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Abstract
Contemporary data are required to plan interventions and identify gaps in health service provision. As part of the larger Ageing,
Chronic Disease and Injury study, we mapped joint replacements across the western region of the Australian state of Victoria.
Primary total joint replacement data were extracted from the Australian Orthopaedic Association National Joint Replacement
Registry for men and women aged ≥ 40 years during 2010–2013, inclusive. Crude and age-adjusted rates (per 10,000 population/
year) of primary total joint replacements at the hip, knee and ‘other’were determined for the entire region, and separately for each
local government area (LGA). The reason and distance travelled for replacement were determined. Age-adjusted rates of joint
replacements per 10,000 population/year in men and women (combined) were 39.3 (95%CI 37.9–40.6) for the hip, 42.2 (95%CI
40.8–43.6) for the knee and 3.7 (95% CI 3.3–4.1) for ‘other’ joint replacements. Age-adjusted incidence rates varied across rural
LGAs. For residents of Ballarat, Greater Geelong and Warrnambool, most procedures (> 80%) were performed in the LGA of
patient residence. For other LGAs, the percentage varied from 0 to 44.2%. Outside major population centres, the distance
travelled ranged from 2.9 to 1111.0 km (median 97.5, IQR 61.2–190.0). Overall, rural LGAs had higher rates of joint replace-
ments. Distance travelled for replacement procedures varied. The methods used in this study provide a model for similar research
in rural environments, as well as providing important policy direction in the planning of health service provision across rural and
regional communities.
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Introduction

Joint replacements are common elective procedures that
are cost-effective, substantially improve quality of life,
reduce pain and increase mobility for end-stage joint
disease [1]. Several studies have shown that certain oc-
cupations such as farming, fishing and construction
work are associated with an increased risk of hip or
knee osteoarthritis [1] which is the main reason for joint
replacement [2]. The most important risk factors for
osteoarthritis include older age, female sex, genetics,
obesity and occupational physical activity, particularly
heavy lifting and kneeling [1, 3–8].

Rural residence has been identified as a risk factor for joint
replacement, with many studies reporting that despite reduced
access to healthcare, a greater number of individuals in rural
areas receive joint replacements than those in urban areas
[9–12]. This may be due to specific risk factors that are more
prevalent in rural populations such as physical inactivity,
poorer diet, higher obesity levels and agricultural occupations
[13, 14]. Differences in joint replacements by geographical
area and socioeconomic position (SEP) have been reported
by some [1, 6, 9, 10, 15], but not all studies [16, 17], though
it has been suggested that under servicing in disadvantaged
and over servicing in advantaged areas may explain the lack of
differences observed. Although these other studies describe
the distribution of joint replacement procedures by geograph-
ical location and SEP, few Australian studies have specifically
examined areas characterised by rurality, though some studies
in international settings have been completed [5, 10, 11, 17,
18].

This study forms part of the larger Ageing, Chronic
Disease and Injury (ACDI) study [19], which aims to
map the pattern of chronic diseases and injury across
the western region of the Australian state of Victoria
[20]. The ACDI study includes geographical locations
with a variety of urban, rural and agricultural areas
and a range of socioeconomic status. To identify gaps
in healthcare service delivery and implement interven-
tion and prevention strategies, contemporary data are
required. The ACDI study aims to provide this informa-
tion and inform targeted resource allocation to aid man-
agement of the burden of conditions and procedures
associated with ageing. The study also aims to develop
a profiling model for assessing rates of disease, which
can be used in other geographical regions, monitor
changes in health practices and compare with data from
other regions. This will allow broader validation of not
only joint replacements, but also the factors that influ-
ence joint replacement procedures and healthcare out-
comes. In this sub-study, we investigated the incidence
of joint replacements in men and women aged ≥ 40
years across western Victoria as part of the ACDI study.

Methods

Study Region

In Australia, there are eight states and territories; the state of
Victoria ranks second in terms of population (Fig. 1) and con-
tains 79 clearly defined geographical regions known as local
government areas (LGAs). This study included 21 of these 79
LGAs, which encompass around one-third of the total area of the
state of Victoria. These 21 LGAs were selected because they
form the region managed by the Western Victoria Primary
Health Network [21]. This organisation has two main aims:
“(1) increasing the efficiency and effectiveness of health services
for patients, particularly those at risk of poor health outcomes
and (2) improving coordination of care to ensure patients receive
the right care, in the right place, at the right time [21].” The
estimated residential population (ERP) for this region was
617,794 in 2011 [22], which is approximately 11% of the pop-
ulation in the state of Victoria. The largest cities by population
are located in the LGAs of Greater Geelong (ERP = 221,515),
Ballarat (ERP = 98,684) andWarrnambool (ERP = 33,300). The
study region has a high proportion of individuals aged 40 years
or older, making up approximately 51% (~ 316,000) of the total
population [23]. A larger proportion of these individuals reside in
the more western (rural) areas of the study region (Fig. 1). The
study region covers large agricultural areas that generate 60% of
the state’s total dairy production and major cropping areas in its
north-west sector. Wool and beef farming are also common in
these areas. The study region is a sentinel area from which data
may inform other regions and geographical locations.

Data Source

The data source for this study was the Australian Orthopaedic
Association National Joint Replacement Registry
(AOANJRR), which is a complete and comprehensive regis-
try pertaining to all joint replacement surgeries performed in
Australia [24]. The performance and outcome of joint replace-
ments are assessed by the National Joint Replacement
Registry: all public and private hospitals in Australia contrib-
ute to this registry. Data are matched and verified by cross-
linking registry data with government hospital separation data
for all arthroplasty procedures. Previous work has shown that
the National Joint Replacement Registry captures more than
99% of all joint replacement surgeries undertaken in Australia
[25]. It has been validated against medical records using a
sequential multi-level matching process coupled with the re-
trieval of unreported procedures [24].

This study included data for primary total joint replace-
ments of the hip, knee and ‘other’ (ankle, elbow, shoulder,
spine and wrist) during 2011–2013 inclusive. Procedures as
a result of any diagnosis were included. Revision surgeries
were excluded. Across the study region, orthopaedic services
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are available in the LGAs of Ararat, Ballarat, Colac-Otway,
Glenelg, Greater Geelong, Hindmarsh, Horsham, Moorabool,
Northern Grampians, Southern Grampians and Warrnambool.
To determine whether access to orthopaedic surgeons affected
the rates of joint replacements across the region, we obtained
the postcode of the patient and the hospital where each re-
placement surgery was performed.

The AOANJRR Data Review Committee approved access to
National Joint Replacement Registry data for this study and the
Barwon Health Human Research Ethics Committee approved
this study (HREC 15/11). This article does not contain any stud-
ies with human participants or animals performed by any of the
authors.

Analyses

Analyses were performed using data from 2011 to 2013 inclu-
sive. Separate analyses were completed for primary total

replacements at the (i) hip, (ii) knee and (iii) ‘other’ (ankle, elbow,
shoulder, spine and wrist).

For the entire study region, we calculated crude, and age-
adjusted, incidence rates for primary total joint replacements
for men and women aged ≥ 40 years, as this is the age range
covered by the ACDI study. Direct age-standardisation to the
2011 Australian population at risk was performed using data
from the Australian Bureau of Statistics 2011 Census
Community Profile Series. Incidence rates were expressed as
replacements per 10,000 population per year. The 95% confi-
dence intervals (CIs) were calculated using population data
from the Australian Bureau of Statistics National Regional
Profiles by LGA for 2011 [22]. Crude and age-standardised
incidence rates of replacements were calculated for each LGA.
The proportion of individuals who travelled to a hospital out-
side their LGA of residence was also determined. An estima-
tion of distance travelled was also calculated by determining
the distance between the geographic centre of the patient and
hospital postcodes.
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Fig. 1 Location of the study region. Local government areas (LGAs)
included in the study are shaded according to the percentage of individ-
uals aged ≥ 40 years. Data for graphic was obtained from the Department

of Health and Human Services, State Government of Victoria, Australia
(graphic prepared by MAS and KLH-K). Graphic from Sajjad et al. J
Public health Res. 2016;5:678–683
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Additionally, we determined the proportion of comparatively
younger individuals who received a primary joint replacement by
calculating the proportion of men and women who were aged
above and below 70 years at the time of surgery. The age cut-
point of < 70 years was chosen because the lifetime risk of
revision for patients over 70 years of age is low [26] and we
aimed to compare with younger individuals with a higher life-
time risk of revision. Finally, we completed a subset analyses to
calculate the proportion of replacements performed due to oste-
oarthritis of the joint, which may reflect specific risk factors in
different geographical areas. Hip fracture was excluded from this
subset analysis.

Results

Hip Replacements

Total Number, Age Distribution and Location of Procedure

There were a total of 3960 primary hip joint replacements for
adults aged ≥ 40 years (men 1689 and women 2271): most were
performed for osteoarthritis (77.9%) (Supplementary Table 1).

For men and women combined, the highest proportion
(15.5%) of hip joint replacements occurred in the 70–74-year
age group (Fig. 2a).

The age distribution of hip replacements in those aged < 70
years varied by LGA (Supplementary Table 1); in men and
women combined, the highest rate occurred in two LGAs with
agriculture as their main industry, Golden Plains (68.6%) and
Pyrenees (60.0%). The lowest in Hindmarsh (26.8%), which
represents a sparsely populated area of western rural Victoria
used for cropping and grazing. When examining men and wom-
en individually, the patterns were similar to that seen in men and
women combined; however, a greater number of younger men
underwent hip joint replacements compared to women.

All patients in LGAswithout orthopaedic services travelled to
another LGA for their joint replacements (Central Goldfields,
Corangamite, Golden Plains, Hepburn, Moyne, Pyrenees,

Queenscliffe, Surf Coast, West Wimmera and Yarriambiack).
Most individuals undergoing joint replacement surgery in one
of the three most populous LGAs (Ballarat, Greater Geelong
and Warrnambool) did so in the same LGA of their residence
(> 80%, Supplementary Table 4). For other LGAs where ortho-
paedic services were available, the proportion of patients under-
going joint replacements in their LGA of residence ranged from
13.2% in Moorabool to 44% in Horsham. Distance travelled by
patients for joint replacement procedures was highest in
Yarriambiack (median 180.0 km, IQR 81.9–230.0;
Supplementary Table 4 and Fig. 6a) and lowest in
Warrnambool (median 2.4 km, IQR 2.4–2.4).

Hip Joint Replacement Rates Across the Entire Region

Crude rates of primary hip joint replacements across the whole
region (per 10,000 population/year) were 42.5 (95%CI 41.2–
43.8) for men and women combined, 37.6 (95%CI 35.8–39.4)
for men and 47.1 (95%CI 45.2–49.1) for women. Age-
standardised rates of primary hip joint replacements across the
whole region were 39.3 (95%CI 37.9–40.6) for men and women
combined, 35.0 (95%CI 33.2–36.8) for men and 43.3 (95%CI
41.3–45.2) for women.

Rates Across LGAs

For men and women combined, the LGAwith the highest crude
rate was Queenscliffe (60.0 per 10,000 population/year, 95%CI
42.3–82.6, Supplementary Table 7), which has a high proportion
of retirees. The lowest crude rate was observed in Surf Coast
(35.9 per 10,000 population/year, 95%CI 30.4–42.2), which
has the highest socioeconomic status in the study region, with
the main industries being tourism, as well as agriculture, electric-
ity supply and building construction. For men only, the highest
crude rates were in the largely retired population of Queenscliffe
(64.1) and the lowest in two LGAs with central cities: Ballarat
(33.1) and Warrnambool (33.1). For women only, the highest
crude rate was in Yarriambiack (68.2) and the lowest was in

Fig. 2 Age distribution of a hip replacements, b knee replacements and c other (ankle, elbow, shoulder, spine and wrist) replacements, across the entire
study region for men and women combined (unfilled bars), men (light shading) and women (dark shading)
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Hindmarsh (36.0), both of which are LGAs in western rural
Victoria involved in cropping and grazing.

Age-standardised rates across the LGAs are shown in
Fig. 3 and Supplementary Table 7. The highest age-
standardised rates for both men and women combined
(Fig. 3a) occurred in the rural LGA of Moyne (47.7,
95%CI 39.1–56.3), the main industry of this area is
grazing, dairying and grain production and Ararat
(45.2, 95%CI 35.1–55.3), which is located in the centre
of the study region and has a large viticulture industry,
employing up to 16% of the workforce. The lowest age-
standardised rate occurred in Hindmarsh (29.5, 95%CI
17.3–41.6). For men only (Fig. 3b), the highest rate was
in Moyne (55.0), while the lowest was in Yarriambiack
(28.5). For women only (Fig. 3c), the highest age-
standardised rate was observed in Central Goldfields
(53.8), which is primarily a cropping and sheep farming
area, as well as meat and meat product manufacturing,
other food manufacturing and printing, and has the low-
est SEP in the entire state. The lowest rate was in
Hindmarsh (26.8).

Primary Total Knee Joint Replacements

Total Number, Age Distribution and Location of Procedure

A total of 4228 primary knee replacements were performed in
adults aged ≥ 40 years (men 1841 and women 2387): the
majority of which were performed for osteoarthritis (98.6%)
(Supplementary Table 2).

For bothmen and women combined, the highest proportion
(19.6%) of knee replacements were observed in those aged
65–69 years (Fig. 2b): this peak was similar for both men
and women separately.

The proportion of younger (< 70 years) individuals under-
going knee replacements varied across the LGAs
(Supplementary Table 2). In men and women combined, the
highest proportion was in Golden Plains (65.0%), which con-
tains a large area of agricultural land [27] and the lowest in
Hindmarsh (44.2%).

Most individuals in Ballarat, Greater Geelong and
Warrnambool had their knee replacement surgery in the same
LGA where they resided (> 80%). For other LGAs with or-
thopaedic services, the proportions ranged from 10.1% in
Moorabool to 46.6% in Horsham. Distance travelled was
highest for residents of Southern Grampians (median 183.0
km, IQR 14.2–224.5) and Yarriambiack (median 180.0 km,
IQR 63.6–248.0; Supplementary Table 5 and Fig. 6b).

Knee Joint Replacement Rates Across the Entire Region

For men and women combined, the crude knee replacement
rate across the entire study region was 45.4 per 10,000
population/year (95%CI 44.0–46.8): rates for men and women
separately were 40.9 (95%CI 39.1–42.8) and 49.5 (95%CI
47.6–51.5), respectively. After age standardisation, rates were
similar, albeit slightly lower: for men and women combined,
rates were 42.2 (95%CI 40.8–43.6), and for men and women
separately, rates were 37.9 (95%CI 36.0–39.8) and 46.2
(95%CI 44.3–48.2).

Fig. 3 Heat map showing age-adjusted incidence rates for a men and
women combined, b men and c women aged ≥ 40 years with primary
total hip joint replacements across the study region during 2011–2013
inclusive. The legend shows the shading as incidence rate per 10,000
population/year. AR = Ararat, BA = Ballarat, CG = Central Goldfields,
CO = Colac-Otway, C = Corangamite, GL = Glenelg, GP = Golden

Plains, GE = Greater Geelong, HP = Hepburn, HI = Hindmarsh, HS =
Horsham, MR = Moorabool, MO = Moyne, NG = Northern Grampians,
PY = Pyrenees, Q = Queenscliffe, SG = Southern Grampians, SC = Surf
Coast, WA = Warrnambool, WW = West Wimmera and Y =
Yarriambiack
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Rates Across LGAs

Crude rates for knee replacements across the different LGAs
are shown in Supplementary Table 8. Age-standardised rates
across the LGAs are given in Supplementary Table 8 and Fig.
4. For men and women combined, the highest rates occurred
in Pyrenees (67.1, 95%CI 51.5–82.8) and the lowest in Surf
Coast (34.7, 95%CI 29.0–40.3) and Hepburn (34.7, 95%CI
27.3–42.2, Fig. 4a). These patterns were similar for men (Fig.
4b) and women (Fig. 4c).

‘Other’ (Ankle, Elbow, Shoulder, Spine, Wrist)

Total Number, Age Distribution and Location of Procedure

There were 377 primary ‘other’ joint replacements (35 ankle,
29 elbow, 306 shoulder, 3 spine and 4 wrist) in adults aged ≥
40 years (men 146 and women 231): the majority of these
were performed for osteoarthritis (56.8%) (Supplementary
Table 3).

For men and women combined, the highest proportion of
‘other’ replacements occurred in those aged 75–79 years (Fig.
2c) and this peak was similar in both men and women.

There were too few ‘other’ joint replacements to describe
the proportions of individuals aged < 70 years; however,
values are shown in Supplementary Table 3 for descriptive
purposes.

The proportions of ‘other’ joint replacements performed in
the same LGA as the patient resided were lower than for hip
and knee replacements. Most patients in the LGAs of Ballarat,

Greater Geelong and Warrnambool had their ‘other’ replace-
ment procedure performed in the same LGA in which they
resided (> 75%). For other LGAs with orthopaedic services,
the proportions ranged from 6.7% in Southern Grampians to
16.7% in Moorabool (Supplementary Table 6). Distance trav-
elled for joint replacement was higher in the western areas of
the study region, such as West Wimmera (median 352.0 km,
IQR 312.0–414.0) and Glenelg (median 280.0 km, IQR
148.3–304.8; Fig. 6c).

‘Other’ Joint Replacement Rates Across the Entire Region

For men and women combined, the crude ‘other’ replacement
rate across the entire study region was 4.1 per 10,000
population/year (95%CI 3.7–4.5): rates for men and women
separately were 3.3 (95%CI 2.7–3.8) and 4.8 (95%CI 4.2–
5.5), respectively. The age-standardised rate for men and wom-
en combined was 3.7 (95%CI 3.3–4.1). For men, the rate was
3.0 (95%CI 2.5–3.5) and for women, 4.4 (95%CI 3.8–5.0).

Rates Across LGAs

Crude rates for ‘other’ replacements across the different LGAs
are shown in Supplementary Table 9. Age-standardised rates
across the LGAs are given in Supplementary Table 9 and Fig.
5. For men and women combined, the highest rates occurred in
Corangamite (6.3) and the lowest in Hindmarsh (1.9). For men,
the highest rate was in Horsham (7.7) and the lowest in Moyne
(0.7). For women, the highest rate occurred in Surf Coast (7.2)
and the lowest in Hindmarsh (no replacements) (Fig. 6).

Fig. 4 Heat map showing age-adjusted incidence rates for a men and
women combined, b men and c women aged ≥ 40 years with primary
total knee joint replacements across the study region during 2011–2013
inclusive. The legend shows the shading as incidence rate per 10,000
population/year. AR = Ararat, BA = Ballarat, CG = Central Goldfields,
CO = Colac-Otway, C = Corangamite, GL = Glenelg, GP = Golden

Plains, GE = Greater Geelong, HP = Hepburn, HI = Hindmarsh, HS =
Horsham, MR = Moorabool, MO = Moyne, NG = Northern Grampians,
PY = Pyrenees, Q = Queenscliffe, SG = Southern Grampians, SC = Surf
Coast, WA = Warrnambool, WW = West Wimmera and Y =
Yarriambiack.
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Discussion

This study reports the incidence rates for hip, knee and ‘other’
(ankle, elbow, shoulder, spine and wrist) primary joint re-
placements across the study region. There were variations in
rates across the different LGAs, with many of the more rural
LGAs having a higher rate of joint replacements. This study
also identified that most primary joint replacement procedures

in the LGAs of Ballarat, Greater Geelong and Warrnambool
were conducted within an individual’s LGA of residence. The
other LGAs with orthopaedic services had lower proportions
of replacements performed within a patient’s LGA of
residence.

Data for the whole of Australia is available for crude rates
of replacements in men and women combined during 2011
[28], and the crude rates for our study region were similar for

Fig. 5 Heat map showing age-adjusted incidence rates for a men and
women combined, b men and c women aged ≥ 40 years with primary
total ‘other’ (ankle, elbow, shoulder, spine and wrist) joint replacements
across the study region during 2011–2013 inclusive. The legend shows
the shading as incidence rate per 10,000 population/year. AR = Ararat,
BA = Ballarat, CG = Central Goldfields, CO = Colac-Otway, C =

Corangamite, GL = Glenelg, GP = Golden Plains, GE = Greater
Geelong, HP = Hepburn, HI = Hindmarsh, HS = Horsham, MR =
Moorabool, MO = Moyne, NG = Northern Grampians, PY = Pyrenees,
Q = Queenscliffe, SG = Southern Grampians, SC = Surf Coast, WA =
Warrnambool, WW = West Wimmera and Y = Yarriambiack

Fig. 6 Heat map showing median distance travelled by male and female
patients aged ≥ 40 years for primary replacements of the a hip, b knee and
c other joints across the study region during 2011–2013 inclusive. The
legend shows the shading as distance in kilometres. Red H’s show the
location of all hospitals in the region which conduct joint replacement
procedures. AR = Ararat, BA = Ballarat, CG = Central Goldfields, CO =

Colac-Otway, C = Corangamite, GL = Glenelg, GP = Golden Plains, GE
= Greater Geelong, HP = Hepburn, HI = Hindmarsh, HS = Horsham, MR
=Moorabool, MO =Moyne, NG = Northern Grampians, PY = Pyrenees,
Q = Queenscliffe, SG = Southern Grampians, SC = Surf Coast, WA =
Warrnambool, WW = West Wimmera and Y = Yarriambiack
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knee replacements (this study: 45.4 vs Australia: 45.7 per
10,000 population/year) and “other” replacements (4.1 vs
4.5 per 10,000 population/year). However, our study region
had a higher crude rate of hip replacements (42.5 vs 36.8 per
10,000 population/year).

In this study, we observed that some LGAs had a higher
proportion of individuals aged < 70 years receiving joint replace-
ments, including two LGAs with agriculture as a large compo-
nent of their industry (Pyrenees and Golden Plains). There are an
increasing number of individuals receiving joint replacements at
younger ages, partially due to patient request, and by 2030, it is
estimated that 52% of hip and 55% of knee replacements will be
performed in individuals aged less than 65 years [26]. In those
who undergo a primary joint replacement at the age of 50–54
years, the lifetime risk of hip replacement revision is 29% and
35% for knee joint revisions [26]. As obesity and life expectancy
are increasing in the population, this will impact on the longevity
of joint replacements [29]. Thus, it has been suggested that the
management of young patients should focus on reversing or
slowing down the progression of joint disease, rather than
recommending joint replacement [2, 29].

We observed that many individuals travelled long distances
for primary joint replacement procedures. This underpins need
for new/novel models or care and review of these patients’
travel burden, perhaps using high-quality data registries, as
previously described [30, 31]. Many of the joint replacement
procedures were performed in hospitals located within the
three most populous LGAs of Ballarat, Greater Geelong and
Warrnambool (n = 6485, 75.7% of all replacements).
However, although orthopaedic services were available in 11
of the 21 LGAs in the study region, around one in ten patients
travelled to hospitals in and adjacent to the LGA ofMelbourne
(n = 849, 9.9% of all joint replacements). Additionally, < 50%
of procedures in LGAs with orthopaedic services (excluding
Ballarat, Greater Geelong and Warrnambool) were performed
in the same LGA that the patient resided. Concerns have been
raised that performing joint replacements in rural settings may
be associated with poorer outcomes, but a study by Stewart
et al. [18] has shown that acceptable outcomes can be obtained
for primary hip and knee replacement surgeries conducted in a
rural hospital.

Previous studies have shown that farmers have a higher
risk of hip and knee osteoarthritis [3, 4, 13], which may con-
tribute to a higher rate of joint replacements. Banerjee et al. [5]
reported that people who live in rural areas of the USA were
more likely to be over 65 years of age when receiving a joint
replacement, and women in rural areas were less likely to have
a joint replacement compared to women living in urban areas.
The authors suggested that those in rural settings wait until
they meet the criteria for Medicare support before choosing to
have an elective joint replacement surgery and have less
choice for private access. A study by Dixon et al. [9] has also
reported that a higher rate of hip and knee replacements in

2005–2007 occurred in regional areas compared to major cit-
ies in Australia. In the current study, the highest rates of joint
replacements occurred in the more rural areas of the study
region. Rural areas also tend to be more stable genetically,
and therefore, a family history for arthritis may be another
reason for the observations in this study; however, we do not
have data to investigate this further.

The LGA of Pyrenees had the highest rate of primary knee
replacements in both men and women. In men, the reason for
this observation may be related to the primary economies in
Pyrenees, which include wool (sheep), viticulture and forestry
activity, with 30% of the workforce being involved in agricul-
ture. There are a number of activities carried out by farmers
that can increase the risk of developing osteoarthritis includ-
ing heavy lifting, frequent bending, driving for long periods of
time and walking long distances over uneven ground [8].
Kirkhorn et al [8] provided suggestions on how to reduce
the risk of osteoarthritis in farmers including reducing obesity,
reducing the amount of load carried and the time carried, as
well as providing more equipment and machinery designed to
reduce musculoskeletal loading.

The LGA of Pyrenees also has a high level of obesity
(21.4%) [19], which has been associated with an increased
risk of hip and knee osteoarthritis [4, 9, 14] and may explain
the observed association in women; it has been estimated that
27% of hip and 69% of knee replacements in women are due
to obesity [32]. Overall, obesity levels are higher in the west-
ern rural LGAs of the study region, such as Yarriambiack
(30.9%), Hindmarsh (22.0%), West Wimmera (24.3%) and
Glenelg (21.7%) [19].

An Australian group known as MOVE, muscle, bone and
joint health, which is aimed at improving the quality of life of
people who have, or at risk of developing musculoskeletal
conditions, have reported that the rates of osteoarthritis
(2007–2008) are higher in the eastern area of the study region.
However, we observed a higher rate of joint replacements in
the western LGAs. Based on these data, it appears that a
higher rate of osteoarthritis is not the primary driver of an
increased rate of joint replacements in western LGAs.
Differences in joint replacement uptakes related to geograph-
ical area may be due to a variation in risk factors (for example
those increasing risk such as certain occupations or obesity),
but also may reflect patient preferences such as willingness to
undergo surgery, particularly if their occupation requires agil-
ity [9]. Some of the differences we observed between LGAs
may be a result of social deprivation in some areas, with indi-
viduals in more advantaged areas more likely to receive a total
joint replacement for osteoarthritis of the hip or knee com-
pared to their disadvantaged counterparts [15], independent
of LGA. One other reason for differences in joint replacement
rates may be variation in clinical practice; however, there are a
limited number of orthopaedic surgeons in the study region
which would be expected to limit clinical variation.
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Most patients had a joint replacement for osteoarthritis:
77.9% for hip joints and 98.6% for knee joints. Another study
conducted in Australia [9] across the years 2005 to 2007 re-
ported a similar proportion of knee replacements were due to
osteoarthritis (96.3%), whereas the value for hip replacement
was higher (88.1%) than reported in the current study. The
reasons for the differences between our population and the
total Australian population are not clear.

This study has several strengths. The AOANJRR is a com-
prehensive database of all joint replacements in Australia, in-
cluding our study region. Data from both state-funded public
hospitals as well as private hospitals are included in the dataset
for this study. The LGAs included in this study have a high
level of diversity, from cities to large regional and rural centres
as well as LGAs with small populations and large areas in-
cluding agricultural lands. We investigated a specific area of
the state of Victoria, Australia, and changes in healthcare pol-
icies can be monitored across the ACDI study region, which is
not possible for the entirety of Australia. This study also has
some limitations.We were unable to determine the reasons for
differences in joint replacement rates between LGAs, though
we have speculated that occupation, obesity and SEP may
play a role. Additionally, we determined all-cause procedures
and are unable to determine specific diseases resulting in re-
placement. Data from this region may also not be
generalisable to other populations.

Conclusion

The incidence rates of primary joint replacements were differ-
ent across the LGAs studied. A large proportion of joint re-
placements were due to osteoarthritis, particularly for the
knee. Orthopaedic services were available in 11 of the 21
LGAs in the study region and we observed that many individ-
uals had to travel long distances for primary joint replacement
procedures. Not surprisingly, the majority of joint replace-
ments took place in the major centres of Geelong, Ballarat
and Warrnambool. The findings from this study have implica-
tions for planning health service provision across the region,
particularly in the more rural areas such as aiding in resource
targeting and management. These results also provide a model
for other researchers to conduct similar work in their local
environments.
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