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INTRODUCTICH
BACKGROUND

Following a submission by Mr V., Arnold, Chairmpan, and
Mr A. Clarke, General Manager, Motor Accidents Board (MAB), Vietnria
to the House of Representatives Standing Committee on Road Safety
in August 1575 a meeting of Victorian (Motor Accidents Board and
Read Safety end Traffic Authority) and Commonwealth (Department
of Transpor%) officers was held to discuss uses of MAB data for
road safety research purposges. The Department of Tranaport
commissioned M.H. Cameron, Conaultant Statisticlan, to desipgn
a study using MAB data to evaluate the sffect of Australian
Design Rules 22 andi 224 (Head Restraints) on whiplash injuries
in rear end impacts, The MAB data were considered particularly
suitable for this study because whinlash injuries are more
likely to be reported to an injury compensation scheme than to
the Police.

The Department of Transport submitted the study design
to the Aoed Safety and Traffic Authority who accepted it with
minor amendmenta regarding an extenslion of the analysis to
congider possible disbeneflts of head restraintes in terms of
facial injuries to rear passengers in frontal impacts. The
amended study design was accepted by the Motor Accidents Beoard,
who supplied a magnetic taps file of claims related to accidents during
the financial year 1%74=75. The files wa=m analysed using the computer
facilities of the Road Safety and Traffic Authority by
J.P. Weasals, Computer Systemsa Ceonsultant of M.H. Cameron and
Associates, while under contract te the Department of
Transport. He was directed by M.H. Camercn, consultant to beth
the Road Safety and Traffic Authority and the Department of

Transgport.

This repcrt contains the results of that analysis.
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RUSTRALTAN DESTGN RULES 22 AND 224

Australian Design Rule (ADR) for Motor Vehicle Safety
No.22 required manufacturers te fit head restraints to the front
outboard seating poesitions of passenger cars and derivativas
manufactured on or after ' January 1972. Manufacturaears werse
permitted te fit either fixed (integral with the seat) or adjustable
hend regstenints,  To overcome problems of improper adjustment, ALK
Mo, 27A extonderd the original rule by apecifying a mimimum height
for head restraints. It applied to vehicles manufactured on or
after 1 January 1975. DMeost manufscturers satisfied ADR 224 by
fitting fixed resiraints.

HEIGHT OF HEAD RESTRAINTS

ADR 22 required that head restraints be capable of
presenting an lmpact surface between 23 and 27.5 inches (584 %o 59%mm)
Aabove the 'H' point, the simulated position of the hip of a 50th
perceantile adult male. ADR 224 requires that the upper boundary of
The impact surface be not less than TO0mm abeve the E point. The
static test method for beth rulss specifies the application of a
force at a point £35mm above the H point.

In an anthropometric study of 120 Australian adulzis,
Herbert and Corben (1977} measursd the height of the ear hole above
the H point. They claimed that 'the mass centre (of the head) s
usually considered to be located mid-way between the =2ar holes of
human subjects, although sye height is scmetimes proposed'. They
astimated the height of the ear hole of a 35%th percentile adult

male to be 593mm, with & population high limit {upper 55 per cent
confidernce limit) of 700mm on this sstimate. Thus it would sppear
that the top edge of head restraints installsd under both design rules
should be at lsast capable cof being positioned at or above the height
of the ear hole of 95 per cent of the adult male mopulation and
presumably a higher percentage of adult femalszs.

Fiezld data suggest that the proportion of ADR 22 hend
restraints which wers correctly positicned was considerably lowar.
The Office of Read 3afety of the Department of Transpert made avsilsble
results from survaeys of the height and adjustment of n2ad restraints
satisfiying ADR 22 conductad in Sydney, Melbourne and Adelnide late in
1S72 by the traffic sutherity in sach 3tate, 0Of 3000 drivers of
passenger cars and derivatives cbserved in Sydney, 3 per ceat nhad
integral (fixed) hesd resiraints, 12 per cent nad adiustaple, and
2 per cent had the agcessory {unapproved) Tym2. A head restraint was
recorded sz 'too low' if the top af the restraint was below the hotiom
of the ear hole of the occupant of that seat. An sdjustable restra’nt

r
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wag recorded a3 'down' 1f it was set at its lowest positien. Front
laft passengers were al3o observed in Melbourne and Adelaide,

Cnly 73 per cent of front cutboard seat cccupants were
observed with satiafactory height head restraints in Melbourne and
Aadelaide {Tahle I). Sydney data were not included in the table
because they pertain to drivers only and were not avallable for
integral rvestraints nor by sex and seating position. The fable
shows that integral restraints wers more likely to be satisfactory
{83 per cent), due to the low propertion of adjustable restraints
which were satisfactory when set at the down position (45 per cent).
However, adiustable restraints when set somewhers ahove this
position were satisfactory for 93 per cent of occupants. The table
alse shows that In general female occupants more freguently
hind aatisfactory height restraints, especially those with the
integral type or adjustable restraints set at the down position.

The above results can be conmtrasted with U.5. sxperience
with Federal Motor Vehicle Safsty Standard (FMVE3) No. 202 an
which ADR 22 was based. FMVES 202 made head restraints mandatory
squipment for passenger cars sold in the U.5. on and after
1 January 1969. In roadside cbservaticnes of 4583 drivers in
Los Angeles and Washington, 0'Neill et al (1972) fourd that only
10 per cent of male drivers and 29 per cent of female drivers had
their adjustable head restraints properly positioned behind their
heads. The criteria used are not given in the reference, Garrett
and Morris (1372) found that only 18 per cent of American occupants
in rear impacts had their adjustable head restraints in ihe up
position, in compariscn with the Australian 42 per cent implicit
in Table I. They alsc found that 73 per cent of head-restraint-
equipped U.5. cars had adjustable restraintsz, in compariscon with
5% per cent of like Australian cars (implicit in Table I also}l.
Thus, in comparison with U.8, cars satisiying FMVSE 202, Australlan
cars meeting ADR 22 were less likely to have adjustable head
restraints, were more likely to bte driven with such restrainis in
an up position, and possibly more likely to have such restraintis
satisfactorily positioned behind the heads of drivers and froni
laft passengers.

b
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. kable I: Number of occcupants observed With head restraints
= available and percentage with satisfactory height
restraints, in Adelaide (N=1639) and Melbourne
(H=418),

| - - FRONT DH&?EHE AND |
"|':|fF'E HEAD EEEI 4
ilj SR s EAS3mMGERS

Ab =] [
Male Female| Male Femalas Male Fama14 Both

ADIUSTARLE
1. Dewn pesition

{a} No. of 447 79 58 &3 505 142 847
occupanta

(b) Percent with|37.4 72.2 |ug. g E0.3 |38.2 66.9 lu4.s
satisfactory
reatreints

2. Up goaition

(a) MNo. of 349 E1 25 3= 366 o4 LE0
gecupants

(8) Percent withl|s2.7 g94.8 92.0 100.0 | g2.6 54.7 | 93.0
satisfactory
reatralints

‘3. Down or up
position

{a) WNa. of 788 140 a3 56 871 Z2I& 107
occupants

(b) Percent with{61.2 80.7 60.2 74.0 | B81.1 78.0 | 684.7
satisfactory
restraints

{a) HNeo. of £87 129 63 115 750 248 358
aceupants

(b) Fercent with|79.3 33,0 79.4 92,4 | 75,3 52,7 ! ap.7
satisfectory
restraints

A IPES

| {a) No. of 1875 2B9 148 215 1521 434 2'1C'51
cccocupants
(B) Percent with|59.5 B8&.56 68.5 84.2 | 839.5 85,5 | 73,z

gatisfactory
restraints




MATURE OF WHIPLASH INJURIES

"Whiplash' injuries are poorly defined. OCbjective
clinical cvidence of injury does not exist {n a typical case,
precluding a strict definition of the injury (States et al,

1972). Huelke and O0'Day (1975) summarised varicus descriptions
of the injury, namely:

+ cervical spraln syndrome,
flexion=torsion neck injury,
hyperextension/hyperflexion injury,
cervical hyperextenaion

It appeara that whiplash is a term reserved for miner ar
moderate neck injuries on the Abbreviated Injury Scale (Huelks
and 0'Day, “975) and that it is any minor fracture, disloca%tion,
sprain, or complaint of pain associated with hyperextension ar
hyperflexion of the neck,

The symptoms of whiplash injury are often delayed
hours nr days so that the injury i1s not evident at the scene of
the accident and hence may not be reparted to Folice accident
investigators (States et al, 1972). Thus Pzlice accident reports,
espaclally those based on an injury critericn for data collection,
would probably not adequately represent the externt of whivlash injuries
Injury reports based on follow-up interviews with cccupants irn
rear impacts (e,gZ., States and 3alcerak, 1973; McLeasn, 1373)
or on insurance cleima (e.z, O'Nelll e 8l, 1972] should more
accurately represent the incildence of whiplash injuries.
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Several studiea have indicated that women are
more susceptible to whiplash injury during rear-snd collisions
than men (Kihlbarg, 1969; States gt al, 1972; O0'Neill et al,
1972). Statea g% al suggested that this difference between
the sexes may be because the ratio of head mass to neck
circumference is greater among females than for malez. It was
alac suggesated that the following factors affect predispesition
to whiplash injury:

Zex

age
body build (sitting height)
cervical spine arthritis
geating positicn in wvehicle
position at moment of impact
seat back failure

vahicle crushability at rear

Camarcn and Nelscm (1977) ildentified seat belt wearing as

a further factor. They analysed a file of detailled injury
raparts on vehicle cccupant casualties killed or treated at
hospital during 1971-73 in Vietoria 4o determine the effect

on injuries of seat belts as actually worn under

compulacry wearing legislation. In rear end impacis, it waa
found that drivers and front left passengsrs more freguently
sustained whiplash injury when wearing seat belts (predominantly
lap/sash atatic type) than like occupants not wearing belts.

OTHER STUDIES OF HEAD RESTRAINT EFVELULIVENESS

There have been a number of studies aimed at evaluating
head restraints installsd under FMVSS 202, and twe detailed
raviews of these studies (Griffin, 1973; Compiroller Genaral
af tha United Sta*es, 1975). Table II summarises the studies.
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411 but the study by Fell (1972} concluded that head restraints
had at ieast some small effect in reducing whiplash injurles.

The data analysed by Fell (1972) and Garrett and Morris (1972}
pertain to severe injury-producing accidents., It 1= possible that
the effect of head restraints is less eaaily measurable in such
data because an occupant who aveids a whiplash injury may not
appear in the data file at all if he sustains no other injury.

Some of the studies indicated that head restralnts may
have besn more effective for women than men. For exampls, O0'Neill
et 8l (1972) estimated that head restraints reduced the frequency
of whiplash injuries in male drivers in rear-end lapascts by
10 per cent, compared with a reduction of 22 per cent for women

drivers.

Fell (71972) alsc considered possible disbenefits of
head reatraints in terms of facial injuries to rear ceccupants in
frontal impacts. He concluded that injuries associated with
contacts with head restraints were of comparable or lesser severity
than those asscciated with contacts with the seat back or side
interior. However, Griffin (1372) pointed ocut that if adjustable
head restreints had more commornly been in an up position than was
the case, then the steel bar supporting the head padding of such
restraints may have presented more of a hazgard to rear seat
occupants.

In March 1374 an amendme=nt to FMV33 202 was proposed
requiring head restraints to be of & certain minimum height (as
per ADR 224}, but as of January 1976 this amendment had not been
implemented [(Comptroller Genersl of +he United States 1976) and
it 1s understcod that this remains the current situation.

Huelke and O0'Day {(1375) reccmmended laboratcry and fisld studies
on neck injury mechanizms with hich-back szeats before concluding
that fixed head restraints reduce the frequency of whiplash injury.
They gquoted COfNeill =2t sl (71972} who found thet, at leas®t in one
vehicle type, the incidence 2f whinlash injury was greater in the
high-back thar low-back seats.

/B



Table IT: Summsry of U.3. studies to evaluate the effect of head restraints on whiplash injuries
{revised table from report by Comptroller General of the United States, 1976).
Reae ers B
Date of at Accident period Sample size .
report Tocation included in saople Rear  Uccupants —eneral conclusion
' acted
Aars
January 1972 Garreit and Morris
ACIR (Mote n) files-- 1953~71 (only accidents 961 1,302 A decrease (unspeci-
31 States. Trileval involving 1960-T71 fied) in the freguency
accident study files—— model cars) anf non-dangerous
western New York State. cervical injury
March 1972 0'Nelll et al
Insurance claim files Jan,-Sept. 1970 {only 5,663 5,663 18% effective for
-~ Los Angelesg acclidents Involwvin drivers drivers
1966--70 model cars
becember 1972 Fell
MDAL (Hote b) files—- 19668-72 200 353 No apparent reduction
various in injuries
June 1973 States and Balcerak
Follee accident re- Jan.-Apr. 1972 TED 206 14% effective
ports supplemented by
telephone interviews
and mail gquestionnaires--
Rochester, N.T.
1973 MclLean
Folice accident reports Apr.-Aug. 1971 563 TR0 Appear to reduce the
in MNorth Carolina supple- E frequency and severity
mented by additional data of injury in more mevere
and telephone Interviews rear end lmpacts
with occupants
December 1973 Joksch
t d - Not - Between 10 and 30%,most
ﬁéigidg; Texas accident 1971-72 ot stated 1ikely 15 to 2 '

effective



Table I1: {Cant.d4)

Note a) The ACIR (Automotive Crash Injury Research) file of about 85,000 injury-producing
motor vehicle accidents was developed from a study conducted by the Cornell
Aeronautical Laboratory, Inc. (Mow Calspan, Inc.), in 31 participating States betweeon
1953 and 1969. The trilevel files have been developed from a study in an
gight-county area of western Hew York since 1969.

lote b)

Multidisciplinary Accident Investigations, a major detailed accident and injury
data file sponscred by the Hational Highway Traffic Safety Administration =nd
Manufacturers Association, covering a small mumber of accidents. Teams of
specialists - including medical, legal, and engineering disciplines - mako
in-depth studies of selected accidents to obtain precrash, crash, and

posterash accident data on the occupant, the wehicle, and the environment.

Lhe Motor Vehicle
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Mackay (1975) commented that head restraints were not
used in sufficient frequency in Europe to allow any statistical
field studies of their velue up %o that time. However, Valvo
(1973} found that in rear-end lmpacta {0 their own current-modsl
cara {74 per gent with head reastraints fitted) in Sweden in 1972,
16 per cent (20 out of 126) of occupants with head restraints
had whiplash injuries compared with 35 per cent (16 out of 45)
af occupants without head restraints. The net effectiveneaa
{55 per cent reduction in whiplash frequency) was significant
at the 5 per cent level.
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DATA FOR THIS STULY

The data on which this snalysis was based were supplied
by the Motor Accidents Board (MAB) in the form of a magnetic tape
file covering 380338 claims for compensation related to accidents
during the financial year 1974=75. The file was translated to Le
compatible with computer facilities used by the Road Safety and
Traffic Authority and at the same time the fields shown in
Appendix A were extracted.

Wessels (1978) gives detalls of the codes for each of
the extracted fields as well ag frequency distritutions of each
of the wvzriables used in the analysis (see next chapter). Almost
14500 claime had information missing on cne or mors of the
following variables : vear of manufacture, date of birth, claimant
tvpe, type of acgident, and point of impact. The bulk of these
appeared tTo be claims which had been denisd. 3Such claims were
excluded from further consideration because the analysis reguired
that all of the above missing fields should contain valid date
(see next chapter).

Up to five injuries per claimant had been coded
according to the 8th Revision of the Intermational Classification
of Diseases (ICL). When the present study was first designed,
whiplash injuries were defined as:

- gprains and strains of other and unsp&cifieé--
parts of back (B47)
BLT.0 Weck
B4Y.8 Other
: B547.9 Unspecified
- other, miltiple, and ill-defined dislecstions {2392)
539.0 Cervical vertebra, simpls
539.1 " i compound.
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However, 1t was esatablished in a preliminary study
(Wessels 15728) that in the MAB datza the fourth digit (the decimal point
subcategory) waes very infrequently used. Hence, 1t was not
posalble to distinguish between declimal sub-categories and these
were combined to form a three digit injury code.

The following lergely non-whiplesh injuries, were thus
included with, and counted as, whiplash injuries:

- 839.5 Other location, =imple

Cocoyx Spine, except cervical
Pelvis Sternum

Sacro-1iliac {joint) Trachea

Sacrum Vertebra, except cervical

- B35.5 0Other location, compound

- B839.7 Multiple and fll-defined simple

AT Other ill-defined locations
Back Unspecified locaticn
Hand Multiple locaticns, except fingers alcne

and toesz alone,

= H33.8 Multiiple and {ll-defined, compound

- H39.9 te effsct, cervical wvertebra or aother.

However, according to s senicr data coder at MAB,
these injuries would have accounted for at most 20% of the injuries
in category 833, Unfortunately, there was insufficient time to
test thiz claim by, say, checking a2 sample of the data.
The other zategery used to code whiplash injuries,
847, contained only whiplash injuries. Since April 1977 it has been
the policy of the MAER to classify all whiplash injuries as 547T;
nowever, when the data used in the present ztudy were collected,
whiplash injuries were apparently somewhat indiscriminately
coded as either 839 or B47. It was therefore necessary to combine
830 and 847 and treat them together as whiplash injuries.
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wWhen invited to comment on a draft of this report, MAE
supplied details of their own investigation of the errcrs and
omizsions of data during the transfer of information from claim forms
and medical accounts to computer files (Appendix A). The
investigation related only to "in-coverage" claims (fatalities,
and claims for at least $100 total cost) from aceidents which
occurred late in 1977, but it was considered that the error rates
measured would be lower than those in 1974-75. Thus there may
have been considerable errors and cmissions in the data analysed
here, The suthors were ccnscious of this possibility when the
study was designed and accordingly developed a study design to
minimize the risk of invallid conclusions (see next chapter). The
method used was to limit the anelysis to internal comparisons
of the injuries of groups of claimants in the same data set;
there wes no evidence that the error rates differed between the
groups compared. However, the poor guality of the data, 1f this
was the case, may have asverely weakened the analysis and the
resulting conclusleons,

The lack of two Key variables in the MAB supplied datsa
also severely limited the effectiveness of the analysis and the
strength of the conclusions which followed. These variables were
seat belt wearing and impact severity. Cameren and Nelscn [1977)
showed that seat belt wearing had an effect on whiplash injuries.
Thus belt wearing should be controlled in any comparisen of
injuries to occupants with and without head restraints. It i=
also poasible that the effect of head restraints may be different
for occupants wearing seat belts compared with those who do not.
Furthermore, McLean (1973) showed that whiplash inJjurifes are more
frequent in severe rear-snd impacts. Mclean's results also
indicated that head restraints may only be effective in severe
rear-end impacts. On *he question of impact severity, urban/rural
location of accident (at least)} should have been availasble, but
this field was blank in gll records cf the data file supplied
(Appendix A).



STUNY NESTGN

APEROIACH

The baasic approach was to compare the frequencies of
whiplash (potential reduction) and heed and facial injuries
(potentlial inereases) of vehicle occupants exposed to head
restraints with those of similar occupants not exposad.
"Exposed" was taken to mean front ocutboard seat occcupants of
head restraint-squipped vehicles invelved in resr-end impacts,
ar rear seat cccupants involved in frontal impacts while occupying
vahicles with head restraints fitted to the front seats.

VEHICLES W HEALD R IN

Sedans and staticn wagons {so-called "private
vehicles) were the largest defirable group of vehicles in the
MAB file to which ADR 22/22A was clearly applicable. Occupants
of these cars mamifactured in the years 1972 onwards wers taken
as potentially exposed to head restraints. Year of manufacturs
in the MAB file was obtained from Motor Registration Branch
records as part of the procedure for emsuring claim eligibilizy.

Some manufacturers fitted head restraints prier to the
mandated date (1 January 1972}, as part of a change in model
run. Appendix C indicates that this practice did not cause
severe contamination (head restraint fitted) of pre-1372 cars
and essentially did not extend back bevond 1971 models. Accordingly,
pre=1972 cars ware taken a2 having no head restraints for the bulk
of the analysis. However, for some critical aralyses, the
contaminated 1977 models were eaxcluded from the po head restraint

group.

Consideration was also given fto separating the ACDR
22/22A cars intc those with adjustable and those with fixed head
restraints. However, the limited information on private venicle
type {(make, bedy type, number of cylinders, and vear of
manufacture) in the MAB file prevented this. There were also
insufficient 1975 cars in the file (1974-75 ¢laims)] to enable
a zeparate evaluation of ADR Z2A.



OTHER RELEVANT AUSTRALIAN DESICN BULES

A number of other ADRs gimed at reducing injuriss came
into effect at the same time or within a vear of ADR 22:

2. Door Latches and Hinges (1 January 1971)

T, Seat Anchorages (1 January 1971)

4, Seat Belts - Rear Seats (1 January 1371)

a, {Windscreen) Safety Glass (1 July 1971)

104, Steering Celumns (1 January 1971)

10B. Steering Columns (1 January 1973)

1. (Padded) Sun Visors (1 January 1972)

14, (Breakaway) Rear Vision Mirrora (1 January 1972)
21. Instrument Panels {1 January 1973)

The effect of these design rules may have contaminated the effect
of ADR 22. Mcst of these design rules were aimed at reducing
injuries to front seat cccupantsin frontal impacts, or preventing
ajection of ocecupants whese vehicles rolled-over or spun.
Fortunately, such occupants and crash circumstances are not those
for whom head restraints may have a benefit (or disbenefit,

g8.g. Tear occupants in frontal impacts). However, such cccupent-
crash combinations could not be conaidered as control occcupants
either {(see next section).

-~

The two exceptions were ALR 3 (3eat Anchorages) and ADR
(Seat Belts - Rear Seatg). The first design rule was intended,
amongst other things, to make 3eat backs stronger and this could
have affected whiplash injuries in rear impacts (States et al,
1972). However, it i3 understood that ATR 3 in general only
formalised current practice and represented no real design change.
ATR 4 reguired that cars manufactured as from 1 January 1971 should
hove, in addition to the front oeats, seat belis filied in tbe rear
seats (lap/sash type in the outbecard seating positions). While
Boughton, Cameron and Milne (1978) have shown that the wearing rate
of fitted belts in rear seats was low in December 1975 (25 to 48
per cent), the sffect of head restraints on injuries to rear seat
passengers involved in frontal impacts may heve been contaminated
by increased seat belt use in the ADR 22 cars.



CONTROL OCCUPANTS FOR IMPACT STWERTITY

Becausea impact sgeverity sculd mot be controlled in
the analysis, it was decided to consider alsc the injuries of
a control group of occupants in ADR 22 cars compared with
those in pre-ADRZ2Z cars. Tnese control osccupents and their crash
clroumstances were chosen such that neither ACR 22 nor any other
ATR coming into effect at or about the same time (see previous
section) would be relevant to their injuries. Then any differences
in thelr injuries in ADR 22 cars compared with pre-ADR 22 cars
would be a measure of differences in impact severity.

The control occupants chosen were:
rear occupants in rear-end impacts, and

. occupants in side impacts to the passenger
compartment,

Clearly the first cof these was a potentially better control group
becayse it related to the same crash circumstances {(rear-end
impacts) in which any potential benefit of head restraints was
likely to appesr. However, it was recognised that rear-end
impacts were relatively rare crashes and rear seat occupancy was
also relatively rare. (This fact preventsed & more rigocrous study
design in which consideration of the injuriss of front seat
occupants in rear-end impacts 13 limited to those accompanied by
rear seat passengers.; The availability of seat velts in the rear
seats of ACR 22 cars due to ADR 4 (see previous section) compared
with relatively few of the pre-ADR 22 cars may also have affected
the injuries of rear seat passengers in rear-end impacts. Hence,
side impacts to the passenger compartment were alac considered,
but it was recognised that any differences in injuries would measure
only differences in the crash sevarity snvironments (e.g., urban/
rural) of ADR 22 cars compared with pre-ADR 22 cars.

It was not possible to define a group of control @ccupantis
for fronmtal impacts. Injuries to front seat occocupants in frontal
impacts were potantially affectsd by at leaast ADRs 2, 104, 10B, 11,
14 and 271 {see previous section) which came ints effect at or about
the zams time asz ADE 22,
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ANALYSIS

CRITERION VARIABLES

The criterion variables were the separate proportions
of (a) whiplash (b) head (c)} facial injuries sustained by
claimants in the financial year 1974-75. The proportions that
these injuries represented of totel injuries were calculated
for the occupants of passenger cars and station wagons
manufactured in (1) 1969-71 versus those manufactured in
(2) 1972-Th.

This choice of criterion variables was made necessary
by the absence of information on uninjured occupants in the
data file and the lack of such information from other scurces.
The criterion variables zuffer by including the criterion
injuries in beoth Their mumerator and dencominator. Thus they
would lack sensitivity to any change to the risk of sustaining
one of the criterion injuries in crashes of a given severity.
For example, 1f the proportion of azll injuries which were
whiplash was 0.5 (approximately correct for front cutbeard seat
ocecupants in rear-end impacts - =zee HResults chapter) and the
risk of whiplash injury was reduced by 50 per cent, then we
would expect to find the proportion of injurfes which were
whiplash reduced by only 33.3 per cent. The lack of sensitivity
iz less critical for injuries which represent only a small
proportion of the total.

The critericn injuries were defined in terms of the
8th Hevision of the International Classificaticn of Diseases:
Chapter NXVII, Accidents, Polsonings and Violence. This Ilnjury
coding system is summerised in Appendix B. The definitions of
the criterion injuries are given in Table III.
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CONTROL FOR SEAT BELT WEARING

To atftempt to cope with the absence of seat belt
wearing information in the MAB file, the pre-ADR 22 cars in the study.
were restricted o those manufactured in 1969 and later, since these
vehicles should have had lap/sash sest belts fitted to the front
gutboard seating positions, under ADR 4, Consideration was given
to relaxing the restriction on the pre-ADR 27 cars to thone
manufactured in 1965 and later, since under the Victorian seat
belt retro-fitting legislation (effective from February 1574),
lap/sash seat belts were required <o be fitted to the front
outboard seating positions of all cars manufactured between
October 1364 and December 1968, However, Beoughton and Cameron
(1978) showed that this legislaticn had had only a small effect
as at December 1575. It had not resulted in 100 per cent fitting
to the fromt _outboard . seats. B —

Thus, all drivers and front left passengers (in both
ADR 22 and pre-ATR 22 cars) in the study should have had lap/
sash seat belts fitted to their seating positicns and, of
course, provided they were aged 3 or more, they were equally
obliged to wear those belts under the compulsary seat belt
wearing legislation.

COMTROLS FOR INJURY SUSCEPTIBILITY

Slates el al (1972) listed a number of human varlubles
which they suggested may affect susceptibility fto whiplash
injury. Twoe wera aveilable in the MAB file:

28X
age (derived from birthdate and accident date).

An imbalance of sither or hoth of these factors amcng
peoupants of ADR 22 cors compared with pre-AIR 27 cars could
have invalidatied the qu;uatiqn 2f the eifect of head
restraints, It was planned to consider the sex and age
distributions of the occupants of sach seating position in ths
two groups of cars and, 1f the distribution wers significantly
differeat, to control for the offending variable (e.g., s=x)

by pertitioning The analysis according to the variable

(e.g. treating male and famale occupants zeparately).
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Definition of the critericn variables: (a) whiplash
(b} heed (c) facial injuries.

{a) Wniplash Injuriss
. Whiplash (minor neck injury only)

sprains and strains of other and umspecified parts of
back: 847
obther, multiple, and ill-defined dislocalions:  d34.

+ Major neck injury

fracture and Iracture dislocation of vertebral column
without mention of spinal cord lesion: 805

fracture and fracture dislccation of vertebral column
with spinal cord lesionm: B0E.

(b} Head Injuries

« Skull fracture

fracture of vault of skull: 200
fracture of base of skull; 801
other and ungualified szkull frecture: 207,

Ceonecussion: B257,

« Majeor invracranial

-

Cerebral laceration and contusion: E51
Subarachnoid subdural and intradural haemorrhage,
following injury (without menticn of cerebral
laceration or conmtusion): 8&52

Other and unspecified intracranial haemorrhage
follewing injury (withou* mention of cersebral
laceration or contusion): 2353

Intracranial injury of other and unspecified nature:

{z) Feelal Injuries
Major facial

Ooen wound <of eye and orbit: E70Q

Enucleation of eyai: 571

Open wound of ear: S7E2

Fracture of face bones: BC2

Multiple fracturen involving skoll or face wifh
other Loneg: B0

Dinloentbtion of the Jows  HH),

854



. 0Other and unspecified laceraticn of the head: 373.

Minor facial

- Superficial injury of face, neck and scalp: S0
- Contusion of face, scalp, neck (except eye): 3920
= Contusion of eye and orbit: 321

- Injury to optic nerve(s): 950

- Injury to other cranial nerve(s): 951.

CRASH TYPES CONSIDERED

Crash types ware defined in terms of a classification
gystem for (1)} peint of impact snd (2) Road User Movement (RUM)
code. The former was developed by the Motor Accidents Board (MAR)
and the latter by the Victorian RAecad Safety and Traffic Authority
(RoSTA). These classification systems are described in Appendix D.

Injuries resulting from three different types of crash
situationa were considered:

{a) REAR END IMPACTS: accident type 1=z rear and (RUM's 33, 35
37, 51, 52, 53) and polnt of impact iz at rear (Code 5)

(0} SIDE IMPACTS: accident type is right angle colliszisn (RUM 21)
and point of impact i3 passenger cabin (Codes 3 & 7); and

fe) FRONT END IMPACTS: accident type is front end (RUM's 21, 22,
31, 33, 35, 36, 37, 51 to 57, 59, &1, T2, T4, 77, =2, 84, a5,
88, 8%, 92, 97) point of impact iz at freont (Code 1).

SUBJECT GROUPS TNVESTIGATED

(1} Fromt outbeard occupants in crash type (a).
Purpose: (i) toc investigate possible reducticn in whiplash
injuriss and {i1] te investigate possible dishenefits in terms
9f facial and head injuries.

b1
1

(2) HReer passenger in crash type (a)}. Purpese: (i) <o investigate
possible disbtenefitas in terms of facial and head injuries;
end (ii) as a control group for impact severity.
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{(3) Freat cutboard cccupanta in crash type (b].
Purpose: =24 8 control group for impact geverity.

{4) Hear Passengers in crash type (c). Purpose: to invgafigate
possible disbenefits of facial and heed injuries.

STATISTICAL TEST METHODS

The statistical significance of the changes in freguency
aof the target injuries were tTested by the 2 x 2 Chi-square test of
independence. For each type of crash, the frequency of each
specific injury type was always compared with the total number of
8ll injuries for that crash situation.

In the case of whiplash injuries in rear end impacts
a one directional, i.#2. a one-tailed statistical test, was used.
That i3, £t was assumed that head restraints would not have a
negative affect on the incidence of whiplash injuries in rear end
impacts. In all other cases a two-tailed Chi-sguare test of
significance was used.

The sTatistical significance of the possible effect of

the controlling variables sex and age (3 levels) was tested using
2 % 2 and 3 x 2 Chi-sguare tests, respectively.

ACCIDENT PERIQD

The beginning end end of the accident period could have
been arbitr&rfifﬂEhaaen. as long as the data had been
recorded in a consistent way throughout the periocd. It was
understood that in the pericd from 12 February 1974 up to June 1574
the data coding systems were still peing refined. After June 1574
the system stabilised, especially the coding of injury data. When
the study was originally desigred in 1975, it was thought that the
financial year 1574-75 would be the test choice for the accident
period. It is the data of this financial year which the MAB
supplied to RoSTA and on which the study was based.
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Unfortunately, this cheice of accident perisd excluded
the posalbpility of evaluating ADR 22A, which was instifuted on
1 Jarmuary 1975, separately. The data Included too faw injured
occupants of vehicles manufactured after this date: 15, &4, 41,
respectively, for rear end, right angle side and front end impacts.
it was decided to exclude from the present study the vehicles
manufactured after 1 January 1975.
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NUMBER OF INJURED OCCUPANTS {SUMMARY)

The number of MAB claimants in 1574=75 cccupying
passenger cars and station wagons manufactured in 1969-74 involved
in rear end, front end and right angle side impacts, are given
in Tables IV, V and VI, respectively.

Table IV Number of lnjured occupants by sex and seating

position in rear end impacts.

Driver gﬁgﬁie %ﬁgﬁt Rear |Unknown | Total
Male 353 a 63 54 1 473
Female 286 18 252 122 2 680
Total 633 26 315 176 3 1159

Table V Humber of injured occupants Yy sex snd seating position

in front end impacts.

Driver %;E;:E %igﬁt Hear Unknown Total
Male B4A 23 289 182 12 1335
Female 364 41 499 258 B 1168
Total 1212 Bl TEE L40 18 2502

Table VI Number of injured occupants
in right angle side impacts

by sex end seating position

(nearside and offside

combined)
" centre Left - T o
Driver Prant Fromt Rear Unknown Tatal
b Male 152 - 43 43 4 242
Female 10% 10 112 75 - I035
Total 257 10 155 113 4 BLE




As can be seen from Table VII, approximately twice as
many persons were injured in vehicles ilmpacted in the front than
those impac+ted in the rear. The mumber of injured occcupants in
right angle offside and nearside !mpacts combined were again
approximately half as many as those in rear impacts. The pattern
of the diztribution of the nmumber of injured persons acroszs the
differeant seat posltlons were conslstent across the four types of

impacts.

lable VII Frequency percentage distribution of injured persons
by seating poaition and type of impact for accupants of
passenger cars and station wagons manufactured in 1389=T74.

| Seating Position !
" ?we o Cent L "
mpact entre eft All seats
t e Driver Front Front Rear Unknown wombined |
Rear end 18,2 0.5 7.5 4.2 0.1 27.6
Front end 2B.8 1.5 18.3 10.5 0.4} 53.5
Right angle 2.5 0.1 1.2 1.0 0.0 | 4.8
offside I _
Right angle 3.6 0.2 2.5 1.8 | 0. B.2 4
nearslide |
All {mpacts 50.1 | 2.3 29.5 | 17.5 0.6 | (Nab206) !
combined ! : :

REAR END IMPACTS

The detailed frequencles of the criteciun injuricoc In reer el
impacts are given in Appendix E. In Tabls VIII results for male and
female occupants are combined,



Table VILJ REAR END IMPACTS:

Criterion injuries as 4 percentase of all injuries

(oo lumn

percentages) for cccupants of private vehicles manufactured
in (1% [969-7] versus those manufactuged in (2) 1972=T4.

Drivers Front Frent Rear Unknown Total
Cantre Laft
*(N=639) (N=286) (§=315) | (N=176) (hi=3) (N=1161}
e Tl @ o t@la e T @ o @
| | | .
Whiplash | 48.7 | 47.8 (16.71 36.4 (48.0 [39.9|29.8| 24.4 - | - 64,3 | al.
1
Majnt
neck injury| 0.3 ] = - - - - - - - - 0.1 -
| Head 1 i
Injuries** (11,5 [ 11.5 | 8.3 27.3 [13.2 [10.4(23.4( 16.7 | - - 13.9 | 12.:
Total atl
other

injuries |39.5 |40.7 [75.0 6.4 [38.7 |49.7 46.8 | 58.9

Total ! i

injuries (390 | 339 24 [l 2064 (163 124 |90

100.0{ 100.0{41.7 = 46.¢

* i = pusber of injured occupsnta,

*% Head, facial and skull injuries.

Table IX REAR END IMPACTS:

Whiplash injuries (major and minor combined) as a percentage

of all injuries.

YToar of manufactura

J

1971 1969=70 1969=71 1972-74

Driwvers GE. 2% 49, 4% 59.0% 47 BT

! Front Lleft
| passengers J Lb, A% 44,97 8. 0% J9.9%

|

2,743 605

! — ke T — i e



be Whilplush Lojuries

The reduction in the propertion of whiplash injuries
imajer and minor combined) for drivers, from 49% to 47.3%, was
not significant. For front left passengers the reduction in
whiplash injuries from 4% to 39.9% approached statistical
significance (p40.1 with a one tailed Chi-square test).

2. Wnhiplash [ iag when Vehicle Ffacturmad in 1971 were
Excludad

A 2mall proporticon of vehicles manufactured in 1371 were
fitted with head restraints. When vehicles mamufactured in 1971
were excluded, there were larger reductions in the percentage of
whiplash injuries. The proportion of whiplash injuries for
occupants of vehicles manufactured in 1965-70 was higher than
those of vehicles manufactured in 1971 for both the freat outbeard
seats (Table IX).

5. Head Injuries to Front Seat Occupants

As can be seen from Table VIII there was no overall head
injury disbenefit due tTo the fitting of head restraints either
for drivers or front left passengers.

An increase in concussion from 2.0% to 3.0% and skull
fracture from 0% to J0.2% for the occcupants of the two outboard
front seats combined, was not statistically significant
{Table E7, Appendix E). Theres was a decresase for every other
type of head injury for cecupants of these two seat positions
combined.

The increase in the proportion of head injuries for
front centre passengsrs {Tahle VIII) was not statistically
gignificant. I%t should be noted that thesre were so few centre
front passengers that The test of significance may not be

meaninglul.



4. JFugial Injuries to Hear Seatl Pasgengers

There was a decrease in the proportiom of total head
injuries for rear seat passengers. Only one head regicn injury
increased: Minor facial injuries, from 5.6% to 7.8%; this change
was not significant. When major and minor facial injuries were
coembined, the increase in facial injuries was reduced: 7.:2% to

7.u% (Table ES, Appendix E}.

5. Hear Seat Passengers as a Control for Impact Severity

The difference in the propertion of whiplash injuries
for rear seat passengers in rear end impacts (Table VIII), was
not statistically significant. This indicated that the severity
of impact in rear end accidents for early and late model vehicles

were comparable, T e e e

FRONT END IMPACTS

The detailed frequencies of the criterion injuries in
front end impacts are given in Appendix F. In Table ¥ results
for male and female gcoupants are combined.

1. Wniplash Injuries

There was an increase in the proportion of whiplash
injuries (major and minor combined) for drivers from B8.2% to 12.4%
and for front left passengers from 8.0% to 11.0%. The former result
was statistically significant (p<£C.01), whilst the latter was not.

2. Head Injuries to Front Seat Occupants

The changes in overall head injuries were neot significant:
an increase for drivers and front centre passengers and s decrease

for front left passengers.

For the types of head injuries most likely to be affected
by head restraints: (1) consussion, (2) major intracranial injury
and (3) skull fracture; the resulis were as follows: -

Drivers: an increase in all three categories; however,
only the change in (2) was significant (p < 0.05).
(Entries 2a, 2b, 2¢ of Table 74),



Front left passengersz: a nun-significant increase in (1),
a non-significant decrease in (2), and (3} unchanged.
(Entries 2a, 2b, 2c of Tabls F5),

3, Facial Injuries to Rear Se

P

SEngers

For rear seat passengers there was a decrease in every
category of tepad-facial-skull injuries, except concussion(unchanged),
and minor facial injury (a non-significant increase) [Table FG).

Tahle X. TFRONT END IMPACTS:
fritarion injuries as a pefzentage of all iaduries (column percentagaes)
for sccupants of private vehicles mapufactured in (1) 1989=T71
vergus those manufactured in (2} 1972=74,
Orivers Front Fromt Bear Unknowmn Toeal -I
r.:-EI'Itj:- Left 1
\Ma]7181 N=hi ! =770 (=440} {H=18) (M=1508)
. (1} (2} (LY | (2) (1) (2 (1) (2) (1) {2} (L} (2}
I
| thiplash | 7.9 | 12.1 34 |12,9| 7.4 | 9.6 3.1 5.5 | - - 6.7 10.1
" Major aeck i
Ciajury 0.2 | 0.3 - - |06 313 |07 0.7 | - | 0.4 0.5
! Head
| Imjuries 23,5 24.4 22.4 |22.6(25.3 [i9.3 33.8 |26.5 13.3 |33.3 [25.4 23.13
. Total all 68.3 |63.2 |74,1 |64.566.7 |69.7 |62.5 167.3 |66.7 p6.7 [67.5 | 65.9
Iuth&r injuries r
| Total |
i injuries 807 783 58 31 538 |ase 293 @mn B 12 1705 1554

Table XI. RIGHT ANGLE SIDE IMPACTS:

Target injurias as & percentage of all injuries {columm parcentages)
for occupanta of orivate wahicles manufactured im (1), 1969=71 versua
those manufactured In (2), 1372=74.

e Fromt

Toenl

| Beivers Front Raar Liknowmn
i Cantre Laft
! (M= 257} {N=10} [N=155) (N=118] {N=4) (H=345)
i @ [ P al | (D) (1) | (2) (1) 1{2) (1} | (2
! tmiplash; 10.2 |Lﬂ,3 - - 4.9 3.0 8.3 | 2.3 33.3] - 7.7 6.2 |
i | '
EHB]GI negk 0.5 . - - - - - - - - ! - 3.2 - i
| injury , | I
i f- .
tHnad 25,4 515.# 16.7 25,0 13.6 17.2 [23.0 | 12.% Eﬁ.TE 50.0 .20.5 24 3|
| lajurdas 1 ! | | i |
! |
| Toral | 67.9 [74.4 p-3 5.0 #9.5 79.8 |58.8 |64.6 - | s0.0 [11.4 |73.5
call achex f : l
|1njurie:' t | :
| fotal lye | 134 |l'1 4 L:: 111 HiY iy 1 1 I.:] i Had)
| injuries | i | | | i




RIGHT AMWGLE SIDE IMPACTS
The detailsd freguencies of the criterion injuries in

right angle side impacts are given in Appendix G. In Table XI
recults for male and female occupants are combined.

Head Injuries

The increases in the proportions of head injuries for
front lef: and rear passengers {(Table XI) were not statistically
significant. Also the decrease in head injuries for drivers was
not statistically significant. There were tco few head Injuries
for cen*re front cccupants toc carry cut meaningful tests of
statistical significance, For the combination of driver, front
1eft, and rear seat occupants, the proportion of head injuries
For early and late model wvehicles was essentially egual ¢ 20.&
and 20.7 per cent, respectively.

NEED FOR CONTROLLED AWALYSIS OF REAR END IMPACTS

1. Age of occupants
For the driver and front left seating positions, there

was no asscolation between the age of the injured occubants and
the early and late model wehicle groups. However, for the rear
seat passonpers the older vehicles had a larper percentape of
injured ccoupants under 16 years of age (57.7%) than the later
model vehicles (36.9%). This difference was statistically
gignificant {(p < 0.01).

Even though age was not uniformly distributed for rear
seat passengers the subsequent analysis was not controlled for age.

2. Sex of cccupants
For all seat positions combined, there was a larger

number of female than male injured occupants. However this
distributicn was not uniform for the different szeat positions:
males were more ikely to be driverz, whilst females were more
1ikely to be nassonrers (Table XIII).

Drivers of the later model cars were also more likely %o
be male than drivers of early model vehicles {[Table XIV) and thi
result was statistically signifizant (c<0.01). For front left
passengers, There was no associaticon between sex and vyear »f

marufacture. Finally, rear passengers were more likely to be
females ir late than early model vehicles (pd 0.08).
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The interaction between sex of ocoupant, seat position
and vehicle year of manufacture required that sex = controlled
for in the subszeguent analysis.

Tahle XII HEAR ZND IMPACTS:

thamber of injured cccupants in each age group for

y .
Centre | Left o 1
Orivars Front Frant ‘ Hear [ Jnkriownl | Total
Male 55, 2 0.8 20,40 | 30.7 | 33.3 41,73 |
Famale L4.5 585.2 a0.0 ] A3.3 |  BB.T S5, 7
TOTAL 3% 26 315 P 176 i 3 1159

(1} earlier model vehicles 1969-71 and (2) later
model vehicleas 1972=Th.

Srackats),

{Column percentages in

Drivers Front Laft Hear Tntél
(1] 2] [&D] B2 L&D [EN 1)~ (2]
Less than| 3+ % 6 5 5 12 f &4 | 20
3 years | (0.9) | (1.0} | (3.3) [(3.7) | (353.7) | (46.4) | (7.1) (3.3
% Ehru ; - 14 7 25 TR
16 years (7.8) |(2.7) | (24.q) | (20.5) | {5:3}! {4, 3)
17 thru 252 237 122 31 28 3z Loz 3
49 years [74.3) | (79.0){67.8) K66.3) | (28.3) | (L5,2) jEEh.E} (75?%
50 thr: a4 59 6 33 13 T 0
99 vyears [24.8) (19.7)M(20.0) [24.%) {12.5) [ {17.8) 521.3JI{EG.E
Age - 1 2 - 3 - g 1
Urknown (0.2 (1.1) (2.9) fo.8) | {0.2)
TOTAL 336 | 200 180 136 104 73 | 623 509

* These cases may be due to miscodings of claiment type and/or

date of birth.
Table XIII HREAR END IMPACTS: Sex distribution by seating

position (column percentages)
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TABLE XIV  REAR END IMPACTS: Sex distributlon by seating position
for (1) earlier model wvehicles 196%-71 and (2) later

model vehicles 1972=T4,

Drivers Front Left Hear Total

(13 (2) (1} | (2) (1) j(2) (1) ((2)
Male 50.1 | &1.0 | 19.6 | 20.6 | 36.5 [22.2 |39.1 |44.7
F-Eal:llale ll'.ll'gi-g 39+D BD-EI- TE'.ilr 53‘15 TT!E E'Uig 5513'
TOTAL* 23G9 200 173 136 104 72 B22 508

* TOTAL = Total number 2f injured occupants.

CONTROLLED ANALYSIS OF REAR END IMPACTS

In Tables XV to XVII (below) the major and miner neck
injuries of the tables of Appendix E were combined. There was cnly
one major neck injury in rear end lmpact accidents (Table E1).

1. Whiplash Injuries
There was & reduction in the proportion of whiplash injuries
for mele drivers but not for female drivers (Table XV). Neither
of these results was statistically significant.

Table XV  REAR END IMPACTS : Criterion injuries as a percentage of
all injuries (column percentages) for drivers of private

vehicles.
Male Female !
1965-T1 1672=T4 1969-71 1972=74
(Me170) (N=183) {(N=163) (N=117)
Head InJjuries® 12.8 12.5 10,3 1c.8
Total of all |
other injuries 38.5 42.5 k0.5 | 38.1
Total injuries 1G5 200 195 139

For the front left seat there was g reduction for both male and
female occupents in the proportion of whiplash injuries (Table VT,
The decrease in the proportion of whiplash injuries o females

from 51.6% to 41.7% was statistically significant (p<{ C.05).
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Tacle XV¥I REAR END IMPACTS : Criterion injuries as a percentags
of all injuries {column percentages) for front left
passengers of private vehicles.

Male Famzle
1969-71 | 1972-74 196971 | 1972-74
(N=35) (N=28) (N=14d) | (N=108)
Head injuries 18.6 16.1 11.8 9.1
Total of all
ather injuries L6.5 1.6 36.6 Le,2
Total injuries | 43 31 161 132 |

2.

Head Injuries to Front Seat Occupants

As can be seen from Tables XV and XVI

there was no oversll

head injury disbenefitf due to the fitting of head resiraints either
for drivers or front left passengers. The small increase in head
injuries for female drivers from 13.3% 4o 10.82%, was due Toc an
increase in concussicn from & to 5 or 2.1% to F.58% of zll injuries.
This increase was not statistically significant.

3. Hear Saat Pasgunsers gz a Contrcl for Impact Sevaritcy

The trend in whiplash injuries for rear passengers was
an increase for male cccupants and a decrease for female occupants
(Table XVII); neither change was statistically significant. Thus
it would seem reascnable to assume that the severity of impact in
rear end accldents was comparable for early medel vehicles
(1969-71) and late model wvehicles (1972=T4).

Iable XVII  REAR END IMPACTS : Criterion injuries as a
nercentage of all injuries (ceolumn percentages)
for rear vassengers of private vehicles.
Mals Female
1569=-71 1972=T4 19689=-71 1972=-T4
(H=38] (H=16) (=66 ) (=56}
Whiplash 23.5 25.0 i 33,3 24.5%
Head Injuries 34.8 5.0 | 16. 154. % L
Total of all % |
ather injuries £1.3 .0 | 5C.0 gl.&
1 Total injuries LB -1 | TE s |
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DISCUSSION

The evidence for an effect of ADR 22 in terms of
reducing whiplash injuries sustalned in rear end impacts appears
to be weak. There was no evidence for a redustion in whiplash
injuries to drivers and only weask evidence of such g reduction when
front left passengers cof all types were considered. When the
pre=ADR 22 group of cars was purified by excluding 1971 model
vehicles (a small proportion of which were fitted with head
restrainta}, the results were substantislly unchanged.

However, drivera injured in rear end impacts to ADR 22
cARr8 were mors likely to bte male compared with pre-AOR Z2 cars.
When sex of driver was controlled, there was still no evidence
for a reduction in whiplash injuries te either sex. In contrass,
among front left passengers (of whom 20% were female), the
reduction in the properticn of whiplash injuries when ADR 22 cars
were compared with pre-ADR 22 cars was statistically significant
for female passengerse but not for males. Thus, there was evidence
for an effect of ADR 22 on whiplash inJuries in rear end impacts
among female front left passengers only. This finding seemed
incensistent with (a) the non-significant increase in the proportion
of whiplash injuries tc female drivers invelved in reer end impacts
(who exceeded in number the female front laft passengers in rear
end impacts) and (&) roadside survey results indicating that
female drivers and front left passengers were approximaiely equally
protected by their head restraints (Table I).

There was no evidence that ADR 22 cars were lovolved in
more or lesa sewvere rear end lmpacts than pre-alR 22 cars. The
reduction 1n the proportion of whiplash injuries to rear seat
asccupants {(to whose seats ADR 22 4id net apply) of ADR 22 cars
in rear end impacts compared with like occupants of pre-ACR 22
cars was not statistically significant. However, the rear seatl
vocupanks of the AR 22 cars were mors likely to be female and
were older compared with the pre-Alfa 22 zars. They were also more
1lkely to have nad a seat Delt avallatble. When sex of rear seat
oococupant was conirolled, the above result was substantiaslly

unchanged.
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Furthermore, differences in the preopertions of head
injuries sustained by fronmt outboard seat cccupants invelved in
right sngle side i{mpasts to ADR 22 cars ccmpared with pre-ADR 22
cars were not statistically significant. Hence, there was no
evidence that pre- and post-ADR 22 cars were involved in crashes in
different crash severity environments.

There was scme evidence of disbenefits in cars with
ADR 22, though not in the crash circumstances originally
hypothesized. There was no evidence for an increase in head or
facial injuries to rear seat passengers when AR 22 cars were
compared with pre-ADR 22 cars, neither for front end nor rear
end impacts. Similarly, there was no evidence for an incresse
in head injuries to drivers and front left passengers involved in
rear end impacts. However, there wag avidence of disbenefits to
drivers of ADR 22 cars involved in front end impacta. Such
drivers sustained statistically significant greater proportions
of whiplash and major intracranial injuries than like drivers of
pre=ADR 22 cars. However, it was not possaible to test directly
whether <hese two groups of drivers were invalved in crashes af
equal saverity.

Cameron (1975) observed a related result in & atudy of
the effect of ADRs 104 and 10B for steering coclumns. These ADRS
applied to cars manufactured in 1971 or later years. Thus there
was considerable correlation between ADR 22 and ACA 10A/B in terms
of date of lmplementation. Cameron found that the severity of
head injury (=kull or intracranial injury, but not facial injury)
of non-ajected drivers who contacted -steering assemblies in
frontal impacts was greater than expected in ACH 1045 cars,
gspecially in smell cars and for female and belted drivers [who
tended to bhe one and the same group of drivers). There is no
evidence that the incressss in the frequency andfor severity of
head injury to drivers were duese to ADR 104/E or ADR 22 sr any
other partizular vehicle design change at the time.

Apart from the one or two unexpected results (ses
discussion in senultimate paragraph above), there was no evidence
that the MABR =supplied data were sufficiently lacking in gualfity
to produce erroneous conclusions.
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The absence from the MABR data of information on
{a) erash severity and (h) seat belt wearirg has limited the
conclusions from this study to being suggestive, not definitiva.
We have attempted to overcome the above deficiencies by {a)
additionally considering changes in the injuries toc 'control'
occupants, as a proxy for differences in crash severity, and
(b) limiting the study to cccupants of cars with seat belts
fitted in the front cutboard seats (when first registered). Wwhile
thers was no evidence that ADR 22 cars were involved in crashes
of different severity to pre=ADR 22 cars, we consider that the
method of contrel occupants i8 a3 poor way of measuring such a
difference. As far as seat belt wearing is concerned, we do not
know whether limiting the study to cars with belts fitted was
successful in controlling this wvariable, but the restriction con
the data did have the unfortunate effect of eliminating a large
amount of information on injuries in pre-ADR 22 cars.

The absence of crash severity information from any
injury=-based road accident data system may severely limit the
inferences which can be derived from that system. If, at a given
level aof crash severity, a countermeasure (e.gz. head restraints)
ig effective in reducing the probsbility of a particular injury
(e.g. whiplash)] and the injury frequently occurs alone in the
crash circumstances (e.g. whiplash in rear end impacts)}, then car
occupants successfully protected by the countermeasure may not
appear among accident data whichn have personal injury as the
eriterion for selection. Thus, the propertion of injured occupants
who sustained the particular injury would lack sensitivity to the
effect of the countermeasure when iInJjured occupants who had the
countermeasure available are compared with those who did not.

If, however, a measure of crash severity was avallable in the
data, then car cccupants sustaining the particular injury in
the presence of the countermeasure (assumed effecilve) would have
been involved in more severe crashes Than like occupants without

the countermeasurs avallshle.
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CONCLUSIONS

There iz weak evidence that ADR 22 is effective in
reducing whiplash injuries sustained in rear end impacts.
The affect appears to be almost entirely confined to
benafititing only female occupants of front left passenger
seats.

There is no evidence of disbenefits due to head restraints
installed under ADR 22 in terms of head or facisl injuries
to rear seat pessengers. However, there i3 evidence

that drivers involved in front end impacts are more likely
o sustain whiplash and major intracranial injuries in

ADR 22 cars compared with pre-=ADR 22 cars.

The abszence from the MAR data of ianformation on crash

geverity and seat belt wearing limits the abeve conclusions
ta being suggestive, not definitive.
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HECOMMENDATIONS

1L is suggested that consideration be given fto

implementing the following recommendations which have derived
from this study.

1.

2.

Data on MAB claims in & more recent period should be
analysed in a z2imilar manner tc this study to determine
the effectiveness of ADR 22A {which applied to vehicles
manufactured on and after 1 January 1975)., ADR 224 now
supercedes ADR 22 and specifies a minimum height for
head restraints, which may alter their effectiveness.

It was not possible to separately evaluate those AR 22
head restraints which were not capable of being adjusted
below a minimum height.

Data from the Royal fAustralasian College of Surgeons' Pattern
of Injury Survey should be analysed to determine the role

of seat belt wearing on the effectiveness of AIR 22.

A matched file of reports on injuries and zrash circumstances
of car occupants who were killed or hospitalised in Victoria
in the period June 1977 to May 1974 is available, These data
relate to more severe injuries than the MAB data, but whiplash
injuries were not uncommeon (12%¥] among front sutboard seat
occupantes involved in rear end impacts.

Procedures to collect information on seat belt wearing at the
time of the crashes reported by MAB claimants should be
investigated. Seat belt wearing is known to have a major
effect on the probability and pattern of injury and its
absence from the MAB data limits the inferences which can be
derived from these data. It is acknowledged that, under
compulsory ssat belt wearing legisiation, cligimants for
injury compensation from official bodies may not supply
accurate information in this regard. The use of randomized
response technigues (Warner, 1965), whizh would allow
claimants to retain the privacy of information regarding seat
belt use, could profitably be sxplored.

Frocedures to sollect information on zrash severity of MAB
claims should be investigated. The absence of crash severity
information also limits inferences from MAR claims data.
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Healisbically, appruprlate measures of crash severity
cbtainable for all claims might range from vehicle damage
value <o crude measurements of vehicle deformation. Ideally,
velocity change of the passenger compartment 1s the desired
measure of crash severity. This latter measure is derived
from accurate vehicle deformations and other parameters
which are not eagily measured by unskilled persomnel. Such
detailed crash severity measurements might be feasibly
obtainable only for a sample of MAB claims defined, for
example, geographically and by injury severity requiring
immediate medical treatment.
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APPENDTX A

DATA EXTRACTED FROM MAR CLAIMS
FILE FOR 1974-75




TABLE A4:

10,

11

12,
13.

14,

15.
16,
17.
18.
19.
20.

21,
2.
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Fielde extracted from ICL-format version of

MAB 1974=75 claims file for translation to
CIC=format version.

Field

Claim number

Injury codes

Date of acoident
Location of accident

Closed claim indicator

Cloge reason
Driver code
Cwner code

Year of manufacture
of vehicle

Vehicle type

Insurance claas and
district

Date of Birth
Sax

Injury codes

Claimant type
Period licence held
Type of accident

Foint of impact

Yehicle Reglatration no.

Police accident report

no.
Blood alcohol lewvel

Total amount pald to
claimant

Comment

Up to 5 injuries coded in
ICD (8th Revision) system

Blank in all records

Indicates whether valid driver.

Blank in all records

Vehicle type {and no. of uylinders
of private vehiclea) and make

Duplicate of field 2 (nct apparent
at time of tape translation)

Includes seating position

RoSTA Road User Movement codes (RUM)

If accldent was reported

Blank in all recaopds
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4th Oatohar, 1573,

Mr. H.H. Cameran,
M.H. Cameron and Asscclates,
17 HMyrtle Grove,
BLACKEURN Tie. 3130

S e i e e —— ———— e ——

Carar Max,

Encloged are detaills of arrors and omissions rectifisd by
tha Statistical Section for “in-coverage" claims edited in the
period lst Pebruary, 1978 - 30th april, 1978. Becausa of the
lag between accident date and edit date, the claima examined in
this pariod related primarily te accidenta occurring in the
October-Dacambar guarter, 13977,

Error details were sxtracted for this period cather than for
the working=up April=Jume quarter, 1977 {as had heen indicared)
bacause of improved srror recording practices in the later perind.

¥ours faithfully,

N v IJ{-‘-...'-!.’J r'j?/

O.E. Haarzlay,
SENTOR STATISTICAL OFFICER.

Ene.



The following table gives details of the ocmissions and errors
rectified for ln-coverage claims relating to the accident perisd
1at October, 1977 = 30th December, 1977.

Data Item Fercentage of Claims in Error
Sex 12.9
Cate of Birth 11.3
Harital Status 9.5
Coacupation Code 24.5
Employment Code 10.7
Licence Status a.7
Claimant Type 4.0
Injury Code 59.0
Period Licence Held 7.2
Accident Day 9.8
Accident Time B.3
Accident Date 0.7
Accident Municipality i5.8
Impact Code 18.5
Road User Code 33.3

Reglstration Number 0.6
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INJURY CODE3 USED BY MAB
M 1974-75
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TABLE B1: Injury codes used by MAB in 1974-75

Coade Injury Cude1 Injury
Fractures iﬂislncanlnn
a00 | Yaulr of skall Bi0 | Jaw
ani Boesr of abkull 531 Shoulder
a02 Fuace bones a72 El buw
803 | Other and unqualified skull 833 : Weilst
fEACEuEes 834 ! Finger
BO& | Muleiple fractures involving B35 | Hip
sikull or Face with cther honea B3% | Enee
BOS Fracrture ar fracture dislocation B37 i Ankle
of vertebral colusn withowt B38 ! Foot
mention of spinal cord lesion 839 | Mulriple and ill=-defimed
BD& | Fracture and fracture dislocation dislocationa
of wvertebral column with spinal -
! cord lasion Sprains and Scrains
BOT | Ribi{a), sternum, and larynx
808 | Pelvis 840 | Shoulder and upper arm
209 Multiple and {ill=defined fractures| B4l Elhow and forearm
of trunk B42 | VYrist and hand
i B10 | Clavacle (collar=bone) 843 ' Hip and thigh
| 811 & Seapula (sholder blade) B44 | Enee and leg
| 812 | Humerua (ahoulder) B45 Ankle and Foot
813 | Radius and ulna (forearm) B46 | Sacro-iliac regiom
8L4 | Carpal bone(s) (wrist) B47 | Dther and unspecified parts of hack
Bl5 | Metacarpal boene(s) (hand) 848 | Orher and ill-definmed sprains
Blo Fracture of one or morTe phalanges and strains
of hand (thumb, finger (s)) =
B17 | Mulciple fraccures of hand bones. Intracranial Injury
HIS | Other, muletiple, and ill-defined _
i fractures of upper lishb B30 | Copcussion
' B19 | Multiple fractures of both upper |851 | Cerebral laceration and camtaeion
! limbs, and upper limb with rib(s) 852 ! Subarachnoid subdural and extra-
| and sternum ! dural haemarrhage, following
L B20 | Heck of femur (hip) | fmfury (withour mention of
821 ! Fraczture aof other and unspecified I ceraebral lacerstcfon and comensiond
parts of femur (upper leg) B33 ° Other and unspeciffed intracranial
B22 | Patella (knee-cap) . haemorrhage folivwing Injury
823 | Tibia and Fibula (lower leg) 1 v fwithout mention of cerchral
g24 | Ankle | laceration vr centusion)
! B2% Fracture of one or more farsal a54 Intracranial dnjury of ocher
i and metatarsal bones (foot and apecified nature
I excepting toes) i
. 826 | Fracture of one or nmore Internal Injury of Chest, Abdomen,
: phalanges aof foot (toe(s)) cand Pelwis
{ 827 | Ocher, multiple, and 1ill-
i defined fructures of lower |860 | Traumarle poeumotboros and
limk | i haemochorax
428 Multiple fractures inveolving both [ 2A1 | Tnjury ca hearr and Jung
lower limbs, lower with upper (862 | Injury o other and unspes L Ll
limb, and lower limb(s) with i © incrathoracic organs
ribis} and scernum 963 Injuey to gaarro-intescinal fract
g249 Unspecificd bones 864 | [nfjury bto 1lwver
B l Injuty to spleen
Baa . Tnjury co kidmew
A7 Lajury Liv piclwie o
Hed Injury to other and unspecified

incra-abdominal organs




limbs

a— TABLE B1: {(Cont'd)
'y ]
Cad Injucy Code | Injury
|
389 Internal injury, unspecified aor 901 | Mulriple open wounds of both
involvinag Intrathoracic and intra- | lower limbs
ahdominal argans 202 | Multiple open woumds of upper
Lacegation and Open Wound | with lower limb(g)
9017 Multiple apen wounds of hoth
qi0n Upen wound of oye and orbit hand s
B71 Enucleation of aye S04 ¢ Multdple apen wounmds of head with
B72 Open wound of ear " 1imb(s)
ar3 Ocher snd unspecifisd laceracion af | 305 Muleiple open wounds of crunk with
haad i 1imki{s)
BT 4 Hack 906 | Multiple open wounda of face
875 Chesc {wall) wich lizbis}
. 878 Back 907 Multiple open wounds af ocher and
- T Burcack mspecified locacion
| ars Genizal organs (external) including ;
] traumatic amputacisn Superficial Iajury
- 373 Other and unspecifisd open wound
of head, neck and trunk 310 Supecficial iajury of face, neck,
| and scalp
! Laceracion and Open Wound of 911 Superficfal injury of trunk
i Upper Limh 912 Superficial infury of shoulder
and upper arm
BED Shoulder and upper arm 93 | Superficial dajury of albow, Ffore-
BE1 Elbow, forearm, and weise . arm, and wriat
- Ba2 Hand except finger(a) | 9L4 Superficial injury of hamd{s)
I B8] Fiages{s) or Thumb | axcapt flnger{s)
+ 884 | Muletiple and unspecified apen wound | 915 I Suparficial injury of Fiagerda)
: ! af uwpper Limb 1916 | Superficial [ajury of hip, thigh,
885 | Traumatic ampucacion of thumb | leg, and ankle
| (complete or partial) 1917 ¢ Superficial injury of foor and
886 | Traumacic amputation of other i - coe(s)
| finger(s) (partial or complece) 1918 | Superficial iajury of ather,
ey Traumatic amputation of arm apnd hapd { multiple cr unapecified sites
tcomplete and parzial} ;
{ Centusion and Crushing wich
Lacaration and Cpen Wound af e Intact Skin Surfacs
Lawer Limb |
| 920 | Concuslen of Cacw, scalp, neck
| 330 Open wound of hip and cthizgh (axcant ayea)
891 Open wound of kmee, leg (excepc ‘321 | Comtualon of ave and orbitc
i thigh} and ankle 922 - Contusionm af trunk
i 892 Jpan wound of foot ewmcept toela) %23 = Concusion of shoulder amd upper
B9l Open wound of coeds) ! arm
Bo4 Multiple and unspecified open Gk ! Coantuaion of elbow, Eorsarm,and
wound of lower limb wrist
gas Traumatic amputation of Eoels} 1925 Contusion of hand{s) excep:
896 | Traumatic amputation of foot (fmmt),! fingaris)
| parcizl aor complacs 326 Contusion of Fingar(al
497 Traumatic amputation of lagflal, | #27 Contusien af hip, thigh, leg, and
coaplete orF partial I ankle
' 928 Concusion of fvot and toe(s)
Laceracion and Open Wound of |929 Contusion of other. mulziple,
Multiple Locaticn and wpdpoecified sices
Elrt ] Mulciple open wounds of both upper
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TABLE B41: {Cont'd)

Code Injuty
EEfects of Forelgn Body emtering
chrough Orifice
930 Forefign body in eye or adnexa
931 Foreign body im ear
, 932 Foreigh body in nose
[ 933 Forelgn body in pharynx and larynx
] 934 Foreign body in bronchus and Iung
| 933 Forelgn body In mouth,oesophagus,
i stomach
936 : Foreign body in intescine and coclom
937 | Forelgn dy in anua and rectum
X T, | Foreign body in digestive system,
unspecified
939 i Foreign body In genlto-urinary tract
| Burn
. 110! | Buen confined co eye
I 941 Burn confimed to face, head, and neck
242 ! Burn confined to crunk
953 : Burn confined to vpper limb except wriat
{ end hand
Qs &) | Burn confined to wrist(s) and hand(s)
265 | Burn confined to lower limb(a)
Q46 Burn lovoiviag face, head, and neck
with limb(s)
947 | Burn inwvolving trunk with limb(a)
Q4R AQurn Invalving face, head, and neck
; with crunk and Limb{a)
049 1 Burn Dnvolving other and unspecif Led
] parts
| injuey to aerves and spinal cord
950 | Injury to opolc nerve(s)
931 Inlury to other cranial nerve(s)
952 Injury to nervels) im upper arm
353 Injury to nervels) in forearm
| %54 Injury t3 nervel(s) in wrist and hand
933 Injury to nerve(s) im chizh
936 Injury to nervels) in lower leg
937 Iniury to nerves in ankle and foot
958 1 spingl cord lesion without evidence
| of spinal bone injury
i 239 Coher nerve injury including nerve
| ! infury in several parts
! I Effacts of sther external causes
| |
i Qa1 ! Zrovming and non=Latal gubmersicn
Q07 | Asphyxiation and stracgulation
08 | Electrocution and non—-fatal effects of
; electric current
943

] spogl
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DATE3 OF INTRODUCTION OF
HEAD RESTRAINTS IN

AUSTRALTAN VEHTCLES
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DATES OF INTRQDUCTION CF HEAD RESTRAINTS IN AUSTHATLIAN VEHICLES

The manufacturers of the more popular vehicles were
contacted to establish whether head restraints were fitted to
their vehicles prior to 1 January 1972. A summary of this
information is given below. However, 1t should be kept in mind
that this information was often supplied by telephone and may
not be entirely accurate or comprehensive.

Ford:

Not prior to 1 January 1972.

‘General Motors:

Introduced as a production ocption on HQ Holden and
LC Terana in July 1971; compulserily fitted 1 January 1972.
Toyota:

Coralla (K-20 series) had fixed head restraints which
complied with ADR 22 when introduced circa 1970 {(Imported
seats)., Celica introduced with Corolla seats circa 1971.
These complied with ADR Z22.

Chrysler:
Standard adjustable head restraints on 1968 VF 'V,I.P.!
Sedan and 1969-70 482 Colt Fastback, 1970 ASt Galant.

rlxed head restraints as of 1972 GB Galant Range.
Mazda:

Some doubt as to models which were phased out pricr to 1972.
Datsun:

No data were obtained.

vﬂlkswage5:
Not prior to 1 January 1972.

Leyland:
Optional on Tasman, Ximberley just pricr to January 15%72.

The eight manufacturers listed above accounted far
approximately 20K of the vehicles In this study.



POINT OF IMPACT AND ROAD

USER MOVEMENT (RUM) CODES
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FOINT OF 1MPACT

L)

REAR

Front of Vaebhiclas E%E!
0/a Forward of Cabin 2
Ofs Passengar Doors 3
Ofs Rear of Cabia 4
Raéar of Vehicla 2
H/s Rmar of élhiu &
N/e Passanger Deors 7
H/s Forward of Cabin :]
Roof (Roll ower) g
Ho ilmpact Y]

te (1) In the case of a4 collision betwesen a motor vehicle and a pedal cycle, the
point of impact on the sotor vehl~la is vequired.

(2) If the point of impact is not known, the field should be left blank (thi:
includes cases for which Lt is not known whether a collision occurred).
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DETAILED INJURIES IN REAR END IMPACTS
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TARLE B1 Drivers in rear end impacte
i pate I, . 5
R L I T L P T
R | ] L:.1?u}* iMo183) | fueqg9)  (egq7y

) e Y R 31
i
! Hi Iu Lo 32 40 '
_ ;hi lash b @ | 96 71
T pla :
{48.2) (45.5) (49.2) (51.1} |
e st s & e e _. |
2. HMejur Neck In.jur':.r 1 - ¢ - - i
(285 or BOA) (0.5) | |
| :
I:-:. Corman . on s g I N 5 .
(84G) :
Fb. Rajor lotracosuial 1 1 i L 3 !
(RYy, D52, 29F,8%5&) : |
3c. 3kull Freciurs - 4 i _ _ i
(a00,801, 803) |
. Minor fasial 10 & & 5 i
($10,920,921,303, ' !
551) |
Ze. Major facial 1 2 2 - i
(870,871,53/2,802, |
ach, 330} RS
If. Otlier z2nd ] 7 L 2 :
Unspscifinsgd head |
lacerations (873) -
%, Total Head-facial- 25 24 20 15
skl induries (12.8) {12.0) {10.3}  {10.a)
4. Taknl all odiwr 73 82 79 =3 |
injurias (38.5) (42.5) (40.5)  (38.1)
- — - [ — ; - —— ; - N .
TITAL (411 dndaries) 195 200 | 195 139 [
r ‘i -
= Laﬂ 1- % Foor lﬁiu; Tha murehar o oeougents The okker

fi0 b .
— "'\-JJ

L I

ars oo

wentagoa.

o
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TABLE E2 Front left passengers in rear end impacts

Jorminm t 4 ammmr s eme emmmmmmn hnn cmem s ey m e
E Tyt [ECRH LI B !
i 100,71 TS Fh ARt
THAUNT 0D | (R-38)y  (il-28) (M- qghy (N 1ﬂﬂ] '

Tae A o —— - —— e tamomm ey Prme——S G ) e ——— <ma e

; 15 1 7T L8 38
{ iyt 4 5 35 17

"
L

T T - - TS se  a e w - —_— ! ns = | owe - 3 . mm on

1. Whiplash 15 10 83 55
' {34.9) (32.3) i (51.6) (49.7)

! . | I —e-

e st RN W % E— o vl sl — e e ' —

£. HMajor Neck In - - - -
Lan; or &ﬁﬁf Jury

—— e n i P @ F v n

. —]
% . Cﬂﬂﬂdﬂbi (e 2 - 1 2 |
| {as0) ) |
P A, HMajer Intracravisgl | - 1 5 3 !
* (851, ws2, 853, dﬁuq ;
_-'_'h.:, Ekull J"H-.”.- Sure - ma = - :

{820,801, 803) :

d. Minor fa:ial 3 2 5 3
E51D59°G , 321,950,

Ye, Minjor faecinl - = 2 -
(870, 4 5?2, 0z, \
804, 835 S
3f. Uther Fnﬂ 3 2 & L
Unapusi fied head
lacerations (£73)

-------- - —— - L] -— - -_— — — i i an - - -: — — -— = - - — - — - !

3. Totel Head-facial- a 5 19 12 |
skull injurdes (18.8) - (16.1) (11.8) {(g.1) |

|

20 16 ) 65 '

4. Total all other '
injuries (46.5) (51.8) (36.6) {h§12}|
lulﬂl.ll'.'! Ll a . d = % !
MEAL WAL tnjurden) 43 34 ! 161 113 {
PoCapitel W ospeeiliens thoe mowlege it vt e The mlde

figure im Brashalis fre colusa PeTnc.laies,



TABLE B3

87 -

Rear passenrers in rear end {momects

! R ..,_I.1.l.,.,,._,.,. ey e e ]_.._-.: *:_. - -
ol T | el Tors e |
IHJLAY CODR | (He38) N-18) | f‘~EE) “=563 |
637 & 2 | 11 7 i
BT 3 3 I 15 10
i. Whiplash 11 5 26 17 )
| (235}  (25.0) (33.3)  (26.3)
2, HMajor Neck Inj - - - - :
(805 er A06) jad ;
i —— - e —
Fz. Comeuzsion 1 1 4 5
(8h0) :

3b. Major Intracranial 2 - :
(851, €52, 653,854) ? 1 i
Je. 3imll Frac*ture 2 - 1 - |
[&D01501+ &ﬂij !
3d. Minor raclial 2 3 5 i |
(910,920,%21,95C, I
351} !

Ze. Major facial 2 - - -
{870,871,872,802, | N, !
__ 804,830) | A
3£, Other and 7 ‘I 2 b
Unspecified head { :
E lacerations (873) I i
E ______________________ e m e e m e e - A
13, Totel Head-facial- 16 = 13 10 i
| skvll injuries | {34&.8) (25.0} (16.7) (16.3] 4
| -
|4, Total all other 19 10 ! 39 53
| injuries (41.3) {50.0} (50.0) (87.4)
: - | b et
[ I f ;
PIOTAL (ALL injuries) | 4B 20 i T8 70 i
I I L

# Canitsl
Ty mgeine,
b I i

W oapecifies
in

the nuaber of ocononts.
Jrac4dets are colump percsntorcs.

T, GiEbar



TABLE E& Drivers {Male and Femsle combined) in rear

end impacts
Row I
(N=%39) (W=300) ! (H=£30)
191 162 353
1. Whiplash (g@) (49.0) (47.8) (48.4)
2a. Concussion 3 13 i 22
IR (2.3) (3.8)  (3.0) |
Zb. Major Intracranial 5 4 ; 9 ;
. (1.3) (1.2) (1.2) ]
2c. Skull Fracture - 1 T
(0.3) | (0.1)
|
2d. Minar Faclal 16 10 - 26
{4.1) (2.9) . (3.8)
Ze. Maior Facial 3 2 ' 5
{0.8) (0.6} (0.7) |
2f, Other and Unspecified 12 3 21 i
nead laceration (%.1) {2.7) {2.9) ]
| 2. Total Head - facial - 45 | 39 84 1I
skull injuries (11.5] {(11.5) {1*-5;i
I ad
3. Total all other injuries 184 138 I 292
i (33.5) (&3.7) (LG, 1)
' TOTAL (All injuries) 300 339 725

i

(@) N.S. at p = .05



TAJLE E5
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in rear eand impacts

Front left passengers (Male and Female combined)

INJURY TYFE 1969-71 1972-74 %g:ﬁl
I:T':I'u 179) (N= 155:‘ (N: 318
ca 65 163
1. Wniplash (%) (48.0) (35.9) (Ld, &)
2. Concussion 3 2 5
2b. Major Intrecranial -1 4 9
2e, Sinull Fracture - - -
2d. Minor Facial 8 5 13
Z2e, Major Facial 2 - ! 2
i
21, Other and Unspesified £ & 12
head laceratisn ' |
________________________________ -
2. Tntal Head - facial = 27 7 ddy |
siall injuries (13.2) (10.4) (12.0) |
L_ !
3. Tortal all cther injuries 73 A1 | 160 i
(38.7) (49.7) (43.6)
P TUTAL (ALl injuries) 204 163 367 |

{*) This result is approaching statiitical

significance p =.1;

one-=teailed =

Test
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TABLE E6 FHear passengers (Male and Female combined)
in rear end impacts

[ l |
‘ THJURY TYFE 196971 97274 . gg:ﬂ i
l:t'-lﬂ '1C|J'+:| (¥= T2) |: (=178 1
— E —I
37 22 59 i
T, Vikinlasre (29.8) (24.4) i (27.8)
o e |-'-'—'——__
2, Concusslion z 2 i !
(2.4) (2.2) c o (2.3) |
2b. ¥Major Intracranisl 5 1 & [
(4.0) (1.1 (2.8) |
2z, SKull Fracturs 3 - 3 .
(2.6) (1.4) |
ad, Mimar Tacsial 7 i g 14 i
{5.86) {7.8) (6.5} :
22, ¥ajor faclal 2 - 2 |
{1.8) (0.9} |
27, Orthner and Unzpesified 3 5 14 :
head lzceratinn (7.3 (5.6) | (6.5} ;
2. Tetal Head - facial - 23 15 bh |
=iill injuries {23.4) (16.7) (20.6)
3. Teotal all other injuries 58 53 P11 F

(46.8) (58.9) ¢ (51.3)

TOTAL (811 injuries) 126 | S0 214




TABLE E

sombined) in rear end impacts

Dutboard front sests (Male and Female

INJURY TYFE 1969-71 197274 | Row |
M= M=
(N« 518) (N=436) | (N2 g54)
i 2849 227 516
1. Whiplask (@) (48.7) (45.2) (&7.1)
2a. Concussion (@} 12 15 27
(2.3) (3.0} (2.5)
2b. Major Intracranial 10 8 18
(1.7) (1.8) (1.8)
2e., Skull Fracturs - 1 1
{.2) (1)
2d, Miner Facial 2h 15 39 r
(4.0} (3.0) i (3.8) |
Za. Major Factal 5 2 7
(.8) (0.4} {0.6)
2f. Uther znd Uncpecified 21 15 3&
hesd laceraticn (3.5) (3.0) (3.3) b
;I-r----—r'-'--"--“'-"-'-'-ll---__-- = = Em B & em A = o e o
2. Total Haad - facial - 72 56 128
skull imjuries (12.1) (11.2) ! (11.7)
] |
|3. Total all ather incuriss 233 213 Poooag2 |
I (23.2) (43.8) | (&31.,2) |
TOTAL (411 injuries) 594 502 1096 l

(@) N.S5. at p = 105



= [ =

TABLE E2 Injuries for occupants of vehicles manufactured
in the two year pericd 1569=70.
. Front Left E Rear
Lrivers Passengers | Passengers
Male |Female |Male Female 1Ha1e Femﬁl&
839 39 fuly 8 3 9
(33.3) |(32.8) [28.6) {31 8) fvu ?J If15 8) |
847 1 23 3 | 12 |
|(16.2) | (16.3) [10.7) {19 B) | (11, BJ (21.1)
- S EE ew T mw mm wmm e mm m ww w— — — — — -— — — — = — — —— — — - - —-— — — -I — - — -
1. Whiplash 58 67 11 55 3.1 21 |
(45.6) | (45.3) [39.3) | (51.4) |(26.5) (36.8) |
'_"_“__E Major Heck Injury 1
: : (805 or 806) - - - T - |-
|
:ga.fnncussian z 3 Z | q q i 2
' (850) i |
| Zb.Major Intracranial - f 3 - 4 - : 2
(851, 852, B53,854) f |
|3, 5kull Fracturs - - - - 2 1
. (800, 801, BO3) ; : i
[3d.Minor faclal & i 3 1 & 2 } 4
. {910,520,921,950,951) | E | :
|Je.Major facial - 7 2 - 1 2 -
(870,871,872,802,804, | l |
. ex0] ! | |
3f.0ther & Unspecified 5 1 3 3 5 : 2 |
5 head laceraticons i |
[ = 3 R [ A S S S
3. Total Head-facial- 13 12 6 13 12 ! 11
skull injuries 1{11.1) 1(8.8) f21.4) | (12.2) [(35.3) [(19.3) !
L, Tatal all other LB 57 11 | 39 13t 35
injuries {35.3) | (41.9) {39.3) ' (36.4) ((38.2) (43,9}
TOTAL (A1l injuries) | 117 136 28 107 | 3% | 57

*# Capital N specifies the number of occupants,

brackets are column percentages,

The other flgures in
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NJURIES IN FRONT

END IMPACTS _ . _ .

ACPENDIN F



- Bl -

AL P

—— ——— o R . S

Drivera i Vol

cpad mpacks

Pl . Tame p2 Lo :

S R Y L R e B R -..--.:_—-—-..1.. .;_-. -.-,.- I
16071 1972-Fe ' 18000 ey I
(iT=432) (h=s16) | (H=183) (k= 181) |

o ——— - —

o e el e T W - g =

L |

] 22 37 13 !
ah 21 22 G 1%
................ U U SV
I
1 wWhiplash 43 55 21 26 |
(7.7) (0.7 | (8.5  (i5.5)
S S | .
2, HMajur Neck Injury 1 2 1 - i
(005 or 808) (0.2) {0.4) {0.4) |
An . Comcunnion 15 2B 10 12 E

(a50] ;
b, Majer Iatracranial | 12 26 | L 4 |
(251, 852, 853,854) ' !
32, fhull Fracture 2 5 - 1 :
(800,804, 803) i
3d. Hinor facial 30 25 5 4 |
(910,925,827 ,950, i

551

Te,. Mejor facial 25 22 3 3 |
(87,87 ,B72,802, iy, |
&04,830)
3f. Other and 63 45 , 20 L :
Unspecified head l |
lacerations (8732) |
3. Total Head-facial- 148 153 L2 38 i
zltwll injuries {26.5} (27.8) (17.1} (16,3}
|
fi. Total all cther 369 336 1 159 |
induriss {65.8) {81.1) (74.0) (eg.2} |
_ —d
TOTAT. (A1l injuries) i 561 550 244 233 |

* Capital o zpecifies the number of ccounwnks.

The other

Ffimure in brocketsz are colume percentascs.
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TABLE F2 Frunt left passengers in front end impacts

BT Y

By II:F N I- h Y HR
T N9R0-71  A07u—Th | 196071 A5T2-Ti
LHIURY Lpo (H=-148) (MN-=121) M=256) (H= 243%)
4 454 & 9 14 16
1
I iy 1 4 19 15
E— L - S - — e = Re = oy - . Bl - L - " - -y - L o el - - - —l!
L Whiplash 7 1 3 1 |
(3.8) (9.0) (5.8} (9.9} |
2. Major Neck Injury 2 1 1 5 '
. [#04 or S0G) (1.0} {0.7) | (0.3) (1.8)
N . f— i
3a. Conecnanlon 10 & | 14 f |
(B50)
o, Majnr Intracrenial 11 4 11 =
(851, B%2, 454,854)
%e. Skull Frecture 3 2 2 2
{800,801, 803)
id. Minor facial 8 7 16 15
{310,520,521,9%0,
351
Ze, Major faciel = 3 & 2
(870,871,872,802, N,
80/, 530} ~
Zf. Other and 24 18 25 14 .
Unspecified head !
lacerations {B73) |
%, Total Head-faclal=- =0 43 o 72 48
skull injuries (33.0) (27.8) {20.9) (154)
I
L, Total all athape 121 30 228 228 i
injuries (62.4) {82.5) (63.2) (73.1) |
-
TOTAL (411 injuries) 154 1 isdy 344 32 |
# Caplial N specifies the ivaber of wccupanats., The ~ther

fizure In besckobBg are ~olumn nercentagcsn,
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TABLE F3 Rear passengers in front end impacts

.—-‘“ MI-EI"ia.]_ 3 o | . FLmel
1969 -1 ‘I'L’.:—-r-'— 169651 167274 |

TR (H=-103)# [:=? ) g {11= 129} {+=129)
%9 3 - 4 9 |
ST - 1 2 5

t. Whiplash 3 1 1 i

(2.4 (1.0) (3.6)  (8.4) |

e e e . e S e

2. Majcr Neck InJury i - 2 2 - |
(205 ue 406) i (1.3) (1.2} !

— __= - —— ; et _-i

Mz hﬁu:ﬂgéﬁﬁu [ 8 2 7 12 i

b, Major Intracranisol | 2 2 ] A 2 !
(851, B%2, 85%,8%4) |

Je. Slull Froziture % - 2 1
(800,501, B03)

4. Minor Tacial 11 T a 15
(910,923,524 ,950,

351}

e, Major Termiml L 2 7 i
(B70,874,872,802, -
804, &30 | -

A, Cther znd 21 15 22 10
Unspecirled head

| lacerations (873)

3. Total Head-facial- 49 28 50 L
skull injuries {38.86) {26.7) {%0.1) (26.3)

|

., fotul all cther 75 Th 108 109 |
tnjurics (59.1) {70.5) (65.1) {Eﬁ.ﬁ}i

I

. _ — R—

POTAL (A1) dnduries) 127 w5 188 167 |

— 1 -

v Copitar W ocunecifies the nmueber of cccewsnts.  The ouher

fisure in Bracksis oe cotuans porocaisnzZes.
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TABLE F4 Drivers (Male and Female combined) in front
end impacta
s Raw
INJURY TYFE 1963=71 1972=-7h
. i Tetal
WN=B18) (M=597) (Nm1212)
(513 a7 163
1. Wniplash (#%) | (8.2) {12.4) (10.3)
2a, Consusgalen (@) 26 25 Bk
(3.2) (L4.9) (4.0)
2b. Majer Intraceanial (#) 16 30 45
(2.0) (3.8) (2.3}
2e. Skuli Fracturs (@) 2 ] 8 i
J {D,E] [-5:‘ . [15.] |
1 24, Minor Fasial 35 29 Bl
H (4.3) (3.7 (4.0)
'!25. Maisr Facial 28 25 53
1 (3.5) {(3.2) (3.3}
27, Other and Unspecified 83 B3 146
| uead laceretion (10.3) (8.0) (9.2}
12. Total Head - farisl - 190 191 { 3o
' sie1ll 1njuries (23.5) (24.4) boo(24.0)
} .
%, Tatsl all ather injuries 351 LG5 1046 i
o (6a.3) (63.2) | (55.8) |
TOTAL {All injuries) ag7 785 | 1500 |
I B . |
(*) p<.05

(##) »<.01
(@) N.3, at p = .05
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TABLE F5 Front left passengers (Male and female
combined) in front end impacts
- K
INJURY TYPE 136971 197274 Total
L3 50
1, Yhiplash (@) (8.0} {11.0) '[99-:?*:'
%a. Concussion {F) b 12 L=
(4.5) {2.6) (3.8)
2b. Major Intracraniasl 22 1% 35
(4.1) (2.9) (3.5)
2e. Skul! Tracture 5 2 g
(.9} {.9) (.9)
24, Minor Facisl 24 22 L& ]
(4.5) {4.8) {L.B)
e, bMajor Facial 12 5 17
(2.2] {1.1) (1.7)
2f. Other and lnspecified 45 32 81
head laceration (5.1) (7.0) (8.1)
e e o B S ES & Em B S E mm mm Ew m wef em TR T T Em mm |—- - R Em R A S S e s e
2, Total Head - facial - 136 fals) 224
gkull injuries {25.3) (19.3) (22.5)
3, Total ail other injuries 359 318 I ]
(66.7) (69.7) | ILBE- 1)
TOTAL {411 injuries) 53 456 | . 994 i
—
(@) H.3. at p = .05
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TASLE F& FRear passengers (Male and Female combined)
in front end impacts
1
INJURY TYPE 1963~71 1972-74 SO
Total '
{N= 232) (N= 208) (M 440)
11 17 Z8
1. Whiplazh (@) (3.8) (6.3) (5.Q)
2a. Concussion 15 16 29
{5.1) (5.1) (5.1)
2b. Majeor Intracraniual =] &4 10
| _____rz.r::] (1.5) (1.8]
2e. Skull Fractyurs 5 1 1 &
(1.7) (.4) (1.1)
. |
2d, Mipsr Faeial (@) 19 22 41 !
{6.5) {8.1) (7.2 |
Ze. Major Facial 11 & 17 E
(3.8) {2.2) (3.0)
2. Cther and Unepecifiad 43 25 58
head laceration (14.7) (g.2) | {12.0)
| 2, Total Head = Tacisal - 99- Ta 171
shull injurtos (33.8) {26.5) (30.3)
3. Total all cther infuries | 18 | 183 B _i
(82.5) {&7.3) i (B4,.8)
TOTAL (A1l injuriss) 293 272 | 565 |
| I
(F) N.5. at p = .05



TABLE F
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combined) in front end impacts

Outboard front seats (Male and female

- |
R How
INJURY TYFE 1969-71 1972-T4
fﬂi1ﬂ19] {H-951} ! ?ﬁ:ﬁ%ﬂﬂj
109 147 256
1. Wriplash (#*) (8.1) {11.9} (9.9}
- [
Ja. Concussion ) 50 100
(3.7) {4,0) (%.3)
b. Major Intraczranial 38 43 81
(2.8} (3.5) (3.1)
Pe. Skull Fraeture 7 10 17
I:'E:' |:‘B,] {-'I?..:I i
.Ed. Minor Facizl 59 E1 110
(4.4) (L.1) (4.3}
"} 2z, Majer Facial 40 20 70
(3.0) (2.4) | (2.7)
éEf. Other ard Unspecifiad 132 595 227
head lzsaraticn {3.8) (7.7) (8.9)
2. Tolal Hezd = fanipg]l - 226 279 605
¢ skuil injuries F (24.2) (22.5) (23.4)
. i el
{ 3. Total all cther injurics 310 813 1723 |
1 (BT.T) (E5.8) (BB.T) |
i'.I"[:-"']".l'-'nI. fﬂ:’.:. anL:I‘iEE:' 1345 IE 1235 2584 i

(#*) p<.01

(@) N.5. at p = .05



DETAILFED INJURIES IN

RIGHT ANGLE SIDE IMPACTS

APUENDIE &



TARLE 131

—— i —

Driveras in right oiyle stde impacts.

Malae Female
1960=T1 1972-T4 1960=T1 1972=T4
INJURY CODE (N=288) (N=84) {N=55) {(N=50)
f 83g 3 4 7 5
! 847 4 1 5] & |
J ----------- — o = W - = — — — — — — - - - '-;
{1, Whiplash 1% 11 !
| (5.8)  (£.0) (17.3) (1.1 |
i .
2. Major Neck Injury 1 - . - - |
I (805 or S0E) {0.8) | '
1 | —— - —
Ija. Concussion T T R - 3 5
, (850) | '
In. Major Intracranial 2 1 ! 1 1
'~ (851, 852, a53,854) |
3. Skull Fracture - - ' - -
(800,801, B03F) = :
24, Minor facial 5 1 I 1 2 :
(910,920,921,550, ! !
951 l
|3e. Majer facial 1 - : 1 3
i (a70,871,872,802, |
804,830 ; {
3f, Other and 12 7 - 3 |
Unspecified head ' |
lacerations (A73) :
________ R I - o
"""" -
3. Total Head-facial- I 12 12 12 !
1_ skull injuries (24.8)  (14.58) (16.0)  (16.4)
4. Total all other 83 BB 50 50 i
injuries {e8,&8) (79.5) | (66.7) (88.5) |
-' :
TOTAL (A1l injuries) @ 121 83 75 73
! |

* Capital N specifies the mumber of occupants.
figure in brackets are zolumn percentages.

The octher



TABLE G2

ot fa

- 73 -

PAASCIECrE in

pipght angle side impacts

(310

920,921,350,
851

e o e e e s -
Maie e L I

-1ﬁ5u~T1 TQ?FJTi- DN I LRS- E

BT i (1i. 26) (M= 17) (i: 82) (o 50) ﬁ

r._".ﬁ;a__ e e y - ; 1 |
1

! AT - - H 3 2 !
It ---------------- " — - - wy em = e e e - I.-!
F 1 . , i
L Whiplash - i
F (2.3) (5.7) (3.8) :

2, Major Neck Injury - - - - i

{Hﬂﬁ no :":Dt-] | E

T, Cpnenesien 2 3 | 2 i

(E50) |

P4, Mador Imoracracial | - 1 | 1 - ;
(351, 852, 853,854 i

%, Skell Fracturs 1 - - _ - |
(800,801, 803) |

i, Miner Toeisl 9 - 3 ] |
|

|

. Dther and

— e

Major facial
(&870,a71,572,802,
804,830

Unspecified head
laceraticns (B73)

-_— Em s mm ewm mm o me e =

Totel Head-facial-

LS|

o e mm— —  —

skull injuries 133.3) | | 8y |
fi.. Total al!l other i 23 14 Th 53
injuries ] {R5.7) (BG.T) | (A%.1) (AT, 3)
[TOTAL (ALY induries} ‘ 33 21 87 ¥i=
l S — S—
# Uapital [ specificy she nusker of ccocupsuhs. it athae

Timure in brackets are cclum. Tercoolaiies.
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TABLE % HRear passengers in right anple aide impacts

i KR ' o f

[7 T TN o L .

i j s I -y 1 L . - :

T i | {H~29) Ll -14) (e Z4Y TR n2) |
' D Lz - 1 2 |
|

:
SN ! 1 - 1 -
|
e e e e e ﬁ e - RIS
) | :
i | (8.8) - (6.3) (z.2)
I RS RS G S S S S S e R S e B S S T e ¢ e e T o 6 e S 1 -
2. Fajor Neek Injury | - - i - - :
Wwids or &06) I |
Yo, Oommugaions l - z ! & ) E___

(850) -
. Eaxjor lotiocrsnial | 1 1 1 1 ;
(851, B2, B53,854) ' ;

¢, Skull Fracturs - - - - ;
(200,801, #03) |

3. Mino» tacial & 3 - ; 5
(910,920,921, 550, ;
5519

e, Major facial 1 - 1 1 |
LET0, 87,572,802, G
£0b, 350 N

3f. Orher and L 3 & 7 ;
Unapegsificd head ;
lacerations {873) ,

3. Totel Hsad-Tacial- |10 3 10 17 ]
skull fujuries | (29.4) (52.9) (21.7) (27.4) |

4. Teotzl &ll other E 21 a8 34 43 E
tujuries ; (&1.a) (47.1) {73.3) {G9.4) |

i
[T P, ¢ - i___ _s , = L= . - —— — "
TOWA fA1L injucies) | 34 17 i 48 &2 '
| | ' '
e e m— . 1 i - R — Srmmr . e — 1 ]

*# Cepiiond b apecilies the namber of oscougaria. Tha aither

Fipale in hreciets are columy percentap:ye.
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