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Real-world performance of vehicle crash test: the

case of EuroNCAP

Maria Segui-Gomez," Francisco J Lopez-Valdes,' Richard Frampton®

ABSTRACT

Objective To investigate whether the occupants in
vehicles with better safety ratings according to
EuroNCAP sustain fewer fatal and severe injuries than
occupants in vehicles with worse experimental safety
ratings when in frontal crashes.

Design Case—control study.

Setting A representative sample of crashes in Britain
from 1896 to 2008 as gathered in the Cooperative Crash
Injury Study (CCIS) database under the auspices of the
UK Department of Transportation and augmented with
EuroNCAP exparimental ratings for each crashed vehicle,
Subjects Crivers and front seat passengers while
occupants of vehicles for which FuroNCAP test resuits
were available and who met inclusion criteria meant to
select those in crashes similar to those in the frontal
experimental setting.

Main outcome measures Fatality and severe MAIS3+
injuries to the head, thorax, pelvis and lower extremities.
Resuits The multivariate Poisson regression models on
the 1259 cases who sustained crash conditions most
similar to the experimental ones showed no statistically
significant effect on either mortality or MAIS3+ injury in
real-world crashes when traveliing in cars fith better
safety ratings. For example, when compared to a driver
in & vehicle rated as safest for head injuries MAIS3+ in
frontal crashes, drivers in vehicles rated yellow or orange
presented adiusted ORs of 6.6 (0.2 to 1.7} and 0.8 (0.3
to 2.1), respectively,

Conclusions No statistically significant relationships
between the EuroNCAP safety scores and real-world
death or severe injury cutcomes were found, suggesting
the need to review biomechanical criteria chosen to set
cut-off points for the rating system.

INTRODUCTION
Maotor vehicle crashes are one of the leading causes
of mortality and severe injury worldwide, with
some 1.2 million deaths and 38 million disability
adiusted fife years lost every year," a problem which
is expected to grow over the next decades.? In the
European Union (EU-27), police records register 50
000 fatal and 1.7 million non-fatal victims yearly.®
Many behavioural, environmental and legislative
measures have been implemented to address this
impertant public health issue, yet relatively few of
them have been rigorously evaluated. These evalua-
tions point to the beneficial effects of passive safety
measures, which aim to reduce forces to the
occupants in the event a crash occurs.’ In an effort to
provide a fair, meaningful and objective assessment
of the impact performance of such measures®
numerous assessment programines have been devel-
oped, including the European New Car Assessment

‘Programme (EuroNCAP) established in 1996.%

Injury Prevention 2010;16:101—108. doi:10.1136/ip.2009.023812

In general, these assessment programmes choose
a crash configuration that is recreated in a labora-
tory with an instrumented crash test dummy.
Different physical magnitudes (eg, accelerations,
forces, deformations) sustained by the dummy
during the crash in different body regions deter-
mine the safety scores the vehicle receives for each
of those body regions, and these scores combined
with other characteristics of the performance of the
vehicle during the impact, result in a summary
overall safety score. As the EuroNCAP documents
state, these programmes have been designed to
provide a ‘falr, meaningful and cbjective assessment
of the impact performance of cars’, and ‘cars that
perform well in these tests should provide better
protection in accidents than cars which perform
less well'® However, evaluations to date of this
programme are scarce and report unconvincing
findings.” !

Thus, cur objective was to evaluate the impact of
experimental frontal crash safety ratings on real-
world body-region specific MAIS3+ injuries while
also evaluating the impact of these safety ratings
on the likelihood of death,

METHODS
We combined real-world crash data from the British
Cooperative Crash Injury Study (CCIS) with
information from the EuroNCAP frontal crash test
programme, Both datasets are described in more
detail below. However, since our evaluation
strategy, the variables needed for the analyses and
the case inclusion/exclusion criteria are so closely
finked with the EuroNCAP experimental grocedure,
we summarise it next and in figure 1721
The front of the vehicle impacts a deformable
barrier at 64 km/h with a 40% overlap to the
driver’s side. Two 50th percentile Hybrid-II1 belted
dummies sitting in the front seats {driver and
passenger) are used. For each dummy, loads are
measured as they act on four main body areas: (1}
head and neck; (2) thorax; (3} pelvis, femur and
knee; and {4) lower leg, ankle and foot. Using
established criteria, the likelihood of injuries is
assessed for each body region and different safety
points are given. For example, the dummy driver in
figure 1 shows the results of a test indicating that
the probability of the most severe injury in the
neck or head (as defined by a Maximum Abbrevi-
ated Injury Score®® of 3 or higher) was less than 5%.
{f this probability is not exceeded, the body region
receives the maximum safety score and this is
presented visually using coloured segments within
body outlines {in this case, green). If this perfor-
mance is not reached, then the body region receives
a lower score and a different colour {yellow, orange,
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Figure 1

brown and red}, indicating increasing probabilities of sustaining
the mare severe injuries.

The driver’s body-region specific scores are combined to
compute an overall frontal impact protection score. However, if
the passenger duminy scores are worse than those of the driver
for any body region, this information is incorporated in the
overall frontal scores. This globai frontal score for the vehicle is
an integer that ranges from 1 to 16.

Finally, to obtain the overali safety ratings and until January
2009, an additional safety score was produced adding the scores
of frontal and side tests. This total score is transformed into the
S-star system commonly used to report NCAP results to the
general public.

Apart from the EuroNCAP programme, the other data source
used was the CCIS5, one of the most comprehensive ongoing
real-world crash investigation programmes in Europe. Since
1983, data have been coliected on approximately 1500 crashes
per year; for a more detailed description of the programme, the
reader should refer to MacKay.? Briefly, the programme selects
cases for investigation using a stratified random sampling
procedure based on injury severity. The accident sampling
selects crashes involving towed cars less than 7 years old at the
time of the accident in geographical regions selected to represent
urban and rural roads in Great Britain. CCIS examines about
80% of serious and all fatal injury crashes meeting the selection
criteria.

Inclusion criteria for this paper related to being a driver or
front seat passenger in a crash between 1996 and 2008 (both
inclusive) while in a vehicle of known make, model and year and
of model year 1996 or newer. The front seat cccupant had to be
216 years old and have known safety belt status. In addition,
there bad to be information on crash severity as measured by the
equivalent test speed (ETS), be in a frontal impact as defined by
principal direction of force (ie, between 11 and 1 o’clock), and
had te have known and valid car-to-car mass ratios. Te limit our
analysis to occupants in real-world crashes of severity equal or
less than that imposed in the crash test, vehicles in crashes with
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Frontal crash test procedure and example of body-region specific colour scale for driver and passenger. Source: www.curoncap.com.

an ETS >64 kin/h and with mass ratios exceeding a 0.28—3.50
range were excluded.

The information on the safety ratings of vehicles was
obtained from the recently revised EuroNCAP official website
(www.euroncap.com). For each vehicle in a real-world crash in
the CCLS data, we gathered the experimental cclour-coded body
region specific score, the overall frontal safety score and the 5-
star overall safety score. We excluded from analysis any eccu-
pants for whom the EuroNCAP ratings for their vehicles could
not be identified on the EuroNCAT website.

Since EuroNCAP safety ratings are so linked to the probability of
sustaining severe injuries, we created one dummy variable for each
of four body regions (head and neck; thorax; pelvis; femur and knee,
and lower leg, including ankle and feet) to summarise whether the
occupant sustained a MAIS3+ injury. In addition, we created
a variable summarising whether the occupant died or not.

Since fatal and MAIS3+ injury scores followed a Poisson
distribution, Poisson multivariate logistic regression models were
used. Models were run with the EurolNCAP rating as the main
independent variable(s) and safety belt use, crash severity (ET5)
and mass ratio as covariates. The six models were: one to eval-
uate the relationship between death and the frontal overall
safety system; another to evaluate the relationship between
death and the overalt 5-star safety ratings; and four for each of
the four body-region specific safety ratings. In these four models,
safety ratings were introduced as dummy variables (one for each
safety colour using ‘green’ as the reference category); the
dependent variable was whether real-world MAIS3+ injuries in
those body regions had occurred.

Statistical significance was established at p<0.05. Results are
reported as odds ratios (ORs) and their corresponding 95% Cls.
Analyses were performed using Stata V.9.0,1%

RESULTS

There were 4876 drivers and 1420 front seat passengers in frontal
crashes, adding up to a total of 6296 occupants in the CCIS data
for years 1996—20G8 (inclusive). EuroNCAT data on the safety

Injury Prevention 201016101108, doi:10.1136/ip.2009.023812
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ratings of their vebicles was publicly available for approximately
55% of cases, reducing the number of cases to 3477. Further
restricting to those for whom belt use was known and mass
ratio and ETS were within valid limits, yielded a total of 1259
cases for analyses (971 drivers and 288 front seat passengers}.
Table 1 summarises the personal, vehicle and crash character-
istics of these individuals, as well as the car safety ratings of their
vehicles. OF these 1259 cases, 11 of their vehicles were rated ‘green’
across ali four body regions. MAIS3+ injuries to the head were
sustained by 2.7% (34/1259) of occupants, while 6.9% (87/1259)
sustained these types of injuzies to the thorax, 5.2% (65/1259) to

Tahle 1 Front seat occupants, vehicle and crash characteristics in
frontal impacts; Cooperative Crash injury Study (CCIS) data 19982008
(both inclusive), except when otherwise noted

Occupants mesting inclusion {Drivers/front seat passengers) 6296
criteriat {4876/1420)
Car information available in 3477
EuroNCAP*(yes)
Occupants meeting inclusion [Drivers/front seat passengers) 1259
and exclusion criteriad (971/288)
Belted (yes) 1143
Car safety ratings® Head/neck or head 1258
Green 860
Yellow 278
Orange 102
Brewn 1
fed 17
Thorax 1258
Green 61
Yellow 450
Orange 512
Brown 199
Red 37
Pelvis—femur—knee or pelvis 1259
Green 317
Yellow 19
Orange 430
Brown 126
Red 195
Lower leg—ankle—feet 1259
Green 169
Yellow 418
Grange 212
Brown 196
Red 261
Occupant overalt scores MAIS 1259
0 i81
1 682
2 167
3 92
4 2
5 25
6 5
Unknown 80
MAIS3+ Slyes) 03
Head and neck 4
Thorax 87
Pelvis—femur—knee 65
Lower leg-ankle-feet 17
Fatally injured §(yes) 42

*According to EuroNCAP.

tPassengor vehicles of known make, modet year 21996, know safety belt status, known
crash severity information (ETS), frontal (principal direction of force) and known mass
ratios,

$We further excluded occupants whose vehicle's mass ratio was beyond admitted range
andfor ETS was 64 kavh,

§Variable distributed accerding a Poisson distribution {jr==g?),

Injury Prevention 2010;16:101—106. doi;10.1136/p.2009.023812

the pelvis—femur—knee, and 1.4% (42/1259) to the lower leg
region. Forty-two occupants died in these crashes, although all of
thern had MAIS3+ injuries in at least one body region.

Table 2 represents the bivariate distribution of MAIS3+
injuries by body region and NCAP safety score for that body
region. No occupant sustained MAIS3+ injuries in the head or
neck while in vehicles rated brown or red for this body region.

The two maodels relating the likelihood of death with the
frontal summary score or the 5-star overall safety rating of the
vehicle showed no statistically significant effects of the NCAP
scores with ORs of 0.96 (0.87 to 1.07) and 0.95 {0.67 to 1.36)
respectively, while all other covariates in these models (severity
of crash, safety belt use and rass ratic) had statistically signif-
icant effects. For exampte, the starrating model showed that
belt use had a protective effect with an OR of 0.3 {0.1 to 0.6},
whereas unit increases in ETS or mass ratios had injurious
effects (OR 1.07 {1.07 to 1.07) and OR 3.2 (1.3 to 7.7}, respec-
tively). Similar results were found in the frontal score model
{data not shown).

The four models evaluating the effect of the safety rating
system on MAIS3+ injuries by body region showed statisticaliy
significant results in regard to &ll covariates. For example, each
unit increase in ETS increased the likelihood of sustaining
MAIS3+ injuries in all models with ORs ranging from 1,058
(1.04 to 1.08) in head and neck to 1.064 (1.65 tc 1.08) in
pelvis—femur—knee. Seat belt use was found to be statistically
significant across all body regions except for the lower
leg—ankle—foot region. It always showed protective effects in
decreasing the likelihood of sustaining MAIS3+ injuries.
Adjusted odds ratios for this reduction were 0.41 (0.17 to 0.97)
for the head, 0.44 {0.26 tc 0.76) for the chest and 0.52 (.27 o
0.98) for the upper extremity. Increasing mass ratios were
statistically significantly injurious for the head (4.52, 1.86 to
10.95}, thorax (2.47, 1.33 to 4.57) and pelvis—femur—knee region
{3.24, 1.59 to 6.61). Yet, as ligure Za—d summarises, none of the
EuroNCAP scores were found to be significant for any body
region. All Cls include the value of 1.

DISCUSSION

Principal findings

No statisticaily significant effect has been found in our evalua-
tion of the real-world performance of the exuperimental
EuroNCAP frontal test protocols. It cannot be stated that front
seat occupants in vehicles with a worse safety rating according
to the test procedures are more likely to die or to sustain
a MAIS3+ injury in any bedy region than occupants in vehicles
rated as the safest.

Table 2 Number of front seat occupants with MAIS3+ injuries by
body regicn according to their vehicle body region-specific EuroNCAP
safety score; front seat occupants in frontal crashes meeting inclusion/
exclusion criteria, CCIS 1898—2008, both inciusive (N=1259, aithough it
varies from body region to body region due to missing Abbreviated Injury
Scale [AIS) data)

Knee, pelvis,

Head and neck Thorax  femur Ley, foot
N=1179 N=1180 N==1181 N~=1178 Total
Green 24 7 10 1 42
Yellow 5 32 16 1 54
Drange 5 3 21 3 60
Brown 0 12 6 Z 26
Red 0 5 12 10 27
Total 34 87 65 17 283 (16% of
1258)
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Figure 2 Adjusted® OR {and 95% Cls) of sustaining MAIS3+ injuries as front seat occupant in frontal crashes by EuroNCAP body region-specific
safety rating. (a} Head and neck injuries {N=1179). {b) Thorax (N==1180). (¢} Pelvis—femur—knee {N=:1181}. {d) Lower leg—ankle-~foot (N=1178).
*Adjusted by safety belt use, mass ratio and ETS, 'Green’ is the safety rating used as reference value. ORs represented as squares relate to unstatle

findings due to the fack of occupants sustaining MAIS3+ injuries te head or neck in vehicles with brown or red coding for that region,

Strengths and weaknesses of the study

The CCIS, like many other in-depth crash databases, contains
missing or invalid values whick reduce the number of cases
available for analysis. Further, we lost almost another 50% of the
frontal crash front seat cecupants collected in the CCIS because
of missing information concerning the EuroNCAP scores of their
vehicles. Despite the fact that our paper presents the largest
number of cases ever analysed with this purpose, it could be
argued that we may have lacked enough statistical power to
allow any effects to be shown. Yet, this was not true for the
covariates in the models. For example, crash severity comes out
as a statistically significant risk facter in all models, whereas the
use of the seat belt was a significant protective factor in frontal
crashes, preventing MAIS3+ injuries to the head, thorax or
pelvis—femur—knee region, but not to the lower extremity
region. Thus, if EuroNCAP scores are not showing statistical
effects, it may be conciuded that the magnitude of their effect is,
at best, smaller than that cbserved for these covariates,

To our knowledge, this paper summarises the most compre-
hensive real-world evaluation of a broadly implemented car
safety rating system in Europe, using real-world crash data from
the only in-depth crash investigation system representative
from, at least, one European country.

As with any other effectiveness studies based on an in-depth
data system, it could e argued that if occupants in vehicles with
safer ratings were protected from suffering any injuries, they
would not be found in the data system. Yet, the setting of our
analysis as a case—control study, where we first identify whether
occupants have been injured and then we check on the safety
rating of their vehicle, precludes this argument.

104

Meaning of the study: possible explanations and implications for
clinicians and policymakers

The EuroNCAP programme costs several million Eurcs each year,
We strongly advocate for the existence of safety ratings that will
motivate the motor vehicle industry, educate the motor vehicle
users and allow motor vehicle researchers to control for case mix
of vehicle fleet to analysis. IHowever, such ratings need to be valid
and transiated in real protection in the real world—which is the
only world in which real people crash. EuroNCAP, and the basic
science behind passive safety, has to evolve to accommodate for
shifting environments and push itself further so that the test
configuraticns it adopts, and the injury biomechanics criteria are
effective. Not cnly could we not identify protective effects for
occupants in crashes most similar to the experimental conditions,
but also those crash specifications apply to only 36% {(1259/3477)
of all front seat occupants in frontal crashes according to the
CCIS files. This raises the issue of the representability of the
chosen experimental conditions,

Current vehicle design geared to improve safety ratings in the
experimental protocols may explain why 68% of our evaluated
vehicies presented ‘green’ scores for the head region. It has been
reperted that in the case of side impacts, 96% of the vehicles of
a comparable sample are rated as ‘green’ in head protection and
44% received the same score for the pelvis region."! Alzuetal®
reported that in recent years, more and more vehicles are
reaching the best ratings. In relation to this issue, it is possible
that FuroNCAP announced changes improve its overall safety
rating effective Janwary 2009. The new and more challenging
system incorperates adult and child occupant protection, pedestrian
protection and safety assist (eg, electronic stability control or

injury Prevention 2010;16:101-108. doi:10.1136/ip.2008.023812
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speed limiters} in the frontal, side and rear crashes scoring
protocol.’” Yet, the body region safety rating for frontal crashes
remains as described in this paper. Thus, cur results still apply in
the new system.

Strengths and weaknesses in relation to other studies; important
differences in resuits

Because of our choice of outcome {fatal and MAIS3+ injuries per
bady region), our choice of evaluation of the EuroNCAP scores
(overall and at the body region level), the statistical framework
used for the analysis (multivariate regression models accounting
for Poisson distributions of the dependent variables), and the timing
of it {newer vehicles in our analysis than in the one published in
2000), it is difficult to compare our findings with others.

The first reported evaluation, Lie and Tingvall,” used police-
based data to conclude that cars awarded three or four stars
produced approximately 30% less fatal and serious injuries {ie,
hospitalised victims) compared to vehicles receiving less stars,
although statistical significance of this estimate was not
reported. This result is somewhat similar to our point estimate
for overall safety and likelthood of death, with each one unit
increase of a star leading to a 5% reduction in death (OR 0.95).
Yet our finding does not reach statistical significance as seen in
the results section. This earlier finding was tempered by the next
published evaluation® using 75 selected cases from the CCIS
database, where agreement between EuroNCAP ratings and real-
world injuries was only found in some cases. A few years fater
Frampton® performed a descriptive analysis of CCIS data to
identify the relationship between EuroNCAP ratings for body
region protection and real-world injury risk. He found that the
EuroNCAP scoring seemed to reflect trends in real crash injuries
except for the chest, but conducted ne statistical evaluation to
test this hypothesis. Finally, in a paper which compared overall
EuroNCAP scores with alternative safety scores developed by
the Safety Rating Advisory Committee in conjunction with the
European Commission DG TREN, Newstead'® used police-
reported data which suggested a trend rowards reduced severe
injury risk with increased EuroNCAP star rating, although this
claim is not entirely consistent with the figures in his paper or
with statistical significance tests.

A previous evaluation of body region specific scores for 906
occupants in frontal and side impact crashes found no statisti-
cally significant effects. The exception was a borderline signifi-
cant effect for occupants in frontal crashes in red-rated vebicles,
for whom the likelihood of sustaining MAISS+ injury in the
pelvis—femur—knee region was higher than that of their coun-
terparts in green-rated vehicles {OR 3.46, $5% Cl 1.01 to
11.91)." Qur current analysis with a larger sample size corrob-
orated the absence of no statistical findings in body region-
specific analysis, not even for the pelvis—femur and knee region.

CONCLUSIONS
We were unabie to detect a statistically significant relationship
between any of the EuroNCAP safety ratings and deaths or

» Car safety ratings derived from experimental tests are widely
used in marketing campaigns.

> Although the first published evaluation argued for the valigity
of this claim, four other attempts have failed to vieid
statistically significant findings.

Injury Prevention 2010;16:101—106. deit16.1136/p.2008.023812

» The claim that vehicles which rate safer according to an

experimental  protocol such as that delineated in the
EuroNCAP programme (safer whether in a body region or as
a whole) could not be validated in a rigorous and
comprehensive evaluation of the performance of these
vehicles in the real world.

» This study couid not identify any statistically significant
protective effects of {supposedly) safer vehicles in regard to
a reduction of fatalities or severe injuries by bedy region
among front seat occupants in frontal crashes when
compared to occupants of {supposedly) less safe vehicles.

severe injuries among drivers and front seat passengers in frontal
crashes of severity equal to or less than that in the experimental
setting,

Unanswered questions and future research

We ‘conservatively’ assigned safety scores to some vehicles
whose model year was in between EuroNCAP tested models. For
example, if a particular make and model was 1996 and
EuroNCAP data for that make and model was available for 1995
and 1997 (but not 1996), we assigned to this car the 1995
ratings. Following the same example, but if the vehicle was,
instead, a 1998 model, we left it with missing EureNCAT data
since we did not have the ability to know whether significant
vehicle redesign had taken place since 1997, If the BuroNCAP
programme ever made available safety ratings for additional
vehicles, it would be worthwhile to evaluate whether the
method was an unbiased one. It would also aliow increasing the
sample available for analyses, and thus allow for any smail but
significant effect to be revealed.

Although the concept of performing experimental test is very
appealing and intuitive, it is also likely that the state-of-the-art
knowledge regarding force fimits and actual injury likelihood is
still in need of further development. We suggest that instead of
experimental data, maybe EuroNCAP should be fed with real-
world crash data evidence.™ Hopefully, evaluations such as this
allow us to stimulate further research that wil! cover those gaps.
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