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ABSTRACT 
     Data from the Hospital Episode Statistics (HES) and London’s Helicopter Emergency Medical 
Service (HEMS) were used to determine the most frequent injuries received by pedestrians in traffic 
accidents.  The cost of the different injuries was estimated using a model based on the pedestrians’ 
duration of stay in intensive care and/or standard hospital wards using information recorded by the 
HEMS. These costs were weighted using the national HES dataset. This showed that injuries to the 
lower limbs of pedestrians cost cumulatively more than injuries to any other body region. However, 
the list of the ten most costly individual injuries was split between head and lower limb injuries.  
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In 2007 there were 646 pedestrian deaths in the UK. There were also 6,924 seriously injured 
pedestrian casualties. These killed and seriously injured (KSI) pedestrians made up 23 % of the KSI 
casualties in the UK and were second only to car occupants as the largest group of casualties 
(Department for Transport, 2008). In order to develop and implement new countermeasures to reduce 
pedestrian injury, it is important to know which injuries to target, so that any intervention will have the 
greatest effect and/or be cost beneficial. 
 
     The cost of injuries has been calculated and used to prioritise injuries in the past, most notably for 
car occupants in the HARM project (Miller et al., 2001) and by using willingness to pay models (as 
described by Hopkin and Simpson, 1995). This paper explores the frequency of different injuries 
received by pedestrians in traffic accidents, and begins to develop a model based on the cost of 
treatment of pedestrian injuries which could be used to prioritise the prevention of certain injuries. 
 
     Developing a method to determine which are the most costly pedestrian casualties, and which 
should be prioritised, is important at the moment because of a number of factors which are likely to 
have some effect on the nature and cause of pedestrian injuries. These include changes to the vehicle 
fleet, both those imposed by the EC Regulation 78/2009, the EC Directive 2003/102/EC, and 
consumer testing (EuroNCAP), and the increased use of new types of vehicles such as small city cars. 
The demographics of the pedestrian population are also changing because of the UK’s aging 
population. The possible effects of these changes on pedestrian injury need to be monitored. 
 
     The EC Directive on pedestrian protection (2003/102/EC) was originally written in two phases. 
Phase one came into force in October 2005 and was applicable to new types of vehicles, with the 
intention that all old type approved vehicles that are still in production must be approved to the Phase 
one requirements by the end of 2012. However, Phase two of the European legislation was revised; the 
revised Phase two was included in Regulation (EC) No 78/2009 which was published in February 
2009. This will supersede the EC Directive and also brings together the Frontal Protection Systems 
(Bull-bar) legislation and adds requirements for Brake Assist Systems (the latter being required to 
compensate for the pedestrian protection feasibility adjustments). 
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METHOD 
     SOURCES OF DATA This paper used two sources of information to investigate the injuries 
received by pedestrians. These were the Hospital Episode Statistics and data collected by London’s 
Helicopter Emergency Medical Service. 
 
     Hospital Episode Statistics (HES) HES are compiled by the Department of Health and record 
details of all hospital admissions, finished consultant episodes and hospital discharges for England. 
Data of this type has been collected since 1989, with its main purpose being to ensure correct funding 
of hospitals from their Primary Care Trust (Department for Transport et al., 2007). HES contains data 
such as age, sex, dates of admission and discharge, diagnoses, operations and procedures, place of 
residence and ethnicity, with approximately 12 million new records being added each year. 
Information regarding the diagnosis of injury and its causation is coded using the ‘International 
Statistical Classification of Diseases, Injuries and Causes of Death’ (ICD), of which the latest version 
ICD-10 has been used since 1995. Injuries sustained in road traffic accidents can easily be identified 
when coded in this way. It should be noted that HES do not include details of any casualties treated in 
Accident and Emergency (A&E) that are not admitted to hospital (Department for Transport, 2006), or 
any details of casualties who died at the scene or were dead on arrival at the hospital. 
 
     Helicopter Emergency Medical Service (HEMS) The Helicopter Emergency Medical Service is 
based at the Royal London hospital. It began to fly from the rooftop at the Royal London on 30 August 
1990 and to date has flown over 17,000 missions. Two trauma teams are available to attend major 
trauma incidents seven days a week from 7am to sunset. At night the poor visibility makes flying 
around the city dangerous, therefore the teams are grounded and rapid response cars are used instead. 
These cars can also be used if the emergency occurs whilst the helicopter is away on another mission.  
 
     HEMS primarily deals with major trauma incidents of all varieties including serious and life 
threatening road traffic accidents. The patient is then seen as quickly as possible by a specialist trauma 
doctor and paramedic team to provide the greatest chance of survival. The helicopter’s medical team 
are equipped with a substantial range of drugs, emergency surgical kits, monitors and other equipment 
so that they can begin treatment straightaway. A doctor is part of the HEMS team and is able to 
perform life saving medical procedures that a paramedic is not qualified to undertake. They can also 
take the patients to the hospital best suited for the patient’s needs rather than the closest A&E 
department.  
 
     The data from the accidents attended by the HEMS team is entered into a database which is then 
used for various analyses aimed at improving patient care and trauma management. This database 
holds information on the age and gender of the patient as well as their injuries and the treatment they 
received both on route to the hospital and during their stay. This includes information on operations, 
who treated them, outcome (i.e. whether they lived and if not then the area of the hospital in which 
they died) and their length of stay in hospital (both on wards and in an intensive care unit (ICU)). The 
HEMS database does not include any details of casualties who died at the scene, or were dead on 
arrival at the hospital. 
 
     Injury coding In HES, injuries are recorded in 14 fields (7 before April 2002) which contain 
information about a patient’s illness or condition (HESonline, 2008). These are recorded by a clinical 
coder, based on the notes made by the clinician treating the patient. The first of these fields contains 
the primary diagnosis and the other fields contain secondary/subsidiary diagnoses, in addition to the 
primary diagnosis. This means that a maximum of 13 different injuries can be recorded for each 
patient. The primary diagnosis is defined as “…the main condition treated or investigated during the 
relevant episode of healthcare” (HESonline, 2008). The codes are defined in the International 
Statistical Classification of Diseases, Injuries and Causes of Death (World Health Organisation, 1992). 
HES records currently use the tenth revision (ICD-10). Prior to April 1995, the ninth revision was used 
(ICD-9). Diagnosis codes start with a letter and are followed by two or three digits.  
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     The ICD-10 codes are recorded in HES in both their 3-character and 4-character formats. The first 
3 characters of the ICD-10 code provide the core classification of the injury, whereas the first 4 
characters of the code provide a more specific injury description. An example of this would be a 3-
character code of “S01 – an open wound of the head” (World Health Organisation, 1992).  When split 
into its 4-character codes it could be any of the following: 

• S01.1 – Open wound of eyelid and periocular area 
• S01.2 – Open wound of nose 
• S01.3 – Open wound of ear 
• S01.4 – Open wound of cheek and temporomandibular 
• S01.5 – Open wound of lip and oral cavity 
• S01.7 – Multiple open wounds of head 
• S01.8 – Open wound of parts of head 
• S01.9 – Open wound of head, part unspecified 

It should be noted that ICD records only what the injury is, it does not include any measure of the 
severity of the injury. 

 
     In the HEMS dataset injuries are recorded using the ninth revision of ICD. There is no limit to the 
number of injuries which can be assigned to an individual pedestrian. In the same way as HES, the 
injuries are recorded by a clinical coder based on the notes made by the clinician treating the patient. 
HEMS also records the severity of each injury using the Abbreviated Injury Scale (AAAM, 1998). 
This scale gives each injury a score on a threat-to-life scale from 1 to 6, where 1 is a minor injury 
(bruise or laceration), and 6 is currently untreatable. 
 
     OVERVIEW OF PEDESTRIAN INJURIES An overview of the injuries received by pedestrians in 
traffic accidents was provided by analysing the HES data. Pedestrian “traffic” and “unspecified 
whether traffic or non-traffic” accidents, with all vehicle types, were selected from the HES database 
from April 1998 to March 2007. “Unspecified whether traffic or non-traffic” means that the pedestrian 
was hit by a vehicle but it was not known whether it occurred on the public highway or not. 
 
     COST MODEL The cost of the pedestrian injuries in the HEMS data was estimated using a model 
based on the duration of stay on a ward and in an ICU. This costing was not performed with HES 
because HES only contains the total duration of stay in hospital. The Intensive Care Society (2008) 
state that the cost of a day in an ICU is approximately six times as costly to the hospital as a day spent 
on a ward. Christensen et al. (2008) cites the Department of Health statistics (Department of Health, 
2005) which say that the mean cost per patient per day on a general ward is £281, and the mean cost 
per patient per day in a critical care unit is £1,328 (approximately 4.7 times more costly than the 
ward). The information in the HEMS database includes the number of days spent by each patient on 
the ward and in the ICU, so this has been used to calculate a cost of each patient to the hospital. It 
should be noted that this cost only accounts for the length of time each pedestrian was in hospital, and 
does not account for the differing costs of surgical operations and procedures carried out during their 
stay or other pertinent factors. This is partially because this information could not readily be provided 
by the HEMS for this study, but also because the length of stay in hospital makes up a large proportion 
of the cost for each patient. In a study of blunt trauma patients Christensen et al. (2008) calculated that 
approximately 75% of the total costs were accounted for by the length of stay in hospital. 
 
     WEIGHTING RESULTS TO NATIONAL LEVEL The nature of the accidents attended by the 
HEMS team makes it likely that the pedestrians in the HEMS dataset will generally have more severe 
injuries than the pedestrians in the national accident population. Therefore the cost of the pedestrian 
injuries determined using the HEMS dataset alone will not be representative of the general cost of 
pedestrian injuries, and needs to be weighted to reflect the national population of pedestrian injuries. 
Because the HES dataset does not separate the duration of stay on the ward and in ICU, the same 
method of costing could not be used to calculate costs at a national level using HES. Instead, the 
relationship between the injuries in HES and HEMS was determined in order to weight the costs 
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calculated using the HEMS data to the national level. Weighting to the national level in this report 
means weighting to the pedestrian casualties in England, as this is the area covered by HES. 
 
     For a given body region the weighted annual cost was estimated using equation 1: 
 

 wCC HEMSweighted =     [1] 
 
where CHEMS was the annual cost for the pedestrians in the HEMS dataset with an AIS 2+ injury to that 
body region, and w was a weighting factor calculated using equation 2: 
 

HEMSHEMS

HESHES

DN
DN

w =     [2] 

 
where NHES was the number of pedestrians with a primary injury to that region in HES, NHEMS was the 
number of pedestrians with an AIS 2+ injury to that region in HEMS, HESD  was the average duration 

of stay of the pedestrians with a primary injury to that region in HES, and HEMSD  was the average 
duration of stay of the pedestrians with an AIS 2+ injury to that body region in the HEMS dataset. 
 
     The same weighting factors were used to weight the costs determined for individual injuries; for 
example, the total cost of individual head injuries in the HEMS dataset was multiplied by the same 
weighting factor to give an estimate of the national cost of those injuries. 
 
RESULTS 
     OVERVIEW OF PEDESTRIAN INJURIES The HES dataset contained 72,878 pedestrian 
casualties who were admitted to hospital following a traffic accident in England between April 1998 
and March 2007. The majority of these casualties were involved in impacts with cars, pickups, or vans 
(84 %), and most of the pedestrians were male (63 %). Almost 20 % of the pedestrians were children 
aged 10-15 years old, and in total children under the age of 16 made up 37 % of the pedestrian 
casualties in the HES dataset. 
 
     Table 1 shows the percentage of pedestrians who received their primary injury to the body regions 
listed. The percentages are of the 70,695 pedestrians whose primary injury was a traumatic injury 
(recorded in ICD-10 as ‘S’ or ‘T’ codes). These include injuries such as “S619 – Open wound of wrist 
and hand” and “T025 – Fractures involving multiple body regions”. Pedestrians whose primary injury 
was not directly related to trauma (e.g. “G40 – Epilepsy”) were not included in the sample. Because 
each pedestrian can have only one primary injury the percentages in Table 1 add up to 100 %. 
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Table 1. Body regions containing primary injury 
Shorter labels Frequency Percentage 

Head 26,841 38.0% 
Knee and Lower leg 20,342 28.8% 
Hip and thigh 4,714 6.7% 
Shoulder and upper arm 4,340 6.1% 
Abdomen, lower back, pelvis 4,085 5.8% 
Elbow and forearm 2,964 4.2% 
Ankle and foot 2,355 3.3% 
Thorax 1,670 2.4% 
Wrist and hand 1,212 1.7% 
Multiple body regions 732 1.0% 
Neck 695 1.0% 
Unspecified 481 0.7% 
Other 264 0.4% 

 
     It is clear that the primary injuries were dominated by two body regions, namely the head and the 
lower leg (including the knee), which accounted for a total of 67 % of primary injuries. Table 2 and 
Table 3 show the ten most frequent individual primary injuries using the 3-character and 4-character 
ICD codes respectively.  
 

Table 2. Most frequent primary injuries (using 3-character ICD code) 
Injury (3-character code) Frequency Percentage 
Fracture of lower leg including ankle 18189 25.0% 
Other and unspecified injuries of head 9345 12.8% 
Intracranial injury 5202 7.1% 
Open wound of head 4985 6.8% 
Fracture of femur 3986 5.5% 
Fracture of shoulder and/or upper arm 3833 5.3% 
Fracture of skull and/or facial bones 3583 4.9% 
Superficial injury of head 3531 4.8% 
Fracture of forearm 2526 3.5% 
Fracture of lumbar spine and/or pelvis 2467 3.4% 

 
 

Table 3. Most frequent primary injuries (using 4-character ICD code) 
Injury (4-character code) Frequency Percentage 
Unspecified injury of head 9051 12.4% 
fracture of shaft of tibia 6987 9.6% 
fracture of lower end of tibia 3526 4.8% 
fracture of upper end of tibia 3054 4.2% 
fractures of other parts of lower leg 1877 2.6% 
Open wound of other parts of head 1809 2.5% 
Fracture of upper end of humerus 1609 2.2% 
Superficial injury of other parts of head 1500 2.1% 
Open wound of scalp 1442 2.0% 
Fracture of pubis 1350 1.9% 

 
     Analysing the 3-character ICD codes reveals that a quarter of the pedestrians in the HES dataset 
received a fracture of the lower leg. When the more detailed 4-character ICD codes are used, these 
injuries appear to be primarily fractures of the tibia. The majority of the most frequent injuries were 
made up of lower limb or head injuries. 
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     Table 4 gives the mean duration of stay by the primary injury region for the pedestrian casualties in 
the HES dataset. This mean duration of stay, and the number of pedestrians receiving injuries to each 
region, will be used later to weight the costs of pedestrian injuries from the HEMS data to the national 
HES data. 
 

Table 4. Mean duration of stay by primary injury region 
Primary injury region Number of pedestrians Mean duration of 

stay (days) 
Hip and thigh 4714 16.7 

Neck 695 15.1 
Injuries involving multiple body regions 732 10.4 

Abdomen, lower back, lumbar spine and pelvis 4085 10.2 
knee and lower leg 20342 8.9 

Thorax 1670 8.1 
Certain early complications of trauma 100 6.7 

Not S or T group 2183 6.4 
Burns and Corrosions 122 6.3 

Shoulder and upper arm 4340 6.1 
Ankle and foot 2355 5.9 

Elbow and forearm 2964 4.7 
Head 26841 3.7 

Unspecified parts of trunk, limb or body region 481 3.4 
Wrist and hand 1212 2.6 

Other 42 10.8 
 
     Primary injuries to the hip and thigh led to the longest mean duration in hospital. Head injuries, 
despite being the most numerous, led to one of the shortest mean durations of stay in hospital. It 
should be noted that “injuries involving multiple body regions” refers to injuries such as burns, where 
a single injury can cover more than one body region. For pedestrians who had more than one injury to 
more than one body region, only the primary injury has been included in Table 4. 
 
     Table 5 shows the most frequent injuries received by the pedestrians in HES in 2006-2007 (using 
the 4-character ICD codes). This also shows, in brackets, the change in the proportion of pedestrians 
receiving that injury since 1998-1999. “Fracture of pubis”, “Fracture of shaft of femur”, and 
“Intracranial injury, unspecified” are shown because they were in the top ten most frequent injuries in 
1998/1999. The percentages are of the number of pedestrians, not the number of injuries, so they do 
not sum to 100 %. The percentages give a measure of the risk of a pedestrian receiving each injury, 
given that they were admitted to hospital. 
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Table 5. Most frequent 4-character ICD codes in HES, 2006-2007 (1998-1999) 
Injury description No. of pedestrians % of pedestrians 

Unspecified injury of head 791 10.0 (-3.8) 
Fracture of shaft of tibia 646 8.2 (-2.4) 

Fracture of lower end of tibia 367 4.7 (-) 
Fracture of upper end of tibia 298 3.8 (-0.4) 

Open wound of other parts of head 233 3.0 (+0.7) 
Fractures of other parts of lower leg 215 2.7 (+0.2) 

Superficial injury of other parts of head 198 2.5 (+0.9) 
Open wound of scalp 179 2.3 (+0.8) 

Fracture of upper end of humerus 157 2.0 (-0.5) 
Superficial injury of head, part unspecified 150 1.9 (+0.9) 

Fracture of pubis 140 1.8 (-0.3) 
Fracture of shaft of femur 100 1.3 (-1.2) 

Intracranial injury, unspecified 40 0.5 (-1.5) 
 
     Many of the injuries which reduced in frequency may be considered the more serious injuries, such 
as fractures to the lower legs. These included “fracture of the lower leg and ankle” and “fracture of 
femur” in the 3-character codes, and “fracture of shaft of tibia” and “fracture of shaft of femur” in the 
4-character codes. The majority of the most frequent injuries which increased in proportion from 
1998/1999 to 2006/2007 were relatively minor injuries, such as superficial injuries to the head. 
 
     COST OF PEDESTRIAN INJURIES The HEMS dataset contained details of 746 pedestrians 
injured in accidents with motor vehicles from 2000-2007, who received a total of 2,974 recorded 
injuries. Table 6 shows the total number of days spent on a ward and in an intensive care unit (ICU) 
and the total cost for all the pedestrians in the HEMS dataset. It also shows the annual cost which was 
calculated by dividing the total cost by eight (the number of years covered by the HEMS dataset). 
 

Table 6. Summary of costs for pedestrians in HEMS dataset 
Number of pedestrians 746 

Total days on ward 12,009 
Total days in ICU 2,634 

Total cost £6,853,253
Annual cost £856,657 

Mean cost per patient £9,187 
 
     Fig. 1 shows the distribution of the costs of the pedestrian casualties to the hospital by their 
outcome: whether they survived, or where they died. The central horizontal line within the boxes gives 
the median cost, and the boxes themselves give the upper and lower quartiles. The lines extending 
from the bars contain approximately 99% of the pedestrians. The circles are outliers (greater than 1.5 
box lengths from the top or bottom of the box) and the stars are extreme values (greater than 3 box 
lengths from the top or bottom of the box). All the pedestrians who died in accident and emergency 
(A&E) or in theatre did so within a day of admission, which means that the annual cost for these 
pedestrians was zero.  
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Fig. 1 – Distribution of pedestrian casualty cost by outcome 

 
     The annual cost of the pedestrians for each outcome was calculated by summing the cost of each 
individual pedestrian with a given outcome, then dividing by the number of years covered by the 
HEMS data. The annual cost for pedestrians who died in intensive care was £89,639, for those who 
died on the ward it was £25,890, and for those who died in another hospital it was £28,539. The 
annual cost of the pedestrians who survived was £712,588. 
 
     Fig. 2 shows the average cost of the pedestrians in the HEMS dataset by body region injured. This 
only includes the injuries with a severity of AIS 2 or greater. This figure shows that head injuries had a 
relatively low average cost (which agrees with the HES data in Table 4 which shows that head injuries 
lead to a relatively short duration of stay compared to other injuries). 
 

 
Fig. 2 – Average cost per pedestrian of pedestrians in HEMS dataset 

 
     Fig. 2 also shows the difference in the average cost of pedestrian injuries between 2000 and 2007. 
Head, lower limb, and upper limb injuries showed a small decrease in the average cost, while 
abdomen and thorax injuries showed an increase (there were only 2 and 4 pedestrians with “multiple” 
region injuries in 2000 and 2007 respectively – i.e. one injury that includes multiple body regions, 
such as burns).  
 
     Fig. 3 shows the annual cost of the pedestrian injuries by body region for the pedestrians in the 
HEMS dataset. Table 7 shows the ten individual injuries received by the pedestrians in the HEMS 
dataset which were calculated to be the most costly. 
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Fig. 3 – Annual cost of pedestrian injuries by body region injured 

 
Table 7. ICD-9 descriptions of the 10 AIS 2+ injuries with the highest annual cost in the HEMS 

dataset, surviving pedestrians only. 
ICD9 code ICD9 description Annual cost 

851 Cerebral contusion closed                          £223,644 
852.05 Generalized SAH IVH*                           £197,136 
852.04 Cerebral subdural haematoma                       £147,423 

807 Fracture of ribs closed                             £127,802 
860 Pneumothorax, without wound into thorax             £108,336 

802.4 Fracture of malar and maxillary bones closed           £98,578 
861.2 Injury to lung without wound into thorax              £88,132 
801.1 Fracture of base of skull, closed with intracranial injury  £85,202 
808.2 Fracture of pelvis, pubis closed                      £82,431 
810 Fracture of clavicle, closed                         £77,503 
*Generalised subarachnoid haemorrhage and intraventricular haemorrhage 

 
     Head injuries accounted for the top three most costly individual injuries, and head injuries were 
also the injury region with the greatest annual cost for the pedestrians in the HEMS dataset. However, 
the larger HES dataset differed with respect to the relative proportions of head and leg (and other 
injuries) which were received by pedestrian casualties. For example, the proportion of pedestrians 
receiving their primary injury to the head or lower limb in HES was 39 % and 39 % respectively, 
compared to 32 % and 24 % for the AIS 2+ head and lower limb injuries in HEMS. For this reason the 
estimated costs calculated using the HEMS dataset were weighted using the larger national HES 
dataset. Table 8 shows the process used to calculate the weighted annual costs for injuries to the 
different body regions, and Fig. 4 shows the annual cost of pedestrians by injury region using the 
results from the weighting. 
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Table 8. Weighting cost of pedestrian injuries in HEMS dataset to national HES dataset 
Body region 

injured 
Annual 
cost in 
HEMS 

Annual number 
of pedestrians 

Average 
duration of 

stay 

Weighting 
factor 

Weighted 
annual cost 

  HEMS HES HEMS HES   
Head + neck £369,023 30 3060 23.3 4.0 17.5 £6,446,118 
Lower limb £304,618 22 3046 28.7 9.9 47.7 £14,518,084 
Upper limb £282,985 17 946 29.0 5.1 9.2 £2,613,434 

Abdomen, lower 
back, lumbar 

spine and pelvis £281,232 18 454 30.3 10.2 8.4 £2,372,013 
Thorax £251,376 18 186 26.0 8.1 3.2 £794,129 

Multiple / NS £78,118 3.5 135 45.1 7.5 6.4 £501,518 
 
      

 
Fig. 4 - Weighted annual cost of pedestrian injuries by body region 

 
     The large total duration of stay associated with lower limb injuries in the HES dataset meant that, 
when the costs in the HEMS dataset were weighted using the HES dataset, lower limb injuries 
accounted for a larger annual cost than injuries to any other region. This was also reflected in the most 
costly individual injuries, shown in Table 9, as 5 of the ten most costly injuries were lower limb 
injuries (before the weighting none of the top ten injuries were to the lower limbs). However, the two 
most costly individual injuries were still head injuries. 
 

Table 9. Weighted annual cost of the ten most costly individual injuries 
ICD9 code ICD9 description Annual cost 

851 Cerebral contusion closed £3,907,067 
852.05 Generalized SAH IVH £3,443,958 
823.1 Fracture of tibia and fibula, unspecified part, open £2,711,806 

852.04 Cerebral subdural haematoma £2,575,482 
823 Fracture of tibia and fibula, unspecified part, closed £2,376,994 

823.3 Fracture of tibia and fibula, shaft open £2,009,706 
802.4 Fracture of malar and maxillary bones closed £1,722,163 
801.1 Fracture of base of skull, closed with intracranial injury £1,488,491 
823.2 Fracture of tibia and fibula, shaft closed £1,458,104 
891 Open wound of knee, leg and ankle £1,362,013 

 
     The top ten most costly injuries, after the weighting using the HES data, were all either head or 
lower limb injuries. However, it should be noted that the weighted cost of the individual injuries is 
based on the weightings calculated by body region. This would be more accurate if the weightings 
could be calculated for the individual injuries; unfortunately, because of the limited sample size and 
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the differences between ICD-9 and ICD-10, the weightings could not be calculated for individual 
injuries as part of this study. 
 
DISCUSSION 
     OVERVIEW OF PEDESTRIAN INJURIES Pedestrian injuries were dominated by injuries to two 
body regions, namely the head and the lower limbs. The majority of the injuries to the lower limbs 
would have been caused by the initial impact with the bumper or the bonnet edge in frontal impacts 
with cars. The causes of the head injuries are likely to be more widely distributed, including primary 
impacts with the vehicle (to the bonnet, windscreen, and A-pillars in a frontal impact) as well as 
secondary impacts with the ground (Appel et al., 1975; Otte and Pohlemann, 2001; Gavrila et al., 
2003; Ashton and Mackay, 1979). 
 
     The most frequent pedestrian injury in the national HES dataset was a fracture of the lower leg, 
which was recorded for a quarter of the sample. The majority of these fractures were to the tibia. 
However, lower leg fractures had some of the greatest decreases in injury frequency over time in the 
HES dataset. One cause of this reduction could be improvements in bumper design in recent years. 
Further improvements are likely to be seen in the future as the pedestrian EC Regulation 78/2009 and 
the EuroNCAP consumer testing programme, which has pedestrian protection as an integral part of its 
rating (EuroNCAP 2009), begin to affect the vehicle fleet. However, the modest reductions in lower 
leg fractures in the period investigated (1998-2007) could be associated with many other factors, 
including: 

• reduced vehicle travelling speeds in England; 
• a changing pedestrian casualty demographic; or  
• other confounding factors. 

 
     At this stage the influence of vehicle design on pedestrian lower leg injury rates is unknown. It 
should also be noted that changes in procedures, coding schemes, organisation and funding may have 
caused fluctuations in HES data over the years (HESonline, 2009). The exact effect of these 
fluctuations is currently unknown.   
 
     The longest average duration of stay in hospital was for pedestrians receiving hip and thigh 
injuries, with an average stay in hospital of 16.7 days. Serious injuries to these regions have relatively 
long recovery times, and can leave the patient immobile for a long period of time. Pedestrians with 
head injuries, although they were the most frequent body region to be injured, had one of the lowest 
mean durations of stay of 3.7 days. It should be noted here that because HES contains no measurement 
of injury severity (beyond the estimate provided by the duration of stay), it is possible that even 
though it is the primary injuries which are being investigated, some of these may be relatively minor. 
This may be a particular problem for head injuries, which is reflected in the large number of 
pedestrians receiving an “unspecified injury of head” in the HES dataset. 
 
     COST OF PEDESTRIAN INJURIES Using the HEMS dataset alone, head injuries were seen to 
dominate the list of the most costly injuries, and injuries to the head accounted for a larger annual cost 
than injuries to any other body region. However, although the proportion of head injuries in the HES 
dataset was slightly greater than that in the HEMS dataset, the proportion of lower limb injuries in 
HES was much greater than in HEMS. Also, although the number of head injuries in HEMS was large, 
the average cost per pedestrian of head injuries was smaller than for any other body region. For these 
reasons, when the costs from the HEMS dataset were weighted to the national HES dataset, it was 
injuries to the lower limbs which dominated the cumulative cost of pedestrian injuries, accounting for 
double the cost of head injuries, and six times as much as the next most costly region injured. 
 
     This highlights one of the benefits of the cost model, as it can clearly distinguish between injuries 
that are frequent, and injuries which are not as frequent but have a larger cost in terms of hospital 
based recovery time. 
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     The purpose of the weighting was to estimate the national cost of pedestrian injuries, at the same 
time removing the differences between the HEMS and the HES datasets. It is likely that the HEMS 
dataset contains pedestrians who are more severely injured than those in the HES dataset and who 
have a different injury distribution. In effect the weighting has used the proportion of days on the ward 
to days in intensive care for the pedestrians in the HEMS dataset, and weighted this proportion to the 
duration of stay of the pedestrians in the HES dataset. This means that the differences in the total 
duration of stay or injury distribution of the pedestrians in the HEMS dataset has no effect on the final 
results, which are calculated for the national population of pedestrian patients. 
 
     The results of the weighting suggest that pedestrian leg injuries should be prioritised over injuries 
to all other body regions. However, looking at individual injuries suggests that it is a combination of 
head and lower leg injuries which should be prioritised, especially the causes of contusions and 
haemorrhages in the brain and fractures of the lower legs. 
 
     There are a number of limitations to the costing model presented here. The first is associated with 
basing the model on the duration of stay in hospital alone, as this does not properly account for 
pedestrians who died after a short time in hospital. The HEMS and HES datasets also do not include 
pedestrians who died before they reached the hospital, although using this cost model these fatalities 
would have a cost of zero if they were included. The cost of fatalities needs to be added to the model 
in some other way. It is also difficult to estimate the cost of individual injuries, as the majority of 
pedestrians received more than one injury. This means that the cost of the individual injuries (and the 
cost of injuries by body region) cannot be combined to determine the cost for that pedestrian: there is 
not a linear relationship. Further, the model provides indicative costs which are consistent for all 
casualties, but does not include and sum the additional costs associated with different surgical 
procedures, outpatient clinic appointments, physiotherapy care or a more generic life impairment 
measure. Therefore, the costs given typically significantly underestimate the true health care costs. 
 
     Because the method of recording injuries in HES and HEMS differs, some assumptions have been 
made in order to use HES to scale the costing estimated from the HEMS dataset. HES does not include 
a measure of injury severity but it does record one injury as the “primary” injury. HEMS does record 
injury severity through AIS coding, but does not select a “primary” injury. In the weighting process, 
the frequency of “primary” injuries to each body region was used to scale the average cost of AIS 2+ 
injuries by body region determined from the HEMS data. 
 
Because details of the vehicles are not included in the HES or HEMS data, these datasets alone cannot 
be used to investigate the cost of impacts with different types of vehicle (e.g. comparing old vehicles 
to new vehicles). However, these datasets could be linked in the future to national accident data such 
as that collected by the Police, which would enable more detailed analysis to be performed. Indeed, 
some HES data has already been linked to Police accident reports (Department for Transport, 2008). 
 
     The costing model, based on the duration of stay of pedestrians on the ward and/or in intensive 
care, is an example of one method which can be used to prioritise injuries using medical information. 
The costs of individual injuries could be refined if other information was included in the analysis, such 
as the operations and procedures performed on the patient while they were in hospital. The details of 
the operations and procedures were not available for both the medical datasets in this study, but the 
data is recorded and could be used in a future model. Costing road traffic injuries in a similar way is 
already carried out in the USA for car occupants (Miller, Romano, Zaloshnja, and Spicer, 2001), and 
is used when considering the cost-benefit of countermeasures designed to increase road safety. 
 
     The costing model presented in this paper is offered as an alternative to the willingness to pay 
models which are often used in the valuation of road traffic accidents (Hopkin and Simpson, 1995). 
While it does not include e.g. costs related to the patient’s time off work, it is believed to be a good 
descriptor of the cost to the hospitals of treating pedestrian casualties. The cost of treatment should be 
considered when prioritising pedestrian injury prevention in the future, and can form part of other 
valuation methods to give a full picture of the cost of pedestrian injury. 
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CONCLUSIONS 
     Analysis of the Hospital Episode Statistics for England from 1998-2007 shows that the majority of 
pedestrian injuries in traffic accidents are to the head or legs, making up 67 % of all primary 
pedestrian injuries. 
 
     A quarter of pedestrians admitted to hospital due to traffic accidents receive fractures to the lower 
leg, with many of these being tibia fractures. However, the frequency of these fractures has reduced 
over the nine year period covered by the data. 
 
     Data on pedestrian casualties collected by London’s Helicopter Emergency Services was used to 
calculate the cost of the pedestrian injuries using a model based on the nature and duration of stay. 
These results were weighted to the national HES pedestrian casualty population. This weighting 
showed that leg injuries account for almost twice the annual cumulative cost as head injuries for 
pedestrians involved in serious or fatal injury traffic accidents. However, the ten most costly 
individual injuries are split between injuries to the head and legs. 
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