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ABSTRACT

Introduction: Western Australia (WA), Australia’s largest state, consists of approximately one-third of the country’s landmass
and has a population of approximately 2 million people. However, over 85% of this population live in a handful of urban centres
with the majority (1.6 million) living in the state capital, Perth. Healthcare provision in this complex environment is difficult and a
clear understanding of the distribution of the population and health service suppliers is critical to understanding and addressing the
problem. The vast majority (80% or more) of oral health care in WA is provided by private practitioners on a fee-for-service
basis. Although previous studies have examined the macro-level distribution of dentists, this study utilized a high acuity
examination to examine the distribution of private dental practices in WA, especially in rural and remote areas.
Methods: Dental practice locations were collected from open access sources and geo-coded. Population data were obtained from
the Australian Bureau of Statistics and divided by census districts. The Index of Relative Socio-Economic Disadvantage (IRSD)
was aggregated to census district level. Population and socio-economic data were then geo-coded using ArcGIS v9 (ESRI;
Redlands, CA, USA). With Perth primary post office used as a central datum point, a sequence of maps at differing magnification
was overlayed with a grid of latitude and longitude lines, or graticules
Results: Of the 602 dental practices mapped, 75% were within 32 km of the Perth General Post Office, and 95% were within
256 km. In metropolitan Perth, fewer dental practices were located in areas that have residents of lower socioeconomic status and
the density of distribution of these practices was greatest in the inner city region.
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Conclusion: This study highlights the complex nature of providing care to irregularly distributed populations in economic
environments that are driven by factors not purely related to disease burden.
Key words: Geographic Information Systems (GIS), health service mapping, rural and remote access.

Introduction

distribution of private dental practices in WA, using modern
Geographic Information System (GIS) tools.

Australia remains one of the most sparsely populated nations in
the world, with on average only two people per km2, and most of
its 21 million people (87%) concentrated in capital cities and

Methods

urban areas (defined as cities with populations of 250 000 or

All data were collected from open access sources which

more). Australia has one of the healthiest populations in the
world, but significant inequalities in health still exist, with access

included the Yellow Pages business telephone directory, the
Government Gazette and Google Maps.

to services being a key issue. This is exemplified in dentistry, with
oral health services being fundamentally privatised on a patientpayment model. Almost 86% of dentists work in the private

Dental practice locations

sector1 where approximately 80% of all dental care is provided,

The address for each dental practice in WA was obtained

with only 19% of adults receiving dental care from public dental
services annually2.

from the Government Gazette and crossed checked against
the Yellow Pages as at June 2009. All addresses were
entered into a database and the longitude and latitude of each

Australia, like many countries, has a significant shortage of dental
practitioners3. This shortage is more acute in rural and remote

practice address was obtained using a free access geo-coding
website (http://batchgeo.com). A randomly selected sample

areas, and among population sub-groups who cannot access

of 10% of all geo-coded practices was tested against

private care (mostly those who are economically
disadvantaged)1. On the macro-scale the uneven distribution of

personal knowledge and phone calls to test the integrity of
the data (the confirmatory sample was found to be 100%

dental practices between capital cities and rural areas is a

concordant with the data collected from electronic sources).

significant feature of the Australian dental labour force, with
practising rates for capital cities averaging 55.4 dentists per

Population statistics

100 000 population, compared with 28.6 for rural and remote
areas4.

All population data were obtained from the 2006 Australian
Census5. Population data were divided by census district

Western Australia (WA), Australia’s largest state, consists of

(CD) from the Australian Bureau of Statistics website

approximately one-third of the country’s landmass and has a
population of approximately 2 million people. However, over

(http://www.abs.gov.au).

85% of this population live in a handful of urban centres with the

Socio economic status

majority (1.6 million) living in the state capital, Perth. Although
the macro-scale difference in dental practice distribution across

The Index of Relative Socio-Economic Disadvantage (IRSD)

Australia is known, very little detailed analysis of distribution has

aggregated to CD level formed the basis of the measure of socio-

been undertaken, particularly in a state with such a large
geographic area. The purpose of the study was to examine the

economic disadvantage. The IRSD is a composite measure
derived from multiple weighted socio-economic variables which
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include income, educational attainment, employment and
possession of motor vehicles collected in the 2001 Australian

Distance from GPO

Bureau of Statistics Census. This index includes all variables that

A series of concentric distance rings at exponentially growing

either reflect or measure disadvantage. The IRSD values were
ranked into deciles ranging from one to 10.

distances were drawn around the GPO. The total number of
practices in each ring was calculated (Fig2); more than 75% of all
practices were within 32 km of the GPO and almost 95% were
within 256 km .

Post office

Population proximity calculations
Western Australia’s primary post office (GPO) based in
Perth at 3-7 Forrest Place (lat 31.951143, long 115.859156),
was used as a central datum point. The longitude and latitude
of the GPO was obtained from Google Maps, used
worldwide for mapping and accurate up to 6 decimal points
of latitude and longitude.

The total population of WA distributed by CD (n=4370) was
overlayed on the dental practice distribution. Two kilometre
boundaries were applied to each of the private dental practices
and the CDs that were within or overlapping each 2 km buffer
were determined (Fig3). The number of people outside these
2 km buffers was 345 000 from 1092 CDs, out of a total WA
population of 1.95 million. Fewer dental practices were found in

Geo-coding

regions with a high proportion of disadvantaged residents.
Geographic boundary data for each CD was obtained from the
Australian Bureau of Statistics, and the population and socioeconomic data were geo-coded using ArcGIS v9 (ESRI;

Graticule calculations

Redlands, CA, USA). Analysis of geographic measures was

The total number of dental practices in each graticule square was
calculated (Fig1) and frequency plots made for Perth city,

completed using the ArcGIS software.

metropolitan Perth, the wider Perth region, the southwest corner

Graticule calculations

of WA, and state-wide WA (Fig4). This systematic approach to
looking at distribution of dental practices independent of
underlying factors gives a clear measure of the ‘clumping’ of

A sequence of maps at different magnifications was
produced and overlayed with graticules (the familiar map

service delivery. In disciplines where access to services is
important, especially for emergency care, an even distribution

grid of latitude and longitude lines). For high magnification
maps the square graticules were 0.025 decimal degrees areas,

would be expected. The current data does not support that for

while for medium magnification they were 0.25 decimal

dental services in WA. The frequency plots for each of the
5 regions were completed excluding the regions that were

degrees, and for the lowest state-wide maps they were
2.5 decimal degrees. These graticule squares equate to areas

contained within it but that had been previous calculated. For

(Fig1). These

example, the southwest frequency plot includes all dental
practices in the southwest, but does not include those already

are only approximate decimal degree conversions to linear
distances as the conversion is slightly affected by differences

counted in the Perth city and Perth metropolitan frequency

of approximately 7.7, 7700 and 77 000 km

2

in latitudes due to the curvature of the earth’s surface.

plots. In the inner city the number of practices per graticule square
ranged from 0 to 8 with 95% of all squares containing one or
more practices and 30% containing more than 5 practices

Results

(Fig4a). However, at the state-wide level over 75% of graticule
squares had no dental practices at all (Fig4e; the latter graticule

A total of 602 private dental practices were geo-coded in

squares are 1000 times the area of those used at the inner city

WA.

level).
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Figure 1: Graticule squares of differing sizes were overlayed on the Western Australia state map and the number of dental
practices in each square analysed. Higher resolution graticules were applied to the city and metropolitan area.
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Figure 2: The cumulative proportion of private dental practices at various distances from the Perth central post office.
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Figure 3: A map of Western Australia with each private dental practice (black dot) highlighted. Each census district
outside a 2 km zone (transparent blue) around each practice is highlighted in red, while census districts within (or
touching) the 2 km zones are shaded in different levels of pink dependent on residents’ socioeconomic status. The darker
the pink, the more disadvantaged the residents. The insert is a magnified view of the metropolitan area of state capital
Perth.

Discussion

these population groups is almost inverse to the total population
distribution, with most living in rural and remote areas.

Australia is geographically one of the world’s largest countries
but it has a very small population whose distribution is highly
uneven. The provision of health care under these circumstances is
a complex task, particularly when the disease burden is unevenly
distributed through the population, and in a distribution that does
not match population distribution. Oral health is an outstanding
example of this problem. The distribution of the primary disease,
dental caries, is highly associated with socioeconomic status6,7,
with a gradient effect from wealth to poor. In addition, sub-sets of
the community are known to be at high risk (particularly
Aboriginal and Torres Strait Islander people who are known to

In Australia the majority of adult oral health care is provided
through private dental practice, and in the vast majority of cases
by direct payment to the practitioner (with approximately 50% of
the population having health insurance which covers a proportion
of the cost)11. A small amount of ‘safety net’ governmentsubsidised care is provided to less affluent members of the
Australian community12. It is under these circumstances that the
distribution of private dental practices is a critical measure of
service supply. However, it is recognised that the actual
workforce operating in these practices is also important.

suffer significantly more dental caries)8-10. The distribution of
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Figure 4: The number of private dental practices per graticule square for: (A) Perth city centre; (B) metropolitan Perth;
(C) wider Perth region; (D) southwest region; (E) and state-wide.

The key finding of this study is that practices are highly

operation is fundamentally on a user-pays basis. However, it

concentrated in the most populous area of WA and the
number of practices outside this region is very small. Even

is quite opposite to the distribution of dental disease within
the community where there is an increase in dental disease

when examining practice distribution within the metropolitan

burden in populations of lower socioeconomic status13-16.

region, fewer dental practices are located in areas of lower
socioeconomic
status
than
in
their
wealthier

This is the first high acuity examination of private oral health

counterparts. This is not unexpected because practice

service locations in Australia. Historically, dentist to
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population ratios and low resolution data have always relied
on for planning purposes. The simple application of high

However, after all these strategies it is likely that a shortage
will remain. Hence there is a need for collaboration among

resolution Geographic Information Systems (GIS) systems to

dental professionals, governments and communities to

health service planning has been used in many other
disciplines. Some examples include assessment of

develop better strategies to recruit and retain dentists in
WA’s rural and remote areas. This may be achieved by the

accessibility of GPs in South Australia17, comparison of

vertical integration of service, education and research, and

location and accessibility of Australian chronic heart failure
management programs, and general practice distribution18,

also with a strong clinical governance framework and
support network25,26.

but there is little similar research in dentistry in other world
regions. However, a few studies in the USA have looked at
analysing location-based accessibility to dental services and
also the distribution and demographics of dentists19,20.
In summary, this high acuity examination of private dental
practices location has found that the inverse care law still
exists and practice locations are determined by factors other
than disease21-23. A thorough analysis of this distribution can
also contribute to the knowledge of referral patterns for

Conclusion
Those who live outside WA’s metropolitan areas, especially
in rural and remote areas, are at great disadvantage in
accessing private oral health services. The use of high acuity
GIS mapping can assist in planning health services to
address this concerning issue.

specialist care.
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