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This edition of Hazard focused on geographical 
differences in the rates of injury in Victoria from 2014/15 
to 2016/17. Specific attention is given to falls, as one 
of the largest contributors to the number of injuries 
recorded, and both transport- and sports-related injuries 
as these types of injuries are likely to occur in locations 
other than the area of residence of the person(s) involved. 
The analyses were conducted on hospital admissions 
data, emergency department (ED) presentations data, 
cause of death data, and ambulance attendance data. 

Findings related to three-year patterns are presented, 
broken down into three broad geographic region 
types: ‘major city’, ‘inner regional’, and ‘outer regional 
and remote’ based on Australian Bureau of Statistics 
classification. Injury rates are presented by sex, age group 
and year for each region. Frequencies for each injury type, 
cause, location type, body site injured, and activity being 
performed at the time of injury are reported. Lastly, the 
burden of injury, measured in terms of hospital bed days 
and estimated treatment costs, is tabulated.  

This report is based on: ambulance attendance data, 
provided by Ambulance Victoria; hospital admissions 
recorded in the Victorian Admitted Episodes Dataset; 
emergency department presentations recorded in the 
Victorian Emergency Minimum Dataset; and deaths 
recorded in the Cause of Death register.
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This edition of Hazard provides a geographic breakdown of ambulance-attended or hospital-treated 
unintentional injuries and deaths that occurred in Victoria. Death data were extracted from the VISU-held 
Cause of Death (COD) dataset supplied by the Australian Coordinating Registry (ACR) for deaths registered 
in Victoria between 2014 and 2016 (inclusive – COD data is organised only by calendar year). Hospital 
admissions data and emergency department (ED) presentations data were extracted from the Victorian 
Admitted Episodes Dataset (VAED) and Victorian Emergency Minimum Dataset (VEMD), respectively, for 
the period 2014/15 to 2016/17. Ambulance attendance data was provided by Ambulance Victoria for the 
period 2014/15 to 2016/17. Ambulance Victoria collects data for the location the ambulance attended 
as well as the residence of the injured person. This is in contrast to the injury surveillance datasets held  
by VISU, which only provide information regarding the residence of the injured person. The criteria for data  
extraction were that the injury or death was unintentionally caused and the injury had an external cause. 
Based on the Australian Statistical Geography Standard (ASGS) Remoteness Structure, cases were 
designated to one of three broad geographic regions: Major City (MC), Inner Regional (IR), or Outer Regional 
and Remote (ORR); the latter is a combination of Outer Regional, Remote and Very Remote regions. Analyses 
were conducted to investigate key injury differences between the regions.

Injury Rates and Age

Over the period 2014/15 to 2016/17, rates of ambulance 
attendance, ED presentation and deaths were consistently 
higher among residents of ORR areas compared to MC 
areas. This remained the case when rates were broken 
down by sex and age group; the latter breakdown also 
revealed that the effect of remoteness on injury rates 
was most pronounced among those aged 15-29 years. 
Injury rates in ORR areas in this age group were between 
2.4 and 3.0 times the rates of their MC counterparts 
(depending on the dataset). Considering injury deaths 
specifically, the greatest effect of remoteness was observed 
among those aged 0-14 years; rates in ORR areas were 
4.0 times those observed in MC areas, in this age group. 
Hospital admissions did not consistently conform to 
the expected pattern of increased rates with increased 
remoteness, indicating that remoteness did not have a 
consistent effect on injury-related hospital admissions. 

LGA Population Density and Injury Rates

In order to determine the nature and magnitude of 
the relationship between remoteness and injury rates, 
relationships between Local Government Area (LGA)-
specific population density (persons per sq. km) and 
corresponding rates of ambulance attendance, hospital 
admission, ED presentation and deaths were evaluated. 
Negative associations existed between injury and death 
rates, and population density in each dataset. Therefore, 
low population density, as distinct from remoteness per 
se, impacted upon injury rates. Rates of injury-related 
ambulance attendance based on the residence of the 
injured person (r2=0.56) and the scene of attendance 
(r2=0.44), rates of injury death (r2=0.40), emergency 
department presentation rates (r2=0.05) and hospital 
admission rates (r2=0.02) were all negatively associated 
with population density. It should be noted, however, that 
the relationships were non-linear and are impacted by other 
factors. The top five LGAs in terms of greatest rates of injury, 
for each data source are summarised in Table 1 below.

 Table 1

Top 5 LGAs for rate of injury by data source, Victoria, 2014/15-2016/17

Rank Ambulance 
Attendance – Scene

Ambulance 
Attendance 
– Residence

ED Presentations Hospital 
Admissions

Deaths

1. Mansfield Hindmarsh Wangaratta Queenscliffe Hindmarsh

2. Murrindindi Strathbogie Swan Hill Buloke Benalla

3. Alpine Central Goldfields Wodonga Frankston West Wimmera

4. Strathbogie East Gippsland Horsham Hindmarsh Loddon

5. Northern Grampians Yarriambiack Warrnambool Mornington 
Peninsula

Buloke

EXECUTIVE SUMMARY



1. 
Child (0-14 year) injury-related death 
rates in outer regional areas were 
four-fold the rates in major cities of 
Victoria. This needs to be addressed, 
for example through increased education 
and awareness of known injury hazards 
in regional areas such as dams, farm 
equipment and off-road motorcycle 
use.  In order to increase education 
and awareness, it is critical that LGAs 
are provided with equitable access 
to child injury prevention resources, 
services and activities, such as those 
provided through Kidsafe, Farmsafe 
Australia, and the National Centre for 
Farmer Health.

2. 
Cycling injuries were relatively common 
in metropolitan areas. This is likely to  
be due to high participation in cycling 
in metropolitan areas as well as 
limitations in safe infrastructure for 
cycling. It is recommended that the 
Department of Transport, VicRoads 
and individual LGAs address this by 
improving cycling infrastructure in 
metropolitan areas, as well as through 
education and awareness aimed at  
cyclists and motorists. The latter could 
include information about cyclist safety 
in education, training and testing of 
novice drivers. 

3. 
Pedestrian injuries were particularly 
common in metropolitan areas. It is 
recommended that the Department 
of Transport, VicRoads, and LGAs 
pay particular attention to pedestrian 
safety in rapidly growing metropolitan 
areas. Heavy use of existing road 
networks, as well as increased uptake 
of public transport, place pedestrians 
at risk, for example while boarding 
and alighting trams and buses. 

4. 
On-road motorcycle injuries as well 
as off-road motorcycle and other 
motorsports injuries were common  
in regional areas; therefore:

a.  It is recommended that on-road 
motorcycle injury prevention in 
regional areas is addressed by the 
Department of Transport, VicRoads 
and Victoria Police, through 
increased enforcement of road 
safety rules and regulations, and 
improved road infrastructure such 
as safe roadside barriers

b.  Motorsport and other off-road 
motorcycle injuries are common 
in children and young adults. As 
recommended in Hazard 81, an 
action plan for off-road motorcycle 
safety should be developed  
by agencies such as Sport and 
Recreation Victoria, Parks Victoria 
and Motorcycle Victoria to address 
this problem (Day, Clapperton,  
& Berecki-Gisolf, 2016).

5. 
Sports injuries were common in 
regional areas; in particular, Australian  
Rules Football injuries. While this likely  
reflects popularity of this sport in regional  
areas rather than particular regional 
safety concerns, it is recommended 
that the current incentive by Sport 
and Recreation Victoria and relevant 
sporting associations, to increase sport 
participation in regional areas, is 
accompanied by an injury prevention 
strategy, as well as planning for regional 
healthcare supply to meet demand 
created by sport related injury (Wong 
Shee, Clapperton, & Finch, 2017).

6. 
Horse-riding/equestrian injuries are  
relatively common in regional areas; 
these injuries are likely to be severe, 
as evidenced from admission rates  
following ED presentation (Fernando, 
Berecki-Gisolf, & Finch, 2018). It is  
recommended that preventive measures 
are taken, including mandatory helmet 
wearing, supervision of novice riders, 
safety prioritisation at organised events 
(sourced from ‘Preventing Equestrian 
Injuries’, Sports and Recreation Victoria 
(Equestrian Federation of Australia  
Vic Branch).

7. 
Fall-related injury rates, based on 
ambulance attendance, Emergency 
Department and death data, were 
highest in outer regional and remote 
areas, followed by inner regional 
areas, and lowest in major city areas. 
This supports ongoing focus on falls 
prevention, and suggests a need  
for falls prevention particularly aimed 
at those living in regional Victoria. 

8. 
Ambulance Victoria data proved 
invaluable in providing place-based 
injury statistics. It is recommended 
that Ambulance Victoria data are more 
widely used in providing location-
based injury surveillance data: this 
is particularly relevant to transport, 
work-place and sport-related injuries 
which generally occur in locations 
outside the injured person’s residential 
area.  

9. 
VEMD (Emergency Department 
data) coding of injury surveillance 
variables is incomplete and quality 
and completeness of the data differ 
vastly between hospitals. This leads 
to artificial regional differences in injury 
rates. It is recommended hospital-
specific barriers to effectively and 
accurately collecting Emergency 
Department injury data are assessed 
and addressed, through a VEMD data 
quality project.

10. 
The injury statistics presented in this 
Hazard not only reflect regional injury 
rates but also regional differences 
in health services: relatively high 
rates of ED presentation in regional 
and remote areas could be partly 
attributable to limited access to GP 
services. It is recommended that 
health service availability in regional 
areas is further explored to determine 
the effect of this not only on health 
care provision but also on provision 
of primary and secondary prevention 
of injury and disease. The GP plays 
a vital role in prevention and this role 
could potentially be taken on by other 
organisations in sparsely populated 
areas with limited access to GP services.

RECOMMENDATIONS
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Transport- and sports-related Injury

Using Ambulance Attendance data, transport-related injuries 
and sports-related injuries were identified as two types of  
injury in which the region of residence of the person injured  
frequently did not match the region where the ambulance 
attended the injured person. Specifically, 16.7% of transport- 
related injuries and 17.6% of sports-related injuries were 
attended outside the region of residence of the injured 
person. Investigation of the specific types of transport 
involved revealed that specific types of transport-related 
injury were more common in particular regions, but the 
pattern differed based on data source. For example, based 
on the ambulance attendance (region=scene of attendance) 
data, in MC areas, car occupants accounted for 56.2% of 
transport-related injuries, compared to 49.5% in IR areas, 
and 41.2% in ORR areas. However, based on admissions 
data, the difference was negligible: among residents of 
MC areas, 37.5% of transport-related injuries involved car 
occupants whilst the proportions were 35.3% in IR areas 
and 34.2% in ORR areas. Motorcycle injury was relatively 
more common in regional areas, according to ambulance 
data (region=scene of attendance): in ORR areas, 23.7% 
of transport-related injuries involved motorcycle riders, 
compared to 18.9% in IR areas, and 9.6% in MC areas. 
Pedal cyclists were involved in 24.3% of transport-related 
hospital admissions occurring in MC areas, but only 15.6% 
in IR areas and 13.7% in ORR areas. Evidenced from hospital 
admissions data, pedestrians were involved in 8.4% of 
transport-related injuries occurring in MC areas compared 
to 4.3% in IR areas and 4.6% in ORR areas. This pattern 
was further accentuated in the deaths data which indicated 
that 22.3% of transport-related deaths in MC areas involved 
pedestrians compared to 8.8% in both IR and ORR areas. 

With regard to sports-related injuries, Australian Rules 
Football was the most common sport being played at the 
time of injury, and accounted for a greater proportion of 
ED presentations in IR areas (27.2%) compared with MC 
(20.1%) or ORR areas (25.2%). However, soccer injury 
related ED presentations were relatively more common  
in MC areas (10.2%) than IR areas (5.1%) and ORR areas 
(3.3%). The proportion of horse-riding and equestrian 
injuries were markedly different between regions, accounting 
for 2.7% of hospital admissions in MC areas, compared 
with 8.5% in IR areas and 7.3% in ORR areas. Motor sport  
related injuries accounted for more than twice the proportion 
of ED presentations in ORR areas (9.6%) as compared to 
MC areas (4.3%).

Burden of Injury

Hospital admissions resulted in a total of 1,477,668 
bed days in Victoria over the period 2014/15-2016/17. 
Residents of MC areas accounted for the largest proportion 
of hospital bed days (74.1%). Stays of <2 days became 
proportionally less common with increasing remoteness, 
accounting for 61.5% in MC areas compared with 55.2% 
in IR areas, and 52.5% (n=9,120) in ORR areas. Hospital 
admission costs totalled $2.2 billion over the three-year 
period 2014/15-2016/17. Three-quarters of admissions 
costs (74.8%, $1.7b) were incurred treating residents of 
MC areas. The total cost of ED presentations over the 
period 2014/15-2016/17 was $441.9 million. Residents 
of MC areas accounted for 68.5% ($302.9m) of ED 
presentation costs. The proportion of all costs among 
IR residents accounted for by ED presentations (20.0%, 
$110.2m) and the proportion of all costs among ORR 
residents, incurred in the treatment of ED presentations 
(19.9%, $28.8m) was greater than the equivalent figure 
among residents of MC areas (15.5%, $302.9m). This is  
likely due to lower GP and other non-hospital based health 
care service accessibility in IR and ORR areas, resulting 
in residents presenting at the ED more frequently than 
residents of MC areas, who have greater access to other 
health services.



Victoria’s population has reached 6.32 million people, according to the most recent Australian Bureau of 
Statistics (2018a) data. Although the majority of the Victorian population live in major metropolitan areas 
such as Melbourne and Geelong, approximately one third of the population live in regional areas including 
Ballarat, Bendigo, Melton and Shepparton. There are key differences between residents of metropolitan and  
regional areas in terms of health. On average, Australians living outside major cities have slightly poorer health 
and lower life expectancy; in 2011, residents of metropolitan areas showed an average life expectancy, for all  
persons, of 82.0 to 83.6 years compared to 81.4 to 81.6 years in regional centres, and 78.3 to 80.6 years  
in rural areas (National Health Performance Authority, 2013). Contributing to this difference is unintentional 
injury; the difference in injury rates between metropolitan and regional areas in Victoria is significant (Bishop, Gale,  
& Laverty, 2016). According to the Victorian State Trauma Outcomes Registry and Monitoring Group (2017),  
the annual number of hospitalised major trauma cases in Victoria remained stable over the period 2011/12- 
2015/16. This holds true for the rate of traumatic injury cases occurring in metropolitan and regional areas, 
considered separately. The number of major trauma cases occurring in metropolitan areas in 2015/16 
was approximately double that of regional areas (1,944 vs. 973 respectively). This is unsurprising when 
considering that the difference in population density means a larger proportion of Victorians live and work 
in metropolitan areas. With the difference in population taken into account, however, it was revealed that 
major trauma rates in regional areas were significantly higher than rates in metropolitan areas (66.0 vs. 43.6 
per 100,000 persons, respectively). Over the period 2011/12-2015/16, the injury rate in metropolitan areas 
has remained relatively stable, 44.5 in 2011/12 to 43.6 in 2015/16, whilst the rate in regional areas has 
risen from 63.9 to 66.0 over the same period of time (Victorian State Trauma Outcomes Registry and 
Monitoring Group, 2017). However, it should be noted that it is not necessarily the residents of these 
areas who were admitted to hospital. Residents of areas outside regional Victoria (this include residents  
of metropolitan areas in Victoria, as well as interstate and overseas visitors) comprise as much as 25% of 
hospitalised trauma cases occurring in regional Victoria each year (Victorian State Trauma Outcomes Registry 
and Monitoring Group, 2017). 

INTRODUCTION
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Health and socioeconomic disparities  
in regional vs. metropolitan Victoria
A number of health issues and other factors negatively 
affecting injury rates are more prevalent with increasing 
geographical remoteness. For example, people living 
outside major cities are: 8% more likely to have mental 
health issues, 20% more likely to suffer from respiratory 
conditions such as asthma, 25% more likely to suffer 
from substance abuse disorders, and 30% more likely 
to suffer from long-term health conditions resulting from 
injury (National Health Performance Authority, 2013). 
Factors such as access to services and socioeconomic 
status also play a role. With regard to access to health 
services, people living in outer regional areas of Australia 
were four-and-a-half times more likely to have to travel 
over an hour to see a GP than those in major cities in the 
2015/16 financial year (Bishop et al., 2016). Regarding 
socioeconomic status, the Socio-economic Indexes for Areas  
(SEIFA) (Australian Bureau of Statistics, 2016) consistently 
assesses regional and rural local government areas (LGAs) 
as having a relative socioeconomic disadvantage when 
compared to metropolitan LGAs; LGAs in metropolitan 
areas receive SEIFA scores which are approximately 5%  
higher, on average, than LGAs in rural and regional areas  
(Australian Bureau of Statistics, 2016). However, the true  
difference lies in the minimum scores for smaller statistical 
areas, SA1s, within some LGAs. For example, the minimum 
SEIFA score for an SA1 within the Ballarat LGA was 574, 
and 583 for the LGA of Mildura. Metropolitan LGAs such 
as Casey and Maribyrnong have minimum SA1 SEIFA 
scores of 775 and 783, respectively (Australian Bureau of 
Statistics, 2016). In remote areas, 39% of residents have 
a relatively low SES compared to 24% in regional areas, 
and 17% in major cities (Garvan Research Foundation, 
2015). Generally, the further an individual resides from 
well serviced areas, the more likely they are to have a 
relative socioeconomic disadvantage and poorer overall 
health. In order to measure remoteness for the purposes 
of epidemiological research in Australia, the Accessibility 
Remoteness Index of Australia (ARIA) (Hugo Centre for 
Migration and Population Research, 2016) is generally 
used and this is also the basis for remoteness indexing  
in this edition of Hazard.

Transport injuries in regional  
vs. metropolitan Victoria
Considering injury rates in 2015/2016 provided in the 
Victorian State Trauma System and Registry Annual 
Report, one of the notable differences between metropolitan  
and regional Victoria was the rate of transport related 
injuries. In 2015/16, in regional Victoria, transport related 
injuries resulting in hospital admissions occurred at a rate 
of 49.4 per 100,000 persons compared with a rate of 38.5 
per 100,000 in metropolitan Victoria (Victorian State Trauma  
Outcomes Registry and Monitoring Group, 2017). According  
to the Transport Accident Commission’s (TAC) (2017)  
Annual Claim Statistics Summary, residents of metropolitan 
regions in Victoria made a total of 12,612 claims in 2016,  
compared to 5,454 among residents of regional Victoria. 
However, as with incidents of major trauma in general, 
when the population in metropolitan and regional areas is 
taken into account, rates of injury claims among residents  
of regional Victoria were higher than rates of injury claims  
among residents of metropolitan areas. The state-wide 
rate for transport injury claims in 2016 was 29.2 per 10,000 
population, but four out of five rural regions (Barwon – 
Western District, Central Highlands – Wimmera, Gippsland,  
and Loddon-Mallee) had rates exceeding the state-wide  
rate, compared to only two of six (Outer Eastern and Western)  
metropolitan regions. Similarly, VicRoads (2016) reported 
that there were approximately 1.2 times more fatalities 
on roads in regional Victoria compared to metropolitan 
Victoria, and the number of fatalities per 100 million vehicle  
kilometres travelled (VKT) was approximately twice as high  
for those regularly travelling on country roads compared 
to metropolitan roads. VicRoads concluded that on a  
population basis, the risk of fatalities occurring on country 
roads is four times that of metropolitan roads. This again  
points to place-based risk factors that cannot be captured 
using the injured person’s residential area profile. 
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AS MUCH AS 25% OF HOSPITALISED TRAUMA CASES 
OCCURING IN REGIONAL VICTORIA EACH YEAR ARE 
COMPRISED OF RESIDENTS OF AREAS OUTSIDE REGIONAL  
VICTORIA (INCLUDING METROPOLITAN AREAS OF VICTORIA 
AS WELL AS INTERSTATE AND OVERSEAS VISITORS).
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Sport related injury in regional  
vs. metropolitan Victoria
Another area of injury research which has received attention  
with regard to geographic differences is sport-related 
injury. According to Wong Shee, Clapperton, and Finch 
(2014b), rates of hospital admissions for sports-related 
injuries were higher among regional LGAs compared 
to metropolitan LGAs in Victoria between 2003/4 and 
2011/12. The authors concluded that pro-active guidance 
for regional and rural health services was required to control  
the burden of sports-related injuries. Wong Shee, Clapperton,  
and Finch (2015) also noted that in each year from 2003/4  
to 2011/12, population adjusted rates of sports-related 
injury admissions were higher among residents of regional 
LGAs than residents of metropolitan LGAs. In light of plans  
to encourage increased sports participation in regional 
areas of Victoria over the coming years, it is important to 
monitor these trends over time and take injury preventive 
action as required. According to Regional Sport Victoria 
(RSV) (2014), physical activity levels among residents 
of regional Victoria are lower than among residents of 
metropolitan Victoria; an estimated 65.3% of Victorians 
living in regional areas participate in sufficient levels of physical  
activity, compared to 71.6% of residents of metropolitan 
Victoria. Furthermore, 6.9% of residents of regional Victoria 
are considered ‘inactive’ compared to 4.4% of Victorians 
living in metropolitan areas. These statistics form the basis  
of RSV’s call for a regional sports participation strategy, 
with the aim of increasing sports participation. Given that  
population adjusted rates of sports-related injury are already  
higher among residents of regional Victoria, it is important  
to continually monitor these rates as strategies to increase  
sports participation may result in further increases. According  
to Wong Shee, Clapperton, and Finch (2014a), over 
the period 2003/4 to 2011/12, Ballarat Base Hospital 
experienced an increase in the frequency of sports-related 
injury admissions in excess of what would be expected 
based on population growth and the incidence of all types 
of injury, placing the healthcare infrastructure of the region 
under increased duress. This further highlights the need 
to explore regional differences in sports-related injury and 
strategic healthcare service planning to ensure optimal 
health care delivery as well as injury preventive strategies 
in regional areas of Victoria.

Place of injury occurrence vs. place of residence 
of the injured person
There are different ways to consider geographical location, 
when determining area-specific injury rates. For example, 
hospital admissions and emergency department data 
generally contain residential location data. This means 
that if cases within these datasets are selected based 
on geography, they are selected based on the patient’s 
residential postcode or LGA, rather than the location where  
the injury occurred. When examining hospital admissions 
for injuries such as falls in older persons, this is adequate 
as most of these take place in the home. However, when 
considering sports-related injuries, transport injuries, or 
work-related injuries, the data are not adequate as these 
injuries are likely to occur outside the person’s residential 
area. Knowledge of the geographic location where injuries 
occurred allows us to determine where certain types 
of injuries are more common and helps us to better 
understand the geographic profile of injuries in Victoria. 
Ambulance Victoria record the location of attendance in 
response to emergency calls. Therefore, in addition to 
the datasets held by the Victorian Injury Surveillance Unit 
(hospital admissions, emergency department presentations,  
deaths), this edition of Hazard will also utilise data from 
Ambulance Victoria to investigate geographical differences 
in injuries across Victoria.

AIMS OF THIS EDITION OF HAZARD

The purpose of this edition of Hazard is to provide an overview of the differences in the incidence of unintentional injury 
across Victoria based on remoteness, between 2014/15 and 2016/17, as captured in hospital admission records, 
emergency department (ED) presentation records, cause of death (COD) records, and ambulance attendance records. 
Specifically addressing the topics of interest, this edition of Hazard will:

•  Distinguish overall patterns of injury incidence in major 
city, inner regional, and outer regional areas of Victoria

•  Investigate the incidence of transport and sport-related 
injuries in major city, inner regional, and outer regional 
areas of Victoria, noting any differences between the 
regions

•  Explore differences in injury rates by area, based on 
area of residence vs. area of injury occurrence. This will 
distinguish between person-based injury risk factors vs. 
place-based risk factors: this distinction has a marked 
impact on the required injury prevention strategies and 
could provide valuable information to those involved in 
municipal public health and wellbeing planning, enabling 
them to develop more specific injury prevention plans 

Injury data covered in this report come from three 
sources. Two VISU-held, Department of Health and 
Human Services-sourced datasets, the Victorian 
Admitted Episodes Dataset (VAED) and the Victorian 
Emergency Minimum Dataset (VEMD), were used 
to investigate hospital admissions and emergency 
department presentations, respectively. Ambulance 
Victoria provided data on injury-related ambulance 
callouts. Injury-related death data was sourced from  
the VISU-held Cause of Death (COD) dataset, supplied  
by the Australian Coordinating Registry (ACR). 

IN MAJOR CITY AREAS, 20.1% OF SPORTS-RELATED 
INJURY ED PRESENTATIONS INVOLVED AUSTRALIAN 
RULES FOOTBALL, COMPARED WITH 27.2% IN INNER 
REGIONAL AREAS AND 25.2% IN OUTER REGIONAL/
REMOTE AREAS.
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The three-year (2014/15-2016/17) population averages for Victoria show that just over half the population (50.6%)  
was female, and the age group that accounted for the largest proportion of the population was 30-44 year olds (21.2%). 
Considering the breakdown by region, 77.5% of the population resided in areas classified as Major City (MC), 18.4%  
in areas classified as Inner Regional (IR), and 4.1% in areas classified as Outer Regional & Remote (ORR). The only regions 
in which a greater proportion of the population was comprised of males than females were ORR areas (50.1%). Compared 
to MC areas, IR and ORR areas had a smaller proportion of persons aged 15-29 years and persons aged 30-44 years. 
In MC areas, the 15-29 year age group accounted for 22.2% of the population compared to 17.9% in IR areas, and 16.3% 
in ORR areas. Those aged 30-44 years accounted for 22.4% of the population in MC areas but only 17.7% and 15.6% 
of the population in IR and ORR areas, respectively. As a corollary, other age groups, such as the 60-74 year group 
accounted for a smaller proportion of the population in MC areas (12.4%) compared to IR (17.2%) and ORR (19.5%) areas.  

POPULATION AND DEMOGRAPHIC 
PROFILE: MAJOR CITY, INNER 
REGIONAL, AND OUTER REGIONAL/
REMOTE AREAS OF VICTORIA

To understand the differences between major city (MC), inner regional (IR), and outer regional and remote (ORR) areas 
with regard to unintentional injuries and injury-related deaths, it is important to understand the context in terms of the 
population density and demographic profile in each region. An overview of the Victorian population over the 3-year period 
2014/15-2016/17 is provided in Table 2. This table breaks down the population by age group and sex, for each region, 
giving the numbers and percentages.

 Table 2 

Frequency and proportion of population by age, sex, and remoteness, Victoria, 2014/15-2016/17

Major City Inner Regional Outer Regional  
& Remote

Total

Males N (%)

0-14 years 449,940 (19.0%) 111,804 (19.8%) 23,032 (18.4%) 584,777 (19.2%)

15-29 years 537,466 (22.7%) 104,037 (18.5%) 21,099 (16.9%) 662,602 (21.7%)

30-44 years 532,822 (22.5%) 98,396 (17.5%) 19,265 (15.4%) 650,482 (21.3%)

45-59 years 429,756 (18.2%) 112,395 (19.9%) 25,675 (20.5%) 567,826 (18.6%)

60-74 years 285,374 (12.1%) 97,136 (17.2%) 24,933 (19.9%) 407,444 (13.4%)

75+ Years 127,533 (5.4%) 39,749 (7.1%) 10,997 (8.8%) 178,279 (5.8%)

Total 2,362,891 (100.0%) 563,518 (100.0%) 125,001 (100.0%) 3,051,410 (100.0%)

Females N (%)

0-14 years 426,344 (17.6%) 105,320 (18.4%) 21,666 (17.4%) 553,330 (17.7%)

15-29 years 526,850 (21.7%) 98,916 (17.3%) 19,635 (15.7%) 645,401 (20.7%)

30-44 years 538,135 (22.2%) 102,701 (17.9%) 20,074 (16.1%) 660,910 (21.2%)

45-59 years 451,642 (18.6%) 117,659 (20.5%) 26,120 (21.0%) 595,421 (19.1%)

60-74 years 309,304 (12.8%) 98,364 (17.2%) 23,627 (19.0%) 431,294 (13.8%)

75+ years 170,768 (7.0%) 50,335 (8.8%) 13,516 (10.8%) 234,618 (7.5%)

Total 2,423,043 (100.0%) 573,294 (100.0%) 124,637 (100.0%) 3,120,974 (100.0%)

Persons N (%)

0-14 years 876,284 (18.3%) 217,125 (19.1%) 44,698 (17.9%) 1,138,107 (18.4%)

15-29 years 1,064,316 (22.2%) 202,953 (17.9%) 40,734 (16.3%) 1,308,003 (21.2%)

30-44 years 1,070,957 (22.4%) 201,097 (17.7%) 39,338 (15.8%) 1,311,392 (21.2%)

45-59 years 881,398 (18.4%) 230,054 (20.2%) 51,795 (20.7%) 1,163,246 (18.8%)

60-74 years 594,679 (12.4%) 195,499 (17.2%) 48,560 (19.5%) 838,738 (13.6%)

75+ years 298,300 (6.2%) 90,084 (7.9%) 24,513 (9.8%) 412,898 (6.7%)

Total 4,785,934 (100.0%) 1,136,812 (100.0%) 249,638 (100.0%) 6,172,384 (100.0%)

*Numbers presented are 3-year averages based on data provided by the Australian Bureau of Statistics (2018b)

YOUNG PERSONS AGED 15-29 YEARS 
EXPERIENCED THE GREATEST EFFECT OF 
REMOTENESS, WITH INJURY RATES IN OUTER 
REGIONAL/REMOTE AREAS 2.4 TIMES THE 
RATES OBSERVED IN MAJOR CITY AREAS.
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Sociodemographic Summary
An overview of the injury incidence in major cities, inner regional and outer regional/remote areas of Victoria, is provided 
in the figures below. The injury incidence, shown by age group, is based on ambulance data (Figure 1 and Figure 2), 
ED presentations (Figure 3), hospital admissions (Figure 4) and deaths (Figure 5). 

 Figure 1 

Injury-related ambulance attendance rates per 100,000 population per year, by age group (in years) and location  
of attendance, Victoria, 2014/15-2016/17

The highest rates of ambulance attendance, based on the location of attendance, were observed among those aged 
75 at each level of remoteness; the highest rate was observed in ORR areas (5,450 per 100,000) followed by MC areas 
(5,160 per 100,000) and IR areas (4,792 per 100,000) (Figure 1). In every age group, and for all ages combined, rates 
of ambulance attendance were highest in ORR areas and lowest in MC areas, with the exception of the 75+ year age 
group, as described above. The most pronounced difference between regions was observed amongst those aged 
15-29 years: those injured in ORR areas in this age group were three times as likely to be attended by an ambulance 
compared to those residing in MC areas (1,826 versus 609 per 100,000, respectively).

INJURY RATES: MAJOR CITY, INNER 
REGIONAL, AND OUTER REGIONAL/
REMOTE AREAS OF VICTORIA

Ambulance attendance data were extracted for the years 2014/15 to 2016/17 by Ambulance Victoria. Case selection 
was limited to unintentional injury cases. Hospital admissions data were extracted from the Victorian Admitted Episodes 
Dataset (VAED) for the years 2014/15 to 2016/17; only unintentional injury cases (ICD-10-AM range V00-X59) were selected. 
Case selection was limited to community injuries (ICD-10-AM range S00-T75 or T79) in the first occurring diagnosis 
code. ED presentations data were extracted from the Victorian Emergency Minimum Dataset (VEMD) for the years 
2014/15 to 2016/17. ED presentations were selected if the presentations resulted from a community injury (ICD-10-AM 
range S00-T75 or T79) and if the injury was recorded as unintentional. Most injuries occur in settings such as car crashes, 
sporting and recreational activities, work or during the course of other every day activities, and these can be broadly 
referred to as ‘community injuries’. 

In order to compare the three geographic regions in terms of injury rates, population data were used to adjust for 
the differences in the number of residents living in each region. Each case within each dataset was designated as 
belonging to an MC, IR or ORR area based on the recorded LGA for the case, adjusted for varying remoteness within 
each LGA as determined by the Accessibility Remoteness Index of Australia (ARIA). For further details on this process, 
see Appendix B. Rates per 100,000 residents were then calculated in order to draw comparisons between injury rates 
in major cities, inner regional, and outer regional/remote regions. The average number of incidents and average annual 
population over the three-year period were used as the numerator and denominator, respectively. Injury rates by age 
group and sex are presented below. 

Two sets of ambulance data are presented. The first represents the findings based on the scene where the ambulance 
attended. This serves as a proxy for the location or region where the injury occurred. The second set represents the 
region of residence for the injured person. This pattern is maintained throughout the Hazard. All other datasets record 
only the region of residence for the injured person. 
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 Figure 2 

Injury-related ambulance attendance rates per 100,000 population per year, by age group (in years) and region of 
residence, Victoria, 2014/15-2016/17

Examination of the ambulance attendances based on region of residence revealed similar patterns to those based on 
the scene of attendance. The highest average yearly rates were observed among those aged 75+ years at each level 
of remoteness; residents of ORR areas (5,578 per 100,000) exhibited the highest rates, followed by those residing in 
MC areas (5,155 per 100,000) and residents in IRR areas (4,775 per 100,000) (Figure 2). Ambulance attendance rates 
based on the region of residence conformed to the pattern of increasing rates with increasing remoteness within each 
age group, with the exception of those aged 75+ years. The most pronounced effect of region was again observed in 
those aged 15-29 years, where the rate of ambulance attendance among residents of OR areas was approximately  
2.4 times the rate among residents of MC areas (1,493 versus 627 per 100,000, respectively).

 Figure 3 

Injury-related ED presentation rates per 100,000 population per year, by age group (in years) and region of residence, 
Victoria, 2014/15-2016/17

Inspecting ED presentations, the highest average yearly rate in any age group and region was observed among those 
aged 15-29 years in ORR areas (12,637 per 100,000) (Figure 3). The highest observed rate within MC areas was among 
those aged 0-14 years (7,055 per 100,000), with presentation rates in IR areas also highest amongst those aged 0-14 years  
(10,148 per 100,000). The lowest rates of ED presentation across all geographic areas were observed among those 
aged 60-74 years. The expected pattern of increased ED presentation rates with increased remoteness was observed 
among all age groups. The most pronounced effect of region was observed amongst those aged 15-29 years: those 
living in ORR showed ED presentation rates 2.8 times the rate of those living in MC areas (12,637 versus 4,531 per 
100,000, respectively).
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 Figure 5

Injury related death rates per 100,000 population per year, by age group (in years) and region of residence, Victoria, 
2014-2016

Yearly rates of injury-related deaths were heavily skewed toward those aged 75+ years. In MC areas there were  
an average of 248.9 deaths annually per 100,000 residents, with rates in IR and ORR areas of 260 and 314 deaths  
per 100,000 residents, respectively (Figure 5). The lowest death rates for each level of remoteness were observed in 
the 0-14 year age group: 1.3 deaths per 100,000 among residents of MC areas, 3.8 deaths per 100,000 among IR 
residents, and 5.2 deaths per 100,000 for ORR residents. Those aged 0-14 years showed the largest difference in 
rates between regions. The death rate among residents of ORR areas within this age group was 4.0 times the death 
rate among residents of MC areas (5.2 versus 1.3 per 100,000 residents, respectively).

 Figure 4

Injury-related hospital admission rates per 100,000 population per year by age group (in years) and region of residence, 
Victoria, 2014/15-2016/17

The hospital admissions data analysis provided some results which were not in line with results from the other data 
sources (Figure 4). The highest rate of hospital admissions for any age group-remoteness combination was observed 
among those aged 75+ living in MC areas (6,565 per 100,000); overall, admission rates were highest in this age group, 
regardless of region type. Those aged 75+ years also produced the highest rate of hospital admission in both IR areas 
(4,713 per 100,000) and ORR (5,134 per 100,000) areas. The expected pattern of increasing hospital admission rates 
with increasing remoteness was observed only among those aged 15-29 years and 30-44 years. Hospital admission 
rates among those aged 45-59 (1,267 per 100,000) and 60-74 years (1,771 per 100,000) were highest among those 
 living in MC areas. Overall, hospital admission rates in MC areas (1,622 per 100,000) were similar to admission rates 
in IR areas (1,608 per 100,000); admission rates were highest among those in ORR areas (1,902 per 100,000). The 
greatest effect of remoteness within the hospital admissions data was observed among those aged 75+ years. Residents  
of MC areas exhibited injury-related hospital admission rates 1.4 times the magnitude of those residing in IR areas 
(6,565 versus 4,713 per 100,000, respectively).



 Figure 7

Ambulance attendance rates per 100,000 population per year, by sex and region of residence, Victoria, 
2014/15-2016/17

Ambulance attendance data based on the region of residence also followed the expected pattern of increasing 
attendance with increasing remoteness (Figure 7). The lowest ambulance rates were observed among residents of 
MC areas for males (937 per 100,000), females (904 per 100,000), and persons (923 per 100,000) whilst the highest 
rates were observed among residents of ORR areas for males (1,702 per 100,000), females (1,580 per 100,000), 
and persons (1,642 per 100,000). The largest effect of geography was observed among males, who experienced 
ambulance rates in ORR areas 1.8 times the rate in MC areas (937 versus 1,702 per 100,000, respectively).

An overview of the injury incidence in major cities, inner regional and outer regional/remote areas of Victoria is provided 
in the figures below. Injury incidence is shown by sex, and results are given for ambulance data (Figure 6, Figure 7), ED 
presentations (Figure 8), hospital admissions (Figure 9) and deaths (Figure 10). With regard to sex, rates were generally 
higher among males within each dataset at each level of remoteness.  

  Figure 6

Ambulance attendance rates per 100,000 population per year, by sex and region of ambulance attendance, Victoria, 
2014/15-2016/17

Concerning the scene of the injury, ambulance attendances followed the expected pattern of increasing rates with increasing 
remoteness. The lowest rates among males were observed in MC areas (920 per 100,000). A similar pattern was observed 
for females (903 per 100,000) and overall (912 per 100,000) (Figure 6). The highest rates were observed in ORR areas for 
males (1,888 per 100,000), females (1,645 per 100,000), and persons (1,768 per 100,000). The largest effect of geography 
was observed among males; the rate of ambulance attendance among those injured in ORR areas was 2.1 times that of 
those injured in MC areas (1,888 versus 920 per 100,000 residents, respectively). 
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 Figure 8

ED presentation rates per 100,000 population per year, by sex and region of residence, Victoria, 2014/15-2016/17

ED presentation rates among males and females increased with increasing remoteness; MC areas had the lowest rates 
of ED presentation (5,027 and 3,533 per 100,000 for males and females respectively) while ORR areas had the highest 
rates of ED presentation (9,725 and 6,790 per 100,000 for males and females respectively) (Figure 8). Males and females 
exhibited an equally pronounced effect of geography; rates of ambulance attendance among residents of ORR areas 
were 1.9 times those of residents of MC areas (6,790 versus 3,533 per 100,000 for females, and 9,725 versus 5,027 
per 100,000 for males). 

 Figure 9

Hospital admission rates per 100,000 population per year, by sex and region of residence, Victoria, 2014/15-2016/17

With regard to hospital admissions, the rate among males was lowest in MC areas with 1,780 admissions per 100,000 
residents, and highest in ORR areas with 2,103 admissions per 100,000 residents (Figure 9). Among females, the lowest  
rate was observed in IR areas (1,408 per 100,000) and the highest rate was observed in ORR areas (1,700 per 100,000 
residents). This was also the largest effect of geography; females in ORR areas experienced admissions at a rate 1.2 times  
of those in IR areas. However, this indicates that whilst rates were highest in ORR areas, the magnitude of geographical 
differences were negligible when considering sex, and the pattern seen here was different to other datasets.
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 Figure 10

Rates of death per 100,000 population per year, by sex and region of residence, Victoria, 2014/15-2016/17

Death rates followed the expected pattern of increasing rates with increasing remoteness (Figure 10). For males and 
females, the lowest rates were observed in MC areas (30 and 23 per 100,000 respectively) and the highest rates were 
observed in ORR areas (63 and 46 per 100,000 respectively). Males exhibited the largest effect of geography, with 
death rates in ORR areas 2.1 times the number of those in MC areas.

INJURY DEATH RATES FOLLOWED THE PATTERN OF 
INCREASING RATES WITH INCREASING REMOTENESS.MALES 
EXHIBITED THE LARGEST EFFECT OF REGIONALITY, WITH 
DEATH RATES IN OUTER REGIONAL AND REMOTE AREAS 
2.1 TIMES THE NUMBER OF THOSE IN MAJOR CITY AREAS.



 Table 3

Average annual population by LGA, Victoria, 2014/15-2016/17

LGA N LGA N LGA N

Alpine 12549 Greater Shepparton 65042 Mount Alexander 19063

Ararat 11715 Hepburn 15496 Moyne 16707

Ballarat 103472 Hindmarsh 5770 Murrindindi 14045

Banyule 127553 Hobsons Bay 93399 Nillumbik 64158

Bass Coast 33477 Horsham 19855 Northern Grampians 11577

Baw Baw 49273 Hume 206826 Port Phillip 108547

Bayside 102818 Indigo 16141 Pyrenees 7285

Benalla 13960 Kingston 158747 Queenscliffe 2941

Boroondara 177223 Knox 160298 South Gippsland 29076

Brimbank 204020 Latrobe 74603 Southern Grampians 16137

Buloke 6265 Loddon 7532 Stonnington 110923

Campaspe 37542 Macedon Ranges 47428 Strathbogie 10339

Cardinia 97432 Manningham 122539 Surf Coast 30480

Casey 313046 Mansfield 8667 Swan Hill 20880

Central Goldfields 13062 Maribyrnong 87029 Towong 6030

Colac-Otway 21341 Maroondah 114718 Wangaratta 28531

Corangamite 16243 Melbourne 147297 Warrnambool 34273

Darebin 155282 Melton 141660 Wellington 43503

East Gippsland 45537 Mildura 54655 West Wimmera 3935

Frankston 139344 Mitchell 41656 Whitehorse 169851

Gannawarra 10558 Moira 29476 Whittlesea 206540

Glen Eira 148649 Monash 192885 Wodonga 40047

Glenelg 19725 Moonee Valley 122839 Wyndham 227308

Golden Plains 21993 Moorabool 32623 Yarra 92933

Greater Bendigo 112095 Moreland 172378 Yarra Ranges 155169

Greater Dandenong 159932 Mornington Peninsula 161402 Yarriambiack 6751

Greater Geelong 239402

Geographic Breakdown by Local Government Area
An overview of the average population of each Victorian local government area (LGA) (Figure 11, Table 3), total ambulance 
attendances for each LGA for the scene of attendance (Figure 12, Table 4) and the region of residence (Figure 14, Table 5),  
hospital admission rates for each LGA (Figure 16, Table 6), ED presentation rates by LGA (Figure 18, Table 7), and rates  
of death by LGA (Figure 20, Table 7) is presented below. The purpose is to provide additional context to the Hazard with 
regard to population and injury rates, as measured using the various data sources, at a more detailed geographical level. 
Each dataset is presented using a map and matching table to visualise the data, and provide precise rates for each LGA.  
Colour coded quartiles are provided with each map to allow for easy identification of where each LGA fits on the spectrum. 
Quartiles were calculated using Microsoft Excel’s ‘QUARTILE’ function which uses linear interpolation of the modes 
for the order statistics for the uniform distribution. Population data for all mapped rates below were provided by the 
ABS (Australian Bureau of Statistics, 2018b). Lastly, population density was utilised as a measure of remoteness, and 
correlations for each dataset were produced in order to inspect the relationship between injury rates and the number  
of people residing in each LGA per square kilometre (Figure 13, Figure 15, Figure 17, Figure 19, Figure 21). 

 Figure 11

Average annual population of Victoria. (Quartiles) by LGA, 2014/15-2016/17
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 Figure 12

Average annual ambulance attendance rates per 100,000 population (Quartiles) per LGA by scene of injury, Victoria, 
2014/15-2016/17

 Figure 13 

Correlation between LGA ambulance attendance rate at the scene of injury and population density, Victoria, 
2014/15-2016/17

 Table 4

Average annual ambulance attendance rates per 100,000 population by LGA of scene, Victoria, 2014/15-2016/17

LGA Rate LGA Rate LGA Rate

Alpine 1883 Greater Shepparton 1639 Mount Alexander 1072

Ararat 1414 Hepburn 1127 Moyne 1171

Ballarat 1054 Hindmarsh 1658 Murrindindi 2091

Banyule 935 Hobsons Bay 852 Nillumbik 739

Bass Coast 1708 Horsham 1610 Northern Grampians 1823

Baw Baw 1111 Hume 847 Port Phillip 900

Bayside 987 Indigo 896 Pyrenees 1551

Benalla 1624 Kingston 984 Queenscliffe 1519

Boroondara 819 Knox 935 South Gippsland 1282

Brimbank 752 Latrobe 1480 Southern Grampians 1374

Buloke 1522 Loddon 1770 Stonnington 874

Campaspe 1534 Macedon Ranges 1059 Strathbogie 1876

Cardinia 951 Manningham 850 Surf Coast 1282

Casey 727 Mansfield 2119 Swan Hill 1402

Central Goldfields 1608 Maribyrnong 885 Towong 1603

Colac-Otway 1560 Maroondah 1075 Wangaratta 1587

Corangamite 1356 Melbourne 1251 Warrnambool 1103

Darebin 978 Melton 661 Wellington 1302

East Gippsland 1758 Mildura 1331 West Wimmera 999

Frankston 1295 Mitchell 1296 Whitehorse 933

Gannawarra 1149 Moira 1544 Whittlesea 710

Glen Eira 866 Monash 855 Wodonga 995

Glenelg 1247 Moonee Valley 1044 Wyndham 580

Golden Plains 664 Moorabool 1112 Yarra 915

Greater Bendigo 1136 Moreland 967 Yarra Ranges 1054

Greater Dandenong 1076 Mornington Peninsula 1372 Yarriambiack 1299

Greater Geelong 1140
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 Figure 14

Average annual ambulance attendance rates per 100,000 population (Quartiles) per LGA by residence of injured person, 
Victoria, 2014/15-2016/17

 Figure 15

Correlation between LGA ambulance attendance rate for region of residence and population density, Victoria, 
2014/15-2016/17

 Table 5

Average annual ambulance attendance rates per 100,000 population by LGA of residence, Victoria, 2014/15-2016/17

LGA Rate LGA Rate LGA Rate

Alpine 1562 Greater Shepparton 1595 Mount Alexander 1070

Ararat 1269 Hepburn 1015 Moyne 1179

Ballarat 1051 Hindmarsh 1785 Murrindindi 1585

Banyule 1017 Hobsons Bay 921 Nillumbik 801

Bass Coast 1532 Horsham 1566 Northern Grampians 1650

Baw Baw 1101 Hume 890 Port Phillip 897

Bayside 1053 Indigo 923 Pyrenees 1350

Benalla 1569 Kingston 1037 Queenscliffe 1156

Boroondara 846 Knox 978 South Gippsland 1285

Brimbank 788 Latrobe 1525 Southern Grampians 1436

Buloke 1639 Loddon 1505 Stonnington 813

Campaspe 1539 Macedon Ranges 1073 Strathbogie 1783

Cardinia 1038 Manningham 924 Surf Coast 920

Casey 837 Mansfield 1527 Swan Hill 1414

Central Goldfields 1689 Maribyrnong 850 Towong 1537

Colac-Otway 1415 Maroondah 1112 Wangaratta 1453

Corangamite 1359 Melbourne 527 Warrnambool 1086

Darebin 1021 Melton 790 Wellington 1297

East Gippsland 1676 Mildura 1355 West Wimmera 1279

Frankston 1322 Mitchell 1187 Whitehorse 975

Gannawarra 1203 Moira 1601 Whittlesea 787

Glen Eira 931 Monash 842 Wodonga 1058

Glenelg 1428 Moonee Valley 923 Wyndham 647

Golden Plains 768 Moorabool 1012 Yarra 775

Greater Bendigo 1156 Moreland 1056 Yarra Ranges 1137

Greater Dandenong 983 Mornington Peninsula 1359 Yarriambiack 1664

Greater Geelong 1133
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 Figure 16

Average annual hospital admission rates per 100,000 population (Quartiles) per LGA, Victoria, 2014/15-2016/17

 Figure 17

Correlation between LGA hospital admission rates and population density, Victoria, 2014/15-2016/17

 Table 6

Average annual hospital admission rates per 100,000 population by LGA, Victoria, 2014/15-2016/17

LGA Rate LGA Rate LGA Rate

Alpine 1527 Greater Shepparton 1743 Mount Alexander 1450

Ararat 1417 Hepburn 1495 Moyne 1945

Ballarat 1524 Hindmarsh 2247 Murrindindi 2169

Banyule 1618 Hobsons Bay 1432 Nillumbik 1548

Bass Coast 1759 Horsham 1674 Northern Grampians 1630

Baw Baw 1441 Hume 1511 Port Phillip 1827

Bayside 2131 Indigo 867 Pyrenees 1702

Benalla 1753 Kingston 1816 Queenscliffe 2607

Boroondara 1619 Knox 1717 South Gippsland 1910

Brimbank 1229 Latrobe 1625 Southern Grampians 2016

Buloke 2309 Loddon 1885 Stonnington 1791

Campaspe 1873 Macedon Ranges 1702 Strathbogie 2199

Cardinia 1982 Manningham 1672 Surf Coast 1623

Casey 1733 Mansfield 1585 Swan Hill 1705

Central Goldfields 1610 Maribyrnong 1270 Towong 558

Colac-Otway 1677 Maroondah 1767 Wangaratta 1894

Corangamite 1937 Melbourne 998 Warrnambool 1809

Darebin 1491 Melton 1218 Wellington 1697

East Gippsland 1669 Mildura 1244 West Wimmera 1991

Frankston 2271 Mitchell 1846 Whitehorse 1813

Gannawarra 2115 Moira 1821 Whittlesea 1528

Glen Eira 1793 Monash 1693 Wodonga 348

Glenelg 1382 Moonee Valley 1528 Wyndham 1022

Golden Plains 1722 Moorabool 1628 Yarra 1302

Greater Bendigo 1589 Moreland 1627 Yarra Ranges 1924

Greater Dandenong 1709 Mornington Peninsula 2239 Yarriambiack 2089

Greater Geelong 1716

30       HAZARD Edition No. 85  \\\  April 2019     HAZARD Edition No. 85  \\\  April 2019       31       



 Figure 18

Average annual ED presentation rates (Quartiles) per LGA, Victoria, 2014/15-2016/17

 Figure 19

Correlation between LGA ED presentation rates and population density, Victoria, 2014/15-2016/17

 Table 7

Average annual ED presentation rates per 100,000 population by LGA, Victoria, 2014/15-2016/17

LGA N LGA N LGA N

Alpine 4242 Greater Shepparton 8219 Mount Alexander 2925

Ararat 1425 Hepburn 5107 Moyne 8691

Ballarat 8325 Hindmarsh 4772 Murrindindi 3916

Banyule 4583 Hobsons Bay 7228 Nillumbik 3969

Bass Coast 9588 Horsham 11430 Northern Grampians 2021

Baw Baw 9020 Hume 4653 Port Phillip 3952

Bayside 4059 Indigo 6891 Pyrenees 6118

Benalla 4740 Kingston 3852 Queenscliffe 2074

Boroondara 2880 Knox 5403 South Gippsland 3768

Brimbank 4115 Latrobe 9187 Southern Grampians 10911

Buloke 5634 Loddon 5983 Stonnington 2926

Campaspe 9025 Macedon Ranges 3156 Strathbogie 5342

Cardinia 5810 Manningham 3791 Surf Coast 1827

Casey 4575 Mansfield 2154 Swan Hill 12636

Central Goldfields 2483 Maribyrnong 4548 Towong 3764

Colac-Otway 950 Maroondah 5724 Wangaratta 12782

Corangamite 3766 Melbourne 3172 Warrnambool 11204

Darebin 4343 Melton 3851 Wellington 9606

East Gippsland 9023 Mildura 10421 West Wimmera 3964

Frankston 5633 Mitchell 4107 Whitehorse 3697

Gannawarra 3391 Moira 5029 Whittlesea 4814

Glen Eira 3212 Monash 2988 Wodonga 11479

Glenelg 1722 Moonee Valley 3850 Wyndham 4290

Golden Plains 5455 Moorabool 3930 Yarra 4050

Greater Bendigo 8680 Moreland 4425 Yarra Ranges 6907

Greater Dandenong 3692 Mornington Peninsula 6382 Yarriambiack 5634

Greater Geelong 2310
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 Table 8

Average annual rate of death per 100,000 population by LGA, Victoria, 2014-2016

LGA N LGA N LGA N

Alpine 31.9 Greater Shepparton 44.6 Mount Alexander 31.5

Ararat 62.6 Hepburn 55.9 Moyne 51.9

Ballarat 29.0 Hindmarsh 98.2 Murrindindi 35.6

Banyule 27.4 Hobsons Bay 27.1 Nillumbik 18.2

Bass Coast 46.8 Horsham 50.4 Northern Grampians 28.8

Baw Baw 39.2 Hume 15.8 Port Phillip 31.0

Bayside 40.5 Indigo 39.2 Pyrenees 50.3

Benalla 78.8 Kingston 32.5 Queenscliffe 56.7

Boroondara 24.5 Knox 27.2 South Gippsland 56.2

Brimbank 23.5 Latrobe 50.9 Southern Grampians 64.0

Buloke 69.2 Loddon 70.8 Stonnington 26.1

Campaspe 58.6 Macedon Ranges 27.4 Strathbogie 41.9

Cardinia 19.2 Manningham 33.5 Surf Coast 24.1

Casey 15.9 Mansfield 46.2 Swan Hill 36.7

Central Goldfields 56.1 Maribyrnong 39.9 Towong 66.3

Colac-Otway 59.4 Maroondah 38.1 Wangaratta 50.2

Corangamite 34.9 Melbourne 16.7 Warrnambool 44.7

Darebin 31.6 Melton 17.6 Wellington 45.2

East Gippsland 48.3 Mildura 44.5 West Wimmera 76.2

Frankston 38.0 Mitchell 30.4 Whitehorse 29.2

Gannawarra 31.6 Moira 50.9 Whittlesea 22.6

Glen Eira 25.8 Monash 28.0 Wodonga 32.5

Glenelg 55.8 Moonee Valley 32.3 Wyndham 17.7

Golden Plains 28.8 Moorabool 16.3 Yarra 19.4

Greater Bendigo 35.4 Moreland 39.8 Yarra Ranges 25.6

Greater Dandenong 27.5 Mornington Peninsula 38.6 Yarriambiack 49.5

Greater Geelong 33.1

 Figure 20

Average annual death rates (Quartiles) by LGA, Victoria, 2014-2016

 Figure 21

Correlation between LGA rates of death and population density, Victoria, 2014/15-2016/17
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 Table 9

Number of ambulance attendances for injuries, region of residence and region of attendance cross-reference, Victoria, 
2014/15-2016/17

Region of Residence

Region of Ambulance Attendance Major City Inner Regional Outer Regional & Remote

N (%) N (%) N (%)

Major City 124,278 (93.8%) 5,894 (14.2%) 732 (6.0%)

Inner Regional 6,590 (5.0%) 33,555 (80.8%) 2,052 (16.6%)

Outer Regional & Remote 1,635 (1.2%) 2,093 (5.0%) 9,514 (77.4%)

Total 132,503 (100.0%) 41,542 (100.0%) 12,298 (100.0%)

 

The figures and tables above provide an illustrated overview of the population and injury rates based on ambulance 
attendance, hospital admission, ED presentations and deaths by local government area across Victoria. The five LGAs  
with the highest average population over the period 2014/15-2016/17 were Casey (n=313,046), Greater Geelong (239,402), 
Wyndham (n=227,308), Hume (n=206,826), and Whittlesea (n=206,540) (Figure 11, Table 3). Ambulance attendance 
rates, based on the LGA of attendance, were highest in Mansfield (2,119 per 100,000), Murrindindi (2,091 per 100,000), 
Alpine (1,883 per 100,000), Strathbogie (1,876 per 100,000) and Northern Grampians (1,823 per 100,000) (Figure 12,  
Table 4). Injury-related ambulance attendance rates based on the LGA of residence for the injured person were highest  
in Hindmarsh (1,785 per 100,000), Strathbogie (1,783 per 100,000), Central Goldfields (1,689 per 100,000), East Gippsland 
(1,676 per 100,000) and Yarriambiack (1,664 per 100,000) (Figure 14, Table 5). The highest rates of injury-related hospital 
admission were observed in the following LGAs: Queenscliffe (2,607 per 100,000), Buloke (2,309 per 100,000), Frankston 
(2,271 per 100,000), Hindmarsh (2,247 per 100,000) and Mornington Peninsula (2,239 per 100,000) (Figure 16, Table 6).  
Rates of injury-related ED presentation were highest among residents of Wangaratta (12,782 per 100,000), Swan Hill 
(12,636 per 100,000), Wodonga (11,479 per 100,000), Horsham (11,430 per 100,000) and Warrnambool (11,204 
per 100,000) (Figure 18, Table 7). Rates of injury-related death were highest among residents of Hindmarsh (98.2  
per 100,000), Benalla (78.8 per 100,000), West Wimmera (76.2 per 100,000), Loddon (70.8 per 100,000) and BulokE 
(69.2 per 100,000) (Figure 20, Table 8). Some observations from these results are that LGAs such as Buloke (admissions 
and deaths), Hindmarsh (ambulance attendance by scene, hospital admissions, and deaths) and Strathbogie (ambulance 
attendance by scene and by residence of person attended) appeared in the top five LGAs across multiple data sources. 
Another observation was that Queenscliffe had the highest injury-related hospital admission rates of all LGAs but the 
 lowest population. As expected, the LGAs which featured most prominently in terms of high injury rates, were in 
regional areas. 

Inspecting each of the figures comparing rates of injury with population density, there was a negative correlation between  
the number of persons per km2 and the rate of injury within each dataset. The correlation between rates and population 
density for all measures of injury or death were negative. This means that as population density increased, rates of ambulance 
attendance based on the scene (r2=0.45), ambulance attendance based on the residence of the injured person (r2=0.56), 
hospital admission rates (r2=0.02), ED presentation rates (r2=0.05), and rates of death (r2=0.40) decreased. Although 
the relationships are not linear, they do indicate that there is a negative association between population density and rates 
of injury and death. The findings also show that the associations differ depending on the data source. For context, the 
LGAs with the highest average population density for the three-year period 2014/15-2016/17 were Port Phillip (5,169 
persons per km2), Yarra (4,647 persons per km2), Stonnington (4,266 persons per km2), Melbourne (3,981 persons 
per km2), and Glen Eira (3,812 persons per km2). All of these LGAs are classified as MC areas. In contrast, the LGAs 
with the lowest population density are all classified as ORR areas: West Wimmera (0.4 persons per km2), Hindmarsh 
(0.8 persons per km2), Buloke (0.8 persons per km2), Towong (0.9 persons per km2), and Yarriambiack (0.9 persons  
per km2). In order to identify differences in the number of injuries based on the region where the injury occurred and the  
region of residence for the injured person, Ambulance Victoria data were used to create a matrix of injuries broken down 
by region of residence and the scene of injury (Table 9). As previously mentioned, the region of ambulance attendance is  
used as a proxy for the region where the injury occurred, and is determined by the recorded LGA of ambulance attendance.

As seen in Table 9, the most common scenario was that the region of ambulance attendance matched the residential 
region type. In cases where the residence of the injured person was in an MC area, the region of ambulance attendance 
of injury was also classified as MC in 93.8% (n=124,278) of cases. With regard to ambulance attendances for injuries 
among individuals residing in IR areas, the scene of injury was also in an IR region most of the time (80.8%, n=33,555). 
For ambulance attendances involving residents of ORR areas, 77.4% (n=9,514) of cases involved a person who was also  
injured in an ORR area. This indicates that residents of any given region were most likely to be attended by an ambulance 
for injuries which occurred in the same region type, but as remoteness of residence increased, so did the likelihood of  
being attended by an ambulance for injuries which occurred in another region type. Specifically, ambulance attendances 
for injuries to residents of ORR areas occurring in MC areas were more common than ambulance attendances for injuries 
to residents of MC areas occurring in ORR areas. It should be noted than an ambulance attendance in a given region 
with a matching region of residence does not necessarily mean that the individual was injured in the same postcode, 
LGA or town as their residence but simply that the region type was the same. However, the purpose of this analysis 
was to show that a noteworthy proportion of ambulance attendances and injuries involved cases where the scene 
was within a different region to that of the person’s residence, and provided impetus to investigate the types of injuries 
which most commonly occurred outside the region of residence.
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INJURY NATURE/CAUSE

The following section provides a breakdown of the recorded cause of injury within the data sources used: ambulance 
attendance data by scene of attendance (Table 10) and region of residence (Table 11), ED presentations (Table 12), 
hospital admissions (Table 13), and deaths (Table 14). The traditional data sources used for Hazard (VAED, VEMD and  
COD) contain a breakdown of injury cause similar to that used in previous editions of Hazard. Cases are given 1 of 15  
cause designations which best identify the primary mechanism involved. However, the ambulance attendance data 
contain slightly different variables and categories. For example, the VAED contains the cause category ‘Natural, 
environmental, or animals’ whilst ambulance attendance data contains more specific categories such as ‘Bite, sting, 
or envenomation’ and ‘Animal (not bite)’ which were both included in the aforementioned category in the VAED. 
Furthermore, categories such as ‘Social situation’ or ‘Medical (no traumatic cause)’, which would normally be excluded 
from our analyses, are included in the causes listed in the ambulance attendance data. The reason for this is that 
these categories do not have the same definition as they do in the regular data sources used for Hazard. For example, 
‘Medical injury’ would normally be excluded as this generally refers to injuries occurring whilst under medical care, or 
complications arising from medical care or surgical procedures. However, in the ambulance attendance data, a case 
designated as ‘Medical (no traumatic cause)’ refers to any case which occurred following a medical, non-injury, event. 
For example, a person may have fainted and fallen as a result. This case would be labelled as ‘Medical (no traumatic 
cause)’ rather than ‘Fall’.

 Table 10

Frequency and proportions of injury-related ambulance attendance (by scene of attendance and region of residence), ED 
presentations, hospital admissions, and deaths by case type/cause of injury and remoteness, Victoria, 2014/15-2016/17

Ambulance Attendance – Scene of Attendance

Major City Inner Regional Outer Regional & Remote

Case type N % N % N %

Fall 58,398 44.7 17,793 42.3 5,546 42.0

Medical 25,681 19.7 7,614 18.1 2,107 15.9

Vehicle/transport 18,660 14.3 7,073 16.8 2,170 16.4

Sports 4,893 3.7 1,981 4.7 1,031 7.8

Mental health or behavioural 4,328 3.3 1,100 2.6 285 2.2

Struck by object 2,107 1.6 713 1.7 229 1.7

Drug/medication 1,699 1.3 306 0.7 71 0.5

Thermal 1,544 1.2 563 1.3 193 1.5

Machinery or equipment 1,462 1.1 579 1.4 183 1.4

Alcohol 1,381 1.1 339 0.8 59 0.4

Penetrating trauma 1,061 0.8 407 1.0 170 1.3

Animal (not bite) 440 0.3 641 1.5 211 1.6

Bite, sting, or envenomation 438 0.3 199 0.5 65 0.5

Social situation 357 0.3 114 0.3 33 0.2

Crush 210 0.2 86 0.2 23 0.2

Foreign body 188 0.1 64 0.2 26 0.2

Explosion or incendiary device 174 0.1 116 0.3 48 0.4

Chemical, biological, or radiation 164 0.1 52 0.1 16 0.1

Environmental exposure 144 0.1 48 0.1 15 0.1

Electrical injury 142 0.1 46 0.1 18 0.1

Poisoning 74 0.1 25 0.1 10 0.1

Inhalation injury 53 0.0 22 0.1 5 0.0

Drowning or immersion 20 0.0 11 0.0 * *

Family, domestic, sexual violence * * * * * *

Scuba/diving incident * * * * * *

Other 5,932 4.5 1,983 4.7 632 4.8

Unknown 1,121 0.9 220 0.5 68 0.5

Total 130,689 100.0 42,098 100.0 13,220 100.0

38       HAZARD Edition No. 85  \\\  April 2019     



40       HAZARD Edition No. 85  \\\  April 2019     HAZARD Edition No. 85  \\\  April 2019       41       

Ambulance Attendance – Region of Residence

Major City Inner Regional Outer Regional & Remote

Case type N % N % N %

Fall 58,647 44.3 17,707 42.7 5,383 43.9

Medical 25,439 19.2 7,776 18.8 2,187 17.8

Vehicle/transport 19,723 14.9 6,396 15.4 1,784 14.5

Sports 5,239 4.0 2,005 4.8 661 5.4

Mental health or behavioural 4,312 3.3 1,110 2.7 291 2.4

Struck by object 2,147 1.6 711 1.7 191 1.6

Drug/medication 1,698 1.3 301 0.7 77 0.6

Thermal 1,582 1.2 545 1.3 173 1.4

Machinery or equipment 1,455 1.1 570 1.4 199 1.6

Alcohol 1,367 1.0 344 0.8 68 0.6

Penetrating trauma 1,085 0.8 404 1.0 149 1.2

Animal (not bite) 459 0.3 633 1.5 200 1.6

Bite, sting, or envenomation 445 0.3 195 0.5 62 0.5

Social situation 357 0.3 117 0.3 30 0.2

Crush 204 0.2 87 0.2 28 0.2

Explosion or incendiary device 189 0.1 107 0.3 42 0.3

Foreign body 185 0.1 69 0.2 24 0.2

Chemical, biological, or radiation 162 0.1 50 0.1 20 0.2

Environmental exposure 142 0.1 49 0.1 16 0.1

Electrical injury 141 0.1 52 0.1 13 0.1

Poisoning 71 0.1 28 0.1 10 0.1

Inhalation injury 54 0.0 21 0.1 5 0.0

Drowning or immersion 28 0.0 6 0.0 * *

Scuba/diving incident 17 0.0 * * * *

Family, domestic, sexual violence 0 0.0 * * 0 0.0

Other 6,015 4.6 1,957 4.8 575 4.7

Unknown 1,119 0.8 213 0.5 77 0.6

Total 132,282 100.0 41,457 100.0 12,268 100.0

ED Presentations

Major City Inner Regional Outer Regional & Remote

Cause groups N % N % N %

Fall 248,053 40.5 78,243 33.1 20,487 33.1

Hit, struck, crush 118,935 19.4 41,486 17.5 10,494 17.0

Cutting or piercing 45,821 7.5 21,280 9.0 6,821 11.0

Transport 37,191 6.1 17,300 7.3 4,539 7.3

Foreign body 26,298 4.3 11,145 4.7 3,090 5.0

Natural, environmental or animals 11,008 1.8 7,594 3.2 2,274 3.7

Fires, burns or scalds 10,980 1.8 4,374 1.8 1,354 2.2

Poisoning 6,752 1.1 2,036 0.9 546 0.9

Machinery 3,653 0.6 1,538 0.7 497 0.8

Drowning 358 0.1 69 0.0 18 0.0

Choking or suffocating 335 0.1 89 0.0 30 0.0

Explosion or firearms 51 0.0 40 0.0 11 0.0

Overexertion or strenuous 
movements

0 0.0 0 0.0 0 0.0

Other specified 56,812 9.3 27,091 11.5 7,940 12.8

Unspecified 46,949 7.7 24,315 10.3 3,759 6.1

Total 613,196 100.0 236,500 100.0 61,860 100.0

Hospital Admissions

Major City Inner Regional Outer Regional & Remote

Cause groups N % N % N %

Fall 110,109 47.3 23,791 43.4 6,529 45.8

Transport 30,805 13.2 8,529 15.5 2,084 14.6

Hit, struck, crush 21,556 9.3 4,538 8.3 1,094 7.7

Cutting or piercing 16,892 7.3 3,668 6.7 773 5.4

Overexertion or strenuous 
movements

7,793 3.3 1,736 3.2 462 3.2

Natural, environmental or animals 5,832 2.5 2,399 4.4 631 4.4

Poisoning 4,695 2.0 1,009 1.8 242 1.7

Foreign body 3,712 1.6 1,021 1.9 288 2.0

Machinery 2,352 1.0 816 1.5 224 1.6

Fires, burns or scalds 2,056 0.9 642 1.2 192 1.3

Choking or suffocating 381 0.2 87 0.2 16 0.1

Explosion or firearms 199 0.1 82 0.1 27 0.2

Drowning 146 0.1 39 0.1 13 0.1

Other specified 2,057 0.9 474 0.9 120 0.8

Unspecified 24,638 10.5 6,024 11.0 1,548 10.9

Total 232,953 100.0 54,855 100.0 14,243 100.0
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Deaths

Major City Inner Regional Outer Regional & Remote

Cause groups N % N % N %

Fall 2,065 54.6 659 50.1 207 50.9

Poisoning 721 19.1 194 14.7 36 8.8

Transport 552 14.6 307 23.3 102 25.1

Choking or suffocating 90 2.4 24 1.8 9 2.2

Drowning 69 1.8 23 1.7 * *

Natural, environmental or animals 29 0.8 12 0.9 * *

Fires, burns or scalds 28 0.7 17 1.3 6 1.5

Hit, struck, crush 23 0.6 16 1.2 * *

Explosion or firearms 8 0.2 6 0.5 0 0.0

Cutting or piercing 6 0.2 * * 0 0.0

Foreign body * * * * 0 0.0

Machinery * * * * * *

Overexertion or strenuous 
movements

* * 0 0.0 0 0.0

Other specified 16 0.4 * * * *

Unspecified 169 4.5 51 3.9 30 7.4

Total 3,782 100.0 1,316 100.0 407 100.0

* Cell counts of fewer than 5 are suppressed for confidentiality/privacy reasons.

Ambulance attendance data showed that falls were the most common type of injury overall (n=81,737), and in each 
region (Table 10). The second most common cause of injury resulting in ambulance attendance overall was ‘Medical 
(no traumatic cause)’ (n=35,402); this was also the second most common cause within each geographic region. Among 
ED presentations, falls (n=346,783) and hit/struck/crush injuries (n=170,915) were the most common causes overall,  
and across all three geographical areas. Injury-related admissions were also most commonly caused by falls (n=140,429), 
and transport (n=41,418) was the second most common cause of admission across all three geographical regions 
and overall. With regard to deaths, falls (n=2,931) were again the most common cause, followed by transport (n=961) 
and poisoning-related deaths (n=951). Proportionally, the various causes of injury in the ambulance attendance data, 
ED presentations, admissions and deaths were generally relatively stable across remoteness level. However, there are 
some notable exceptions. Considering ambulance attendance based on the scene of the injury, animal related injuries  
(excluding bites) were relatively more common in IR (1.5%, n=641) and ORR (1.6%, n=211) areas compared to MC areas 
(0.3%, n=440). Sports-related injuries were relatively more common in ORR areas (7.8%, n=1,031) compared to IR areas  
(4.7%, n=1,981) and MC areas (3.7%, n=1,031). Considering ambulance attendance within the region of residence, 
animal related injuries (excluding bites) showed the same pattern as within the scene of injury but the pattern observed 
in sports-related injuries was not as pronounced; 5.4% (n=661) of injuries in ORR areas were sports-related, compared 
to 4.8% (n=2,005) in IR areas and 4.0% (n=5,239) in MC areas. In the ED presentations data, injuries caused by falls 
accounted for 40.5% (n=248,053) of injuries among residents of MC areas but 33.1% of injuries among residents of 
both IR (n=78,243) and ORR (n=20,487) areas. With regard to hospital admissions and deaths, falls remained more 
common in ORR areas than IR and MC areas but the difference between the regions was not as pronounced when 
compared with ED presentations. Transport-related deaths accounted for 14.6% (n=552) of deaths in MC areas but 
23.3% of deaths (n=307) in IR areas and 25.1% (n=102) of deaths in ORR areas. Another notable difference based on 
remoteness was that poisoning-related deaths accounted for 19.1% (n=721) deaths in MC areas, 14.7% (n=194) in IR 
areas, and 8.8% (n=36) of deaths in ORR areas.

To further investigate the occurrence of falls with regard to remoteness, age standardised fall-related injury and death 
rates were calculated for each region and data source for each year, from 2014/15 to 2016/17. A direct method of 
standardisation was utilised, with Victorian population data from the 2001 census used as the standard population. 
The results are presented below as an average rate for the three-year period, 2014/15-2016/17.

 Table 11

Age-standardised rates* of fall-related injury per 100,000 residents, based on ambulance attendance (by scene of 
attendance and region of residence), ED presentations, hospital admissions, and deaths, Victoria, 2014/15-2016/17

Major City Inner Regional Outer Regional & Remote

Ambulance Attendance – Scene 421.4 462.9 592.8

Ambulance Attendance – Residence 423.2 460.2 563.3

ED Presentations 1767.2 2248.5 2627.4

Hospital Admissions 794.2 624.6 702.8

Deaths 14.9 16.2 18.9

*Age standardised rate calculated using the Victorian December 2001 standard population

The results show that rates of fall-related injuries and deaths were highest in ORR areas followed by IR areas, and rates 
were lowest in major city areas. This pattern was observed in every data source with exception of hospital admissions. 
Fall-related injury hospital admission rates were highest in MC areas, followed by ORR areas, and rates were lowest in 
IR areas. 
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SCENE OF OCCURRENCE VERSUS 
REGION OF RESIDENCE BREAKDOWN

As seen in the previous section, place-based injury profiles were not perfectly congruent when considering the region 
of residence of the injured person, and the scene where the injury occurred. As was shown in Table 9, residents of a 
given region were not always injured in their region of residence. For example, residents of ORR regions were injured 
in other regions in 22.6% of cases. The VAED, VEMD and COD only collect data on the area of residence (postcode 
and LGA) of the injured person. However, Ambulance Victoria maintain data which provides information on the location 
of ambulance attendance and the residence of the injured person. Specifically, Ambulance Victoria data provides the 
postcode of residence and the postcode of the ambulance attendance. Table 11 shows a breakdown of each injury 
type and the proportion of cases where the region of the scene matches the region of residence.  

 Table 12

Frequency and proportion of ambulance attendance cases where the region of residence of the injured person  
is matched with the region of ambulance attendance, by case types, Victoria, 2014/15-2016/17

Case type Total Cases Region Match^ %

Mental health or behavioural 5,713 5,368 94.0

Inhalation injury 80 75 93.8

Environmental exposure 207 193 93.2

Social situation 504 468 92.9

Drug/medication 2,076 1,916 92.3

Alcohol 1,779 1,640 92.2

Medical 35,402 32,573 92.0

Poisoning 109 100 91.7

Fall 81,737 74,896 91.6

Foreign body 278 254 91.4

Chemical, biological, or radiation 232 211 90.9

Penetrating trauma 1,638 1,462 89.3

Bite, sting, or envenomation 702 620 88.3

Struck by object 3,049 2,679 87.9

Thermal 2,300 2,022 87.9

Electrical injury 206 181 87.9

Machinery or equipment 2,224 1,948 87.6

Crush 319 276 86.5

Vehicle/transport 27,903 23,241 83.3

Sports 7,905 6,517 82.4

Explosion or incendiary device 338 273 80.8

Animal (not bite) 1,292 1,022 79.1

Drowning or immersion 35 26 74.3

Family, domestic, sexual violence * * *

Scuba/diving incident * * *

Other 8,547 7,763 90.8

Unknown 1,409 1,307 92.8

Total 186,007 167,051 89.8

^Matching on region is limited to matching on Major City, Inner Regional, and Outer Regional & Remote. *Cell counts of fewer than five were suppressed for confidentiality/privacy reasons.

Table 12 shows that overall, 89.8% (n=167,051) of injury-related ambulance attendances in Victoria over the period 
2014/15-2016/17 returned a match between the region of the scene where the injury occurred and the region of 
residence of the injured person. Taking into account the proportion of cases where a mismatch was recorded for each 
cause in comparison to the overall percentage (89.8%), and the total number of cases involving each cause (i.e., the 
magnitude of the injury problem), the two cause groups which were of greatest interest in terms of occurring outside 
the region of residence are sports related injury (82.4% match, n=6,517) and transport-related injury (83.3% match, 
n=23,241). A breakdown of sports-related and transport-related injury by region of ambulance attendance and region 
of residence is shown in Table 12 and Table 13 below, respectively.

 Table 13

Sports-related ambulance attendance, region of residence by region of ambulance attendance, Victoria, 2014/15-2016/17

Sport Region of Residence

Region of Ambulance Attendance Major City Inner Regional Outer Regional & Remote

Major City 4,547 (86.8%) 307 (15.3%) 39 (5.9%)

Inner Regional 353 (6.7%) 1,488 (74.2%) 140 (21.2%)

Outer Regional & Remote 339 (6.5%) 210 (10.5%) 482 (72.9%)

Total 5,239 (100.0%) 2,005 (100.0%) 661 (100.0%)

The overall scene-residence comparison for sports-related injury attendances was broken down into a 3x3 matrix comparing 
each region of residence by each region of ambulance attendance (Table 12). Residents of MC areas were attended 
by an ambulance for injuries occurring in IR or ORR areas in a combined total of 13.2% (n=692) cases. This proportion 
rose to 25.8% (n=517) for residents of IR areas injured in other regions. Similarly, 27.1% (n=179) of ambulance attendances 
for residents of ORR areas occurred in other regions. Residents of major cities were equally likely to be attended by an 
ambulance in IR areas (6.7%, n=353) and ORR areas (6.5%, n=339) whilst residents of ORR areas were more likely to 
be attended in IR areas (21.2%, n=140) than MC areas (5.9%, n=39). This also indicates that there is an approximately 
equal chance of MC residents being attended for sports-related injuries in ORR areas as there is a chance of ORR 
residents being attended in MC areas. IRR residents were more commonly attended for sports-related injury in MC areas 
(15.3%, n=307) than ORR areas (10.5%, n=210). 

 Table 14

Transport-related ambulance attendance, region of residence by region of ambulance attendance, Victoria, 2014/15-2016/17

Transport Region of Residence

Region of Ambulance Attendance Major City Inner Regional Outer Regional & Remote

Major City 17,301 (87.7%) 1,174 (18.4%) 185 (10.4%)

Inner Regional 1,894 (9.6%) 4,760 (74.4%) 419 (23.5%)

Outer Regional & Remote 528 (2.7%) 462 (7.2%) 1,180 (66.1%)

Total 19,723 (100.0%) 6,396 (100.0%) 1,784 (100.0%)

The scene-residence comparison for transport-related injury attendances was also broken down into a 3x3 matrix comparing  
the region of the scene and the region of residence for the injured person (Table 13). In 87.7% (n=17,301) of cases involving 
a resident of an MC area, the scene was also an MC area. The proportion of congruence between residence and scene 
dropped to approximately three-quarters for residents of IR regions (74.4%, n=4,760) and dropped again to roughly 
two-thirds for residents of ORR areas (66.1%, n=1,180). Residents of MC regions were more likely to be attended for  
transport-related injuries in IR areas (9.6%, n=1,894) than ORR areas (2.7%, n=528). Similarly, residents of ORR areas  
were more likely to be attended for transport-related injuries in IR areas (23.5%, n=419) than MC areas (10.4%, n=185). 
Residents of IR areas were more likely to be attended for transport-related injuries in MC areas (18.4%, n=1,174) than 
in ORR areas (7.2%, n=462). 



46       HAZARD Edition No. 85  \\\  April 2019     HAZARD Edition No. 85  \\\  April 2019       47       

Transport-related Injury
A breakdown of the transport types being utilised at the time of injury by the region type is provided below (Table 14).  
The identification of the most common vehicles types involved in transport-related injuries was considered an important 
aspect of the analyses performed in this edition of Hazard as the results could be used to provide direction for interventions 
to reduce the overall number of transport-related injuries, and also determine which transport types were most commonly 
involved in injuries within each region type.

 Table 15

Frequency and proportions of ambulance attendance, hospital admissions, and deaths by transport subgroup and 
remoteness, Victoria, 2014/15-2016/17

Ambulance Attendance – Scene

Major City Inner Regional Outer Regional & Remote

Transport N % N % N %

Car occupant 10,487 56.2 3,502 49.5 893 41.2

Pedal cyclist 2,698 14.5 655 9.3 234 10.8

Pedestrian 2,016 10.8 550 7.8 158 7.3

Motorcycle rider 1,790 9.6 1,338 18.9 514 23.7

Occupant of heavy transport vehicle 213 1.1 133 1.9 49 2.3

Occupant of pick-up truck or van 192 1.0 56 0.8 21 1.0

Bus occupant 74 0.4 31 0.4 * *

Occupant of three-wheeled motor vehicle * * * * * *

Other land transport accidents 473 2.5 258 3.6 81 3.7

Water transport accidents 34 0.2 50 0.7 33 1.5

Air and space transport accidents * * * * * *

Other and unspecified transport accidents 679 3.6 494 7.0 183 8.4

Total 18,660 100.0 7,073 100.0 2,170 100.0

Ambulance Attendance – Residence

Major City Inner Regional Outer Regional & Remote

Transport N % N % N %

Car occupant 10,633 53.9 3,384 52.9 865 48.5

Pedal cyclist 2,896 14.7 554 8.7 137 7.7

Motorcycle rider 2,303 11.7 997 15.6 342 19.2

Pedestrian 2,049 10.4 522 8.2 153 8.6

Occupant of heavy transport vehicle 217 1.1 142 2.2 36 2.0

Occupant of pick-up truck or van 197 1.0 50 0.8 22 1.2

Bus occupant 81 0.4 25 0.4 * *

Occupant of three-wheeled motor vehicle * * * * * *

Other land transport accidents 488 2.5 246 3.8 78 4.4

Water transport accidents 73 0.4 37 0.6 7 0.4

Air and space transport accidents * * * * * *

Other and unspecified transport accidents 778 3.9 436 6.8 142 8.0

Total 19,723 100.0 6,396 100.0 1,784 100.0

Hospital Admissions

Major City Inner Regional Outer Regional & Remote

Transport N % N % N %

Car occupant 11,539 37.5 3,012 35.3 712 34.2

Pedal cyclist 7,475 24.3 1,332 15.6 286 13.7

Motorcycle rider 5,840 19.0 2,086 24.5 537 25.8

Pedestrian 2,585 8.4 369 4.3 95 4.6

Bus occupant 298 1.0 40 0.5 7 0.3

Occupant of heavy transport vehicle 184 0.6 105 1.2 46 2.2

Occupant of pick-up truck or van 150 0.5 73 0.9 17 0.8

Occupant of three-wheeled motor vehicle 23 0.1 7 0.1 0 0.0

Other land transport accidents 2,182 7.1 1,341 15.7 321 15.4

Water transport accidents 300 1.0 80 0.9 43 2.1

Air and space transport accidents 34 0.1 11 0.1 0 0.0

Other and unspecified transport accidents 195 0.6 73 0.9 20 0.1

Total 30,805 100.0 8,529 100.0 2,084 100.0

Deaths

Major City Inner Regional Outer Regional & Remote

Transport N % N % N %

Car occupant 260 47.1 190 61.9 58 56.9

Pedestrian 123 22.3 27 8.8 9 8.8

Motorcycle rider 87 15.8 38 12.4 12 11.8

Pedal cyclist 22 4.0 8 2.6 * *

Occupant of heavy transport vehicle 7 1.3 7 2.3 * *

Occupant of pick-up truck or van 6 1.1 * * 0 0.0

Occupant of three-wheeled motor vehicle * * 0 0.0 0 0.0

Bus occupant * * * * * *

Other land transport accidents 17 3.1 16 5.2 14 13.7

Air and space transport accidents 13 2.4 6 2.0 * *

Water transport accidents 10 1.8 10 3.3 * *

Other and unspecified transport accidents * * * * 0 0.0

Total 552 100.0 307 100.0 102 100.0

*Cell counts of fewer than five were suppressed for confidentiality/privacy reasons.
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Ambulance attendance data, analysed by the region of ambulance attendance, showed that car occupants (driver or 
passenger) were the most commonly injured group among those affected by transport-related injuries in each region 
(Table 14). In MC areas, car occupants accounted for 56.2% (n=10,487) of cases attended, compared with 49.5% 
(n=3,502) in IR areas, and 41.2% (n=893) in ORR areas. A similar pattern was observed when considering ambulance 
attendances according to the region of residence, albeit less pronounced; car occupants accounted for 53.9% (n=10,633)  
of attendances in MC areas, compared with 52.9% (n=3,384) in IR areas, and 48.5% (n=865) in ORR areas. The opposite 
patterns was observed when inspecting attendances for injuries to motorcycle riders. Considering the scene of 
attendance, 9.6% (n=1,790) of transport-related injury attendances in MC regions involved motorcycle riders, compared 
to 18.9% (n=1,338) in IR areas and 23.7% (n=514) in ORR areas. When considering the attendance data by region of 
residence, the same pattern of increasing proportions of attendances for injuries to motorcycle riders with increasing 
remoteness was observed; 11.7% (n=2,303) in MC areas, 15.6% (n=997) in IR areas, and 19.2% (n=342) in ORR areas. 

A breakdown of transport-related injury admissions also showed that occupants of cars accounted for the largest 
proportion of admissions within each geographic region and, thus, overall (Table 14). In MC areas, car occupants 
accounted for 37.5% (n=11,539) of admissions, with the next most common transport accident type being pedal 
cyclists (24.3%, n=7,475). In IR areas, car occupants accounted for 35.3% (n=3,012) of transport injury admissions, 
with the second most common source of admissions involving motorcycle riders (24.5%, n=2,086). Finally, 34.2% (n=712) 
of admissions in ORR areas were accounted for by car occupants, followed by motorcycle riders (25.8%, n=537). 
Compared to MC areas, where pedal cyclists were involved in 24.3% (n=7,475) of transport-related injury admissions, 
15.6% (n=1,332) of IR admissions involved pedal cyclists, with the figure in ORR areas being 13.7% (n=286) cases. 
Pedestrians were more likely to be admitted for transport-related injuries in MC areas (8.4%, n=2,585) than in IR areas 
(4.3%, n=369) or ORR areas (4.6%, n=95). Another type of transport-related admission with a distinction between 
geographic regions was ‘Other land transport accidents’, which accounted for 15.7% (n=1,341) of transport-related 
admissions in IR areas and 15.4% (n=321) in ORR areas. 

Occupants of cars were the most common case type when considering deaths. Car occupants accounted for 47.1% 
(n=260) of deaths in MC areas, 61.9% (n=190) in IR areas, and 56.9% (n=58) of deaths in ORR areas. In MC areas, 
the second most common type of transport-related deaths involved      pedestrians (22.3%, n=123). Comparatively, 
pedestrian deaths were less common in IR (8.8%, n=27) and ORR (8.8%, n=9) areas. In IR and ORR areas, the second 
most common cause of transport-related deaths involved motorcycle riders (12.4%, n=38 and 11.8%, n=12, respectively). 
As with admissions, deaths also differed among geographic region with regard to ‘Other land transport accident’ cases; 
this case type accounted for 3.1% (n=17) of deaths in MC areas, 5.2% (n=16) in IR areas, and 13.7% (n=14) in ORR areas.

 Table 16

Frequency and proportions of ED presentations and hospital admissions, by activity and remoteness, Victoria, 
2014/15-2016/17

ED Presentations

Major City Inner Regional Outer Regional & Remote

Activity N % N % N %

Sports 69,871 11.4 24,849 10.5 6,083 9.8

Leisure 256,888 41.9 101,938 43.1 22,840 36.9

Working for Income 42,942 7.0 18,294 7.7 4,854 7.8

Unpaid work 12,264 2.0 7,225 3.1 2,073 3.4

Vital activities (eating, 
sleeping etc.)

23,490 3.8 10,575 4.5 3,766 6.1

Other specified 81,389 13.3 36,498 15.4 8,418 13.6

Unspecified 126,352 20.6 37,121 15.7 13,826 22.4

Total 613,196 100.0 236,500 100.0 61,860 100.0

Hospital Admissions

Major City Inner Regional Outer Regional & Remote

Activity N % N % N %

Sports 30,063 12.9 7,230 13.2 1,809 12.7

Leisure 10,612 4.6 2,339 4.3 560 3.9

Working for Income 13,262 5.7 3,383 6.2 775 5.4

Unpaid work 12,281 5.3 2,983 5.4 744 5.2

Vital activities (eating, 
sleeping etc.)

13,338 5.7 3,656 6.7 1,039 7.3

Other specified * * 1,986 3.6 451 3.2

Unspecified 145,267 62.4 33,278 60.7 8,865 62.2

Activity code not required * * 0 0.0 0 0.0

Total 232,953 100.0 54,855 100.0 14,423 100.0

*Cell counts of fewer than five were suppressed for confidentiality/privacy reasons.

ED presentations were mostly the result of injuries which occurred whilst engaging in leisure activities at all remoteness 
levels; 41.9% (n=256,888) in MC areas, 43.1% (n=101,938) in IR areas, and 36.9% (n=22,840) in ORR areas (Table 15). 
The second most common specified activity type being performed at the time of injury in each geographical area was 
sports; 11.4% (n=69,871) in MC areas, 10.5% (n=24,849) in IR areas, and 9.8% (n=6,083) in ORR areas. Considering 
hospital admissions, the most commonly specified activity at the time of injury was sports; sports accounted for 12.9% 
(n=30,063) of activity in MC areas, 13.2% (n=7,230) in IR areas, and 12.7% (n=1,809) in ORR areas. However, 
admissions data is difficult to interpret and draw conclusions from due to the fact that 62.4% of cases did not have  
a specified activity code. 
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Sports-related Injury
A breakdown of the sport being participated in at the time of injury by the region type is provided below (Table 16). The 
identification of the most common sports being played at the time of injury was considered an important aspect of the 
analyses performed in this edition of Hazard as the results could be used to provide direction for interventions to reduce 
the overall number of sports-related injuries, and also determine which sports commonly resulted in injury within each 
region type.

 Table 17

Frequency and proportions of ED presentations and hospital admissions by ten most common sports and remoteness, 
Victoria, 2014/15-2016/17

ED Presentations

Major City Inner Regional Outer Regional & Remote

Sports N % N % N %

Australian Rules Football 14,058 20.1 6,760 27.2 1,531 25.2

Basketball 8,297 11.9 1,933 7.8 356 5.9

Soccer 7,142 10.2 1,259 5.1 199 3.3

Netball 3,188 4.6 2,068 8.3 517 8.5

Cycling 2,400 3.4 608 2.5 91 1.5

Cricket 2,280 3.3 733 3.1 153 2.5

Rugby 1,185 1.7 145 0.6 38 0.6

Walking/running 1,109 1.6 289 1.2 44 0.7

Motor sport* 827 1.2 433 1.8 174 2.9

Horse riding/equestrian 385 0.6 201 0.8 36 0.5

Unspecified 15,894 22.7 6,795 27.3 2,113 34.7

Hospital Admissions

Major City Inner Regional Outer Regional & Remote

Sports N % N % N %

Australian Rules Football 4,338 14.4 1,447 20.0 401 22.2

Cycling 3,273 10.9 637 8.8 147 8.1

Soccer 2,799 9.3 299 4.1 49 2.7

Basketball 2,332 7.8 327 4.5 63 3.5

Motor sport* 1,315 4.3 555 7.7 173 9.6

Netball 1,029 3.4 406 5.6 99 5.5

Cricket 927 3.1 172 2.4 24 1.3

Walking/running 797 2.8 170 2.4 35 1.9

Horse riding/equestrian 816 2.7 621 8.5 133 7.3

Rugby 719 2.4 57 0.7 11 0.7

Unspecified 1,058 3.5 169 2.3 39 2.2

*Motor sport related injuries include racing in cars, various types of motorcycles, and go-karts

Given the discrepancy between place of residence and place of occurrence with regard to sports-related injury, an 
analysis of sports-related injuries was performed. Unfortunately, the ambulance attendance data used did not allow 
for a breakdown by specific sports. Furthermore, due to the detailed breakdown within the sports classifications in 
admissions and ED presentations data, only the 10 most common categories (along with those labelled ‘unspecified’ 
– as an indicator of data completeness) were included. In MC areas, 20.1% (n=14,058) of sports-related injury ED 
presentations involved Australian Rules Football, compared with 27.2% (n=6,760) in IR areas, and 25.2% (n=1,521)  
in ORR areas (Table 16). Basketball was the second most commonly listed sports-related activity observed in MC 
areas (11.9%, n=8,297) although it was not as common in IR areas (7.8%, n=1,933), and ORR areas (5.9%, n=356). 
Netball-related ED presentations accounted for 4.6% (n=3,188) of presentations in MC areas, but 8.3% (n=2,068)  
and 8.5% (n=517) in IR and ORR areas respectively. Soccer-related ED presentations accounted for 10.2% (n=7,142) 
of presentations in MC areas, but a smaller proportion in IR (5.1%, n=1,259) areas, and 3.3% (n=199) in ORR areas. 

In the hospital admissions data, Australian Rules Football related injuries were the most common sports-related injury. 
In MC areas, Australian Rules Football accounted for 14.4% (n=4,338) of admissions, increasing to 20.0% (n=1,447) 
 in IR areas, and 22.2% (n=401) in ORR areas. Soccer-related injuries accounted for 9.3% (n=2,799) of admissions in  
MC areas, 4.1% (n=299) in IR areas, and 3.5% (n=63) in ORR areas. Cycling also featured prominently among sports- 
related causes of admission, accounting for 10.9% (n=1,058) in MC areas, 8.8% (n=637) in IR areas, and 8.1% (n=147)  
in ORR areas. The proportion of horse-riding and equestrian injuries were markedly different between regions, accounting 
for 2.7% (n=816) of hospital admissions in MC areas, compared with 8.5% (n=621) in IR areas and 7.3% (n=133) in ORR 
areas. Motor sport related injuries accounted for more than twice the proportion of ED presentations in ORR areas 
(9.6%, n=173) as compared with MC areas (4.3%, n=173).
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Injury burden
The burden of injury incurred on the hospital system is reported below. This report covers the financial aspects as well 
as the occupation of hospital beds over the period 2014/15-2016/17 broken down by remoteness area. Length of stay 
refers to the number of days an admitted person was kept in hospital as a result of injury. Statistical admissions and 
transfers are retained in this analysis in order to provide a complete overview of the episode of care. Hospital costs refer 
to the direct monetary cost associated with an episode of care upon admission. These costs are estimated for each 
case (see Appendix A for details). As with the analysis of length of stay, statistical admissions and transfers are retained 
for the analysis in order to accurately determine the length of admission for a given case. Ambulance attendances are 
not included in the cost of injury analyses.

 Table 18

Number of injury-related hospital bed days utilised, by age and remoteness, Victoria, 2014/15-2016/17

Major City Inner Regional Outer Regional & Remote

Age Groups (years) Bed Days (%)

0-14 22,721 (2.07%) 7,154 (2.35%) 2,043 (2.61%)

15-29 67,417 (6.15%) 20,815 (6.85%) 5,409 (6.90%)

30-44 72,494 (6.62%) 18,942 (6.23%) 4,451 (5.68%)

45-59 99,750 (9.11%) 32,104 (10.57%) 7,156 (9.13%)

60-74 186,832 (17.06%) 59,214 (19.49%) 15,914 (20.30%)

75+ 646,194 (58.99%) 165,626 (54.51%) 43,424 (55.39%)

Total 1,095,416 (100.0%) 303,855 (100.0%) 78,397 (100.0%)

Hospital admissions resulted in a total of 1,477,668 bed days in Victoria over the period 2014/15-2016/17 (Table 17).  
Residents of MC areas accounted for the largest proportion of hospital bed days (74.1%, n=1,095,416). The breakdown 
by age group was consistent across the geographic regions, and all three regions showed a relationship of increasing 
bed days with increasing age. Persons aged 0-14 years accounted for 2.07% (n=22,721) of bed days in MC areas, 
2.35% (n=7,154) in IR areas, and 2.61% (n=2,043) in ORR areas. Persons aged 75+ years accounted for 58.99% 
(n=646,194) of bed days in MC areas, 54.51% (n=165,626) in IR areas, and 55.39% (n=43,424) in ORR areas. The 
only exceptions to the uniform increase in bed days with age occurred in IR areas, where those aged 30-44 years 
accounted for a smaller proportion of bed days than those aged 15-29 years (6.23%, n=18,942 v. 6.85%, n=20,815, 
respectively), and in ORR areas where, similarly, those aged 30-44 years accounted for a smaller proportion of bed 
days than those aged 15-29 years (5.68%, n=4,451 v. 6.90%, n=5,409 respectively).

 Table 19

Number and proportion of grouped bed days by remoteness, Victoria, 2014/15-2016/17

Major City Inner Regional Outer Regional & Remote

Grouped Bed Days N (%)

<2 days 166,532 (61.5%) 36,085 (55.2%) 9,120 (52.5%)

2-7 days 62,847 (23.2%) 18,405 (28.1%) 5,429 (31.2%)

8-30 days 35,794 (13.2%) 9,263 (14.2%) 2,448 (14.1%)

31+ days 5,553 (2.1%) 1,664 (2.5%) 378 (2.2%)

Total 270,546 (100.0%) 65,417 (100.0%) 17,375 (100.0%)

Admissions of 8-30 days accounted for a similar proportion of admissions among all three remoteness levels, as 
did stays of 31+ days (Table 18). Stays of <2 days became proportionally less common with increasing remoteness, 
accounting for 61.5% (n=166,532) in MC areas compared with 55.2% (n=36,085) in IR areas, and 52.5% (n=9,120) 
 in ORR areas. Conversely, stays of 2-7 days comprised 23.2% (n=62,847) of stays in MC areas, 28.1% (n=18,405) 
in IR areas, and 31.2% (n=5,429) in ORR areas. Overall, in each region, shorter stays were more common than long 
stays, and the number of cases decreased uniformly with stay length. 

 Table 20

Direct and indirect costs of admissions and ED presentations by remoteness, Victoria, 2014/15-2016/17

Major City Inner Regional Outer Regional & Remote Total

Admissions $1,651,823,442 $439,666,025 $116,597,025 $2,208,086,492

   Column % 84.5% 80.0% 80.1% 83.3%

   Row % 74.8% 20.0% 5.2% 100.0%

ED Presentations $302,863,043 $110,186,574 $28,820,709 $441,870,326 

   Column % 15.5% 20.0% 19.9% 16.7%

   Row % 68.5% 24.9% 6.6% 100.0%

Total $1,954,686,485 $549,852,599 $145,417,734 $2,649,956,818 

   Column % 100.0% 100.0% 100.0% 100.0%

   Row % 73.8% 20.7% 5.5% 100.0%

Hospital admission costs totalled $2.2 billion over the three-year period 2014/15-2016/17 (Table 19). Three-quarters  
of admission costs (74.8%, $1.7b) were incurred treating residents of MC areas, roughly what was expected given 
the breakdown of the population; 77.4% of Victorian residents dwell in MC areas. The total cost of ED presentations 
over the period 2014/15-2016/17 was $441.9 million. Residents of MC areas accounted for 68.5% ($302.9m) of costs, 
somewhat less than was expected given the proportion of residents living in MC areas. The proportion of IR costs 
accounted for by ED presentations (20.0%, $110.2m) and the proportion of ORR costs incurred in the treatment of ED 
presentations (19.9%, $28.8m) was greater than the equivalent figure among residents of MC areas (15.5%, $302.9m). 
This is likely due to lower GP and other non-hospital based health care service accessibility in IR and ORR areas, resulting  
in residents presenting at the ED more frequently than residents of MC areas, who have greater access to other  
health services.
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Over the period 2014/15 to 2016/17, rates of ambulance attendance, hospital admissions, ED presentations and 
deaths were generally higher among residents of ORR areas compared with MC areas, and there was a negative 
correlation between population density and injury rates. Young persons aged 15-29 experienced the greatest effect 
of remoteness, with injury rates in ORR areas, at least 2.4 times the rates observed in MC areas. Death rates among 
those aged 0-14 years in ORR areas were 4.0 times the rate observed in MC areas. Among males and females, injury 
rates were slightly higher in ORR areas compared to MC areas but the extent to which remoteness affected men and 
women was similar. Transport-related injuries and sports-related injuries were determined to be of particular interest, 
as the two types of injury which most often occurred outside the region of residence of the injured person. Specific 
types of transport modes which exhibited differences based on remoteness were motorcycles, cars, and walking 
(pedestrians). With regard to sports, remoteness-based differences were noted amongst participants of motorsports, 
equestrian, Australian Rules football, and soccer. 

Age 
Geographical differences had a pronounced impact on 
injury rates in specific age groups, but the age effect 
differed per dataset. Those aged 15-29 years had rates  
of ambulance attendance for injury that occurred in ORR  
areas that were 3.0 times the rates observed in MC areas. 
Similarly, among those aged 15-29 years, ambulance 
attendance rates for those residing in ORR areas were 2.4 
times those of residents of MC areas. With regard to ED 
presentations, the largest difference between regions was 
again observed amongst those aged 15-29 years, where 
residents of ORR areas showed attendance rates 2.8 
times the rate of those living in MC areas. These findings  
are similar to those reported by Mitchell and Chong (2010), 
who found that those aged 15-29 exhibited the highest 
rates of hospitalised injury and rates in rural areas were  
approximately 2.7 times the rates in urban areas. However,  
the results presented here concerning hospital admissions 
revealed that those aged 75+ years were most heavily 
affected by geographic region, with higher rates in regional 
areas; rates of injury among residents of IR areas were 
1.4 times the rate of injury among residents of MC areas. 
The most notable geography based difference in any 
age group was observed in the deaths data: the rate of 
death among persons aged 0-14 years residing in ORR 
areas was 4.0 times the rate of persons residing in MC 
areas. In summary, rates of ambulance attendance by 
scene of injury and region of residence, and rates of ED 
presentation showed the greatest effect of remoteness 
level among those aged 15-29 years. Rates of hospital 
admission, on the other hand, differed by the greatest 
magnitude among those aged 75+ years with a higher 
rate in regional areas. Rates of injury-related death showed 
the greatest difference in geographic level among those 
aged 0-14 years, with proportionally higher rates in ORR 
areas in this age group. 

Overall, increasing remoteness appears to affect younger 
persons more markedly in terms of injury rates. It may be 
plausible that younger people, a group which is already 
more likely to engage in risk-taking behaviour, may have 
more opportunity to engage in high-risk activity such as 
off-road motorcycle riding in regional and remote areas. 
Alternatively, there may be fewer safeguards in place to 
prevent injury occurring, and activities or entire areas may 
be unsupervised or regulated, leading to an interaction 
effect between remoteness and age. Some of the reasons 
for the overrepresentation of child injury deaths in regional 
areas are related to incidents on farms; according to the  
Royal Children’s Hospital (2009) approximately 30 children  
die on farms in Australia each year and the main contributors  
to this statistic vary based on age. Drowning in dams, 
irrigation channels, creeks and rivers, and farm vehicle 
(e.g. tractors) related incidents are most common among 
0-4 year olds whilst for children aged 5-14 years the leading 
causes of death are farm machinery, vehicles such as quad  
bikes, motorcycles, and horse-riding related deaths (Mitchell,  
2016; Royal Children’s Hospital, 2009). These factors are 
a contributor to child death rates in regional areas, as was 
reported in Hazard 85 (Cassell, Clapperton, & Reid, 2008) 
on the topic of injuries and deaths occurring on farms; 
six farm-related deaths occurred among those aged 0-19 
years, three of which involved drowning. In many cases, 
it has been reported that child deaths occurred when 
unsupervised, indicating that increased supervision may 
reduce the number of child deaths on farms (Mitchell, 
2016). It may also be the case that some fatalities could 
be avoided if distances to medical assistance were not 
so great. For example, the chance of resuscitation for 
drowning victims increases with the immediacy of medical 
attention, which should be managed at a hospital with 
facilities for treating cardiac arrest (Harries, 2003). 

Sex
Comparisons between males and females fell into one 
of two categories: either injury rates were similar within 
each remoteness level or males experienced higher 
injury rates than females. Furthermore, injury rates were 
commonly lowest in MC areas and highest in ORR areas 
for both males and females. Differences between men 
and women for a given geographic level were negligible 
when inspecting ambulance attendance data. Males 
also experienced a greater effect of geographic level 
when compared to females in three of the five measures 
of injury rates: ambulance attendance by scene of injury, 
ambulance attendance by region of residence, and deaths. 
In all three cases the measured differences occurred 
between MC areas and ORR areas. However, overall the 
differences between men and women, with regard to the 
magnitude of geographic effect, were minor. So whilst 
males often exhibited higher rates of injury than females, 
the difference in rates between MC areas and ORR areas 
was similar between men and women. These findings 
were similar to those reported by Mitchell and Chong (2010), 
who found that whilst injury rates among males and females 
were higher in rural areas compared to urban areas, the 
effect was not strong; males in rural areas had injury 
rates 1.5 times of those in urban areas, whilst females 
in rural areas experienced injury rates at 1.3 times that 
of their urban counterparts. This indicates that there is 
no interactive effect between remoteness and sex with 
regard to the occurrence of injury, but simply reaffirms 
that, generally, males are more likely than females to 
experience injuries warranting ambulance attendance, 
hospital admission or ED presentation. 

Regional Differences
Overall, patterns of injury rates conformed to what was 
expected, and the findings reported by previous research; 
injury rates increased with increasing remoteness (Bishop 
et al., 2016; Victorian State Trauma Outcomes Registry 
and Monitoring Group, 2017). Specifically, rates were lowest 
in ‘Major City’ areas and highest in ‘Outer Regional & Remote’ 
areas. This finding was observed consistently when 
inspecting rates of ambulance attendance (by scene of  
injury and region of residence), ED presentation and deaths. 
However, rates of hospital admission produced results 
which did not align with the expected pattern precisely; 
rates among residents of MC areas and IR areas were 
approximately equal (1,622 versus 1,608 per 100,000 
residents, respectively), though rates were still highest 
among residents of ORR areas.  Generally, these findings 
support the notion asserted by the Victorian State Trauma 
Outcomes Registry and Monitoring Group (2017); injury rates 
are higher in regional areas than in metropolitan areas. As 
mentioned by Bishop et al. (2016) the likely reason for this 
is that those in regional areas have reduced accessibility 
to health services, and persons living in more remote areas 
are more likely to visit the emergency department or be 
attended by an ambulance when injured. Therefore, the 
number of injuries recorded in the respective datasets  
is higher. Those living in metropolitan areas, with greater 
accessibility to a GP or other allied health services are less  
likely to be attended by an ambulance or visit the emergency 
department. This is further illustrated by the correlations 
performed using population density as a proxy for 
remoteness. For every dataset, there was a negative 
relationship between population density and injury rates;  
as population density increased, the rate of injury decreased. 
The strongest relationships between population density 
and injury rates were observed in the ambulance attendance 
data (r=-0.67 by scene of injury, and r=-0.75 by region  
of residence) but the relationship between population density 
and hospital admissions was weak (r=-0.13). This suggests 
that, as indicated by looking at region-based rates, 
remoteness has little impact on hospital admission rates  
but greater impact on ambulance attendance. With greater  
remoteness, a person is more likely to require an ambulance 
as the average distance to the nearest medical facility  
is greater for residents of more remote areas. However, 
as mentioned previously, the relationships were non-linear 
and, therefore, a number of other factors are likely to be  
involved. Agricultural injuries are a major contributor which  
is far more common in regional areas of Victoria (Western 
Alliance, 2016). Some specific elements which have been  
identified include tractor and quadbike rollovers and 
entrapment in machinery. Notably, whilst the agricultural 
sector employs just 3% of Victorians, in 2017 52% of 
workplace deaths occurred on farms (WorkSafe Victoria, 
2018).

DISCUSSION
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Scene of Injury versus Region of Residence
Most data sources regarding injury only record the 
residential location of the injured person using information 
such as postcode or LGA. To gain a better understanding 
of geographic patterns of injury, ambulance attendance 
data was sourced. Ambulance attendance data records 
both the scene where the ambulance attended (postcode 
and LGA) along with the residential location (postcode and 
LGA) of the injured person. This provides an insight into  
whether or not the risk and incidence of injury is related 
to a certain population and related factors, or if certain 
locations have an increased risk of injury. For the purposes 
of this Hazard, this analysis was confined to broad regions. 
Unsurprisingly, the results showed that residents of a given 
remoteness level were likely to be injured within the same 
remoteness level; that is, residents of MC areas were 
frequently injured in MC areas (93.8% match), residents 
of IR areas were commonly injured in IR areas (80.8% 
match), and residents of ORR areas were often injured 
in ORR areas (77.4% match). However, the proportion 
decreased with increased remoteness: this shows that it 
is more likely for ORR residents to be injured outside ORR 
areas than it is for residents of MC areas to be injured 
outside MC areas. The most likely explanation for this 
is simply that residents of ORR areas are most likely to 
travel outside their area of residence and therefore are 
exposed to injury hazards outside their residential area. A 
breakdown of the proportion of scene-residence matches by  
cause group revealed that ‘Sports’ and ‘Vehicle/transport’  
injuries were relatively common injury causes and showed 
a lower proportion of matches between scene of injury 
and region of residence compared to other injury causes.

Transport
According to the results of analysing ambulance attendance 
data, 16.7% (n=4,662) of cases of transport-related injury  
involved an injury occurring outside the region of residence  
for the injured person. Inspecting each region type individually,  
the results revealed that residents of ORR areas suffered 
transport-related injuries in another region type in 33.9% 
(n=604) of cases. The corresponding figure for residents 
of IR areas was 25.6% (n=1,636) and for MC areas the  
proportion was 12.3% (n=2,422). Therefore, with increasing  
remoteness, the likelihood of sustaining a transport-related  
injury outside the region of residence increases. A likely 
explanation for this is that persons in ORR and even 
IR areas travel further for work and social purposes 
(Transport Accident Commission, 2017). Furthermore, 
unfamiliarity with road hazards and conditions in regions 
outside one’s own region of residence may have a 
significant impact on the incidence of transport-related 
injury. Unfamiliarity with risks that are more common  
(or exclusive to) a given region type is likely to be another 
significant factor; people residing in MC areas are not likely 
to be familiar with many of the risk factors which are specific 
to, or more common in, ORR areas, and vice-versa. For 
example, persons who reside in ORR areas would not be 
as familiar with laws concerning sharing the roads with  
trams. However, given that residents of IR areas were  
attended by an ambulance for transport-related injuries 
in MC areas in 18.4% (n=1,174) of cases and in 7.2% 
(n=462) of cases in ORR areas, it seems likely that different 
factors are influential in different regions. For example, with  
decreasing remoteness, traffic-related hazards become 
more common. Such hazards include density of traffic 
and shared roadways. With increasing remoteness, a 
primary hazard is fatigue due to having to drive longer 
distances to a given destination. Furthermore, compared 
with metropolitan areas, unsealed roads and roadside 
hazards are more common in regional areas, and speed 
limits are higher on average compared with metropolitan 
areas (Morling, 2015). 

Specific types of transport-related injury are more common 
in some regions, and this differed based on data source. 
For example, based on the scene of injury, in MC areas, 
car occupants accounted for 56.2% of transport-related 
injuries, compared to 49.5% in IR areas, and 41.2% in ORR  
areas. However, based on admissions data, the difference 
was negligible. Among residents of MC areas, 37.5% of  
transport-related injuries involved car occupants whilst the  
proportion was 35.3% in IR areas and 34.2% in ORR areas.  
Motorcycle riders were more at risk based on the scene of  
attendance data: in ORR areas, 23.7% of transport-related 
injuries involved motorcycle riders, compared to 18.9% 
in IR areas, and 9.6% in MC areas. A previous Hazard 
(Cassell, Clapperton, O’Hare, & Congiu, 2006) on the 
topic of motorcycle-related injuries highlighted the risks 
involved, especially for children and adolescents; over the 
period 2002/3 to 2004/5, 27% of Victorian children and 
adolescents resided in rural areas yet they accounted for 

52% of on-road and 53% of off-road motorcycle-related 
hospital admissions. Pedal cyclists were involved in 24.3%  
of transport-related hospital admissions occurring in MC 
areas, but only 15.6% in IR areas and 13.7% in ORR areas.  
According to admissions data, pedestrians were involved 
in 8.4% of transport-related injuries occurring in MC areas 
compared to 4.3% in IR areas and 4.6% in ORR areas. 
This pattern was further accentuated in the deaths data  
where, 22.3% of transport-related deaths in MC areas 
involved pedestrians compared to 8.8% in both IR and 
ORR areas. The main conclusion that can be reached 
from these findings is that different regions have different  
transport-related hazards and are not equally dangerous 
for different transport types. Population density, resulting  
in a greater number of pedestrians, and busy intersections  
in MC areas are the likely reason for the observed differences  
in pedestrian injuries between regions. Residents of IR and  
ORR areas are also less likely to walk between locations 
compared to residents of MC areas, given the greater 
distances between destinations. A greater number of cyclists 
on the roads in MC areas along with greater traffic density 
are the likely factors which result in a greater number of  
hospital admissions for cyclists (Garratt, Johnson, & Cubis, 
2015). These factors are far less prevalent in IR and ORR 
areas. Furthermore, because different factors are involved 
and different conditions observed between regions, 
unfamiliarity with conditions for visitors is a likely factor 
when considering injuries which occur outside the region 
of residence. For example, pedestrians or car occupants 
from regional Victoria who are visiting the Melbourne CBD 
may not be familiar with safety around trams.

Sport
Results from the geographic matching analysis of sports-
related injuries revealed that 17.6% (n=1,388) of cases 
of injury occurred outside the region of residence of the 
injured person. In 87.7% of cases involving a resident of 
an MC area, the scene of injury was also an MC area. The 
corresponding figure was 74.4% for residents of IR regions  
and 66.1% for residents of ORR regions. This indicates 
that, with increasing remoteness, the likelihood of a person 
being involved in a sports-related injury outside their region 
of residence increased. One explanation for this is that 
individuals who participate in organised sport such as 
Australian Rules Football, Cricket and Basketball are often 
required to visit other locations to compete. Individual 
sports such as cycling and horse-riding could also take 
people into regions other than the one in which they reside.  
Given that previous research has found that rates of 
sports-related injuries are higher among residents of regional 
LGAs compared to metropolitan LGAs (Wong Shee et al., 
2015), it seems likely that sports-related injuries occurring 
outside the region of residence are more commonly the 
result of residents of ORR or IR areas travelling to MC areas  
to participate in sporting events more frequently than residents 
of MC areas travelling to IR or ORR areas to compete. 
Therefore, this finding is likely due to exposure rather than 
any differences in the safety of venues or events.

The results related to sports injuries are varied and the most  
obvious explanation is that injury rates are higher where 
participation in these sports occurs most frequently. It is  
not likely that it is inherently more dangerous to play Australian 
Rules Football in regional areas, but rather that other sports  
are comparatively less popular than Australian Rules Football  
in regional areas. A good example of this is soccer, which  
experiences a difference in participation rates as a result  
of cultural and demographic differences between metropolitan 
areas and regional areas. Australian Rules Football was the  
most common sport being played at the time of injury, and  
accounted for a greater proportion of ED presentations in  
IR areas (27.2%) compared with MC (20.1%) or ORR areas  
(25.2%). However, soccer injury related ED presentations 
were more common in MC areas (10.2%) than IR areas 
(5.1%) and ORR areas (3.3%). Facilities and the players 
themselves are not likely to contribute to the injury risk in 
MC areas. However, in the case of horse-riding related 
injuries, the proportion of cases in each region type was 
dissimilar across the different datasets; horse-riding 
injuries were more common in the admissions dataset 
and accounted for a great proportion of sport-related 
admissions with increasing remoteness. There was little 
difference between the regions when ED presentations 
were considered. Exposure to horse-riding is more common 
 in regional areas so the likely explanation for why horse-
riding was a less common cause of ED presentation is 
that injuries sustained whilst participating in horse-riding 
are likely to be more severe and result in admission rather 
than ED presentation. Lastly, given that the proportion of 
ED presentations attributable to motor sports increased 
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with remoteness, it appears likely that motor sport injuries, 
particularly motorcycle related injures (given that 23.7%  
of transport-related ED presentations in ORR areas 
involved motorcycles) are more likely to occur in regional  
and remote areas. The prevalence of sporting competitions  
such as moto-cross, dirt bike racing and other competitions  
using powered two-wheeled vehicles in regional and remote 
areas is likely the primary factor in this result. 

Falls
Falls were the most common case type at each level of 
remoteness for each dataset. The proportion of injuries 
accounted for by falls was similar across the three 
remoteness levels within the ambulance attendance data 
(by scene and residence), and hospital admissions data. 
However, 40.5% of ED presentations in MC areas were 
accounted for by falls, compared to 33.1% in both IR 
areas and ORR areas. Fall-related deaths accounted for 
54.6% of deaths in MC areas, compared to 50.1% in IR 
areas and 50.9% in ORR areas. However, with regard to 
the geographic matching analysis, 91.6% of fall-related 
injuries occurred in the same region type as the recorded 
region of residence for the injured person. This is relatively 
high compared to the corresponding proportions for 
sport-related injuries (82.4%) and transport-related injuries 
(83.3%). An analysis of age-standardised rates showed 
that rates of fall-related ambulance attendance, ED 
presentations and deaths conformed to the expected 
pattern of increasing rates with increasing remoteness. 
However, hospital admissions for fall-related injuries were  
highest among residents of MC areas and lowest among  
residents of IR areas. As detailed by Cassell and Clapperton 
(2014a, 2014b) there was an upward trend in fall-related  
injury admission rates among children aged 0-14 years  
over the period 1998/99-2011/12. Some factors identified  
included falls from skateboards and scooters, the use  
of which is more prevalent in MC areas. Stathakis, Gray, 
and Berecki-Gisolf (2015) found that the rate of falls 
among persons aged 65+ years increased by an average 
6.3% per annum over the period 2004/5 to 2013/14, and  
75.3% of falls in this age group occurred in the Melbourne  
metropolitan area with 22.2% of admissions occurring as 
the result of falls in residential aged care. 

Based on the findings in this Editions of Hazard, and drawing on previous Editions of Hazard, the following 
recommendations are made regarding policy and practice to reduce injuries in regional areas of Victoria.

1. 
Child (0-14 year) injury-related death 
rates in outer regional areas were 
four-fold the rates in major cities of 
Victoria. This needs to be addressed, 
for example through increased education 
and awareness of known injury hazards 
in regional areas such as dams, farm 
equipment and off-road motorcycle 
use.  In order to increase education 
and awareness, it is critical that LGAs 
are provided with equitable access 
to child injury prevention resources, 
services and activities, such as those 
provided through Kidsafe, Farmsafe 
Australia, and the National Centre for 
Farmer Health.

2. 
Cycling injuries were relatively common 
in metropolitan areas. This is likely to  
be due to high participation in cycling 
in metropolitan areas as well as 
limitations in safe infrastructure for 
cycling. It is recommended that the 
Department of Transport, VicRoads 
and individual LGAs address this by 
improving cycling infrastructure in 
metropolitan areas, as well as through 
education and awareness aimed at  
cyclists and motorists. The latter could 
include information about cyclist safety 
in education, training and testing of 
novice drivers. 

3. 
Pedestrian injuries were particularly 
common in metropolitan areas. It is 
recommended that the Department 
of Transport, VicRoads, and LGAs 
pay particular attention to pedestrian 
safety in rapidly growing metropolitan 
areas. Heavy use of existing road 
networks, as well as increased uptake 
of public transport, place pedestrians 
at risk, for example while boarding 
and alighting trams and buses. 

4. 
On-road motorcycle injuries as well 
as off-road motorcycle and other 
motorsports injuries were common  
in regional areas; therefore:

a.  It is recommended that on-road 
motorcycle injury prevention in 
regional areas is addressed by the 
Department of Transport, VicRoads 
and Victoria Police, through 
increased enforcement of road 
safety rules and regulations, and 
improved road infrastructure such 
as safe roadside barriers

b.  Motorsport and other off-road 
motorcycle injuries are common 
in children and young adults. As 
recommended in Hazard 81, an 
action plan for off-road motorcycle 
safety should be developed  
by agencies such as Sport and 
Recreation Victoria, Parks Victoria 
and Motorcycle Victoria to address 
this problem (Day, Clapperton,  
& Berecki-Gisolf, 2016).

5. 
Sports injuries were common in 
regional areas; in particular, Australian  
Rules Football injuries. While this likely  
reflects popularity of this sport in regional  
areas rather than particular regional 
safety concerns, it is recommended 
that the current incentive by Sport 
and Recreation Victoria and relevant 
sporting associations, to increase sport 
participation in regional areas, is 
accompanied by an injury prevention 
strategy, as well as planning for regional 
healthcare supply to meet demand 
created by sport related injury (Wong 
Shee, Clapperton, & Finch, 2017).

6. 
Horse-riding/equestrian injuries are  
relatively common in regional areas; 
these injuries are likely to be severe, 
as evidenced from admission rates  
following ED presentation (Fernando, 
Berecki-Gisolf, & Finch, 2018). It is  
recommended that preventive measures 
are taken, including mandatory helmet 
wearing, supervision of novice riders, 
safety prioritisation at organised events 
(sourced from ‘Preventing Equestrian 
Injuries’, Sports and Recreation Victoria 
(Equestrian Federation of Australia  
Vic Branch).

7. 
Fall-related injury rates, based on 
ambulance attendance, Emergency 
Department and death data, were 
highest in outer regional and remote 
areas, followed by inner regional 
areas, and lowest in major city areas. 
This supports ongoing focus on falls 
prevention, and suggests a need  
for falls prevention particularly aimed 
at those living in regional Victoria. 

8. 
Ambulance Victoria data proved 
invaluable in providing place-based 
injury statistics. It is recommended 
that Ambulance Victoria data are more 
widely used in providing location-
based injury surveillance data: this 
is particularly relevant to transport, 
work-place and sport-related injuries 
which generally occur in locations 
outside the injured person’s residential 
area.  

9. 
VEMD (Emergency Department 
data) coding of injury surveillance 
variables is incomplete and quality 
and completeness of the data differ 
vastly between hospitals. This leads 
to artificial regional differences in injury 
rates. It is recommended hospital-
specific barriers to effectively and 
accurately collecting Emergency 
Department injury data are assessed 
and addressed, through a VEMD data 
quality project.

10. 
The injury statistics presented in this 
Hazard not only reflect regional injury 
rates but also regional differences 
in health services: relatively high 
rates of ED presentation in regional 
and remote areas could be partly 
attributable to limited access to GP 
services. It is recommended that 
health service availability in regional 
areas is further explored to determine 
the effect of this not only on health 
care provision but also on provision 
of primary and secondary prevention 
of injury and disease. The GP plays 
a vital role in prevention and this role 
could potentially be taken on by other 
organisations in sparsely populated 
areas with limited access to GP services.

RECOMMENDATIONS
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Ambulance attendances
Ambulance attendance data, provided by Ambulance Victoria (AV)  
was extracted for the years 2014/15-2016/17. Ambulance 
Victoria data is comprised of all cases where an ambulance 
attends a scene in response to an emergency (000) call. Cases 
were extracted if an injury was involved, and the injury was not 
intentionally caused.

Emergency Department presentations
ED presentations data were extracted from the Victorian Emergency  
Minimum Dataset (VEMD) for the years 2014/15-2016/17. The 
VEMD records all presentations to Victorian public hospitals with  
24-hour emergency departments. This currently stands at 39 
participating hospitals with 100% state-wide coverage since 2004.

Cases were extracted if they contained a human intent code 
of ‘Unintentional’ and were the result of a community injury; 
community injury records were identified as those with an ICD-
10-AM injury code (S00-T98) or external cause code (U50-Y98, 
excluding U78-U88 (codes for special purposes). Pre-arranged 
admissions (through the ED) and return visits were excluded to 
avoid overestimates of presentations. When calculating estimates 
of hospital treatment costs, pre-arranged admissions and return 
visits were not excluded, in order to provide a more complete 
estimate of the financial burden of injury.

Hospital admissions
Hospital admissions data were extracted from the Victorian Admitted  
Episodes Dataset (VAED), which records all admissions to public  
and private hospitals in the state of Victoria. The VAED includes 
demographic, clinical and administrative details for every admitted  
episode of care occurring in these hospitals. The coding in the 
VAED conforms to the definitions in the National Health Data 
Dictionary (NHDD)(Australian Institute of Health and Welfare, 2015).  
The clinical details include 40 diagnosis codes that include injury  
and external cause information coded according to the International  
Statistical Classification of Diseases and Related Health Problems,  
Tenth Revision, Australian Modification (ICD-10-AM). 

Cases were further selected if they were unintentional injuries, 
i.e., first external cause code in the range V00-X59. Repeat 
admissions (day-treatments for the same injury within a course  
of 30 days, with an admission type indicating it was a “planned”  
admission), statistical admissions and transfers were excluded.  
Injury records were identified as those with an ICD-10-AM 
community injury code (S00-T75, T79) any one of the 40 diagnosis  
codes. Case selection was limited to hospital admissions between  
01 July 2014 and 30 June 2017. When calculating estimates of 
hospital treatment costs and length of stay, to provide a more 
accurate estimate of the burden of injury, statistical admissions 
and transfers were included. Deaths were excluded as fatal cases  
are covered by the COD dataset.

The Service and Funding Projects Branch of the Victorian 
Department of Health and Human Services (DHHS) supplied 
VISU with costs data sourced from the Victorian Cost Data 
Collection (VCDC). DH conducts an annual collection of cost 
data via the VCDC and this data forms the basis for the cost 
data which is submitted to the National Hospital Cost Data 
Collection (NHCDC) and managed by the Independent Hospital 
Pricing Authority (IHPA). 

Cost data collected through the VCDC can be broken by cost 
bucket components to understand resource consumption across 
health service areas (e.g. allied health, Emergency Department, 
critical care unit, intensive care unit, imaging, medical and surgical 
supplied, nursing, pathology, pharmacy, theatre). 

Australian Refined Diagnosis Related Groups (AR-DRGs) provide 
a clinically meaningful way of relating the types of patients treated 
in a hospital to the resources required by the hospital. DH supplied 
average costs per AR-DRG (inpatient episodes) to be applied to  
the VISU-held VAED and VEMD.  The costs provided were stratified  
by age group and sex and include both direct and indirect costs 
of treating patients.

Deaths
Data were extracted from the VISU-held Cause of Death (COD)  
dataset supplied by the Australian Coordinating Registry (ACR).  
VISU acknowledges the following custodians of the COD data 
used in this report: the Victorian Registry of Births, Deaths and 
Marriages, the Victorian Department of Justice and the National 
Coronial Information System (NCIS). Records for extraction were 
identified as those assigned a code relating to ‘External causes 
of morbidity and mortality’. Case selection was limited to deaths 
registered between 1 January 2014 and 30 December 2016 
and if the death was registered in Victoria. Cases were further 
selected if they resulted from unintentional injuries.

The COD dataset organises cases by calendar years with 2016 
the most recently held year. To improve the quality of coding, the  
ABS introduced a revisions process for all coroner certified deaths  
after 1 January 2006. The process means that data are ‘preliminary’  
when published for the first time, ‘revised’ when published the  
following year, and ‘final’ when published two years after the initial  
publication. Therefore 2014 data is considered final, whilst 2015  
data is classified as revised, and data from 2016 is classified  
as preliminary. For more information on coding and the revisions  
process, readers are directed to the ABS website and, in particular:  
abs.gov.au/ausstats/abs@.nsf 
Lookup/3303.0Technical+Note12012.

REFERENCES APPENDIX A:  DATA SOURCES  
AND CASE SELECTION



62       HAZARD Edition No. 85  \\\  April 2019     HAZARD Edition No. 85  \\\  April 2019       63       

Rates for ambulance attendance, ED presentations, hospital 
admissions and deaths per 100,000 population, by age, sex 
and year were calculated using population data sourced from 
the Australian Bureau of Statistics (ABS), Estimated Residential 
Population (2018a). Population data was provided by age, sex, 
and year per local government area (LGA). The Accessibility 
Remoteness Index of Australia (ARIA) (described below) was 
used to convert and aggregate estimated residential population 
data into regions of remoteness to determine denominator data 
for the calculated rates. The ABS assigns each LGA a value, in 
the form of a percentage, which reflects what proportion of each 
LGA is classified within each level of remoteness. Some LGAs 
belong within a single remoteness category (e.g. Stonnington 
is classified as being entirely within a ‘Major City’) whilst others 
are split between two remoteness areas (e.g. Yarra Ranges is 
designated as approximately 80% ‘Major City’ and 20% ‘Inner 
Regional’). Using the provided proportions, the populations of 
each LGA, and cases within each dataset, can be assigned to 
an appropriate level of remoteness in order to calculate rates. 
Table 20 (below) lists each LGA and the proportion of each LGA 
classified as ‘Major City’, ‘Inner Regional’ and ‘Outer Regional  
& Remote’.

The ARIA was first developed by the Hugo Centre for Migration 
and Population Research, and the Department of Health and  
Ageing in 1998. The ARIA is a geographical method of categorising  
the land area of Australia based on the distance from a location 
to five categories of service centres. Service centres are defined 
as populations of increasing sizes which contain essential services  
(education, retail, healthcare etc.). Remoteness scores (0-15) are 
assigned for each square kilometre. The remoteness score itself 
is determined by considering the distance (in kms) individuals of  
a given locality are required to travel on the existing road network,  
to reach urban population centres of various sizes and service 
centre categories (A-E) which is then divided by the Australian 
average for that category. The smaller the final value, the more 
accessible services are from that location. Based on the final score,  
each square km is designated as ‘Major City’, ‘Inner Regional’, 
‘Outer Regional’, ‘Remote’, or ‘Very Remote’. However, Victoria 
has no land area classified as ‘Very Remote’ and minimal land 
area classified as ‘Remote’. Given the small amount of area 
classified as ‘Remote’ in Victoria, the ‘Outer Regional’ and 
‘Remote’ classifications have been combined for the purposes  
of this Hazard.

 Table 21

Victorian LGA Remoteness Breakdown, ASGS 2016

LGA Major City % Inner 
Regional %

Outer 
Regional %

Alpine 56.6 43.4

Ararat 83.8 16.2

Ballarat 100.0

Banyule 100.0

Bass Coast 100.0

Baw Baw 100.0

Bayside 100.0

Benalla 97.4 2.6

Boroondara 100.0

Brimbank 100.0

Buloke 100.0

Campaspe 98.5 1.5

Cardinia 80.9 19.1

Casey 99.0 1.0

Central 
Goldfields

100.0

Colac-Otway 97.2 2.8

Corangamite 71.9 28.1

Darebin 100.0

East 
Gippsland

100.0

LGA Major City % Inner 
Regional %

Outer 
Regional %

Frankston 100.0

Gannawarra 100.0

Glen Eira 100.0

Glenelg 100.0

Golden Plains 100.0

Greater 
Bendigo

100.0

Greater 
Dandenong

100.0

Greater 
Geelong

80.0 20.0

Greater 
Shepparton

100.0

Hepburn 100.0

Hindmarsh 100.0

Hobsons Bay 100.0

Horsham 100.0

Hume 99.6 0.4

Indigo 100.0

Kingston 100.0

Knox 100.0

APPENDIX B:  ANALYSIS METHODS

LGA Major City % Inner 
Regional %

Outer 
Regional %

Latrobe 100.0

Loddon 41.2 58.8

Macedon 
Ranges

100.0

Manningham 99.8 0.2

Mansfield 100.0

Maribyrnong 100.0

Maroondah 100.0

Melbourne 100.0

Melton 97.7 2.3

Mildura 100.0

Mitchell 25.5 74.5

Moira 96.8 3.2

Monash 100.0

Moonee Valley 100.0

Moorabool 58.1 41.9

Moreland 100.0

Mornington 
Peninsula

96.9 3.1

Mount 
Alexander

100.0

Moyne 82.5 17.5

Murrindindi 92.4 7.6

Nillumbik 94.1 5.9

Northern 
Grampians

63.3 36.7

Port Phillip 100.0

LGA Major City % Inner 
Regional %

Outer 
Regional %

Pyrenees 95.9 4.1

Queenscliffe 100.0

South 
Gippsland

94.9 5.1

Southern 
Grampians

65.2 34.8

Stonnington 100.0

Strathbogie 100.0

Surf Coast 1.4 98.6

Swan Hill 100.0

Towong 20.7 79.3

Wangaratta 96.5 3.5

Warrnambool 100.0

Wellington 86.3 13.7

West 
Wimmera

100.0

Whitehorse 100.0

Whittlesea 96.2 3.8

Wodonga 100.0

Wyndham 98.6 1.4

Yarra 100.0

Yarra Ranges 79.0 21.0

Yarriambiack 100.0
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VAED includes all Victorian public  
and private hospitals

VEMD Participating hospitals 

From October 1995

Austin & Repatriation Medical Centre 

Ballarat Base Hospital 

The Bendigo Hospital Campus 

Box Hill Hospital 

Echuca Base Hospital 

The Geelong Hospital 

Goulburn Valley Base Hospital 

Maroondah Hospital 

Mildura Base Hospital 

The Northern Hospital 

Royal Children’s Hospital 

St Vincent’s Public Hospital 

Wangaratta Base Hospital 

Warrnambool & District Base Hospital 

Western Hospital - Footscray 

Western Hospital - Sunshine Williamstown Hospital 

Wimmera Base Hospital 

From November 1995 

Dandenong Hospital 

From December 1995 

Royal Victorian Eye & Ear Hospital 

Frankston Hospital 

From January 1996 

Latrobe Regional Hospital 

From July 1996 

Alfred Hospital 

Monash Medical Centre 

From September 1996 

Angliss Hospital 

From January 1997 

Royal Melbourne Hospital 

From January 1999 

Werribee Mercy Hospital 

From December 2000 

Rosebud Hospital 

From January 2004 

Bairnsdale Hospital 

Central Gippsland Health Service (Sale) 

Hamilton Base Hospital 

Royal Women’s Hospital 

Sandringham & District Hospital 

Swan Hill Hospital 

West Gippsland Hospital (Warragul) 

Wodonga Regional Health Group 

From January 2005 

Mercy Hospital for Women 

From April 2005 

Casey Hospital 

From July 2011 

Bass Coast Regional Health 
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