating injuries in urban areas. The integration of trauma and road safety data 348 
enhances understanding of injury mechanisms. These findings characterise who, where 349 
and how TBPIs occur in England and Wales across vehicular and non-vehicular contexts. 350 
The patterns by age, sex, deprivation rank and urbanity provide an epidemiological 351 
baseline for clinicians, commissioners and researchers. Future research should explore 352 
individual-level socioeconomic factors and expand this approach to other populations 353 
to refine prevention strategies and reduce the burden on healthcare systems. 354 

 355 
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Tables & Figures 356 

Supplementary Table 1 – Number of VC cases from TARN database matched with the 357 
STATS-19 database by year 358 

Figure 1 – Speed limit counts by vehicle type 359 

Figure 2 – Discordance from home postal outcode (km) at the point of a TBPI-sustaining  360 
vehicle collision 361 

Figure 3 - Geographical distribution of vehicular collision TBPIs across England and 362 
Wales 363 

Figure 4 – Frequency of non-vehicular injury mechanisms 364 

Figure 5 - Geographic distribution of non-vehicular TBPIs across England and Wales 365 
normalised by the population of the area 366 
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