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1. Background and Purpose 

There is a gap in the knowledge about light vehicle crashes in NZ in that there is limited understanding 

of the circumstantial differences between fatal crashes and those that result in serious injuries. There 

is also a limited understanding of the nature of the injuries resulting from fatal crashes, compared 

with crashes where people survive. 

Previous analyses suggest that there could be considerable differences in the nature of fatal and 
serious crashes (Wundersitz and Baldock 2011) with ‘system failures’ being more prevalent in non-
fatal crashes (but still prevalent in many fatal crashes). This may have implications for the initiatives 
that are most likely to have a tangible effect on road safety trauma. While fatal crashes are of utmost 
importance, there are many more serious injury crashes, some of which have lifelong implications for 
disability and quality of life. Serious injuries also account for the highest proportion of road trauma 
social costs out of all injury categories (Ministry of Transport 2015). 

 

A recent study commissioned by the Ministry of Transport titled Why people die (de Pont 2016) 
focussed on the various factors that caused traffic injuries to be fatal (as opposed to the cause of the 
crash itself). While this confirmed some important facts about fatal crashes, the conditions 
surrounding the many more numerous serious injury crashes have not received equal scrutiny. There 
is a need to better understand serious injuries, the circumstances and injuries associated with them, 
so that road safety initiatives can be tailored to them. In turn, the Safer Journeys goal of being 
increasingly free of both deaths and serious injuries will have a greater likelihood of being achieved. 

2. Scope 

The goal of this feasibility report is to determine a method which could be employed to examine the 

differences between serious injury and fatal motor vehicle crashes, with less emphasis on the causes 

of the crashes and more on the nature of the injuries in serious crashes (compared with fatal crashes) 

and better understanding of the people, vehicles and environments involved.  

To understand the feasibility of various methods that might be used, a set of agreed tasks were 

carried out.  

The steps in the project included: 
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1. A brief key document scan and literature overview to glean a basic understanding of previous 

studies and their findings. 

2. A database feasibility exercise. This involved firstly contacting key data ‘owners’ and then 

assessing the feasibility of using CAS, ACC and hospitalisation datasets, specifically: 

a. How easy it is to access the data 

b. What the data contains 

c. How easy it is to use the data 

d. Whether cases can be cross referenced across databases 

e. How useful the data will be in helping to achieve the research goals. 

 

With access to data achieved, a sample of CAS, ACC and/or hospitalisation data from a given date 

(e.g. 1 or 2 days) were to be explored to examine the items outlined above. Several measures were to 

be examined to determine the circumstances that are more likely to result in a fatality or serious 

injury. These may include but are not limited to: 

 

 Age group 

 Gender 

 Use of restraints and other notable road user behaviours 

 Age and type of vehicle 

 Roadside object or other vehicle that was hit 

 Location of incident (intersection, mid-block, rural, urban) 

 Nature of injuries sustained by vehicle occupants. 

 

3. A brief report outlining key findings and a suggested costed method. This can then be used as 

the basis for a full study which can be developed at a later time. 

Most of these tasks were able to be carried out as planned. One exception was that we were not able 

to obtain a sample of ACC or hospitalisation data as it was discovered the ethics and other applications 

required to do so could not be achieved within the timeframe of this study. However, experts who 

have experience with these data sets were able to provide guidance on the feasibility of using them 

and relatively more time than initially planned was spent discussing the various data sets with these 

experts and also reviewing the literature, to better understand this relatively well researched field of 

study. 

 

 

3. Literature scan 

A key finding from the initial scan of the literature was that there is a relatively large and established 

body of unanimous literature predominantly related to risk factors for motor vehicle injuries and 

fatalities (see Error! Reference source not found.). Whilst this is useful in identifying the 

Preconditions 
for a crash

Crash 
circumstances

resulting injuries 
(fatal or serious)

Focus of this research 
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circumstances that are likely to affect injury severity, the literature is somewhat limited when 

describing specific injuries, and the degree of severity of those specific injuries, in relation to particular 

crash types. Furthermore, we found very few studies that match one of the key goals of the study – to 

compare the nature of injuries associated with fatal vs serious injury crashes. A caveat to this exercise 

is that there may be important references that were not located within the scope of this brief scan.  

Crashes are complex and the factors that influence injury severity and fatality are many and varied. 

Likely due to the difficulties of matching crash data with hospitalisation data, the literature does not 

typically provide information about crash type and injury type and severity. However, there are strong 

trends which indicate that particular risk factors are more likely to be associated with particular injury 

types, or crash outcomes. 

The type of crash has an influence on motor vehicle occupants’ injury risk. Naturally, for each seating 

location, a different risk severity will result depending on the type of crash, location of the crash, and 

other risk factors described above. Rollover crashes are associated with a high risk of injury (Delen, 

Sharda et al. 2006, Stigson, Gustafsson et al. 2015), in particular cervical spine injuries (Funk, Cormier 

et al. 2012, Ridella, Rupp et al. 2012). In a crash where one vehicle was stopped prior to the incident, 

that driver would have a higher probability of sustaining an injury compared with the driver in motion 

(Yasmin, Eluru et al. 2015). Colliding with a large object, such as a tree, wall, or building results in a 

higher probability of instant death (Yasmin, Eluru et al. 2015). Finally, a frontal impact (but not head-

on) is associated with an increased survival probability compared with a side impact, especially an 

impact on the driver’s side (Farmer, Braver et al. 1997, Joksch 1998, Bédard, Guyatt et al. 2002, 

Dupont, Martensen et al. 2010). In frontal crash types, there is a high rate of head injuries (Carter, 

Flannagan et al. 2014, Stigson, Gustafsson et al. 2015), thoracic injuries (Morris, Welsh et al. 2003, 

Ridella, Rupp et al. 2012, Carter, Flannagan et al. 2014) and lower extremity injuries (Kuppa and 

Fessahaie 2003). 

Older drivers are not only at a higher risk of being involved in a crash, but the outcome of the crash is 

more likely to result in that driver’s fatality, or increases the risk of all injury types (O'Donnell and 

Connor 1996, Abdel-Aty, Chen et al. 1998, Zhang, Lindsay et al. 2000, Abdelwahab and Abdel-Aty 

2001, Bédard, Guyatt et al. 2002, Braver and Trempel 2004, Delen, Sharda et al. 2006, Mohan 2006, 

Huang, Chin et al. 2008, Dupont, Martensen et al. 2010, Funk, Cormier et al. 2012, Abu-Zidan and Eid 

2015, de Pont 2016, Usman, Fu et al. 2016). 

Young, inexperienced drivers have been shown to be more crash involved (Dobson, Brown et al. 1999, 

Huang, Chin et al. 2008). Indeed for young NZ drivers, the presence of passengers, particularly a 

combination of male and female, dramatically increases the probability of serious and fatal injuries 

(Weiss, Kaplan et al. 2014). 

Gender is a factor in the severity and type of injury sustained. Although it has been shown that 

females are more likely to receive serious injuries than males (O'Donnell and Connor 1996, 

Abdelwahab and Abdel-Aty 2001, Abdel-Aty 2003, Yau 2004, Delen, Sharda et al. 2006, Mohan 2006, 

Yasmin, Eluru et al. 2015, Usman, Fu et al. 2016), crashes that result in severe injuries do not depend 

on the gender of the driver (Delen, Sharda et al. 2006). However, a higher proportion of males die in 

crashes than females (Tavris, Kuhn et al. 2001, Kmet, Brasher et al. 2003). 

The behaviour of occupants in the vehicle has a strong influence on the outcome of a crash. This is 

seen in relation to seatbelt non-use for the driver and passengers, the presence of alcohol in the 

driver’s bloodstream, and reckless driving behaviour. 
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In relation to seatbelt non-use, it has been shown that all vehicle occupants are at a risk of higher 

injury severity, with decreased survival chances (O'Donnell and Connor 1996, Bédard, Guyatt et al. 

2002, Abdel-Aty 2003, Delen, Sharda et al. 2006, Gloeckner, Moore et al. 2006, Mohan 2006, Dupont, 

Martensen et al. 2010, Siskind, Steinhardt et al. 2011, Stigson, Kullgren et al. 2011, Funk, Cormier et al. 

2012, Weiss, Kaplan et al. 2014, Yasmin, Eluru et al. 2015, Usman, Fu et al. 2016). Vehicle occupants 

not wearing seatbelts are at an increased risk of sustaining a cervical spine injury (Funk, Cormier et al. 

2012) and being ejected from the vehicle (Abu-Zidan and Eid 2015). Ejection is associated with a 

higher risk of serious injury (Yasmin, Eluru et al. 2015). 

While the literature is in agreement that the presence of alcohol in the driver’s bloodstream is 

associated with a higher risk of fatality or serious injuries (O'Donnell and Connor 1996, Bédard, Guyatt 

et al. 2002, Delen, Sharda et al. 2006, Mohan 2006, Siskind, Steinhardt et al. 2011) (Weiss, Kaplan et 

al. 2014, Yasmin, Eluru et al. 2015, Usman, Fu et al. 2016), the literature is inconsistant about the level 

of alcohol concentration in the driver’s blood. 

Reckless driving behaviour and violations of the road rules have been shown to increase the liklihood 

of a fatality in a crash (Siskind, Steinhardt et al. 2011, Wundersitz and Baldock 2011, Weiss, Kaplan et 

al. 2014). 

Car occupant’s survival chances and injury severity are negatively associated with the age of the 

vehicle (Yau 2004, Dupont, Martensen et al. 2010, Yasmin, Eluru et al. 2015, Usman, Fu et al. 2016). 

Faster speeds are a commonly cited factor in the literature as a contributor to the increased severity 

outcome of a crash (O'Donnell and Connor 1996, Bédard, Guyatt et al. 2002, Taylor, Baruya et al. 

2002, Abdel-Aty 2003, Mohan 2006, Haleem and Abdel-Aty 2010, Siskind, Steinhardt et al. 2011, Abu-

Zidan and Eid 2015, Yasmin, Eluru et al. 2015, de Pont 2016, Usman, Fu et al. 2016). 

In relation to passenger vehicles, its make, length, and mass are contributing factors in the outcome of 

a crash. For example, in single-vehicle crashes, SUVs are less safe than passenger cars as they are 

more likely to roll (Kockelman and Kweon 2002, Wenzel and Ross 2005). However, in a two-vehicle 

crash between a SUV and a passenger car, the mass ratio will have more severe outcomes for the 

occupants of the passenger car (Evans and Wasielewski 1987, Joksch 1998, Kockelman and Kweon 

2002, Wenzel and Ross 2005, Huang, Chin et al. 2008, Tolouei, Maher et al. 2013). 

For vehicle occupants with a high BMI, there is an increased risk of serious spine injury and fatality 

(Funk, Cormier et al. 2012). Obese occupants are more likely to experience lower extremity injuries, 

increased seatbelt loading and damage to the lower thorax region (Carter, Flannagan et al. 2014). 

Studies have shown that peak hours are the safest time to travel, with the lowest injury severity rates 

recorded at these times (Huang, Chin et al. 2008, Yasmin, Eluru et al. 2015), likely due to slower 

speeds and higher vehicle density (Usman, Fu et al. 2016). Conversely, night-time travel, especially 

between midnight and 6am is a factor which increases injury risk in a crash (Huang, Chin et al. 2008, 

Yasmin, Eluru et al. 2015). Coupled with time of travel, driver fatigue is also associated with not only 

the increased liklihood of a crash (Lee, Howard et al. 2016) but also the increased risk of a serious 

injury or fatality (Connor, Norton et al. 2002), particularly a fatality in two-vehicle crashes (Weiss, 

Kaplan et al. 2014). 

Within the road environment are numerous factors that influence the liklihood and severity of a crash. 

A study in Singapore demonstrated that crash severity was increased by 69% when there was poor 

street lighting (Huang, Chin et al. 2008). The presence of sharp bends (Taylor, Baruya et al. 2002) has 

been shown to increase the frequency of single-vehicle crashes. Rural roads are associated with higher 
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fatality rates (Kmet, Brasher et al. 2003, Haleem and Abdel-Aty 2010, Wundersitz and Baldock 2011). 

And an increase in the number of lanes has been shown to decrease the probability of a fatality and 

lessen the severity of injuries sustained (Usman, Fu et al. 2016). 

Intersection design is another factor than affects the likelihood and severity of a crash. It was found 

that although traffic control devices decreased the likelihood of a serious crash (Yasmin, Eluru et al. 

2015), this did not extend to red light cameras which were found to increase severity risk (Huang, Chin 

et al. 2008). However, the authors did note that this may be confounded by the intersection already 

being dangerous. A lack of a stop line on the minor approach of an unsignalised intersection fas found 

to increase injury and fatality risk (Haleem and Abdel-Aty 2010). Finally, T and Y intersections were 

found to have a greater injury severity risk than other intersection types (Huang, Chin et al. 2008). 

4. Description of databases available for research use 

4.1. Crash Analysis System (CAS) 

Description 

The NZ Transport Agency manages the Crash Analysis System (CAS) - New Zealand’s primary tool for 

capturing information on where, when and how road crashes occur. The system provides tools to 

analyse and map crashes and enables users to identify high-risk locations and monitor trends and 

crash sites. This information helps inform transport policy, design and prioritise road safety 

improvements and monitor their effectiveness. Traffic crash data is entered directly into CAS as it 

arrives from the New Zealand Police so the database is ‘live’ and is continually changing as data is 

entered and edited. The data includes details about the location, time, date, drivers involved, 

casualties, crash circumstances and causal factors.  Fatal crashes are almost always investigated by the 

Serious Crash Unit of the Police who produce a report that includes a much greater level of detail than 

the standard traffic crash reports. With appropriate authorisation, these Serious Crash Unit reports 

can be accessed through CAS.  This in-depth reporting does not usually occur for crashes without a 

fatality.  

Benefits and limitations 

The key benefit of CAS is an understanding of where crashes happen and the nature of them. Traffic 

crash reports are completed by police officers and have varying degrees of accuracy and detail. For the 

basic level of information (the traffic crash report) injury details can be sparse especially when there 

are multiple occupants in the crash. Police officers may indicate the types of injuries sustained but his 

is not the focus of their reporting. However, fatal, serious injury, minor injury and non-injury crashes 

are clearly coded. There is a high level of under-reporting for lower severity crashes, but all fatal 

crashes should be included in CAS. 

Serious crash unit reports are also available on the same database. These are comprehensive and 

provide more detail about road users, environment and vehicles involved, along with causes of death 

summarised from the coroner, but these reports are limited to fatal crashes.  

4.2 National Minimum dataset and Mortality dataset (Ministry of Health) 

Description 

The National Minimum Dataset (NMDS) is a national collection of public and private hospital discharge 

information, including coded clinical data for inpatients and day patients. The Mortality Collection 

classifies the underlying cause of death for all deaths registered in New Zealand. Both datasets use the 

internationally standard ICD-10 (International Classification of Diseases), which includes external 

injuries, and therefore provide a highly robust assessment of the nature of injuries sustained. 
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Benefits and limitations 

Occupants (driver or passenger) in motor vehicle crashes can be readily identified and distinguished 

from, motorcyclist, pedal cyclists and pedestrians, for both datasets. Unlike CAS, the details of a motor 

vehicle crash are not included and because linkage to CAS is not yet available, then individual cases 

cannot be interrogated for both crash circumstances and injury details (apart from what is provided by 

the coroner in fatal crashes).  

4.3  ACC data 

Description 

ACC manages about 1.6 million injury claims each year, and collect as much information about those 

injuries as possible. All statistics are approximate as ACC relies on information provided in the ACC45 

Injury claim form. The Motor Vehicle Account contains the accidents of interest. There is good data on 

claims costs and fatal vs not fatal claims, along with broad injury types can be queried. 

Benefits and limitations 

The injury coding is much less robust than the NMDS and Mortality datasets. Individual accident 

details are typically unavailable unless consent is given by ACC, which is likely to be a difficult process. 

Enquiries to understand the details and conditions of use of ACC data have been relatively 

unsuccessful.  

4.4   Summary of dataset utility 
 

Database Crash Analysis System (CAS)  National Minimum 
Dataset (NMDS) and 
Mortality Collection 

ACC data 

Type of data Traffic crash reports, Serious 
crash reports. Nature of 
crashes including location, 
road users and 
environmental conditions.  
Serious Crash Unit reports 
for fatal crashes with a 
much greater level of detail. 

Detailed description of 
injuries sustained for 
hospital discharges and 
all registered deaths. 

Claims data including 
claim costs and 
generalised reporting of 
injuries sustained 

Ease of access Mackie research has access Available via university 
colleagues (i.e. Shanthi 
Ameratunga) 

Would need to submit 
ethics application to 
access data. Likelihood 
of access unknown. 

Quality of data Rich in detail about the 
conditions surrounding 
crashes. TCR reports can 
have variable quality. SCU 
reports have much more 
detail for fatalities 

High quality, 
internationally 
consistent injury 
descriptions and injury 
causation codes. 

Relatively poorer quality 
injury description data 
as relies on completion 
of form which can be 
variable 

Ease of use Mackie researchers are 
experienced in using CAS 

Shanthi Ameratunga is 
experienced in using 
datasets 

Unknown 

Ability to cross 
reference 

Not yet Not yet Understand this has 
been done, but cannot 
get details 
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Useful for 
research goals 

Useful for describing the 
circumstances surrounding 
fatal vs serious crashes 

Useful for describing 
the injuries sustained 
for fatal vs serious 
crashes 

Unknown 

 

5 Examples of freely available information to help understand the 

differences between fatal and serious crashes 

There is some basic readily available information related to this topic. This section briefly describes 

some of the data currently available. 

5.1.  Ministry of Transport Published data based on Crash Analysis System 
The Ministry of transport publishes the yearly Motor Vehicle Crashes in New Zealand. A summary PDF 

report was produced up until 2014, since which time all the data is provided in Excel spreadsheet 

form. The figures below show examples of the information that is typically available.  

 

Source: Motor Vehicle Crashes in New Zealand 2015 Ministry of Transport 
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Several differences between fatal and serious injuries for different crash types are immediately 

apparent in the 2015 data. For example, head on crashes are more often Fatal (26% vs 6% for injury 

crashes), rear end crashes are less likely to be fatal (3% vs 13% injured) and fatal crashes are more 

likely to involve alcohol or drugs (30% vs 12% for injury crashes). Driving too fast for the conditions is a 

factor in 32% of fatal crashes and 18% of injury crashes. The driver being tired or falling asleep was a 

factor in 15% of fatal and 6% of injury crashes.  

 

Source: Motor Vehicle Crashes in New Zealand 2015 Ministry of Transport 

 

 

 

 

 



 

12 
 

5.2. ACC Injury Statistics tool 
ACC holds a significant database of injuries related to motor vehicle crashes (among other causes). A 

much less detailed summary of this information can be interrogated via a website to understand the 

number of cases of various injuries for motor vehicle crashes, along with demographic data and some 

indication of claim costs by injury type. This query system does not have any detailed data about the 

vehicles involved or the crash circumstances. Data is suppressed in the ACC database when there are 

only a few individuals <3. 

 

 

Source ACC Injury Statistics tool 
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Analysis using the ACC injury statistics tool identifies that All motor vehicle account claims are a 

significant ongoing cost. Over $418 million for the year ended June 2016 representing 48,717 ongoing 

claims. Fatal claims however are a smaller proportion of this cost with claims costs for the June 2016 

year end of $27 million and only 1,041 ongoing claims. This reflects the different priorities of ACC and 

other agencies. 

ACC fatal claims are not well coded with 85% of 2016 fatal motor vehicle claims injury sites listed as 

unknown and 70% of the diagnoses listed as Other. These default codings seem to be a place holder 

whilst a claim’s acceptance is being determined once a death certificate is received which confirms an 

accidental cause of death linked to the car accident then the claim is accepted without any changes 

made to the Injury codes.  Individual claims files will contain a death certificate which will state the 

cause or causes of death and in more complex cases a coroner’s report. It may be that the coding of 

fatal claims when a claim is first lodged is standardised and no adjustment is made once the death 

certificate is received to provide a more specific cause of death. ACC fatal claims data would only be 

useful if the death certificate cause of death was accurately coded on each file..  

5.1. NZ Injury Query System 
In a similar way to the ACC query system, the Otago University administered NZ Injury Query system, 

provides summarised data for fatal and non-fatal hospital data. An example of a query output is 

shown in the figure below. This information does not provide any detail about the injuries sustained 

and so is of limited value for the proposed research. Rather it provides an overview of the number of 

discharges or deaths for various demographic conditions. 
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5.2. Other Ministry of Transport information based on hospital data 
There are some examples of the transport sector utilising hospitalisation data. The figure below shows 

the number of hospitalisations and days stay in hospital for age and gender following road crashes. It 

is interesting to note that older (75+) female patients have longer hospital stays than their male 

counterparts and females over the age of 80 are particularly vulnerable to a lengthy hospital stay 

following a road crash. However, the 80+ band covers greater than 5 years and so the population of 

this age band is possibly larger. Furthermore, female life expectancy is higher than life expectancy and 

so the number of women in this 80+ band, and therefore the number of female car occupants in this 

age group is likely to be greater than the number of males. 

 

 

Source:  Ministry of Transport Hospital data- derived from Ministry of Health (NMDS) data.  

 

Source:  Ministry of Transport Hospital data- derived from Ministry of Health (NMDS) data.  
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6 Suggested method 

6.1   Overview of chosen approach 
Following the feasibility investigations of the various databases in New Zealand that might help 

determine the circumstantial and injury differences between fatal and serious crashes, a proposed 

method is outlined below. Some key points underpin this approach: 

 For understanding the nature of injuries, hospital discharge data provides the most robust 

method, using internationally accepted and reliable coding 

 For understanding the nature of the circumstances surround motor vehicle crashes, CAS 

provides the most useful information. 

 At this time is not feasible to link these data sets and so individual level analyses using both 

data sets are not currently possible. However, in the future the Statistics NZ led Integrated 

Data Infrastructure initiative may provide a useful tool for linking data. See Section 7 later for 

more information about this. 

However, in the meantime, a small to medium sized study may provide further short-term insight into 

the nature of fatal and serious crashes, using the method proposed below. 

6.2   Proposed method 
 

Stage 1. Literature Review  

Building on the literature that has been briefly reviewed as part of this feasibility exercise, a more 

comprehensive literature review will be carried out with the goal of identifying the circumstances and 

injury outcomes of serious crashes, compared with fatalities. Freely available academic literature and 

policy documents will be gathered through literature databases and government websites. Key 

findings from the literature will be summarised. 

Stage 2. Detailed CAS analysis of fatal vs serious crashes 

Moving beyond the information that is published by the Ministry of Transport, we will carry out a 

more detailed analysis of the circumstances surrounding fatal and serious crashes. Approximately 100 

fatal crashes and 200 serious injury crashes between 2011-2015 will be analysed. Ideally, the 100 fatal 

cases from the earlier MOT Why people die study will be used to save on time and costs. Individual 

cases will be tabulated and the following variables will be compared between the fatal and serious 

injury samples: 

 Movement code 

 Vehicles involved 

 Time of day 

 Weather 

 Objects struck 

 Factor codes: Road users, vehicle factors, road factors, environment factors 

The goal of this comparative exercise will be to determine circumstantial factors that differ for fatal 

and serious crashes, taking a similar method to the Why people die report (de Pont, 2016). A third 

category of crashes for investigation will be fatal crashes where people have survived but sustained 

serious injuries. This reflects high impact crashes where survival is possible. 
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A goal for this stage will be to apply the Wundersitz and Baldock 2011 methodology of broadly 

determining the proportion of fatal and serious crashes that have extreme vs system factors at the 

heart of the injury outcomes to New Zealand data. 

Stage 3. Investigation of National Minimum Dataset (NMDS) and Mortality (MORT) data 

Currently, the best way to understand and compare the nature of injuries for fatal vs serious injury 

motor vehicle crashes is to analyse hospital discharge and mortality (deaths) data. For this stage it 

makes sense that specialists who have expertise in using this data are employed. We propose that 

Shanthi Ameratunga (Professor of Public Health, Auckland University) and her colleague Pauline 

Gulliver (Research Fellow, Auckland University) lead and carry out the majority of this work. Shanthi is 

one of New Zealand’s most experienced researchers in working with hospitalisation data and she and 

colleagues have used this data for previous studies related to road safety. 

Ten years of NMDS and MORT data between 2000 and 2014 will be analysed by isolating non-

identifiable individuals who have been in motor vehicle crashes (excluding pedestrian, cycle and truck 

crashes). Some basic circumstantial information is available through this data such as whether a 

person was a driver or a passenger, but most importantly, the nature of injuries sustained are coded 

using the internationally consistent ICD-10 injury coding structure. Comparison of the injuries 

sustained for hospital discharges and deaths will then be determined.  

Stage 4: Reporting: The circumstances and nature of injuries associated with fatal and serious injury 

vehicle crashes 

As outlined earlier, linking CAS data with hospitalisation data is not yet possible and any attempt to do 

this would need to be the focus of a much larger study. However, the CAS and hospitalisation findings 

will be considered together and some informal linkages may be identified. For example, 

hypothetically, the literature and CAS analysis may reveal that roll-over crashes are more often fatal, 

and neck injuries are more common in fatal motor vehicle crashes. This would suggest that a range of 

initiatives to prevent roll-over crashes and to mitigate the risk of neck injuries in roll-over crashes are 

important. 

A report will be produced, explaining the study and findings. 

The reporting will also describe the policy, practice and further research implications of the findings. 

 

7 Future considerations and other research questions that might be 

explored 

In future, the Integrated data infrastructure may provide a rich way of exploring data, especially once 

CAS data is added to it, although there is no indication that CAS data will be added in the near term.  
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Through the course of this exercise, a number of additional research questions have emerged that are 

also worthy of consideration. Some of these may be answered during the course of the proposed 

research while others may require further investigation. 

 Why do people live? Flipping the Why people die approach, a specific investigation of the 

conditions that lead to people surviving high impact crashes could be carried out. This may be 

possible within the proposed study. This may help to explain the key factors that underpin the 

conversion of fatalities to serious injuries over past decades. 

 What are the broader system factors that underpin fatal vs other crashes? What personal, 

environmental (i.e. previous 24 hours) and other socio-technical factors contribute to fatal vs 

survivable outcomes? This would require a different method, using in-depth enquiry 

approaches or IDI ‘big data’ integration. 

 Can Serious injuries be better stratified into less severe serious injuries and more severe 

serious injuries? What are the proportions of crashes that fall into these categories? 
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Appendix. Why are people seriously injured literature 

 

Ref Risk factor Crash location Crash type Type of injury Severity Comment 

Driver Age 

(O'Donnell and Connor 1996, Abdel-
Aty, Chen et al. 1998, Zhang, Lindsay 
et al. 2000, Abdelwahab and Abdel-
Aty 2001, Bédard, Guyatt et al. 2002, 
Braver and Trempel 2004, Delen, 
Sharda et al. 2006, Mohan 2006, 
Huang, Chin et al. 2008, Dupont, 
Martensen et al. 2010, Funk, 
Cormier et al. 2012, Abu-Zidan and 
Eid 2015, Usman, Fu et al. 2016) 

Older drivers    More likely fatal. 
 
Significantly increases the risk of 
all types of injuries 

Some increased risk to 
occupants of other 
vehicles, serious risk to 
themselves and 
occupants of their 
vehicle 
 
More risk of being 
crash-involved 
 
More often at-fault (Li 
and Kim 2000) 

(Carter, Flannagan et al. 2014) Age (greater 
relative 
contribution to 
injury over 
gender and BMI) 

 Thorax- More 
common in 
frontal, 
nearside, and 
farside crashes 
Head- more 
common in 
frontal and 
nearside 
crashes 

Thorax and head 
injuries. Less able to 
tolerate the effects 
of intrathoracic 
injury 

 Age-related bone loss 

Driver gender 

(O'Donnell and Connor 1996, 
Abdelwahab and Abdel-Aty 2001, 
Abdel-Aty 2003, Yau 2004, Delen, 
Sharda et al. 2006, Mohan 2006, 

Female   Factor in injury 
severity. 
More likely serious 
injury 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

Yasmin, Eluru et al. 2015, Usman, Fu 
et al. 2016) 

(Bédard, Guyatt et al. 2002) Female   More likely fatal   

(Carter, Flannagan et al. 2014) Female  Frontal crash More susceptible to 
thorax and 
upper/lower 
extremity injury 

  

(Carter, Flannagan et al. 2014) Female  Farside crash More likely to have a 
head injury 

Increased risk of severe to fatal  

(Siskind, Steinhardt et al. 2011) Male, median age 
34 

   Three quarters fatal and 
hospitalised casualties 

Australia- rural 

(Delen, Sharda et al. 2006)     More serious injuries do not 
depend on the gender of the 
driver 

 

(Tavris, Kuhn et al. 2001, Kmet, 
Brasher et al. 2003) 

Male    Higher fatality rates than 
females 

 

Seatbelt use 

(Bédard, Guyatt et al. 2002, Abdel-
Aty 2003, Delen, Sharda et al. 2006, 
Gloeckner, Moore et al. 2006, 
Mohan 2006, Funk, Cormier et al. 
2012, Yasmin, Eluru et al. 2015, 
Usman, Fu et al. 2016) 

No seatbelt   Increase risk of 
cervical spine injury 
(Funk, Cormier et al. 
2012) 

Significant in injury severity. 
Influence outcome of crash 

20 times more likely to 
be ejected from the 
vehicle (Abu-Zidan and 
Eid 2015) 

(O'Donnell and Connor 1996, 
Dupont, Martensen et al. 2010, 
Siskind, Steinhardt et al. 2011, 
Stigson, Kullgren et al. 2011, Weiss, 
Kaplan et al. 2014, Usman, Fu et al. 
2016) 

No seatbelt  Single-vehicle 
and two-
vehicle (Weiss, 
Kaplan et al. 
2014) 

 Decrease survival chances, 
increased probability of death. 
Wearing a seatbelt- reduced risk 
of death by 60% (Mohan 2006) 
 
40% of the fatally injured, 27% 
with MIAS2+ and 10% with 
RPMI (Stigson, Kullgren et al. 
2011) 

 



 

24 
 

Ref Risk factor Crash location Crash type Type of injury Severity Comment 

(Mohan 2006) Child restraints    Reduce infant death by 71% and 
toddler death by 54% 

 

Vehicle age 

(Yau 2004, Dupont, Martensen et al. 
2010, Yasmin, Eluru et al. 2015, 
Usman, Fu et al. 2016) 

Vehicle age    Survival chances negatively 
associated (Dupont, Martensen 
et al. 2010) 
Increase chance of minor injury 
(Usman, Fu et al. 2016) 
Serious injury more likely 
(Yasmin, Eluru et al. 2015) 

 

Vehicle speed 

(O'Donnell and Connor 1996, Abdel-
Aty 2003, Haleem and Abdel-Aty 
2010, Siskind, Steinhardt et al. 2011, 
Abu-Zidan and Eid 2015) 

speed    Higher likelihood of severe or 
fatal injury 

Important factor in 
severity outcome 

(Bédard, Guyatt et al. 2002) Speed over 
111km/h rather 
than 56km/h 

   Higher fatality risk  

(Mohan 2006) Average increase 
in speed of 1km/h 

   3% higher risk of a crash 
involving an injury. 
Severe crash- 5% higher risk of 
serious or fatal 

 

(Taylor, Baruya et al. 2002) 10% in mean 
speed 

   26% increase in frequency of all 
injury crash and 30% increase in 
fatal and serious 

England 

(Taylor, Baruya et al. 2002) Faster speeds at 
junctions 

    More frequent crashes 

(Usman, Fu et al. 2016) Increase speed 
limit 

   Increase probability of 
fatality/major injuries by 1.67 
and minor injuries by 0.68 

 

(Yasmin, Eluru et al. 2015) Roads over 
50mph vs 26mph 

   Instant death more likely  
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

Vehicle mass/ type 

(Evans and Wasielewski 1987) Greater the mass 
of the vehicle a 
passenger is in 

   Less likely to be killed or 
seriously injured 

 

(Joksch 1998) Weight ratio of 
car 1:2 

   Fatality ratio 1:10 USA 

(Huang, Chin et al. 2008) Heavy vehicles    Less severe injuries  

(Huang, Chin et al. 2008) Increased vehicle 
weight 

   Risk of being injured or 
damaged decreases. Although 
the driver of the other vehicle 
may be more injured 

 

(Kockelman and Kweon 2002) SUV and pickups 
vs passenger cars 

 Single-vehicle 
crash 

 Less safe  

(Kockelman and Kweon 2002) SUV and pickup 
vs passenger car 

 Two-vehicle 
crash 

 Less severe injuries for drivers 
and more severe injuries for 
occupants of other car 

 

(Tolouei, Maher et al. 2013) Mass ratio, not 
absolute mass 

 Frontal  Absolute driver injury risk  

(O'Donnell and Connor 1996) Light trucks    More dangerous than any other 
type of vehicle 

 

(Rifaat and Chin 2005) truck  Single-vehicle  More likely to result in a fatality  

(Usman, Fu et al. 2016) Heavy weight and 
non-defective 
vehicle 

   Decrease probability of 
fatal/major injuries from 0.21 to 
0.56 and minor injuries by 0.33-
1.43 

 

(Abdel-Aty 2003) vehicle type  Point of 
impact 

  Significant factor in 
injury severity 

(Joksch 1998)   Car struck by 
light truck vs if 
struck on 
same side by 
car similar 

 Fatality ratio for car driver is 
double 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

weight to the 
truck 

(Charles M. Farmer, 2004)(Farmer 
2004) 

Electronic 
Controlled 
Stability 

 Single-vehicle 
crash 

  Reduced risk by 49% 
SUV and 33% passenger 
cars 

(Wenzel and Ross 2005) SUV  rollover   Increased risk 

(Wenzel and Ross 2005) Passenger car  Crash with a 
SUV 

 Higher risk  

(Yasmin, Eluru et al. 2015) SUV, pickup, or 
van 

   Latent injury risk lower  

Blood alcohol and drugs 

(Bédard, Guyatt et al. 2002, Siskind, 
Steinhardt et al. 2011) 

blood alcohol 
greater than 0.30 

   More likely fatal  

(Delen, Sharda et al. 2006) use of alcohol or 
drugs,  

   Influence on the outcome of the 
crash 

 

(Mohan 2006) Blood alcohol and 
country income 

   High income 20% fatally injured 
Low income 33-69% fatally 
injured 

 

(O'Donnell and Connor 1996) Blood alcohol 
over 0.08 

   More likely to sustain serious 
injuries 

 

(Usman, Fu et al. 2016) Alcohol    Increases major injury/fatality 
by 0.80 

 

(Weiss, Kaplan et al. 2014) alcohol  Single-vehicle 
crashes 

 Higher fatality risk  

(Yasmin, Eluru et al. 2015) Alcohol impaired    Higher injury risk and lower 
likelihood of no injury. Higher 
likelihood of dying instantly 

 

BMI 

(Carter, Flannagan et al. 2014) obese   More likely to 
experience lower 
extremity injuries. 

Increased risk for severe injury  
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

Also increased 
seatbelt loading (for 
frontal impacts) on 
the vulnerable lower 
thorax region, rather 
than on the stiff 
upper thorax region 

(Funk, Cormier et al. 2012) Higher BMI   Increased risk of 
serious spine injury 
but not head injury 

Increased risk of fatal  

Fatigue 

(Connor, Norton et al. 2002) Acute sleepiness    Significantly increases risk of 
being injured or killed 

NZ 

(Weiss, Kaplan et al. 2014) Fatigue  Two-vehicle 
crashes 

 High risk of fatal  

(Lee, Howard et al. 2016) Drowsy driving, 
driving after a 
night’s work, 
driving more than 
45 mins when 
already drowsy 

    Increased risk of near-
crash event 

Time of day and lighting 

(Huang, Chin et al. 2008) Peak time (slower 
speeds and 
higher traffic 
density) 

   Less severe by 60% Singapore 

(Huang, Chin et al. 2008) Night time    19% higher odds of severity  

(Yasmin, Eluru et al. 2015) Peak hours    Lower likelihood of serious 
injury 

 

(Yasmin, Eluru et al. 2015) Between 
midnight and 
5:59am 

   Higher injury risk  
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

(Yasmin, Eluru et al. 2015) Dusk    More injurious  

(Yasmin, Eluru et al. 2015) Weekends    Driver injury risk higher  

(Huang, Chin et al. 2008) Good street 
lighting 

   Less severe  

(Huang, Chin et al. 2008) Bad street 
lighting 

   Increase odds of a severe crash 
by 69% 

 

(Yau 2004) time of crash, 
street lighting 

   Determine injury severity Hong Kong 

Road conditions       

(Delen, Sharda et al. 2006) Weather 
conditions 

   Did not appear to affect the 
severity of the injury 

 

(Taylor, Baruya et al. 2002) Low-quality roads     Crash frequency higher 

(Taylor, Baruya et al. 2002)  Presence of 
sharp bends 

Single vehicle 
crash 

   

(Usman, Fu et al. 2016) Improvement in 
road surfaces 

   Reduce minor injury probability 
by 0.20 

 

(Usman, Fu et al. 2016) Presence of 
curves or hilly 
terrain 

   Increase minor injury 
probability from 0.12 to 0.17 

 

(Usman, Fu et al. 2016) Increase number 
of lanes 

   Decrease probability of 
fatal/major injuries by 0.96 and 
minor injuries by 0.43 

 

(Wundersitz and Baldock 2011) rural    More fatal South Australia 

(Kmet, Brasher et al. 2003) rural    More fatalities than urban 
locations 

 

Driver behaviour       

(Siskind, Steinhardt et al. 2011) violations of road 
rules 

   More likely fatal  

(Weiss, Kaplan et al. 2014) reckless driving  Single-vehicle 
crashes and 

 High risk of fatal  
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

two-vehicle 
crash 

(Wundersitz and Baldock 2011) Extreme driver 
behaviour and 
time of day 

   Fatal. At night 83% and 
weekends 61% 

 

(Doherty, Andrey et al. 1998) Younger drivers 
with passengers 

    More likely to have a 
crash 

Type of intersection 

(Huang, Chin et al. 2008)  T/Y 
intersection 

  20% more severe than other 
intersections 

 

(Haleem and Abdel-Aty 2010)  No stop line 
existing on the 
minor 
approach of 
an 
unsignalised 
intersection 

  Higher risk of severe or fatal  

(Haleem and Abdel-Aty 2010)  90 degree 
unsignalised 
intersection 
design 

  Reduces risk of severe injury or 
fatality 

 

(Huang, Chin et al. 2008) Red light camera 
presence 

   Increased severity risk by 108% The intersection may 
already be risky 

(Yasmin, Eluru et al. 2015) Traffic control 
devices 

   Decrease likelihood of serious 
crash 

 

Loaction in car       

(Funk, Cormier et al. 2012) Far side seating 
position 

   Increased risk of fatal  

(Funk, Cormier et al. 2012) Far-side seating   Cervical spine injury   

(Gloeckner, Moore et al. 2006) Far side 
occupants,  

 Ejected 
occupants, 
rollovers 

 Higher risk of serious or greater 
(AIS3+) injury 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

(higher 
number of 
quarter turns) 

(Kullgren, Stigson, & Krafft, 2013 Nearside 
occupants vs far-
side occupants 

 Side impact  Higher risk and account for 
more than 70% of all side 
impact injuries 

 

(Mitchell, Bambach et al. 2015) Rear-seat vs front 
seat passenger 

   Higher injury severity  

(Stigson, Gustafsson et al. 2015) Far side vs near 
side 

   Same risk  

(Usman, Fu et al. 2016) Front position    Increase chance of fatal/ major 
injuries by 0.15 and minor 
injuries by 0.22 

 

(O'Donnell and Connor 1996) Left-rear seating    Most dangerous Australian study 

Crash location       

(Usman, Fu et al. 2016)  Bridge   Increases probability of fatality/ 
major injury by 0.58 

 

(Usman, Fu et al. 2016)  Intersections   Reduce fatality/ major injury by 
0.21 

 

(Usman, Fu et al. 2016)  Multilane 
divided 
highways 

  Increase probability of 
fatality/major injury by 0.26. 
Minor injury by 0.09 

 

(Haleem and Abdel-Aty 2010)  Heavily 
populated or 
urban areas 

  Decreased risk of severe injury 
or fatal 

 

(Huang, Chin et al. 2008)  Right-most 
driving lane vs 
centre lane  

  26% more likely to have a 
severe crash 

Left side of road 

(Usman, Fu et al. 2016) Increase in traffic 
volume 

   Decrease probability of 
fatal/major injury by 3.70 and 
minor injury by 1.08 

 

Other demographic 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

(Dobson, Brown et al. 1999) Younger female 
(18-23) three 
times more likely 
to be crash-
involved than 
women 45-50 

     

(Hosking, Ameratunga et al. 2013) Pacific children    Higher injury rates NZ 

(Haleem and Abdel-Aty 2010) Young and very 
young at-fault 
drivers 

   Least fatal/ severe probability  

(Yasmin, Eluru et al. 2015) Physically 
impaired driver 

   Higher injury risk  

(Hosking, Ameratunga et al. 2013) Māori    Significantly higher risk of road 
traffic injury 

NZ 

(Hosking, Ameratunga et al. 2013) Low decile    Increase in road traffic injury NZ 

(Chang and Wang 2006) Pedestrians, 
motorcyclists and 
bicycles 

   Higher risk of being injured Taiwan 

(Huang, Chin et al. 2008) Young    More risk of being crash-
involved and being severely 
injured 

 

(Huang, Chin et al. 2008) At-fault driver vs 
not at-fault 

   63% more likely to be severely 
or fatally injured 

 

Presence of passengers 

(Yasmin, Eluru et al. 2015) Presence of one 
passenger vs no 
passengers or 
multiple 
passengers 

   Higher injury risk  

(Weiss, Kaplan et al. 2014) Behaviour, 
presence of 
passengers, 

 Single and 
two-vehicle 
crashes 

 Higher injury severity 15-24-year-old drivers 
in NZ 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

involvement of 
vulnerable road 
users 

(Weiss, Kaplan et al. 2014) Presence of 
passengers, 
particularly 
combination of 
male and female 

   Dramatically increased 
probability of serious and fatal 
injuries 

Young drivers 

Type of crash 

(Delen, Sharda et al. 2006) driver  rollover  More likely to be injured USA 

(Funk, Cormier et al. 2012)   Roof crush Cervical spine injury   

(Stigson, Gustafsson et al. 2015)   rollover  Highest overall risk to sustain 
permanent medical impairment 

Sweden 

(Bédard, Guyatt et al. 2002)   Frontal impact  65% of this crash type in US 
fatal 

 

(Dupont, Martensen et al. 2010)   Front damage  Increased survival probability But mostly when the 
crash opponent was 
another car 

(Bédard, Guyatt et al. 2002)   Driver-side 
impact in 
comparison 
with front 
impact 

 Double odds of a fatality  

(Farmer, Braver et al. 1997)   Side impact vs 
frontal impact 

 Fatality risk twice as high  

(Joksch 1998)   Left side vs 
frontal 

 Death ratio for driver five times 
higher 

Right-side of road 
driving 

(Stigson, Kullgren, & Krafft, 2011   Single vehicle  Most casualties regardless of 
injury severity 

Sweden 

(Stigson, Gustafsson et al. 2015)   Frontal impact Head injury (50% 
from this crash type) 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

(Stigson, Gustafsson et al. 2015)   Rear crash More likely cervical 
spine injury 

 In Sweden, AIS1 cervical 
spine injuries account 
for more than 50% of all 
traffic injuries leading to 
long-term consequence 

(Wundersitz and Baldock 2011)   Multiple 
vehicle 

 fatal More likely to be a 
result of a system 
failure 

(Yasmin, Eluru et al. 2015)   Collision with 
large object 
(building, tree, 
wall) 

 Higher probability of instant 
death 

 

(Yasmin, Eluru et al. 2015)   Collision with 
an animal 

 Lower injury risk propensity  

(Yasmin, Eluru et al. 2015)   Head-on 
collision 

 Higher anticipated injury risk 
propensity 

 

(Yasmin, Eluru et al. 2015)   Driver who 
was stopped 
compared to 
one crashing 
into them 

 Higher injury risk  

(Yasmin, Eluru et al. 2015)   ejection  Higher probability of sustaining 
serious injuries 

 

(Yasmin, Eluru et al. 2015)   Turning left or 
right vs going 
straight ahead 

 Lower injury risk  

(Malm, Krafft et al. 2008)    Head and thoracic 
injuries (excluding 
thoracic spine) 

Fatal (frequent) Sweden 

(Malm, Krafft et al. 2008)    Thoracic injuries 
(excluding spine) and 
abdomen 

Crash survival- lowest risk of 
permanent medical impairment 
of all AIS levels 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

New literature 

(Ameratunga, Hijar et al. 2006) Much higher 
levels of injury 
and fatality 
burden in low 
income countries 
than in high 
income countries. 
Likewise, within 
the countries, 
much higher 
injury and fatality 
burden in low 
income areas 
(lower social 
classes) 

    Countries that are least 
able to afford the 
burden of motor vehicle 
crash injury have the 
highest rates. 

(Blows, Ameratunga et al. 2005) Risky driving 
behaviours 
(speed above 
20km/h the limit, 
racing, 
unlicensed) 

   More likely to be injured NZ study 

(Lam, Norton et al. 2003) Carriage of 
passenger 
significantly 
increased the risk 
of car crash injury 
among younger 
drivers. More 
passengers, the 
greater the risk 
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Ref Risk factor Crash location Crash type Type of injury Severity Comment 

(Ridella, Rupp et al. 2012) Age (older) 
significantly 
increases the risk 
of AIS3+ injury to 
almost every 
body region in all 
crash modes 

     

(Ridella, Rupp et al. 2012) Older women at 
significantly 
higher risk 
relative to 
younger women 
than were older 
men relative to 
younger men 

 Frontal crashes thorax   

(Ridella, Rupp et al. 2012) Over 65   More thoracic 
injuries 

  

(Ridella, Rupp et al. 2012) Under 25   More head injuries   

(Ridella, Rupp et al. 2012) Over 65 
Skeletal fragility 
Osteoporosis and 
osteopenia 

 Frontal Thoracic injury, 
particularly rib 
fractures and 
sternum fracture 

 Type of thoracic injury 
changes with age. In 
younger people there is 
more soft tissue injury 
(lung contusion) and in 
older people there are 
more bone fractures. 

(Ridella, Rupp et al. 2012) Older car 
occupants 

 Nearside 
impact 

Head injury, 
followed by thorax 

  

(Ridella, Rupp et al. 2012) women  rollover spinal   

(Ridella, Rupp et al. 2012) Older occupants    Injury severity at lower speeds 
much higher than for younger 
people 
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(Jha, Srinivasa et al. 2003)      This study describes 
different injury sites. 
However, it does not 
distinguish between 
motorbike, pedestrian, 
car, and cyclists, so it is 
difficult to determine 
which injuries are most 
related to which mode 
of travel. 

(Gichuhi 2007)      Although the study 
describes different 
injury locations, it does 
not describe these 
injury locations in 
relation to the 
‘category’ i.e. 
pedestrians, passenger 
etc 

(Kumar, Lalwani et al. 2008)    Head injury 
dominant 

 Does not differentiate 
between injury type, 
crash type, or vehicle 
category. All we can 
discern is that of the 
dataset, 35% were 
vehicle crashes. Due to 
the high number of 
pedestrian and 
motorcycle (often 
without helmet) 
crashes, we cannot 
deduce any information 
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about the frequency of 
injury location 

(Singh and Dhattarwal 2004)    Head injury 
dominant 

 Does not differentiate 
between injury type, 
crash type, or vehicle 
category. All we can 
discern is that of the 
dataset, 35% were 
vehicle crashes. Due to 
the high number of 
pedestrian and 
motorcycle (often 
without helmet) 
crashes, we cannot 
deduce any information 
about the frequency of 
injury location 

(Afukaar, Antwi et al. 2003)      Lists numerous risk-
factors for injury 
severity in different 
road user types. Does 
not discuss injury type 

(de Pont 2016) Vehicle weight 
ratio (lighter 
vehicle comes off 
worse) 

   fatality  

(de Pont 2016) Speed, timeliness 
of medical 
intervention 

     

(Morris, Welsh et al. 2003) Older passengers  Frontal crash Chest injuries   

(Morris, Welsh et al. 2003) Older passengers    Serious injuries and fatalities  
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(Morris, Welsh et al. 2003)      Provides a breakdown 
of injury severity by 
different risk factors i.e. 
age, gender 

(Morris, Welsh et al. 2003) ‘younger’ and 
‘older’ in 
comparison to 
‘middle aged’ 

Object struck 
may explain 
the ‘younger’ 
group as they 
are more 
likely to hit a 
solid object 
i.e. tree and 
travel in 
smaller 
vehicles 

Left-side  Seriously injured or fatal UK 

(Morris, Welsh et al. 2003)    Head injury  No discernible 
difference between age 

(Kuppa and Fessahaie 2003)   Frontal (10-2 
o’clock) 

Lower extremity Most frequently injured body 
region 

 

(Sunnevang, Rosen et al. 2010) No airbags 
(higher risk) 

 Nearside 
collisions 

 AIS3+ injury most likely for 
thorax followed by pelvis and 
head 

 

(Sunnevang, Rosen et al. 2010) Senior occupants  Nearside 
collisions 

 Four times higher risk of 
thoracic injury than non-senior 

 

(Stigson, Kullgren et al. 2012) Older age  Frontal crashes  Higher severity  

(Stigson, Kullgren et al. 2012) Mean 
acceleration 
followed by 
change in 
velocity- crash 
severity 
parameters that 

 Frontal crash    
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best explained 
the risk of being 
injured 
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