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Abstract

Australian D951gn Rule No° 2 (ADR 2) specifies requlrements
for side door latches and hinges, with the intention of minimising
the likelihood of occupant ejection in crashes, - It came into
effect for new passenger cars and derivatives on 1 January 1971 and |
for other types of vehicles at later dates., Australian
manufacturers began fitting so-called "anti-burst" door latches to
some cars in the early 1960's,

" Information from the Royal Australasian College of Surgeons
Pattern of Injury Survey of crashes and injuries in Victoria was
analysed to measure the effect of the anti-burst door latches and
ADR 2, Initially it was established that ejection doubles the risk
of severe~to-fatal injury compared with -being contained in the car
in the same crash circumstances, Ejection, door opening, and the
proportion of ejectees who were ejected from vehicles with closed
doors were then used as criteria for the effect of ADR 2.

k The study concluded that ADR 2 (and the anti-burst door latchec

itted prior to formal requirements) is effective in reducing the
isk of ejection, via a reduction in the probability of door
ppening, for the occupants of cars and car derivatives involved in

|NOTE

This report is disseminated in the interest of information exchange.
[ The views expressed are those of the author (s} and do not necessarlly
represent those of the Commonwealth Government.

The Office of Road Safety publishes two series of reports resulting from
internal rescarch and. external research, that is, research conducted on
behalf of the Cffice. Internal res search reports are identified by OR
while external reports are identified by CR.
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Abstract (continued)

non-rollover crashes., ADR 2 transfers the route of ejection of
the remaining ejectees away from the door opening and towards
non-door portals, Regarding the effectiveness of ADR 2 in .
rollover crashes, the study was inconclusive due to the -
relatively small number of occupant casualties involved in
crashes of this type and also due to the possibility that the
later model cars may have been involved in more severe rollover
crashes than the older cars, Anti-burst door latches may be in
need of improved design to take account of whatever mechanism
opens doors in rollovers, :

~ ADR 2 still has a meanlngful role in modern vehicles w1th
high rates of seat belt use. The Design Rule is effective, at
least in non~rollover crashes, in reducing the risk of ejection
of seat belt wearers as well as non-wearers.
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INTRGDUCTION

AUSTRALIAN DESIGN RULE 2

Australian Design Rule for Motor Vehicle Safety No. 2
(ADR 2) for door latches and hinges came into effect for
passenger cars ahd derivatives manufactured on or after
1 January 1971. It specifies requirements for side door locks
and side door retention components including latches, hinges,
and other supporting means, with the intention of minimising
the likelihood of occupants being ejected from a vehicle as
a result of impact, The Design Rule later became effective
for multi-purpose passenger cars (1 January 1973), small
trucks (1 July 1974); and large trucks (1 July 1975).

ADR 2 seeks to achieve its intention by requiring the
doqr latches and hinges to withstand a longitudinal, tensile
load (representing the load induced by body shell distortipn)'
and a transverse load acting outwards (representing the load
induced by occupant contact). The Design Rule is based on
U.S. Federal Motor Vehicle Safety Standard No. 206 (FMVSS 206).

. FMVSS 206 came into effect for passenger cars sold in
the U.S. since 1 January 1968, However, most U.S. manufacturers
included improved door retention components (so-called M"anti-
burst" door latches) as early as the 1956 model year (Garrett
1969; Comptroller General of the United-states.1976).' These
anti-burst door latches were initially aimed at restraining
the door langitudinally-and their design was gradually
improved in stages during the next decade (Garrett 1969).
It is understood that Australian manufacturers began fitting
anti-burst door latches in the early 1960's (in response to
the availability of American technology) and that the advent
of ADR 2 caused a design change in only a minority of passenger:
cars and derivatives produced in 1971, '

LITERATURE ON EJECTIQON AND INJURY

A number of researchers have identified an association
between ejection and death or serious injury, with the risk
of severe-to—fatal injury to ejectees ranging from % to 16
times higher than that for non-ejectees from crashes in



general (Tourin 1958; Kihlberg 1965; Adams 1967; Tarriére 1973;
Anderson 1974; Hobbs 1978) and from 5 to 40 times higher in
rollover crasheé (Hight et al 1972; Anderson 19?4;'Huelke et'a]
197?& bl. EJectlon is typically a58001ated with 1ncreased
risk of serious injury to the head, neck and ‘spine, in
particular (Huelke et al 19??a, Walz 1979). ‘

Most of these researchers have not taken into account
the possibility that the ejectees may have been involved in
more severe crashes and that their increased injury risk may
have been due, at least in part, to this difference before
ejection (though, to be fair, Adams 1967 commented on this
possibility). Tonge et al (1972) found that 81 per cent of
ejected fatalities received their major fatal injury‘inside
the vehicle before ejection., Tourin (1958) found that ejectees
were indeed involved in more:severe Crashes‘and additionally
tended to have occupied seating positions with a higher
fatality risk than nonaejecteés. When'he controlled for these’
differences. 1n crash severlty and seatlng p051t10n, he found
that the fatality risk of eJectees was only 2.3 times the
expected_rlsk.had they remained inside the car, compared with
the crude‘ratio ofj4-8 when the fatality risks_of'ejectees
and non-ejectees were directly compéred.

Thus it would appear that ejection per se directly
causes an increase in the risk of severe-to-fatal injury,
though perhaps not as great an increaée as 1s commonly
thought., Huelke and Gikas (1966) identified ejection as the
1eading cause of ngupant death in their data (27 per cent
of the fatalities considered), after discounting about one=
third of. thelr ejected fatallties who received fatal injuries
inside the car,

Some researchers have identified the wearing of seat
belts (lap or three-point) as having a large effect on
occupant ejection.(Huelke and Gikas 1966; Adams-1967; Tonge
et al 1972; Hight et al 1972; Huelke gt al 1977a, b; Cameron
and Nelson 1977). Tourin (1958) discussed the dual role of
a seat belt (specifically, of the lap type) of, firét,
preventing ejection and, second, reducing the risk of injury
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of contained occupants, However, Walz gt al (1979) were

still able to find instances of seat belt wearers who were
ejected, with a disproportionate frequency of cervical and
thoracic spine fractures. They also found a high proportion
of ejectees who were wearing two-point shoulder belts rather
than three-point'belts. However, Huelke et gl (1977b) found no
svidence of a difference in ejection rate when wearers of

lap belts were compared with wearers of lap and shoulder

helts.,

Ejection was found to be related to crash severity
(Tourin 1958; Adams 1967; Anderson 1974) -and to the crash
type, with rollovers being the most frequent source of
ejection (Tonge et gl 1972; Anderson 1974). Anderson also
found ejection rates to be higher in side impacts compared
with other non=-rollover impacts, as well as for occupants of
the front seats (confirming the finding of Tourin 1958),
Hight et al (1972) found ejection to be related to roof crush
in rollovers, and Quayle {1968} found a relationship between
the loss of survival space and door opening in rollovers,
However, Huelke et al (1977a) were unable to confirm Hight
et al's finding,

A number of researchers have investigated the route of
ejection, In crashes in general, Huelke and Gikas (1966)
found that in 1961-65 most fatal ejectees were ejected through
opened doors. - Hight et al (1972) had similar findings in
rollovers, However, when studying newer American cars (1968
models onwards) in rollovers, Huelke gt al (1972, 1977a
found that the most common ejection route had changed to
the side windows or windscreen, followed by ejection
through opened doors. Anderson (1974) confirmed this finding,
but he found that through opened doors remained the most
common ejection route for the newer cars involved in non-
rollover crashes, Anderson also quoted Garrett (1973) who
demonstrated an increase in the proportion of ejectees who
were ejected through the windscreen, side windows and rear
windows associated with the newer car models.
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LITERATURE ON ANTI-BURST DOOR LATCH EFFECTIVENESS

Almost without exception, the incidence of door opening
in crashes has been used as the'evaluation criterion in studies
of the effectiveness of anti-burst door latches, In none of
the'literature sighted has the incidence of ejection per se
been used, The direct criterion (ejection) may have been
more appropriate than an indirect measure (door opening), _
particularly as it appears that an effect of improvéd door
latches and hinges in American cars may have been to transfer the
predominant ejection route from the'ddor opening tb_the'glass
areas in some types of crashes, if ejection took place.

Garrett (1961, 1964, 1969) conducted a series of studies
of door opening of American cars involved in rural, injury-
producing crashes, In the 1961 study, he compared pre-1956
cars with 1956=59 models and found that the door opening rate
changed from 45 per cent to 28 per cent, At the same time
the incidence of ejection through an open door fell‘by qO'per
cent, The next major door latch design change in American
cars cccurred with the 1963 models and Garrett's 1964 study
found a further fall in the door opening rate:to 23 per cent,
Further improvements in door latch design were made during
the 1960's, especially in the 1967-68 models, Garrett's
1969 study was more refined in that it standardized the year
model comparisons for differences in impact speed and accident
type, and found the following door opening rates by year of
manufacture: | : '

. pre-1956 : 42,5%
. 1956-62 : 28.4%
. 1962-63 : 22.6%
. 1964 1 17.3%
. 196566 @ 17.5%
. 1967-68 : 12.4%

‘Anderson (1972) moved away from door opening as the
evaluation criterion, and used doorurelated_ejeétion instead.
He found that the incidence rate fell from 5.0 per cent in
1960-65 model American cars to 3.1 per cent in 1968-72 |
models. Garrett (1973) used the same criterion in.a comparisbn
of 1960-67 and 1968-70 model'Volkwagens."Hé-found a 55 per
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cent reduction in the door-related occupant ejection rate,
attributable to recently introduced door latch design
modifications (presumably in response to the impending
FMVSS 206). :

Anti-burst door latches were introduced in Europe in the
late 1960's (Mackay et al 1975). Kolbuszewski et al (1972)
considered the performance of door locks with and without
longitudinal restraint in British cars involved in a'represent-
ative sample of crashes. They found the door opening rate to
be 4.8 per cent with longitudinal restraint,.compared to
12.0 per cent without., Gloyns et al (1975, unpublished)
(quoted by Mackay et al 1975) made a more definitive study
of three particular British car models, before and after they
were fitted with anti-burst door latches. 1In severe crashes,
with a slight bias towards high energy frontal impacts, they
found a door opening rate of 33 per cent for the older cars,
compared with 16 per cent for the anti-burst latches.

Read et al (1979} compared the opening rates of different
types of anti-burst latches fitted to British cars. They
found significant differences in performance, with least
satisfactory performance from the rotary latch previously
fitted to some Chrysler models, They alsQ observed that
intrusion was the most serious consequence of door opening
in hon—rollover'crashes, and confirmed that ejection was the
most common outcome of door opening in rollovers.
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DATA FOR THIS STUDY

The data on which this study was based were collected
during the Royal Australasian College of Surgeons (RACS)
Pattern of Injury Survey of Victorian road casualties (Nelson
1974), From 1 June 1971, legislation was in force in Victoria
requiring hosPitals to supply, on a Road Trauma Report (RTR)
form, details of injuries for all road accident victims
treated. In the RACS Survey these data were supplemented by
RTRs filled out using post-mortem réports on fatally-injured
road users. In addition, Road Crash Report (RCR) forms
describing the crash cifcumstances of occupant casualties
were completed by ambulance officers, As there was no legal
compulsion associated with this source, RCR forms were
returned for only about one-third of crashes attended'by_
ambulances, with a bias toward rural crashes. Examples of-
the two data collection forms are shown in Appendix A,

A matched file of trauma and crash reports for the first
two years was originally created for analysis by Nelson (1974).
This file was later supplemented by data for the third year
(Cameron 1977)., At the same time the injuries recorded on
the RTR were translated to the Abbreviated Injury Scale.(AIS)
(Joint Committee on Injury Scaling 1976). The full matched
file covers 8537 occupants of passenger cars and car derivatives,
Further details of the return rates, matching rates, bias
and accuracy of the data are given'in Nelson (1974), Cameron
and Wessels (1975}, and Cameron (1977).

The RACS matched file was chosen for this study because
of the presence of information on ejection of occupant
casualties, It also contains information on seat belt wearing
and door bpening, though in the latter case this variable
pertains to the opening of any door of the occupied vehicle,
not to the door adjacent to the occupant's seating position
or to the door space through which the occupant may have been
ejected, No alternative candidate mass data files contained
these three critical variables.

However, the choice of the RACS matched file, which covers

occupants of passenger cars and car derivatives only, precluded



an evaluation of the effect of ADR 2 for small or large trucks.
There were to0 few'occupants of multi-purpose passenger cars
in the data file to consider them separately.



PRELIMINARY ANALYSTIS

The preliminary analysis first sought to establish the
relationship between ejection and severe Iinjury, under
Australian conditions. Ejection then became the critérion
variable and its relationship with seat belt wearing, crash
locatibn, crash configuration, occupant seating position, and
door opening were investigated. These relationéhips were
then used in the main analysis where the association between
ejectidn and year of manufacture was considered.

EJECTION AND INJURY SEVERITY

Table I shows the association between ejection and
maximum AIS of occupant casualties. Maximum AIS is now the
preferred whole-body injury severity measure recommended by
the American Medical Association's joint Committee on Injury
SCaling, replacing the Overall AIS which is considered too
judgemental for research purposes (Petrucelli gt al 1980).
About 12 per cent of the casualties included in Table I had
a makimum ATS of zero. This does not imply that they were
uninjured, only that their injuries were too minor to be
recorded on the AIS scale, such as some of the injuries listed
in the General section of the RTR form (see Appendix A).

The association between ejection and injury severity in
each of six body regions (defined by Huelke et al 1977b) was
also considered (Appendix B). Because Huelke gt al (1977a)
had identified a particularly high injury risk to the spine,
the AIS score in this body region (thoracic and lumbar spine)
was considered explicitly, in_additibn. Injuries to the
thoracic and lumbar spine are also included in the thorax
and lower torso body regions in the tables in Appendix B.

In each body region, as for the whole body, there was a
statistically significant association between ejection and
injury severity, with ejectees being associated with increased
injury severity in every case. How much of this association
was due to ejection per se or due to more severe crash
CircumStances_(which, in turn, were associated with ejection)
was not known at this stage (see page 10). |
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SEAT BELT WEARING

The strong relationship between seat belt wearing and
ejection is shown in Tabel II. ‘Also shown is theé relationship
between ejection and seat belt type. While this latter
assoc1at10n between varlables was not statistically 81gn1f1cant
the data add support to a suggest1on by Walz et al (1979)
that two—p01nt belts (lap or diagonal type) are assoclated
with higher ejection risk than seat belts of more complex
structure (lap/sash, harness, and child type).

CRASH T.OCATION

The ejection rate was more than double for occupant
casualties in crashes on the opeh road compared with those
in crashes in built-up areas (Table III), presumably because
of the difference in travelling speed and hence in crash
severity in these two environments. It was not consldered
to be due to difference in seat belt wearing rates,

CRASH CONFIGURATION

At least part of the difference in ejection rate between
the two crash locations is explained by a higher proportion "
of rollovers in open road crashes and the much'higher ejection
rate associated with this event compared to non-rollovers
(Table III),

Among occupant casualties in non-rollover crashes, there
was not a great deal of difference in ejection rate between
the two crash environments (8.2 per cent versus 5.4 per cent),
but there was evidence of substantial.differences es a - function
of the side of impact on the vehicle (Table IV), Impacts to
the sides of the vehicle were associated with higher ejection
rates than those to the front, which in turn had a higher -
ejection rate than impacts.to the rear.

SEATING POSITION

Because of the known relationships between seating
position and seat belt fitting and wearing (Boughton gt al,
in press; Cameron and Nelson 1977), the.association'between
Seafing position and ejection could not be coﬁsidered_
meaningfully withoﬁt the simultaneous consideration of seat
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belt wearing (Table V). Among occupant casualties who were

not wearing seat belts, there was a statistically significant
(p<0,005) association between seating position and ejection,
with higher ejection rates for drivers and front left passengers
than other seats. Among seat belt wearers there was also a
statistically significant (p< 0.005) association, with a
tendency for higher ejection rates in the rear seats.

There was also some evidence of an interaction between
seating position and side of impact in terms of their
relationship with ejection in non-rollover crashes, ' Table VI
shows that unbelted drivers and front left passengers had
higher ejection-rétes when their vehicle was impacted on the side
on which they were sitting compared with like occupants sitting
oppoéite the side of impact, There were too few rear outboard
occupants to make meaningful comparisons of this type.

DOOR _OPENING

The strong relationship between door opening (any door
of the occupied vehicle) and ejection is shown in Table VII,
for both unbelted and belted occupant casualties. These data
indicate that door opening is a good surrogate for occupant
ejection, but of course the incidence of door opening cannot,
in the RACS data file, be linked to the ejection route of
ejected occupants, In addition, door opening occurred with
reasonable frequency (5.4 per cent) to the vehicles of seat
belted occupants, in contrast with their.ejectidn frequency
(2.1 per cent). This means that in circumstances where door
opening is used as an alternative criterion for evaluating
the effect of ADR 2, data pertaining to seat belted occupants
can play a meaningful role. |

However, it should be noted that door opening is neither
a neceésary hor sufficient condition for occupant ejection.
There were numerous occupant casualties ejected from vehicles
whose doors did not open, and numerous occupants not eJected
even though at least one door of their vehicle oOpened,

EFFECT OF EJECTION PER SE ON INJURY SEVERITY

An attempt was made to estimate the effect on injury
severity of ejection per se, l.e. the effect of ejection over
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and above the injuries which would have been sustained had .
the occupant been contained in the vehicle, after making due
allowance for the'moré-severe crash circumstances normally
associated with ejection, ' '

- In the preceding analyses, it was found that the factors
seat belt use, crash location, and type of crash (rollover
versus'non—rollover) each have a large effect on the ejection
rate of occupant casualties. Other studies of the same data
(Cameron 1979a) and similar data (Huelke gt al 1972) have
showh thaf these same three factors have a strong effect on
ihjUry severify measured on the AIS scale. Thus the ejected
casualties in the data would have been exposed, had they been
contalned to crash circumstances likely to lead to more
severe injury, compared with non-~ejected occupant casualties.

These prior differences between ejected and non-ejected
casualties were controlled by comparing their injury severity
distributions only in identical crash circumstances in terms
of seat belt use, crash’ location and type'of crash, followlng
the method of Tourin (1958). Tourin alsc found crash severity
to be related to both ejedtion rate and injury severity, but
differences in. crash severity could not be controlled due to
its absence from the data analysed here, except crudely via
the relationship between impact speed and crash location (open
road versus built-up area). '

The observed number of ejected casualties with serious-
to-fatal injuries, i,e. AIS at least 4 (life-threatening,
survival probable), was compared with the expected: number
based on the distribution of maximum AIS among non-ejected
casualties in identical crash circumstances (Table VIII).

When these observed and expected numbers were summed over all
the different crash circumstances, the ratio of the sums
represents an estimate of the increase in risk of serious-to-_
fatal 1n3ury due to ejection per se (Table X) Thus ejectees_
are 2,7 times more likely to sustain serious-to-fatal ‘injuries
than if they.remaln in the car. Thls_cpmpares with a ratio

of 3.5 times based on a_crude comyarison of the'injury severity
distributions of ejected and non-ejected occupant casualties
from Table T. This crude ratio is inflated due to the more
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severe crash circumstances experlenced by ejectees compared
with non—eJectees in the data,

Since there were relatively few occupant casualties with
maximum ATS at least 4, the effect of ejection per se was
also estimated in terms of the risk of severe~to-fatal injuries,
i,e. AIS at least 3 (not life-threatening) (Tables IX and X).
Thus ejectees are twiée as likely to sustain severe-to-fatal
injuries than if they remain in the car.

Consideration of the risk of injury ranging from a lower
level of severity (AIS at least 3, compared with AIS at least
4) resulted in a more stable estimate of the-effect of ejection
per se. This can be seen by comparing the risk ratio for
ejected_tasualties who were (formerly) using a seat belt with
the ratic for unbelted ejectees, since the consequences of
ejebtion would be expected to be the same for these two types
of occupant once they were ejected from the car (Table X).
Thus the estimate that ejection per se doubles the risk of-
severe-to-fatal injury appears to be quite precise, whereas
the estimated effect on serious-to-fatal injury does not.
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TABLE I: Maximum AIS score of occupant casualties,
by presence or absence of ejection.

EJECTED NOT EJECTED
MAXTMUM
AIS No. % No. %
0 49 6.5 991 12.7
1 260 3443 L1147 53.3
2 80 10.6 1033 13.3
3 109 Thaly 856 i1.0
4 58 7.7 254 3.3
5 173 22.9 437 5.6
6 28 3.7 62 0.8
TOTAL 757 100.0 7780 100.0

Chi-square test for difference in injury distributions:
Xz = 459.6 (p< 0,0001)
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TABLE IT: Ejection rate by seat belt wearing and
type of belt.

Seat Belt NOT ‘ EJECTION
Wearing and Type EJECTED { EJECTED | RATE (%)
NOT WORN 4588 673 12.8
WORN 3082 ' 65 21
- lap/sash 2659 | 52 1.9
- lap 301 11 3.5
- diagonal 21 ] 3.1
- harness 23 0 0.0
- ¢hild 11 o 2.0
- other and NK 51 | 1«9
NOT KNOWN 110 15 4.7
TOTAL 7780 757 8.9
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TABLE TITIT: Ejection rate by crash location and

configuration,
Crash Location and NOT EJECTION
Configuration EJECTED EJECTED | RATE (%)
OPEN RQAD
- Rollover _ 661 Z4B 273
- Non-rollover _ 1859 167 8.2
- TOTAL 2520 415 Thal

BUILT-UP AREA

- Rollover 384 59 1 13.3
- Non~rollover 4737 269 - Sk
~ TOTAL | s121 328 6.0

ALL VICTORIA

- Rollover _ 1056 314 22.9
- Non-=rollover | 6724 445 -
- TOTAL 7780 759 8.9

*Includes 153 occupants in crashes in unknown locations.
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TABLE IV: Ejection rate by crash configuration.

NOT EJECTION
Crash Configuration| EJECTED EJECTED | RATE (%)
ROLLOVER 1056 314 2249
NON-ROLLOVER
- Frontal 2043 100 L.7
- Rear 333 | 6 1.8
- Right centre 506 46 8.3
- Right front 387 31 7eolt
- Right rear 50 6 10.7
- Left centre 713 L2 5.6
- Left front 438 | 47 9.7
- Left rear |  ?3 7 8.8
~ Other and MK 2181 158 6.8
TOTAL 7780 757 8.9
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TABLE V: Ejection rate by seating position and seat

*
belt wearing .

BELT NOT WORN BELT WORN

Seating o Total Total .

ccupant EJECTION Occupant EJECTION
Position Casualties | RATE (%) | Casualties | RATE (%)
DRIVER 2291 4.0 1986 1.8
FRONT CENTRE 525 9.5 23 0.0
FRONT LEFT 1316 1341 1040 242
REAR RIGHT 450 104 39 7e?
REAR CENTRE .223 Fely 1y 14.3
REAR LEFT 496 9.1 45 2.2
OTHER AND NK 160 21.9 0 -
TOTAL 5261 12.8 3082 2l

¥*
Table excludes 129 occupants for whom seat belt use was unknown.
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TABLE VI: Ejection rates (%) of unbelted occupant casualties
involved in non-rollover crashes, by seating
position and side of impact.

(Number of occupant casualties on which ejection
rate based shown in brackets.)

[ Side of Impact Non-rollovers)
Seating FRONTAL |  RIGHT LEFT OTHER
Position OR REAR SIDE SIDE AND NK
DRIVER 6.8 15.6 8.7 112
(724) (287 ) (263%) (642)

FRONT CENTRE el 2.9 11.2 5, 2
(89) (35) (54) (96)

FRONT LEFT 7¢5 114 1246 10.6
(373) (1417 (230) (388)

REAR RIGHT 549 12.5 10.6 ol
(119) (56) (76) (122)

REAR CENTRE 2ol 7 olp 33
(42) (28) (45) (61)

REAR LEFT 1.8 16.3 8.6 Laof
(112) (49) (105) (151}

OTHER AND NK 1541 0.0 16.6 17.6
(33) (7] (12) £51)

TOTAL Baly 12,1 1041 9.3
(1492) (603) (785) (1511)
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TABLE VII: Ejection rate by seat belt wearing and the
incidence of door opening.

Seat Belt Wearing and ROT EJECTIOR
Door Opening EJECTEL EJECTED | RATE (%)

BELT NOT WORN

- Doors opened- 278 280 iU e 2

~ Doors did not open L3I 393 Bl

BELT WORN

- Doors opened | &6 2 e

- Doore did not open 20%6 L0 13

ALL OCCUPANTS

- Doors opened o5 Z08 L2,0

- Doors did not open 7355 449 5.8

*
Includes 129 occupants for whom seat belt

use was unknown.
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TABLE IX: Observed and expected frequencies of ejected casualties
with maximum AIS at least 3, by seat belt use and

crash location and type.

seat Belt Wearing NOT EJECTED EJECTED
'rash Location Total |>ct. witt| Total |Jo. witl | xpected
' Ccecupant Maximum | Occupant | faximum | Jjo. *with
Jrash Type Jasualties | AIS 23 Casualties | 1IS2 3 laximumn
IS 2 3
o BELT NOT WORN
(2) OPEN ROAD
Non-rollover 1052 314 142 88 Li.6
Rollover 361 27.1 222 126 60.2
{b) BUILT-UP AREA .
Non-rollover 2869 15.7 240 71 3747
Rollover . 217 13.8 56 27 77
(c) LOCATION NK -
Non-rollover 81 21,0 7 6 1e5
Rollover 8 12.5 6 2 0.8
Jot Worn Subtotal 4588 20,2 673 320 152.4
', BELT WORN
(a) OPEN ROAD
Non=rollover L5 34,0 16 8 5.4
Rollover 291 2h, 1 24 15 548
(b) BUILT-UP AREA
Non-rollover 1835 12,2 21 5 2.6
Rollover 164 4.0 3 1 Oty
{c) LOCATION NK
Non~rollover Ihy 20,5 0 0 0.0
Rollover 3 66.7 1 0 0.7
lorn Subtotal 3082 18,8 65 29 14,9
o BELT USE NK
(a) OPEN ROAD
Non-rollover 62 93.5 9 8.4t
Rollover 9 77.8 2 1¢6
(b) BUILT-UP AREA
Non~rollover 33 97.0 g a 7.8
Rollover 3 10040 0.0
(¢) LOCATION NK '
Non-rollover 3 66,7 D C.0
Rollover 0 0.0 . 0.0
TOTAL 7780 20,7 757 368 185.0

¥

The expected number is based on the distribution of maximum AIS
among non-ejected casuvalties, :



TABLE X: Observed and expected numbers of ejected casualties
with maximum injury severity level at least
(a) AIS = 4, and (b) AIS =3,

Maximum Maximum
ATS2 4 AISz 3

NQT_EJECTED (N=7780)
(1) Observed Number 755 1610

(2) Percentage of Total 9.7 2047

EJECTED (N=757)

(3} Observed Number 259 368
(4) Crude Expected Number : Nx(2)/100 73,3 15645
(5) Crude Ratio %%%g%%%%': (3)%(4) 3.53 2.35

(6) Expected Number after controlling
for differences in crash

circumstances (Tables VIITI and IX) 95,2 185,0
. Observed . .
(7) Ratio Txpected ° (3)(6) 2.72 1.99

(8) Observed Number by seat belt use
- belt not worn 215 320

~ belt worn ' 25 29

(9) Expected Number after controlling
for crash location and type

-~ belt not worn _ P1e2 152.4
- belt worn | : 7.0 T4e9
.. Observed . .
10) Ratio Txpected (8)2(9)
- belt not worn 3,02 2. 10

[ - belt worn 3,57 1,95




INTRODUCTION

The main analysis considered the relationship between
year of manufacture and (a) occupant ejection and (b) door
opening, in turn. At times both of these criteria were
congidered together, to gain a better understanding of any
change in ejection paths during later years of manufacture.

Because of the known association between seat belt
fitting (and hence wearing) and year of manufacture (Boughton
and Cameron 19763 Carter 1979), seat belt wearers and non-
wearers were considered separately, so far as ejection was
concerned. This division of the analysis was also designed
to produce results more meaningful in terms of modern vehicles,
since any effect of ADR 2 should be seen against a background
of high rates of seat belt fitting and wearing in these
vehicles. '

Rollover and non-rollover crashes were also considered
separately, because of the large difference 1n ejection rates
found for occupant casualties involved in these two types of
crash,

Since anti-burst door latches were introduced gradually
in_Australian-cars'manufacturéd in the period from the early
1960t's up to 1970 (after which ADR 2 required them, along with
other door component improvements, to be fitted to all new
cars), the hypothesis under test was that there was a
monotonic decrease in the risks of ejection and door opening
with increasing year of manufacture, versus the hypothesis of
no change in risk. This hypothesis could have been tested
by a simple test for inequality of the ejection rates and
door opening'rates between years of manufacture (e.g., Fleiss
1973, section 9.1)., However, statistically significant |
differences between the rates could result from uncontrolled
differences between vehicles of different years, such as
differences of crash severity and other factors affecting
ejection and door opening. Accordingly, a more spécific tést
of the hypothesis of monotonic decrease in ejection and
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door opening risks was sought for use in conjunction with the
test for inequality of the risks.

Barlow et al 1972 give a statistical test for a monotonic
gradient in proportions, which is described in simpler terms
by Fleiss (1973, section 9.3). The test reguires that the
number of occupant casualties (on which the éjection rate or
door opening rate is based) in each vehicle yéar of manufacture
group be constant if there are more than four such groups.
Hence for unbelted occupant casualties, the year of manufacture
grouﬁs were chosen to meet this condition-approximately,
consistent with other objectives of the study (e.g., separate
identification of ADR 2 cars). For belted occupant casualties,
which appeared more frequently in the newer cars compared
with the unbelted, this condition could not be met easily.
In this case, four year of manufacture groups were chosen and
an ‘exact version of test, which does not require the condition
to be satisfied, was used instead (Fleiss 1973).

Since a number of American researchers had identified an
increasing tendency for ejection (if it took place) to be through
non-door portals. with the advent of anti—burst door latches and
FMVSS 206, this aspect of ejection was also investigated in this
study. Due to limitations of the data collected, the criterion
was limited to the proportion of ejectees Who'were ejeéted from
vehicles recorded as having had closed doors, In this case,

a test for a monotonic increase in the proportion was made
using the same methods of Barlow et al (1972) described above.

UNBELTED OCCUPANTS IN ROLLOVER CRASHES

There was statistically significant evidence of
inequalities related to the vehicle year of manufacture for
the ejection rate, door opening rate, and proportion'of
ejectees with closed doors in the case of unbelted occupant
casualties involved in rollovers (Table XI). However, there
was no statlstlcally 51gn1f1cant evidence of gradients in '
these rates or proportion in the hypothe51sed directions.

For these occupant casualties, the interaction between
year of manufacture and crash location was statistically
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gignificant, but that between vehicle year and occupant
seating position was not (Table XII). 7TUnbelted casualties
involved in rollovers in the later modelrcers were more
likely to have crashed on the open road than like occupants
of older model cars. | ' '

Since occupants casualties involved in rollovers on the
open road were more than twice as likely to have been ejected
than those in rollovers in built-up areas (Table III);_the
above interaction may have contributed to the apparent absence
of a decreasing gradient in ejection rate with increasing '
vehicle year (Table XI). However, when casualties involved
in crashes on the open road and in. built-up areas were
considered separately, there was no sfatietically significant
evidence of a decreasing gradient in'ejection rate in either
cagse (Table XIII). | '

UNBELTED OCCUPANTS TN NON-ROLLOVER CRASHES

In the case. of unbelted occupant casualties involved in
non-rollover crashes, there was statistically significant
evidence of decreasing gradients in the ejection rate and
door opening rate, and of an increasing gradient in the
proportien of ejectees who were ejected from vehicles with
closed doors (Table XIV).

For these occupant casualties, the interactions between
vehicle year and (a) occupant seating, (b) crash location,
and (c) side of impact, were all statistically significant.
Unbelted casualtles involved in non-rollover crashes in the
later model cars were more likely to have crashed on the
open road and less likely to have occupied front seats or
vehicles impacted in the side than like occupants of older
cars (Tables XV and XVI). While occupant casualties involved
in non-rollover crashes on the open road had higher ejection
rates than occupants in like crashes in built-up areas
(Table III), and ejection rates were higher in front seats
compared with rear seats for the unbelted (Table V) and higher
in side impacts compared with other impacts (Table IV), these
differences were marginél. These marginal differences-in
ejection'rate,'coupled with the directions of the interactions
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identified above, were considered to be insufficient to
invalidate the decreasing gradient in ejection rate found in

Table XIV,

BELTED OCCUPANTS IN ROLLOVER CRASHES

As with unbelted occupant casualties in rollovers,
belted casualties in crashes of the same type displayed no
statistically significant evidence of decreasing gradients
in ejéction rate or door opening rate (Table XVII). (The
apparént increasing gradient in ejection rate was not tested
for statistical significance in the direction of an increase
as this would have been inconsistent with the hypothesised.
effect of anti-burst door latches and ADR 2; the cobserved
increase may have been due to uncontrolled factors in the
analysis, such as crash severity). However, there was
statistically significant evidence of an increasing gradient
in the proportion of ejectees who were ejected from vehicles
with closed doors.- ' -

Again as with unbelted occupant casualties, the belted
casualties displayed a statistically significant interaction
between vehicle year and crash location (Table XVIIT).

Since belted casualties involved in rollovers in the later
model cars were more likely to have crashed on the open road
than like occupants of older model cars, the higher‘ejection_
rate in this crash environment may have contributed to the
apparent absence of a_deCrease and the presence of an increase
in the gradient in ejection rate with increasing vehicle
year'(Table XVII). However, there was no statistically
significant evidence of a decreasing grédient in the ejection
rate for belted. casualties in rollovers either on the open |
road or in built-up areas (Table XIX). -

BELTED CCCUPANTS TN NON~ROLLOVER CRASHES

As with unbelted occupant casualties from crashes of the
same type, the belted casualties in non-rollover crashes
displayed statistically significant evidence of decreasing
gradients in the ejection rate and door opening rate (Téble XX)a
HoweVer, the increasing gradient in the proportion of éjectees
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with closed doors was not statistically significant,

For these occupant casualties, the interactions between
vehicle year and (a) occupant seating position, and (b) crash
location, were both statistically significant (Table XXI), -
but the interaction with side of impact was not (Table XXII).
Belted casualties involved in non-rollover crashes in the
later model cars were more likely to have crashed on the open
road and to have occupied rear seats., Elevated ejection rates
were known to be asscciated with non-rollover crashes on the
open road compared with in built-up areas {(Table III) and,
for seat belt wearers, with rear seat occupancy compared with
the front seating positions (Table V)., However, the directions
of the interactions identified above were such that these.
elevated.ejection rates could only tend to negate, and not
invalidate, the decreasing gradient in ejection rate found
in Table XX.

DOOR OPENING IN ROILOVER CRASHES

In this and the following section, belted and unbelted
occupant casualties were pooled and the relationship between
year of manufacture and door opening was considered. The
pooled data allowed more sensitive investigations of this
relationship compared with the investigations based on unbelted
and belted casualties separately., However, the pooled data
could not be used to study the relationéhip between ejection
and vehicle year as the assoclation between these two variables
in the pooled data would be distorted by the higher seat helt
wearing rates in the newer cars and the known dependencé of -
ejection on seat belt use.

For all occupant casualties involved in rollovers, there
was no statistically significant evidence of a decreasing
gradient_in the door opening réte-with increasing vehicle
year (Table XXIII), It should be recalled at this stage, that
due to the manner in which data were recorded on the Road
Crash Report (Appendix A), the incidence of door opening
(any door of the occupied vehicle) relates to the vehicle
occupied and hence is recorded identically for all occupant

casualties from the same vehicle., Hence vehicles with more
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than one occupant casuality are recorded more than once in
the first two columns of Table XXIII., The frequency of this
multiple recording is not known, as it 1is not possible to
uniquely identify individual vehicles in the RACS matched
file, which is occupant-centred.

One solution to this problem is fo consider only driver
casualties in the data. This avoids multiple counting of
vehicles, but efffectively ignores those vehicles whose
drivers were not injured and recorded in the matched file,
However, consideration of driver casualties alone meant that
their door opening rates were closer to being based on
independent events (the crashes), and hence more closely
satisfying one of the conditions for validity of the statistical
tests.

In the event when driver casualties only were considered,
there was still no statistically significant evidence of a
decreasing gradient in door opening rate (Table XXIII). The
pattern of door opening rates based on drivers only was similar
to that based on all occupant casualties. |

Since a statistically significant interaction between
the crash location and year of manﬁfacture of vehicles dinvolved
in rollovers was identified for unbelted and belted casualties
separately (Tables XII and XVIII), the evidence for a decreasing
gradient in door opening rate was examined for each crash
location individually (Table XXIV). There was no statistically
significant evidence of a decreasing gradient in the door
opening rate of vehicles occupied by driver casualties from
crashes either on the open road or in built-up areas.

DOOR OPENING TN NON-ROLILOVER CRASHES

In non-rollover crashes, there was statistically
significant evidence of a decreasing gradient in the door
opening rate when all occupant casualties were considered
and when driver casualties alone were considered (Table XXV).
These findings confirmed parallel findings when unbelted and
belted casualties involved in non-rollover crashes were
studied separately (Tables XIV and XX). '
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As with rollover crashes, statistically significant
interactions between the crash location and year of manufacture
of vehicles involved in non~-rollover crashes had been
identified for unbelted and belted casualties separately
(Tables XV and XXI), While the common directicn of these
interactions would have tended to negaté the decreasing gradient
in door opening rate found in Table XXV, it was considered:
instructive to examine door opening rates in the two crash
locations separately. In the event, there were statistically
significant decreasing gradients in the door opening rates
of vehicles occupied by driver casualties from crashes in
each crash environment (Table XXVI).

The availlability of the pooled data on non-rollover
crashes meant that a meaningful study could be made of door
opening rates and their gradients (if any) as a function of
the crash configuration. There were statistically significant
decreasing gradients in the door opening rates of vehicles |
impacted in the ends (front or rear) or the side, but only
weakly statistically significant evidence of such a gradiént
among vehicles impatted in other (i.e. more than one location)
and unknown locations (Table XXVII).
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TABLE XI: Unbelted occupant casualties in rollovers.
Ejection rate, door opening rate, and proportion
of ejectees whose'vehicles had closed doors,
by year of manufacture.

Total | poomr EJECTEES
Year of Cccupant EJECTION CPENING WITH CLOSED
Manufacture | lasualties | RATE (%) RATE (%) | DOORS (%)
UP TO 1959 133 32.3 15,0
1960-62 137 40,8 - 32.8 50
1963-64 13 24.8 - 18.6 54
1965-66 131 27,5 23,7 by
1967-68 1 36,9 | 33.3 42
1969-?0. 122 23,0 2242
1971=74 111 i 29.7 b
________ ._____I____________uu-___.
NOT KNOWN 12 25,0 0,0 100
TOTAL 870 32,6 2L .6 5l
Ejection rates )

{]

Test for inequality of rates: X 21.77 (p<0.,002)

Test for decreasing gradient: %2 = 3.02 (p>0.1)

Door opening rates

Test for inequality of rates: X6 20,15 (p< 0,003)

f

Test for decreasing gradient: K% 0,0 (p>»0.1)

Proportion of ejectees with closed doors

Test for inequality of proportions: Xé = T4 4l (p<0,03)

Test for increasing gradient: X% = 0,31 (p>0,1)
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TABLE XII: Unbelted occupant casualties in gollovers.
Distributions by seating position and crash
location, by year of manufacture,

SEATING POSITION | CRASH LOCATION
Year of FRONT HEAR OFEN BUILT-UP
Manufacture (%) (%) ROAD (%) | AREA (%)
UP TO 1959 70.0 2h.8 63.2 | 35.3
1960=62 75.2 18,2 65.0 31.4
1963-64 735 21,2 78.8 | 19.5
1965-66 6749 26,0 51.9 L7e3
196768 61400 31,5 6647 32.4
1969-70 64,8 26.2 7340 27.0
1971=74 7844 15,3 775 19,8
————————————— —u-—-——f-é————-l
NOT KNOWN 41,7 2540 3343 6647
TOTAL 7041 23,3 67.0 | 3.4

Note: Percentages do not necessarily add to 100 per cent.

* . .
Excludes 57 occupants with unknown seating position,

Excludes 14 occupants involved in crashes in unknown
locations.

Tests for interaction w1th year of manufacture
(a) Seating Position: X6 = 11,67 (p> 0.05)

(b) Crash Location: X6 = 31,50 (p<0,0001)
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TABLE XIIT: Unbelted occupant casualties in rollovers.
EJectlon rate by year of manufacture and
crash locatlon .
OPEN ROAD BUILT-UP
Total Total
Year of Occupant EJECTICN | Cccupant EJECTION
Manufacture |Casualties| RATE (%) | jasualties| =RATE (%)
UP TC 1959 84 59.3 47 21.3
1960-62 89 49,4 43 20,9
1963~64 89 25.8 22 22.7
1965~66 68 L1.2 62 1249
1967-68 L 39.2 36 30.6
1969-70 89 25.8 %3 15,2
NOT KNOWN L 0.0 8 375
TOTAL 583 38,1 273 20.5

E

Table excludes 14 occupants involved in crashes in unknown
locations. ,

Ejecticon rates in Qben road crashes
20.69 (p<0,003)
3.97 (p»0,01)

Ejection rates in crashes in built-up areas
Test for inequality of rates: Xg = 5.22 (p> 0.5)

= 0.28 (p>0.1)

Test.fdr inequality of rates: Xg =

Test for decreasing gradient: Kg =

Test for decreasing gradient: Xg
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TABLE XIV: Unbelted occupant casualties in pon-rollover crashes.
Ejection rate, door opening rate, and proportion of
ejectees Whose vehicles had closed doors, by,'
year of manufacture, -

Total DOOR EJECTEES

Year of Occupant EJECTION IFENING |WITH CLOSE
Manufacture | 'asualties| RATE (%) SATE (%)]| DOORS (%)
UP TO 1959 582 1244 9.1 60
1963-64 680 10,7 10.4 47
1965~66 687 6.0 8.2 59
1967-68 682 7.2 Le8 73
1969-70 662 5.8 5.3 71
1971=74 492 7e7 Le9 76
NOT KNOWN b8 843 53 50
TOTAL 4391 8.9 7.8 61
Ejection rates
Test for inequality of rates: Xz = 43.47 (p <0,0001)

Test for decreasing gradiént: E?-z L1 .24 (p<}0.005)

Door opéning rates -
Tect for inequality of rates: X6 = 43,96 (p<0,0001)

Test for decreasing gradient: Xg = 34,55 (p< 0,005)

ith closed doors . _
Test for inequality of proportions: Xg = 15.67 (p<0,02)

Test for increasing gfadient: X; = 12.70 (p< 0,005)
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TABLE XV: Unbelted occupant casualties in pon-rollover crashes.
Distributions by seating position and crash
location, by year of manufacture.

SEATING POSITION | CRASH LOCATION
Tear of FRONT REAR OPEN | BUILT~UP
Manufacture (%) (%) ROAD (%) | AREA (%)
UP TO 1959 77.8 18.9 23,0 Pyo2
1 960"‘62 78.3 20- 1 25- 8 ?20 6
1963-64 78,7 19,4 27.2 70.6
1965-66 6.1 20,7 22.7 76.0
1969-70 7041 28.9 30,7 66.7
1971 -7L|' 7302 23.8 31.7 67.1
NOT KNOWN 68.8 22.9 20.8 75.0
TOTAL 75,7 22.0 27.2 70.8

Note: Percentages do not necessarily add to 100 per cent.

¥ . .
Excludes 103 occupants with unknown seating position,
¥ 3 : .
Excludes 88 occupants involved in crashes in unknown
locations,

Tests for interaction with vear of manufacture
o)
(a) Seating Position: Xg = 25.39 (p< 0.0005)

(b) Crash Location: xé = 25,12 (p< 0,0005)
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TABLE XVI: Unbelted occupant casualties in gpnfrol;pver
crashes, Distribution by side of impact

and year of manufacture,

SIDE OF IMPACT

Year of FRONTAL | LEFT OR OTHER

- OR HEAR RIGHT AND NK

Manufacture (¥) |SIDE (%) | (%)

UP TO 1959 29.9 33.8 2643
1960-62 30,1 35.1 34,8
1963—64 33-1 5204 34-6
1965-66 56.5 31.7 31.7
1967-68 35,3 3144 33.3
1 969-70 3844 29.5 32,2
1 Q71 =7 3.3 276 38,0
NOT EKOWH 20.8 25,0 S5he2
TOTAL 34,0 21.6 3hoh
Tegt for interaction between side of impact and

vear of manufacture: X$2 = 22,57 (p<0.05)
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TABLE XVIIT: Belted occupant casualties in rollovers,
Distributions by seating position and

crash location, by year of manufacture,

SEATING FUSITION RASHE LOCATTON
Year of FRONT REAR CPEN BUTLT-UP
Manufacture () () ROAD (%) | AREA (%)
UF TO 1964 Oty . 9 S | 5} 7 N
1 965=68 Bl 20 61.7 537« B
1965=7C 158 I o 65, E 52 B
L ¥ 1—-.']4 I_'In':- Fw {' ':I_ QL-' EII-I-I'E'
e g i i o o £ e | T I B B
H':.ll]. ENOWN 1 .-':.'.l.l Jg L1 1 :-*II |-|;:|
TOTAL Q4.9 Be bl 8 Silpady

necessarily add

to

L

L3
Excludes 4 occupants involved in crashes in unknown

Hote: Percentages do not
locations.
Tests inter i wi

(é) Seating Position: Xg

{(b) Crash Location: X

2
5

I}

= 2,00 (p>»0.5)

11.84 (p<0,01)

per cent.



TABLE XIX: Belted occupant casualties in
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rollovers.

Ejection rate by year of manufacture and
*

crash location .

OPEN ROAD BUILT-UP AREA
Total Total
Year of Occupant EJECTION .| Occupant EJECTION
Manufacture |Casualties| RATE (%) {Casualties| RATE (%)
UP TO 1964 3N ha? 52 0.0
196568 82 2.4 50 2.0
1969-70 63 6.3 31 3.2
1971=74 103 4.6 34 2.9
NOT KNOWN 3 0.0 0 n.c.
TOTAL 315 746 167 1.8

* ) '
Table excludes 4 occupants involved in crashes in unknown

locations,

n.c.: Not calculable (no occupant casualties involved)

Ejection rates in open road crashes

Test for inequality of rates: X3

2

= 11

.01

(p<0.05)

Test for decreasing gradient: Ei = 0.0 (p> 0.1)

Ejection rates in crashes din built-up areas
Test for inequality of rates: X7 = 1.57 (p>0.6)

Test for decreasing gradient: X

FrowWmn

= 0.

0 (p>0.1)
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TABLE XX: Belted occupant casualties in non~-rollover crashes.
Ejection rate, door opening rate, and proportion of
ejectees whose vehicles had closed doors, by year
of manufacture. :

Total DOGR L JECTEES
Year of Ocecupant | EJECTION OPENING |WITH CLOSED
Manufacture |Casualties | HATE (&) RATE (%)| DOOTS. (%)
UP TO 1964 524 2.3 5y 5 :
1965-68 841 1.2 3.6 [ 70
196970 623 1.6 2.9 70
1971=74 657 08 2.9 80
NOT KENOWN 16 0.0 12.5 NeCae
TOTAL 2661 : Toly 3.7 65

n.c.: Mot calculable (no ejectees involved)

Ejection rates
Test for inequality of.rates:.Xg.

i

5.42 (p>0.1)

Test for decreasing gradient: XZ = 4.97, <4 :fO-“O, ¢y = 0.54
Door opehing rates ' '

Test for inequality of rates: xg = 7.4k (0.1> D> 0,05)

Yegt for decreasing gradient: ﬁi ='7.44, ¢y = 040, ¢, = 0,54
Proportion of ejectees with closed doors

Test for inequality of proportions: X% = 1.90 (p>» 0.5)

Test for increasing gradient: ii = 1.90, ¢; = 0.52, c, = Oull

(p>0.1)
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TABLE XXT: Belted occupant casualties in goun-rollover
¢rashes. Distributions by seating position
and crash location, by year of manufacture.

Year of FRONT REAR OPEN BUILT-UP

Manufacture (%) (%) ROAD (%) | AREA (%)
UF TO 1964 98,7 o3 25.8 7144
1965-68 98.3 17 23,7 Pholy
1969-70 98.1 " -":' ] 7 69-?
1971-74 : 939 Bel 37 el 62.6
NOT KNOWH 100,0 Dl 313 68.8
TOTAL 9743 247 28.6 69.7

Note: Percentages. do not necessarily add up to 100 per cent.

*
Excludes 44 occupants involved in crashes in unknown
locations., ' ' '

Tegts for interaction with vear of uwanufacture
(a) Seating Position: X5 = 36.45 (p<0.0001)

(b) Crash Location: x% = 32.15.(p < 0,0001)
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TABLE XXII: Belted occupant casualties in pon-rollover
crashes. Distribution by side of impact,
by year of manufacture.

SIDE OF IMPACT
Year of FRONTAL | _EFT OR OTHER
Manufacture OR REAR | RIGHT " AND NK
(%) 3IDE (%) (%)

UP TO 1964 ' 32.6 34.7 . 32.6
1965-68 3h.h 3L, 30.9
1969-70 36.3 32.9 -3008
1971=74 393 32eT 279
NOT KNOWN 16,8 31,3 50,0
TOTAL - _ 35.6 33.08 Z0.6

Test for interaction between side of impact and
year of manufacture: Xg = 7,22 (p>0,3)
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TABLE XXIII: Door opening rates in rollovers. Belted and
unbelted occupant casualties considered
together, as well as belted and unbelted
driver casualties,

ALL OCCUPANTS ’ DRIVERS ONLY
Total DOOR Total DOoR
Year of Occupant | OPENING Driver - | OPENING
Manufacture |’asualties| RATE (%) | asualties| RATE (%)
UP TO 1959 172 The5 85 1 6q "
1960-62 170 31.8 82 30.5
1963-64 158 17,1 80 175
1965~66 187 20.9 9L 19,1
1967-68 193 24,9 88 23,9
1969=70 221 19,9 108 18.5
197174 25k 19.7 | 46 1942
NOT KNOWN 15 0.0 Iy 0.0
TOTAL 1370 20.9 687 204

All occupants

Test for inequality of rates: Xg = 19.68 (p<0.005)

1.31 (p>0C.1)

Test for decreasing gradient: X7
brj on

7oliy (p>0.2)
Te24 (P2 0,1)

I

Test for inequality of rates: X6

Test for decreasing gradient: X7
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TABLE. XXIV: Door opening rates of driver casualties in
rollovers, by year of manufacture and
g _
crash location . '

' OPEN ROAD BUILT-UP AREA
. Total DOOR Total DOOR

Year of Driver OPENING Driver OPENING

Manufacture | asualties| RATE (%) asualties| RATE (%)
UP TO 1959 50 1640 33 15.2
1960-62 49 3447 31 22.6
1963-64 55 17.0 25 20,0
1965-66 51 275 42 9.5
1967-68 60 2647 27 - | 14.8
1969~70 73 20,5 35 143
197174 111 18.9 35 20,0
NOT KNOWHN 2 0.0 2 0.0
TOTAL 449 22.3 250 -

Table excludes 8 drivers 1nvolved in crashes in unknown
locations, :

Door opening rates in open road crashes
Test for inequality of rates: 6 = 8.6k (p>0.,1)

Test for decreasing gradient: X7 = 1.56 (p>-0.1)

Door opening r tes'in'crashes in built-up areas
Test for inequality of rates: Xg = 3.10 (P"O 7)

Test for decreasing gradient: 27 = 0,89 (p> 0.1)
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TABLE XXV: Door opening rates in non-rollover crashes.
Belted and unbelted occupant casualties
considered together, as well as belted and

‘unbelted driver casualties,

ALL OCCUPANTS DRIVERS ONLY

Total DOOR Total ~ DOOR
pemnctare | Soveltrce| SRk () | Abealtios| SR (B
UP TO 1959 719 _ 8.8 363 8.3
1960-62 73, | 10.8 359 9.2
1963-64 925 9.1 453 77
1965-66 1031 6.6 505 7.1
1967-68 1201 42 653 4.3
1969~70 1305 L 662 3.9
1971-74 1188 3.6 634 343
NOT KNOWN b4 7.8 33 6l
TOTAL 7167 6.2 3662 5.8
411 occupants
Test for inequality of rates: Xg = 79,52 (p< 0,0001)
Test for decreasing gradient: ig :.?6.95 (p< 0.0055
Drivers only :
Test for inequality of rates: XZ = 30.66 (p< 0.0001)

52

Test for decreasing gradient: X5 = 30.41 (p<0.005)
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TABLE XXVI: Door opening rates of driver casualties in
non-rollover crashes, by year of manufacture

and crash location .

OPEN ROAD BUILT~UP AREA
. Total DOOR Total DOOR
Year of Driver OPENING Driver OPENING
Manufacture |Casuzlties| RATE (%) | lasualties| RATE (%)
UP TO 1959 82 14,6 272 el
1960~62 93 12.9 258 7.8
1963-614 127 14,2 518 5.
1665-66 110 10,0 385 B
1967-68 157 7.0 LB4 345
1969-70 193 a2 L5S Bel
1971 =74 218 L6 409 5,9
NOT KNOWN 10 10.0 -+ s 5
TOTAL 990 8.8 2603 L6

*Table excludes 69 drivers involved in crashes in unknown
locations, - ' '
Door opening rates in open road crashes

Test for inequality of rates: Xg = 17.29 (p<0,01)

Test for decreasing gradient:'ig = 17,17 (p< 0,005)

Dogr gpening rates in crashes in'built;up areas
Test for inequality of rates: Xg = 17.72 (p< 0.01)

Test for decreasing gradient: i% = 16419 (p<‘0.005)
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TARLE XXVII: Door opening rates of driver casualties
in pon=rollover crashes, by year of

manufacture and side of impact,

DOOR COPENING RATES (%)

S1LE CF IMPACT |
Year of FRONTAL LEEFT GCR | OTHEER
\ OR RIGHT AND
Manufacture REAR STDE UNK NOWH
|
UP TO 1959 Seb | 8.6 10.8
1960-62 11.8 + 9 5.7
]963"6)-{- 8.2 | 'i-: 6.0
1965""66 L‘-OB fw i 8.2
196?—68 3l 2.9 7eb
1969-70 2e7 g8 heb
1971=74 I 2.0 Y- 5
| NOT KNOWN 0.0 g | 5.6
|
Door opening rates in frontal or rear impacts

Test for inequality of rates: Xg = 27.21 (p< 0,0001)

Test for decreasing gradient: i; = 21,18 (p< 0.,05)

Door opening rates in side impacts.
Test for dinequality of rates: Xg = 15,10 (p< 0.02)

Test for decreasing gradient: ig = 14,43 (p<0.,005)

Door opening rates in other and unknown impacts

Test for inequality of rates: Xg = 6,35 (p>»0.3)

Test for decreasing gradient: X7 = 5,58 (Q.1> p> 0,05)
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SUMMARY AND DISCUSSION

There was strong evidence of a decreasing gradient in
ejection risk with increasing vehicle year for occupant
casualties involved in non~rollover crashes. This applied to
unbelted occupants and also to belted occupants even .though
the ejection risk of the latter was considerably lower. This
decreasing gradient in ejection risk was accompanied by a
similar decreasing gradient in the probability of door opening
of the vehicles occupied by the same casualties. These changes
tock place among Vehicles manufactured during a periocd when -
anti-burst door latches were gradually being introduced into:
Australian éars. The last few years of the period saw the
introduction of ADR 2, which formalised the requirement'for
anti-burst doors. These three parallel series of events
represent strong evidence that ADR 2 (and the anti-burst door
latches fitted prior to the formal_requirement) is effectiVe
in reducing the risk of ejection, via a reduction in the
probability of door opening, for occupants invdlved in non-
rollover crashes,

There was no statistically significant evidence of a
decreasing gradient in ejection risk for occupant casualties
involved in rollover crashes, neither for unbelted nor belted
occupants. The occupants of later model cars were more '
likely to have crashed in a high speed environment (the open
road) than occupants of the older cars, but when this
difference in crash location was taken into account, there
was still no statistically significant evidence of a decreasing
gradient in ejection risk. Similar results were found for
the probability of door opening of vehicles involved in
rollovers, One of three factors may explain the lack of
evidence of an effect of anti-burst door latches and ADR 2 :
on the risk of ejection and door opening in rollover crashes.

First, there were more than five times as many occupant
casualties involved in non-rollover crashes than in rollovers.
Thus, even though the risks of ejection and door opening were
considerably higher in the latter type of crash, there may
have been insufficient occupant casualties involved in rollovers
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in the data file for real decreases in these risgsks to be
apparent, '

Second, the occupant casualties from later model cars
may have been involved in more severe rollover crashes than
the occupants of older cars, thus negating any beneficial
effects of anti-burst door latches and ADR 2. This difference
in crash severity may have been greater than the effect due
to the difference in crash location distribution between older
and newer cars; this latter difference was, of course, cbserved
in the data and taken into account in the dnalysis of rollover
crashes, An analysis of frontal impacts in the same data
file indicated that there was a tendency for occupants of
later model cars to have been involved in crashes of greater
severity, over and above that explained by having crashed in
a higher speed environment (Cameron 1979b).

Third, there may not, in fact, exist beneficial effects
from anti-burst door latches and ADR 2 in rollovers. The
more complex nature and increased severity of crashes of this
type, compared with non-rollover_crashes, may militate against
the design of door components intended to prevent door
opening. Nomne of the studies on the effectiveness of anti-
burst door latches reviewed earlier included a specific
evaluation in rollover crashes alone, usually because of the
paucity of data from such crashes compared with crashes in
general., However, regarding the effectiveness or ineffectiveness
of anti-~burst door latches and ADR 2 in rollover crashes, this
study must be considered inconclusive Because of the possibility
of one or both of the first two explanations given above.

For occupant casualties in non-rollover crashes, for
whom decreasing gradients in the risks of ejection and door
opening were identified, there was evidence of an increasing
gradient in the proportion of ejectees who were ejected from
vehicles with closed doors, This evidence was statistically
significant for unbelted ejectees, but not for those ejectees
who were initially belted. These results tend to suggest
that while anti-~burst door latches and ADR 2 are effective
(in non-rollover crashes) in reducing the probability of door

opening and hence also the risk of ejectibn, these vehicle
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design features do not achieve their full potentlal in terms
of egectlon risk reduction because the door space is but one
of the portals of ejection; in addition, some ejectees may
now exit via the door windows whereas previously they would
have paséed through opened doors.

While on the subject of ejection with closed doors, an
increasing gradient in the proportion of previously belted
ejectees who were so ejected was the only statistically
significant result in an hypothesised direction among those
casualties involved in rolliovers, BKHowever, this was considered
to be weak evidence of an effect of anti-burst door latches
and ADR 2 in this type of crash because of the absence of
parallel evidence of decreasing gradients in the risks of
ejection and door opening,

There was strong evidence of an association between
ejection and injury severity. However, there was also
evidence that the ejected casualties were associated with
more severe crash circumstances in terms of seat belt noh-use,
crash location, and type of crash compared with the non=
ejected-casualties. When these differences in crash circumstances
were taken_iﬁto account, it was found that the increase in
the risk of severe injury due to ejection per se was not as
great as that based on a crude comparison of the injury
severity distributions of the ejected and non-ejected casualties.
Ejected casﬁalties were twice as 1likely to sustain severe-to-
fatal injuries (AIS at least 3) than if they had been
contained within the car. '

ADR 2 still has a meaningful role to play in modern
vehicles, in which ADRs for seat belt fitting, coupled with
legislation in all Australian States and Territories requiring
use of available belts, have lead to high rates of seat belt
use., While seat belt use has a strong effect on the risk of
ejection (Table II), there is still a substantial risk of
ejection for seat belt wearers (particularly in rollover
crashes), In addition, there is still a substantial proportion
of occupants who do not wear available belts. This study has
Shown_that ADR 2 is effective, at least in non-rollover créshes,
in reducing the risk of ejection of seat belt wearers as well

a5 non-wearers,
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CONCLUSIONS

Ejection doubles the risk of severe-to=fatal injury
(AIS at least 3) compared with being contained in the
car in the same crash circumstances.

ADR 2 (and the anti-burst door latches fitted to
Australian cars prior to the formal requirement) is
effective in reducing the risk of ejection, via a
reduction in the probability of door opening, for
occupants of cars and car derivatives involved in non-
rollover crashes.

Regarding the effectiveness of ADR 2 in rollover crashes,
this study was dinconclusive due to the relatively small
number of occupant casualties involved in crashes of

this type and also due to the possibility that the later

model cars may have been involved in more severe rollover
crashes than the older cars, Anti-burst door latches may
be in need of improved design to take account of whatever

‘mechanism opens doors in rollovers.

ADR 2 (and the anti-burst door latches fitted prior to
formal requirements) transfers the route of ejection of
the remaining ejectees away from the door openlng and
towards non-door portals,

APR 2 still has a meaningful role in modern vehicles
with high rates of seat belt use., The ﬁesign Rule is
effective, at least in non-rollover crashes, in reducing
the risk of ejection of seat belt wearers as well as
non-wearers. |
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APPENDIX A

DATA COLLECTION FORMS

1. Road Trauma Report
2. Road Crash Report
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BQAD TRAUMA REPQR_!

NAME ......vvvss s sereessesesserenmsseesanions SEX v eemeratveesrmsesscseeesnan A irvrereeieresesemmsiesmaons
Vehicle Registration No I Seat Beft Worn [(JYes [ ]No~
Date of Accident.....ccuuveenenn F A freveersanmrsorasonse Time of Accident = Lo, a.m. . prn
Locality Of ACCIdENL......cc.ereinccriommesncemrasnisisnmnsessssssessrsssssssassererssosmes R S SR
Hospital...... : NI raseRLeas LA er R e btk s as snE RS TR e b aret SRTR Y Re amerarn Casualty NoO. ......cooneeeecincionnnnns UR ND. cciireinncnrnens
Time of Hospital Examination .......c.c...... B e, p.m
SOURCE OF INFORMATION D‘I CASUALTY [ WARD l::|3. CORONER
: [Please place tick in relevant box (V }] :
A. GENERAL EACIAL BONE FRACTURE ves[ ] no[_
LOSS OF CONSCIOUSNESS -~ ves[Jno[" 1| & hovr =
1. Transient ] 3 Mandi 3
. ) andibie .|:]
2. Conscious on Asrival ] 4. Nasal =
Unconsclous on Arvival vesL el cepvicar spine FRACTURE  ves{"]no[
1. From Time of Accident — 1. Body Stable ]
2. Lucid Intervai (3 2. Body Unstable - 3
3. Recovery Rapid .| 3. Accessory Process .
4. Delayed - NON SPECIFIC (WHIPLASH) ves[nof]
BLOOD LOSS vesl_Iwol I} SPINAL CORD DAMAGE ves[_Jno[— ]
1. <600 M1, — 1. Transient : 3
2. 500 ML - 2. Paraplegia — Arms —
VOMIT veal__| mo[ ]| 3 Paraplegia — Legs [
1. Inhated - EYE DAMAGE ves[ ] no[ |
2. Not Inhated L] 1. Major [
SHOCK veas[_Jwa[ |} 2 Minor 1
1. Moderate ] BRAIN DAMAGE ' - ves[] No'l:]*
2 Severe 1 1. Concussion o [
CONTINUING HAEMORRHAGE . ves[""] no[ ]| 2 Primary Severe Brain Damage - 3
1. Head and Neck 3 3. Secondary intracranial Compression —
2 Trunk -
3. Intraabdominal : E] TREATMENT ves[ ] ~no
4. Intrathoracic ] 1. Operative — Major L]
5. Limbs P 2. Operative — Minor 3
3. Conservative ]
B.__HEAD AND NECK vesL_Jno[ I} C.  CHEST “ves[_Jno[]
1. Major : ] 1. Major 3
2. Minor (- 2. Minor ]
SURFACE TISSUE ves[) qu
SOFT TISSUE ves[_Jwnol_ ]| 1. Laceration -
1. Laceration 3 ! Abrasion ]
2. Abrasion | 3. Bruising ]
3. Bruising 3 l. Penetrating 3
4. Penetrating ™M 5. Loss of Tissue 3
F. Lot of Tissue - FRACTURE ves_J no—|
. Ribs ]
SKULL FRACTURE ves_] o] Minor —
1. Vault — closed ] Flail M
2 Vault — depressed - - L Clavicle {1
3. Vauit — compound 1 . Sternum (I
4. Base [ h Scapula ]

LU0Od3i¥ YWNVYVIL AYOXN
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[Pleass place ticl  relevant box | ¥ 1]
T b
CHEST (Cont.) DAMAGED
h PNEUMOTHORAX ves[_] no[ |l INTERNAL ORGANS {Cont.)
1. Right — Open [ 11. Kidney — Left ves[_JIno[ )
2. Right — Closed S 12. Duodenum =
3. Right — Tension - 13. Diaphragm —
4. Left — Open 1 14. Bowsl — Large 1
5. Left — Closed ] 15. Bowel — Small —
8. Left — Tension [ 16. Mesentery ™M
HAEMOTHORAX ves[_] no[ | 17- Major Vessel (.
1. Right ] 18. Stomach 1
2 {eft ] 19. Other 3
LUNG DAMAGE vesl I no{ ] TREATMENT ves Ino[— |
1. Right O 1. Operative — Major —_J
2. tLeft 1 2. Operative — Minor -
AORTA DAMAGE vesT I no[ | 3 Comservative -
1. Major —
2. Minor _ N E. - SPINE AND PELVIC BONES ves[ Jno[ |}
TRACHEA DAMAGE vesT I no[— 1| 1. Msjor 1
1. Major 3 2. Minor ™M
2. Minor P O | FRACTURE SPINE ves[no[ |
OESOPHAGUS DAMAGE ves[ o[ ] BODY ves[_|nol_]
1. Major — 1. Thoracic T
2. Minor 3 2 ‘Lumbar - 3
HEART DAMAGE vesT o[ > Sl —
1. Major s Stable ves[Ino[ ]
2. Minor- g B 1. Thoracic S |
- -1 2 Lumbar . 1
MAJOR VEIN DAMAGE ves[ | no[_ | 3. Sacral -
1. Major R acre
2. Minor o - . Unstable '\'Ea:_]HﬂDI
; 1. Thoracic ]
TREATMENT ves[__Jno[_}| 2 Lumbar =
1. Operative — Major - ‘ [ 3. Sacral 1
2. Operative — Minor - - o ACCESSORY PROCESS ves[—Jno[ ]
3. Conservative o 1, Thoracic -
2. Lumbar =
D._ABDOMEN AND PELVIS - ves[ ] no[_ 3. Sacral- Syl
1. Major SR i L FRACTURE PELVIS vesl  Imal_ |
2. Minor . S _ A
SURFACE TISSUES " ves[ Jno[_J| ) Pubic Rami .- -
1: —__—Laceratlon - 3 2. Ischial Rami - s
Z'Abrasion 0 3. Sacro Ilia¢ Joint : - [JC3
3. Bruising - O 4. Acetabulum (Central Dlslocatlon) R |
4. Penetrating - : '. — 5. Other a S I | -
B. Loss of Tissue- O SPINAL CORD DAMAGE vesT Ino[ ]
DAMAGED INTERNAL ORGANS 'ves[:] no[—1| 1- Transient -
1. Spleen ™ 2. Paraplegia . _E:]
2. Liver B O 3. Cauda Equina . ]
3. Bladder—intrapentonea! [:] _
4. Bladder — Extraperitonesl = TREATMENT vesT Ino 1
8. Urethra Membranous. - =3 1. Operative — Major I
‘6. Urethra Extramembranous - - - ] 2. Operative - Minor ]
7. Ureter — Right ] 3. Conservative ]
8. Ureter — Left —)
9. Pancreas |
10. Kidney ~ Right 3
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(Please place tick in relevant box (¥ )]

F. EXTREMITIES DISLOCATION vEs[] nof ;'
UPPER LIMBS - ves[Ino[ o -
1. Major 3 1. Hip 3]
2. Mi 2. Knee C 1
——— - 3. Ankle g
SURFACE TISSUE ves[ Jno[ 4. Toes [
L R
1. Laceration - NERVE INJURY ves[_Ino[ |
2. Abrasion o b&]
3. Bruising ] o o _
4 Penetrating I MAJOR VESSEL INJURY ves[__Jno[[ |
5. Loss of Tissue [ - - "':"5
FRACTURES ves[__|No[_
—_— L TREATMENT YESLGP:‘OI:
;: ?;Tearm %E} 1. Operative ~ Major 1]
2 Wrist o 2. Operative — Mincr L0
4 Fingers o | 3 Conservative — Praster C ]
4. Conservative — Traction. 13
DISLOCATION ves[_INol. | 6 Conservative — Manipulation I |
L A 6. Other : 3
1. Acromioclavicular ]
2. Shoulder (-
3. Elbow 13
4. Wrist’ 1
8. Fingers 1
NERVE INJURY ves[_Ino_ | G._ DISPOSAL 7
L_ R TREATED IN CASUALTY - vesT_noC ]
(. 1. Observation ]
MAJOR VESSEL INJURY ves[__Jvo[ | 2. Minor treatment 1
L A o .
I WARD ADMISSION _ ves[__Jno[” ]
1 1. Operative treatment in Theatre 1
TREATMENT ves[__Jno[_ | 2. Conservative ]
L A v
1. Operative — Major I TIME IN HOSPITAL (No. of Days) ..;......;pAvs
2. Operative — Minor - - - DIED FROM INJURIES vesC ] o~ |
3. Conservative — Plaster 13 1. In Hospital [ F
4. Conservative ~ Traction C ] 2. Not Admitted to Hospital 3
6. Conservative — Manipulation DD MAJOR CAUSE OF DEATH (s'”dfy’
8. Other I
s ===l [T
LOWER LIMBS ves[__Ino[”
1. Major — 2. neeienennn ettt ar R b etsE ek nennas
|2 tinor e D
SURFACE TISSUE YE NO . .
SURFACE TISSUE SLD A. C SECONDARY OR CONTRIBUTING CAUSE (Specif |
1. Laceration L OV S
2. Abrasion CJ— 2.
3. Bruising DD R I
4. Penetrating LI e i et st e e e rmee bt s
5. Loss of Tissue LI
FRACTURES ves[ o[~ DIED FROM UNRELATED CAUSE ves[_]wo[_
L A ﬂ
1. Thigh g
2. Knee/Pateila s
3. Leg 1,
4, Ankle |
5. Foot | -
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ROAD CRASH REPORT

(MOTOR CARS ONLY)

NAME OF DRIVER OF VEHICLE. ...t ississide s st sssssssansasiss sinsarman snssaremsrs

FILENO.
{Office Use Onty)

Vehicle Registration No.[ J Date of AcCident.........c.cciimeimiccsionisnssnisnsanses
Locality.., .. Post Coda.... k.
METROPOUTAN[ i coumnv| ] OPEN aom[:j BUILT UP AHEA[:l
POSITION OF OCCUPANTS
A. VEHICLE OCCUPANTS on.'m Frowt | rron | aean | mean | rean | otmea
INDICATE {PLACE{ {N SQUARE)} POSITION OF ALL | _|CENTRE| LEFT | RIGHY | CENTRE. .LEFT UNKNOWN
OCCUPANTS . o o oo oo e e e ot e e o e L | [P S i i
B. SEAT BELTS iPlace \/ in square) R . : —
1. Were seat belts fitted in any position? .. .. .. .. .. . . . } 1 . — 4 }
2. Were seat belts worn in any position? .. .. .. . . . . ow — - — 4 | P
+ 3. Indicate type of seat belts {a, b, c,etc.) .. .. .. . . .. eee— —
fa} Lep {d) Harness
{b) Lap Sash (e}’ Diagonal
{c) Child {ft Other
C. HEAD SUPPORTS s

Were head supporis fitted in anv posmon?
{Place ¥ insgusrel .. ..

0. INJURIES

POSITION OF OCCUPANTS KILLED

1. Names of Occupants killed: —

4. Neme of UDoouperts imarsd and cpeen oo Hogprin

e
PDS;TIDN oF . _

3. To which Hospital were injured taken?..........cc.ccoeeemverivrneccins

4. If injured, did impact against irterior of car contribute to

POSITION OF OCCUPANTS INJURED

injury? [JYes [_INo
WHICH OBJECTS (Place v in square}
Loose Objects
Windscreen
Steering Column."Wheef
Dash Board e e e e e e
Roof . v t ik h e e  a  e  a  e ew
Gear ShIft .. .. v w v e e e e e e e e

Rear Vision Mirror

Glass Splinters

Front Seats Ve
Door or Window Pillars

Engine

DooroerdowHandles e e e e e e e e e e

Transrmission, Tunnsl

Tmal Gaifa
Oiher |Spsriy|
Which, if any, of the occupants were thrown from the car .. .. ]

E. NATURE OF ACCIDENT

1. Vehicle to Vehicle . ] 7. Impact:— -

2, Struck Pedestrlanth]ectlAmmal . 3 Head On .

3. RanOffRoad .. .. oo oo o oo oo e a1 RearEnd .. .. []

4. Vehicle Overturned .. .. .. .. .. .. . . — side  Lere[C] Right [ Frone (] Rear ]

5. Caught Fire | 8. Side Swipe Opposlte Directian - . S |

6. Doors Openied (Spsclfv) 1 Same Diraction -

F. MOTOR VEHICLE DETAILS' (5 1L SR [ L= S e Yt OF Manufacture.......veereeccee.

G. ESTIMATE OF REPAIR COST (Dffice Use Only)...




APPENDIX B

EJECTION AND INJURY SEVERITY
- BY_BODY REGION
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TABLE Bl: Head-face AIS score of occupant casualties,
by presence or absence of ejection.,

HEAD-FACE REGION

EJECTED NOT EJECTED

ALS No, % No. %
0 175 23,1 303y 39.0

: 294 38.8 3263 4149

2 85 11.2 849 10.9

3 31 bl 241 3.1

N 10 1e3 2% i 0.3

5 134 1747 304 | 3.9

6 28 2.7 62 0.8
TOTAL P57 100,0 7780 100,0

Chi-square test for difference

Xg = 376,15 (p< 0,0001)

in injury distributions:
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TABLE B2: Neck AIS score of occupant casualties,
by presence or absence of ejection.

NECK REGION

EJECTED NOT EJECTED

AlS No, % No. %
0 707 9344 7461 9549

1 1 1.5 201 2.6

z 2 0.3 17 0.2

3 17 242 - 34 Ouly

L 0 0.0 2 0.0

g 20 2.6 65 0.8
TOTAL 757 100,0 7780 100,0

Chi-square test for difference in injury distributions:
Xg = 64,65 (p<0.0001)
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TABLE B3: Thorax AIS score of occupant casualties,
by presence or absence of ejection,

ooF W

TOTAL

Chi~-square test for difference
= 214.53 (p<0,0001)

2
X5 =

THORAX REGION

EJECTED NOT EJECTED
No,. % No, _ %
456 60,2 5872 75¢5
112 14,8 1074 13,8

25 33 308 4,0
75 9.6 218 2.8

in injury distributiocons:
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TABLE B4: Lower torso AIS score of occupant casualties,
by presence or absence of ejection,

LOWER TORSO REGION

EJECTED HNOT EJECTED
ALS No. % No. &
0 545 72.0 6792 B7.3
1 e 9.5 /e Gol
e - Uad 2 0.5
3 25 23 159 2.0
kL 105 15.9 309 .0
5 8 1.1 28 0.4
TOTAL 757 00,0 7780 100,0

Chi-square test for difference in injury distributions:
xg = 184,06 (p< 0.0001)
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TABLE BS5: Upper extremities AIS score of occupant
casualties, by presence or absence of ejection.

UPPER EXTREMITIES REGION

EJECTED NOT EJECTED
AIS No. % No. %
0 435 57«5 5632 724
1 203 26.8 1562 20.1
2
3
TOTAL

Chi-square test for difference in injury distributions:

Xa

3 = 9419 (p<0.0001)
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TABLE B6: Lower extremities AIS score of occupant
casualties, by presence or absence of ejection.

LOWER EXTREMITIES REGION

EJECTED NOT EJECTED

ATS N, ! No. *
O 430 5648 51352 66,0

i 21 20« b =047 26.3

2 7 0.9 72 0.9

3 us 13.9 529 6.8
TOTAL 727 1000 7780 100,0

Chi-square test for difference in injury distributions:

X5 = 56.47 (p<0,0001)




- 66 =

TABLE B7: Spine AIS score of occupant casualties,
by presence or absence of ejection,

BN Y

TOTAL

EJECTED
Nog x Mo, %
(&) Yt 2l 95.2
12 - 45 0.6
& 0.8 4 Jel
757 100,0 7RO 0.0
Chi=square test for difference in injury

xg = 21.71 (p<0.0001)

SPINE REGION

. NOT EJECTED

distributions:
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