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Introduction

Overview of mortality and morbidity

Unprotected road-users is a term commonly used to refer to
motoreyclises, bicychists and pedestrians; chese groups have
little or nothing as a barrier berween themselves and other
striking vehicles or objects, unlike car occupants who are
enclosed within and denve considerable protection from their
vehicles. The l:lltk of a protective barrier makes unpr:rrcrt-:d
road-users more vulnerable to ingury in the event of 2
collision with another vehicle, Moreover, collisions involving
unprotected road-users give tise 1o energy dispersion patterns
which result in distinctive bodily diseributions of injury, '

The majority of road fatalities in Australia and in ‘other
developed westerns countries, where the most common mode
of private transport is the motor car, are motor vehicle
occupants.'  Protecting occupants of motor vehicles 1s thus
aceorded a high prionty by road safety, transport and health
authorities in J-.-:\-'elupu:d countres. [n contrase, the n:a_jnrir}-' of
road fatalities in lesser developed countries sre unprotected
road-users and their predominance impels a greater concern
and prionty for ther safery”

Occupants of motor vehicles have benefited from a range of
engineering measures designed to improve the safery
performance of a car in a crash. Addidonally, high profile road
safety campaigns concerned with behavioural factors such as
seat-belt wearing, drink-driving and speeding have largely
focused on drvers and pasengers of motor cars. It could be
argued that there has been a precccupation with protecting
the vehicle occupant, possibly ar the expense of unprotected
road-users.

This Bulletin provides an overview of the extent and nature of
injury expenienced by unprotected road-users m 1991, the
most recent year for which hospital separations data are
avatlable ar nanonal level. For comparanve purposes, similar
information is provided on vehicle occupants. Long term
trends in fatalities are also examined. '

There were 656 unprotected road-user deaths registered in
Austrabia 1in 1991, Pedestrianzs accounted for 53% of the cases,
:I‘.IlDEUl‘L'ArLlis[i 37% and ].111_'1_,.'1:11:11:1 10 I:'I';thlt_' 1). These deaths
represent not only a significant road safety isue bat are also
impomant when considered in the context of other classes of
injury: for example, unprotected road-user deaths were 2.4
times more common than deaths due to accidental drowning;
3.1 mmes more common than unintentional poisonIng deaths;
and 4.6 omes more common than fatal burns and scalds. The
number of vehicle occupant deaths in 1991 was 1,448—they
ournumbered deaths of pedestrians by a factor of four.
motarevelists by a factor of six, and bicyclists by a factor of 23

The total number of hospital separations for unprotected road-
users in the same year was 15,199 which is about 23 nmes the
number of deaths. Bicyclists figured more prominently among
hospital separations than for deaths, making up 37% of
unprotected road-user separations but only 10% of
vnprotected road-user deaths. The number of hospital
separations for vehicle ocoupants was 15,303 (Table 2).

Examining the numbers of cases that were hospiralised or
killed gives an appreciation of the size of the road injury
problem according to road-user vvpe, from which it 15 possible
[ gauge the Inpact on huh‘p]t:ﬂ, cormmunicy and ather health
FESCNRTCEN. ])jﬂ"l‘."ﬂ.“ﬂi:l.‘.‘i In thl‘. numi::-::r.l; m( P{‘rﬁf_'l'l'ls hﬂﬁp][ﬂi]&(‘.d
or killed among road-user categories arise from different levels
of exposure to injury hazards {e.g., number of licensed drivers,
distance Lra'v'-:lll:d] and from the nature of the hazards
themselves (e.g., likelihood of high velocity blunt impact to
the head). Consideration should be piven to these and other
dimensions of the problem, in addinon to absolute numbers of
cases. when strategies and priorities for prevennon are being

determmed.

b Road Injury in Australia, 1991

on about voad injury in 1991, and short tferm trends, is available from the NISU repoit: Road Injury in Australia,
@J‘WI{T&TMRF completed under the Road Injury Information Program, funded by the Department of Hiuman
5 - it &Md#%!ﬂmﬂdw&n;&oﬂﬁmmﬂﬂﬂf see back page for details,
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Table 1: Road fatalities, age group by road-user type, Australia, 1991

Age Motorcyclist Bicyclist Pedestrian Vehicle occupant
group (driver / pillion)

Years Cases Per cent Cases Per cent Cases Per cent Cases Per cent
0-4 0 0.0 2 3.2 13 3.7 26 1.8
5-14 6 25 16 254 Nn 8.9 a8 33
15-19 53 218 16 254 29 8.3 n 14.6
20-24 67 276 3 48 20 5.7 242 16.7
25-29 42 173 9 14.3 23 6.6 175 121
30 - 49 64 263 B 127 61 17.4 340 235
50 - 69 B 33 B 9.5 82 214 249 172
70 or more 3 1.2 3 48 91 26.0 157 10.8
Total 243 100 63 100 350 100 1448 100
Table 2: Road injury hospital separations,* age group by road-user type, Australia, 1991

Age ) Motorcyclist Bicyclist Pedestrian Vehicle occupant
group (driver / pillion)

Years - Cases Per cent Cases Per cent Cases Per cént Cases Per cent
0-4 18 0.3 mn 6.0 283 71 324 21
5-14 250 4.4 2755 435 760 19.1 848 5.5
15-19 1234 219 883 159 458 115 2548 16.7
20-24 1486 26.3 mn 6.7 352 8.8 2482 16.2
25-29 1012 17.9 284 51 253 6.3 1695 na
30-49 1393 247 617 1 715 179 3868 253
50 - 69 213 3.8 233 42 582 146 2284 149
70 or more 40 0.7 89 16 586 147 1255 B.2
Total 5646 100 5564 100 1989 100 15303 100
® Call counts sre subpect to rounding we Dats biwes pansl

Age distribution

Fatalities

Frequency diseriburions of age by type of road-user are
markedly different. Compared to vehicle occupants,
motorcycle drivers and pillion passengers are more frequently
aged between, 15 and 29 years, bicvclises are more frequently
aged less than 20 years, and pedestrians are more likely to be
aged less than 15.0r more than 50 years (Table 1)

Age-specific.faralicy rates are 2 more meaningtul way o deprer
age variation in risk of death than a simple frequency
distributicn of the number of deaths in each age-group,
because rates ke into account the size of the population n
each age-group. The age-specific rates for each clas of road-
wier are shown in Figure 1. For both motorcydle nders and
vehicle occupants there s a steep increase in the bkelihood of
fatality after childhood, with the highest nsk age-groups being
15 to 24 years. Rates for bicyelists and pedestrians also
increase throughout childhood, although not as steeply, and
reach a peak during che teenage vears,

$-

Fatality rates for all road-usen decline with increasing age after
the initial peak levels of late childhood and carly adulthood.
Motorcyelist and bicyclist rates continue to decline or remain
relatively stable into old age. In contrast, pedestrian and
vehicle occupant rates mcrease quite markedly after the age of
541 years. The fatality nsk for pedestrians is highest in the

oldest age-group.

Hospital separations

When hospital separanons are considered. the age distributions
for each road-user type display features that are broadly similar
tor those present in the corresponding distributions for
fatalities. Compared to vehicle occupants, motorcyclists are
more frequently aged between 15 and 29 years, a greater
proportion of bicyclists are léss than 15 years old, while
pedestrians are more commonly aged less than 15 or more
than 70 years of age (Table 2). . o

Likewise, the patterns seen in age-specific hospital separation
rates for each road-user type (Figure 2) correspond quite well
with those already noted for fatalicy rates, Peak rates for
bicyclists occur at the ages of 5 to 14 years, for motorcyclists

at 20 to 24 years and for pedestrians at ages 70 or more years. &




Figure 1: Road injury fatality rates,
road-user type by age-group, Australia, 1991
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Figure Z: Road injury hospital separation rates,
road-user type by age-group, Australia, 1991
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Nature of injuries (for persons admitted to hospital)
Information about the nature of injuries sustained by road-
users is only available for hospital separations. Australian deaths
data provide no such information. The material which follows
is therefore based upon the experience of injured road-users
admitted o hospital,

Severity

The Abbreviated Injury Scale (AlS) has been used to rate the
severity of the injuries for each road-user on a scale from
minor o critcal [Table 3. AIS scores were compured from
the hospital separations data wsing mapping software—see
Dhaca Issues panel. (The AIS 15 a standardised instrument that s
widely wsed in epiderological studies and in the evaluation
of health outcomes and costs.) There are a number of poines
to note when examining che distmbution of injury seventy
among road-users, Firstly, the majority of persons who are
hospitalised have sustained a minor or moderate level of
injury; this applics to all types of road-users. Bicyclists are the
least severcly imured, with 83% of them having a minor or
moderate injury. The proportion of minor or moderate

injuries in the other three groups of road=users 15 around rwo-
thirds.

In imcreasing order, the proportions of serious to critcal
injuries are: bicyclists 13%,; vehicle occupants 24%);
motorcyclists 29%; and pedestrians 33%. Only 0.5% of
bicyclist injunies are cricical, compared with 2.8% of pedestrian
injuries, the group with the highest critical incidence.

Sex distribution

Fatalities .

When the ratio of male to fernale farality races s examined on
the basis of age-group, it is evident that males are at preater
risk than females across all ages, for each road-user category
(Figure 3). The greatest differences in fatality risk between the
sexes occur over the ages 15 to 29 years. The most extreme
divergence is for-motorcyclists where the male fatality rare i
about 20 times the female rate in the 25 to 29 year age-group,
Orther large differences in risk are manifest in the younger
age-groups for bicyclists and pedestrians. The smallest sex
differentials are exhibited in vehicle occupant fatality rates,
although there s still a considerable excess risk for males.

Hospital separations

The ratios of male to female hospital separation races vary
across age-groups in a broadly similar manner to fatalicy rate
ratios. A large excess male risk is evident across all ages for all
road-user types, with the exceprion of vehicle cccupants
where the elevated risk is confined o the 15-2% age-group.
The greatest rate ratios are those for mororcyclists and
bicvclists (Figure 4).

Figuire 3: Rosd injury fatalities,
Ratio of male - female rates
by road-usar type and age-group, Australia, 1991
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Figure 4: Road injury hospltal separations,
Ratio of male : female rates
by road-user type and age-group, Austraka, 1991

-
i

R LT ]
= e = Poilcibian

N a5

— 00— mMeerorim

a
e
I

=
=]

Rabe vatha {mabs © temale)
o




Table 3: Road injury hospital separatiuns, * injury severity (max. AlS) by road-user type,
All States and Territories excluding Queensland, 1991

* Cedl Coaanty e fubiject 10 rounding, see Data lssues parel
iy Wity could not be determened for Old. separations: see Dats ey panel

Injury Motorcyclist Bicydlist Pedestrian Vehicle occupant
severity (driver / pillion)

Cases Per cent Cases Per cent Cases Per cent Cases Per cent
Minor 451 10.5 682 165 377 112 2447 186
Maderate 2403 56.0 2740 66.2 1700 50.5 6254 476
Serlous 1067 248 418 10.1 BOO 237 2388 182
Severs 132 3.1 90 2.2 230 &.8 594 4.5
Critical 47 1.1 20 0.5 94 28 163 1.2
Not known 194 45 186 45 168 5.0 1302 9.9
Total 4294 100 4136 100 3358 100 13148 100

Body region

The bady region suffering the most severe injury i shown in
Table 4, Considering the most common locations of injury for
each of the road-user categones in um; motorcyclists sustain
their most severe injury to the lower extrenuties (1.2, the legs
and feet); bicyclists are more likely to receive their most
severe injury to the upper extremities and o a lesser extent
the head: pedestrians receive their most severe injuty to the
lower extremities and to a lesser extent the head; and vehicle
oceupants are more likely to severely injure the head.

Also of interest, the relanve frequency of the head as the most
severely injured region i lowest for motorcychsts (100%) and
highest for bicychises (22%) and pedestnans (22%). The relative
frequencies of the chest and spine as the most severely injured
body regions are grearest for vehicle occupants (108 and 7%
respectively). The upper extremiry is more likely to be the ate

of the severest mjury n bicyclists while the lower extremity is
more likely to be the site of the severest imjury in pedestrians
and motorcyclhsts.

Length of hospital stay

Length of hospital stay provides a measure of the cost of injury
to the community and i also an indicator of injury severity,
Comparison of average length of stay on the basis of road-user
tvpe shows bicyclists stay in hospital for a considerably shorter
period, on average, than other categories of road-user (Table
53. This finding s consistent with bicyclists being the least
severely injured group of road-users, The longest average
length of stay was associated with pedestmian injunies (12 days)
followed by motorcyclists (8 days). Age of road-user s one
f‘{{m “'h]fh I|n""l“ 'Il.'lﬂl.'ll.'ﬂft' Il.'l'lgtl"l ‘I.'Ill “-I‘_i". 1'1. I'IIEI'H."F Pt"l'l.'l.‘l'!llgf
of elderly individuaks among injured pedestnans may explain
their longer length of stay. High incidence of lower extremury

Table 4: Road injury hospital separations, * body region of most severe injury by road-user type,
All States and Territories excluding Queensland, 1991°

Body Motorcyclist Bicyclist Pedestrian Vehicle occupant
region {driver / pillion)

Cases Per cent Cases Per cent Cases Per cent Cases Per cent
External : 474 11.0 539 13.0 270 B0 1717 131
Head 432 10.1 an 225 750 223 2272 173
Face 52 1.2 137 i3 55 16 g3 249
Chest c 130 3.0 41 1.0 &0 1.8 1332 10.1
Abdomen 70 1.6 BB 21 42 1.2 262 20
Spine 150 35 &0 15 58 1.7 961 i3
Upper extremity 710 16.5 1131 273 230 68 817 6.2
Lower extremity 159 270 532 129 1009 30.0 1400 10.6
Multiple 914 213 487 11.8 725 1.5 2689 20.4
Unspec./ other 202 4.7 190 4.6 169 5.0 1118 100 |
Total 4294 100 4136 100 3368 100 13148 100
* Coll counts are vubgect 1o rounding: see Data lssees panel
" Imjury severity could nad be determined for Qld. separations; see Data lisuied panal
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Table 5: Road injury hospital separations,* length of hospital stay by road-user type, Australia, 1991°
Length of Motorcyclist Bicyclist Pedestrian Vehicle occupant
stay ' (driver / pillion)

Cases Per cent Cases Per cent Cases Per cent Cases Per cent
1to 2 days 2283 40,7 3877 69.7 1498 78 7481 49.1
3 to b days 1457 259 980 17.8 T96 201 3456 227
7 or more days 1875 334 692 12.4 1665 421 4294 28.2
Total 5615 100 5558 100 3959 100 15231 100
Mean stay {days) 8.4 a7 12.0 7.2
* Coll counfs are subject to rounding; wei Data lkues panel
* Emcludes cases for which “length of stay' was not knawn,

injury may also be a factor in the long length of stay of
pedestrians and motoreyclists as this injury often encails a long
convalescence,

Trends

Trends in Australian road craffic fataliey rates over the penod
1968-93 according to road-user type are presented in Figures
5 & 6. (Mote thar the vertical axes use different scales and the
rates have béen age-standardised using the 1991 Auseralian
population as the reference.) Vehicle occupant and pedestrian
death rates have declined steadily from aboutr 1970, Although
the rates of decline have been different for these two groyps of
road-users there has been a very strong correlation (Pearson's
correlation coefficiens r = (0L99, p < 0,001) between vehicle
occupant and pedestrian death rates over the period 1968-93,
reflected in the overall similarity of the shape of the two
graphs (Figure 5). In contrast, there has been little real change
m bicyclist death rates throughout the 1970s and the first half
of the 1980s. A considerable decline 15 evident post 1985,
Motoreyelist rates displaved a strikingly different pattern to the
other road-user groups, with a pronounced rise in rares
plateauing in the mid 1970s followed by an equally
pronoonced dechne from about the mad 1980s. The
correlations between vehicle occupant rates and bicyclist and
motoreyelise rates over the period 1968-93 were relatively
weak, in contrast to that between vehicle occupants and
pedestrians.

Long term trend dara in nawonal hospital separations are not
available, There was a decline in the number of separarions
between 1990 and 1991 of 11% for bicvclists and 16% for
pedestrians, although a slight increase was observed for
motorcyclists (0.3%),

Discussion

It has been sugpested that the arention pad to the safety of
specific road-users reflects the relative contribution of those
groups to the road toll, that is, the number of fatalities they
represent. Rather than relying on a single measure such as
maortality, examining a wider range of injury experience
indicators should give a better impression of the nature and
significance of injury problems facing road-users, and provide

an improved basis for public health policy and action. The
infonmation presented in this paper goes some way towards
providing a more complete picture by describing important
chara ctenstics of nur.l—l_u.ta“}' as well as i'atall}' i:n_iurcd road-
users. It shows that injury experience depends on road-user
type, and this has implications for both prevention and
Ereatment,

Cﬂmi]ilv, Vch i.ftl: I;}I:,.'l.'l..lpii] s L!HIT'I ITLELE 10 LeTIns {JE- [:IIJI“I::I‘L"I.'ﬁ ﬂr
persons hospitalised or killed, When fatality rates are examined
by age-group, vehicle occupants have higher rates than any
other road-user group across all ages. The same is true for
hospi ealisatson races except ac ages O-14 vears, where bicyclist
rates exceed those of vehicle occupants, The comparative rates
which we have presented are based on population
depominators, in which the population ar risk 18 asumed to
be all persons in a given age-group in the Australian
population. These rates may not express differences in risk as
well as rate calculations that are based on alternative exposure
denominators such as distance travelled or number of licensed
drivers, For example, the death rate of motorcyclists (in 1988)
was .4 times greater than that of vehicle oceupants when
measured as deaths per 10 000 registered vehicles.® (For a
discussion of the issues invalved in selecting appropriate
exposure denonunators the reader is referred to a recent
Maticnal lnjur}' Surveillance Unat {NISU} report PlEp:lrEd |J1l|."
Cameron & Oxley.”)

Gender differences in injury rates are striking. Divergence of
male and female rates 15 greatest in late childhood and early
adulthood. The reasons underlying the differences are not well
understood. Explanatory factors may include differennal levels
and parterns of vsage of the vanous forms of transport: for
example, there are fewer female motoreycle nders; males also
tend to be over-represented in some high risk activines such
as drnnk-drving#

It is mot possible to present finer detailed analyses of age and
sex differences across road-user rypes in this Bulleoin because
of space restrictions; however, such materaal is detailed in the .
NISU reporr: Foad Injury in Awstralia, 19910 The report
shows, for example, that in the 15-29 age-group the number
of separations for male motorcychsts exceeded by a third the
number of separations for the known high risk group of

*




Figure 5: Trends for pedestrian and
vehicle occupant fatalities, Australia, 1968-93

motorcyclist.”  Indeed,
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voung males, the number of
motorcychsts admitted to
Australian hospitals now
exceeds the number of

Deaths per 100,000 population

vehicle drivers admatted.

Pedestrians have the highest
proportion of severe to
crincal impuries. This probably
results from a combinanon of
factors acting to increase their
vulnerability. Physiological
tolerance to impact s lowest
at the extremes of ages, and it
is at those ages that injury

rates are highest, Additionally,
nearly all pedestrian injuries
result from a collision with a
faster and heavier vehicle,

voung male drivers—demonstrating a problem which was not
evident in_the fatabey data. This finding has implications for
the priorstisation and targeting of national and state
motoreycle safety programs,

The commonest severe injury among non-fatally injured
motorcychists 18 leg trauma, The imjury can resule in extended
and costly hospital procedures such as surgery, skin and bone
grafts, joint reconstruction and limb ampuration.” The
average length of hospital stay for motorcycliss was 8.4 days,
the second highest after pedestrians (12 days), reflecting the
wventy of lower extremity injuries. Given the young age of
most motorcychsts, severe leg trauma can amount 1o many
years of reduced quality of hife. Modificanons in motorcyele
desigm such s provision of leg protectons and development of
protective rider apparel may

whereas mortorcyclist and
bicyelst injuries often do not ivolve another vehicle, The
severity of pedestrian injuries (often involving the lower
limbs) 1s clearly embodied in the mean length of hospital stay
of 12 days, the highest of all road-user groups. Severe leg
inguries are usually caused by the front bumper or leading
edge of the striking vehicle, Modification of the front and
upper surfaces of cars has the potential 10 reduce the severiry
of pedestrian impacts. Further gains in pedestrian safery may
be had bv reducing vehicle speeds; a recent study of fatal
pedestrian accidents in Adelaide concluded that a reduction of
just 5 km/h in vehicle rravelling speeds could reduce the

incadence of fatal pedestrian crashes by up to 30061

MNon-faral bicycle injuries are distinet in thar half occur in
children aged 5-14 years, and they are the least severe

belp to reduce the seventy of
leg imjuries.!! Compared with
other non-fatally injured
road-users in Austraba, it is

Figure 6: Trends for motorcyclist and
bicyclist fatalities, Australia, 1968-93

less likely that the head will
be the most severely injured
body region on 4 motorcyclist
(Table 4); this is likely to be
due the protection
achieved by wearing a crash
helmet. Further safety gains
could be made in the arca of
helmet performance in very
severe crashes, for front and
side impacts, and in helmet
retention systems.'? Wich
regard to crash prevention,
specding and alcohol are
known motorcycle crash sk
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compared with other road-users. The majority of hospital
admissions from bicyele injuries do not stem from a collision
with another vehicle—in many cases they occur as a result of
younger bicyclists falling off their bikes.'” The relatively
minor nature -of such traffic incidents is consistent with the
low severity and short average length of stay in hospital for
bicyclists. In-depth accident investigation has shown that
around two-thirds of severe bicycle injuries are caused by a
striking vehicle (usually the front bumper or leading edge) and
the speed of the vehicle contributes to both crash occurrence
and njury severity.!” Reducing urban speed limits is likely o
reduce the number and severity of bicycle injuries. Other
possible safety measures include provision of separate bicycle
paths and legalising nding on footpaths.

Mandatory bicycle helmet wearing in Australia was
introduced gradually over the period July 1990 to late in
1992, (Prior to this, there was an increase in helmet weanng
rates on a voluntary bass) The introduction of mandatory
helmet wearing has reportedly coincided with a sizeable
reduction in the number of bicychists wath head mjumnes in
Victoria, 1® Ascessment of the extent to which helmet weanng
has caused the recent downward trend i bicycle fatalities
difficult because routine deaths data don't provide any
information on the nature of fatal injunes (e.g. whether a
death was due to head injury and whether a helmer was
worn) and 1s further complicated by the fact that deaths for all
road-user types have been decreasing over recent years, The
1991 hospital admissions data cover the transinon period from
voluntary to mandatory wearing and are therefore limited in
being able to demonstrate an association between helmet
wearing and incidence of head injury in bicyclists,

Over the period 1968-1993 vehicle occupant fatality rates
have fallen from a high of 21.9 deaths per 100,000 in 1970 to
a low of 7.5 deaths per 100,000 in 1993; i.e,, the current rate
has reduced to one-third of the 1970 figure. Pedestrian rates
have alsa shown a substantial decline reducing from a high of
7.6 deaths per 100,000 in 1969 to a low of 1.9 deaths per
100,000 in 1993 (one-quarter of the 1969 figure), The degree
of correlation between vehicle occupant and pedestrian
fatality rates over the peniod was unexpectedly high. Some
level of correlation is to be expected given thar most
pedestrian fatalities involve a collision with a motor vehicle,
However, certain factors responsible for declines in vehicle
occupant fatality rates such as seat-belt use and improved
crashworthiness of vehicle pasenger companments cannot be
cxpected to influence pedestrian death rates. Therefore the
very strong observed correlation s surprising, It suggests that
factors tending to reduce motor vehicle crashes in general,
may also directly er indirectly reduce pedestrian-vehicle
crashes. Plausible factors include lower levels of speeding,
drink-driving and exposure to motor vehicles duning penods
of depressed economic activity. Further research 1 needed 1o
understand the mfluence of these factors.

In recent years, Australia has achieved impressive reductions
in road fatality levels for both protected and unprotected
road-uscrs. This paper identifies several areas in which the
experience of unprotected road-users is distinct from that of
vehicle occupants. It should be possible to achieve even
greater reductions in injury levels by paying specific attention
to the characteristics and special road safety needs of
maotorcyclists, pedestrians and bicyclists,
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