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Abstract

Background Many rural residents face barriers to eye care access. Government workforce data show a 

maldistribution of eye care providers in Western Australia however, no detailed information is available on regional 

coverage within the state. This study aimed to identify and map all eye care services in rural and remote Western 

Australia and to calculate the regional workforce rates.

Methods A survey was sent to all optometry and ophthalmology practices in rural and remote Western Australia 

with questions on practitioner and equipment availability. Information on visiting services was captured directly 

through organisations as well as the survey. Geographic information systems were used to map service locations, 

calculate coverage of services relative to the population, and calculate full-time equivalent (FTE) per 100,000 of the 

population for each profession.

Results A total of 58 optometry practices, 8 ophthalmology practices, 113 visiting optometry services and 43 visiting 

ophthalmology services in rural and remote Western Australia were identi�ed and mapped. Most of the population 

(97.2%) lived within 100 km of an eye care service. Overall FTE per 100,000 for optometry and ophthalmology 

were 12.1 and 2.4, respectively. Regional FTE per 100,000 ranged from 2.1 to 19.5 for optometry and 0 to 4.2 for 

ophthalmology.

Conclusions The results show broad coverage of visiting services but highlights regional discrepancies in optometry 

and ophthalmology workforce rates, with several regions failing to meet FTE recommendations.
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Background
Geographic accessibility in health care influences the util-

isation of services, and a maldistribution of the workforce 

contributes to disparities in eye health between rural and 

metropolitan residents [1–3]. With the ageing population 

and rise in chronic disease prevalence, demands on the 

eye care workforce are predicted to increase globally [4]. 

Western Australia is the largest and least densely popu-

lated state in Australia. Around 2.1 million people live 

in the capital city of Perth, with the remaining 540,000 

of the population distributed across more than 2  mil-

lion square kilometres of land [5]. �is creates a uniquely 

challenging environment for workforce coverage and ser-

vice provision.

�e eye care workforce predominantly includes optom-

etrists and ophthalmologists who work autonomously 

and collaboratively to provide care at primary, secondary, 

and tertiary levels [6]. In rural Australia, optometry and 

ophthalmology practices tend to exist in larger towns, 

and eye care is provided by visiting services in more 

remote areas [7]. Visiting services are privately or publicly 

funded through State and Commonwealth initiatives, 

such as the Visiting Optometrists Scheme for optometry 

and the Rural Health Outreach fund and Medical Spe-

cialist Outreach Assistance Program for ophthalmology 

[8]. In Western Australia, Lions Outback Vision, based 

in the Kimberley, delivers many of the visiting optometry 

and public ophthalmology services across the state.

Historically in Western Australia, visiting ophthalmol-

ogy services were infrequent and were restricted by a lack 

of equipment, and patients were often sent to Perth for 

further detailed examination [9, 10]. �e Outback Vision 

Van is a mobile health unit introduced in 2016 that deliv-

ers visiting ophthalmology services [11]. An evaluation 

after the introduction of the Vision Van showed that it 

not only increased the number of outreach services, but 

seven of the 14 types of specialist equipment on the Van 

were previously unavailable in the areas that are visited 

[11]. �e evaluation demonstrated that the Van reduced 

the need for patients to travel to the city to obtain care 

which resulted in cost savings for the health system [11].

Access to healthcare can be defined by availability, 

accessibility, accommodation, affordability, and accept-

ability [12]. Availability and accessibility are spatial 

factors that can be measured using area-based and dis-

tance-based means [13]. Geographic information sys-

tems (GIS) are frequently used tools to assess spatial 

accessibility and for strategic planning of health services 

at a population level [14–16]. Although GIS technology 

has been employed in the analysis of eye care services 

in countries such as New Zealand [17] and Canada [18], 

their use in Australia for eye health service distribution 

has been limited. Practitioner-to-population ratios also 

provide insight into the availability of services and are 

commonly used to measure workforce rates [6]. �e Aus-

tralian Institute of Health and Welfare (AIHW) work-

force data for optometry and ophthalmology confirm 

the maldistribution of practitioners in Western Austra-

lia [19]. However, data are only available on overall rates 

in rural Western Australia and do not describe whether 

regional differences exist [19].

�erefore, the aim of this study was to identify and map 

the location of optometry and ophthalmology services in 

rural and remote Western Australia using GIS technol-

ogy. �e study aimed to calculate workforce rates in dif-

ferent regions across the state and identify potential gaps 

in services. An additional aim of this study was to use 

data captured directly from practices to enhance under-

standing of access to services from factors beyond spatial 

availability. �e purpose of this research was to establish 

a basis for future detailed gap analysis, to assist policy-

makers in improving access to care, and for further simu-

lation studies to predict service demands.

Methods
�is study adhered to the tenets of the Declaration of 

Helsinki and ethics approval was granted by the Univer-

sity of Western Australia Human Research Ethics Com-

mittee (2024/ET000213).

Study sample

�e Modified Monash Model (MMM) 2019 [20] rural 

classification system was chosen for this study as it mea-

sures remoteness and population size, and is the model 

that the Australian Government is transitioning towards 

for workforce programs [21]. MM 1 classification refers 

to metropolitan centres with increasing rurality as the 

number increases. Service locations were included in this 

study if they were located in MM 2 (regional centres), 

MM 3 (large rural towns), MM 4 (medium rural towns), 

MM 5 (small rural towns), MM 6 (remote communities), 

or MM 7 (very remote communities).

Practice locations

Ophthalmology and optometry practice addresses in 

Western Australia were identified using open access 

sources including the National Health Services Directory, 

Google Maps, and the Optometry Australia directory. All 

addresses were entered into the Australian Government 

Health Workforce Locator [22] to confirm they were 

located within MM 2 to MM 7.

Identified practices were contacted by telephone to 

check they were operational, and the clinic manager, 

optometrist, or ophthalmologist was invited to complete 

an online survey. Survey questions were designed to 

understand the distribution and availability of services, 

including the total full-time equivalent (FTE) at each 

practice and the availability of equipment at the practice. 
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Ophthalmology hours included consulting and surgical 

time. Questions were modified for each profession; for 

example, optometry practices were asked about where 

patients were referred to for ophthalmology care, and 

ophthalmology practices were asked about subspecialty 

services.

An online survey was piloted with 12 participants to 

check the survey clarity and ease of use. Pilot participants 

shared a similar background to those in the implemented 

study but were based in a different geographic location. 

Questions were revised in response to feedback and pilot 

responses were not included in the final study. �e final 

surveys were made available online using Qualtrics and 

included 23 questions for the optometry survey and 16 

questions for the ophthalmology survey (Supplemen-

tary file 1). �e survey link was emailed to practices that 

expressed interest over the phone, and a reminder email 

was sent after a few weeks. �e survey was administered 

from May 2024 to August 2024. Responses were exported 

and collated in Microsoft Excel (version 2402). Follow up 

calls and online open-source information were used to 

complete data that were missing.

Visiting services

A combination of sources was used to discover the loca-

tion of visiting services. Visiting services were defined in 

this study as outreach services where practitioners travel 

to deliver care to a location where permanent eye care 

services did not exist. A question in the survey asked 

whether practitioners delivered outreach services. If the 

response was affirmative, respondents were asked about 

the frequency and location of the services. Rural Health 

West, the state rural workforce agency, and Lions Out-

back Vision, an organisation that delivers outreach ser-

vices, provided additional data on visiting services for 

both optometry and ophthalmology. Data on the type of 

outreach, frequency, and duration of service were col-

lected from each source.

Population and boundary data

Population data from the most recent Australian Cen-

sus in 2021 and geographical boundary shapefiles were 

obtained from the Australian Bureau of Statistics (ABS) 

website [5]. Greater Capital City Statistical Areas data 

from the ABS [23] were used to remove metropoli-

tan areas of Western Australia from the map. Statistical 

Areas One (SA1) are the smallest unit of Census of Popu-

lation and Housing data from the ABS [23] and were used 

to create high-acuity distance-based population analy-

ses. It should be noted that the MMM 2019 classification 

system is based on the 2016 Census data and new SA1 

areas were introduced in the 2021 Census. �erefore, 

some SA1 areas had no MMM classification. For FTE 

mapping of service-to-population ratios, SA3 population 

data were used. �is was deemed more appropriate than 

SA1 as the geographic distribution of the population in 

remote Australia means that communities often have vast 

distances between them [21]. Using SA1 to visually dis-

play FTE mapping would have resulted in expansive areas 

where no services appeared available. Furthermore, SA3 

boundaries share similarities with the regions defined by 

the Western Australia State Planning Commission [24] 

which may facilitate more meaningful comparisons in the 

context of service availability interpretation and align-

ment with policymakers.

Data analysis - mapping

All identified service location addresses were geocoded 

using Google Maps API into latitude and longitude 

coordinates [25]. Survey responses and visiting service 

information from organisations were cross-referenced 

to ensure that no duplication occurred. Where there was 

a discrepancy of hours reported between the eye care 

service provider and the funding organisation, the sur-

vey response from the provider was used. Quantum GIS 

(QGIS [version 3.34.3]) software was used to layer popu-

lation and boundary data with practice coordinates to 

map services.

For distance-based analyses, SA1 centroids and Euclid-

ean buffers of 50 km and 100 km were used. Euclidean 

distances are commonly used in the assessment of geo-

graphic availability of healthcare services and have 

strong correlation with network distances [26]. A dis-

tance of 100 km was chosen as this has been previously 

used in studies to measure healthcare access in rural and 

remote Western Australia [27] and 50 km was chosen to 

account for the different distances that patients are will-

ing to travel depending on rurality [28]. Centroid posi-

tion relative to buffers were extracted and analysed with 

population data in Excel. Using QGIS, population data 

were randomly distributed across each SA1 for the pur-

pose of visually representing the relative population den-

sity but were not used in data analysis. �e mapping of 

services used ABS data and survey responses on service 

location only, and survey responses regarding equipment 

and nearby services were not integrated into the GIS 

analysis.

Data analysis - survey

For this study, FTE per 100,000 was chosen as the metric 

to calculate service-to-population ratios as this facilitates 

comparison with AIHW workforce reports. Vector analy-

sis tools were used to identify the SA3 that each service 

was located in. �en, the FTE per 100,000 of the popu-

lation was calculated for each SA3, assuming 1 FTE to 

be 38 h for optometrists and 40 h for ophthalmologists 

in line with AIHW calculations [29]. For the six practices 

(9.1%) that did not respond and where no open access 
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information was available, the average FTE from all other 

respondents was used. Other survey responses, including 

equipment, were collated and descriptively analysed in 

Microsoft Excel.

Results
A total of 58 optometry practices, 8 ophthalmology prac-

tices, 113 visiting optometry services and 43 visiting oph-

thalmology services were located and included in this 

study. Responses from 53 individual practices out of 66 

identified practice locations were received, a response 

rate of 80.3% (Table  1). Of the 156 visiting services, 38 

locations were discovered through the survey and the 

remainder were provided by Rural Health West and Lions 

Outback Vision.

Eye care service locations

All established and visiting optometry and ophthalmol-

ogy services were mapped (Fig.  1). Most established 

optometry services were private, except two services 

conducted from Aboriginal Medical Services in Gerald-

ton and Bunbury, and one which was a Lions Outback 

Vision public hospital optometry service in Kununurra. 

�ere were eight established ophthalmology practices 

located, of which seven were private and one, Lions Out-

back Vision in Broome, was public. Visiting services were 

conducted in medical practices, Aboriginal Community 

Controlled Health Organisations, and hospitals. Of the 

43 visiting ophthalmology services, 21 were delivered by 

the Lions Outback Vision Van which is denoted by a star 

symbol (Fig. 1D).

Proximity to services

Buffers around service locations showed the coverage of 

services across the state relative to population density 

(Fig.  2). Calculations of SA1 centroid position within 

50 km and 100 km distances to an eye care service were 

tabulated alongside the MMM 2019 rural classifica-

tion (Table  2). �e majority (97.2%) of the population 

lived within 100 km of an established or visiting eye care 

service.

Service-to-population ratios

�e practitioner FTE per 100,000 of the population illus-

trated the regional differences across rural and remote 

Western Australia (as shown in Table  1; Fig.  3). For 

optometry, the highest rate of combined established and 

visiting cover was the SA3 region of Augusta - Margaret 

River - Busselton at 19.5 FTE per 100,000 and the lowest 

was Wheat Belt - South at 2.1 FTE per 100,000. For oph-

thalmology, the highest was Bunbury and the Kimberley 

at 4.2 FTE per 100,000, and the lowest was Manjimup 

with no local services.

Survey responses revealed that some areas, such as 

Albany and the Mid West, had access to both public and 

private ophthalmology locally. However, in remote areas 

serviced by Lions Outback Vision such as West Pilbara, 

patients travelled to Perth for private ophthalmology. 

Conversely, in areas where there was private ophthalmol-

ogy such as Busselton, patients had to travel to Perth for 

public ophthalmology.

Practice characteristics

Survey responses indicated that most optometry prac-

tices (84%) bulk-bill all or the majority of their patients 

for a standard eye examination. All ophthalmology prac-

tices privately bill all or the majority of patients for a 

standard consultation, except for Lions Outback Vision 

services which are funded by philanthropy and public 

funding. All ophthalmology practices offered general 

ophthalmology, cataract and glaucoma services, and 

most offered several subspecialties such as anterior eye, 

paediatrics, uveitis, vitreoretinal and oculoplastic.

A total of 45 optometry and six ophthalmology prac-

tices responded to questions on equipment availability 

(Table  3). �e equipment listed in Table  3 were specifi-

cally asked in the survey (Supplementary file 1). 13 prac-

tices responded that they had ‘other’ equipment which 

included corneal topography, biometry, wavefront aber-

rometry, and scleral topography.

Discussion
It is recognised that the eye care workforce is maldis-

tributed in Western Australia, however the regional 

workforce distribution across the state is not well under-

stood. To address this gap, the goal of this study was to 

use GIS techniques to map and analyse service location 

and availability. �e findings of this research show broad 

geographic coverage of eye care services. However, the 

results confirm the maldistribution of the workforce and 

show that there is variation in the availability of eye care 

services around rural and remote Western Australia. Ser-

vice coordination between visiting ophthalmology and 

optometry services is important to reduce duplication of 

care and increase efficiency of services so that specialist 

care providers provide less primary care and can perform 

higher rates of surgery [30]. Although Fig. 1E shows over-

lap between optometry and ophthalmology services, the 

degree to which these are coordinated is unclear.

According to data reported by the AIHW in 2021, the 

average FTE rate for optometry in rural Western Aus-

tralia was 12.5 [19], compared to 12.1 which was found 

in this study. It is conceptually difficult to determine eye 

care need and its relationship with workforce distribu-

tion. Although estimates can be made, needs are influ-

enced by factors such as the demand for services, rate of 

chronic disease and the structure of the population [6]. 
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Fig. 1 Map of eye care services in rural and remote Western Australia with SA1 regions (A-D) and a general reference map (E). A Optometry practices 

B Optometry visiting services C Ophthalmology practices D Ophthalmology visiting services E All eye care services
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In this study, the majority (97.2%) of the population lived 

within 100 km from an eye care service, however FTE 

rates suggested that services in many areas may not be 

frequent enough to meet the needs. Previous studies have 

suggested an optometrist-to-population ratio of 10 FTE 

per 100,000 in high-income countries [31]. A global study 

by the World Council of Optometry found only 46.2% of 

surveyed countries met this suggestion [32]. Although 

Australia was among the countries that met this recom-

mendation [32], the results from this study show that 

five of 13 (38%) regions in rural Western Australia have a 

lower optometry workforce rate than recommended. �is 

suggests a gap in service delivery in these regions.

AIHW reported an average FTE rate of 2.2 per 100,000 

in rural Western Australia [19], compared to 2.4 in this 

study. �e Royal Australian and New Zealand College 

of Ophthalmologists recommends a 1:25,000 ratio of 

ophthalmologists to meet population needs (4 FTE per 

100,000) [33]. Results from this study suggest that only 

two of 13 (15%) regions, the Kimberley and Bunbury, met 

Table 2 Percentage of the population within 50 km and 100 km of an eye care service in rural and remote Western Australia by 

modi�ed Monash model (MMM) 2019 rural classi�cation and 2021 SA1 population data (n = 543,326)

MMM 2019 Classi�cation Population (n) Population within 50 

km (n)

Population within 50 

km (%)

Within 100 km (n) Within 100 km (%)

2 87,907 87,146 99.1 87,907 100

3 113,010 113,010 100 113,010 100

4 25,933 25,933 100 25,933 100

5 125,909 117,209 93.1 125,909 100

6 84,311 81,110 96.2 84,059 99.7

7 55,917 44,650 79.9 51,184 91.5

Not classi�eda 50,339 39,869 79.2 40,099 79.7

Total 543,326 508,927 93.7 528,101 97.2
a2021 SA1 areas that do not have a MMM 2019 rural classi�cation assigned

Fig. 2 Eye care service locations in rural and remote Western Australia with 50 km and 100 km bu�ers on a SA1 map. White dots represent a simulated 

population to portray relative population density
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this criterion. While ophthalmology services in the Kim-

berley are public, ophthalmology services in Bunbury 

are private, so patients seeking public care are required 

to travel to Perth which is over 160 km away. �is has 

potential implications for patients who are unable to 

afford private care. �ere is a recognised shortage of oph-

thalmologists in Australia [34–36] and initiatives such as 

the Regionally Enhanced Training Network established 

recently by the Royal Australian and New Zealand Col-

lege of Ophthalmology have been developed to foster 

rural training and practice [37].

In Western Australia, Lions Outback Vision has used 

optometry-facilitated teleophthalmology as a strategy 

to increase access to ophthalmology care since 2011 

[38]. A variety of ocular conditions can be managed [39] 

and direct surgical bookings for cataract surgery can be 

made using this model of telehealth [40]. Areas such as 

the West Pilbara have established optometry-facilitated 

telehealth models, so lower rates of ophthalmology FTE 

may still mean a high level of surgical and clinical sup-

port from ophthalmology provided to that area. Results 

of a recently published study showed that the level of 

Table 3 Equipment survey of eye care practices (excluding visiting services) in rural and remote Western Australia

Equipment Optometry (n = 45) Ophthalmology (n = 6)

Practices with  

equipment (n)

Practices with  

equipment (%)

Practices with  

equipment (n)

Practices with  

equipment (%)

Slit lamp 45 100 6 100

Tonometer 45 100 6 100

Retinal camera (standard and/or 

wide�eld)

40 88.9 6 100

 Standard retinal camera 22 48.9 4 80

 Ultrawide retinal camera 22 48.9 3 50

Visual �eld 43 95.5 6 100

Optical coherence tomography 29 64.4 6 100

Fig. 3 Map of eye care workforce FTE per 100,000 of the population, by SA3 regions in rural and remote Western Australia for optometry (left) and oph-

thalmology (right). Visiting services and eye care practice locations are indicated by yellow dots for optometry (left) and ophthalmology (right)
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collaborative care and telehealth varies significantly 

across Western Australia, suggesting potential opportu-

nities to establish standardised frameworks and pathways 

[41].

�e results of this study showed that most optometry 

practices had access to a range of diagnostic equipment. 

In the context of collaborative care with ophthalmology, 

equipment availability is a critical factor. For telehealth, 

a retinal camera or visual field is considered as advanced 

equipment, and optical coherence tomography (OCT) 

is considered state of the art equipment [42]. An equip-

ment survey of 40 optometry practices in rural Western 

Australia conducted in 2017 showed that 80% of prac-

tices had a retinal camera and/or a visual field and 20% 

had OCT [43]. �e three-fold increase in the propor-

tion of practices with OCT found in this study suggests 

a trend towards optometrists increasingly incorporating 

advanced technology such as OCT into clinical practice 

[44, 45]. However, the quality of the service delivered or 

competence of the service providers cannot be inferred 

from the presence of equipment alone.

�is study has limitations; firstly, data from multiple 

sources were collected, however there is the potential 

that self-funded visiting services may not have been cap-

tured in the data. Another limitation is that FTE values 

were only obtained for 90.9% of practices and values 

were estimated for the remaining practices. GIS analy-

ses assume that patients attend practices closest to their 

home. Although this may be true, it is possible that 

rural patients might bypass their nearest service for rea-

sons such as service satisfaction and outshopping [46]. 

Patients living in border towns might attend the clos-

est service to them which may not be within their SA3 

boundary. While it is acknowledged that Euclidean dis-

tances are more accurate in metropolitan areas [26] than 

in remote areas, they are still considered a useful and rea-

sonable approach to measure spatial access in rural areas 

[47]. Further research could explore models that involve 

travel assumptions to measure travel impedance [47].

�is study focused on optometry and ophthalmology 

services only. Future inquiries could include other eye 

care services such as school screenings, as well as person-

nel such as Aboriginal health workers and practitioners, 

registrars, optometry assistants, and orthoptists. �is 

study sought to understand the location of services, but 

other dimensions of healthcare access such as approach-

ability, acceptability, and appropriateness and the ability 

of patients to use services [48] were not fully explored. 

Future studies could investigate these factors to increase 

understanding of the care that is being delivered. Lastly, 

further research should explore the ways in which the 

rural workforce can be leveraged to facilitate improved 

access to eye care.

Conclusions
Rural residents face barriers to access eye care includ-

ing local service availability. �is research identified the 

locations and availability of established practices and vis-

iting services in relation to the population in rural and 

remote Western Australia. �is study provided insight 

into workforce rates and highlights several regions where 

rates are below recommended standards, suggesting gaps 

in service delivery. Further research is required to under-

stand other facets of access to care and to identify oppor-

tunities for the eye health workforce to improve access to 

care. Ongoing support from key stakeholders and policy-

makers is important to develop and maintain adequate 

services that meet population needs.
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