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Publishable summary 
 
APROSYS Sub-project 1, Work-Package 1.2, titled ‘Advanced Frontal Impact’ aims to develop 
and evaluate a full width high deceleration crash test suitable for regulatory application in Europe, 
known as the Advanced European Full Width (AE-FW) test.  
 
This deliverable (123A) reports on task 1.2.3 of WP1.2. This task consisted of two activities. The 
first activity aimed to perform accident analysis to help specify the test configuration and other 
parameters for the AE-FW test. The second activity aimed to perform a cost benefit analysis. This 
report details the work of the first activity. 
 
The purpose of this accident analysis work was to help answer open questions relating to the 
specification of an advanced European full width (AE-FW) test, specifically:  
 
·  What should the test speed be?  
·  What should be the dummy specification and injury criteria?  
·  Should rear occupants be included and if so what should be the dummy specification and 

injury criteria?  
 
The accident analysis work was undertaken using the UK Co-operative Crash Injury Study (CCIS 
dataset and the German In-Depth Accident Study (GIDAS) dataset.  
 
A synopsis of the answers is given below:   
 
Test Speed The proposed test speed of 56km/h was found to cover an appropriate 

proportion of the serious injuries (� 2/3rds of MAIS 3+). �
 
Dummy Specification  The analysis found that the injured (MAIS 3+) driver is predominately 

male and the injured front seat passenger female. The mass and height 
of the front seat occupants (driver and passenger) were found to closely 
match the HybridIII 50th percentile dummy.  

 
Dummy Injury  It was found that the body regions to focus on for reducing severe life 

threatening injuries are the head and thorax. Leg injuries were also found 
to occur relatively frequently at a high severity, but are generally not life 
threatening.  

 
Rear Seated  The analysis of the accident statistics shows that rear seat occupancy in 

collisions is very low. In addition, the protection for rear seated 
occupants in frontal impacts was found to be intrinsically higher than for 
front seated occupants. An assessment of rear occupant anthropometry 
was inconclusive as the most commonly injured age group varies 
considerably in mass and height. Definitive conclusions on the rear 
occupant injury could not be drawn due to the low number of injured 
occupants   
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1. Introduction 
 
The European 6th Framework Programme Integrated Project (IP) on Advanced Protection 
Systems (APROSYS) focuses on developments in the field of passive vehicle safety. The aim of 
sub-project 1 (SP1), titled ‘Car Accidents’, is to investigate the development and validation of 
evaluation methods and advanced protection systems. The overall objective of the work is to 
reduce the number of car occupant fatalities and serious injuries by developing test procedures 
that once implemented in regulation and / or consumer testing will improve a car’s 
crashworthiness in side and frontal impacts (including areas of compatibility performance). 
 
Over the past ten years frontal impact crashworthiness has significantly improved with the 
advancement of car structures and restraint systems. The European frontal impact directive 
(UNECE R94) and EuroNCAP tests continue to promote the enhancement of crash energy 
management structures, aimed at reducing the amount of loading vehicle occupants experience. 
The EuroNCAP frontal impact test is based on the European legislation, but is conducted at a 
higher impact speed. In the EuroNCAP test the car strikes a deformable barrier head on at 64kph. 
The impact of the car front with barrier is offset so that only 40% of the car front strikes the 
barrier. The test requirements have resulted in an increase in compartment integrity and, as a 
consequence, intrusion is less common in real life frontal impacts. Over the same period, 
developments in airbag and seat belt restraint system technologies have reduced the likelihood of 
head contacts with the interior of the vehicle during a frontal impact. Correctly restrained 
occupants’ head and facial injuries have been significantly mitigated. However, frontal impacts 
are still the most frequent crash type and account for the majority of Killed and Seriously Injured 
(KSI) car occupant casualties in Europe. 
  
Within SP1, work package 1.2 (WP1.2), titled ‘Advanced Frontal Impact’ aims to develop and 
evaluate a full width high deceleration crash test suitable for regulatory application in Europe, 
known as the Advanced European Full Width (AE-FW) test. WP1.2 consists of the following 
tasks: 
 

1. Specification of the AE-FW test and assessment protocol 
2. Evaluation of the AE-FW test and assessment protocol 
3. Accident and cost benefit analysis 

 
Task 1.2.3 consists of two activities. The first activity aimed to perform accident analysis to help 
specify the test configuration and other parameters for the AE-FW test. The second activity aimed 
to perform a cost benefit analysis. This report details the work of the first activity. 
 
The aim was to provide data to help answer the following questions for the specification of the 
AE-FW test: 
 

·  What should be the test speed? 
·  What should be the dummy specification including size and injury criteria? 
·  Should rear seated occupant be included? 

 
The research was performed by TRL and VW using the CCIS and GIDAS databases, 
respectively. The detailed objectives, results and conclusions are reported in the sections below.  
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2. Objectives 
The objective of this work was to perform accident analysis investigations to help address the 
following issues for the specification of the AE-FW test: 
 
Test Speed 
 

The initial proposal is for a test speed of 56 km/h. The basis for this proposal was the test 
speed used by similar tests currently in regulation and under development: 

o US FMVSS208 (Federal Motor Vehicle Safety Standard for Occupant Crash 
Protection) – NHTSA have issued a notice of proposed rule making (NPRM) 
proposing an increase in the test speed to 56 km/h.  

o Full Width Deformable Barrier (FWDB) test – this test is similar to the FMVSS208 test 
but it has a deformable face to enable assessment of a vehicle’s compatibility 
potential. Currently, it has a test speed of 56 km/h. 

The appropriateness of a test speed of 56 km/h needs to be confirmed by answering 
questions such as does it address an adequate proportion of the AIS 2+, AIS 3+ and fatal 
injuries in frontal impacts.  

 
Dummy 
 

Dummy size  
In the current Regulation 94 frontal impact test a 50th percentile dummy is used in both frontal 
seating positions. In US NCAP a 50th percentile male is used in the driver seating position, a 
5th percentile female in the passenger seating position. Guidance is needed to choose the 
dummy size for these seating positions. 
 
Injury criteria 
The injury criteria and performance limits for the HybridIII dummy differ between the current 
Regulation 94 frontal impact test and the FMVSS208 frontal impact test. It should be noted 
that the R94 test is a 40% offset test whereas the FMVSS208 test is a full overlap test. For 
the THOR dummy not all injury criteria are fully developed. Guidance is needed to make 
initial proposals for injury criteria and performance limits. Accident analysis should provide 
initial information on body regions commonly injured at AIS 2, AIS 3+ levels and injury 
mechanisms to help this. It should be noted that a detailed analysis is not possible at this 
stage because of the limited resource available, so issues such as the effect of age will not 
be investigated. 

 
Rear seated occupant 
 

At present conventional wisdom says that the cost of implementing enhanced safety for the 
rear seated occupant is likely to be greater than the benefit because of the low target 
population, i.e. there are not many injured rear seated occupants because of low exposure - 
not many people sit in the rear of cars. In spite of this, some government sponsored 
members of this project require that the feasibility of assessing the rear seated occupant 
position is investigated. The reason for this is that some governments are considering 
policies that will increase the occupancy rate of cars and hence need this type of information 
to help guide their policy decisions.  

 
Dummy size 
Guidance is needed to choose the appropriate dummy size for the rear seating positions. 
 
Injury criteria 
Guidance is needed on rear seated occupant injuries and injury mechanism to help make 
initial proposals for dummy injury criteria and performance limits. 
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3. CCIS Analysis 

3.3 CCIS Database Description 

The Co-Operative Crash Injury Study (CCIS) is an ongoing project, which has collected real world 
car occupant crash data since 1983 and the database is built from some 1,000 car injury crash 
investigations per year.  The crashes included within the study are chosen if certain car age and 
occupant injury criteria are met.  Specifically, a crash is only included within the study if a ‘case’ 
vehicle is present.  The definition of a case vehicle is: 
 

·  A car or car derived van. 
·  The car must be less than seven years old at the time of the collision. 
·  The driver or passenger of the car must have been injured (British Government police 

definitions of slight, serious or fatal injury). 
·  The car must have been towed from the crash scene. 

 
For a crash to be investigated it must fall within one of seven defined geographical areas that 
when combined are designed to be representative of the UK’s car occupant injury crash 
population.  Road traffic collisions are investigated according to a stratified sampling procedure, 
which favours cars containing fatal or seriously injured occupants.  Every effort is made to 
investigate crashes that are classed fatal or serious by the police.  So called ‘slight’ severity 
crashes, those where at least one ‘case’ car was involved and the occupants only sustained 
slight injuries are randomly investigated at a rate of approximately fifty percent of all CCIS crash 
investigations. 
 
Specialist crash researchers undertake in-depth vehicle examinations at recovery garages 
several days after the crash.  Information collected includes descriptions of structural damage, 
intrusion and evidence of seat belt and other restraint use or activation.  Car occupant injury 
information is collected from hospital records, coroners’ reports and questionnaires sent to 
survivors.  The casualties’ injuries are coded using the Abbreviated Injury Scale (AIS, AAAM 
1990 Revision). 
 
The collision severity measures calculated are the Change of Velocity (Delta-V) and the 
Equivalent Test Speed (ETS).  These values are expressed in kilometres per hour and are 
calculated using Ai-Damage software. 
 
The impact circumstances and damage suffered by the vehicle is correlated with an occupant’s 
characteristics and injuries to allow, where possible, the cause of each injury to be defined.  The 
project awards a confidence level to the source or contact attributed to an injury. 
 
A more comprehensive overview of the methodology involved in the CCIS can be found in 
Mackay et al. (1985).  Further information is available at www.ukccis.org. 
  
Data issued in CCIS data releases Phase 6z and Phase 7o and Phase 8c was analysed to 
provide some insight into injury patterns and frequency among occupants during frontal impacts. 
The dataset contained information about 16183 occupants in 7834 accidents 
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3.3.1 Data Set Analysed 
 
The following analysis was based on the overall data held within the CCIS data releases Phase 
6z and Phase 7o and Phase 8c. As a basis for the injury, anthropometric and Delta -V 
analyses the following selection criteria were appl ied: 
 

·  Position of the occupant is known; 
·  MAIS of the occupant is known;  
·  Occupant is belted unless otherwise stated; 
·  The vehicle was involved in a frontal impact (coded as F in the general category of the 

CDC J224b) 
·  The impact to the vehicle occurred over more than 33% of the vehicle front 
·  The vehicle suffered no rollover during the collision 
·  The Delta-V for the impact was known, and for the injury analysis was less than 80kph 
·  The occupants are in a vehicle manufactured from 2000 onwards 

 
Additional criteria applied to produce certain figures are stated in the introduction to the relevant 
section and also repeated as appropriate in the figure headings.  

3.4 Results and Discussion 

3.4.1 Overall Picture of Frontal Impacts 
 
Figures 1 to 4 show the distribution of the dataset. The dataset was analysed to check whether 
the distribution was analogous to the overall injury demographic of the CCIS study. This ensures 
that the analysis produced in the following sections was not based on an underlying trend that 
had not been noticed.  
 
The overall injury demographics of all the CCIS database car occupants, differentiated by seating 
position and MAIS, are shown in the Figure 1. Note that only occupants who were in a known 
seating position and where their injury severity was known are included (accounts for 14425 of 
16183 occupants), In these and following figures, the seating positions are differentiated between 
drivers (DRV), front seat passengers (FSP) and rear seat occupants (RSP). 
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Figure 1 CCIS – Overall Injury Distribution by Seat ing Position – All Impacts 
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Figure 2 presents the distribution of injured occupants with known MAIS and seating position in 
frontal impacts. It should be noted that frontal impacts make up approximately 50% of the 
collisions in the overall CCIS database.  

 
Figure 2 CCIS – Injury Distribution in Frontal Impa cts by Seating Position 
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Figure 3 has the same selection criteria as figure 2, but has excluded any occupant in the dataset 
that wasn’t wearing a seatbelt.  
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Figure 3 CCIS – Injury distribution during frontal impacts for belted occupants 
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No underlying trend was found in the analysis and the injury distribution for frontal impacts was 
similar to that of the overall CCIS database. The overall injury patterns in CCIS, as shown by 
figure 1, and the injury distribution in frontal impacts by seating position, figure 2, show that the 
percentage of occupants sustaining injuries in each MAIS category , MAIS 0-1, MAIS =2 etc is 
approximately equal. The only divergence is that belted front seat passengers more frequently 
suffer MAIS 2 injuries during frontal impacts compared with all impact types, but this increase in 
percentage is very small from 13% to 18%.  
 
The seat belt usage rates are shown in Figure 4, categorised by gender, injury severity and seat 
position. Low usage rate is a problem for male occupants compared to the usage rates for 
females. Allied to this gender trend in seatbelt usage figure 4 shows a lower belt usage rate for 
rear seat passengers. The overall the usage rates were 76% for driver, 73% for front seat 
passengers and 40% for rear seat passengers.  
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Figure 4 CCIS – Seat belt usage rates by gender, se ating position and injury severity – 
Frontal impacts (see figure 3 for numbers) 
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3.4.2 Assessment of Frontal Impacts Direction and Nature of Overlap 
 
This section assesses the Principal Direction Of Force (PDOF) and the overlap at impact for 
vehicles that have had a frontal collision. It uses the selection criteria listed in 3.5.1 with the 
exception of Delta-V i.e. impacts are included regardless of whether Delta-V is known or not.  
 
The injury outcome of a car occupant is dependant on the occupant kinematics and type of the 
impact the vehicle sustains. Figures 5, 6 and 7 show the principal direction of force experienced 
by the car, with 0° being head-on or 12 o’clock as recorded using the Collision Deformation 
Classification (CDC J224b - PDOF). The figures present the results in terms of angular deviations 
from the 12 o’clock position. The Collision Deformation Classification of coding PDOF, as used in 
CCIS, was transposed into an angular representation by using 12 o’clock as 0°±15°, 11 and 1 
o’clock as -30°±15° and +30°±15. The 9 to 10 o’cloc k and 2 to 3 o’clock differ from the above 
convention, being expressed as 45°to 90° and as -90 °to -45° respectively. 
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Figure 5 CCIS – Principal direction of force by inj ury severity for belted drivers in a frontal 
impact 
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Note: For the UK the driver is positioned on the right side of the vehicle  
 

Figure 6 CCIS – Principal direction of force by inj ury severity for belted front seat 
passengers in a frontal impact  

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

100%

[-90° to -45°] [-30°±15°] [0°±15°] [30°±15°] [45° to 90 °]

P
er

ce
nt

MAIS 0-1 (n=276)

MAIS = 2 (Survived) (n=61)

MAIS 3+ (Survived) (n=22)

Fatal (n=9)

 
Note: For the UK the front seat passenger is positioned on the left side of the vehicle  
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Figure 7 CCIS – Principal direction of force by inj ury severity for belted rear seat 
occupants in a frontal impact 
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The distributions for the direction of force experienced by the occupants are found to be the same 
for all seating positions.  There is no significant difference in crash kinematics (PDOF) for injured 
occupants by the injury severity distribution with respect to their seating position. The majority of 
the impacts are in the 0±15° range. The other direc tions of force of note are the ±30±15° range. 
The results show that the majority of the impacts are in the 0±15° category, 70% for front seat 
passengers, 75% for drivers and 80% for rear seat occupants. This means that for injured car 
occupants during frontal collisions the object the vehicle strikes/is struck by is directly in front of 
the vehicle bonnet. Figures 5-7 also show that the proportions of PDOF are very similar for all 
occupant positions within the vehicle.  
 
Figures 8, 9, and 10 show the nature of the overlap again using the Collision Deformation 
Classification (CDC J224b - Overlap).  
.   



 
14/76 

Figure 8 CCIS – Part of vehicle struck for belted d rivers in a frontal impact 
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Note: For the UK the driver is positioned on the right side of the vehicle  

 
Figure 9 CCIS – Part of vehicle struck for belted f ront seat passengers in a frontal impact 
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Note: For the UK the FSP is positioned on the left side of the vehicle  
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Figure 10 CCIS – Part of vehicle struck for belted rear seat passengers in frontal impacts 
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The figures show similar patterns for all occupant positions in the vehicle although small 
differences are exhibited in some locations. These are small variations and for all positions the 
two main locations of direct contact are distributed impacts (>66% overlap) and Z and Y type 
impacts (>33% overlap). Distributed impacts count for between 50-60% and Z and Y type impacts 
for 16-26%.  
 
The overall demographics of the CCIS frontal collisions show that all injured occupants 
experience similar collisions. The most common frontal impact causing injury to belted occupants 
is a fully distributed impact from a PDOF of 0°±15° .  
 

3.4.3 Assessment of Collision Severity – Delta-V 
 

This section used the selection criteria specified in section 3.3.1.  
 
The full width frontal impact test and the offset test differ in approach. The offset test is a test of 
the energy absorption capability of the vehicle front structure. In this instance, estimated test 
speed (ETS) is the appropriate collision severity measure. The full width test is primarily a test of 
the restraint system and not the energy absorption capability of the vehicle. In this instance, 
Delta-V is a better measure of collision severity than ETS.  
 
The speed of impact was analysed, using the Delta-V of impact as recorded by the CCIS study. 
Typically this is calculated using Ai-Damage and the inbuilt algorithms within this program to 
calculate a Delta-V for the vehicle given its crush profile.  
 
The test speed proposed is 56kph, the following figures show what percentage of impacts would 
be covered by this test speed. Please note that the sample size was too small to produce a plot 
for rear seat occupants.  
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Figure 11 CCIS – Delta-V of impact for all belted o ccupants in a frontal impact 
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The proposed test speed of 56kph would cover 86% of all belted occupants who sustained a 
MAIS 3+ injury and survived.  
 

Figure 12 CCIS – Delta-V of impact for belted drive rs in a frontal impact 
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The proposed test speed of 56kph would cover 80% of belted drivers who sustained a MAIS 3+ 
injury and survived.  
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Figure 13 CCIS – Delta-V of impact for belted front  seat passengers in a frontal impact 
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For the sample shown, the proposed test speed of 56kph would cover 100% of belted front seat 
passengers who sustained a MAIS 3+ injury and survived. It should be noted that the sample size 
is low at n=10 for MAIS 3+ survived sample.  
 
It should be noted that there is some degree of uncertainty about the Delta-V measurement. 
Research has been conducted to evaluate the accuracy of the Delta-V measurement calculated 
by crash software such as Ai-Damage. One such example is the work by Lenard et al (2000) who 
measured 26 EuroNCAP cars and found the actual Delta-V of the crash test vehicle was 
underestimated by the algorithm by between 5 and 10km/h. For car-to-car collisions however, 
Lenard et al found that the algorithm overestimated the actual delta-v by 2 km/h.  
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3.4.4 Crush Extent vs. Severity of Accident 
The following figure shows that although the crush extent is higher for increasing injury severity a 
significant number of fatalities occur below high (7-9) crush extents. The mechanism of the 
fatalities in these impacts needs be investigated further in relation to the intrusion sustained. See 
section 3.6 further work. 
 

Figure 14 CCIS – Crush Extent with respect to injur y severity for belted occupants in a 
frontal impact 
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3.4.5 Assessment of Body Region Injured for Drivers and Front Seat 
Passengers  

 
The following section describes the analyses of the body regions injured for occupants of frontal 
collisions. The analysis was split by seating position (drivers and front seat passengers) and also 
by the severity of the maximum injury sustained, MAIS 2, MAIS 3+ and occupant survived and 
when the occupant sustained fatal injuries. In the following figures, the injuries sustained are 
shown as a percentage of the total number of occupants that have sustained that level of injury., 
for example if there are 10 AIS 3+ injuries to the thorax and there 15 people that have a MAIS 3+ 
injury this would be shown as 66%. When an occupant has an overall MAIS injury score it is 
possible for that occupant to have multiple injuries of that severity or just one.  
 
Figure 15 shows the region injured when the occupant’s MAIS for the collision was 2+. For 
driver’s, the thorax, right and left lower extremities and the right upper extremity are the most 
commonly injured AIS 2+ regions. The front seat passenger also commonly sustains injury to the 
thorax, but in contrast to the driver the left upper extremity and abdomen are the other most 
common regions injured.   
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Figure 15 CCIS – MAIS2+ regions injured for belted drivers and front seat passengers in a 

frontal impact 
There were 114 drivers in this sample and 42 front seat passengers 

0.0%

5.0%

10.0%

15.0%

20.0%

25.0%

30.0%

Hea
d 

Nec
k 

Tho
ra

x

Le
ft 

Arm

Righ
t A

rm

Abd
om

en
 

Pelv
is

Oth
er

Le
ft L

eg

Righ
t L

eg

N
um

be
r 

DRV AIS =2 

DRV AIS = 3+ 

FSP AIS =2 

FSP AIS = 3+ 

 
 
The following sections expand on the previous analysis to look at the nature of the injury 
sustained for each injury severity and key regions at that severity. 
 

3.4.5.1 Region Injured, AIS 2, for drivers and fron t seat passengers that 
have sustained a MAIS 2 injury 

 
When the occupant has sustained a MAIS 2 injury score for the collision the region of the 
occupant with an AIS 2 is shown below. 
 

Figure 16 CCIS – AIS 2 regions injured for belted d rivers and front seat passengers that 
have sustained a MAIS 2 injury in a frontal impact 
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The most commonly injured regions at the AIS 2 level were shown to be the thorax, right arm, left 
and right leg for the driver and the thorax and the left arm for the front seat passenger. Figure 16 
also highlights a difference between drivers and front seat passengers, with drivers injuring their 
right arm and front seat passengers injuring their left arm. CCIS codes the part of the region 
injured further and this was analysed for the most commonly injured regions. The results are 
shown in the following figures.  
 

Figure 17 CCIS – AIS 2 injuries in the Thorax Regio n for belted drivers and front seat 
passengers that have sustained a MAIS 2 injury in a  frontal impact  
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Figure 18 CCIS – AIS 2 injuries in the Left Arm Reg ion for belted drivers and front seat 
passengers that have sustained a MAIS 2 injury in a  frontal impact 
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Figure 19 CCIS – AIS 2 injuries in the Right Arm Re gions for belted drivers and front seat 
passengers that have sustained a MAIS 2 injury in a  frontal impact 
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The above analysis showed that the AIS 2 injuries for the thorax are occurring in the ‘other 
skeletal’ region. Analysis of the coding reveals that these AIS 2 injuries can be sternum fractures 
or rib fractures. For the arm, the region being injured for both belted drivers and front seat 
passengers was their shoulder on the seat belt side.  
 

3.4.5.2 Region Injured, AIS 2 and AIS 3+, for belte d drivers and front seat 
passengers that have sustained a MAIS 3+ injury 

 
The following analysis focused on occupants who have sustained an overall MAIS 3+ score for 
the impact. Figure 20 shows which regions have sustained an AIS 3+ and AIS 2 injuries. The 
sample size for the following work was 40 for drivers and 10 for front seat passengers. It can be 
seen that there are a high percentage of AIS 2 injuries to the abdomen of the front seat 
passengers. It was suspected that the high proportion of AIS 2 injuries may have been due to the 
way abdomen injuries are coded. There are criteria which must be met for coding an abdomen 
injury and it is sometimes difficult to obtain the required information if so the injury is recorded as 
not further specified (NFS) and this is an AIS 2 injury. This was later found to be not the case. 
The most commonly injured AIS 3+ region is shown to be the thorax and the legs for the driver 
and the thorax, abdomen and arms for the front seat passenger (FSP). The driver sustains a 
much greater proportion of MAIS 3+ injuries to the legs than the FSP. In addition the FSP 
sustains a large number of AIS 2 injuries to the abdomen, these will be further investigated as 
due to the method of coding an injury to the abdomen, which can sometimes be very difficult to 
quantify, is coded as an AIS 2 injury if not further specified. 
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Figure 20 CCIS - Regions injured for belted drivers  and front seat passengers that have 
sustained a MAIS 3+ injury in a frontal impact  
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Sample size: 40 drivers (DRV) and 10 front seat passengers (FSP) 
 
The most commonly injured regions were further analysed to show the part of the region most 
commonly being injured. 
 
The results for the thorax are shown in Figure. The AIS 2 and 3+ region of the thorax injured was 
shown to be some skeletal injuries, although due to a number of injuries having an AIS score of 
3+ it is not possible to further break these down to define a specific region. The other main area 
of injury was AIS 3+ injuries to internal areas of the thorax.  
 
Figure 21 CCIS – Injuries in the Thorax Region for belted drivers and front seat passengers 

that have sustained a MAIS 3+ injury in a frontal i mpact 
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Sample size: 40 drivers (DRV) and 10 front seat passengers (FSP) 
 
The part of the leg injured was analysed and is presented in Figure 22. Drivers experience a 
higher number of AIS 3+ injuries to this region and the breakdown of the part of the region injured 
revealed the most commonly injured part of the leg injured was the upper leg. These are most 
likely femur injuries (with the exception of the femur, there are few injuries to the upper leg that 
have an AIS3+ score and occur frequently in the database).  
 



 
23/76 

This is likely to be the femur, as there are very few injuries that have an AIS 3+ score to the upper 
leg and . and the other injuries that do have this score seldom occur in the database. It is known 
that whilst injuries to the upper leg are rarely life threatening they do have a high societal cost in 
time lost to work and recovery. 

 
Figure 22 CCIS – Injuries in the Right Leg Region f or belted drivers and front seat 

passengers that have sustained a MAIS 3+ injury in a frontal impact 
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Sample size: 40 drivers (DRV) and 10 front seat passengers (FSP) 
 
Figure 23 shows the part of the abdomen injured and it is clear that internal injuries and lumbar 
spine are the part of the abdomen being injured rather than the “not further specified” region as 
was suspected. As per all the figures and particularly the arm region the sample size is low for the 
front seat passengers and care should be exercised when extrapolating those results. 
 

Figure 23 CCIS – Injuries in the Abdomen Region for  belted drivers and front seat 
passengers that have sustained a MAIS 3+ injury in a frontal impact 
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Sample size: 40 drivers (DRV) and 10 front seat passengers (FSP) 
 
The region of the arm was analysed due to the high percentage of front seat passengers with 
injuries to this region (Figure 24). The lower arm and wrist was found to be a commonly injured 
part for this region although the sample size for front seat passengers is small and the 
percentage of injured occupants, although appearing high on the graph this only relates to 2 
injuries in both the lower arm and wrist region.  
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Figure 24 CCIS – Injuries in the Right Arm Region f or belted drivers and front seat 

passengers that have sustained a MAIS 3+ injury in a frontal impact 
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Sample size: 40 drivers (DRV) and 10 front seat passengers (FSP) 
 
 
 
 

3.4.5.3 Region Injured, AIS 2 and AIS 3+, for belte d drivers and front seat 
passengers that have sustained a fatal injury 

 
The following figure shows the distribution of AIS 2 and AIS 3+ injuries for fatally injured 
occupants. The sample size for the number of fatally injured occupants is small, consisting of 10 
drivers and 6 front seat passengers. As per previous examples with small sample sizes, caution 
should be exercised when extrapolating these results. The main region injured in fatally injured 
occupants is the thorax, legs and head. The head and thorax regions are the regions which are 
most life threatening and a high predominance in these regions would be expected. 
 

Figure 25 CCIS – Regions injured for belted drivers  and front seat passengers that were 
fatally injured in a frontal impact 

0.0%
10.0%
20.0%
30.0%
40.0%
50.0%
60.0%
70.0%
80.0%
90.0%

100.0%

Hea
d 

Nec
k 

Tho
ra

x

Le
ft A

rm

Righ
t A

rm

Abd
om

en
 

Pelv
is

Oth
er

Le
ft L

eg

Righ
t L

eg

P
er

ce
nt

DRV AIS = 2

DRV AIS =3+

FSP AIS = 2

FSP AIS =3+

 
Sample size: 10 drivers (DRV) and 6 front seat passengers (FSP) 
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3.4.6 Anthropometry of Drivers and Front Seat Passengers 
 
The following section assesses the size of the most commonly injured occupant to protect. The 
tables show the gender of the injured occupant by seating position and by severity of injury 
sustained.  
 
The overall ratio of male to female occupants is 65%:34% for drivers and 35%:62% for front seat 
passengers, with the remaining percentages being unknown. Table 1 and Table 2 give the 
distribution of gender for belted drivers and front seat passengers for the cases were the gender 
is known.  
 

Table 1 CCIS – Distribution of gender for belted dr ivers that have sustained a MAIS 2 or 
MAIS 3+ injury in a frontal impact  

 

 

MAIS = 2 
(Survived) 

(n=64) 

MAIS 3+ 
(Survived) 

(n=40) 
Male 66% 75% 

Female 34% 25% 
 
 
Figure 26 CCIS – Age of Drivers that have sustained  a MAIS 2 or MAIS 3+ injury in a frontal 

impact 
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Table 2 Distribution of gender for belted front sea t passengers that have sustained a 
MAIS 2 or MAIS 3+ injury in a frontal impact 

 

 

MAIS = 2 
(Survived) 
(n=26) 

MAIS 3+ 
(Survived) 
(n=10) 

Male  31% 0% 
Female 65% 100% 

 
The size of the occupant to be protected should be the size of the most commonly injured 
occupant, according to the real world injury study. Unfortunately there is not sufficient data, within 
this subset of collisions, to provide a large enough sample size for occupants of the required 
injury severity with height and weight data.   
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As such only limited information regarding the anthropometry of the dummy required is available. 
The analysis presented in tables 1 and 2 show that the most commonly injured driver is a male 
and the most commonly injured front seat passenger is a female. Figure 26 shows the ages of the 
injured occupants. The figure shows that the age of the occupants are evenly spread, thus there 
is not a problem with an over representative number of elderly or young. This means the 
anthropometric size of the dummy to be chosen should be based on a 19-65 year old dummy for 
the male driver and female front seat passenger. 
 

3.4.7 Assessment of Data for Rear Seat Occupants 
 
The following sections conduct the same analysis as in section 3.4.5 and 3.4.6 but only for the 
rear seat occupants.  

3.4.7.1 Region injured for belted rear seat occupan ts in a frontal impact 
There are extremely low numbers of injured rear seat occupants in the subset of accidents within 
CCIS, therefore analysis of the injured region is difficult. The available data is presented in Figure 
27 to Figure 29. A preliminary assessment would be that the main regions injured are the right 
arm for AIS 2 injuries and the thorax and abdomen for AIS 3+ injuries. 
 
 

Figure 27 CCIS – AIS region injured for MAIS 2+ inj ured rear seat passengers in a frontal 
impact 
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Sample size: 15 rear seat passengers (RSP) that sustained a MAIS 2+ injury. 
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Figure 28 CCIS – AIS 2 regions injured for belted r ear seat occupants that have sustained 

a MAIS 2 injury in a frontal impact 
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Figure 29 Regions injured for belted rear seat occu pants that have sustained a MAIS 3+ 
injury in a frontal impact 
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3.4.7.2 Anthropometry of Rear Seat Occupants 
 
Anthropometry is the measurement of human body dimensions. The measurements are taken 
according to set standard distances and are grouped by age of person to account for the varying 
change in human development over a life span. 
 
The aim of the following section is to characterise the anthropometry of a rear seat occupant so 
the most common occupant of a rear seat can be identified. The data used to assess the rear 
seat occupants is from car occupant injury database, CCIS and the Stats19 national police 
accident database. These two data sources record data relating to occupants that have been 
injured during a road traffic accident. 
 
Height and weight of occupants in car collisions is a difficult measure to obtain at the scene of a 
collision. This information would normally be obtained retrospectively through hospital 
attendance, post mortem or through the occupant returning a questionnaire. Using the height or 
weight of the occupant, where known, provides a sample that will be skewed towards occupants 
with a higher injury severity.  
 
For the rear seat occupants the sample size of occupants with height or weight data, in our 
selected dataset, is too small to analyse.  
 
To gain a wider sample size, and an estimate of the anthropometry of injured occupants, the age 
of the occupant has been used. This age of the occupant is easier to obtain at the scene of a 
collision or post accident than the height and weight and therefore provides a larger and more 
complete sample of those occupants that were in the vehicle 
 
The age of an occupant can be related to the height and weight of an occupant through standard 
anthropometric plots of height and weight. This allows an estimate of the height of the occupants 
most commonly injured in the rear seat, based on their age. Using the age of the injured 
occupant does not directly correlate to the height and/or weight of that specific occupant, which 
could have been a factor in them sustaining their injuries.  
 
To obtain an estimate for the occupant of a rear seat occupant Stats19 data has been used, due 
to having a much larger sample size and therefore being statistically more valid to check a 
spread.  
 
The data obtained for age of occupant appears to have been rounded to the nearest 5 years, 
particularly in the female Stats19 sample. Due to the way anthropometrists group age ranges this 
will not affect the results. 
 

Figure 30: Ages of injured male rear seat occupants  in Stats19 data from 1999-2003 
inclusive 
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Figure 31 Ages of injured male rear seat occupants in CCIS database 
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Figure 32 Ages of injured female rear seat occupant s from Stats19 data from 1999-2003 
inclusive 
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Figure 33 Ages of injured female rear seat occupant s in CCIS database 
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In general there is a rise in the number of injured rear seat occupants until the age of 10, after 
which there is a steady decrease with increasing age. But there is a large peak in the numbers of 
rear seat occupants injured between the 12-22 ages. 
 
The age of rear seat occupants in CCIS also shows the same trend as the stats19 curve for the 
ages of rear seat occupants. The curve for the age of the unbelted occupants also follows the 
same curve as the age of the occupants, meaning a large portion of the injured occupants also 
wear no seatbelts.  
 
The anthropometry of the injured RSP is analysed in section 3.4.7.2. Figure 30 and Figure 33 
show the age range of injured rear seat occupants from the Stats19 database. From these figures 
it is clear that there is a large peak in the frequency of injured occupants in the region of 12-22 
year olds. There are also high numbers of young children present as rear seat passengers.  
 
A tenet for the peak in injured rear sear occupants in the 15-22 year age range is the fact that 
young drivers (who are over represented in the accident statistics) are more likely to be in 
vehicles with higher occupancy levels, specifically with passengers of a similar age (i.e. 15-22 
years). In combination with this is the fact that rear seat passengers (all ages) have low seat belt 
usage rates so it follows that in a car with high occupancy and passengers in the rear seats it is 
reasonable to assume some of these would not be belted. Figure 31 and Figure 33 show that the 
injured age of occupants of the rear seat in CCIS follows that of the Stats19 data. These figures 
also show that the belt use of the rear seat occupants in CCIS peaks around the 15-22 age range 
supporting the theory that these occupants are not wearing seatbelts.  
 
The other high frequency age ranges are less than 15 years old. In this age range a child less 
than 11 should, given the legislation in the UK be seated in an appropriate child restraint or 
booster seat. 
 
This leaves the remaining age ranges to be protected as 12-22. in this age range there are three 
distinct antropometric groups for the height of the occupants, 12-14, 15-18 and 19-22 is covered 
in the 19-65 age category as full adult stature. The 50th percentile stature heights for the age 
ranges are as follows, 12- 14 1555mm for males and 1545mm for females,15-18 1735mm for 
males and 1620mm for females, 19-22 1740mm for males and 1610mm for females. 
  
At present the age range to protect is 12-22, and a decision needs to be taken as to which age 
range would be better protected by inclusion in a testing legislation. It should be noted that many 
Government and company environmental policies are promoting the increased use of car sharing 
and ‘green’ travel schemes aimed at increasing the occupancy of vehicles. If these schemes are 
successful they will increase the number of older, >22 year old occupants within the rear seat 
occupant population. This may lead to a shift in the key age range and anthropometry to be 
protected.  
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3.5 Conclusions and Recommendations  

 
The CCIS dataset, release Phase 6z and Phase 7o and Phase 8c was used to conduct the 
analysis. The dataset contained information about 16183 occupants in 7834 accidents. Of the 
total number of accidents it was found approximately 50% were frontal impacts 

 
The frontal impact belted occupant and frontal impact all occupants datasets were compared to 
the whole CCIS dataset.  No bias was found in the chosen datasets when compared to the 
overall CCIS dataset.     

3.5.1 Test Speed 
 
The collision severity was assessed using Delta-V as calculated using the Ai-Damage algorithms. 
A test speed resulting in a Delta-V of 56kph would cover 83% of the MAIS 3+ injured occupants 
in CCIS.  

3.5.2 Front Dummy 
 
The region to protect against for each injury severity is the most commonly injured region found in 
the injury analysis in section 3.2.4. Where possible the overall region e.g. shoulder has been 
further broken down and a more detailed assessment of the area of that region to protect is 
given. This is again the most commonly injured area of that region.  

 
·  The body regions to protect against AIS = 2 injuries are the thorax and the clavicle 

(shoulder) for both the driver and front seat passenger and the legs for the driver.  
 

·  The body regions to protect against AIS = 3+ injuries are the thorax (skeletal thorax (ribs 
and sternum) and internal) for both the driver and front seat passenger and the femur for 
the driver. 

 
·  The body regions to protect for occupants with fatal injuries are thorax and head for both 

drivers and front seat passengers, although the sample size for this subset is small. 
Further work is needed to ascertain the type and nature of the head injuries being 
sustained – see further work section. 

 
It was not possible using the real world accident data to determine what size dummy should be 
used for the driver or front seat passenger positions. However it was possible to show that the 
dummy should be male for the driver position and female for the front seat passenger position. 
 
Following analysis of the body region injured the dummy should provide an accurate 
representative measure of the injury in the key regions. In order of priority the key regions of the 
dummy need to be, the thorax (skeletal and internal), the upper leg (knee and femur) and the 
shoulder region. 
 

3.5.3 Rear Seat Occupants 
 
The overall number of rear seat occupants in the sample was very low. Any conclusions drawn 
from this low sample size selection (everything apart from the anthropometric analysis) should be 
treated with care. The following comments can be made from the analysis.  

 
·  The rate of seat belt use was shown to be low for the rear seat occupant position in 

general and specifically a low rate was exhibited from 15-22 year olds.  
 
·  The sample size for the subset of rear seat occupants was too small to make valid 

conclusions on the injuries sustained. 
 

·  The anthropometric data shows that the rear seat occupant to protect is a 12-22 year old. 
The 50th percentile stature for this age range varies greatly from 1545 mm for a 12-14 
year old female to 1740 mm for a 19-22 year old male. Thus it is not possibly to conclude 
a definitive anthropometric height. A decision would need to be taken as to which age 
range, 12-14, 15-18, 19-22 it is felt will most appropriately be protected by inclusion in any 
test, or alternatively, rear seat occupant protection may be better targeted through other 
countermeasures, for example increased belt use rate.   
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3.5.4 Other  
 
When the vehicle had a frontal impact the nature of the loading to the vehicle structure was 
analysed using the CDC method of coding. This was found to most frequently be coded as a 
distributed impact with a principal direction of force of 0° ± 15°. 
 

3.6 Further Work 

 
Prioritise injury in terms of long term cost to occupant, rehabilitation time and lasting effects and 
also the cost of the injury through compensation paid out. Modern medical techniques, if applied 
within the required time, mean that some injuries that have a high score on a threat to life scale, 
AIS, can be cured and have short rehabilitation times. In contrast injuries which score lower on 
the AIS scale can have longer lasting implications to the occupant sustaining them. The longer 
lasting implications arise due to long term impairment and physiotherapy to rebuild movement 
and muscle.  
 
The crush extent vs severity of accident showed that fatal injuries are being suffered during 
collisions with higher crush levels compared to MAIS 2 and MAIS 3+ survived. However the crush 
that is being experienced is not excessively high for example extent 7-9. The level of intrusion 
sustained at key points, fascia, knee level and footwell should be examined to further understand 
the mechanism of injury, given that they are being sustained at low crush levels.  

 
·  The work should include a study on the head injuries being sustained during fatal 

impacts, shown to be in 40% of the cases, to find the mechanism of injury to the head.  
 
·  The work should also investigate the levels of intrusion at key points for both the 

driver and front seat passenger and correlate this with the injuries being sustained.  
This is needed to further the understanding of the mechanism of the injury being 
sustained by the occupant.  
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4. GIDAS Analysis 

4.3 GIDAS Database Description 

 GIDAS (German In-Depth Accident Study) was launched in July 1999 as a follow-up to a BASt 
(German Federal Highway Research Institute) funded project that had been carried out by the 
Hanover Medical School since 1973. The Hanover team is still commissioned by BASt, while an 
industry consortium under the auspices of FAT (German Association for Research in Automobile 
Technology) is now financing a second investigation team at the Technical University of Dresden. 
Both teams share a common data structure and the cases are stored in a single database. For 
most cases, extensive photo documentation is also available. Data covers the road user, accident 
situation, participants (including cars, motorcycles, pedestrians/cyclists, trucks, buses, trams, 
trains, etc.), accident cause, injury cause, human factors and vehicle technologies.  
 
In the early years the Hanover team did several thematic studies but had no consistent sampling 
criteria. A random sampling scheme was introduced in August 1984 and is still in use. 1985 is 
hence the first calendar year for which this database can be considered representative of the 
German national statistics. The sampling criteria are: 
 

·  road accident 
·  at least one person injured (regardless of injury severity or kind of traffic participation) 
·  occurred within specified region around Hanover (1985 to 1999) 
·  occurred within specified regions around Hanover or Dresden (1999 to present) 
·  occurred while team was on duty (2 six-hour shifts per day, hours changing on a weekly 

basis) 
 
In this chapter, data collected as part of the GIDAS project (1999 to present) and its predecessor 
(1985 to 1999) are considered and referred to collectively as “GIDAS” data. 
 
A strength of the GIDAS data is that it is based on on-scene investigation of accidents. This 
significantly increases the understanding of accident causes and outcomes, and allows the 
GIDAS teams to perform full reconstructions of all collisions. Accident reconstruction allows more 
accurate definition of collision dynamics, including the definition of multiple collisions. 
 

4.3.1 Data Set Analysed  
Due to the chaotic nature of an accident, vehicles frequently experience more than one collision, 
each of which is recorded separately within the GIDAS database. For this analysis, collision 
related data refers only to the collision with the highest delta-v, weighted with regard to collision 
direction. 
 
Analysis carried out using the GIDAS database was limited to passenger vehicle occupants. The 
vehicle types considered to be “passenger vehicles” were: 

·  3, 4, 5 door cars 
·  sedans, hatch-backs, station wagons, fast-backs, coupes, cabriolets 
·  sports cars, SUVs, minivans, transporters, transporter based campervans, limousines 

 
At the time of the preparation of this report, the GIDAS database contained records for 40787 
passenger vehicle occupants. The data shown in this section has been further limited to include 
only occupants for which the following was known: 

·  passenger vehicle occupants (n = 40787) 
·  driver, front seat passenger, or rear seat occupant (n = 40538) 
·  known injury and survival/fatality data (n = 39467) 
·  known safety belt usage (n = 31918) 
·  known CDC location of deformation (n = 31036) 
·  known CDC location of damage (n = 30985) 
·  known CDC principal direction of force (n = 29422) 
·  rollover did not occur during the collision (n = 29021) 
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All other limitations placed on GIDAS data are stated in the respective figure titles. For figures 
where the data has been limited to a “frontal impact,” this means deformation to the front of the 
vehicle, according to the CDC definition. To consider possible changes in the vehicle fleet, 
several figures are limited to vehicles with a year of manufacture from 1997 – 2006 inclusive. 
Otherwise, the figures include occupants of all vehicles (including those with a year of 
manufacture from 1997 – 2006). 
 

4.4 Results and Discussion 

4.4.1 Overall Picture of Frontal Impacts  
At the time of the preparation of this report, the GIDAS database contained records for 40787 
passenger vehicle occupants. Applying the limits on available data for passenger vehicle 
occupants in non-rollover collisions described in section 4.3.1 above, data is available for 29021 
cases. The injury severity and seating position of these occupants is shown in Figure 34 below.  
 
Note that the relatively higher incidence of MAIS 0-1 occupants in GIDAS data when compared to 
CCIS data (as shown in Section 3) is due to the different sampling methods employed. Despite a 
slight bias towards more severe cases, GIDAS data is considered almost representative of the 
German national accident statistics, whereas CCIS data deliberately focuses on more severe 
collisions. 
 

Figure 34 GIDAS – Injury Distribution by Seating Po sition 

2.5% 1.5%2.5% 1.1%2.0% 1.2%

6.8%

89%

7.4%

89%

6.4%

90%

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

MAIS 0-1
(Survived)

MAIS 2
(Survived)

MAIS 3+
(Survived)

Fatal

P
er

ce
nt

DRV (n=19992)

FSP (n=5985)

RSP (n=3044)

 
 
Of the 29021 occupants shown above, 16375 occupants (56.4 %) were involved in a frontal 
impact (deformation to the front of the vehicle according to CDC J224b). The injury distribution of 
these occupants is shown in Figure 35 below. 
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Figure 35 GIDAS – Injury Distribution by Seating Po sition in Frontal Impacts 
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Figure 35 shows that passenger vehicle occupants have a higher risk of MAIS 2+ injury in frontal 
impacts, but a similar risk of fatality. 
 
Of the 16375 occupants involved in frontal impacts, 15450 occupants (94.4 %) were belted. A 
breakdown of seatbelt usage in frontal impacts is shown in Figure 37 for gender and seating 
position. 
 
In Figure 36, the injury distribution for belted occupants in frontal collisions is shown with respect 
to seating position. A comparison of Figure 35 and Figure 36 shows that both front and rear seat 
occupants have a lower risk of MAIS 2+ injury or fatality in a frontal impact when they are belted. 
The benefit is greater for rear seat occupants.  
 
It is clear from Figure 36 that belted rear seat occupants have a significantly lower risk of MAIS 
2+ injury or fatality in a frontal impact than belted front seat occupants. 
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Figure 36 GIDAS – Injury Distribution for Belted Oc cupants in Frontal Impacts 
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Figure 37 shows that for passenger vehicle occupants involved in frontal impacts, male 
occupants have a lower safety belt usage rate than females, and rear seat occupants have a 
lower safety belt usage rate than front seat occupants. It is also clear that for all seating positions, 
higher injury levels are associated with lower safety belt usage. This indicates that belt usage 
improves occupant safety for all occupants, and therefore belt useage must be reinforced in all 
passive safety programs. 
 

Figure 37 GIDAS – Safety Belt Usage for Occupants i n Frontal Impacts 
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Note that Figure 37 only includes 16100 of the above mentioned 16375 occupants involved in 
frontal impacts, because 275 occupants (1.7%) did not have a gender recorded in the database. 
 

4.4.2 Assessment of Frontal Impact Direction and Nature of Overlap  
This section analyses the principal direction of force and the location of damage, as defined by 
CDC J224b. This data is generated from accident reconstructions. 
 
In Figure 38, Figure 39 and Figure 40, the principal direction of force is shown with respect to 
occupant injury severity for drivers, front seat passengers and rear seat passengers respectively. 
Note that the y-axis is limited to the range of 80% to 100% to show the results in more detail. 
Note that principal directions of force greater than 75° are not shown. 
 
 

Figure 38 GIDAS – Principal Direction of Force for Belted Drivers in Frontal Impacts 
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Figure 39 GIDAS – Principal Direction of Force for Belted Front Seat Passengers in Frontal 

Impacts 
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Figure 40 GIDAS – Principal Direction of Force for Belted Rear Seat Occupants in Frontal 

Impacts 
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Figure 38, Figure 39 and Figure 40 show that there is a very strong peak in the frequency of 
frontal collisions occurring in the 0° ± 15° range. Approximately 60 % of collisions occur in this 
range, whereas only 14 % occur in each of the -30° ± 15° and +30° ± 15° ranges. 
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For belted drivers, the highest injury risk occurs for collisions in -30° ± 15° range. For belted front 
seat passengers and rear seat occupants, the injury risk is similar for the -30° ± 15°, 0° ± 15° and 
+30° ± 15° ranges. Observations at wider principal directions of force are difficult, because of the 
relatively low number of cases. 
 
In Figure 41, Figure 42 and Figure 43 below, the above analysis of principal direction of force is 
repeated for occupants of vehicle with a year of manufacture between 1997 and 2006 inclusive. 
The frequency of collisions occurring with at the various principal directions of force are similar, 
with 58 % occurring in the 0° ± 15° range and 16 % occurring in each of the -30° ±  15° and +30° 
± 15° ranges. 
 
It can be observed that for belted drivers the injury risk is higher in the -30° ± 15° than the 0° ± 
15° range. The injury risk appears to be even highe r in the -60° ± 15° range, but this may be an 
effect of the small sample size in this category (n = 71). 
 
It is not possible to draw valid conclusions from Figure 42 and Figure 43 for the belted front seat 
passengers and belted rear seat occupants because, other than for the 0° ± 15° range, the 
sample sizes are too small. However, it can be generally stated that there is no overwhelming 
evidence to contradict the statements made in regards to Figure 39 and Figure 40. The 
apparently high percentage of MAIS 3+ (survived) and fatally injured occupants in the -30° ± 15° 
range in Figure 42 actually only represents 4 occupants (2 injured, 2 fatal), so no conclusions can 
be drawn from this. 
 
Figure 41 GIDAS – Principal Direction of Force for Belted Drivers in Vehicles with Year of 

Manufacture 1997 - 2006 involved in Frontal Impacts  
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Figure 42 GIDAS – Principal Direction of Force for Belted Front Seat Passengers in 

Vehicles with Year of Manufacture 1997 - 2006 invol ved in Frontal Impacts 
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Figure 43 GIDAS – Principal Direction of Force for Belted Rear Seat Occupants in Vehicles 

with Year of Manufacture 1997 - 2006 involved in Fr ontal Impacts 
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In Figure 44, Figure 45 and Figure 46, the location of damage in frontal impacts is show with 
respect to occupant injury severity for belted drivers, front seat passengers and rear seat 
passengers respectively. 
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Figure 44 shows that for belted drivers, the highest incidences of frontal impact correspond with 
distributed damage (31%). If the left side categories are considered together (i.e. both Left Side £ 
33% and Left Side 33% - 66%), it can be seen that they also represent 31% of frontal impacts. 
The combined right side categories have a slightly lower frequency (28%) and damage to the 
centre of the vehicle makes up the final 10% of frontal impacts. 
 
Figure 44 also shows that impacts with distributed damage have the highest injury risk for belted 
drivers. Injury risk for belted drivers is higher when damage occurs to the left (driver’s side) of the 
vehicle, rather than the right. 
 

Figure 44 GIDAS – Location of Damage for Belted Dri vers in Frontal Impacts 
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Figure 45 shows that for belted front seat passengers, the highest incidences of frontal impact 
again correspond with distributed damage. The left side categories have again a slightly higher 
frequency than the right side categories but the right side (passenger side) has a higher injury 
risk. 
 
Figure 46 shows again for belted rear seat occupants that the highest incidences of frontal impact 
correspond with distributed damage. Injury risk appears to be similar for all categories, which 
would indicate that belted rear seat occupant safety is not dependent on the location of damage 
in frontal impacts.  
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Figure 45 GIDAS – Location of Damage for Belted Fro nt Seat Passengers in Frontal 

Impacts 
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Figure 46 GIDAS – Location of Damage for Belted Rea r Seat Occupants in Frontal Impacts 

80%

85%

90%

95%

100%

Left Side    
�  33%
(n=195)

Left Side
33% - 66%

(n=195)

Centre
(n=150)

Distributed
(n=487)

Right Side
33% - 66%

(n=183)

Right Side   
�  33%

(n=178)

 Driver's Side                                                        Passenger Side

P
er

ce
nt

Fatal

MAIS 3+ (Survived)

MAIS 2 (Survived)

MAIS 0-1 (Survived)

 
 
In Figure 47, Figure 48 and Figure 49 below, the above analysis of location of damage is 
repeated for occupants of vehicles with a year of manufacture between 1997 and 2006 inclusive. 
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Figure 47 GIDAS – Location of Damage for Belted Dri vers in Vehicles with Year of 

Manufacture 1997 - 2006 involved in Frontal Impacts  
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For belted drivers in vehicles with year of manufacture 1997-2006, the single category with the 
highest frequency is distributed damage (28%). When the left side categories and the right side 
categories are combined, the frequency of damage to the left side and right side of the vehicle is 
equal (30% in both cases) and damage occurs to the centre of the vehicle in the remaining 12% 
of impacts. 
 
In Figure 47 it can be seen that the injury risk for belted drivers is still higher in frontal impacts 
with damage to the left side (driver’s side) than in impacts with damage to the right side. It can 
also be seen that injury risk in impacts with distributed damage is highest.  
 
Conclusions are difficult to draw from Figure 48 and Figure 49 because of the reduced quantity of 
data and the large number of categories. It can however be seen that for belted front seat 
passengers, the highest injury risk occurs in frontal impacts with distributed damage. In Figure 48, 
the apparently high percentage of MAIS 3+ (survived) and fatally injured occupants associated 
with damage to the left of the vehicle actually only represents 3 occupants (2 injured, 1 fatal), so 
no conclusions can be drawn from this. These three cases also caused some ambiguity with 
regards to principal direction of force, and were discussed above in relation to Figure 42. 
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Figure 48 GIDAS – Location of Damage for Belted Fro nt Seat Passengers in Vehicles with 

Year of Manufacture 1997 - 2006 involved in Frontal  Impacts 
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Figure 49 GIDAS – Location of Damage for Belted Rea r Seat Occupants in Vehicles with 
Year of Manufacture 1997 - 2006 involved in Frontal  Impacts 
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4.4.3 Assessment of Collision Severity – Delta-V  
The change in velocity associated with the impact (delta-v) was investigated in order to establish 
the appropriateness of the proposed 56 km/h test speed. This data is generated from accident 
reconstructions. In the following figures, delta-v is shown with respect to the cumulative 
percentage of occupants for various levels of injury. Please note that this use of the term “delta-v” 
is different from the closing speed. 
 

Figure 50 GIDAS – Collision delta-v for Belted Occu pants in Frontal Impacts 
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Figure 50 shows that a delta-v of 56 km/h covers 88% of MAIS 2 (survived) belted occupants, 
66% of MAIS 3+ (survived) belted occupants, and 53% of fatally injured belted occupants. In 
Figure 51, Figure 52 and Figure 53 below, the analysis of delta-v is repeated, focussing on 
drivers, front seat passengers and rear seat occupants respectively. 
 
Figure 51 shows that a delta-v of 56 km/h covers 88% of MAIS 2 (survived) belted drivers, 65% of 
MAIS 3+ (survived) belted drivers, and 55% of fatally injured belted drivers. Figure 52 shows that 
91% of MAIS 2 (survived) belted front seat passengers, 68% of MAIS 3+ (survived) belted front 
seat passengers, and 39% of fatally injured belted front seat passengers would be covered. 
Finally, Figure 53 shows that 82% of MAIS 2 (survived) belted rear seat occupants, 78% of MAIS 
3+ (survived) belted rear seat occupants, and 60% of fatally injured belted rear seat occupants 
would be covered, however these results must be treated with caution due to the relatively low 
numbers of injured belted rear seat occupants. 
 
However, these observations are based on occupants of all vehicles in the GIDAS database, and 
hence do not take into account the changes in vehicle design and regulation that have occurred 
in recent years. Therefore, the above analysis was repeated, only including occupants of vehicles 
with a year of manufacture between 1997 and 2006 inclusive. The result, shown in Figure 54, is 
surprising.  
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Figure 51 GIDAS – Collision delta-v for Belted Driv ers in Frontal Impacts 
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Figure 52 GIDAS – Collision delta-v for Belted Fron t Seat Passengers in Frontal Impacts 
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Figure 53 GIDAS – Collision delta-v for Belted Rear  Seat Occupants in Frontal Impacts 
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Figure 54 GIDAS – Collision delta-v for Belted Occu pants in Vehicles in Frontal Impacts: 
shown for Occupants of Vehicles with any Year of Ma nufacture, and for Occupants of 

Vehicles with Year of Manufacture 1997 - 2006 
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Based of Figure 54, it can be observed that, for vehicles with a year of manufacture between 
1997 and 2006, more belted occupants are covered by a delta-v of 56 km/h than was shown for 
belted occupants of vehicles of all years of manufacture. For example, when only the newer 
vehicles are considered, 88% of MAIS 3+ (survived) belted occupants are covered by a delta-v of 
56 km/h, in contrast to 66% when occupants of all vehicles are considered. This particularly 
extreme example may be influenced by the relatively low number of MAIS 3+ (survived) belted 
occupants in the newer vehicles, however the trend can be clearly seen. 
 
One possible explanation is that the newer vehicles are not as safe, causing an increase in 
injuries at low speed. Another is that newer vehicles are safer in high speed impacts, leading to 
higher percentage of injuries appearing to occur at lower impact speeds. However, the first of 
these must be false. As shown in Appendix A, the safety of new vehicles has improved at all 
delta-v.  
 
Another explanation could be that the speed at which impacts are occurring has been reduced. 
This could be due to improved braking systems, slower driving, better awareness of speed limits, 
or improved management of vehicle speed at accident black spots. When more impacts occur at 
lower speeds, a graph of cumulative percentage will reflect higher numbers of injured occupants 
at these lower speeds, even if the risk of sustaining an injury has not changed. 
 
A further explanation is that the delta-v values for newer vehicles are being systematically 
underestimated, due to the increased strength and stiffness of modern vehicle designs. One of 
the essential aspects of calculating delta-v is the estimation of deformation energy. This can only 
be done empirically, because there is no practical way to calculate how much deformation energy 
is actually dissipated during an impact. The estimation of deformation energy may be performed 
manually by experienced experts or automatically using computer software such as EDCRASH or 
Ai Damage. However, in either case, the calculation is based on knowledge of earlier crashes, 
principally controlled crash tests. Because newer vehicles deform less than older vehicles, the 
amount of deformation energy may be underestimated, and hence the delta-v may be under-
estimated. 
 
Care should be taken not to assume that a lower 80th percentile delta-v is associated with a lower 
level of safety.  In Appendix A, the same datasets used to generate Figure 50 to Figure 53 are 
used to show that the risk of a MAIS 3+ injury or fatality at any particular delta-v is lower in a 
vehicle with a year of manufacture between 1997 and 2006. This applies to all seating positions. 
 
Further work is needed to establish the reason behind this phenomenon.  
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4.4.4 Crush Extent vs Severity of Accident  
Of the 15450 belted occupants involved in frontal impacts, crush extent (according to CDC 
J224b) was recorded for 15404 cases. The crush extent was analysed and is compared with 
injury severity in and Figure 57 below. In and Figure 58, the same analysis is made, but this time 
only considering occupants of vehicles with a year of manufacture between 1997 and 2006.  
 
In and , the data is show as a percentage of the number of occupants at a particular injury level. 
In Figure 57 and Figure 58, the data is shown as a percentage of the number of occupants at a 
particular level of crush. 

 
Figure 55 GIDAS – Crush Extent for Belted Occupants  in Frontal Impacts 
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Figure 56 GIDAS – Crush Extent for Belted Occupants  in Vehicles with Year of 
Manufacture 1997 - 2006 involved in Frontal Impacts  
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Figure 57 GIDAS – Crush Extent for Belted Occupants  in Frontal Impacts 
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Figure 58 GIDAS – Crush Extent for Belted Occupants  in Vehicles with Year of 

Manufacture 1997 - 2006 involved in Frontal Impacts  
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Figure 57 and Figure 58 show that injury risk is higher at higher levels of crush. A comparison 
between these two figures also shows that for a given degree of crush, occupants in vehicles with 
year of manufacture 1997-2006 have a lower injury risk. 
 
However, a comparison between and shows that the proportion of a particular injury level, that is 
occurring at a particular crush extent, has not changed. In both and , fatally injured occupants are 
almost equally represented at all levels of crush. Allowing some variation due to the low quantity 
of data, it is clear that the changes in occupant safety described above are not affecting the 
spread of injuries/fatalities across the degrees of crush.  
 
One possible conclusion is that occupant safety in regards to crush related injury has improved 
equally for all severities of injury at all degrees of crush. Another possible conclusion is that the 
improvement in occupant safety is not related to crush. 
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4.4.5 Assessment of Body Region Injured for Belted Occupants in Frontal 
Impactst  

In Figure 59 to Figure 64, injuries are shown according to body region. The regions used have 
been taken directly from the GIDAS database and are: 
 

·  Head 
·  Neck and Spine 
·  Thorax 
·  Abdomen 
·  Pelvis 
·  Legs 
·  Arms 

 
Injuries sustained are shown as a percentage of the total number of occupants at a particular 
MAIS level of injury.  This means that the sum of the percentage figures shown is likely to exceed 
100%, because occupants may be injured in more than one region of their body. For example, in 
Figure 59 it can be seen that 58% of belted drivers with MAIS 2+ injuries sustained an AIS 2+ 
injury in the Head region. Within these 58%, the MAIS 2 (Survived), MAIS 3+ (Survived), and 
Fatally injured occupants are identified by the colouring of the bars. It is also shown that there 
were a total of 1168 belted drivers with MAIS 2+ injuries, meaning that the 58% represents 683 
occurrences of AIS 2+ injury to the head region. 
 

Figure 59 GIDAS – Body Regions with AIS 2+ Injuries , Sustained by Belted Drivers in 
Frontal Impacts 
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In Figure 59 it can be seen that the region that most often suffers an AIS 2+ injury is the head (for 
belted drivers in frontal impacts).  As stated above, 58% of belted drivers that have MAIS 2 
(survived), MAIS 3+ (survived) or fatal injuries, suffer an AIS 2+ head injury. Thorax, leg and arm 
injuries also occur with a relatively high frequency, in 31%, 35% and 19% of cases respectively. 
Neck and spine, abdomen, and pelvis injuries occur less frequently, each in under 10% of cases. 
 
If the MAIS 2 (survived) occupants shown in Figure 59 are ignored (i.e. the yellow part of the 
chart), the frequency of AIS 2+ injuries in the more severely injured drivers can be seen. In this 
case, the significance of the head injuries decreases, and in fact the legs become the most 
frequently injured body region. 
 
Furthermore, if the MAIS 2 (survived) and MAIS 3+ (survived) occupants in Figure 59 are ignored 
(i.e. the yellow and red parts of the chart), the frequency of AIS 2+ injuries in the fatally injured 
drivers can be seen. In this case, both thorax and leg injuries occur at a higher frequency than 
head injuries. 
 
However, care must be taken in making these observations, because the conclusion that leg 
injuries cause more fatalities than head injuries would be false (as shown later in Figure 64). It 
must be remembered that a person with an AIS 6 head injury and an AIS 2 leg injury is more 
likely to die as a result of the head injury, but both of these would be recorded above as being 
AIS 2+. If another person had an AIS 5 thorax injury and an AIS 3 leg injury, we would be faced 
with a total of 2 leg injuries 1 head injury and 1 thorax injury. Clearly however, the significance of 
the leg injuries is not as great. 
 

Figure 60 GIDAS – Body Regions with AIS 2+ Injuries , Sustained by Belted Front Seat 
Passengers in Frontal Impacts 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Head Neck and
Spine

Thorax Abdomen Pelvis Legs Arms

P
er

ce
nt

 o
f O

cc
up

an
ts

 w
ith

 I
nj

ur
ed

 B
od

y 
R

eg
io

n

n = 364

Fatal (n=25)

MAIS 3+ (Survived) (n=83)

MAIS 2 (Survived) (n=256)

 
 
In Figure 60 it can be seen that for belted front seat passengers that suffered MAIS 2 (survived), 
MAIS 3+ (survived) or fatal injuries, AIS 2+ injuries to the head and thorax occur with the highest 
frequency, in 42% and 43% of cases respectively. In comparison to the belted drivers discussed 
above, this represents a significantly lower frequency of head injuries and significantly higher 
frequency of thorax injuries. Leg injuries also occur at a lower frequency, in 24% of cases, but 
arms remain at 19%.  There is also a notably higher frequency of abdomen injuries, occurring in 
13% of cases.  
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Figure 61 GIDAS – Body Regions with AIS 2+ Injuries , Sustained by Belted Rear Seat 

Occupants in Frontal Impacts 
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As shown in Figure 61, as was the situation for belted drivers, the frequency of AIS 2+ injury to 
the head is also relatively high for belted rear seat occupants, occurring in 43% of occupants with 
MAIS 2 (survived), MAIS 3+ (survived), or fatal injuries. The frequency of thorax injuries is also 
relatively high, occurring in 27% of cases. Abdomen injuries occur at a much higher frequency 
than for the front seat occupants, in 20% of cases. Leg injuries occur relatively infrequently for 
belted rear seat occupants, occurring only in 11% of cases. 
 
As commented earlier, it is important not to assume that a high frequency of a particular injury (for 
example AIS 2+ leg injuries) in fatally injured occupants is a direct link between leg injury and 
death. To show this, all belted occupants in vehicles with year of manufacture 1997 - 2006 
involved in frontal impacts were analysed to identify the body region, or regions, with the most 
significant injury. The results are presented below in Figure 62, Figure 63 and Figure 64. 
 
For MAIS 2 (survived) and MAIS 3+ (survived) occupants, the region with the most significant 
injury was simply the region with the highest AIS. In cases where more than one region had the 
same AIS, and they were the highest of all body regions, then multiple body regions were 
counted and included in the figures. For example, if a MAIS 3+ (survived) occupant had an AIS 4 
head injury, AIS 2 neck injury, AIS 4 thorax injury, no abdomen or pelvis injuries, AIS 3 leg injury 
and AIS 1 arm injury, that occupant would be counted as having most significant injuries to the 
head and thorax. 
 
For fatally injured occupants, GIDAS includes a set of variables named “lebtot” for listing injuries 
that were deemed to have been fatal. Up to three body regions are able to be listed. For fatally 
injured occupants, these regions were all counted, regardless of the AIS values associated with 
them. It must be remembered that AIS represents a survival risk, so even an AIS 1 injury may be 
fatal (albeit only in 0.7% of cases (Gennarelli & Wodzin, 2005)). The regions listed in this variable 
match well with the AIS regions listed above, however the “cumulative” and “not injury related” 
descriptions have been omitted from these figures. The “lebtot” variable also does not 
discriminate between arms and legs, instead only including “extremities”. To make this data more 
compatible with the AIS data, a fatal “extremities” injury was counted as a significant injury to both 
the arms and legs in three out of the four cases. For the fourth case, which had an AIS 0 value for 
the arms, only the legs were counted as a significantly injured region. One of the fatally injured 
occupants did not have any “lebtot” values coded, and hence the maximum AIS method was 
used as described above. 
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Like the diagrams above, the diagrams below show the frequency as a percentage of the number 
of occupants and hence the percentages are likely to add up to more than 100%. This occurs 
because more than one region may be identified as having the highest AIS level or being a fatal 
injury. 
 

Figure 62 GIDAS – Body Regions Identified as Having  the Highest AIS, or Body Regions 
Identified as Having Fatal Injuries, Sustained by B elted Occupants with MAIS 2 (Survived), 

MAIS 3+ (Survived) or Fatal Injuries in Vehicles wi th Year of Manufacture 1997 - 2006 
involved in Frontal Impacts 
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As seen in Figure 62, the overall picture of the most significant injuries in belted occupants with 
MAIS 2 (survived), MAIS 3+ (survived), or fatal injuries is similar to Figure 59 (which considered 
all AIS 2+ injuries for belted drivers in vehicles of all years of manufacture). 
 
Head injuries are clearly the most significant, being identified in 44% of MAIS 2 (survived), MAIS 
3+ (survived), or fatally injured occupants. Thorax injuries are also very significant, being 
identified in 31% of cases. Leg and arm injuries are also identified quite frequently (in 18% and 
14% of cases respectively) but this is significantly lower than the absolute count of AIS 2+ injuries 
shown in previous figures. 
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Figure 63 GIDAS – Body Regions Identified as Having  the Highest AIS, or Body Regions 

Identified as Having Fatal Injuries, Sustained by B elted Occupants with MAIS 3+ (Survived) 
or Fatal Injuries in Vehicles with Year of Manufact ure 1997 - 2006 involved in Frontal 

Impacts 
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In Figure 63 it can be seen that injuries to the leg region have been identified as significant in 
31% of occupants with MAIS 3+ (survived) or fatal injuries. Head injuries are also significant in 
31% of cases and thorax injuries are significant in 27% of cases. 
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Figure 64 GIDAS – Body Regions Identified as Having  the Highest AIS, or Body Regions 
Identified as Having Fatal Injuries, Sustained by B elted Occupants with Fatal Injuries in 

Vehicles with Year of Manufacture 1997 - 2006 invol ved in Frontal Impacts 
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Figure 64 shows the frequency of regions that were identified in GIDAS as having fatal injuries for 
a belted occupant in a vehicle with year of manufacture 1997 – 2006 involved in a frontal impact. 
Clearly, head injuries are the most significant, being identified as fatal in 13 cases (59%). Thorax 
and abdomen injuries were identified as fatal in 7 cases (32%) and 6 cases (27%) respectively. 
 
From Figure 59 to Figure 64 above, injuries to body regions have been analysed considering 
different seating positions, and also taking into account the effects of newer vehicle designs.  
 
It can be concluded that the body regions to focus on for reducing severe life threatening injuries 
are the head and thorax. Leg injuries occur relatively frequently at a high severity, but are 
generally not life threatening.  
 
There is some evidence to suggest that abdomen injuries occur relatively more frequently for 
belted front seat passengers, and that leg injuries occur relatively infrequently for belted front seat 
passengers and belted rear seat occupants. 
 

4.4.6 Anthropometry of Belted Occupants in Frontal Impacts  
The following figure shows the ratio of males compared to females at the various levels of injury, 
for each seating position. For example, the column on the far left shows that 69% of MAIS 0-1 
(survived) drivers are male. Correspondingly, the 13th column from the left shows that the other 
31% of MAIS 0-1 (survived) drivers are female. 
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Figure 65 GIDAS – Gender with respect to Injury Sev erity for Belted Occupants in Frontal 

Impacts 
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Figure 65 shows that males dominate the statistics for belted drivers involved in frontal impacts 
and that females dominate the statistics for belted front seat passengers and belted rear seat 
occupants involved in frontal impacts. The frequency of male drivers increases with increasing 
injury severity, and the frequency of female rear seat occupants increases with increasing injury 
severity. The balance between male and female occupants does not appear to change with injury 
severity for front seat passengers. 
 
In Figure 66, the frequency of occupants at a particular age is plotted for belted drivers, belted 
front seat passengers and belted rear seat occupants. In Figure 67, Figure 68 and Figure 69, 
injury risk is plotted with respect to age for belted drivers, belted front seat passengers and belted 
rear seat occupants respectively.  
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Figure 66 GIDAS – Occupant Age with respect to Seat ing Position for Belted Occupants in 

Frontal Impacts 
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Figure 67 GIDAS – Occupant Age with respect to Inju ry Risk for Belted Drivers in Frontal 

Impacts 
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Figure 68 GIDAS – Occupant Age with respect to Inju ry Risk for Belted Front Seat 

Passengers in Frontal Impacts 
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Figure 69 GIDAS – Occupant Age with respect to Inju ry Risk for Belted Rear Seat 
Occupants in Frontal Impacts 
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In Figure 67 it can be seen that younger drivers (up to the age of 25) and older drivers (over the 
age of 60) face a higher level of injury risk. Similarly, for rear seat occupants there appears to be 
a lower level of injury risk for the 31 to 50 year old age group, although this observation may be a 
product of the small quantity of data in Figure 69. In Figure 68 it can be seen that injury risk 
increases with occupant age for front seat passengers.  
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In Figure 66 it can be seen that the ages of peak involvement in frontal collisions are 20, 18 and 
17 for belted drivers, front seat passengers and rear seat occupants respectively, disregarding 
child/infant occupants (under the age of 12) in the case of the belted rear seat occupants. 
 
The 50th percentile ages of belted occupants in frontal impacts are 34, 30 and 15 for belted 
drivers, front seat passengers and rear seat occupants respectively. If children/infants under the 
age of 12 are disregarded, the 50th percentile age of rear seat occupants becomes 24. 
 
In Figure 70, Figure 71 and Figure 72, occupant height is plotted with respect to injury severity for 
belted drivers, front seat passengers and rear seat occupants respectively. Note that in Germany, 
children under the age of 12 are required to sit in a child restraint unless they are more than 150 
cm tall. Based on directive 2003/20/EC most other European countries now have similar 
regulations in place. 
 
Although variations can be seen between the ranges of occupant height, no clear relationship can 
be seen between occupant height and injury severity for any of the seating positions. The one 
exception is that small occupants (less than 160 cm for drivers, and less than 150 cm for front 
seat passengers and rear seat occupants) appear to have a lower injury risk. 
 
The 50th percentile heights of belted occupants in frontal impacts are 175 cm, 169 cm and 169 cm 
for belted drivers, front seat passengers and rear seat occupants respectively, disregarding rear 
seat occupants under the age of 12. 
 

Figure 70 GIDAS – Occupant Height with respect to I njury Risk for Belted Drivers in 
Frontal Impacts 
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Figure 71 GIDAS – Occupant Height with respect to I njury Risk for Belted Front Seat 

Passengers in Frontal Impacts 
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Figure 72 GIDAS – Occupant Height with respect to I njury Risk for Belted Rear Seat 
Occupants in Frontal Impacts 
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In Figure 73, Figure 74 and Figure 75, occupant weight is plotted with respect to injury severity for 
belted drivers, front seat passengers and rear seat occupants respectively. Note that in Germany, 
children under the age of 12 are required to sit in a child restraint unless they are more than 150 
cm tall. Based on directive 2003/20/EC most other European countries now have similar 
regulations in place. 
 
Injury risk appears to increase with occupant weight for drivers and front seat passengers. This 
can be seen by considering the risk of MAIS 3+ (survived) or fatal injury in Figure 73 and Figure 
74. For rear seat occupants, the limited volume of data makes it difficult to draw conclusions. 
Although there appears to be a peak in the 51 – 60 kg range, there is also a peak in fatalities in 
the 81 – 90 kg range. 
 
The 50th percentile weights of belted occupants in frontal impacts are 74 kg, 67 kg and 67 kg for 
belted drivers, front seat passengers and rear seat occupants respectively, disregarding rear seat 
occupants under the age of 12. 
 

Figure 73 GIDAS – Occupant Weight with respect to I njury Severity for Belted Drivers in 
Frontal Impacts 
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Figure 74 GIDAS – Occupant Weight with respect to I njury Severity for Belted Front Seat 

Passengers in Frontal Impacts 
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Figure 75 GIDAS – Occupant Weight with respect to I njury Severity for Belted Rear Seat 
Occupants in Frontal Impacts 
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4.5 Conclusions 

4.5.1 Test Speed 
·  A test speed equating to a delta-v of 56 km/h  would cover approximately 90% of MAIS 2 

(survived), 65% if MAIS 3+ (survived), and 50% of fatally injured belted occupants in 
frontal impacts 

4.5.2 Front Occupants 
·  Occupant safety has been improved, particularly for the driver 
·  Safety belt usage in Germany is high, but unbelted occupants still make up a significantly 

large portion of severely and fatally injured occupants 
·  The frequency of belted occupants in frontal impacts peaks at an age of 20 for the driver 

and 18 for the front seat passenger 
·  A slightly increased injury risk was observed for younger (<25 year old) belted drivers 
·  A slightly increased injury risk was observed for older (>60 year old) belted drivers 
·  Injury risk was observed to increase with age for belted front seat passengers 
·  No definitive relationship between injury severity and height could be observed for belted 

drivers and belted front seat passengers, however small occupants (<160 cm) were 
observed to have a lower injury risk 

·  Injury risk was observed to increase with weight for belted drivers and belted front seat 
passengers 

·  The 50th percentile belted driver involved in a frontal impact is: 
o Male 
o 34 years 
o 175 cm 
o 74 kg 

·  The 50th percentile belted front seat passenger involved in a frontal impact is: 
o Female 
o 30 years 
o 169 cm 
o 67 kg 

·  The dummy that most closely matches these figures is in both cases the HIII 50th 
percentile male dummy (male, 168 cm, 77 kg) 

·  The body regions to focus on for reducing severe life threatening injuries are the head 
and thorax 

·  Leg injuries occur relatively frequently at a high severity, but are generally not life 
threatening 

·  There is some evidence to suggest that abdomen injuries occur relatively more frequently 
for belted front seat passengers, and that leg injuries occur relatively infrequently for 
belted front seat passengers 

4.5.3 Rear Occupants 
·  The rear seat occupancy rate in collisions is very low: approximately 12 % of all 

occupants involved in collisions are seated in the rear 
·  Rear seat safety belt usage is lower than front seat safety belt usage 
·  Rear seat occupants are much safer than front seat occupants: a belted driver is 70% 

more likely to sustain a fatal injury in a frontal impact than a belted rear seat occupant 
�  Compared to front seat occupants, rear seat occupan t safety is intrinsically 

already at a very high level  
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4.5.4 Characteristics of Frontal Impacts 
·  The frequency of frontal impacts peaks with a PDOF of 0° ± 15°, accounting for 60% of 

impacts 
·  For frontal impacts, injury risk for belted drivers is highest in the PDOF range of -30° ± 

15° (i.e. on the drivers side) but for belted front  seat passengers and belted rear seat 
occupants it is similar for the -30° ± 15°, 0° ± 15° and +30° ± 15° ranges. 

�  Testing with a PDOF in the range of 0° ±±±± 15° is the most appropriate compromise 
between injury risk and impact frequency 

·  Distributed damage has the highest frequency in frontal impacts, and is also associated 
with a higher injury risk for all belted occupants 

·  Belted drivers experience an increased injury risk when damage is located on the left 
(driver’s side) of the vehicle 

·  Belted front seat passengers experience an increased injury risk when damage is located 
on the right (passenger side) of the vehicle 

·  It is not clear whether the relationship between vehicle crush and injury severity has 
changed in newer vehicle 



 
67/76 

5. Summary of Conclusions 
 
The purpose of this accident analysis work was to help answer open questions relating to the 
specification of an Advanced European Full Width (AE-FW) test, specifically:  
 
·  What should the test speed be?  
·  What should be the dummy specification and injury criteria?  
·  Should rear occupants be included, and if so what should be the dummy specification and 

injury criteria?  
 
The accident analysis work was undertaken using the UK Co-operative Crash Injury Study (CCIS 
dataset and the German In-Depth Accident Study (GIDAS) dataset. The results of the CCIS 
analysis are reported in chapter 3 and the results of the GIDAS analysis in chapter 4. Below are 
the responses to the above questions. Further conclusions relating to the individual analysis can 
be found by referring to section 3.5 (CCIS analysis) or 4.5 (GIDAS analysis).  
 
Test Speed   
 

The initial proposal is for a test speed of 56km/h. A test speed of 56km/h is used by similar 
tests. The results of the accident analysis show that a test speed of 56km/h would cover 83% 
of the MAIS 3+ injuries based on the analysis of the CCIS dataset and 65% of the MAIS 3+ 
injuries based on the GIDAS dataset.  
 
Reasons for the difference between the two analyses maybe the different sampling methods 
used in constructing the databases (see descriptions of CCIS database in section 3.3 and 
GIDAS database in section 4.3) and datasets used in this analysis (vehicle age limit, impact 
overlap, etc.) or differences in the accident scene / vehicle fleet (proportion of higher speed 
impacts, average vehicle mass, mass distribution, etc.).  

 
The proposed test speed of 56km/h covers an appropr iate proportion of the serious 
injuries.  
 
Dummy Specification  
 

An assessment of the anthropometry of the most commonly injured occupant was undertaken 
to define the dummy specification. The analysis of the CCIS and GIDAS datasets identified 
that the driver should be male (accounts for upwards of 72% of the MAIS 3+ drivers) and the 
front seat passenger female (accounts for upwards of 60% of the MAIS 3+ front seat 
passengers).  
 
Using the GIDAS dataset, the 50th percentile mass and height of the driver and front seat 
passenger were found to closely match the HybridIII 50th percentile dummy. Within the CCIS 
dataset there was insufficient data to provide a large enough sample to determine the 
appropriate dummy specification.  
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The driver is male, the front seat passenger is fem ale and the mass and height of both the 
driver and front seat passenger were found to close ly match the HybridIII 50 th  percentile 
dummy.  
 
Dummy Injury 
 

An objective of the accident analysis was to provide initial information on body regions 
commonly injured. The CCIS analysis identified the thorax, and legs (driver only) to be at the 
greatest risk of AIS3+ injury The GIDAS analysis identified the head, thorax, and legs (driver 
only) to be at the greatest risk of AIS3+ injury. This discrepancy between the two analyses for 
the head is due to the GIDAS analysis including older vehicles that are less likely to have 
airbags. Limiting the analysis to vehicles 1997 and on resulted in a reduced risk of AIS 3+ 
injury for the head when compared to the thorax and legs.  
 
The analysis of the GIDAS dataset identified the head and the thorax as the body regions to 
protect against injury in fatal accidents. The CCIS analysis, whilst based on a limited number 
of cases, also identified the thorax as a body region to protect against injury in fatal accidents.    
 
The CCIS analysis investigated the causes of the injuries to each of the body regions 
identified above. Based on the limited available data, for the thorax it was found that the 
internal (non-skeletal) area was the cause of the majority of the injuries. For the legs of the 
driver it was the upper part of the leg and the passenger arms it was the lower arm and wrist. 
Further analysis is required with larger dataset to confirm these observations.   

 
The body regions to focus on for reducing severe li fe threatening injuries are the head and 
thorax. Leg injuries occur relatively frequently at  a high severity, but are generally not life 
threatening 
 
Rear Seated Occupants 
 

An assessment of the anthropometry and injury mechanisms for the rear seated occupants 
was undertaken. Protection for rear seated occupants in frontal impacts was found to be 
intrinsically higher than for front seated occupants and the overall number of rear seated 
passengers in the sample (CCIS and GIDAS) was very low.  
 
An assessment of the anthropometry was undertaken using the CCIS data, but the result was 
inconclusive. The age range for the most commonly injured rear seat occupants (12 to 22 
years) has a large variation in mass and height. Based on the limited number of cases it 
would look as if the most frequently injured body regions were the thorax and the abdomen. 
Further analysis is required with a larger data set to confirm these observations  

 
An assessment of rear occupant anthropometry and in jury was inconclusive.  
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6. Further Work 
 
The results of the accident analysis are limited by the fact that it is a retrospective look at the 
accident scene. Further accident analysis is required to update the results with regards to 
changes to the vehicle fleet and accident scene (and to also increase the size of the available 
data set to enable in-depth analysis).  
 
In addition, to place the results of this and future accident analysis into perspective, there is a 
requirement to prioritise injury in terms of long term cost to occupant, rehabilitation time and 
lasting effects and also the cost of the injury through compensation paid out. Modern medical 
techniques, if applied within the required time, mean that some injuries that have a high score on 
a threat to life scale, AIS, can be cured and have short rehabilitation times. In contrast injuries 
which score lower on the AIS scale can have longer lasting implications to the occupant 
sustaining them. The longer lasting implications arise due to long term impairment and 
physiotherapy to rebuild movement and muscle.  
 
One result of this study was that fatal injuries are being suffered during collisions with higher 
crush levels compared to MAIS 2 and MAIS 3+ survived. However the actual crush level that is 
being experienced is not excessively high. The level of intrusion sustained at key points, fascia, 
knee level and footwell should be examined to further understand the mechanism of injury, given 
they are being sustained at low crush levels. The work should include a study on the head 
injuries being sustained during fatal impacts, shown to be in 40% of the cases, to find the 
mechanism of injury to the head.  
 
The use of cumulative graphs of delta-v needs to be further investigated. It was shown that 
changes in the cumulative delta-v curve could have several causes, with significantly different 
meanings for occupant safety. It was not possible to state whether a change in the curve 
represented an improvement or a worsening of occupant safety. Further work is required in order 
to understand these effects, and to determine whether cumulative graphs of delta-v are an 
appropriate tool for assessing occupant safety. 
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9. Appendix A – Injury risk in old and new vehicles  
 
In Section 4.4.3 it was shown that for belted occupants in frontal impacts, 66% of MAIS 3+ 
(survived) injuries occur at a delta-v of 56 km/h or less.  However, when only vehicles with a year 
of manufacture between 1997 and 2006 are considered, 88 % of the injuries occur at a delta-v of 
56 km/h or less. This could mistakenly be assumed to represent a reduction in occupant safety in 
newer vehicles. 
 
In this Appendix, the same dataset used in Section 4.4.3 will be analysed to show that the injury 
risk at a particular delta-v is lower for belted occupants in vehicles with a year of manufacture 
1997 – 2006 involved in frontal impacts. 
 
The method used to show injury risk is similar to that used in APROSYS Deliverable 8.3.2.  
Cases were identified as being either MAIS 0-2 (survived) or MAIS 3+ (survived or fatality). 
Logistic and Weibull regressions were then calculated based on the risk of sustaining a MAIS 3+ 
(survived or fatality) injury at a particular delta-v. 
 
In Figure 76 the outcome for all belted occupants is summarised, showing the lower risk for 
occupants in vehicles with year of manufacture 1997 – 2006. The background data to this figure 
is shown in Figure 77 and Figure 78. 
 
In Figure 79 to Figure 84, injury risk is also shown for the driver, front seat passenger and rear 
seat occupants separately. In all cases, occupants in newer vehicles are at a lower risk. 
 

Figure 76 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 
Occupants in Frontal Impacts. Comparison between Al l Vehicles in GIDAS and Vehicles 

with Year of Manufacture 1997-2006. 
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Figure 77 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 

Occupants in Frontal Impacts 
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Figure 78 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 
Occupants in Vehicles with Year of Manufacture 1997  - 2006 involved in Frontal Impacts 
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Figure 79 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 

Drivers in Frontal Impacts 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

5 
(n

=3
53

5)

10
 (n

=96
1)

15
 (n

=10
12

)

20
 (n

=96
6)

25
 (n

=73
3)

30
 (n

=63
7)

35
 (n

=44
9)

40
 (n

=37
1)

45
 (n

=22
0)

50
 (n

=20
6)

55
 (n

=12
9)

60
 (n

=96
)

65
 (n

=60
)

70
 (n

=56
)

75
 (n

=33
)

80
 (n

=17
)

85
 (n

=9)

90
 (n

=11
)

95
 (n

=5)

10
0 (

n=
4)

delta-v (km/h)

P
er

ce
nt

p(MAIS 0-2 and Survived)

p(MAIS 3+ or Fatal)

Weibull (RMS error = 0,43%)

Logistic (RMS error = 0,43%)

 
 

Figure 80 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 
Drivers in Vehicles with Year of Manufacture 1997 -  2006 involved in Frontal Impacts 
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Figure 81 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 

Front Seat Passengers in Frontal Impacts 
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Figure 82 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted 
Front Seat Passengers in Vehicles with Year of Manu facture 1997 - 2006 involved in 

Frontal Impacts 
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Figure 83 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted Rear 

Seat Occupants in Frontal Impacts 
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Figure 84 GIDAS – Risk of MAIS 3+ Injury or Fatalit y with respect to Delta-V for Belted Rear 

Seat Occupants in Vehicles with Year of Manufacture  1997 - 2006 involved in Frontal 
Impacts 
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