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Abstract

Puatralian Desiagn Rules (ADRs) 10A and 10BR are aimed at reducing injuries
ta drivers who strike steering colwmns. ADR 108 is also aimed at limitine
rearvard displacement of steering columns in frontal collisions.

Information from the Royal Australasian College of Surgeons Fattern of
Injury Survey of crashaes and injuries in Victoria was analyssd to measure
the effect of the ADREs on injury g=verity. The probles that there were
relatively few drivers of ADR 10OA or LOB ¢ars in the data was solved by
develaping injury prediction models as functions of the type of accupant,
vehicle and crash circumstances. The models were then wsed to estimate the
expected Injury pattern in the absence af the ADRs, for comparison with the
actual injuriss of drivers of ADE 10A or 108 pcars who contacted steering
assamilies in frontal impacts.

The limited number of drivers of ADR 10B cars in the dats meant that
the effectiveness of ADR 10B could not he assessed separatelv and in fact
the rasults primarily relate to ADR 10R,
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‘The Office of Road Safety publishes two series of reports resulting from
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Moetract (continued)

Tha report concludes that the ADRe are sffective in reducing tha
sevarity of injury to the abdomen/pelvie, chest and face of sore types of
drivers who atrike steering assemblies in frontal impacte and are not
ejected, Tha affect applies particularly to drivers involved in frontal
crashes on the open road. Although not explicitly tested in the analysis,
there was soma evidence of disbenefits dues to the ADRs in terms of the
saverity of head injury of drivers of small cars, and of leg injury of
baltad mala dArivers and those aged up to 24 driving small cars,

Due to the abaance of crash savarity information from the data
analymad, tha conclumions could not ba considered definitive. Howawver,
they may be coneidered strongly indicative dus to ths analysis method
of coneldering parallel changea in the injury patterms of & control
group composed of drivera who did not contact steering assemblies.
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INTRODUCTION

AUSTRALTAN DESIGN RULES 10A AND 10B

Australian Design Rule (ADR) 104 for steering columns
applied to passenger caers and derivatives marafactured on and
after 1 January 1971. The intention of this ADR is to minimise
erushing or penetrating injuries to drivers due to the steering
column as a result of frontal impact. Implicit in the test
procedure for this ADR 1s the intention that the steering column
will collapse or deform pn contact and thus abscrb some of the
energy which would ctherwlise bhe tranamitted to the driver.

ADR 10B for steering columne applies to passenger cars
and derivatives manufactured on and after 1 Jamiary 1973. Its
stated intention is the same as ADR 10A. However, as well as
the intention that steering columns should abacrb energy on -
contact, the rule includes a test of rearward displacement of
the steering column in & barrier collision; the added intention
being to 1limit rearward displacement sc that contact 1= not
made with drivers (presumably particularly those who are
restrained by & lap/sash seat belt),

It 1s understood that manufecturers of Australian cars
have met the energy-absorbing criterion (ms distinct from the
rearward displacement critericn) of these design rules by
fitting ateering assemblies with, in general, either:

(a) steering columns which collapse aximslly, or

{b) steering wheels which deform to align with
a contecting cheet or abdomen, eso that the
contact load 1s spread ovar a broad area.

LITERATURE ON ENERGY-ABSORBING STEERING SYSTEMS

Gloyns (1973) has critically reviewed the literature up
to early 1973 on the affectiveness of energy-absorbing steering
syatems, The overall pilcture emerging from much of the early
American literature on the subject wae one of essentially



satisfactory performance of axial-collapse steering systems
(Gloyns and Mackay 1974), but Gloyna felt impelled to comment
on the unsatisfactory nature of the data contained in much

of the American literature. OCloyns and Mackay (1974) felt that
later work had tended to show less clear benefits available
from axial-collapse steering assemblies.

Gloyns (1973) and Gloyns and Meckay {1974) have reported
8 study of the relative effectiveness of two types of energy-
abasorbing steering systema when contacted by unrestrained drivers
in severe frontal impacts in Britain. The study compared
(a) the more-traditional axial-coellapse column systems, using
either a metal diamond mesh or conveluted steel tube as the
energy-abzorbing element, with (b) self-aligning steering wheel
syatems, where a three-apoke wheel with broad sheet-metal
apokes ia mounted directly onta a short comvoluted steel can,
which is in turn mounted on a conventional rigid ateering column.
The study found that the self-aligning syatems, but not the
axial-collapas ayatems, were affective in preventing serious
cheat and abdominal injuries. Serious injuries to the head and
neck, and also to the lower limba, were more common in the cars
equipped with axial-collapse columns. These injuries wers
thought to be due to drivers atriking the rigid column support
gtructure with their knees, ﬁivuting about this point, and
atriking their heads on the windscreen header area, (Lundstrom
et al (1969) reported increased chance of head injury in
fmerican cars with predominantly exial-collapse columns at
that time.}! The absence of sericus lower limb injuries %o
drivers with self-aligning wheels may have been an artefact of
the particular makes of vehicle in which they were installed
tn Britain at the time of the study, 1.e. inatrument panels
may have been relatively small and parcel shelves may not
have been fitted.

Based on a comparison of ateering assembly damege produced
in accidents and in laboratory tests, the fallure of axlal-
collapase systems to prevent serious chest and abdominal injuries
was thought to be due to binding of the telescoping section



caused by bending of the column. This bending is a result of
primary damage to the column initiated by deformation of the
car's body shell, as well as high bending moments gathered when
the driver hits the steering wheel, &t a time when its mounting
angle has been increased due to lower-end damage. Garrett and
Hendricks (1974) alsc found that as the angle of force
application shifts from the perpendicular, the compression of
axial-collapse columns decreases.

Gloyns (1973) also studied the injuries of lap/sash belted
drivers with energy-absorbing steering systems in cars invelved
in somewhat less severe frontal impacts than the impactas involving
the unreatrained drivera deacribed above, He found that whilst
the unbelted driver strikes the steering wheel with his cheat
and abdomen, the belted driver tends to hit the wheel with his
head, There was no detectable difference in the occcurrence or
severity of head injuries of belted drivers of cars equipped with the
two types of steering assemblies, but there were too few data to
make & vallid comparative or absclute measure of the effectivensss
of energy-absorbing steering systemsa for restrained drivers.

DuWaldt (15973) diacusses a number of potential refinements
to the energy-absorbing steering system package which could
apnance driver survivability, Thess include the steering column
Jacket energy absorber, air cushion, intruder/absorber, four
bar linkage, knee bar, and hub pad (see reference for details).

McLean (1973, 1974) compared the overall injury severities
of drivers of front-impacted American cars eguipped with a rigid
column or one of thres types of axial-collapse column, namely:

1. GM Sagimaw I (steel mesh outer jacket),
2, Ford (slotted tube column},
3, GM Saginaw II (ball-and-tube column),

He found thet the latter types of energy-absorbing column provided
a significant reduction in the aseverity of driver injury when
compared to the performance of the rigid column. The effectiveness
of thess columne was independent of, and additive to, that

provided by a lap-type seat belt,



Anderson (1974) compared the injury patterns of drivers
of front-impacted cars manufactured before the US standard
for energy-absorbing ateering assemblies with those driving
cars manufactured after the standard. For overasll injury,
the energy-absorbing syatem was effective in reducing the
injury risk for lap belted drivers, and relatively ineffective
for unrestrained drivers (except in high epeed accidents).

For apecific injuries, the results were similar for both
unrestrained and lap belted drivers, namely decreases in risk
of head injury and no influence cn the risk of thorax injury.

Grant (1977) reported preliminary results of a large
crash Injury study based on a major hcoepital in Southern
England. He compered the injury patterna of car drivers who
contacted the steering wheels of the following types of
steering assemblies:

1. Rigid,

2. 'Energy-absorbing wheel' (presumably the
self-aligning steering wheel type of
system),

3, 'Energy-abscrbing column' (presumably one
of the aximl-collapse column systema),

Compared to rigid systems, the energy-absorbing wheel appeared
to be effective in reducing the risk of injury to the chest
and abdomen, and also toc the head, Energy-absorbing columns
appeared to have no beneficial effect end may even have been
detrimental in terms of chest and abdomen injuries,

Fhillips et al (1978) sought to make a comparative
eyaluation of an axiel-collapse {ball-and=-tube) column aystem
and a self-aligning wheel system fitted in sub-compact cars
with unrestrained drivers invelved in frontal accidents. The
axial-collapse caers were all crashed and investigated in the ua,
whereas the self-aligning wheel cars were essentially the same
cases of that type studied by Gloyna (1973) and Gloyns and
Mackay (41974), {.e. crashed and investigated in the Birmingham
area., In the avent, the differences in methods of data
sallection dominated the analysis and this problem, together
with the limited number of cars, prevented the authors from making
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conclusions about differences in performance of the two types
of stearing assembly.

In summary, most of the past research on energy-absorbing
steering systems has been conducted in the context of large
cars, or unrestrained drivers, or both. The limited research
on restrained drivers has pertained to lap-type seat belts or
nen-compulsory wearing of lap/sash belts. Thus the past
research may not be wholly relevant to Australian conditions.
Mo previous study of the effects of ADRs 104 and 10B had been
published at the time of writing.

HEPORT STRUCTURE

The accident end injury data on which thia study was based
were collected in Victerla in Jume 1971 to May 1974. The
appearance of relatively few care with ADR 104 or 10B in the
data presented considerable problems of statistical analysis.
For thisa reason the atudy was more of a dielogue with the data
and cennot be described in the clessical 'data/analysis/results/
discussion' form, It waa conalidered better to atructure this
repart to reflect the actual course of the analysis aso that the
regder may underatand the critical decisions made at each stage.
The alternative, of presenting the anaelysis and results es 1f they
arrived by divine inspiration, would be artificial, but may be
suitable for a later paper summarising thie atudy.

The report firat deacribes the preliminary analysis of
the data, along the lines recommended by Cameron and Wessels
(1975), The preliminary results were inconclusive and identified
the nead to use apecific body region injury criteria and, because
there were relatively few cccupants of ADR 104 or 1CB cars in the
data, the need to revise the analysis approach,

The main analysis firat investigated interaction effects
on injury severity of variablea related to crash energy transfer
and injury susceptibility. The identified interactlions were

included in the development of injury prediction mocdels as
functiona of the type of occupant, wvehicle and crash clrcumstances,



The injury prediction models were then used to eatimate the
expected injuriea (in the absence of energy-absorbing steering
syatema) of drivers of ADR 10A or 10B cars who made contact
with steering assembliea in frontal impacts. The difference
hetween actual and expected injury severity measured the
effect of the ADRa, The veriation of this difference with
characteristice of drivers and size of vehicle was also
investigated., The final stages of the main analysis pooled
open road and built-up area crashea, which had been analyzed
separately to this stage, so that the affect of variations in
driver/vehicle type could be investigated more thoroughly.



-7 -

DATA

The data on which this study was based were collected
during the Royal Australaslan College of Surgeons (RACS) Pattern
of Injury Survey of Victerian road caesualties (Nelson 1374). From
1 June 1971, legislation was in force in Victoria requiring hospitals
to supply, on a Road Trauma Report (RTR) form, details of injuries
for all road accident victims treated. In the RACS Eurvey these
data were supplemented by RTHs filled cut using post-mortem reports
on fatally-injured rcad users, In addition, Hoad Crash Report
(RCR) forms describing the crash circumstances of occupant
casualties were completed by ambulance officers. As there was
no legel compulsion easociated with this source, RCR forms were
returnad for only about one-third of crashes ettended by smbulances,
with a bias toward rural crasheas., Exasmples of the two data
collection forma are shown in Appendix A.

A matched file of trauma and crash reports for the first
two years was originally created for analysis by Nelson (1974).
This file was later supplemented by data for the third year. The
full matched file covers 4537 occcupants of passenger cars and car
derivatives, These occupants are grouped into three subfiles:

. Matched file 1971-73 (6526 ceses). The seme cases Were
analysed by Nelgon (1974, Chapter 411) and Camercm and Nelson
(1977). RTH8 to mateh RCRs for the 387 fatalities in the file
ware chtained by Nelson from ceroners’ records.

. Matched file 1573-74 (1667 cases). Created in exactly the
same way as the 1971-73 matched file except that RTRs to match
ACRs for the 133 fatalities in the file were cbtalned from coroners!
records by the Department of Transport.

., Pre-matched fatalities file 1973-74 {344 cases]. Both

crash and injury deta were extracted from coroners' records for the
remeining fatally-injured occupants of passenger cers end derivatives
involved in ecrashes in 1973=74. Some crash information was
neceagsarily deficient compared with that provided by ambulance
afficers on RCRa for the octher two subfiles.




Further details of the return rates, matching rates, blas,
accuracy, and the mnemonics uaed for each item of data in the
computer file (see followlng chaptera) are glven in Cameron
(1977), Nelson (1974) and Camercon and Wessels (1975).



PRELIMINARY ANALYSIS

INTRODUCTICON

Cameron and Wessels (1975) recommended that ADR 104
(and the energy-sbscrbing effects of ADR 10B) should be evaluated
by considering unreatrained drivers in frontal impacts as a treatment
group. Such drivers recorded as having contacted the steering
column/wheel were suggested as a mere refined ireatment group,
out the accuracy of infermation on the RCR regarding steering
assembly contacts could not be checked by comparison with
another source (Nelson {1974) checked the accurecy of seating
position, seat belt use, polnt of impact, occupant sex and crash
location by comparison of & sample of RCRe with corresponding
Police accident reporta). Cameron and Wessels alsc recommended
that restrained drivera, and unrestrained and restrained front
passengers, should be used ag control groups. Occupant cesualties
of cars with ADR 104 (1971-2 year of manufacture) and ADR 10B
(1973-4) would be compared with those cccupying earlier model
cara, and any change in the injury patterns of the treatment
group relative te the control groups could be taker. as an effect
of the ADHa.

Cameron and Wessels' recommended enalysis programme was
baged on the assumptions that occupant casualtles in the
control groups would have had few ateering assembly contacts and
that unrestrained drivers involved in frontal impacts would have
had a high contact rate., If these assumptions were true, then the
recommended anelysis programme would not rely heavily on data on
steering mssembly contecte. This was desirable as the contact
data recorded on the HCR were of unknown accuracy., However, this
is not to suggest that there was any evidence that information
cn steering assembly contacts was inaccurate or blased,

Cameron and Wessels also suggested that thelr recommended
analysis progremme may lead to invelid conclusions 1f the
treatment variable (1.e.,, presence or absence of the ADR) was
correlated with other variables which affect either:
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{a) the energy exchange in & ecrash (e.g., urban/rural
lacation), or

(b} the susceptibility to injury at a given level of energy
exchange (e.g., occupant age and sex).

The variablea listed in brackets are those avallable in the

RACS data, but are noft necessarily the beat measures of energy
exchange or injury susceptibility. The data alsc include
variables related to the transfer of crash energy to the vehicle
occupant, namely ejection and vehilele size (seating position and
spat belt use were already ineluded in the recommended analysis).
Cameron and Wessels recommended that a safeguard against invaelid
conclusions would be to conduct separate analyses sub-divided by
any variables found to be correlated with the treatment variable
and known or suspected to be assoclated with crash energy exchange
or injury pusceptibility.

Cameron and Wessela further recommended that the part of
ADR 10B aimed at limlting rearward displacement of the steering
column should be evaluated not uesing change in injury pattern
alona, The evaluation of this part of ADR 10B should he
supplemented by conslderation of the change in the proportion
of drivers who contacted the steering column/wheel,

DATA AND VARTABLES AVATLABLE FOR ANALYSTS

At the time of the preliminary analysis, the full matched
file of trauma and erash reports covering B537 car or car derivative
cooupant casualties from crashes in Victoria durdng June 1971 to
May 1974 was avallable, Appended to the file were a number of
derived variables and summary injury severity scores used by Nelson
(4974) in his enalysls of the firat two yvesrs data, However, the
file did not yet include the body reglon Abbreviated Injury
Severity (AIS) scares (States 1963) nor Baker et al's (1974)
Injury Severity Score described by Cameron {(1377).
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The following is a 1list and brief description (where

necessary) of the variables used in the preliminary analysis.
Further details are given in Cameron (1977).

Body zone injury counts {Z1 to Z10). Number of severe
injuries (AIS greater than one) in each of ten body zones
defined by Nelson (1974), Only head, neck and torsoc zones
were considered here (see Table II).

Fractured ribs - flail (C13). Incldence of this injury.

Square root of Nelson's T3S (AISQ). Nelson's Injury Severity
Score is the sum of sguares of the AIS scores for all specific
injuries, including those with AIS equal one (cf. Baker's ISS
described later).

Sgquare root of Nelson's Central ISS (CAISQ), Derived like AISQ,
except that only the head, neck and torso body zones (21 to
Z10 above) are conaidered.

Killed/injured (FATAL).

Year of manufacture - edited (KYR). Year of manufacture
recerded on the RCR, edited by registration number issue
schedules to Increase accuracy.

Point of impact on vehicle {IMPACT). Derived from impact
sub-section of section E on the RCR. Frontal impacts were
defined az those vehicles with one or boeth of "Head On" and
ngide - Front" recorded, after Nelson (1974).

Crash location (DIST). Metropolitan or country locaticn of
crash. The main snalysis altered this choice of crash

location to ROAD (open road v. built-up area), following
Cameron {(1979).

ection indicator (OBJ1E].
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. Size of vehicle (SIZE). Derived from make of vehicle
recorded on the RCR, using a detailed make/model clasaification
of cara and station wagons by length (above and below 4,32 m.)
glven by ABS (1975). About 20 per cent were inasdequately
described and were classified as size unknown; these vehicles
may represent an intermedlate size group.

. Seating position (SEAT).

Seat belt use (BELT).

. Dccupant age (AGE).

.  Qccupant sex (SEX),

Steering column/wheel contact indicator (OBJ3).

RESULTE FROM PRELIMINARY ANALYSIS

Introduction

The preliminery analysais closely followed that recommended
by Cameron and Weasels (1975). Data regarding steering assembly
contacts were not used to define a more refined treatment group
because thelr accuracy was unknown, Occupant ejection was
contralled by eliminating ejectees and occupant age was partially
controlled by considering only drivers and front left passengers
aged over 17. Vehicles manufactured before 1950 were not
conaidered and the remaining vehicles were grouped by year of

mamnufecture as follows:

. 1950-59
. 1960=68
. 1969-70: lap/sash seat belts fitted to front outboard zeats

under ADR &
. 1971-723 ADR 10A (and ADR &)
. 1973=-T4; ADR 10B (and ADR &4/44).
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ADR & required thet lap/sash seat beltse be fitted to outboard
geating posltions and lap belts be fitted to other
seats. It applled to the front seats of passenger cars and
derivatives manufactured on and after 1 January 1969 and additionally
to the rear gseats of such vehicles manufactured on and after
1 January 1971. ADR 44 upgraded ADR & by reguiring fixed buckle
locations of seat belts inastalled in vehicles manufactured on and
after 1 April 1974. During the periocd when the crash dats were
collected (June 1571 to May 1974), &1l vehicle occupants aged
8 or more occcupying seating posltiona with fitted belts were
required to wear thoge belts under the compulsory seat belt
wearing legislation in Victoria. BSome 75 to 80 per cent of
front outboerd cccupants cbserved in Melbourne and &B to 75 per
cent of like occupants cbserved on highways through six Victorian
provincial towns were wearing lap/sash belts, where fitted to
their seating pesitions, in February 1973 (Vulcan 1977). Hear seat
occupants were not surveyed at that time, but in observations
of rear seat occupants aged 8 or more in Melbourne in December
1975, 41 to 47 per cent of rear outboard ocecupants wore available
lap/aash belts and 26 per cent of rear centre PASBENFZETS WOre lap
belts, where svailable (Boughton, Cemeron and Milne, in preparation).

Comparlson of Trestment and Control Groups

Table I shows injury severity scores by vehlcle year of
manufacture for the treatment group (unbelted drivers) and for
the control groups (remainder). Similar analyases were produced
for each body zone injury count and for the Incidence of flail
fractured ribs. Table II shows that thease latter injury varilables
have greater variablility than the generasl injury severity ascores
included in Table I.

Figure I showse plote of the mean injury severity scores given
in Teble I, Inspection of Figure I in conjunction with the
atandard errors (standard deviation of mean) in Table I indicates

there asre no significent differences by year of manufacture when
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TABLE I : Injury severity scores of non-ejected driver and front

left passenger (FLP) casualties aged over 17 involved
in frontal impacts.

Ogecupant Tyvpe

Square root of]

Square root [ Percentage of

No. of Nelson's ISS of Nelson'a | casualties
Year of ocupant Central IS5 | killed
nanufacture [8Sualties |'Mean [Std. dev.|Mean . dev; MeanTSid. dev.
score|of mean | acorelof mean (%) Iﬂf mean
T I
Unbelted Drivers ! :
15950-59 71 2.49 | 0,22 1.69| 0.18 | 4.2 | 2.4
1560-68 345 2. 84 0.15 2,06 0.12 9.6 | 1.6
1865-T0 85 3.10 | 0,29 2.11| 0.24 [10.6 | 3.4
1971-72 43 3.03 | 0.41 2.22| 0.3 [10.2 &, 4
1973-74 13 4,38 | 0.95 3.23| 0.91 (23.1 | 12.2
Belted Driversg
1950=59 28 2,19 0.99 1.56 0.3%2 3.6 3.6
1960-68 232 2.27 .14 1.53 0.11 5.2 1.5
1863-70 127 2.68 0.23 1.82 0.17 10.2 2.7
1971=72 118 3.09 0, 30 2.04 0.23 16.1 3.4
1973=-74 29 .61 | 0.81 2.95| 0.68 {24.1 8,1
Unbelted FLPa
1980-59 23 2.54 0.42 1.30 0.20 4,4 b.3
1960-68 125 2.58 | 0,24 1.89 1 0,22 a.8 2,5
1965=-T0 38 3.565 0,51 2.62 0. 46 18.4 B.d
1971=72 26 2.048 | 0,42 1.6656 | 0.36 7.7 5.3
1973-Th 2 8. 20 2,80 5.95 3.95 50,0 50.0
Belted FLFs
1950=59 9 1.96 | 0,43 1.28 | 0.39 0.0 0.0
1960-68 81 2.28 0,24 1.57 0.19 7.4 2.9
1969=T0 LG 2,74 0.39 1.99 0.28 12.2 0.7
1971=-72 45 2.92 0. 40 2.14 0,33 2.9 L.3
1973=-74 13 3,06 1.3 2.04 1.06 15.4 10. 4
TOTAL 1808 2.74 0.07 1.92 0,06 5.6 0.8




- 15 =

SQUARE RODOT DF HELSON'S IS5

< Delvers Front Left Passengers
FE
Unhal taa

3-

2 daltnd

[

E L] L} ¥ Li Li T T T T L

(A50-9 &0-F =70 T2 734 I950-9 LD H-7¢ T2 Ti+
S5QuUARE ROCDT OF MELSOM'S CEMTRAL 155

5 Orivers Front Left Passasngers
.+.|

3

e e

o T | T L] _— T L T T

1950-9  bO-8 Ao T2 T4 1956-9  p0-8 &I T-L T34

PERCENTRAGE OF EREU#LTIES KILLED
Oeluvare Fro #A5EENOETE
o —_—
500

3o+
204
[ =
E T L i 1 T T Li T T L] T

(9509 HO0-F L0 T2 To-4 19509 HO-8 &9-T0 T2 Ta-4

Year of Manufacturs Yaar of Manufactirg

FIGURE 13 Injury mavearity scores of non-ajected driver and front laft
passsngar cosualtise mged over 17 involwed im frontal imoacts




- 16 =

TABLE II : Coefficients of variation for injury scores
of driver and front left passenger cesualties
involved in frontal impacts.

Coefficlient aof variation

Body Zone Injury Counts (atd. dev. # mean)
Head 3.28
Face 3.17
Neck 4.79
Central thoracic 4,83
Central abdominal 14,36
Central pelvic 15.63
Left lateral chest 4.35
fight lateral chest 4,50
Left lateral abdomen 5.72
Aight lateral abdomen 5.01

Flail Frectured Ribs 5.90

General Injury Severity Scores
Sguare root of Nelscn's ISS 0,99

Square root of Nelsen's Central ISS  1.15

Percentage of casualties killed 3.07
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unbelted and belted casualtlies are compared, for drivers and front
left passengers separately. Failure to detect differences by
year of mamufacture may have been due to the variability of the
gensral Injury severity scores rather than the non-effectiveness
of ADRs 10A and 10B. The situation may have been even worse for
the other more-specific injury variables listed in Table II.

The validity of the comparisons made from Table I relies
heavily on the assunption that occupant casualties in the various
vehicle year of manufacture groups do not differ with respect to
their distributions of crash energy exchange or susceptibility to
injury. If so0, a solution is to conduct "controlled" analysis
described earlier, i.e. sub-divide the analysis by variables
related to energy or susceptibility, or hoth if necessary.

Need for Controlled Analysis

To establish the need for controelled analysis, the interaction
between year of manufacture and each of the following wvariables
was investigated for each of the four cccupant types in Table I:

Crash location,

. Size of wvehicle,
Occupant age,

. DOccupant sex, and

Steering column/wheel contact.

There was considerable evidence of interactions and in 2ome
cases they were statistically significant, summarised as follows:

For all four occupant types, the older vehicles tended to be
large and the newer vehicles tended to be small,

¥For unbelied drivers, those aged 60 and above tended to
occupy early or late model vehicles,



For belted drivera, those aged 18 to 29 tended to occupy early
or late model vehicles, and

. For belted drivers, those occupying vehicles manufactured in
1971-74 were less likely to have contacted the steering

assembly.

The latter interaction (Table III) was significant at the 5 per cent
level (one-tailed test, for a decrease in the proportion contacting).
A gimilar comparison of the proportion of belted drivers of

1973=-74 cara who contacted steering assemblies (38 per cent) with

a like figure for drivers of 1950-=70 cars (45 per cent) was not
statistically significant,

Thus, according to the recommendations of Cameron and Wessels
(1975), for valid conclusions to be reached the analysis in Table I
should be reproduced within categories of vehicle aize, cccupant
age (for drivera, at leaat), and the incidence or otherwise of
ateering assembly contact (for belted drivers, at least).

The implications of the preliminary results and the need for
further analysis of the same type will be discussed in the following
aection.

DISCUSSION OF PRELIMINARY RESULTS

7. The preliminary resulta were inconclusive regarding the
energy-absorbing effecta of gteering assemblies installed under
ADHe 104 and B for unbelted drivers involved in frontal impacta.
The injury variables relating to apecific body zones had high
varlabllity and may have been insensitive to effects of the ADRs.
Griffiths et al (1976) found that over 70 per cent of 1life-
threatening chest and sbdominal injurises to drivers resulted from
gteering aasembly contacts; seat belt use was low in theae
caaes. Mackay (1975) commented that in frontal impacts,

unbelted drivers have chest contacts with the steering wheel,
whereas belted drivers have head or face contact, Thus there ls
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: Proportion contacting steering assemblies.
Non-ejected driver and front left passenger
casualties aged over 17 involved in frontal

Decupant Type

Tear of

Mot

column/wheel assemblies

Ozcupant casumlties contacting steering

Proportion contacting
manufacture contacted Contacted (%)
Unbelted Drivers
1950=59 39 32 45,1
1960-68 174 171 49,6 50.9
19659=T0 33 52 E1.2
1971=T2 2% 26 53.1
1973=74 5 7 53,8 53.2
Total 275 288 51.2
Belted Drivers
1950-59 15 13 L, 4
1960-68 124 108 LE . B 47.8
1969-70 B3 64 50, 4
1971=72 T3 L5 38.1 5 1
1973-74 18 11 37.9 8.
Total 293 241 45.1
Unbelted FLPs 206 ] 1.7
Belted FLPs 192 5 2.5



a need to conaider separate body regions in any study of
steering assembly-caused injuries. The use of Nelaon's Central
1585, which has relatively low varlability (Table II), wes an
attempt to do this, btut 1t covered the head, neck and torso body
regions and may not have been sufficlently specific, The other
general injury severity ascores used (Table II) were even less
specific.

2. A basic analyels design assumpticn of Camercn and Wessels
(1975), namely that occcupant casualties in each of the control
groups would have had few steering assembly contacts, appears to
be false for belted drivers (Table III), Indeed, the contact
rate for unbelted drivers was not much higher at 51 per cent,
Thus, the continued use of unbelted drivers ee the treatment group
in subsequent analyais would act to dilute the apparent effect
of the ADRs, It wes decided that subsequent analysis would
redefine the treatment group as driver casualties who contacted
the steering assembly, Belted and unbelted drivers would be
included, but mindful of Mackey's comment that the two groups of
drivers may have made contact with different parts of their bedy,
the szeparate effects of the ADRs for these two groups would be
evaluated, if necessary.

. I Even with & reviged analysls approach, as deacribed above,
the need to control for venicle alze and driver age (at least)
would probably remain, The traditlicnel methed of controlled
analysia, namely sub-dividing s table like Table I into categeries
of the offending variable, would be infeasible. Thils is because
there were only 89 drivera of ADR 10A or B cars who contacted the
steering assembly (Table III}., If these dats were pub-divided
into categerles of vehicle size or driver age (or both, 1f
necezsary), there would be too few cages In each category to
produce an adequate estimate of the Injury pattern., One

polution may be to preduce functional models of the expected
injury pattern of ADR 10A and B drivers making contacts, besed
on the injury patterns of occupants of pre-ADR 10A cars. BSuch
models would include variables which need to be controlled for

a valid comparlison of expected and observed injuries of ALR 10
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drivers. Additionally, the models could include other availsble
variables found to explain variations in injury patterns, =c that
more precigse estimates of the expected injuries of ADR 10A and B
drivers could be made, thus leading to more sensitive tests of
the eifect of the ADRs., Examples of such additional varisbles,
which currently do not appear in need of control, are crash
location and occcupant sex. Crash location is obviously related
o impact speed and hence to crash energy exchange, and Patrick
{197%) has found that females are much more prone te rib fracture
than males for the same severity of colliaicn.

&, Flgure I indiceted that among the data analysed, injury
severity tended to incresse with year aof manufacture, The

reason for this was not understood, but indlicated that year of
manufacture has some explanatory power for injury patterns, either
directly or by proxy for some other causative varisble. Thus,
year of manufacture should also be considered ss an explanatory
variable in the functional models described above,

5. A separate evaluation of the energy-absorbing effecta of
steering amasembliea Installed under ADR 10B 12 not feasible, since
there were only 18 driver casualtles who contacted steering
assembliea in ADR 10B cars. It was declided that in subseguent
analysis of the energy-absorbing effects of steering essemtlles,
ADR 10B car occupants would be grouped with ADR 10A car

occupants and referred to by the generic title "ADR 10",

&, There was no statisticelly significent evidence that ADR 10B
car driver casualties weres less likely to have contacted the
steering assembly than driver casualties from pre-ADR 10 cars,
However there was evidence that belted driver cessualties from

ADR 10 cars, as a group, were less likely to have contacted
steering assemblies then belted driver casualties of pre-AlR 10
rars, There are two possible explanations of these findings:
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(i) Steering assemblies installed under both ADRS are effective
in limiting rearward displacement in frontal impacts, thus
reducing the likelihood of contact with restrained drivers,
or

(ii) The observed results are evidence of the effectiveness of
the ADRs in reducing the probability of injury to restrained
drivers contacting steering assemblies in frontal lmpacts,
eince fewer such drivers would be expected in a file with an
injury eriterien for inclusion (as has the RACS matched file),

It 18 not possible to determine which of these explenations is
carrect, However 1f subsequent analyeig were to find that ADR 10
reduced the severity of injury of belted driver casualties who
contacted steering assemblies, then this would suggest that (1i)
ig the correct explenation.
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MAIN ANALYSIS

INTRODUCTION

The major conclusion from the preliminary analvsis was that
a new method of analysis was required to cope with the problem that
the RACS data file contained relatively few drivers of ADR 10 cars
who contacted steering assemblies in frontal impacts. There was
g need to develop functional reletionships of crash, vehicle and
occupant variables to estimate the expected injury patterns of
drivers contacting steering assemblies in the sbsence of ADR 10,

Carlson and Kaplan (1975) demonstrated that the development
of auch functional relationshipe was femsible for deta of the type
available in the RACS file. They developed multiple regression
models for Overall AIS (OAIS) score injury data collected by
Nerth American in-depth accident investigation teams. OAIS is a
clinical Judgement of the AIS acore of a single injury which by
itzelf would be equivalent in terms of overall severity to the
cumulative effect of multiple injuries (Joint Committee on Injury
Scaling, 159768). (Carlascn and Kaplan considered wvarious measures
of crash severity {vehicle damage, vehicle welocity squared,
crash energyl as predictor variables, as well as dummy variables
(zero/cne) for occupant ejection, windshield bond separation,
and single/multiple vehicle crash. They algo discusased and
regolved the methodological guestion of applying an enalysis
technigue appropriate to an interval-scale wvarieble to 0AIS,
which 13 generally thought of as an ordinal variable.

Carlson (1977, 1978) later extended the methodology to
include vehicle weight, occupant age, seating position and
reatraint use as predictor variablea, He fitted the multiple
regresslon models to deta within separate crash type categories
and alss considered the effect on injury severity of the
interaction of some predictor variables. For head-on crashes of
two vehicles, Carlson (1577} found that the regression model
explained 46 per cent of the variation in OAIS scorea of 355
occupants, He alac found that the following variables made
statistically significant contributions to explaining the
variation of CAIS:

Velocity (squared} of each vehicle,
Welght of each vehiczle,

L]
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Decupant age, and

[ummy varlables for driver and front outboard
passenger seating position.

Carlson (1978) gave consideration to the relationship
between the distribution of OAIS and mean CAIS (since the latter
parameter is the objective for prediction by multiple regression
models). He concluded that mean OAIS is a useful summery measure
of changes in the distribution of CAIS as a function of injury
prediction varieblea,

Watson and Shiels (1975) followed Carlson and Keplan's
approach and developed non-linear multiple regression models for
OAIS mas a function of vehiele damage and cceupant age.

INJURY SEVERITY SCORES

Prior to the main analysis, the data file did not include
OAIS nor any other proxy general injury severity measure. HNelson's
(1974) Injury Severity Score was not considered an adequate
proxy because 1t gives undue weight to minor injuries. HNor did
the data file contain injury severity scores within body regions
which, given the highly locational nature of injurles due to
steering assemblies (Mackey 1975, Griffiths st al 1976), were
conaidered essential tools for providing sensitive discrimination
of the potential effect of ADR 10.

To this end, a method was developed for calculating the AIS
aoore of the most severe Injury in each of eight body reglons
(Cameron 1977). Following Nelson (1974) end Statea (1969), AIS
scores were agsigned to each injury on the RTR and, for each
occupant casualty, the maximum AIS in each body regicn determined.
In the subseguent analysis, only five of the eight body regions
were considered apecifically:

. Head,

. Face,

, Chest (excluding thoraclc spine),

. Abdomen/Pelvis (including pelvic girdle, but
excluding lumbar spine},

., Lower Extremities.
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This subset was chosen to lighten the analysis task and because
it was considered that any potentisl effect of ADR 10 would be
confined to these body reglons.

To aveid the danger of miesing a positive or negative effect
in the other body regions, a whole-body injury severity score
was sought for inclusion in the analysis. Nelson's IS5 was
rejected and OAIS was not available in the file. O0AIS could not
be derived from the available data beceuse it ia a clinical
Judgement. Baker gt al (15974) developed and tested an Injury
Severity Score '"which may be a suiteble replacement for the
Overall AIS' (Joint Committee on Injury Scaling, 1976),.
Essentially, it is the sum of sguares of the maximum AIS scores
of the three most severely injured body regionz, Hence it was
derivable from the informetion avallable in the data file,
Baker gt al showed their IS5 to be a good indicator of the threat-
to-1life due to multiple injuriea., Accordingly, it was chosen as
the whole=body injury aeverity score for this main analysis.
A aguare root transformation was taken to avold methodological
problems due to the skewness of its distribution.

In summary, the following eix injury savarity ascores were
used asg criterion variables in the main analyasis to determine
the effect of ADR 10C:

. Head AIS (H),
. Face AIS (F),
Chest AIS {(C),
Abdomen/Pelvis AIS (AF),
Leg (Lower Extremities) AIS (LX), and
Sguare root of Baker's ISS.

CONCEPTUAL MODEL

AS background to the maln anamlysis, it was considered
useful to develop a conceptual model of the relationship between
available variables and their effect on injury severity of
accupant casual+ies from frontal impacts. Avallable variables
considared to potentielly affect injury severity were grouped

ma follows:
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Energy of impact

1. Crash location (ROAD)

2. Year of manufacture (KYR) - see earlier discusaion
of preliminary analysis

3. Crash type indicators
- Vehicle-to-vehicle (NATURE1)
- Struck 'object!’ (NATUREZ)

Transfer of energy to occupant

. Ejection indicater (OBJ16)
- if not ejected : 5, Vehicle size (SIZE)
. Seating position (SEAT)
. Seat belt use (BELT)
. Steering column/wheel
contact indicator (OBJ3)
9. ADR 10 (if effective)

6
7
8

. Injugg susceptibility of occupant

10. Age (ACE)
11. Sex (SEX)

The crash type indicators were included because Marsh et al (1977)
found these two types of frontal crash to be algnificantly (but
differentially in magnitude) associated with fatal ocutcome in
North American in-depth accident data.

It was suspected that many of the variables related to the
tranafer of energy and injury susceptibllity would interact among
themselves (and possibly with the energy of impact) in terms of
their effect on injury severity. Hence the first step in the
main analysis was to investigate such interactiona with an aim %o
incorporating significent interaction terms in the multiple

regragsion modela.

INTERACTIONS OF INJURY PREDICTION VARIABLES

Analysis
A peries of Analysis of Variance were performed on each of

the aix injury severity ecriteria. For this and all subseguent
analysis, occupant casualties in the Pre-matched fatalities 1973=Th
sub-file were not considered because it was suspected that these
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cagses may distort the injury severity scores based on later model
car occupants, Ejected occupants were alsc excluded on the
grounds that ADR 10 could not have heen relevant to their injuries.

Initial analysis indicated a number of significant
interactiocns between crash location and variables related to the
energy transfer and injury susceptibility. These awamped other
interactions, 8o 1t was decided to split the data into tha two

crash locatlons during the development of the injury prediction
modela,

Initial analysis alsc indicated that there was no significant
interaction between vehicle aize and steering assembly contacts.
This allowad the analysis of interactions between injury predictors
to be carried out in two perts within the limits of the available
computer software (Nie et &l 1975), There was a limit of five
factors which could be included in the Analysis of Variance and
theae were chosen aa followa:

Factors:

Seating position {driver/front centre/front left/rear)
. Seat belt use (unbelted/belted)
. Occupant age (1 to 24/25 to 45/50 to 99)
. Occupent sex (male/female)
. (1) vVehicle size {(small/large/unknown)

(11} Steering column/wheel contact indicator

(not struck/struck)

LCovariate!
Yegr of manufacturs

Year of manufacture was included as a covariate in the Analyses
of Variance in order to reduce the residual variance (and hence
increase the sensitivity of the analysis); Interactions of year
af manufecture with the factors were not considered. With the
axception of vehicle size, cases with unknown values for any

af the above variablee were excluded from this end subsequent

analysis.
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Results

A large number of interacticns between the injury predictors
were observed to have "significant' effects on the injury severity
scores (Table IV). A liberal significance level of 0.4 (two-
tailed) was used for detecting interactions because it had been
observed in trial multiple regreasiona that such interactions
commenly had much higher levels of statlsticel significance
(lower p) than were observed in Analysis of Variance.

For each combination of crash location and injury severity
score, the significant Interactiona in the corresponding column
of Table IV were incorporated as candidate injury predictor variables
in the multiple regression models developed in the fcllowing
section,

INJURY PREDICTION MODELS

Method

The expectation or mean value of each of the six injury
gaverity criteria was theorized as being & linear function of the
injury predictor variables plua the interactions found significant
in the prﬂyinus section (Table IV). The coefficlents of each
variable and interaction were estimated by multiple regreasion,
Categorical variables with more than two categories (seating
positinn and vehicle gize) were represented by dummy variasbles
{see Appendix B, Table B1)., Occupant mge was retained as an
interval-scaled veriable, following Carlson (1977, 1978),
Interactions were also represented by dummy variables (Table B2),
following Nie et al (1975) who glve an excellent exposition of
multiple regression with dummy variables.

Multiple regresaiona were fitted to non-ejected cccupants of
pre-1971 cars inveolved in frontal impacts separately for the two
arash locationa, Occupants of 1971 and later cars (ie, those with
ADR 10) were excluded from the regressicns because the regression
coafficienta were to be used to estimate the expected Injury
patterns of these occupants and their inclusion would have biased

the satimates,



TABLE IV : Significance levels (p)} of 'significant’ (p < 0.4} interactions
hetween injury prediction variables in Analysis of Variance,

Irjury Severity Score

Head Tace hest Abdomen,/ Leg _ﬁauare roat
ATS ALS ALS Pelvis ATE of Baker's
Tt i _ AIS 155
nteraction Open  Puilt=- GUpen  DBuilt- Open  Huilt- Open Built- Open  Built-  Open Built-
road up road g road up road up road up road up
SEAT by BELT 0.23
SEAT by SEX .36 O.14 0.23 Q.36 0.39 0.33 0.33
SEAT by AGE 0.36 0.27 0.25
BELT by SEX 0.02 0.05 0.22 0.19
BELT by AGE 0.38 0.40 0.09 0.09 012 Q.14 0.16
\ SEX by AGE 0.07 0.03 0.21  0.06
a
™ SEAT by SIZE 0.36 0.34
' BELT by SIZE 0.13 0.39
SEX by SIZE 0.36 0.10 0.32 0.14 0.21 .14 0.18 0.22
AGE by SIZE 0.29 .13 0.22 0.23 0.149 0.06 0.15 .13 0.38
SEAT by OBJ3# 0.32 0.32 0.37 0.21
BELT by OBJ 0.32 0.07 a2 0.23 0.34 G003 .27 0.22 0,28
SEX by OBJE 0.26  0.25 0.05 0.13%
ACE by OBJ3 a.01 a.22 0.15 0.18

* ORJ3 : Steering wheel/column contact indicator
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Multiple regressions were alsoc fitted to non-ejected
oceupants of all cara involved in frontel impacts., In these
cages, a dummy variable denoting cccupants of ADR 10 cars and
a dummy variable denoting ADR 10 drivers who contacted the
steering assembly were alao included (Tables B4 and B2). The
coefficient of the latter dummy variable was an estimate of any
change in the injury severity of contact-making drivera due to
ADR 10, The other dummy variable was included to represent
any other change in the injury severity of occupanta of post-1970
cara generally compared with sarlier cars.

Models based on Pre-1971 Car Occupants

The best of the multiple regreasion models fitted to
pre-1971 car occupants (Tables B3 to B14) explained only 11.8
par cent of the wvariation of injury severity. This compared
unfavourably with the figure of 46 per cent of variance
explained found by Carlsen (1977) for cccupants in head-con
crashes., The disparity i1s probably dus to the absence of any
crash severity measures from the regressions fitted here,
Carlson and Kaplan (197%) and Carlson (1977, 1978) all found
that crash severity explained a large and atatistically
significent proporticn of the variastion in injury severity in
thelr regressions.

Tables B3 to B14 show the variables (and their sstimated
coefficlents) retained for inclusion in the functicns used to
estimate the expected injury severities of occcupants of ADR 10
cara (see next major section for comparison of expected and
obeserved injury severities). Variebles with ccefficlents
gignificantly different from zero were retained, together with
variables satiafying the following criteria:

(a) dummy variables with regression coefficients
exceeding 10 per cent of the mean injury
severity score, and

(b} interval-scaled variables with regression
coefficients exceeding 1 per cent of the
mean injury sesverity scora.
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Criteria (a) and (b) were added to include variables which
potentially made a aubatantial contribution to injury severity
estimates, but which did not have stetistically aignificant
coefficients due to the relatively large unexplained variation
inherant in the models in the sbaence of a crash severity
measaura,

The ccefficients in Tables BY to B14 are unbiessed estimates
of the contribution of the corresponding varieble to injury severity
when all other variables included in the regression have been
controlled. Thus when interpreted correctly, the coefficlents
give considerable insight into the mechanisme of injuries in
frontal impacta. For example, the sstimate of the effact of seat
belt use on head injury severity in open road frontal impacts
is a reduction of 1,023 unita on the AIS acale (Table B3},

This effect was statistically significant (p « 0.002), but there
13 also evidence of an interaction between szeat belt use and
oceupant age (variable AGEWEAR; p = 0.02). However, due to the
limited time available, it i3 not possible to give & detailed
interpretation of the reasults in Tables B3 to B14 in this report.

Significance of Dummy Varisbles for ADR 10

In general, the multiple regressiona fitted to non-6jected
accupants of all cars resulted in regreassion coefficients eimilar
to those in Tables B3 ta B14., These regressions included two
dummy variables denoting (1) ADR 10 occcupants and (i1i) ADR 10
drivers who contacted steering mssemblies {Table V). There
was 8 statistically significant (p = 0.02) negative coefficient
for the dummy variable representing ADR 10 drivers who made
steering aasembly contacts in open road frontal impects when
regressad on abdomen/pelvis injury severity. This result
suggeated that there was a reduction in the severity of abdomen/
pelvis injuries to open road drivers who contacted steering
assemblies Iinestalled under ADR 10 compared with thoee in
pre-ADR 10 cars, There was alsoc evidence that cccupants of
ADR 10 cars in frontal impacts in built-up areas sustained leas
severe head and face injuries than like occupants of pre-ADR 10
care (Table V; significance level 4 0.05}.
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TABLE V : Dummy variables for ADR 10 in multiple regressions
fitted to non-ejected ocoupant casualties from all
cars involved in frontal impacts.

Crash location Dummy wvariable for Dummy wvariasble for
ADR 10 driver odocupant of
contacti steering ADR 10 car
Injury asaamblyanEHHTDE} (ADR10)
severity
acore Regression |8ignificance | Regresasion |Significance
coafficlent|level (p) coafficient |level (p)
Open Road
Head AIS * 0.96 =0,11 0.54
Face AIS +0,05 0.82 +0,12 0.3%6
Chast AIS -0.17 0.54 +0.17 0.33
Abdomen/
Pelvis AIS -0.61 0.02 * 0.95
Lag AIS +0.05 0.85 =0,15 0.3
Square root of
Baker's I88 =0.55 0,22 +0.16 0.57
Built-up Areas
Head AIS * 0.98 =0.18 0.02
Face AIS 0,98 =0.13 0.05
Chast AIS =0.06 D.64 +0.12 0.15
Abdomen/
Felvis AIS =0, 0k 0.75% +0.11 0,08
Leg AIS +0,07 0.62 +0. 04 0.64
Square raot of
Baker's I33 -0,03 0.91 +0, 06 0.65

*Regreasion coefficient not calculated by computer program
because of low significance (high p).
would be close to zero,

Calculated coefficient
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The results in Table V are measures of the effect of ADR 10
over all types of drivers who contacted ateering assemblies.
ADR 10 may have been more or leas effective for some types of
drivera. The method of dummy wvariable multiple regression does
not allow & non-cumberscme investigaticn of the effect of ADR 10
for different driver types. Observed and expected injury
geverities must be compared and that is the subject of the
following section.

COMPARISON OF OBSERVED AND EXPFECTED INJURY SEVERITIES

Method

The injury severity prediction functions in Tabhles B3 to B4
were used to calculate the expected injury severity scorea of
driveras aof 1971-74 cars involved in frontal impacts. These
prediction functiona did not inelude dummy variables for ADR 10
and the functions were estimated from data on cccupanta of
pre-=1971 cars, sc they give the expected injury pattern in the
absence of ADR 10. The residual injury severity acorea
(observed scores minus axpected) were calculaeted for drivers
of 1971-74 cars who contacted steering assemblies. These
rasidual scores were taken as raw measures of the effect of
ADR 10, They were then discounted by the residusl scores for
drivers of 1971-74 cars who had not contected steering assemblies,
to allow for the possaibility that drivers of 1571-74 cars had
sustained more (or less) mevers injuries than expected due,
for example, to having been involved in more (or less) severe
craghes. The residual scores for ADR 10 drivers who made
contacts were further discounted by the residusl scores of
pre-1571 drivers, to allow for any deficienciea in the injury
prediction functione in terms of their ability to estimate
accyrately the injury patterns of drivers either making or not
making steering assembly contacts; these deficiencies were
expected to be small.

The statistical significence of the final net residual
acore of sach type was tested by Analysis of Variance on the
driver regidual scores, the factors being:

. Year of menufacture (1971=74/up to 1970), and

.  Steering column/whael contact indicateor

(not struck/atruck),



- 34 -

me-tajled significance levels were calculated, as it was
hypothesised that ADH 10 would have resulted in decreases in
injury severity in each of the body regions conszidered. One-
tailed levels were also chosen to increase teat sensitivity, which
had already suffered severely due to the absence of a crash
severity measure from the injury prediction functions.
Significance levels close to one would be indicative of &
atatiatically significant increase in injury severity which
would have been found had a more conservative, two-tailed test
procedure been chosen., This may be appropriate in the cases
of face, head and leg injuries, in light of previous research
(Lundstrom et al 1966, Gloyns 1973, Gloyns and Mackay 1974).

Results

Table VI illustrates the calculetion of the net residual
score for the whele-body injury eeverity score (aguare root of
Baker's IS3). Thus, the overall injury severity of ADR 10
drivers who contacted steering assemblies in open road frontal
impacts was 19.7 per cent lower than expected in the shsence of
ADR 10, This difference in injury severity could have been
due to chance with probability p = 0.13. In built-up area
crashas, the analagous difference in overall injury severity
was only 1 per cent lower (p = 0.47).

The difference between observed and expected overall injury
savarity for ADR 10 drivers making contacts in open road crashes
was due to differences in injury severity in the face, chest
and abdomen/pelvie regions (Table VII), Only the net residual
in the latter regicn was statistically eignificant (maximum
significance level p = 0.,1), There were no statistically
slgnificant net residuasls for drivers in crashes in built-up
areas., However there remained the possibility that there were
statistically significant net residuals for specific types of
drivera or vehicles in crashes in built-up areas (and in cpen
road crashes). That is the subject of the following,
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TABLE VI : Average obeerved injury severity scores for non-ejected
drivers in frontal impacts, plus expected scores from
injury prediction models,

Crash Location. Squere roct of Net residuaml
Year of maruf. Baker's ISS as percentage
’ b of expected
3teering column/ Hgésgg ?SF?Ed EE?EgtEd ?gﬂfdg?f-(aignificanca
wheel contact ' . level, one-tail)
QEEE Foad
A1971-74 drivara
fa) Struck Jd 4.908 3.293 =0,388
(b) Not struck 36 2,726 2.5315 +0.191
(o) Het [(a)-(b) =0,579
Up to 1970 drivers
[d} struck 145 * . +0.087
fel Not atruck 117 L * =0 014
{£] wWet (di-(m) +0.071
MET [(c)=(f) =0, 650 =19.7 (p = 0.13)
Built-up Areas
4871-74 drivers
{al Stxuck 52 1.823 1.711 +0.112
{b) Mot atruck 77 1,537 1.478 +0.04%
lch Het {al-=(k) +0.063
Up to 1970 drivers
(4] Struck 286 & ° +0. 069
{a) Mot struck 324 L] * ~0.0L1
(f] Mat (d)-(a) +0., 080
HET {o)=(f} =0,017 = 1.0 {p = 0.47}

"ot axplicitly caloulated during analysis
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TABLE VIT : Expected and net residusl injury severity scores
of non-sjected drivers of ADR 10 cara who contacted
steering assemblies in frontal impacts.

Wet
Crash Locetion Expected score
for 1971=T4 Net Tresidunl Significance
Injury drivera who e as level
severity contacted steering| "o cuel percentage | (o,
Acares o
= column/wheel bxpected tailed)
Open HRoad
Hesd AIS 1.335 +0.093% + 6.9 0,60
Faca AIS 1.176 -0, 258 -22.0 0,15
Cheat AIS 0,930 =0, 263 =26.6 0,24
Abdomen/
Pelvia AIS 1,034 =0, 549 =53.1 0.06
Leg AIS 0.969 +0.,095 + 9.8 0.62
Square root of
Baker's IS8 3.293% =0, 650 =19.7 0.1%
Built-up Areas
Head AIS 1.025 =0, 033 - 3,2 0,40
Face AIS 1.001 +0, 005 + 0.5 0,51
Chest AIS 0,575 =0,104 =18.1 0. 21
Ahdumenf
Pelvis AIS 0,088 +0,010 +11.3 0.53
Leg AIS 0,449 =0, 002 - 0.5 0,49
Sguare root of
Haker's ISS 1.711 0,017 - 1.0 0,47
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RESTIDUAL INJURY SEVERITIES BY DRIVER/VEHICLE TYPE
Method

Variations in the net residual scores (of ADR 10 drivers
who made contaets) by driver or vehicle type were tested for
statistical significance by Analysis of Variance with the
following factors:

Year of manufacture (1971-74/up to 1970),
. Steering column/wheel contact indicator, and
. Driver/vehicle type variable, ie.
(1} Seat belt use,
(i1} Driver sex,
(iii) Driver age, or
(iv) Vehicle =ize.

A significant three-way interaction between the factors indicated
that there were substantial wvariations of the net reasfduals in
Table VII between the categories of the driver/vehicle type
variable analvaed.

For each three-way interaction asignificant at the 0.2 level,
the date were partiticned by the driver/vehicle type variable and
net reaiduals for the corresponding injury severity score
calculated {n the same manner as Tables VI and VII within each
partition,

Hesults

For ADR 10 drivers in open road crashes, there wers
indications of substantial wvariations in face and leg injury
severities by driver type (Table VIII). The net reaidual cof
face injury severity varied significantly with driver sex and
aga, and that for leg injury severity varied sipnificantly with
seat belt uae. In buillt-up area crashes, there were indications
of substantial wvariations in chest and leg injury severities
by driver age and vehicle size {Table VIII)., The net residual
of chest injury sevarity alac varied significantly with driver

agx,
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TABLE VIII : Significance levels (two-tailed) of effect on
injury severity score of interaction between year
of manufacture, steering assembly contact, and
drivarfvahiclu type variable,

Crash Location Driver/vehicle type variable
Imuﬁy Jeat Vehiel
Sever cle
gcora helt Sex Age :Iza
use
Open Road
Hﬂﬂ.d AIB D’l 3? Dl33 Dq“l‘? 0,42
Face AIS Q.52 0.05+ 0,01% 0,45
Chest AIS 0,36 0,50 0.70 0,85
Abdomen/
Pelvis AIS3 0.80 0.50 0,89 0,85
Leg AILS 0,18+ 0.35 0,86 0,81
Square root of
Baker'as I353 0.87 0,78 0.06= 0,73
Built-up Aregs
Head AIS 0,90 0.4 0.79 0. 37
Face AIS 0.58 0,95 0.90 0,59
Chast AIS 0.42 0,135+ 0,00 # 0,16+
Ahdﬂmunf
Pelvis AIS 0.99 0.4 0.42 0.82
Leg AIS 0,473 0,E5 O, 06+# 0,124
Sguare root of
Baker's I33 0,164 0, 5i 0,11#% 0,10

#3ignificance levels £ 0.2,



The reduction in face injury severity of ADR 10 drivers
making stesring assembly contacts in open rcad crashes was
confined to male drivers and te drivers aged over 24 (Table IX).
It was not known at this stage whether these two groups of
drivera were substantially the same group.

While there was no evidence of a reducticn in leg injury
geverity of contact-meking ADR 10 driversa generally in open road
crashes (Table VII}, there was evidence of such a reduction among
unbelted drivers of this type (Table IX}. This reducticn was
not statistically significant. There waa alsc evidence of an
increase in leg injury severity among belted drivers cof this
type.

In crashes in bullt-up areas, the reduction in chest injury
severity of ADR 10 drivera making steering assembly contacts was
confined to female drivers, those aged over 24, and essentially
to those driving large cars (Table X},

Although there was no statistically significant evidence of
a reduction in leg injury severity of contact-meking ADR 10 drivera
generally in buillt-up aresa crashes (Table VII), there was atronger
svidence of a reduction among such drivers aged 25 to 43 (p = D.04)
or driving other than small cars (Table X). There was also
evidence of an increase in leg injury severity among contact-making
ADR 10 drivers aged other than 25 to 45, or driving small cars
(p = 0,04 1f teated for an increase in leg injury aesverity).

The reductiona in chest and leg injury severity were partly
reflacted in the whole-body injury severity ecore. Thls scare
alao exhibited a decrease (p = 0.13) for unbelted ADR 10 drivers
making atesring assembly contacts in built-up area crashes,

Coneideration was given to developing unigue descriptions of
the sub-groupa of drivers who exhibited reductions in injury
severity when they made ateering mssembly contacta in ADR 10
cars, Bearing in mind the relatively small numbers of such
drivers involved in erashea in the two crash locations
separately {Table VI), it was decided to delay this pursuit to
the next stage of the analyeis where drivers from all crash



1TABLE IX &

Expected and net reaidual injury severity scores
of non-ejected drivers of ADR 10 cars who contacted

steering assemblies in frontal impacta on the

open road, by driver type.

et
Injury severity Expected score i Significance
p— for 197174 Net realdual as E?ave]
drivers who r:zé?&nl parcE?tage (one-
Driver type contacted steeri =
P column eal e expacted tailed)
Face ALS
Male 1.152 -0, 467 =40.5 0,06
Female 1.228 +0, 700 +57.0 0.95
Age up to 24 1.331 +0.850 +63.9 0.99
Age 25 ta 49 1.188 =0, 568 -47.8 0.08
Age over 49 0,887 -0,994 =-100,0 0.04
Leg AIS
UInbelted 1.082 =0.530 =49.0 .18
Belted 0.817 +0.418 +45.6 0, 85
ra rooct of
Baker's [35
Aga up to 24 3474 +1.261 +36.3 0.90
Aga 25 to 49 3.315 -1.198 =36, 1 0,09
Age over 49 2.944 -2.054 =70.0 0.05
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IABLE X : HExpected and net residual injury severity scoras of
non-ejected drivers of ADR 10 cars who contacted steering
assemblies in frontal impacts in built-up areas, by type
of driver or wvehicla,

Tet
Injury severity Expected score
acore for 1971-74 Net o1l Tooidual gsgnificance
drivers who sldua H8 " level
Driver/vehlcle |contacted ateering S°°TF P“rggn REE ( cne-
type column/wheel expected tailed)
Chest AIS
Male 0.557 +0,015 + 2.6 0,53
Female 0.e92 =0.669 | -96.8 0.04
Age up to 24 0,298 +0.445 [+111.6 0.99
Apge 25 to 49 0.618 0,184 -29.8 0,26
Age over 49 1.015 =2.097 [-100.0 0. 0005
Smmll wvehicle 0. 464 +0,. 324 | +72.1 Q.91
Large vehicle 0.589 =0, 441 =T4.9 a, 04
Unknown size 0.738 ~. 028 - 3.9 0,L8
LEE ALS
Age up to 24 0, 400 +0, 5% +83%.9 Q.91
Age 25 to 4O 0.429 =0,435 |=-100.0 0. 04
Age ovar 49 0,296 +0.520 |+175.4 0.8%
Small vehicle 0.613 +0.568 | +92.6 0,96
Large vehicle 0. 374 =0.212 | =56.7 0.18
Unknown asize 0.453 -0.1258 | =27.7 0.38
Square root of
Baker's ISS
Unbelted 1.900 -0.562 | -29.6 0.13
Halted 1.573 +0,233 | +14.8 0.78
Age up to 24 1,662 +0. 605 +35.H 0. a9k
Age 25 to 49 1,683 =0.379 =22.5 0,18
Age over 49 1,897 -0,505 | =47.7 0,12
Small vehicle 1.57 +0.3905 | +57.6 0.98
Large vehicle 1. 74T =0, 342 =19, h n.19
Unknown size 1,835 -0,.419 -22.8 0,28




locations would be considered together. (The amalgamation of
data would alsc allow more sensitive atetistical tests of the
type carried out so far). While originally the data from the
two crash locations were kept separate due to interaction effects
on  injury severity, it was consldered that this problem would
not apply to injury severity residumls (because variations in
variables related to energy transfer and injury susceptibility
had been eliminated by the injury prediction models). However
estimates of the effect of ADR 10 on driver injury severities
would then be pooled welghted averages of the effects in the
geparate crash locations,

POOLED CRASH LOCATIONS

Metho

The analysis fcllowed exactly that carried out for the twoe
crash locations separately (see above), except thet the expected
injury aeverity acores were those calculated from Tables B3 to
B1&; injury severity prediction functions were not estimated from
the pooled crash location data. Thus each driver casuslty had
exactly the same expected scores and residual scores as earlier.
Because drivera in open road crashes in general had substantially
higher injury severities than drivers in bullt-up area crashes
{Table VII), the expacted scores calculated in this way would
explain substantially more of the variation of injury severity of
driveras of pre-1971 cara in the pooled locations than in the two
crash locations separately. For example, the predicted values
of tha sguars root of Baker's I23 explained 12.8 per cent of the
variation of this score for drivers of pre-1971 cara in the
pooled locations, compared with 8.8 per cent and B.3 per cent
explained in open road and built-up ares craghea, reapectively
(Tablea BA and B14),

Regylts

Thare were reductions in injury severity in the face, chest
and abdomen/pelvis regicna of ADR 10 drivers who made steering
assemhly contacts in the pooled areas compared with that expected
in the abssnce of ADR 10 (Table XI). Only the net residual
severity score in the latter body region was statistically
significant (p = 0.07).
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TABLE XI : Expected and net residual injury severity scores of
non-ejected drivera of ADR 10 cars who contacted

steering assemblies in frontal impacts in open road
or bullt-up areas.

Injury Expected score Net
severity foar 1971-74 Net residual Significance
SCOre drivers whec residual a8 level
contacted steering| score |percentage (one-
column/wheel of tailed)
expected
Head AIS 1.135 +0.014 1.3 0.53
Face AIS 1.085 -0, 064 -5.9 0, 31
Chest AIS 0.751 =-0.158 -21.0 0.18
Abdomen/

Pelvis AIS 0.445 -0.213 -47 .6 0.07
Leg AIS 0. 649 +C, 024 +3.7 0.56
Square root of
Baker'as ISS 2.274 -0, 249 -11.0 0.17

TABLE XII : Significance levels (two-tailed) of effect on injury
peaverity score of interaction between year cof manufacture,
steering assembly contact, end driver/vehicle type
variable, Drivers in open road or built-up areas combined,

Injury Driver/vehicle type variable

3gzg£éty EEE:EbEIt Sex Age U:?igle
Head AIS 0. 41 0,23 0.9% 0,20
Face AIS 0.94 0,28 0.,10% Q.57
Chest AIS 0.88 0, 06% D.02% 0.59
Abdomen,/ )

Pelvia AIS 0.96 A 0.32 0.94
Leg AIS 0.11%* | 0,21 0.18+% 0.33
Square root of |
Baker's 188 0,45 D.48 0,002* 0,11

|

#3ignificance levels & 0.2.



- by -

There were indications that the net residusl severity scores
in the head, face, cheat and leg regions varied substantially
with driver sex and/or age and/or vehicle size (Table XII).
Because there were a large number of border-line significance
levels in Teble XTI compared with Table VIII, it wes decided
to preaent the net residusl scoree (A= a percentage of the
expected score) for all six types of score and all categories
of driver/vehicle type (Table XIII).

None of the net reductions in head injury severity were
gignificant for any category of driver/vehicle (maximum
ailgnificance level p = 0.1}, The nat reduction in face injury
severity was significant only for the class of drivers aged
over 45 (62 per cent reduction). The net reduction in chest
injury severity wae significant for female drivers (55 per cent),
thoae aged over 43 1 per cent) and those driving large cars
{40 per cent}, It was not known at this stage whether these
three groups of driveras were substantially the same group.

For leg injury severity, there was a statistically
gignificant net reduction only for drivers aged 25 to 45 (54
per cent). There were net increases in leg injury severity
among belted drivers (50 per cent) and theose driving small
cara (47 per cent), both of which would have been statistically
gignificant 1f tested for an increaae.

There was no evidence that the statisticelly significant
net reduction in abdomen/pelvis injury severity for ADR 10
contact-making drivers as a class varied substantielly with
driver/vehicle type (Teble XII), The failure of net reductions
within some driver/vehicle categories to reach statistical
aignificance may have been due to the limited number of cases
within & category rather than the non-existence of a reasl effect
af the ADR on abdomen/pelvie injury severity. Nevertheless,
there were significant net reductions in abdomen/pelvis injury
severity for female drivers (82 per cent), those aged over 49
(100 per cent) and those driving large cars (68 per cent).



TABLE XIII :
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Net residual injury severity scores as a percentage
of expected score of non-ejected drivers of ADR 10
cars who contacted ateering assemblies in frontal
impacts in open road or built-up areas, by driver/
vehicle type, (One tailed significance levels in

brackets).

NET RESIDUAL AS PERCENTACE OF EXPECTED INJURY SEVERITY SCORE

Injury severity score
nri
£ “:E:ﬂhicl. Head Face Chest | Abdomens| Leg SquaTe Yoot
ALS ALS ALE Palvis Als of
AIB Bakar's IS5
All driver types 1 -k -21 =48 +4 =11
(0.53)| {0.3l1) (0. 18) (0.07) (0. 5&) {0.17)
Seat balt use
Unbalted -17 =7 =14 =G5 =131 =24
{0.26)| (0.37) | (0.37) {0,19) {0.20) {0.12)
Belted +11 =10 -22 -432 +E0 -6
(0.&68) (0.27) f0.21) (0. 11} [C.o4) {0, 33)
Crlvar Bax
Halae =7 =15 =1 =33 T ]
(0. 34) (0.15) (0.43) {0,201 [0.7T) (0. 28)
Femals +36 +15 =H5 =B2 =137 -25
(0,89} (0.78) fn.007)] (0,.08) (0.18) (0.12)
Driver_ age F
Up to 44 +8 +17 +46 =14 +3d +32
10.63) [0.85] [0, B9} (D.38) {0.85) [0.87)
25 o 49 - -4 =218 =45 =54 =25
(0.44) (0.31) (. 22) (C. L9} (0. 100 (0.0
Crepe 49 a} =62 =31 =100 +HE =76
{fo.50) | (D.03) (0,01) {0.05) (0.81}) (0.005)
Vehicle -sizae
Gmall +35 +14 +16 =&7 +47 +28
(0.94) | (0.7%) {0.564) {0.1 (0. 90) (0, 52)
Largm =344 =14 =40 ] =1 =28
(G.15}) (O, 22) (0. 100 (o, 10) (0.48) (0. 06}
nknown &lze +H ~14 =19 =21 =41 -2%
(0,587 | (0.29] (0.386) 10.34) {0.22) {0.16)
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The net reductions in the whole-body injury severity score
(square root of Baker's ISS) essentially followed the net
reductions in the individual body regions. The net reductions
in this score for drivera aged 25 to 49 (29 per cent), apged
over 43 (76 par cent) and driving large cara (28 per cent) were
all statistically aignificant.

INTER-RELATIONS OF DRIVER/VEHICLE TYPES

Analyals
To determine the inter-relationshipa between seat belt

uase, driver sex and age, and vehicle aize, the number of
non-ajectad driver casualtisa from 1971-=74 care was cross-
tabulated by each pair of variables in turn. Drivers of 1971-T4
cars who did not contact asteering assemblies were included

to glve more senaitive tests of the association between each
palir of variables. Asscciatione were tested for significance
by the two-way Chi-aquare teat of independence.

Hesults

Only two pairs of variables had significant assaciations
(maximum significance level p = 0,2, two-tailed), shown in
Table XIV, Female drivers were more likely to be wearing a
seat bhelt and older drivers were more likely to occcupy large
cars or cars of unknown size.

Thua it was not clear whether the aignificant net
reductiona in Teble XIIT for female drivera were due to thelr
sex, their higher rate of seat belt use, or both. Nor was it
clear whether the significant net reductions of drivers eged
over 49 were due to their age, their tendency to occupy larger
carg, or both. To resalve these gquestione, 1t was declded to
investigate the effect of the interaction of each pair of
variables in Table XIV on the net residual injury severitiea of
the ADR 10 drivers contacting steering assemblies (ses next

saction).
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TABLE XIV : Non-ejected driver casualties from 1971-74 cars
invelved in frontal impacts in the pooled crash
locationa,

(A) SEAT BELT USE by DRIVER SEX
Seat Driver Sex
Belt TOTAL
Uz Male Femalsa
Unbelted (No.) 48 10 s
(%) (32.4) (20.4) (29.4)
Beltad (¥a.) 100 g 139
(%) (67.6) (79.8) (70.8)
TOTAL (Ne.) 148 LS 197
| (%) {100,0) {(100,0) {100.0)
|
Chi-sguare = 2.02 with 1 d.f. (p = 0.16)
(B) DRIVER AGE by VEHICLE SIZE
Uriver Vehicle Size
Age . Unknown TOTAL
Small Large 8ize
Up to 24 (Ho.) 37 28 14 79
(%) (56,1} (2a,8) (37.8) (40.1)
25 to 49 (No.) 27 L5 16 BE
(%) (40.9) (47.9) (43.2) (Ld,7)
Over 49 (No.) 2 21 7 a0
(%) (3.0} {22.3) {18.9) {15.2)
TOTAL (Mo, ) &6 94 37 197
(%) (100.0) (100.0) (100.0) (100,0)
Mhi-square = 17,08 with 4 4.2, (p = 0.002)
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EFFECT OF DRIVER/VEHICLE TYPE INTERACTIONS

Method

Due to the nearly consistent patterna of the net residuals
of drivera aged 25 to 49 and those aged over 49, it was decided
to pool those categories. Similarly, it was decided to pool
drivers of large and unknown size cars, Thus the affect of
the following interacticns on the net residual injury severities
were invesgtigated; '

(1) BSeat belt use by Driver sex, and

(11) Driver age (up to 24/over 24) by
Vehicle aize (=mall/large or unknown aize).

The statistical significance of the interaction effect con
each injury severity score was tested by & four-factor Analyals
of Variance, the other two factors being:

Year of manufacture (1971-74/up to 1970} and

Stearing column/wheel contact indicator.

For those injury aeverity scores where there was evidence
aof an interaction effect, the data were partitioned into the
four categoriea implied by the interaction (1) or (11) and
net reaiduals were calculated in the same manner as Table XITI
within each partition.

Hegults
There was evidence of an interaction effect on ebdomen/

pelvis and lag reaiduml injury severity between seat belt use
and driver sex (Tables XV}, A maximum significance level of 0.3
{two-tailed) was arhitrarily choeen to give sensitivity to the
testas for an interaction. Driver age eand wvehicle eize had an
interaction effect on residual injury severity in both the chest
and abdomen/pelvia regions.

Bacause the signs of the net residuals of leg injury severity
of drivers in the two highest age categories were not consiestent
(Tahle ¥ITII)}, it wes decided to pool the higheat and lowest
categories and again test the interaction effect of driver age and
vehicle aize on leg injury severity. The test for an interactlicon

was not significant (p = 0.90),.
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TABLE XV : Significance levela (two-tailled) of effect cn
injury severity score of four-way interaction
between year of manufacture, steering assembly
contact, and:

(1) seat belt use and driver sex,
{11) driver age and vehicle size,

Driver/vehicle type
Injury interaction
peverity
scare Seat belt Driver age
use by by
Driver sex Vehicla aize
Head AIS 0.32 D.84
Face AIS 0.57 0,72
Cheat AIS 0, 61 0, 1g#
Ahdamenf
Pelvis AIS 0,22+ 0.13%
Leg AIS 0, 25% 0.3
Square root of
Baker's I&53 Q.92 G.T

* S{gnificance levels £ 0.3
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Where there was no interaction effect, this suggested that
the effects of ADR 10 within the driver/vehicle type categories
were additive., However these findings did not aveid the problem
inherent in Table XIII that the eatimated effects of ADR 10
within categories of two associated variables (ie, seat helt use
and driver sex, or driver age and vehlcle sire) do not represent
the differentiel effects of ADR 10 due to emch variable glone.
The strongest effects of ADR 10 appeared to lie in the chest,
abdomen/pelvis and leg regions, and to reflect in Baker's ISS
(Table XIII). It was decided to calculate net residuals for all
four of the corresponding injury severity scores within both
partitions of the data implied by the interactions (1) and {11).

The effects of the interaction between driver age and vehicle
size were clearly apparent (Table ¥XVI), The net reductiona in
chest and abdemen/pelvia injury severity for drivers aged over
24 were confined toc those driving cara of large or unknown size.
The net reduction in abdomen/pelvis injury severity for drivers of
small cers was confined to drivers aged up to 24, The net increase
in leg injury severity cf drivers of amall cars was similarly
confined to drivers aged up to 24,

The effect of the interaction batween seat belt use and
driver sex was weaksr, The net reduction in abdomen/pelvia
injury severity for female drivers was confined to those who wore
their seat belts, Similarly, for male drivers it was essentially
ronfined to those who were unregtrained. However the net increase
in leg injury severity of belted drivers was confined to those
of the male =sex.

In contraat, the net reduction in chest injury severity for
female drivers applied whether they were belted or unbelted.
This illustrated the absence of a significant interacticn
between seat belt use and driver sex inthe chest region.



TABLE XVI :

- 51 -

Net residual injury severity scores as a percentage

of expected score of non-ejected drivers of ADR 10
cars who contacted steering assemblies in frontal
impacts in open road or built-up areas, by driver/

vehicle type,
bracketa),

{One-tailed significance levels in

MET RESIDUAL AS PERCENTAGE OF EXPECTED INJURY SEVERITY SCORE

Injury severity score

Driver/vehicle
Chest Abdomen,/ Leg Sgquare root
type AIS Pelvis AIS of
ATS Baker's IS3
All driver types =21 =45 +4 =11
(0.18) {0.07) {0.56) (0.17)
Male drivers
Unbelted +12 =T& | =41 -21
{0.60) (0.18) l {0.17) {0.17)
Belted -3 =15 | +81 -3
(0.47) (0.37) | (0.97) (0.43)
Fapale drivera
Unbelted =100 +39 +16 -35 '
(0.05) (0.57) (0.59) (0.24)
Belted -76 -85 -18 -22
(0.02) (0.0%) (0,36) (0.17)
| Drivera aged up to 24
Imall vehicles +5 -85 +78 +4L3
{0.54) (0.05) {C.95) (0.96)
Large /MK vehicles +70 +29 =18 +19
(0.89) (D.65) (0.35) (0.79)
1DP1ver5 aged over 24
9mall vehicles +29 +64 -8 -5
(0.62) (0,53) (0,46} (0.45)
. Large /MK vehicles =65 =74 -23 ~51
| (0.02) (D.05) {0,28) {0.002) |
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SUMMARY AND DISCUSSION

There was evidence that ADR 10 reduced the severity of
injury to the sbdomen/pelvis of drivers who were not ejected and
who struck the steering mssembly when involved in frontal impacts.
The effect applied particularly to frontal crashes on the open
road, where the potential for a reduction in abdomen/pelvis injury
saverity was considerably higher than in crashes in built-up
areas (Table VII). The effect appeared to be confined to the
following types of driver:

(a) Drivers aged over 24 driving cars of large or
unknown ('intermediate') size,

(b} Drivers aged up to 24 driving small cars,
(c] Female drivers wearing their seat belts, and

(d) Male drivers not wearing sest belta,

There was alaoc evidence that ADR 10 reduced the chest injury
severity of some types of drivers who were not ejected and who
struck the steering assembly in frontal impacts., The effect
was somewhat greater in cpen road crashes, where there was
more potential for a reducticon in chest injury severity (Table VII),
and appeared to be confined to the following types of driver:

{a) Drivers aged cver 24 driving cars of large or
unknown ('intermediate') size, and

{b)} Female drivers, either belted or unbelted.

In addition, there was evidence that ADR 10 reduced the face
and leg injury severity of socme types of non-ejected drivers
who struck steering assemblies in frontal crashes cn the open road.
The effect on face injuries appeared to be confined to drivers
aged over 24 (particularly those over 49) and to male drivers
{Tables IX and XIII), The effect on leg Iinjuries was essentially
confined to drivers aged 25 to 49 and unbelted males.
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There was no evidence of an effect of ADR 10 in reducing
head {excluding facae) injury severity of non-ejected drivers who
struck ateering assemblies in frontal impacts.

In general, changes in overall (whole-body) injury severity
of drivers affected by ADR 10 reflected the reductions in body
region injury severitiea described above. The major exception
was drivers aged up to 24 driving small cars, whose overszll
injury severity when affected by ADR 10 was 43 per cent higher
than expected, even though thelr injury severity in the sbdomen/
pelvis was 95 per cent lower than expected (Table XVI). Their
reduction in abdomen/pelvis injury severity may have heen
off-zet by an increase in leg injury severity experienced by the
same drivers and an Iinerease in head injury severity to drivers
of small cara generally (Table XIII), since young drivers were
the usual drivera of small cars {Table XIV),

The effectiveness of ADR 10 appeared to vary conasiderably
with crash location and driver/vehicle type. The higher levels
nf effectiveness in frontal crashes on the open road compared
with built-up areas may have been due to the impacts more
frequently exceeding some threshold at which the energy-sbsorbing
characteristica of ADR 10 steering assemblies become operative.
McLean (14674) found that the later American energy-sbsorbing
columns offered significant benefits only in frontal crashes
resulting in moderate or severe vehicle damage. He commented
that 'the threshold load required for initial collapse is
unlikely to be reached in relatively minor collisions'.

Thus male drivers wearing seat belts in the dats analysed
here may not have contacted the steering assemblies with sufficient
force for the energy-abscrbing effects of ADR 10 to become
operative, For female drivera, with their higher susceptibility
to rib fracture (Patrick 1975), the picture was more complicated
and they appeared to enjoy benefits even when making steering
azsembly contacts while reatrained.



The essential confinement of the beneficiagl effect of ADR 10,
where |t was consistent in specific body regions and in general
terms, to drivers aged over 24 driving other then small cars,
may reflect the historical basis cf ADH 10, ADRs 104 and 10B
were based on earlier American vehicle standards, which in turn
were develcoped in the contex:t of relatively large wvehicles.

Thus energy-abacrbing steering assemblies defined in the American
standards and in ADR 10 may not be as effective in small cars

a5 they may be in larger cars. MeLean's (1974) study was
confined to 'standard' (ie, "large' in Australian terms) cars
produced by mejor American menufaciurers.

There was no statistically significant evidence that semt
celted drivers, as a group, experienced a reduction in overall
injury severlty when affected oy ADR 10. This finding tends fo
negate the provosition (put in the discussion of the preliminary
analysis) that the decreaze ir the proportion of belted driver
casualties who contact steering assemblies in ADR 10 cars compared
with the proportion irn pre-ATH 10 cars (Table III) is guggestive
of a reduction in the probability of injury due to ADH 10, The
alternative proposiiion now epoearsd more likely, wviz. that the

ADARs ware effective in limiting rearward displacement of the
ateering assembly in frontal impacts. However the evidence far
this proposition la tenuous due o the injury critericn for
1pclusicn of data in the file.

To increase the senalitivity of the statistical tests
comparing observed and expected Injury severities, one-tailed
significanca levels for a reduction only due to ADR 10 were
universally calculated in this study., Thus any spparent Iincreases
in injury severity due to ADE 10, ng matter how large, were
deemed not significant (gee Tableg XIZT and XVIY, WMet incresses
with a significance level close to one would be statistically
significant in two-talled tests (for an increase or decrease in
injury severity due to ADR 10), Thus, for example, the net
increasze in head injury severity of drivers of small ADR 10 cars
whn contacted steering assemblies would have been statisticelly
significant (Table XIII), 3imilarly, the net increases 1in leg
injury severity of contact-making ADR 10 drivers who were either
belted males or aged up to 24 driving small cara would have been

atatistically significant.
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The choice of one-teiled or two-tailed tests is one of the
basic dilemmaa of hypothesis testing. The absence of crash
severity information from the data file, with the consequent
reduction in statistical test sensitivity, forced the cholce
of one-tailled tests here to avold an unnecessarily high
probability of a Type II error (ie, fail to detect an effect
due to ADR 10, presumably beneficial). However sufficient
information is given with the resulta for the reader to
calculate two-tailed significance levels if deaired.

In those categories of driver/vehicle type where there was
a net reduction in injury severity to drivers of ADR 10 cars who
contacted steering assemblies, 1t 18 posaible that thome drivers
may have been involved in leas severe frontal impects and
hence had leas severs injuries than predicted by the injury
prediction function when applied to characteriatics of the driver,
vehicle and crash location., The risk of this poasibility was
reduced somewhat by alao conasidering the residual injury severity
score of ADR 10 drivera who did not contact steering assemblies,
Mevertheless, scme risk remained, which may have invelidated
the analysis. As such, the results of this study cannot be
conaidered definitive regarding the beneficial effects of
ADR 10, but may be congidered strongly indicativedue to the
analysia method of considering paralle]l changes in the injury
patternas of ADR 10 drivers who did not contact steering
asaemblias,

Consideration was given to evaluating separately the effects
of the two basic types of energy-absorbing steering mssemblies
erploved by memufacturers in responae to ADR 10, namely (a) axial-
collapas columns and {b) self-aligning steering wheels (mee
Introduction for further detaila). However only 6.4 per cent
of the casualties in the data file could be identified as
cocupying vehiclea whose manufacturera were understood to have
fitted salf-aligning steering wheels (Chrysler Valiant and
Fard Escort). Thess were considered too few to make a
statistically meaningful comparison.
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Moreover, 1t appeared that the study repcrted here was
esgentially mbout the effectiveness of axial-collapse energy-
ebsorbing columns, since these assembllies represesnted the bulk
of those fitted in the cars cccupied by the driver casualties
studied. As such, the resultas may be compared with those of
Gloyns {1973) for vehicles with axial-collapse columns. His
cars were all small in Australian terms and hias major findings
were confined to unrestralned driversa who were almost
exclusively male and predominantly in the 26 to 49 age group
(more so than the drivers of small cars in the present study)
(Gloyns et al 1973). In contrast tc the study reported here,
Gloyns found no evidence of beneflts from axial-collapae
syatems in terms of abdominal injuries, whereas such benefita
appear to be enjoyed by unbelted male drivers in ADR 10 cars
(Table XVI}, However Gloyne did find increased probablility of
sericus injury to the head and legs of drivera of cars with
axlal=-collapse columne compared with those with self-aligning
wheela, This 1s conaistent with the findings given here of
disbenefitas in terms of the severity cof head and leg injuries
of small car drivers due to ADR 10 (Table XIII). However
the compariscon may be dubious as Gloyns was making a
comparative evaluation of steering assemblies in contrast
with the absolute evaluation attempted hera.

It should be further noted that the resulte of thia study
primerily relate to the effectiveness of ADR 10A and not 10B,
Thia is because the number of drivers of vehicles complying
with ADR 10B in the data was low, In addition, the use of the
criterion of examining the effect of the ADRa only on drivers
who contacted steering assemblies, meant that any effect of
ADR 108 in limiting intrusicn of steering cnlumns could not
be adequately evalumted.

The results of this study are summarized in Table XVII.
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TABLE XVII : Beneficial effects of ADR 10 (primarily ADR 104),

by body reglon and driver/vehicle type.
Statistically significant negative (le, benefit)
net residual Iinjury severity scores of non-ejected
drivera of ADR 10 cars who contacted steering
assemblies in frontal impacts {(maximum significance
level 0.2).
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CONCLUSIONS

ADR 10 {primarily ADH 10A) 1= effectlive in reducing the

severity of injury to the abdomen/pelvis, chest, face and
legas of some types of drivers who atrike steering assemblies
in frontal impacts and are not ejected.

The beneficial effect appliea particularly to drivers involved

in frontal crashes on the open road.

The beneficial effect on ebdomen/pelvis injury severity is
confined to open road c¢rashes and to:

{a) drivers aged over 24 driving large aor
intermediate aize cara,

(b) drivers aged up to 24 driving small cars,
{2) female drivars wearing seat belta, and

(d) male drivers not wearing seat belts,

The beneficilal effect on chest injury severity is confined
tas

(a) drivers aged over 24 driving large or
intermediate size cars, and

(b) female drivera, either belted or unbelted.

The beneficial effect on face injury severity is confined
to open road craghea and to:

{a) drivers aged over 24 (particularly over
1*9::1 and

(8} male drivers.

The beneficial effect on leg injury severity 1s essentlally
confined to:

{a) drivers aged 25 to 49, and

(b) unbelted male drivers.



Although not explicitly teated in the analysia, there is
some evidence of disbenefits due to ADR 10 in terms of the
severity of head and leg injuries of some types of drivers
who strike steering assemblies in frontal impacts and are
not ejected, There is evidence of increases in injury
severity to the head of drivers of amall cars, and to the
legs of belted male drivers and those aged up to 24 driving
amall cars,

Due to the absence of crash severity information from the
data analyased, the above conclusions could not be considered
definitive. However, parallel consideration of a control
group of drivers in the analysils suggested that the
conczlusiona were strongly indicative.
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