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Anstract : B .
Australisn Design TFule (ADR) 224 reauires head restraints to

be fitted to driver and front left seats of all new cars in
fustralia {frow 1975 moedelsz onwards. It upgraded ALDR 22 by
requiring that head restraints be not adjustable below a
gpecified minimu height,

Thiz study was based on 1977Y=78 clains to & "no=fault" injury
compensation schene operated by the Motor Aceidents Board (HABR) in
Victoria., Fotential benefit groups {front ocutboard se=at cccupants
in rear end impacts) and disbenefibt groups ([ront and rear seat
occupants in front end iupacts) were concidered.

The study concludsd that ADR 224 head restraints are effective
in reducing whiplash infjuries to female front cccupants aged 17-49
invglived in rear end lmpacts. The aralysis was lnconclusive
regarding the benseflts t¢ male front occupants in these impacts

due to the poesibility that thedr berefit (if any) from ADR 274

may be off-set or eroded by an incresse in whiplaeh injuries due

to ircreased seat belt wearing in the front seate of ADR 224 cars,

resulting in little or no apparsnt basneflt, )
{continued)

HOTE :
This report iz disseminated in the interest of information exchangs.
The vicws exnressed are those of the asthor{s) and do not necessarily
represént these of the Cormmonwealth Cowverronent.

The Office of Road Safety publishes two series of reports resulting fron
] interpal rescareh and extornal rescorceh, that is, rasearch E?Bﬁﬂft35 =

bahalf of the office. Trternal rescorch reperts are identified hy OR
while external reoports are identificn by CH.
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Abstract (continued)

Regarding the benefits of ADR 22 'head restrainte in rear end
impacts, the study results were consistent with the finding of
Cameron and Wessels that the benefits were confined to female
gécupants of the fromt left seata.

ﬁith=regar& te front end impacte, there was nc evidence of

“.dishen$fits_frgm_either'ADR in terme of incroased faclal or head

injuries to rear seat cccupants,

There was slsg ho evidence that ADR 224 head restraints
increase swhiplash, concussion, major intracranial injury, or
total head injury to drivers or front left passengers iovolved 1n
front end impacts, Fowever, a disbenefit due to ADR 22 head
restraints in terms of increased whiplash injuries {(but not major
intracranial injuries) to drivers in front end impacts, found by
Cameron and Wessels {(1979), was confirmed.

The absence of information on crﬂ_Eih severity and seat belt
wearing from the analysed data limited th'e conclusions to being

‘suggestive, not definitive. However, there appears to be a case

for upgrading ADR 224 to increase the minimum height of head
restraints, so that male front seat occupants are more frequently
protected, Installatlion of head restraints in rear =seats does not
appear Lo be justified by the number of whiplash 1njuries
oCCUrring. ' C ' Y

| Beference: Camercon, M.H. and Weassels, J.P. (1979), "The

Effectiveness of Australian Design Fule 22 for Hesad
Restrainta", Report to Road Safety and Traffic
Y Authority, Vietoria, and 'Office of Road Safsty,
CCommenwezlth Départmént ‘of Transport (ORS Report CR 5).
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ZRIROCUCTION

HAL AN IGH NI

Australian Design Rule for Motor Vehicle Safety Number 22
(ADR 22) required manufacturers to fit head restraints to
the front outboard seating positions of passenger cars and
derivatives manufactured on or after 1 January 1472,
Marnunfacturers were permitted to fit either fimed (usually
integral with the seat) or adjustable head restraints. To
overcome problems of improper adjustment, ADR 224 extended
the original rule by specifying & minimum height for head
regtrainte, I1i applies to vehlcles manufactured on or after
1 January 19¥5, Manufacturers have complied with ADR 224
by using head restraints integral with the =seat or ensuring
that adjustable head restraints cannot te adjusted helow &
minimum helght.

Eesults of an unpublished survey by the Office of FRoad
Safety of wehicles on the road in Melbourne in March 1980
indicate that only 18 per cent of wehicles did not have
head restraints available and that 79 per cent of available
head restraints were of the integral type, Of those vehicles
complying with ADR 224, 83 per cent had Intsgral head
restraints.

Camercn and Wessels (1979), in a study on the effectivensss
of ADR 22, have reported the results of earlier and more
extensive fleld surveys of the height ol head restraincts
conducted in Sydney, Melbourne and Adelaide late in 1972
by the traffic authority in each State, The survevs showed
that 79 per cent of male (and 93 per cent of female)} drivers
and front left passengers haa tnelr integral head restraints,
where avallabvle to them, satisfactorily located bshind their
neads, Thess percentages were almost corstant across the
twoe front outboard seating positions for sach sex. Basic
anthropometrics would suggest that male front outbosrc seat
ococupants are less Iikely to e protected oy their ADR 224
head restralnts than female occupants of the same seats, as
indicated by these surveys, even tkhough manufacturers may

e



-2 -

have increased the height of head restraints slightly tc
comply with ADR 22A. No more recent surveys of the height
of fixed head restraints have been published.

q HEAD EEST

LITERATUE

Cameron and Wessels (1979) have glven a detailed review
of the overseas literature on the effectiveness of hesad
restraints in preventing whiplash injury,

A further study of American in-depth accident data, by
O'Day et al (1975}, showed no significant relationships
betweern whiplash injuries and the presecce or abeence of
head restraints. However the suthors suggested that the likely
emall effect of head restraints could ke masked by blases in
the data, in particular the bilas towards severe injury-
rroducing crashes,

In general the literature suggests that head restraints
installed in Amerdcan cars under Federal Hotor Vehicle Safety
Standard (FMV35)} 202 (which allows fixed or sdjustable
restraints to be installed) are effective in reducing the
probability of whiplash injury in rear impacts and that the
effect applies particularly to females ococupants,

The factors influencing predispositicn to whiplash
injury suggested in thege studies are:

. =ex (with femsles being more susceptible)
. Aage

« body build {sitting heigzt)

« cerviecal spine srthritis

« Seating position in vericlse

« posture gt aonent of i‘mpact

« =eat back fallure

« Wwehicle crushability at rear

¢ direction of impact

Cameron and HNelson (1977) in fustralia also identified
geat belt wearing as a further factor. In particular, they
found that drivers and front left passengers more frequently
sustained whiplask injury wheh wearing seat belts (predcainantliy

-
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lap/sash static type) than like occcupants not wearing belts.

In view of the high rate of seat belt wearing in Australia
compared with the situation overseas, the effect of this

factor is important in considerding the effectivensss of ADR 224.

The study of the effectiveness of ADR 22 by Cameron and
Wessels (1979) anslysed data on 1974=75 claims to a "no-fault”
injury compensation scheme operated by the Motor Aceldents
Board (MAR) in Victoria. They coneluded that there was weak
evidence that ADR 22 is effective in reducing whiplash
injuries susteined in rear end impacts., The benefit was
almozt entirely confined to female cccupants of front left
seats., There was no evidence of disbenefits in terme of head
or facial injuries teo rear seat cccupants. However there was
evidence of disbenefits in terms of whiplash and major
intracranial injurdes to drivers involved in front end
impacts in ADR 272 cars compared with pre-ADR 22 cars.

The absence of information on crash severdty and sest
belt wearing from the analysed data limited Cameron and Weassels'
coenclusions to balng suggestive, not definitive.

In the data analysed by Cameron and Wessels, there were
too few occupants of 1975 model cars to satisfactordly
avaluate ADRE 224, To do this, they recommended analysis of
later MAB dats and that is the subject of this report.
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4 F THIS STUD

The Motor Accldents Beard (MAB) irn Victoris cperates a
"no=fault" ilnjury compensation achene for roac sccidaent
victima, Claims covered by Worker's Compensatlion insurance
(i.€. uwsually resulting Trom road accldents which occcurred
while travelling to, from or during work) are not generally
accepted. Notwlthstanding tids, the JAE recelved almost
50 per cent more claims as there were road accldent casualtiles
reported to the police in Vietoria in 1977-78 (Australian
Bureauw of 2tatistics 1997, 1978)

This study was based on claims to the MAE for injury
compengsation for accidents which occurred in Victoria during
the 1977=78 financial year, In particular, it was based on
claime resulting from fatalities and on non-fatsl claims on
which the MAE had made & total payment of 3100 or more, up
to 11th MNovember 19978, Thus, in contrast with Caneron and
Wessels (1979}, only a subset of the totsl claims for 1977-
78 was analysed, This subset of fatal and "major"™ injury
claims totalled 11,660 in 1977-78, representing 37.3 per
cent of the total accepted claims, but %6.3 per cent of the
total payments made as at 11th November 1978 (Mctor Accidents
Board, 15979). In 1977, the HABR established a new Statistical
Section to ensure the accuracy of this subsst of claims for
the years from 1977=-78 onwards {(Motor Accidents Board, 19797).

In general, the data available were simllar toc that
degcribed and analysed by Cameror and Wessels. The fth
Fevision of the Internationsl Classification of Diszeases
(ICD) continued to be used to classify the injurdes; in
particular, code 847.C was used for vhinlash injury, as
well ag other sprains and strains of the rneck, GCne
additional available vardiabtle which wes employed in the
analysis was crash location {i.e, Local Government Area in
which the sccident occurred). Information on erashk locaticon
was not available to Cameron and Wezsels and hence they
were not able to control for this important variable related
to crash severity.

L



ANALYSIS

INTRODUCTION

The analysis followed ¢logely that of Cameron and Wessels
(1973}, Only oceupants of cars and station wagons manufactured
in 1969 or later were considered; this subset was chosen to
control for seat belt fittineg in the front outboard seats
(dues to ADR 4 and its extensions) because there was no
information ¢n seat belt use in the MAB claime file. The
fellowing year of manufacture groups were used:

« 19639-Y0 : no head restraints; seat belts fitted to
front cutboard seats under ADR &4,

« 197 : some head restraints fitted (see Cameron
and Wessels, Appendix C),

. 1972=74L : ADR 22,
. 1975=7f : ADR 224,
. 1577=78 : ADR 224 and ADR 29 (S5ide Door Strength).

It was originally intended that tne injuries of cccupants

of rear-impacted cars in thsse groups would be directly
compared to evaluate ADR 224 (and re-svaluate ADR 22).
However it was later noted that ADR 4B (which required the
fitting of inertise reel seat belts) to the front ocutboard
seating positions) came ints effect in parallel with ADR 224.
ADR 4C upgraded ADR LB by requiring inertia reel zeat belts
with dual sensing retractors to be [itted to cars wmarufactured
in 1976 onwards. Carter (in press) has szown that the szeat
belt installaticns ir the front cutboard seats of 1975 and
later model cars have resuited in higher wearing rates than
the static lap/sesh belis installed in earlier models,
Camercn and Nelson (1577) found that the wearing of seat
belts by front cutboard occupants involved in rear impacts
was asszoclated with increased frequency of whirlash lnjury,
albeit for static lap/sash belts., Thus it iz pozsible that
the front cutboard occupants of ADR 224 cars in the data had
an lncreased tendency to sustain whiplash injury {(due to
higgﬂr geat belt wearing razés} and that this tendency may
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off-get or negate any beneficial effect on whiplash injuries
due to ADR 224,

The major differences from the analysls programme
employed by Cameron and Wessels (1979) related to the grouping
of the ICD codes (to form injury criteria for analysis) and
the definitions of the crash types considered, Trese two
ubjects will be discussed immediately under separats headings.
The final section in this chapter will describe the statistical
mathods used for significance testing of the results.

BITERTON IHJURTE

The criterion injury groupings followed that employed
in publicatiens by the MAR (1979, Table 5}, with the exception
that concussion was geparated from other intra-=cranial
injuries. OUnly whiplash, fractured vertebrae, concussion and
major head and face injuries were considered in the detailed
results given here., The definitions of the injury groups in
terme of ICD codes are given in Table 1.

Following Cameron ard Wessele, the criterdion variables
for the analyslis were the separate proportiong which the
injuries in each injury group rapresant of the total of all
injuries, Thnis choice of criterion varisables was made
necessary by the absence of informatZion on uninjured occupants
in the date fllie and the lack of guch informaticon from other
sources, The criterion variables suffer by dncluding the
critericn injuries in bobbh Their numerator and denomninacor,
Thues they would lack sensitivity o any change to the rishk
of gustaining one of the criterion iInjurdies in crashasz of &
given severity. For example, if the proportion of all
injuries which were whiplagh wae 0,7 {approximately corract
for front outboarc seat cccupsarts in roesare-end impacte - sea
Results chapter) and tkes risk of whiplash injury was reduced
by 50 per cent, then we would expect to find the proportion
of injuries which were whiplash reduced by only 33.5 per cent,
The lack of sensltivity is lese criticsl for injuries which
represent only & smell proportion of tae totsl,



TABLE I: Definitions of criterdon injury groups in terms
of the Bth Eevigion of the International
Classification of Ideeases (ICDH) codes.

ICDh codes

1. W¥hiplash 847 .0
2s Fractured vertebrae
= without spinal cord lesion 205
- with spinal cord lesion 06
3« ©Concussion 50
L. Major intra-cranial injury 851 -854
5. Fractured skull 800,801,803
£. Fractured face bones a02, 804

7e Open wound of ayve and orbit a70



CRASH T CONSLDE

For this report, only rear end and front end impacts
have been considered, Cameron and Wessels considered only
a sub-set of such impacts defined in terms of particular
Road Taer Movement (Bach, 1975) codes, The dilscrepancy is
small, however, as the vehicle occupants conaidered by
Cameron and Wessels represented 9% per cent of all those 1n
rear end impacts and 81 per cent of all those in front end
impacts {Wessels 1978). Hance the results of this study
should be comparable with those of Cameron and Wessels (1979).

STATISTICAL TEST METHODS

Changes in thne proportion of each injury group (s &
function of all injuries) by year of manufacture were judged
for statistical significsnce by a 2x2 Chi-saquare test of
independence., In some casez (e,g. whiplash injuries in rear
end impacts), the sensitivity of ths test was increased by
conducting "one-tail" tests for a decresse only in the injury
proportion when occupants of ADR 224 cars wers conxpared with
those occupying pre-ADR 22A cars. This was dons by taking
the squars roct of the Chi-zquare criterion (on cne degree
of fresdom), attaching the sign of the changes in injury
proportion, and comparing the result with critical values of
the lower tail of the Normal (O, 1) distribution. In alil
other cases, two=-tmiled teats for an increase Oor decregse

in the injury proportion were conducted,

Tests wers also made of the variaticns (by sex, age and
seating positicn) in the magnitude of the change in injury
proportion. This was tested by A thres-way Chi-aguare test
of the log=linear model for three-dirensicnal cortingency
tables (Bishop, Fienberg and Holland 1975). HMaximum lLike=
lihood estimates for the frequencles in the elementary cells
were fltted by an iterative metheod. A4 computer program was
written to carry out the method described by Bishop gt si
and the program is given in Appendix ©.



RESULTS

END I IS

la  Summacy of numaoer of cases

The total number of injurdies sustalned by claimants
involved in rear end lapacts is shown in Table IT. The
numbers of c¢laimants involved were not obtalned from MAR,
because they were not considered essential for the analysis.
This ie because the analysis was based on the proportions of
total injuries which were speclflic types, &.g. whiplash,
Dther analysis of MAE data has shown that each major-injury
clalmant during 1977-Y8 had on average 1.8 injuries recorded
in hig file (Motor Accidents Board 1980} and this car be used
to estimate from Table IT the number of claimants involved,.

-

For comparison of Table IT with later tables, it should
be noted that there were no drivers aged under 17 and zo front
left passengers aged under 8. ALl claimants aged under &8
occupled resar seata. Elght years was conslidered to be the
minimum aga at which head restreints became relevant, l.e.
younger children were considered to have & sitting asight
lower than the top of seat oacks.

P Weed r c olled analysils

Before proceeding to the maln analysis comparing whiplash
injury proporticns between vehicles of different years of
manufacture, there waz a need to investigate whether occupants
of these vehleles were directly ¢cmparable in terms of their
susceptibility to whiplash injury. If n0t, the subsegilent
analysis program would need to attempt to control for any
imbalances which way invalidate the inferences reached,

Threa wariables available ir tae MAE data and known to
be associated with whiplask injury susceptibility and/or
crash severity were considered:

. EBEX

. &age {derived from birthdate and accildent date)

« Aaccident looastion.

The- variable sax was praviously fourd by Catieron and Wessels
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TABLE IT: TOTAL INJURIES IN REEAR END IMPACTS, by occupant
sex and seating poesition (all ages included),.

Year of manufacture

196571 1972-T4 1975=-78

lrivers

fale 1 B3 6o
Female G2 &1 74
Front Joft
PESSENEETS

lale 7 5 8
Female L1 B e 55

Hear passengers
Male g
Female 2% 18 13

—
—_
G
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(snd by other investigators) to be associated not only with
susceptibility to whiplash injury, but alsc with the level of
effectiveness of head restraints. Hence sex was retained as
g control varisble in the subseguent results (i.e. injuries
to male and female occupante were considered separately),

but there remained a need to investigate whether occcupant
age or accident location should be controlled; in particular,
whether they should be controlled within each of the sex
categories,

There was evidence that the age distribution of drivers
and front left passengers comoined varied with the year of
manufacture of the wvehicle they occcupied {Eg = 11.910;

p% 0.01). The newer cars were more likely to have been
occupled by older front outboard seat occcupants {Table ITI).
There was no statistically significant evidence that the
relationshlp between occupant age and vehicle year differed
betwesn the sexes txg = 2.132). There were similar findings
when drivers and front left passengers were considered
separately.

There was evidence that the accident location distribution
of drivers and front left passengere combined varied with the
year of the vehicle {EE = 10.411; p<0.05). The newer cars
were more likely to have had a rear impact in the Melbourne
Statistical Ddvision (MSD) than older cars (Table IV). There
was no statistically significant evidence that the relationship
between accident location and veldcle year differed between
the sexes (HE = 693}, There were similar findings when
drivers and front left passengers were considered separately.

Injuries to rear passengers iln rear impacts were
considered in this study in order to examine whether there
were any differences in rear impact severity between vehicles
of different yeare. HRear seate were not affected by ADR 22
or 22fi, Because of their role in the asnalysis, it was
assential to investigate the need for controlled amalysis of
the injuries to these cccupants as well.

for rear passengers, there was no statistically significant
evidence of relationships belween vehicle year and either
fa) oceupant age or (b} accident location EH% equalled
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TABLE [I1: TOTAL INJURIES 1IN REAR END IMPACTS. Ddistribution
of total injuries to drivers and fropt left

pas , by ocgcupant sex and age.

Ygar cof manufacture
1969=71 1972=74 | 15975=78

Male

% aped B=4% .2 71 .4 Bla5
% aged S0+ 15.8 28.8 25.5
Total injurlies 101 =ls 7E
Fepale

% aged 8-40 B3.5 B2.5 P53
% aged 50+ 16.5 175 2G.7
Total injuriss 133 142 131
Both sexes

% aged B-49 Z,.B 78.0 70.0
% aged S50+ T1has 2RO %0,0
Tptal dnjuries 2514 241 207

|
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TABLE IV: TOTAL INJURIES IN REAE ERD IMPACTS. Ddstribution

of total Injuries to drivers and fropt left
pacgengers, by oceupant sex and eccident locaticn,

Tear of manufacture
1969=71 1972="74 1975=-78

Male

% 4in MST 1.2 83,7 89.5

-

% in Other Towns 8.9 Bad 1.5
% in Rest of Vic G.9 8.2 Gui
Total injuries 101 g8 76
Female

% in MSD P50 B4 824
% in Other Towns 155 LG Cel
¥ in Rest of Vie 1045 1h7 12.2
Total injuries 133 143 121
Both sexas

% in KSD 78,2 81.7 8.0
% 4in Other Towns 11.5 Bac 3.9
% in Best of Vie 10,2 12.0 11,1
Total injuries 254 =L 207

Melbourne Statistical Tdvision (M3D)
Cities, Boroughs and Towns outside MSD

E 1
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{a) 4,184 and (&) 1.890, respectively). However, there was
evidence of a relationship between vehicle year and occupant
BEX {Hg = 15.451; p<0.001). Rear seat paseengers in the
older cars were more likely to be female (Table IIj. The
absence of evidence for a relatlionship between vehicle year
and accident location, in contrast with the presence of
evidence for such a relationship among front outhboard seat
occupants, deserves comeent and can be exiplained ir a number
of ways, First, there may have been too few rear passengers
in this study for the relationship (1f it exists) to be
statistically significant. Second, rear seat passengersa
occupled only a subset of the cars occupled by front outboard
passengers, and the relationship may not exist for this subsset.
(This latter eXxplanation points out one of the inadequacies
of using rear seat passengers' injuries as a measure of
differences of crash severities experienced by all front
outboard p&ss&ngers]. Hotwithstanding the absence of a
definitive explanation, for the sake of subsequent aralysis
all that need be noted ie the absence of a statistically
significant relationehip between vehicle year and accident
location {and cccupant age, as well).

In summary, there was a need to control the cccupant
age and the crash location in comparisons of the Injuries
of drivers and front left passengers of vehlcles of different
years of manufacture, Failure tc control for their sex
would not lead to invalid inferences {(regarding the cverall
effect of ADR 224), but the sexes should be considered
separately because of possible different levels of effectiveness
of ADE 224 head restraints. Sex of rear seat passengers
should be controclled to aveild invalid inferences from
comparisons of thelr injuries between vehlicle years,

Dirj d t ]

The detailed freguencies of the criterion injuries to
drivers and front left passengers in rear impacts are given
in Appendix A, Of the critericn injuries, only whiplash
o¢curred in suffieient nrumbers in rear impacts for statistically
meaningful results, and hence whiplash propertion was the
only criterion variable explicitly considered for rear impacis,



There was a statistically silgnificant decrease, from
42.% per cent to 23,7 per cent (Table V), in the proportion
of whiplash injuries to all drivers and front left passengers
when ADR 274 cars were compared with pre-ADR 22 cars K? = 5,380;
p o= 0,04, one=tail)., There was no evidence of a decrease in
the proportion of whiplash injuries when like cccupants of
ADR 22 cars were compared with those in pre-ilR 22 cars
[K% = 0,009},

There was evidence that the reductlon in whiplaeh injuries
in ADR 224 cars varied with the sex of the front cutboard
seat occupant f,:-:f - 3,24%; p<0.1, two-tail). The reduction
in the proporticon of whiplash injuries to female drivers and
front left passengers, from 47.4 per cent to 31,3 per cent
{Tatle V), was statistically significant [I? = 6.593%; p= 0.005,
one-tail}, but there was no evidence of a reduction for male
front cutboard seat occupants of ADR 224 cars {I$ = 0.002).

There was weak evidence that the change in the proporticn
of whiplash injuries to drivers and front left rassengers of
ADR 22 cars varied with the =zex of the occupant Eif = 2,005;
0.2 »p» 0.1, two-tail). However, neither the reduction in
whiplash injuries to female front outboard seat occcupanis
{Table V), nor the increase in whiplash injuries to¢ male
occupants of the same seats, was statistically significant
(Ef equalled 0,564 and 0,975, respectively).

There was weak evidence that the reduction in whiplash
injuries to female front outboard seat cccupante of ADR 224
cars varied with the age of the occupant EH? = 2,114
Ce22p2» 0.1, two-talll, The reduction appears to be confined
to females aged 17-4% only (Table VI})., There was no statistic-
ally significant evidence of an age-related difference in
the change in whiplash injuries to male front outboard seat
occupants of ADR 224 cars (Kf = 0.417). Nor was there any
evidence of such a difference among either fema}e or male
front outboard seat occupants of ADR 22 cars {Kf aqualled
0,001 and 0,069, recpectively).

There was evidence of a difference hetween crash locations
w'ﬂan_. changes in the proportion of whiplash injuries to male
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TABLE ¥: EEAR END IMPACTS. Whiplash injuries as a percentage

of all injuries, for gdriverg apd fropt left

raggengers aged 17 and over,

by ococupsnt seX.

Year of manufacture
ALR 22 ATDH 224
1965=71 1G72=T4 1575=%8 | affect affect
L1 =) {3 f2)=01} (3)=(1)
["15.15 f-'.-:!E |I-'|-jn|-5 }E‘liﬂ' +SI_‘§' "'11.2
Female §'7 ey 2.7 3.3 =laf =16,1
Both Les B o2 P .9 =8,6
TABLE VI: EEAR ERD IMPACTS, Whiplash injuries as a percentage
of all injuries, for drivers and front Jleft
Passgngers combined, by occupant age and sex,
Year of manufacture
ALR 22 ADE 224
1969-71 1972=74 | 1975-78 | effect effect
L) L2) (3) (23=01} C23=017
Male
Age 17=40 6.9 Lite3 hP2.G F7u dy 6o
Age 50+ 31a3 HE o5 25.59 +11.6 -5,
Iamale
Lpe 17-L49 49.5 5.3 287 -2 =248
Age S0+ 3Ea4 2240 3wl =Ll +U. 7




froont outboard seat occupants of ADRE 224 cars rear=-impacted
in the M5D were compared with those involved in rear impacts
in the rest of Victoria (K% = 7.729; p<0,01, two-tail).

Any reduction in whiplash injuries appeared to be confined to
those involved in rear impacts in the MSD (Table VII)}, but
this reduction was not statistically significant (X5 = 0.428),
There were too few injurdes in the rest of Victoria for a
etatistical test to be meaningful. There was also weak
evidence of a location-related difference 1n the change in
wniplash injuries to male front outboard seat occupants of
ADR 22 cars (XS = 2.134; 0.2>p> 0.1, two-tail), but no
evidence of a real reduction in whiplash injuries in rear
impscts in either location (Table VII), There was no
etatistically significant evidence that the reducticn in
whiplash injuries to female front outboard seat occupants
varied with the accident location, either for occupants of
ADR 224 cars Eif = 0,007} or for occupants of ADR 22 cars

{K$ = 0,279) .

There was no statlistically significant evidence that the
reduction in whiplash injurdes to drivers and front left
passengers in ADR 22ZA cars varied with thelr seating position
{I% = 1,154), However there was wesk evidence of a seat-
related difference in the change in whiplash injuries of front
autboard seat occupants of ADR 22 cars {K? = 1,872, C.22p> 0,1,
two-tall), This evidence (Table VIIT), coupled wilth the
finding of Cameron and Wessels (1979) that the benefits from
ADR 22 appear to be almost entirely econfined to (female)
ogcupants of the front left seats, encouraged separate analyeis
of the injuries of occupants of the two front outboard seats,
as follows. However the following results should be viewed
agalnet a background that any (unnecessary) partitioning of
data must inevitably lead to a weakening of the statistical
teste on the component parts,

b, Drivers
The reduction in the proportion of whiplash injuries,

when drivers of ADR 224 cars were compared with those driving
pra=ADR 22 cars (Table VIII), was not statistically significant
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TABLE VII: REAR END IMPACTS. Whiplash injuries as a percentage
of all injuries, for drivers and front leff
pagsegeers aged 17 and over, by occupant =ex

and ascident location,

Year of manufactura
ALDE 22 ADR 224
1969=71 | 1972=74 | 197Y5-7E | effect |eflfect
(1 (2) (33 2)=013 { L53)=01)
Male
MSD 35,0 42,7 32.4 +3,.7 -7
Hegt of Victoris 21,1 0.0 TE.C +28.9 +5%,5
Female
FLED rlE'IE' ll‘i'i'l-._".- 3':'-5 -3:'-1 -]E'-D
Rest of Victoria BO.O 39.3% ahLB =107 -1Z.2

TABLE VIIT: REAR END IMPACTS,

of all injuries,

Wniplash injurdes as & percentage

for drjverg and frogt left

dsganeerg, aged 17 and over, by Beating position,
Year of manufaciure

ADR 22 ATR 224

1G69=71 | 1972=Fk | 1975=78 | effect effect

(1) =y (3] (2)=01} 7 (3)=01)

Irivers . Ll.4 LE, O e 4 +h. B =50

Froant left

paBBENEErs 55,8 5.0 2846 =-10.0 =-17.2
Both by 5 P 33,7 +a G =5, b
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Exf = 0.984). However there was weak evidence of a sex-
related difference in this reduction EI? = 24,1315 Cu2»p> 0,1,
two-tail), The reduction in the proportion of whiplash
injuries to female drivers of ADR 224 cars, from 46,7 per cent
to 32,9 per cent (Table I¥), was statietically eignificant

{K? = 247613 p = C.05, one=tail). Thers was no evidence of

a parallel reduction in whiplash injuries to male drivers

(X = 0.011).

The increase in the proportion of whiplash injuries to
drivers of ADR 22 cars (Table VIII)} was not statistically
significant {K$ = 0.5%2)« There was no statistically
significant evidence of a sex-related difference in this
change (E% = D.410).

There was weak evidence that the reduction in whiplash
injuries to female drivers of ADR 224 cars varied with the
age of the driver (E% = 1,792; Cu.22p2> 0.1, two-tail), The
reduction appearsz to be confined to female drivers aged 17=-49
only (Table X). There was no statisticslly significant
evidence of an age-related difference in the change in whiplash
injuries to male drivers of ADR 224 cars (X = 0.310). Nor
was there any statistically significant evidence of such a
difference smong either female or male drivers of ADR 22
CATE (xf = 1,486 and 0,067, respectivelyl.

There was evidence of a difference bpetween crash locations
in terms of the change in whiplash injuries to male drivers
of ADR 224 cars (K% = 5,A05; p<0,02%, two-tail). Any
reduction in whiplash injuries appeared to be confined to
those drivers rear-impacted in the MSD (Table XI)}, There
was no statistically gignificant evidence of a location-
related difference in the change in whiplash injurdes to male
drivers of ADR 22 cars {I? = 1.,8%1)}, nor was there for female
drivere of either ADR 224 cars EK% = 1.,3%2) or ADR 22 care
(x5 = 0,004,

=11l o]

There was a statistically significant decrease, from
45.8 per cent to 28,6 per cent (Table VIIT), in the proportion
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TABLE IX: HEAR END IWPACTS., Whiplash injuries as a percentage
of all injurdes, by seating positicn and sex of
érivers and front lLeft passengers aged 17 and over,

fear of manufacturs

ADR 22 ADR 224
1565=71 | 1972=74 | 1975=-786 | effect | effect
(1) (23 (3) {(2)=01) £1=01)
Orivars
Male 26.2 Ly 38.2 +7.9 +2.0
Female b7 L8 2.9 1 ady ~15,.8
Front t
DRSS epiers
F-Elle EE-L':: IIJ-U-C' EE.':' I']-li‘l-l- "le‘
Female L8, B 55045 29,1 -13.32 =-1G.7

TAELE X: HEAR END IMPACTS., Walplsah injuries as & percentage
of all Injuries to 4ariv y o¥ driver sex and ages.

Yegar of menufzcture

AJR 22 ADR 224
1969-71 [ 1972=94 | 1675-78 | effect | effect
(1] =) (30 (21=01) | (3)=01)
Hale
AEH ]?-‘I:'I'q iTal flﬁ-ﬁ tI-.z-'i-_: +?l'£l- +|5-_j.:'
Age S0+ .3 b Za5 +11.4 I
Female
Age 17=4L3 470 S546 27w +5. 8 -15.9
AEE 5D+ Lh.4 Ei.ﬁ 55.9 —19.4 +ﬂ-5




- 21 -

TABLE ¥I: HEARF END IMPACTS., Whiplash injuries ase a percentage
of all injuries to drivers aged 1Y arnd over,
by driver sex and sccident location,

Year of manufacture
ADR 22 ADE 224
P969=71 | 1972=-74 | 1975=78 | affect | effect
{1} (2} {3) (2)={1) | (3)=(12
Males
MSD 9.5 Le.9 a9 +5.4 =L E
Best of Victoria | 22.2 50,0 80,0 +27.8 +57.8
Female
MSD 45.5 L7.0 281 +1.6 =172
Rest of Victoria E2.9 E3,3 GB35 +0. 4 +5. 4

TABLE XIT: REAR END IMPACTS. Whiplash injuries as a percentage
of all injuries to female fromt left passensers,

by occupant age.

Year of manufacture

ADR 22 | ADR 224
1969=71 | 1972=74 | 1975=78 | effect |effect
(1) (2) (3) (2)=01) Ji3)=(1}
Female¥
AE'E' ]?-49 _rJrI_J.? 3”-'--5 E.I 'li' -E\__T.:'li _Eﬁi:‘
Age 50+ Z0.8 Il o dy 22,2 +13.6 ~8.6

+
There were boo few male front left passengers involved in rear

end iwpacts to make meaningful comparisons by cccupant age.
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of whiprlash injuries to front left passengers of ADR 22A cars
compared with those occupying the same seats in pre-AUR 22

cars {H? = 2,813 p= 0,05, one-tail). There was no statlstically
gignificant evidence of a sex-related difference in this
reduction (K? = 0.,275), but tkere were relastively few male
cccupants of front left seats (Taule II}. The reduction in

the proportion of whiplash injurdes to female front left
passengers of ADR 224 cars, from LB.E per cent toc 29,1 per cent
{Table IX}, was statistically significant {H? = 3,197; pw= 0,04,
one-taill.

The reductlion in tke proportion of whiplash injuries to
front left pessengers of ADR 22 cars, from 45.8 per cent to
25.8 per cent (Table VIII; was not statistiecally significant
{I$ = 0.788). Thera was no statistically significsnt evidence
of & gex=related difference in this reduction Exf = D,65%9).
Furthermoere, the reduction in whiplash injuries to female
frent left passengers of ADR 22 cars (Table IX) was not
statistically gignificant Exf = 1,095,

There was no statistically significant evidence that the
reduction irn whiplash injuriez to femals front left passengers
of ADR 224 cars varied with the age of the cccupant (I$ = T.431).
However there was weak evidence of such an age-related
difference amorg female front left passengers of ADR 22 cars
ﬂI? = 2.236; C,2» p» 0.1, twoc=taill)., The beneficial effect,
if any, appeared to be confined to females aged 17=45
accupying the front left seats (Table XIT).

There was ro statistically significant evidence of a
difference between crash lccations in terms of the reduction
in whiplash dnjuriss to female front left passengers in elthar
ADR 224 cars (X5 = 1.646) or ADR 22 cars (¥7 = 0.408),
Injuries from rear impacts in the 13D and the rest of Victoria
(Table XIII} were conzistent with those observed for tre
whole State {Table IX).

oal [DEsSEeRnSel”

The difference in the proportion of whiplash injuriss

to resr passengers of ALR 224 cars conpared with those in



_EE_

TABLE XIJT: REAR END IMFACTS. Whiplash injuries as a percentage
of all injurdes to fgmale front Jleff pasgenggrs
aged 17 and over, by accident loccation.

Year of manufacture
ADR 22 | ADR 224
1965=71 | 1972=74 | 19Y5-78 | affect affect
(1) (2} (3) Le)=0(1) § (3)=01)
L
Female
MST 50,0 38,8 L =11,2 =15%.9
Rest of Victoria | L46.7 251 i P -253.6 =57.6

" There were toe few male front left passengers involved in reap

end impacts to make meaningful comparisons by accldent location.

TAPLE XTV: REAR END IMPACTS. Whiplash injurles as a percentage
of all injuries to pear ggat passepgers, by
OCCUpRNT S8X.
Year of manufacture
1969-71 11972=74 |1975=78 | Comparison | Comparison
(1) (2) (3] (2)=01] (3)-(13
Male 2.0 W0 e 0.0 +22,2
Female 2147 1'5-? llf-'l*l'l' -.E-';-lI:I "Elidz-'
Both 15.6 15.8 194 +0.2 5.8
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pre-ADR 22 cars was nok statistically significant (Table XIV;
I? = 0.,00%)}. There was weak evidence that thies difference
in proportion was sex-relatsd [1$ = 2,451; O.2»p> 0.1, two-
tail). However the difference was not statistically significant
either for male rear passengers fﬁf = $.917) or for female
(x5 = 0.0006).

The comparison of whiplash injurles to rear passengers
of ADR 22 cars ard of pre-ATR 22 cars was also not statistically
significant [Kf = 0.0002). There were too few whiplash
injuries to male rear passengers of these two groups of cars
to test the significance of any sex-related effecl on the
comparison, However the compardison was not statistically
sigpificant for female rear passengers (Kf = 0.,0001) and
was zero for male rear passengers (Table XIV).

F T END THMBEACTE
i Summary of number of c

Ths total number of injuries sustained bty claimants
invelved in front end impacts 1= shown in Table ZV. The focus
iz on rear passengers hecause they are a potentisl disbenefit
group in head restraint-fitted cars involved in front end
impacts, The number of rear pasgengere involved in front end
impacte appears to be of the zame order of magnitude as the
number of drivers snd front left passengers involved in rear
end impacts,

2, Hear passengers

The detalled frequerncles of the criterion irjuries to
rear passengers in front end impacts are given in Appendix H.
Head and facia®l injuries to passengers in these seating
positions and arash configuration were considered to investligate
any disbensfits due to keac restraints,

Thare was no evidence of an increase in sither (a) faclal
dnjuries or (b) total head injuries when rear passongere in
ADR 224 cars were compared with thoss in pre-ADR 22 cars
(Table XVI; Kf pgqualled (a) 0,003 and (E) '.768, respectively).
Similarly, there was no statistically significant evidence of



TABLE XV: TOTAL INJURIES I FRONT END IMPACTS, by occupant
sex and seating position (all ages included).

Year of manufacture

1969-71 1972=74 1975=-76

HEear passengers

Male 89 96 55
Female 115 109 91
Drivers

Male S47 5 89
Female 283 29% 259
Front left passengers

Male 170 147 104
Femalea 262 302 232




TABLE XWI:

FRONT END IMPACTS.

eacn ag a percentage of all injuries, for

Facial and total head injuries,

Teal DABS arg, by occcupant sex.
Year of manufacture
ADE 22 ADE 228
1969=71 | 1872=7L [ 1975=78 | effect effact
(17 (2) (3) (2i=01) | (3)=01)
Faclal dnjuries %
Male Y, 12:5 Sl +ﬁiﬁ' +2.0
Female 53 £.5 35 +0,2 =2.0
Both sexes . B.8 EeB +2. G ~aly
Total head
injurjes E
Female 13.3 19,3 15,2 +6,0 =0, 1
Both saxes 21.5 2ha 1 5.1 +3 .6 -5
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increases in these injuries when ADR 22 cars were compared
with pre<ADR 22 cars {K? equalled {a) 0.822 and {b) 0.550,
respectively).

Hor was there any evidence that any increase in facial
or total head injuries to rear passengers in ADR 224 cars
varied with the sex of the occupant EK? egualled (a) 0,7L7
and {b) 1.496, respectively). Similar results were found for
rear passengers in ADR 22 cars EK% egualled {a) C.665 and
(b) C.A7%, respectively].

. Drivers

Injuries to derivers in front end impacts were considered
in this analysis because of the finding by Camercn and Wessels
(1979) of apparent disbenefits in terms of whiplash and major
intracranial injuries due to ADR 22. The detailed frequencles
of their criterion injuries are given in Appendix B. As well
as whiplash and major intracranial injuries, changes in the
proportions of concussion and total head injurles were also
teated for statiastical significance (Table XVII). HNotwith-
standing the findinge of Camerom and Wessels, 1t was consldered
appropriate to statistically test the changes in both direections
(1.e. two=tailed eignificance tests), as there were no
preconceived hypotheses regarding the directicon of change in
injury risk to front occupants in front end impacts.

When drivers of ADRE Z22A cars were compared with those
driving pre-ADR 22 cars, there was no statistically significant
evidence of changes in the proportion of:

(a) whiplash injury (X5 = 0.040),

(b} concussion {KE = 0,292),

(c) major 1ntracrania1 injury [K = 0,020}, or
{d) total head injuries {KE = O, 1?5]

oimilar results were found when drivers of ADR 22 cars were
compared with those driving pre-ACE 22 cars, namely:

(&) whiplash 1njury (KE = 0.423),

(b) concussion [xl = 0,593),

(c) major intracranial injury EEE = 0.165), or

{d) total head injuries {HE = O 850}.
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TARLE WIT: FROKT EWD IMPACTS., Whiplash, concussion, major
intracranial injuries and total head injuries,
each as a parcentage of all injuries, for
male and female drivers.

Year of manufacture
ADR 272 ADE 224
1969=71 [ 1972=74 | 1975=-78 | effect effect
(1) (2) (3] {(2)=01v) 1 i31=013
Whiplash %
Male Zal S 3.9 +0,5 +0,7
Female 5.7 Bed 5.0 +1 .2 =06
Both sexes L0 a7 IhaS +0 e B +0. 5
Eungussjgu ﬁ
Male BaY 55 ol =l =1.0
remale 249 T+F 2.9 - el
Both sexes Sl Lo Gl = =
intracranial
injuries %
-."]a].E PI’? E-I? ]iE D'D -I:I!I;r
Female 1.8 el 247 +1a3 + 0,5
Both sexes 2 dy 28 2.2 e de =
T nead
niurdes
Male 1545 12.9 15,6 e =1:9
Female 10.6 10.9 12.0 +0.3 +1 .4
E'\:'th HEKEE 13-'; 12;2 Il_ail:' -1 |EI -'I:'q.':_-:'
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The avsence of statistically significant increases in the
proportions of whiplash and major intracranial injury is in
digsagreement with a parallel finding by Cameron and Wessels
(1979), These contradictory findings will be discusesed

further later.

Theres was no statlstlcally significant evidence that
sny changes in any of the above injuries (a) to (d) to drivers
of ADR 224 cars (or ADR 22 cars) compared to those driving
pre-ADR 22 cars, varied with the sex of the driver:

chi-sgquare (1 d.f
ALUR 224 drivers ADR 22 drivers
ta) whiplash injury el dp D e 006
{b) concusesion D147 1.855
{¢) major intracranial injury 1.359 0. 754
{d) total head injuries O.772 O.608

g. Front left passengers

Cameron and Wessels {19Y9) also considered injuries to
front left pessengers involved in front end impacts, but
found no statistically significant evidence of apparent
disbtenefits due to ADR 27.

When front left passengers of ADR 224 cars were compared
with those in pre=ADR 22 care, there was no statistieally
glgnificant evidence of changes in the propertion of:

{a) whiplash injury {Kf = 00473,
{b} concussion EE? = D410}, or
=
{e) major intraeranial injury (X} = O.145]).

However, tinere was a decrease in the proportion of total head
injuries {(as a fraction of all injuries) (Tabtle XVIII), which
was weakly statistically significant [I? = 3.191; 0.1» p>» 0.0%,
two=-taill,

When front left passengers of ADR 22 cars were compared
witn those in pre-ADR 22 cars, there was an increase in the
proportion of major intracranial injurdies, which was weakly
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TABLE ¥VIiI: TFRONT BEKD IMPACTS, Whiplash, concussion, major
intracranial injuries and total head injuries,
gach as a percentage of all injuries, for
male and female {frant left SEengFars,

Year of manufactiure
ADE 22 ADR 224
1969=71 { 15972~74 | 1975-78 | effect | effect
(1) (2] {3) (23=01) | (3)=01)
Whiplash %
Male 2ah 2«7 4.8 tGaly e 5
FHTEEL].E |"Il3 6'5 E'l-_l.:‘I -':I-ﬁ 'UIE'
Both sexes b3 S5a3 6.0 C.0 +0a b
Concussion %
Male 2.9 Fah o8B +0.5 +1.9
Female = I w Tels +1.6 +0.8
Both zexes 2.8 L.O 3.5 +1.2 +1al
Major ihEFamrania”
injuries %
Male 47 Gad 1.0 21 =57
Female 1.5 ot 2.5 +5.1 +1.1
Both sexes 2.8 G e 2l +2 4B =07
Tfotal nead
ip juries %
Male 212 1 5.0 1% 3 =52 =7
Female 1 7.5 T b 9,9 +2.4 -2
Both =exes 15,7 147 11.0 =1,.0 -l
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statistically significant (Table XVIII; KE 3.077; p<0.1,
two-taill). There was no statistically Highﬁficant evidenua
of changes in the proportion of:

(a) whiplash injury {H1 = 0,018),
(b) concussion EHE . E?J}, or
(e) total head injuries EKI = 0.113%).

There was no statistically significant evidence that any
changes in any of the above injuries {a) to (d) to front
left passengers of ADR 224 cars (or ALR 22 cars), compared to

those in pre-ALR 22 cars, varied with the sex of the occupant:

Chi-zquare (1 d,7,)
ADR 224 front ADR 22 front

left passengers left passengers

(e} whiplash injury 1 .262 0. 098
(b} concussion D.0BR . 185
(c) majfor intracranial irjury 2807 P L0357

{d) total head injuries 0.486 2.636
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REAR END TMPACTS

There was evidence that head restraints installed under
ATR 224 reduce the risk of woiplash injury for female occupants
of the driver and front left pessenger seating positicns in
rear end impacts, but not for male occupants of the same
gsating positionz, Tne benefit appears to be confined to
female front cutbhoard seat occcupants aged 17=49., The beneficial
effect to females may be partially explained by a roadside
survey which showed that 9% per cent of female, but only
7% per cent of mals, drivers and front left passengers had
their fixed, ADR 22A-type head restraints satisfactorily
located behind their heads (Camercn and Wessels 1979). The
measured bereflts to both male and female front cutboard
seat cccupants way alsc have been bilased low, due to increased
seat belt wearing rates in these seats 1n ADR 224 cars, and
the known effect of seat belt wearing on whiplash injury
{Careron and Nelson 1977).

There was no statistically slgnificant eviderce that
head restraints installed under ADR 22 reduce the risk of
whiplash injury to occupants of either sex in either of the
front outboard seating vositions, in contrast wita the results
of Cameron and Wessels {1979) who found evidence of benafits
to female front ieft passengers, dowsver Jameron and Wessels
analysed a total of 72063 dnjuries to femals front left
passengers of ADR 22 and pre-ADR 22 cars, comparsd with only
103 injuries analysed here. The reduction in whipiash injuries
to female frount left passengers consldered Zn this report
would have been statistically significant had it beean based
on the sawme amount of data as Cameron and Wessels,

There was no evidence that ADR 224 cars were involved in
more or less severe rear end impacts than pre-ADR 22 cars,
The difference ir the proportion of whiplssh injuries between
rear seat occupants (to whose seats ADE 224 d4id not apply) of
ADR 224 cars and rear seat occupants of pre-ADRE 22 cars was

not statistically significant in rear end impacts. A& difference



in the risk of whiplasn injury tc rear seat occupants would
have been expected in rear end impacts of different severity.
Trhere were eimilar findings and conclusions when rear seat
oceupants of ADR 22 cars and of pre-ADR 22 cars were coupared,

FRONT FHD IFPACTS

There Was no statistically significant evidence that head
regtraints installed under either ADR 224 cr ALR 22 Zncrease
the risk of facial or head injuries to rear seat pacsengers
in front end irpacts. TIn the casze of the latier ADR, this
result confirrmed the findinge of Cameron and Wessels (1379).

There was also no statistically significant evidence
that head restraints instalied under either ADR changed the
risk of whiplash, concussion, major intracranial injury, or
total head injury to drivers in front end impacis., Thie is
in disagresment with Camercn and Wessels' finding of apparent
disbenefits in terms of whiplash and rajor intracraniaZ-
injuries to drivers due to ADR 22, For front left passengers
involved ik front end impects, there was no statistically
significant evidence of incressss Zm the risk of any of the
same Injuries in the presence of head restraints installied
under ADR 224; in fact there was weak evidenca of a decrease
in the risk of head injuries conaidered in total, However,
for front left vassengers of ACR 22 cars in front end impacts,
there was a weakly statistically significant incresse In
major intracranial injuries. This latter finding Iz also in
digagreement with Camercn and Wesssls, who found no evidence
of any injury disbenefits to front lsft passengers of ADR 22
cars in front srd impacts.

With the relatively large nuwber of eriterion injuries
considered, for each of the two front cutboard seating
rogitions in each of the two different studies, the possibility
existed that the apparent ADR 22 disbenefite (cescrived abovel
chserved in this and the earlier study msy have been spurious
and that the injury criteria were statistically sigrnificant
through chance alone, To test trhis and o resolve the

differences to some extent, the relevant reaulits frocm the
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two studies were combined., This was considered appropriate
for major intracranial injuries, most of which could be
expected to result in claims for at least 2100 and hence were
equally 1ikely to be included in both data sets considered.
However, whiplash injuries (which may result in small claims)
may be under-represented in the data of this current study.
In addition, it should be noted that the earlier data were
collected in 19Y4=75, before the establishment of the MAE
Statistical Section to eneure accuracy, and that the MABR
have reservations abcut the guality of these data {Motor
Accidents Board 1980). However, Cameron and Wessels (1979)
found 1little evidence that the 1974=-75 data were sufficiently
lacking in quality to produce erroneocus conclusicons.

In the combined data, only the increase in whiplash
injuries to drivers of ADRE 22 carsz in front end impacts
remained statistically significant (X = 6.525; p<0.02,
two-tail). Neither for drivers nor front left passengers
were the changes in major intracranial injuries statistically
gignificant in the pooled data EI% equalled 3,421 and 0,292,
respectively}. Thus it appears that the apparent ALDR 22
digbenefite in terms of major intracranial injuries to front
pagsengers in front end impacts may be spurdous (though this
iz somewhat more doubtful fer drivers, as evidenced by the
magnitude of the Chi-eguare criterion). However, a disbenefit
in terms of whiplash injuries to ADR 22 drivers in front end

impacte remains apparent.

Further investigation of the combined data to evaluate
the effects of ADR 22 has not bheen carried out, since this
report is primarily directed at the effect of ADR 224.
Sufficient information is given in the appendices of this and
Cameraon and Wessels' (1979) report toc allow the interested
reader to pursue this further, Although not explicitly teasted,
the combined results are likely to confirm the benefits of
ATR 22 in rear end impacis {Cameron and Wessels 1979}, as
the changes in whiplash injuries were in the same direction
in both data sets.
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OVERALL, FIKDINGS

Whiplash injury still remains & major problem in rear
and dmpacts., ZEven in cars with ADR 224 head restraints, one-
third of the injuries sustained by clairants were whiplash.
Overall, ADR 22A has had only a uoderate effect, reducing
the risk of whiplashk injury by about 30 per cent (though
this could be an under-estimate), The benefit appears to
ba confined to female front passengers, excluding those
aged 50 and over. Fale frornt passengers, who due to their
greater sitting height are less frequently protected by
fixed, ADE 22A-type head restraints, appear tc enjoy lesser
benefits (though this study must be dnconclusive regarding
the benefits to males). The minimum height of hesd restraints
get by ADR 224 appears toc low and should possibly be increased.

Eear seat occupante are not provided with head restraints
under ADR 224 (though some manufacturers nave voluntarily
fitted them to their cars). There were 14 whiplash injuries
to rear seat occupants of cers in rear end impacts in the
data analysed, in contrast with 2Y2 whilpiaslh Injuries to
drivers and front left psssengers (Appendix Taovles A1 and AIC).
Thus the need for an ADR to prequire head restraints in rear
seating positions cose not appear to oe justifled,

The absence from the MAB data of irformation on {(a)
cragh severity and {b) aeat belt wearing has limited the
concluslons from this study to belng only suggestive, not
definitive, An atiempt to overcome the above deficiencies
has been made by (a) using differences in sccident location
as a proxy for differexces in crash severity, arnd (D)
limiting the study to occupants of cars with seat belts
fitted in the front outboard seats (when first registered).
While there was evidence that newer cars were more likely
to have had a rear impact in the Melbourne Statistical
Iivieion than older cars, and this was taken into sccount in
the analysis, it was conslidered that this procedure 2= &
poor way of measuring and correcting differences in crash
geverity, As far as seat belt wearing 1ls concerned, it was
not known whether limiting the study to cars with belts
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fitted was successful in controlling this variable, but
this is unlikely because of the known increases in wearing
rates of the inertia reel seat belts fitted to the front
cutboard seats of ADE Z22A cars,

The absence of crash severity information from any
injury-based road accident dats eystem may severely Limit
tne inferences which can be derived from that system, If,
at a given level of crash severity, a countermeassure (e.g.
head restraints) is effective in reducing the probabllity of
a particular injury (e.g. whiplash) and the injury freguently
occurs alone in the crash eircumstances (e.g. whiplash in
rear end impacts), then car occcupants successfully protected
by the countermessure may not appear among accident data
which have personal injury as the criterion for selection.
Thus, the proportion of injured occupants who sustained the
particular injury would lack sensitivity to the effect of
the countermeasure when injured occcupants who had the
countermeasure available are compared with those who did not,
If, however, a meagure of crash severity was avallable in the
data, then car occupants sustaining the particular injury in
the presence of the countermeasure {(assumed affective) would
have been invelved in more severe crashes than like cccupants
without the countermezsure available,
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CONCLIS TONS

Eead restraints dnstalled under ADR 224 are effective

in reducing the risk of whiplasgh Injuries to female
gceupants of the driver and front left passenger seatling
pogitions in rear end impacts; the benefit is confined

to those females agea 17=49, The analysies was inconclusive
regarding the benefits to male front occupants in these
collisions due to the poasibility that thelr benefit (if
any) from ADR 224 ray be off-set or eroded by an increase
in whiplash injuries dus to increassed seat belt wearing
in the front outboard seats of ADR 22A cars, resuiting
in little or no apparent beneflt.

Thore was no evidence from this study that kead restraints
inzstelled under ADR 22 reduce the risk of whiplash
injuries to oceupants of either sex in either of the front
cutboard ssating positions in rear end impacts. However
there was a statistically non-significant reducticrn in
whiplash injuries to female front left passengers, which
is in agreement with the beneficial effect to this typs

0f occupant in rear end impacts, as found by Cameron and
Vessels (1995) in a larger data file.

There wae no evidence that head restraints instelled
under either ADR 22A or ADR 22 increase the risk of faclal
or head dojuries to rear seat passengers in front end
impacts.

There was no evidence that ALDR 224 head restralnts increase
the risk cf whiplash, concussion, major intracranisl
injury, or total head injury to drivers or front left
passengers in front end impacts.
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In conjunction with the results of Camercon and Weassels
(1979), there was evidence that ADE 22 head restraints
increase the risk cof whiplask injury to drivers in front
end impscts, A parallel digbeneflt 1n terms of the risk

of major intracranial injury (a f{inding reported by
Camaron and Weasele) to these drivers was not confirmed.

The ahsence Trom the HAER data of inforwstion on crash
gererity &and seat belt wearing limits the above coneluslons

to being suggestive, not definitive,
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DIRECTION OF 1MmPacT
SEATING POSITIDN

LOCATION OF

ACCIDENT

SEX OF OCCUPANT

i Hear

t Oriver plus front laft
t All Victoria

t Fale plus fFemale

LAGE OF OCCURARNT : All agas
YEAR [F MANUFACTURE
THIURY GRIOUP 1365=T0 1971 1872=-T4 1975=78 41877=-T8H
dhiplash 70 29 104 51 N 1:'5 ]
(hTe7) {43.3) (pZ.2) ({32.7) (35.3)
Fractured 4 2 2
?Ertahraz (0.6 (5,00 (1.3}
Concuasion s 1 Q Z 2
(1.2 (1.5} (571 (1.5 (3a9]
Fajor 5 2 1
Intracranial (n R Py
Injury (1.8 weled ) (RS =
1 1
Fractured Skull (0.6 (D.63
Fractured Faca 1
Homes Fay
el
Open Waund af 2 L
Evn and Oebit Pl e ) (Ca)
8 1 19 5 ?
fotal Head Injurles | (o 3) | (1.5 | (4a6) | (380 | (3.9)
Total ALY Other Bo 34 176 a7 L
tnjuries (53,0} e) |2y | (s2.2) | (60.E)
188 6& 2419 156 31
TOTAL (A1) injuries) (100,0) (100.0) (100,0) (10C.C) | (100.0]




TABLE RZ

DIRECTION OF IMUACT
SEATING POSITION

LOCATION OF

ACCIDENT

S5cX OF OCCUPAMT
AaGE OF OCCUPANMT

i FHRear

Drivar plus front left
t All VWictoria

i Malws

All ages

YEAR 0OF mMANUFACTURE
INJURY GROUP 1969=70 1971 1972=T4 1975=TH 19T TF<=TH
Whiplash 28 a &3 20 2]
{35.9) {34.8) (43.9) | (35.7) (40.0)
Fracturad 1 3 4
Yertebrae (1.3) (8.7) (1.8)
Concussion 2 5 2 1
(2.6) (5e1) (5.6) (5.0
Major
Intracranial 2 1
Injury (2.6) (1.0)
1 1
Fracturad Skull (1.3) (1.8)
Fractured Face
BEones
Open Wound of 1
Eye and Orbit (1.%)
B - & 3 1
Totml Head Injuries (7.7) (6.1) (5.4) (5.0
M o ik 4 S
Tetal A1l Other a3 13 49 32 11
fnjuries (55.1) | (56.5) (50,0 | (57.1) (55.0)
]
TH 23 o8 56 20
TOTAL (A1l injuries) (100.0) (100.0) (100,0) |(100.0) (100.0) |




THEALE A3 :

ODTACCTION OF IFMBACT
SEATING FOSITION

t Hear

t Oriuver plus fromt left

LOCATION OF ACCIDENT 3 All Wictorie
SEX OF OCCLPANT 1 Female
ACE DF OCCUPANT g ALl ages
YEAR OF MeNufF ACTURE
TNIURY CGROUP 1969=T0 1974 1972=T4 1875=T6 197 T=7H
Whiplaah 47 21 51 31 10
(46.7] (48.5] (h2.7) (31,.0) {3z.2)
Fractured 1
Vertebrae
(1,07
Concusaion 1 & .
{£.3] (2.4) (3.0
Fia jor
Intracranial 1 i i
Injur:p' I:I||,1: II:'-.'?:' :].I;I.:I
Fractured Skull
Frunetured Fece 1
fianes ! i
Open Wound of i 1 1
Eye and Orbit L 1.1 01.0) i
_ I 2 z 5 3 1
Total Head Injurles | ., 5, (2.3} (3.3} | (3.0) (3.2)
Totel A1l Dther 45 =9 77 AR5 i
Injuries (21.1) | (&8.3) ("3.8) | (B2.0) (64.5)
an 473 143 100 31
TOTAL (A1l injuries) o - _
(100.0) L1000 (100,0) | (100,0) (10C.0)




TABLE A4 :

DIRECTION OF IMPARET
SLATING POSTTION

LOCATION 0F
OCCUPANT

S5EX DF

ACCTOENT

AGE OF ODCCURANT

Rear

Oriver

All Wictoria
Male plus Femalsm
All ages

“YEAR OF MANUFACTURE

INJURY GROUWP 196070 1971 1972=T4 1975-TH 19T77=TH
Whiplash 56 21 an 38 13
=y (30.9) (46,0) (35.9) (3741)
Fracturad 1 ?
Vertebras (0.8) (3.7)
Concuasion i 1 T 2 1
|:-|.|r-} ':-Iil;l“ {Ill‘il-:l.l] {1|-;._':'.l ':.E'"‘;'?l
Ma jor
Intrecranial 3 1 1
Injury (2.3) (0.6 (0.9)
1 1
Fractured Skull
(0.8) [.9)
Fractured Face
Bones
Open Wound of 2 1
Eve and Orbit _y -
'.I" i'l'-____l I:;--'I-L_-I.]
&8 1 q 5 1
Tetal Head Injuries P, - - - e
. [El]:l |:_|..|_|;|_. {”Ib:' |:£|r|.'-.': {I:il:_,-..:
Total AY] Other a7 30 BE& il 21
Injuries - . N - "
I:"_—_I:_,--(:-:I ! _i{:-'] I:'I'I'L.n;l!'l'rl.: |:.|'_:‘::_'+L|J L ol L
132 54 174 109 a5
TOTAL (A1l injuries) (100.0) (100.0) (100,00 | (100,00 (100.0)




TABLE A5 :

NIRECTION
SEATING P

LOCATION OF ACCIDENT

OF IMNOACT
NsITroN

H Aear

i Oriver

) A1l Victaria

S5EX OF DCCUPAMT 1 falm
AGE OF DCCUPANT All =ages
YEAH OF mMAWUF AC TURE
-
INIURY GROUP 1959=T(] 1671 1972=T4 1975=-76 1977=T8H
Whiplash 27 7 41 18 B
{37.0] (33.3 (Llel) (Bh.6) LE0.0)
i
Fractured 1 pd
Yagrtebrae , e
I.\,.I-Il'i‘.'i I:'f'.i-:.'
Concuasioan x b ) 1
(2.7) {Zadp) (Ze3]) (6.3)
Fia jor 5 ’
Intracramial
Injury (Ca?) (1at}
1 1
Fractured Skull LIPS P
| R 4 Lhat )
Fracturad Face
Honps
e e e e —m e ——n --\_.—\_l.-.- C e——
Open Weund aof 1
Eye and Orbit (1al)
f - & 3 1
Total Head Injuries B2 {Ba.5]) (F B {Ge 3
e —————
Tatal A1l Other 39 12 4h n 7
tnjuries (Z3.0) | (F7a1) (43,50 | (55.6] (L3.E)
T3 21 o3 52 16
TOTAL (All dinjuries) (700,0) | (100,00 C10G. 03] (woo.0) (100,0)
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OIRECTION OF 1MPACT 1§ FAemar
SLATING PODSTTION : Driver
LOCATION OF ACCIDENT ¢ All Victoria
SLEXK OF OCCUPANT : Female

AGE OF OCCUPANT i All ages

YEAR OF MANUFAC TURE

INJURY GROUP 1969=70 1971 19T7=T4 197576 1977=78
Whiplash 29 14 39 ‘ 20 5 k
'::*I-I-E'IEJ {-I:I-E-J-l-j (LB.1) 53.'.-'11} [26.5)
Fractured
Vertebrae
Concusaion 1 Z
Ma jor 3 1
Intracranial
Injury (1.7 (1.8)
Fractured Skull
Fractured Face
Bonas
Open Wound of 1 i
Eye snd Orbit (1,73 (1.8}
2 1 Z 2 -
Total Heaed Injuries (Z.4) (3.0} (2.5) (%5
Total 811 Other 28 18 40 35 14
Injuries (47.5) (54.5) (49.4) | (61.L) (73.7)
TOTAL (A11 & =1 a3 g1 57 19
nluries)l o000 {(100.0) (100.0) | (100,.0) (100,0}
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ODIRECTION
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oF IMPACT

SEATING POSITIDN
LUCATION DF ACCIDENT

! FRmar

! Front left

all Victoria

S5EX OF OCCUPANT t Mele plus Female
LGFE OF OCCUPART : All ages
YEAR OF MAMUF AC TURE
THIURY GROULP 1955=-70 1971 1972-T4 197576 1977=TH
(38.9) (BEL7) {35.8) (27.7) (31.3)
Fractured z
Vertebrae L
e L4.3)
Concussion 2 1
(5.0) (B3]
Major 1
Intracranial
Injury (1.5)
Fractured Skull
Fractured Fece 1
EI:I'HHE f.-'..,.l %
Open Weund af
Eye and Orbit
- = 3 1 1
Total Head Injuries (4.5) (2,11 (6.3)
[—
Total A1l Other 22 4 4af 31 10
Injuries (61,13 (32,3 (26.7) | (66.0) (B2,5)
16 12 &7 47 16
TOTAL (ALL fnjurtes)ify50,0) (100,60 | ¢100.0) [{10C.0) | (100.0)
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TABLE AB =

DIRECTION OF INPACT ¢ Hear

SEATING PDSITION 1t Front left

LOCATION OF ACCIDENT § All Victoria

S5Ex OF OCCUPANT 1 Male

ACE OF OCCUPAMT 1 All ages

YEAR OF MANUFAC TURE
ITNIURY GROUP 196%=T0 1971 1972=T4 1975=THh 197 T7=T7E
Whiplash L 1 C ? -
(20,03 {50,0) (40.0) {50.0)
Fracturaed 1
Vertehrae -
. (25,0)
Concuasion
Ma jor
Intracranial
Inmjury
Fractured Skull
Fragtured Face
Aones
Open Wound of
Eye and Orbit
Totel Head Injurles
— !—
Tatal &11 Dther 4 1 3 1 4
Injuries (A0,.0) {(50,0) (60.0% (25,0} (100,0)
5 z 5 4 &

TOTAL {811 imjuries) (100.0) (100,0} {(100.0) | (100.0) L100.0)




TRELE A9 i

OIRECTION OF I®EACT
SEATING POSTTION

LOCATYION OF ACCIDENT

S5EX OF OCCUPARNT
AGE OF OCCUPANT

Rear

¢ Fromt left
ALl Vietaria

1 Female

All ages

YEAR OF MANUFAC TURE

INIURY GROLP 1965=T0 1971 1972-74 1975=Th 1977=-T78
T 2 1
Whiplash 13 2 1 s
(47.9) (7C.0) {35.%5) (25.6) (L1.7)
Fractured ]
VYartebrae
(2.5}
Concuasion | 2 1
} (3.2) (£.3)
Ma jor ; 1
Intracranial ! _ )
Injury E (1.6)
Fractured Skull
Fractured fFace 1
Hanes (Eii}
Open Weund of
Eve and Orbit
| - - 3 1
Total Heed Injuries [ (e B0 (2.%% (E.3)
m—
Tetal A1) Dther 18 3 aTr 30 5
Injuries {5841) (30.0) {59.7) {E5.8) {50,0)
o I 10 . 6Z 43 12
TOTAL (A1l injuries)i(ing,c)  |(100,0) (100,00 | (i0C.0) (100,0)




TAHLE 410

DIRECTION OF IMPACT
SEATING POSITIODN

LOCATIDN DF ACCIDENT ¢
OCCUPANT

S5LX OF

AGE OF OCCURANT

1 Rear
t [ear
All Victoria
¢ lale plus female
¥ All ages

YEAR OF MANUFACTURE

INJURY GROUP 1969=70 1971 1572=T4 1975=T6 197778
Whiplash 3 2 3 2 f
Fractured i
?artehrﬂa (6e3)
Concuasion % 1 e
(12.5) (12.5) {(135.3]
Fla jor 1
Intracranial 1
Injury (4.2 (Be7)
Fraectured 5Skull ] ]
{5.%) (Ge3)}
Fractured Fece 1
Bones (Ba3)
Open Wound of
Eye end Orbit
N i 1 2 3
Total Head Injuries (16.7) (12.5) (5.5 (12.5) (20,00
Total A1l Other 17 5 (e 11 &
Injuries (70.8) (62.%) (78.9) (68.8) (23.3)
TOTAL (A1l in )] 4 . 19 16 -
juries (100.0) (100.0) (100.0) (100,03 (100,0)




TAELE &11:

DIRECTION Of

|-_:_'|

TEDACT

SEATING POSTTION

LOCATION OF ACCIODENT

SEX OF OCCUPANT
AGE OF OCCUPANT

i Dear
i Fear

t £11 Victoria

3 ale

1 All ages

YEAR OF MANUFACTURE

IHJIURY GROUP 1969=T0 1971 1972=74 1975=Th 197?=TH
dhiplash i z
(14,3 (27.3)
fFractured
Vprtebrae
Concuasian z 1
{22.2) {(G,1)
Ma jor 1
Intracranial
Injury (G.1)
1
frectureg Skull
(14.3)
Fracturad Face
Hones
Open Woeund of
Eye and Orbit
1 Head Tmjuri . ) - -' ¢
Tota M Jurles ; .
aa J i ILEE.E: {-I'-'--r_?.-':l xll::--E'
S —————
Tatal A1]1 Other 7 - 1 e £
Injuries . PR o _ . =n
] (77.8) (100,00 | {71.4) | 134.5)
( } 9 - | 7 "
TOTAL (A1l imjuries R . - . . . )




TABLE AlZ:

=N
L]

ODIRECTION OF IMPACT
SEATIMG POSITION

LOCATION OF ACCIDENT g

SEX OF DCCUPANT
AGE DF OCCUPANT

Rear
: Hear

g Female

411 Victoria

t All ages

YEAR OF MANUFACTURE

INJURY GROUP 1969=-70 1971 1972=T74 1975=T6 197 7=TE
wWhiplash 3 2 3 1 1
(20.0) (25.0) (16.7] (11,13 (25.0)
Fractured 1
Vertebrae
(11413
Concusaion 1 1 1
(6.7} (6.7 (25,0}
Major
Intrecraniasl 1
Tnjury (6.7)
Fragtured Skull 1
(reln )
Fractured Face |
Hones {(11.1)
Open Wound of
Eve and Orbit
Total Head Injuries < 1 ] ! ] .
(13.3) (12.5 (5.6) C1i.1) (25.0)
Total ALl Dther :
'| I )
Injuries v - 14 FE . . ¢
(66.7) (62.5) (77.8) (G0 (5000
15 8 18 o 4
TOTAL (A1l injuries)| (100.0) | {100,0) | (100.0) | (100.0) | (100.0)




DETAILED THJJSIES Tif

FRONT END JKPACTS




TAALE B1 =

—— L E
DIRECTION OF IMPACT : Front
SEATING POSITION Rear
LOCATION OF RCCIDENT 3 All Uictnria
S5EX OF OCCUPANT 1 Male plus female
AGE OF DCCUPANT r All mgesa
YEAR OF MAMUF AC TURE
INIURY GROULP 1965=70 1971 1972=74 1975=T6 1977=78
Whiplash 3 2 7 1 1
(2.1) (Sely) {(3.4) {(1.0) (2.2)
Fracturad 4 1 1
?urtahrnu (2.8) iT.?} {0-5}
Concuasion 12 5 16 2 4
(8.3) {8.6) (7.8) (2.0) (8.9
Ha joar 4
Intracranial _ 2 3 . !
Injury (2.8) (Z.4) (haly) {5.0) (2.2)
4 & | 1 1
Fracturad Skwll {(2.8) (6.2) (3.9) (1.0 (2.2)
Fractured Face ’ 3 18 4 1
Honas I:'I-'l-l?} {512: [E;'tll:l {JIF.I-._I:I EP'E_}
Open Wound of 2 s 1
Eye snd Orbit (3] (2.0) (2.2)
27 16 5 14 a8
Total Head Injurles | (186,8) (27.6) (24,9} | (13.9) (17.8)
Total 411 Other 110 39 146 BE 36
Injuries -y (E7.2) {(71.2) (85.1) (80.0)
144 548 205 101 45
TOTAL (A1l injuries)|(100.0) (100,0) (100,00 [(100,0) {100.0)




TAELE BZ &

DIRECTION OF IMPACT @ Front
SEATING POSITION Rmar
LOCATION OF ACCIDENT all Victoria
SEX OF OCCUPANT i Male
AGE OF OCCUPANT

L] ]

(23

All ages

YEAR OF MANUF AL TURE

INIURY GROUP 1969-70 15971 1972=74 1975-786 1977=-78
4
Whiplash
l:.ll-E.} I:J'I'IE:'
Fractured Z 1
Veprtebrame - -
. (Zal) {0a1)
Concussion a 3 [ 2 1
(12.5) {12.0) (G.3: (5.5) (Sa3)
Ma jor
2
Intracranial 3 1
1njury {4a7) (8.0} (5.2} (5.3)
3 x T 1
" - - . \
Frectured Skull (4.7) []c.ﬂj ﬁ?.}? (Ee3)
Fractured Fece g4 1 12 3
Bonss (Ea3) (4.0 12,5 (8.3)
Open Wound of 1 1 1
Eye and Orbit (4a0) (2.8) Se3)
18 10 k1] B 4
Totel Head Injuries | (as ) (50,00 (31.3) | (158.7) (21417

F

Total Al1 Othar 43 15 &1 30 15
dnjuries (E7.2) (BT (3.3 (83.3) (75.9)
Bd 25 98 15 19

ToTar (A1 dniurdasdl (100,00 (120,00 (100,00 (100.0) (100.0)




TRABLE B3 3

=

DIRECTION DF IMPACT
SEATING POSITION

LOCATION OF

ACCTOENT

SEX OF OCCUPANT
AGE OF OCCUPANT

1 Frant

P Rear

¢+ ABll Victoria

3 Ffemale

: All ages

YEAR OF MAMNMUF ACTURE

INJURY GROUPE 19649=70 1971 1972=74 1975=T6 197 7=TH
Whiplash 2 2 3 1 1

(2a5) {6.1) (2.8) {1.5) {3.8)
Fractured z 1
Vertebrae {2‘5} [E.Q}

1
Concussion 4 i 10 3
Major 4 & 5
Intracranial
Injury (1.3 (3.7) {0.8)
1 1 1 1
Froctured Skull (1.3) (3.0 {0.5) (1.5)
Fractured Fece 3 2 & 1 1
Bonas (3.8) {6.1) {5.5) (1.5) (Bl
Open Wound af 1 1
Eye and Orbit (3 GJ E1 n)
& o
g (] 21 B ﬁ

Total Hesd Injuries (11.3) (18,2) (19,3) (12.3) (15.4)
Total All Other &7 ‘| 24 BS =6 21
Injuries (83.8) (7aa7) (PE.0) (86.2) (80,87

QP i3 109 65 26
TOTAL (A1l injuries) (100.0} | (100.0) (100.0)] (100.0) (100.0)




TaBLE Bh4 .

DIRECTION OF IMPACT
SEATING PDSITION

LOCATION OF ACCIDENT

SEX OF OCCUPANT
AGE OF OCCUPANT

Front
s Lriver

-

All Victoria
Male plus fefale

1] ages

YEAR OF MANUFACTURE

INJURY GROUP 1959=T0 1971 1572=T4 1975=-T6 197T=TH
¥hiplash 23 10 40 16 12
t-‘l-l'-tj'} t:h._ﬁ:' I:.'-*l-l"l:I tj‘--}.-l '::E'-t?.:'
Fractured B 3 1y [ 3
Vertebrae ) - _ 4 r
. (1.5) (1.0 LG LTa5) P1.7)
Concuasion =4 13 %5 2l I
{3.5) (4.3) (4a2) (5a7) (2.2)
Mia jor i1 - 2 10
Intracranial B = ~ 4
Injury {2.1) {Z.0) (2.8) {2.1) (2.2)
'Eh —
Fractured Skull 4 - & e =
(0.8) (1.0 (C.7) (1.1 (1.1
Fracturnd Faece 19 17 a3 21 .
Hones (2.6) (5.7) (%.9) L4eE) (5.7
Open Weund of 4 A 5 I 1
Eye and Orbit (0.8) (2.07 (D83 (0.9 (D.6)
67 58 103 Bl 20
Total Hesed Injuries (12,62 (15.0) (12,29 Q]E_aj {1:,2)
Totel All Dther 432 2354 66 8L 143
Infuries (81,5 (79,70 {81.4) (81,70 {80.3)
530 300 843 470 176
TOTAL (A1l injuries)] (100.0) (TO0.C) (100,07 | (100.0) {100.0)
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TABLE RS 3

DIHECTION OF IMPACT 3 Front

SEATING PDSITION t Driver
LOCATION OF ACCIDENT : All Victoria
SEX OF OCCUPANT : Male

AGE DF OCCUPANT : All ages

YEAR OF MAMUFACTURE

INJIURY GROUP 1969<=710 1971 1972=T4 1975=T6 1997=T78
Whiplash 13 b 20 E &
(3.5) (2.2) (3.6] (3.3) (5.1)
Fractured 4 1 = & 2
Vertebrae (1.1} (0.6) (1.6) {1.5) (1.7}
Concussion 22 9 30 14 &
Major
Intracranial 8 7 15 & I
Injury (2.2) (3.9) (2.7) (2.2) (0.9)
Frectured Skwll 2 2 2 4 2
I:l;]"_'\-_] {]i]:l I:-I_-'_,I_._r_-.:l (]4r'1 {1;?:‘
frackturnd Face 17 11 21 11 Y
rones (4a6) (6.1) (3.8) | (4.0) (6.0)
Open Wound of N 3 2 = 1
Eye and Orbit (1.1} (1.7) (Cu4) | (1.1) (0.9)
53 52 71 38 15
Total Head Injuries C1ha4) (17.8) {(12.9) (1k.0) (12.8)
Total 411 Other . = .
Injuries 297 143 450 aen. ﬂ]q
{80.9) (79.4) {B1.8) | (81.3) (B0.3)

367 180 50 272 117

TOTAL (A1l injuries) Z
{100.0) (100.0) (100.0) | (100.0) (1C0.0)




- GO -

TABLE BS
DIRECTION OF IMPACT @ Front
SEATING PUOSITION i Delver
LOCATION OF ACCIDENT ¢ ALl Victoria
SEX OF OCCLBPANT ; Female
AGE OF DCCUPANT : All ages

YEAR OF MANUFACTUHE

INIURY GHOUP 1965=T10 1971 1972-T4 197576 1977=T8B
i
wWhiplash [ 10 £ 20 7 b
| (6.1) (5.0) (6.8) (3.5) (9.8)
i
Fractured '
M ; " 2 L
Vertebrae .
- i (2.3) (1.7) (1.7) (1.0 SNy
:
Concuasion ' 7 L £ 10 -
P (4a3) (3.3) (1.7) (5a1)
o —
Major :
Intracranial I 3 = E i 3
Injury | (1.8) (1.7) (3.1) (2.0) (4a5)
:
! e 1 % | -
Frecturad Skull i (1.2} ‘0.8 P (o
: & LR L £ e oA
| —
Fractured Foace i 2 G 12 10 2
Hones \ PR - . . .
b (1.2] (50 (4.1) (5.1 (3.3)
i T o 4
fipen Wound of ) - 3 L 1 -
Erﬂ and nl‘ﬂlt . I:E =] '\.] Y {r;l E:l
L P wow
, 14 16 32 26 =
Total Head Injuries | (B.6) (13.3) (10.9) (1%.1) (B.2)
e —
Total All Other 135 56 2356 165 49
Injuries | (B2,6) (80,00 (B0,5) (82.2) {80.3;
TOTAL (A1l injuries) 163 ]ED_hm €53 198 &1
(100.0) L100.0) (100,00} Lo 0] {100.0)




TABLE E7 :

DIHECTION OF
SEATING POSITIODN
LOUCATION OF ACCT
SEX OF OCCUPANT
AGE OF OCCUPANMT

IEA

- 61 -

ACT 3 TFraont

: Front left

DENT

All Victoria

¢ Male plus female
1 All ages

YEAR OF MANUF ACTURE
I1NJURY GROUP 1969-70 1971 1972-74 1975-76 1977=T78
Whiplash 19 b 24 15 )
(Eal) {3.3) (5.3) (6ak) (5.0}
Fractured g & 5 7 2
Yertebras (1.6) (3.3) (1.1) (3.0) (2.0)
Concussion 7 5 18 = 2
(2.3) (Lel) (La) (Falt) (5.0)
fa jor
Intracranial g 3 24 & 1
Injury (2.9) (2.5) (5.3) (2.6) (1.0}
Fractured Skull & g G 3 1
{2.6) {1.7) (1.3 (1.3) (1.0
Fractured Face 17 5 14 9 e
pones 55y | o | G| Gy | oo
Open Wound of & 3 & ] 1
Eye and Orbit EE*E} EE'I.E-"} E{:."]J {G.L}} I:_'[,,'D:
49 19 (1 27 10
Totsl Head Injuries (15.8) (15.7) (14.7) (11.5 (9.9
Total A1l Other 238 Gl 3514 186 Bl
Injuries (76.5) (77.7) {78.8) (79.1) (83,2
311 121 Lyg 235 101
TOTAL (AL1 dnjurdes)] (100,0) | (100.0)| (100.0)| (100.0)| (100.0)




TABLE P&+

DIRECTION OF IMNPACT
SEATING POSITIONR

LOCATION ¥

ACCIDENT

S5EX OF CCCUPAMNT
RGE OF OGCCUPANT

i rront
P Front

left

1 All Victoria

: HMale

: All ages

YEAR OF FAMUFACTURE
ITHJIURY LAOLIP 19689=T0 1971 1972=T74 1975-T6 197 7=TH
Whiplash 3 1 4 3 2
{2.7) (1.8) (2.7 (4al) (6.5)
Frectured 3 I o 1 1
Vertebrae - \ . \ P
' I:E-I'II.-I {'l_""ll::'.- {1i|l'|'J- {.1-‘I+.:' kj-a:]
Concussion Fa 3 5 3 2
{1.8} i.:t,f'-.:' Ejt‘l-'-} I:IIJ-l-lj I:E'i:-".:l
Ma jor
Intracranial b e o J =
Injury {5.3) [3e ) (BeB) Lrak)
Fractured Skull 3 = “ - -
(2.7 (5a5) (2a7)
Fracturad Fece 17 4 i ] &
Bones (9.7) (7.0) {C.7) (6.8) (6.5)
Open Wound of 2 1 s -
Eye and Drbit (1.8) (1.8} (Tely) (Tadp)
2l 12 2 10 i
TIJt-E]. Head II'IJIJI'T.BE [21_'2‘] {21'1} :]_'_:.,i:l:l |:1|‘__?..-_"'] ,:'-:.'Gm:
Totaml A1l Other 8% WO 115 59 =L
Injuries o . f .
T {7C.2) (81.0) (BC.8) VT alyd
113 o7 147 73 31
TOTAL (A1 injuries) (100,03 | (100.0) | (100.0)| (100.0)| (100.0)




TABLE B9 3

DIRECTION 0F

IMeacT

SEATING POSITION
LOCATION UF ACCIDENT
SEX OF OCCUPAMT

AGE OF OCCUPANT

t Front

:+ Front left
5 All Victoria

; Female

1 All ages

YEAR OF MANUFACTURE

INJURY GROUP 1965=-7T0 1971 107 2=T4 1975=78 197 7=TH
¥hiplash 16 3 20 12 5
Fractured 2 - 3 & 1
W
.artebruu (1.0 (1.0 (3.7 (1.4
Concusaion | > 2 13 ‘ 5 3
(245 (3.1) (La3) (3.1) (4a33
Feajor
Intracramial i 2 1 14 3 L
Injury P (1.5) (1.6) (4.6} {3.1) (1aly)
i
! 5 - 2 3 1
Fractured Face ! £ 2 13 i -
Bones i (3.0) (3.1 (4a3) (Ba5)
Open Wound of | 6 P o - 1
Eye and Orbit | (.0 (3.1) (0.7) (Ta4)
i
———————— ! — — — il e e e — — e s | e me—m m— m—  e—— — —
‘ 25 7 iyl 17 f
Totel Head I 1 )
ota =T njurles (12.6) (10.9) (14.6) (10,5 (3.6)
Totel All Other 155 s 235 127 &0
I i T . - )
niusies (78.5) | Bty | (r7a8) | (78 | (82.7)
1548 Bh 302 62 T
TOTAL (All injuries) (100.0) | (100.0) (1o0,0) | ¢100.0) | (100,00




APPENDIX ©

COM GHAM OR
CHI-SGUA ESTS O

THREE=DIMENSIONAL HGENCY T



PROGRANM MAXLIMI(INPUT, CUTPUT FREOd, TAPES =FREQ,TAPEA=QUTFUT)
- S o ——

K
C FROGRAW TO TEST LOUG-LIREAR WODEL FUR TARCE=OIMENSTIOWMAL
C COMTINGEMCY TAGLE BY MAXIMUM LIKELIMWMOOD TS3TIMATES FOR
CTCTELEMENTARY LeLLS TITERETIVE NETHAOO T AND ™ORG L oL
LK Tﬂ.ﬂLES lDI!-F'l_“.T I"ETl-r-L'!I:II-.-
- e
L REFERCWCE: ™OISCRETE MULTIVARTATE ANALYSIS™ BY BISHOP, FIEWBERG
T D RND HOLCLEWMOD T1L97S T, FRAGES JIi=LZ; T =97, leG=-17fbs — _ -
[
LT FROGREH RREITIENR I[N FORTRAW IT OYf MH:LEMERDY BNl BSSCOCIETE:S -
| FDE OFFICE OF &Can SﬁFFTT. EUHHUNH ALTH DEPLHTHEMT OF TRANSPORT.
S e e — i e
G
T TTOIMENSION TITLETIIF . FATIGT XML ,150:17 I.IIJII"JI s XTI TITOF T JETITIT,
LT A3Y w010 Y o KK TLTD
TTTUIMENSION —LlllsliTsee Tolsl1lls i tLllslil g SLLa11T
NIHEMESION PLiiis 110sPR 0123110001111, 011,110
B R A R B L B R R A P VT VR LAY P L LAY TE T T L F Y L]
1Et+u1uit!;E.ﬂEtlhiﬁhE.ﬂﬂn +1I:.]I EAC(1ds10
""" T RERDTG i ZTHI (NI K, 1T T e e e
2 FORMAT (aTIZ)
T T T T
T 5Toe
T READTS YT ITLE T T - T S
5- FORMATILILA LA LD )
CTRERDTS Sy FRET I I t L I Ry s = LT s I W IV s =T NET A
WEITEIELEITITLE
e R PO R M T LI AT
DO 1¢ J=isNd
e e - TEtRT i R —
PFiz=T+NI®* (d=1)
CATIUTLY=0. e _ e
00 10 E=1,4K
B 3 | S e L R T LR
09 23 Ksi;HNK
R | - R e )
Me=T#+HI* (K=-1]
It =t — -
DO 20 J=ilsNdJd
B ¢ M 1 T B L R % R R
oo 3. K=1i,NE
0%y —Jd=1ythl — - - — B
ME=JdeMJ* (K=-1)
‘EJ'R:THEF-DT-'__“”_“'_‘__ - ] — B T
no 3 =1.41
Wﬁdh!ﬂ&l'ﬂli]di T
CALL CGHISQUXTaN IoMdpAByNAB, IL 4XIpxdi
'''' B T -] B S o v 7 ¥ ] T 7] - - —
CALL I:HISI'.'.l:I.'-.Jﬁq.HJ M BEMO0 4 I3 4 My HK)
I ABE=A e
CALL SUMAEN NI bd NSy AR, XAG, XPCH
-"_"""-'"'-'"-m..l [ J.—i.lﬁi
D0 240 J=1.HJ
T " PO 20 M= NK -
efl EdlsJekd=1.




- e =

EQUNT=D
T T T T KOUNT=EDUAT L
CALL SUKMIE oMTe NJ4MKsZAEZTACHEHC)
o o0 ZEC I=i.NT T )
DO 22T J=i1:MJ
- ='
FIIsdak)=E 0T sd K0
E20 EN I K SE (L3 KV ATl JIFERE TI .00
CALL SUMIE sMIyNJNE,EAR,TACKERCH
B o [ I 1 T 5 L) -
00 230 J=iald
|
EX30 ECT gduKI=E (Iad oK I*XAGT 14KV FEAC (I s KD
T TTGALL SUHTE ZHI s RI W NERERF.CACLEET]
0o 2xL I=1.HI
T T 00 8T J=1L.Nd
00 240 K=14MK
T TR ud = T i d LA
IFLAG=Y
. T DELTE=L.CIT T T
no 250 I=1,NI
T N 25T J=1.WJ
D0 257 K=1.MK
- OIFFoAESIE [lsd s d=F Ll gud gl 1
2650 IFI{DIFF. CT-DELTA)IFLAG=1
'''' T T IFIIIFLAG. ENL I T BN TEOUNT RCE.S0TTLO T 217
L]
OO0 &9 I=1,NI
D0 49 J=isNJ
0O §Y BTl ME
EM=ELI yJqK)
T T TTTTIFTERTL L T s LD 4R T —

P e S . e R

S —

40 Is=1
ST AR CEES NI LRI FALUG T T 4 JWETFENY T - -
ARC=ADC+C

IF TR ThEs G 7 ol T
be S1(I,J)=E¥
. CITI:J1=C
GO TO 49
TR YT EEINILLJT=EE T T
1:3 {I'HJ,-"-G
LY CUNTIMUE
WMASGC=THRI =1 0 ®0H J= 11 FINK=11
'''' R [IFIIT#I T+ I¥ LIS 450400
EC H=RITC(e,51}

T ELTFORMAT (TRAD COSOME EXPFELCTED TALUE LD=% THAW UREY —
58 RWEITE (R, SE)

e "Bl FORHAET lSePc LAl =RAGTLON LCHRI-aLUERT OF 7
HWRITETE s B0 ) Ad, NAE,; AC, HAC+ BL s NdC s AL HAGBE s KOUNT
T TR FORHAETTARD B IR 331X IT7FEHL - oG F I8 S ixs I Trann Ry Fl
LEs 331X L7r5HD AA0 sF 28 T41Xs ITALGHAITERRATIONS = 4 I3}
T T IR TIONELGE L L T
a1 00 /S Jsiahd
- Mo &% I=Laimd
PLileJi=uiIysdsid
- TTER PEIl s =0T sy T =

HIT=NI+1




NJT=NJ+1
e eI

PLINITJd) =0

TTUFEATHITLITE . o
Ou 70 I=1.NI

e P T I L T s J IS PLIN I g FFPL L L7
Td FEINITS J]—FEINITTJHPE{I.J!

T e IELL, NI
PLIT+NJTI=4

LRI
DO 75 J=lisNJd

S e T T [ NJT ISFI L LR J T TFPL T L3 J7
75 PEIT yNJTI=P2(T 4N JTI#PE2 AT A0

—— T r e —— ﬂmﬂ{ ¥

B0 FORMAT (SHODATA /L LIHOFACTOR C=1)

TCALL HATIVIFL NI T, RITY
WRITE (E481)
EL T FURMAT(IZRUFACTOR T=WKT

CALL MATIXIPZ2:NIT:HJTY

o s e e 8 -#1THF_"-HT_

B2 FORMAT(L1EHIEXPECTED UAI.UES.-"'I!.HF.FAETDH c=1)

T CECC WATINTEL, NISNIY-
WRITE (£, A1)

[A S S .

TALL METIXEIE S s RL 3007
HRITE{&, 83

‘lll_}.i.:lll f

- §Z FORMAT (ZGHITTKEL THTODT WAL VATUES/ ST HIRACTOR T=1) —— ~~~~ "~

CALL MATIXICL, NI NI}

THRITETE,HL] T
CALL MATIX IC24NINJ)

o0 B JE L MJT
00 85 I=14MIT

TPITTJTERFI L I PIINIT IV *107T,
A5 PE‘I’T;JI-‘F‘EI"JH‘FE lHIT;J-‘I‘iﬂU.

CTHRITETESCT

90 FORMAT(Z9HIFACTOF & DI‘;TRIEUIIEH {F‘ETq-]-.i"ll.H-.uF#EIDF C=11

TTTTLALT FATIETRILG NI TR NIIT
HRITF (k4,950

LTI

95 - FPORMAT (1 ZHOFACTOR C=HxY
CALL METIX (P2, NIT4NJT)

N I

o Iyl J=IRJT e
o 1ot I=1.MIT
B 5 RS v AT B i Ll W R B Rl o O R R

WRITE(E, 105)

ANE TuﬂﬂrT1zﬁﬂﬂfﬂrﬂﬁﬂr1rﬂﬂ*fwrﬂu1tﬂﬂ—ﬁﬂﬁﬂﬁti‘"—

CALL ®MATINLDsNIT 4NJT

DO CIIO JELGRIT
D0 11 I=1,NIT

e e e s

TTIT Huwl-uu-unm"‘ﬂu-
WRITE (B 1150 -

S 3 52 'FD'HH‘A‘TI.TEH"TFIETU'H ‘U‘I"‘T‘R"I‘H]T‘I‘Eﬂ_m_mﬂﬁfr :

CALL:MATIXARWN IT ANJTY

T TTRREITE e L2 T T T e
1210 FORMALTIISHMOFACTO R A==20WS FAGTOR BFCﬂLUF‘HEI
S GO TOo I

END




R L L TE N e

- BB =

SUBROUTINE CHISQUAsMeMsCSeNOFLIEFR.TR,TC)

S T T THENSION ALY TR, TC (I —
HM=N®M

Ty e - m—.u = = — —  — — —— —— —— - — ——

C5=0.C

D L S LU R L
IFINDFY 54,5410

e A4 "L —

RETURN

10 o0 5 IS ' -
TRIII=0.0

e —

- LJd=1=N
DO 9 J=i.M

- TJETI¥N — -
a0 TRITII=TRIIN#A(TIJY

1h=1 T

N0 1de J=1,M4

- - ICtIT=C. 3
PO 160 I=i4M
[ - g . e
110 TCIJI=TCLJY#A LIS
- GT=T1 - : —
DO 11{ I=1,.M
""""""" I GT=LTFI=TIY
IF(HNM=4) 1304120 ,130
o 120 CSTn TR A A A L P A e A AT A e T T R AT e Y R TOR 2 R TRy —
L*TE (211
T RETURN
130 IJ=0

™o I8, =1

DO 140 I=1.N

I=TJ+1
E=TR{II*TC [J}/GT

TTIFTESTLTY 139 1% 03 I%0 T
135 IERR=1

I&T CS=LoF AT I =E T TR tIOT 17 e
RE TURN

_m_ - _—

——— — — S




SUBROUTINE SUMIX gNTgNJ g NKy KTy XTK 4 XJK]

Ly ¥ . * "

no 10 J=l.KJ

00 1T I=1,NT
XIJIIsJ) =0

______ L LT T
13 XIJUIsJ1=RIJHIsJ 1+ XTI JeK)

D020 K=1yNK
DO 20 I=14NI

- TEIETILEY=0.
DO 2u J=14NJ

=

s R = * eI L
DD 35 E=1sNK

o 3T JELIND . -
KJECIg KV =0«

R 1 I T 5 WY
I NI IS KY=NIKIT M)+ XLy dak)

e e e e —WETURR
EN D

o

SURROUTINE MATIX [ARAY yHeN}

T DIMENSION ERAVII 1,117, KOLTIIT
Ki=10

e
K5=0

o O T4 R=1:H
Th KOL (K) =K

7o Ki=RIET - -
Ka=K1i+E

T T IFTR-KZYRA 483,09 - - o
an ¥2=n

ST A9 TRSERSEL
IFIN=T)324 92 ,'ili

T 81 WRITETERITSYES T

92 WRITE (£,4178) {KOL l'l-‘lhhftﬁi_ AL

I 1 L S o ) R ' T
33 WRITE (6,179 J(ARAY (J4K) s K=KL 4 KD

T T T ER IFIRSEET T, T, T
99 RETURN

T TITE FORWAT IS X, THEECT ION, I2511H FULLOWS,. ..}
178 FORMAT (SX,BHCOL « NO.,2X.6I10)

T AT FOREET (SY,7THROW HOW I3+ Rs6F 1017
EHD
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