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Abstract 
 
Background 

In Australia, where you live has an impact on your risk of serious injury and your 

recovery. People living in regional areas have an increased risk of hospitalisation due to 

injury compared to people in metropolitan areas. However, most specialised trauma 

centres are located in major cities. Consequently, when patients are discharged from 

hospital, they are often a long way from specialised care. Accessibility to health care is 

defined as the ability of a population to obtain available health services. This ability is 

determined by economic, geographical, consumer, organisational, and informational 

factors which may be barriers or facilitators to obtaining services. Thus, many factors 

can be barriers impacting access to health care and recovery from injury.  

 

Methods 

A scoping review of peer-reviewed literature was undertaken to investigate the 

relationship between geographic location and outcomes following injury. A qualitative 

study was undertaken, exploring the perspectives of allied health professionals (AHPs) 

involved in the care of people with serious injury post-hospital discharge in rural and 

urban areas of Victoria, Australia. Twenty-five semi-structured interviews were 

completed with AHPs and analysed using thematic analysis underpinned by 

interpretive phenomenology.  

Two quantitative studies were completed using linked data from the Victorian State 

Trauma Registry (VSTR) and the Transport Accident Commission (TAC) for people 
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injured between 2006 and 2016. These were population-based, registry cohort studies 

using geospatial analyses at a Local Government Area (LGA) level to explore the 

distances travelled to post-discharge health services and their relationship with service 

use for people with orthopaedic, brain and spinal cord injuries across metropolitan and 

regional Victoria in the first three years following hospital discharge. Each participant's 

residential address was classified as metropolitan or regional based on the 2016 

Accessibility/Remoteness Index of Australia (ARIA+) scale. 

 

Results 

The scoping review identified that mortality outcomes were worse for people in 

regional areas following injury. However, there was no consistency in the differences in 

functional health outcomes between metropolitan and rural groups. Qualitative 

research identified that allied health professionals in metropolitan and regional 

settings faced a number of barriers to post- discharge service delivery for people with 

serious injuries. Limited availability of necessary health professionals was consistently 

reported, particularly access to psychological services. Access to health care was also 

felt to be limited by: a) a reliance on others for transportation; b) emotional stress of 

travel; c) the exacerbation of symptoms such as pain and fatigue with travel; and d) 

greater travel time. 

Results of the quantitative studies supported the qualitative findings, showing that 

people in regional LGAs travelled further to access health services following serious 

injury. The number of people using services declined with each subsequent year 

beyond hospital discharge. When explored by type of injury, the adjusted odds of 
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General Practitioner (GP) service use for regional participants was 76% higher than for 

metropolitan participants in the orthopaedic and brain injury groups. People with 

spinal cord injury living in regional areas had 72% lower adjusted odds of accessing 

mental health, 82% lower adjusted odds of accessing physical therapies and 76% lower 

adjusted odds of accessing OT services compared to people living in major cities. For all 

injuries and service types, people in regional areas used fewer services than people 

residing in major cities after adjusting for covariates. 

 

Conclusion 

The research presented in this thesis examined access to post-discharge health 

services and health service utilisation for people with serious injuries in metropolitan 

and regional Victoria. People in regional areas travelled further to access services and 

used services in lower frequency relative to their metro counterparts, with the 

exception of GP services. Qualitative research suggested that the limited availability of 

services and health professionals in regional areas, combined with challenges of 

travelling to services, contributed to the lower service utilisation. Alternate service 

delivery methods, including the use of technology and telehealth, may reduce the 

associated burden of travel for those in regional areas and improve equitable access to 

post-discharge health care.
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Chapter One: Introduction 

1.1 Background 

1.1.1  The Burden of Serious Injury 

Serious injuries are a global public health problem. Serious injury includes spinal cord 

injury (SCI), traumatic brain injury (TBI) or other orthopaedic injuries that require an 

emergency hospital admission.1 In Australia, injury accounts for approximately 9% of 

the burden of disease 2 and has the fourth highest costs of $10.25 million per year.3 

Injury remains the leading cause of death and disability in Australians up to 45 years of 

age and results in almost half a million hospitalisations annually.4 Australia-wide, more 

than 8000 people with serious injuries are admitted to major trauma hospitals each 

year.5 Reducing the injury burden from serious injury is a priority area for trauma 

system design and health research.5 

 

1.1.2  Trauma Systems 

1.1.2.1 Acute Trauma Care 

Globally, ‘regionalised’ trauma systems are widely recognised as best-practice in 

trauma care with the establishment of these systems clearly shown to improve survival 

rates1, 6-9 and functional outcomes following serious injury.10, 11 These systems involve 

processes to ensure timely transport of seriously injured patients to a small number of 

specialised trauma centres with appropriately trained staff and expertise to manage 

these complex patients.1, 12 Coordinating pre-hospital care, retrieval services and acute 

care ensures the best chance of survival for people who are seriously injured. The 

acute management, however, is only one phase of the journey for an injured 
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individual. The World Health Organization (WHO) and the American College of 

Surgeons-Committee on Trauma suggest that best-practice care of a person with 

serious injuries in a regionalised trauma system requires coordinated efforts along the 

entire patient pathway from pre-hospital and acute care, through to rehabilitation, and 

community re-integration to optimise outcomes.13, 14 However, the extent to which 

this is occurs is unclear and requires further investigation. 

 

1.1.2.2 Trauma Care Beyond Hospital Discharge 

For survivors of serious injury, the path to recovery often involves long-lasting, 

complex and expensive health care needs.11, 15, 16 Despite most patients requiring an 

extended period of rehabilitation and post-discharge involvement with numerous 

medical and allied health services, guidance around the best models of rehabilitation 

and service delivery are notably absent.13, 14 One of the inherent challenges for 

regionalised trauma systems is that post- discharge health care is multi-faceted and 

coordinating the range of health services involved in a patient’s recovery can be 

difficult.12 Rehabilitation following traumatic injury is critical to maximise the quality of 

survival and reduce the burden of serious injury.17 In Australia, there are only clear 

rehabilitation pathways for people with severe brain or spinal cord injuries, despite 

59% of people sustaining injuries without neurotrauma.18 

In the UK, trauma systems are addressing the issue of care continuity by integrating 

rehabilitation and other outpatient services into the definitive care hospital.9 

Australian research has also suggested that providing ‘in-house’ trauma services at 
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designated trauma centres may be more efficient and cost-effective than transferring 

patients to external rehabilitation providers.19 However, implementation of this 

strategy is less feasible in Australia, due to many people residing far from metropolitan 

trauma centres and a preference for their care to be provided in their local 

communities. Therefore, the capacity for major trauma centres to effectively manage 

the broad range of needs for seriously injured patients may not be realistic and there is 

a need to develop post-discharge procedures and resources suitable for the Australian 

setting. 

At present, limited research exists to inform post-discharge service delivery models. 

Improving our understanding of health care utilisation beyond hospital discharge is 

essential for establishing a pathway to accessing adequately skilled health 

professionals in the community and reducing the burden of injury. 

 

1.1.3  Patient Outcomes following Serious Injury 

With improved survival following serious injury, more people are living in the 

community with injury related disability. Patterns of recovery are prolonged in nature 

with 80% of survivors experiencing functional limitations at one-year post injury.11 

Many continue to report ongoing problems with mobility, interference from pain and 

psychological dysfunction at three years post injury.15 

Previous qualitative research with Victorian trauma patients suggested they were 

dissatisfied with post-discharge care. Specific concerns included poor coordination of 

care following discharge from hospital, a lack of access to appropriate carers and 
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deficiencies in the expertise amongst clinicians involved in post-discharge care.20-22 

Furthermore, anxiety about the future continued to persist at three years following 

injury.20  

 

1.1.4  Access to Health care 

Globally, access to health care is central to delivering effective health systems. Access 

to health care is not an easily defined concept. Kahn and Bhardwaj described access or 

accessibility as the ability of a population or a segment of the population to reach and 

use available health services. This ability is determined by economic, temporal, 

geographical, architectural, organisational, and informational factors which may be 

barriers or facilitators to obtaining services.23  

Accessibility as a concept has been described in a number of different ways. 

Donabedian defined accessibility to consist of two key concepts: socio-organisational 

access, referring to whether an organisations health care structure is sufficient to meet 

the needs of society as a whole; and geographic access, involving the physical and 

temporal distances of health care users to necessary services.24 Other researchers have 

placed more emphasis on the actual utilisation of services, wait times to receive care 

and individual satisfaction with health care as measures of accessibility.25-27 More 

recently, a complex framework of an individual’s ability to access health care that 

considered the interactions of factors pertaining to both the accessibility of a health 

service, as well as the experiences and context of the health care-seeker was 

developed by Levesque and colleagues (Figure 1).28  
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This framework (Figure 1) reflects an integration of both the supply and demand 

factors that determine an individual’s ability to use a health service. A number of these 

constructs are also interrelated, particularly in relation to geographical access. For 

example, the geographic location of a service can also impact the affordability due to 

the associated transportation costs, and the service may be more challenging to reach 

for someone with mobility issues or if cultural and social norms place less importance 

on health care.  

 

 

In Australia, where you live not only has an impact on your risk of serious injury, but 

also your recovery and ability to receive necessary health care.22, 29, 30 Geographic 

Figure 1. Conceptual framework of access to health care, adapted from 
Levesque et al, 2013 
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location shapes health experiences and opportunity to access health care through 

socioeconomic status, health literacy and education, availability of and distance to 

health services, physical conditions and  psychological exposures.31 In regionalised 

trauma systems, it is unclear whether the centralisation of trauma services in inner 

metropolitan facilities may result in a disparity of access to necessary care following 

discharge, particularly for people living in outer metropolitan and regional areas. 

Known factors impacting access to care following serious injury include, but are not 

limited to, the geographic location of services, difficulties with transportation, distance 

to travel and coordination of care from acute to post-discharge health care.21, 22, 29, 31-33 

The disparity in access and availability to necessary health care following injury often 

disproportionately affects people in regional areas.34-41 Whilst some research has 

suggested that people in regional areas accept increased travel as a routine part of 

their lifestyle choice,42, 43 the distance required to travel for health services can 

exacerbate persistent symptoms such as pain, anxiety, dizziness and fatigue.29 

Furthermore, across a broad range of health contexts, a recent systematic review 

found that people required to travel a greater distance to health services had poorer 

health outcomes.44  

 

1.1.5  Geospatial Analysis in Health Research 

Using spatial methods in health research can be beneficial to investigate individual and 

area-level physical environmental, socio-economic and cultural factors that can 

influence health across different spatial levels, e.g. individual, neighbourhood, local 

council.44 Spatial accessibility provides a summary measure of two components of 
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access, the volume of services provided relative to size of the population and the 

proximity of services provided relative to the location of the population.45  

Measuring spatial accessibility can involve quantifying the potential to reach health 

services, using travel distances and/or availability; and measuring realised health care 

utilisation with consideration of spatial factors.46 Whilst a number of studies have used 

geospatial methods when studying accessibility, a variety of approaches have been 

used.46-48 Guagliargo, 200446, suggested that measures of spatial accessibility can be 

classified into four groups: 

1. Provider to population ratio 

Computed within bordered areas, they use population data that is readily available for 

areas such as states, health service regions or postcodes and incorporate a numerator 

that provides an indication of health service capacity, e.g. number of clinics, General 

Practitioners or hospital beds.46 These ratios enable gross comparisons of services 

between large spatial or service areas, however do not include any measure of 

distance or account for people moving in and out of the spatial area.  

2. Distance to nearest provider  

This is a commonly used measure of spatial accessibility, typically involving the 

distance measured from a patient’s residence or population centre, such as the 

geometric centroid of a postcode, depending on available data.46 Distances can be 

measured in Euclidean format, i.e. a straight line, distance along a road or rail system 

or distance via a public transportation network. This measure is limited by the fact that 

it doesn’t take into consideration traffic congestion in metropolitan areas and the fact 

that there may be a number of providers available at similar distances. Thus, distance 
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to the nearest provider is not the most ideal model of spatial accessibility, unless 

considered in combination with service availability  

3. Average distance to a set of providers 

This method was developed to provide a combined measure of accessibility, i.e. 

distance, and availability. It also uses the distance from a patient’s residence or 

population centroid and the travel distance to all providers within a defined 

geographic area is summed and average.46 This measure also does not account for 

people moving across geographical boundaries to seek health care. 

4. Gravity models of provider influence 

These models combine accessibility and availability, with examination of movements 

between two sites, e.g. a patient’s residential location and a health service. Gravity 

model equations are based on Newton’s Law of Gravitation.49 In the simplest form, 

gravity models take into account the decreasing likelihood of accessing a service with 

increasing distance from the service location.46, 47  

Another model, the two-step floating catchment area (2SFCA) method, developed by 

Luo and Wang48, expands on the gravity model assessing the availability of a service as 

a ratio of service providers to their surrounding population, within a certain amount of 

travel time from the provider, and subsequently summing the ratios around each 

residential location, thus considering both supply and demand.  

In other health conditions, spatial accessibility measures have been used in health 

research to explore the spatial distribution of populations of interest, to develop 

health promotion initiatives and identify areas of limited access to health care 45, 50, 51. 

Spatial methods are important to enable research to account for the associations 



9  

between social and environmental factors relative to geographic distribution. With 

advances in technology and software, computing complex spatial methodology is now 

more user-friendly for researchers, making these methods more accessible and 

measurements more precise.50 

Despite the potential benefits of geospatial analysis to address public health issues, the 

use of spatial methodology in injury research has been limited.51 In injury research, 

spatial accessibility has primarily been explored via distance to nearest provider 

models and mapping of data to visualise health service locations spatially.47-49 Only one 

study has employed the 2SFCA model to explore spatial accessibility and 

socioeconomic characteristics associated with injury.52 

A paucity of research exists applying methods of geospatial analysis to understand 

accessibility to post-discharge health services following injury. Given the 

overrepresentation of rural patients that are seriously injured in Australia, it is critical 

to understand whether variation exists in health service utilisation due to geographic 

region of residence and the factors that impact accessibility of health care for patients 

following injury. 

 

1.1.6  Qualitative Research Methods in Health Research 

Qualitative research aims to help us understand social phenomena in natural 

environments, to reveal the experiences and perspectives of participants, such as 

patient and professional health beliefs and service-user experiences.53 Qualitative 

research methods enable research to understand the ‘how’ and ‘why’ of a research 
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question that is not possible to uncover with quantitative research alone. Exploring the 

lived experiences of participants can also provide rationale for quantitative research or 

inform areas with limited previous investigation.53  

There are a range of qualitative methods than can be used to provide an 

understanding of a research context, such as observation, surveys, in-depth interviews 

and focus groups.53 Qualitative methods can also be used as a validation tool for 

quantitative studies as part of the triangulation process, comparing different research 

methods for convergence 54 

In injury research, there has been wide uptake of qualitative methods to explore 

perspectives of different patient groups and caregivers.55-57 Specifically, qualitative 

studies have improved our understanding of barriers to post-discharge health care for 

people with serious injury that exist from the perspectives of patients or their carers.20-

22, 34, 37, 40, 58, 59. Two studies from the United Kingdom have also explored the 

perspectives of healthcare providers, with these research findings used to offer 

recommendations on the post-discharge care of people with serious injury.60, 61. In 

Australia, no research exists exploring the experiences and perspectives of health care 

providers, nor has there been research focused on how the experiences of health care 

providers and patients with serious injury differs for people in different geographical 

regions.  
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1.2 Research context 

Victoria is the second-most populous state of Australia with a population of 6.46 

million people. 62Of this population, 76% reside in metropolitan areas, 23% in regional 

towns and <1% in areas considered to be ‘Remote’ or ‘Very Remote’ (Figure 2).62 

Figure 2. Population density map of Victoria, Australia 

 

1.2.1  The Victorian State Trauma System 

Victoria has an inclusive trauma system which directs injured people to the most 

appropriate facility according to pre-hospital and inter-hospital transport guidelines. 

Victoria has three designated major trauma services (MTS); two adult (The Royal 

Melbourne Hospital and The Alfred), and one paediatric (The Royal Children’s 

Hospital), which are all located in inner metropolitan Melbourne. These centres 

provide definitive care for 77% of major trauma cases in Victoria.18 The Victorian State 
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Trauma System (VSTS) is widely considered the gold standard for design of trauma 

systems with many interstate and international trauma systems based on this model of 

care.18 A key factor contributing to the success of the VSTS is the ability to monitor and 

analyse trauma care and outcomes due to the high-quality data provided through the 

Victorian State Trauma Registry (VSTR). 

Whilst clear guidelines and numerous resources exist for the acute management of 

trauma patients within the VSTS, there is no direction on how care should be 

coordinated beyond hospital discharge. Further attention has recently shifted to 

explore facilities providing inpatient rehabilitation care to people following traumatic 

injury. People with serious neurotrauma, that is, traumatic brain injury (TBI) and spinal 

cord injury (SCI), are more likely to receive rehabilitation at state-based specialised 

centres.18 For people without serious neurotrauma, the number of people being 

discharged to inpatient rehabilitation facilities has declined, and over one hundred 

different providers manage these complex patients. Given the high prevalence of 

disability amongst trauma survivors, both with and without serious neurotrauma, it is 

pertinent to consider the whole pathway of trauma care from acute management, to 

specialised rehabilitation and community care.18 

 

1.2.2 Victorian State Trauma Registry (VSTR) 

The VSTR is a population-based registry that collects data about all people who 

experience major trauma and are managed in Victoria.63 The registry includes data 

about prehospital care, pre-existing health conditions, injury characteristics and 

complications, and discharge information. A case is included in the registry if any of the 
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following criteria are satisfied: (1) death due to injury; (2) an Injury Severity Score (ISS) 

>12, based on the Abbreviated Injury Scale (AIS) 2005 version, 2008  update; (3) 

admission to an intensive care unit > 24 hours; (4) or an injury requiring urgent 

surgery.1 Whilst patients do have the opportunity to opt-off the registry, less than 0.5%  

of cases choose to be removed.1  

The registry collects the Transport Accident Commission (TAC) claim number for 

relevant cases. The VSTR receives quarterly data from participating health services 

which identifies TAC patients based on their claim number or transport-related injury 

codes. Data linkage between the VSTR and the TAC occurs yearly and involves claim 

numbers and other identifiers to ensure that any missing or incorrect claim numbers or 

patient details are updated. A number of stages are involved in the standardised 

linkage process to ensure secure data transfer and complete capture of eligible TAC 

patients by the VSTR, without patient-level data being provided to the TAC. The 

registry aims to enable research  that can inform policy and practice to reduce 

preventable deaths and disability from major trauma.18 

 

1.2.3  Funding for Traumatic Injury 

Funding for injury care in Australia varies depending on state-based legislation. In 

Victoria there are two main injury insurance schemes. Both are no-fault third-party 

insurers, with one primarily covering transport-related injury, the TAC, and the other, 

WorkSafe covering workplace injury. These injury insurance schemes provide 

compensation for medical expenses, rehabilitation and support services, as well as 

financial assistance. For people not compensated by these schemes, care is funded by 
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Medicare, Australia’s publicly funded universal health care system for all citizens and 

permanent residents, and/or private health insurance. In 2016, the National Disability 

Insurance Scheme (NDIS) was introduced at a federal level to provide individualised 

support for Australians under the age of 65 years, living with permanent and significant 

disability.64 

 

1.2.3.1 Transport Accident Commission 

The TAC is the Victoria’s no-fault third-party injury insurance scheme that provides 

compensation for medical expenses, rehabilitation, support services and financial 

assistance for people who have sustained transport-related injury. People are covered 

by the TAC if their injuries were sustained as a result of driving a car, motorcycle, bus, 

train or tram. Cyclists injured by a collision with a moving or stationary motor vehicle 

(after 9 July 2014) are also covered by the TAC. Pedestrians are covered by the TAC 

when their injuries arose as a direct result of impact with a motor vehicle, motorcycle, 

train or tram. Full details of eligible claimants and expenses covered by the TAC are 

outlined in the Transport Accident Act 1986.65  In 2019-20, 26% of Victorians with 

major trauma were identified as TAC compensable.18 

The TAC is a claims-based system and routinely collects data on all payments made 

relating to an individual claim, including medical and rehabilitation expenses. Injured 

individuals consent to the TAC collecting data relating to their claims and to the data 

being used for research purposes. Additionally, the TAC has close to 100% capture of 

post-discharge health services that they have paid for, including details of service type 
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and service description, service date, service provider number, amount paid as well as 

whether the service was in- or out-of-hospital. Records of service provider numbers, 

discipline and associated provider locations are also held by the TAC. 

 

1.2.3.2 WorkSafe Victoria 

For people injured at work or travelling to or from their workplace, WorkSafe Victoria 

provides injury insurance through the WorkCover scheme. WorkCover is a system of 

statute based, compulsory insurance that provides support and entitlements to 

workers, insuring that employers from the impact of economic and non-economic loss 

as a result of an injured worker. It is compulsory that an employer registers for 

WorkCover insurance if they a) have annual wages greater than, or expected to be 

greater than $7500; or b) employee any trainees or apprentices.  

The WorkCover scheme provides compensation for medical expenses, rehabilitation, 

support services and financial assistance for injured workers. Additionally, WorkCover 

also assists in the provision of suitable employment or modifications for an injured 

work to return to work. Further details on the compensation and supports received 

through the WorkCover scheme are described in the Accident Compensation 

(WorkCover Insurance) Act 199366 and the Workplace Injury Rehabilitation and 

Compensation Act 2013.67 
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1.2.3.3 The National Disability Insurance Scheme 

The National Disability Insurance Scheme (NDIS) was introduced in 2016 as an 

Australia-wide policy reform to provide individualised funding for self-directed 

disability care and support for Australians under the age of 65 years, emphasising 

individual choice and control.64 The aim of this significant reform was to improve 

equity of service delivery, levels of participation and quality of life amongst people 

with disabilities and their families.68 This funding system remains in its infancy with the 

rollout in Victoria occurring between 2016 to 2019. Since its commencement however, 

clinicians and people with disabilities have reported difficulty accessing and 

negotiating the NDIS systems.64, 69, 70 Some NDIS users have reported that the 

administrative burden of using the NDIS system outweighs the benefits of the scheme 

due to the need to synthesize complex information to receive funding and care 71. The 

NDIS model has great potential to assist people living with injury-related disability. 

However, a number of challenges with implementation must be addressed through 

continuous improvement of the scheme to optimise the functionality of this reform for 

participants. 71 

 

1.2.2 Serious Injury in Victoria, Australia 

Data from the VSTR provides an overview of people with serious injuries in Victoria that 

meet the VSTR ‘major trauma’ inclusion criteria. Transport-related injuries and falls 

made up 82% of the 3,613 major trauma events in Victoria for 2019-20.18 People with 

major trauma were predominantly male (70%) and had a median acute hospital length 

of stay (LOS) of 6.6 days. In recent years, a higher percentage of people with major 
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trauma have been discharged directly home, rather than to an inpatient rehabilitation 

facility. The percentage of people with major trauma discharged to an inpatient 

rehabilitation facility declined from 41% in 2015-16 to 30% in 2019-20.18 

Over the last five years there has been a consistently greater incidence of hospitalised 

major trauma patients residing in regional Victoria compared to metropolitan 

Melbourne (71.3 vs 42.7 per 100,000 population).18 With a greater proportion of 

people with serious injuries being discharged directly home from hospital, and one-

third of major trauma patients living outside of metropolitan Melbourne, improved 

understanding of access to health care post-discharge is critical to optimising service 

delivery and health outcomes. Additionally, since the pandemic, due to people 

relocating from metropolitan to regional areas, regional populations are increasing in 

size.72  

 

1.3 Summary and Rationale 

Due to the advances in trauma care and the reduced risk of dying from injury, 

understanding patterns of recovery following serious injury, and decreasing the injury 

burden from non-fatal outcomes have become key areas for research and health policy 

development.8, 10  People with major trauma in regional areas may have greater 

difficulties accessing necessary care as a result of resources and expertise being 

primarily located in metropolitan areas.34-41 As approximately one third of major 

trauma patients live in regional areas, there is an even greater need to ensure that 

there are adequate community-based services available for trauma patients in outer 

urban and regional areas. 4 
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There is a need to improve our understanding of the impact of regionalised trauma 

care and service access on long-term outcomes for people with serious injuries. 

Augmenting our understanding of these issues is key to developing policies, enhancing 

methods for delivering trauma care and improving interactions between trauma 

survivors, funding bodies and health care providers. This research will contribute to 

our understanding of how the regionalised model of trauma care functions beyond 

hospital discharge and with the aim of minimising the risk of disparity in access to 

services for those outside of metropolitan centres. 

 

1.4 Research Aims & Objectives 

This research explored health care service utilisation across different geographic 

regions for people with serious injury. This research also aimed to understand the 

perspectives of community-based health care providers involved in the care of 

seriously injured patients and whether geographic location adds additional challenges 

to meeting patients’ needs. 

Research objectives: 

1. Review the available literature to explore the association between geographic 

location and outcomes following injury;  

2. Describe the factors perceived by AHPs to influence the care of people with serious 

injury beyond hospital discharge across regional and urban Victoria; 

3. Explore factors perceived by AHPs to affect access to post-discharge health care for 

people with serious injuries in urban and regional areas of Victoria; 
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4. Explore geographic variation in health service use and distances travelled to health 

services in the first three years post hospital discharge for people with transport-

related serious injury; and 

5. Describe geographic variation in patterns of health service use in the first three 

years post hospital discharge for different injury groups. 

 

1.5 Thesis overview 

This PhD thesis includes one submitted and four published manuscripts across five 

chapters (Table 1). Chapter One provided an overview of the background and rationale 

for this research as well as describing the Victorian context in which this research was 

conducted. Chapter Two includes a published scoping review of the literature 

examining the relationship between rural and urban areas and different types of 

health outcomes. Outcomes examined included mortality outcomes, in-hospital 

outcomes and recovery outcomes. 

In Chapters Three and Four, the results of four studies are presented. These chapters 

also include a background of the research and present expanded descriptions of the 

methodology discussed in the accompanying papers. Chapter Three details the 

qualitative research undertaken exploring the barriers and facilitators perceived by 

AHPs in caring for people following serious injury across different geographic regions 

of Victoria. The first paper of Chapter Three discusses caring for people with serious 

injury in diverse geographic areas, and the second explains factors perceived to 

influence access to post-discharge health care following serious injury. 
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Chapter Four includes two quantitative studies using geospatial analysis to understand 

distances travelled to health services by people with transport-related major trauma. 

The first paper of Chapter Four focuses on the regional variation in distance travelled 

to health services for all major trauma patients by Local Government Area. The second 

paper examines the differences in service use and distance travelled to health services 

by geographic location between three key injury groups, orthopaedic injury, traumatic 

brain injury (TBI), and spinal cord injury (SCI). 

The final chapter, Chapter Five, provides a critical overview of the research program of 

the thesis. This includes examining the strengths and limitations of the research, 

highlighting the key findings and carefully considering the implications of this research 

on policy and practice for the provision of health care beyond hospital discharge 

following serious injury. Lastly, Chapter Five presents a series of recommendations for 

future research to better understand how geography impacts health care utilisation 

and outcomes following serious injury. 
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Table 1. Thesis Overview 

  

Chapter Contents Research objectives 
Chapter One Introduction Describe the background and 

context of the thesis topic. 
 
Describe the rationale, aims 
and objectives of the thesis. 
 
Provide an overview of the 
thesis structure. 
 

Chapter Two Manuscript: The relationship 
between geographic location 
and outcomes following 
injury: A scoping review 

 

Review literature on the 
geographic variation in 
outcomes following injury 

Chapter Three Manuscript: Caring for people 
with serious injuries in urban 
and regional communities: a 
qualitative investigation of 
health care providers’ 
perceptions 
 
 
Manuscript: Access to Health 
care Following Serious Injury: 
Perspectives of Allied Health 
Professionals in Urban and 
Regional Settings 

Describe the factors 
perceived by AHPs to 
influence care of people 
following serious injury 
beyond hospital discharge 
across regional and urban 
Victoria. 
 
 
Explore factors perceived by 
allied health professionals to 
affect access to post-
discharge health care for 
people with serious injuries in 
urban and regional areas of 
Victoria. 
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Chapter Four Manuscript: Spatial variation 
in travel to health services 
following transport-related 
major trauma 
 
 
 
 
 
 
 
 
Manuscript: Travelling for 
treatment: Association 
between injury type and 
services use in metropolitan 
and regional Victoria, Australia 
 

Explore geographic variation 
in health service use and 
distances travelled to health 
services in the first three 
years post hospital 
discharge for people with 
transport-related serious 
injury; and 
 
 
 
 
Describe geographic 
variation in patterns of 
health service use in the 
first three years post 
hospital discharge for 
different injury groups. 
 

Chapter Five Discussion and conclusions Discuss the strengths 
and limitations of the thesis. 
 
Summarise the key findings of 
this work. 
 
Provide recommendations for 
practice, policy and future 
research. 
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Chapter Two: Literature review 

2.1 Introduction 

With improved trauma care and survival following injury, research over the last decade 

has shifted focus from injury mortality and optimal acute care to understanding the 

recovery of people living with serious injury. Chapter One outlined the burden that 

traumatic injury poses to our society, and the potential for regionalised trauma 

systems to create disparity in access to post-discharge health care for people living in 

rural areas. Chapter One also highlighted that, following serious injury, people often 

experience poor mental and physical recovery, but demonstrated that the effect of 

geography on health outcomes following injury is not well understood. 

The aim of this paper was to address the evidence gap in our understanding of 

geographic variation in outcomes following injury. This scoping review examined 

mortality outcomes, in- hospital outcomes and recovery outcomes by geographic 

location in injured populations. This study addressed the first research objective for 

this thesis. 

 

2.2 Paper One 

2.1.1 Manuscript 

Keeves J, Ekegren CL, Beck B, Gabbe BJ. (2019). The relationship between geographic 

location and outcomes following injury: A scoping review. Injury. 50(11):1826-1838. 

Details of the review search strategy are provided in Appendix 1. An expanded table of 

results for included studies is included in Appendix 2. 
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2.3 Updated Literature Review 

As the literature search for this scoping review was conducted in October 2018, the 

initial search strategy was re-run on 8th March 2022 to capture any new literature 

published between 25th October 2018 and 8th March 2022. The databases Ovid 

Medline, Embase, Scopus, Web of Science and CINAHL were searched using the initial 

search strategy. There were 335 new publications identified for screening, with 17 

publications identified as meeting the inclusion and exclusion criteria (Table 2). One of 

these publications was the scoping review published as part of this thesis in 201973 so 

the results from that paper were not included in the table below. 

 

Table 2. Summary of study characteristics identified in the updated literature review 

MORTALITY OUTCOMES, Rural Vs Urban 

Country Author(s) Measures reported Population Studied Age 
(years) n 

Rurality 
Classified 

By 

USA 

Brown et 
al. 201974 

Overall mortality: 
Age-adjusted TBI 
SMR (per 100,000 

persons)  

CDC data used to 
identify TBI patients 

between 2008-14 

All 
ages 

Not 
stated 

Residen
ce 

Butts et 
al. 201975 

In-hospital 
mortality: % in-
hospital deaths 

All patients hospitalised 
as a result of an off-road 
vehicle injury at Cooper 
University Hospital, New 
Jersey, between 2005-16 

All 
ages 528 Injury 

Curtin et 
al. 202076 

Overall mortality: 
Gender-SMR 

All deaths from motor 
vehicle injuries in the 

USA between 2000-2018 
15-24 Not 

stated 
Residen

ce 

Daughert
y et al. 
202277 

Overall mortality: 
SMR (per 100,000 

persons) 

CDC data for all TBI 
related deaths in 2017 

All 
ages 61,134 Residen

ce 

Jarman 
et al. 

201978 

Overall mortality: 
Mortality rate 
(per 100,000 

person-years), IRR 

CDC data for all pre-
hospital injury deaths 

from 1999-2016 

All 
ages 

1,108,2
11 

Residen
ce 

Olaisen 
et al. 

201979 

Overall mortality: 
Age-SMR (per 

100,000 persons) 

Unintentional injury 
deaths from motor 

vehicle traffic injuries 
between 2014-17 

All 
ages 

Not 
stated 

Residen
ce 
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Overall mortality: 
Age-SMR (per 

100,000 persons) 

Unintentional injury 
deaths from falls 
between 2014-17 

CHINA 

Li et al. 
202180 

Overall mortality: 
Age-adjusted 

SMR in tSCI (per 
100,000 persons) 

All tSCI-related deaths 
identified from the 

China Disease 
Surveillance Points 

between 2006-2016 

All 
ages 2,368 Residen

ce 

Li et al. 
202081 

Overall mortality: 
Age-SMR (per 

100,000 person-
years)  

All injury-related deaths 
identified from the 

China Disease 
Surveillance Points 

between 2010-2016 

All 
ages 

615, 
498 

Residen
ce 

Wang et 
al. 201982 

Overall mortality: 
Crude and age-

adjusted 
mortality rate 
(per 100,000) 

All deaths from motor 
vehicle crashes in China 

between 2006-2016 

All 
ages 

Not 
stated 

Residen
ce 

CANADA 
Altoijry 

et al. 
202183 

In-hospital 
mortality: 

Adjusted OR 

All hospital admissions 
with traumatic vascular-

injury between 1991-
2009 

All 
ages 8,252 Residen

ce 

REPUBLIC 
OF 

GEORGIA 

Lomia et 
al. 202084 

Overall mortality: 
% deaths 

Women identified by 
national reproductive 
age mortality surveys 

who died as a result of 
road traffic injuries 

between March-
December 2014 

15-49 78 Residen
ce 

QATAR  
Al-Thani 

et al. 
202185 

In-hospital 
mortality: % in-
hospital deaths 

All trauma patients in 
Qatar transported by 

EMS to the level 1 
trauma centre who 

required hospitalisation 
in 2017-18 

All 
ages 1,761 Injury 

UGANDA 
Temizel 

et al. 
202186 

In-hospital 
mortality: % in-
hospital deaths 

All patients admitted 
with road traffic injuries 

to an urban and rural 
hospital in Uganda 

between 1 January and 
31 December 2016 

All 
ages 951  Injury 

NORWAY 
Andersen 

et al. 
202187 

Overall mortality: 
SMR (per 
100,000)  

All traumatic injuries and 
deaths of people 

residing in Norway 
between 2002-2016 

≥ 16 3,766,4
22 

Residen
ce 

OTHER IN-HOSPITAL OUTCOMES, Rural Vs Urban 

QATAR 
Al-Thani 

et al. 
202185 

Hospital LOS, ICU 
LOS 

All trauma patients in 
Qatar transported by 

EMS to the level 1 
trauma centre who 

required hospitalisation 
in 2017-18 

All 
ages  1,761 Injury 
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RECOVERY OUTCOMES, Urban Vs Rural 
 
 
AUSTRALIA 

 
Henn
essy 
and 

Sulliv
an 

2022
88 

Symptoms 
(TIRR), 

Quality of life 
(QOLIBRI), 

mental health 
(MHI), 

obstacles to 
service (SOS) 

and 
community 
integration 

(CIQ) 

People admitted to 
Townsville Health 
Service with a TBI 
between October 

2011-May 
2012.Time since 

injury between  6-18 
months. 

 
 

≥ 
18 

9
1 

 
 
Residen
ce 

CANADA  
Macpher
son et al. 
2020 89 

Paid disability 
days in first 12 
months post 

injury 

All nonfatal, work-
related injuries and 

musculoskeletal 
disorders from 6 

Canadian provincial 
workers’ compensation 

boards between 2011-15  

15-80 736,10
6  

Residen
ce 

SMR = Standardised Mortality Rate; MVC = Motor Vehicle Crash; OR = Odds ratio; EMS = Emergency 
Medical Services; TSCI = traumatic spinal cord injury; TBI = traumatic brain injury; CDC = Centre for 
Disease Control; USA = United States of America; TIRR = The Institute of Rehabilitation Research 
symptom checklist; MHI = mental health inventory; QOLIBRI = quality of life after brain injury; SOS= 
Service obstacle scales; CIQ = community integration questionnaire  
 

Better outcomes for rural patients 
No difference 
Worse outcomes for rural patients 
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The high number of additional articles published since the original review was 

conducted highlights the growing emphasis on geography in injury-related research. 

Consistent with findings from the original scoping review, most available literature 

focused on the pre-hospital phase and injury-related mortality. These additional 16 

studies complement the overall findings of the review, with no notable variation in the 

findings identified. Further research targeting functional and recovery focused 

outcomes will assist to improve our understanding of long- term trauma care, a key 

part of the trauma care pathway. 

 

2.4 Summary of Chapter Two 

The findings of this literature review highlight that a) most research has been 

conducted in the pre-hospital and acute phases of injury management, and b) 

mortality outcomes have been more commonly researched than in-hospital and 

recovery outcomes following injury. From this review, we found that people in rural 

areas had higher overall and pre-hospital mortality following injury. However, once 

admitted to hospital, there was no significant difference in mortality. In the small 

number of studies identified that reported other in-hospital and recovery outcomes, 

no consistent trends were identified in the difference between urban and regional 

groups. 

This literature review also established that there were inconsistencies in how 

regionality was measured and classified in research, within individual countries and 

internationally, highlighting the need for a consistent classification system. Given the 
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paucity of data on the impact of geography on non-mortality outcomes, there is a clear 

need to develop a larger evidence base on regional variation in recovery following 

injury to inform the optimisation of post-discharge care services. Studies primarily 

exploring explanatory factors such as seatbelt, blood alcohol levels or gender as the 

exposure of interest with mortality as the primary outcome were excluded from this 

review. Given these studies are likely to have included geography as a covariate, it is 

important to acknowledge that there may be additional studies that can inform our 

understanding of geography on outcomes following injury.  

 The growth of this larger evidence base would be assisted by the creation and use of 

standardised reporting metrics and classification across research fields and across 

countries, for example, a consistent definition of a regional or rural area. The gaps in 

the literature regarding the impact of geography on recovery outcomes following 

injury were considered in the development of the program of research carried out in 

this thesis. 
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Chapter Three: The perspectives of allied health professionals 

involved in   the care of people following serious injury in Victoria 

3.1 Introduction 

In Chapter Two, the findings of the literature review suggested that geography can 

impact outcomes following injury. Additionally, as presented in Chapter One, people 

with serious injuries often experience poor long-term health outcomes.34-41 Allied 

health professionals play a key role in the care and recovery of people with serious 

injury.90 To further understand how geography impacts people accessing care and 

health services beyond hospital discharge, an aim of this thesis was to understand the 

perspectives and experiences of AHPs caring for people with serious injury in urban 

and regional areas. 

Previous research exploring the perspectives of injured people has reported the 

following barriers to recovery: poor coordination of care 21, 40, 58, 59, 91, limited mental 

health supports for patients and family caregivers 34, 37, 39, 59, 92 and a lack of access to 

appropriate paid attendant carers.22, 41, 93 

The perspectives of health care providers have been used to inform improvements to 

service models and pathways in the United Kingdom.60 However, to our knowledge 

there has been no research to date that explored the factors that AHPs perceive to 

impact care following serious injury beyond hospital discharge. 

The aims of the qualitative studies presented in this chapter were to: 

1) Describe the factors perceived by AHPs to influence the care of people 
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following serious injury beyond hospital discharge across regional and urban 

Victoria; and 

2) Explore factors perceived by AHPs to affect access to post-discharge health care 

for people with serious injuries in urban and regional areas of Victoria. 

These studies address the second research objective for this thesis, to ‘explore the 

barriers and enablers experienced by health care providers caring for people with 

serious injury across different geographical regions.  

 

3.2 Ethics statement 

Ethics approval for the two studies within this chapter was obtained from the Monash 

University Human Research Ethics (Study ID: 12705, 22/02/2019). The study 

advertisement used for recruitment and participant information sheet are provided in 

Appendix 3. 

 

3.3 Critical reflexivity 

3.3.1 Before the study 

My experience as a physiotherapist working with trauma patients developed my 

interest in this subject and motivated me to undertake this project. I felt that clinicians 

could provide valuable insights into service delivery issues and processes that 

sometimes can go unseen by patients. Whilst I have worked in trauma rehabilitation for 

the last ten years, I was conscious of the fact that my experience was only one 

perspective and limited to a single, metropolitan centre. I wanted to gain further 

understanding of the perspectives of other allied health clinicians working across a 

variety of regions in both public and private rehabilitation settings. 
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3.3.2 During the study 

Throughout this project, critical reflexivity was maintained by keeping a reflexive 

journal and meeting regularly with the research team to discuss the 

methodology and data collected. Following each interview, I would make notes 

about my confidence with the interviewing process and also the responses to my 

questions (Figure 3). I also used my reflexive journal to make comments on themes 

emerging from the interview process. After the first five interviews were 

transcribed, they were discussed in great detail with the senior qualitative author 

(SB). In addition to discussing emerging themes, feedback was also provided on 

interviewing techniques and the interview guide. It was agreed that the quality of 

the data being collected was high and no amendments to the interview guide were 

necessary. 

 

Figure 3. Excerpt from reflexive journal following a participant interview 
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3.4 Paper Two 

3.4.1 Overview 

This paper is the first of two qualitative studies presented in this thesis. Interviews with 

AHPs were undertaken and a thematic analysis completed to reveal detailed insights 

into the provision of care for people with serious injury. The findings described in this 

paper highlight a number of difficulties experienced by AHPs in caring for people with 

serious injury, as well as providing suggestions for the improvement of service delivery 

models to optimise post-discharge health care. 

 

3.4.2 Manuscript 

Keeves, J., Braaf, S. C., Ekegren, C. L., Beck, B., & Gabbe, B. J. (2021). Caring for people 

with serious injuries in urban and regional communities: A qualitative investigation of 

health care providers’ perceptions. Disability and rehabilitation, 43(21), 3052-3060. 

The interview guide used for papers two and three is sited in Appendix 4. 
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3.5 Paper Three 

3.5.1 Overview 

While Paper Two outlined the similarities and differences experienced by AHPs caring 

for people with serious injuries in urban and regional Victoria, the following paper 

provides further insights into the issues perceived by AHPs to impact access to health 

care for people with serious injury in both urban and regional areas. 

 

3.5.2 Manuscript 

Keeves, J., Braaf, S. C., Ekegren, C. L., Beck, B., & J Gabbe, B. (2021). Access to health 

care following serious injury: perspectives of allied health professionals in urban and 

regional settings. International journal of environmental research and public health, 

18(3), 1230. 

The COnsolidated criteria for REporting Qualitative research (COREQ) checklist used for 

this study can be found in Appendix 5. Supplementary supporting quotes are presented 

in Appendix 6. 
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3. 6 Summary of Chapter Three 

The two studies presented in this chapter provide important insights into post- 

discharge care of people following serious injury across urban and regional Victoria 

from the perspectives of health care providers. The results suggest that allied 

health professionals experience a number of challenges in the provision of optimal 

care to people following serious injury with issues affecting people in both urban 

and regional areas. 

The limited availability of necessary health professionals, particularly mental 

health providers was perceived to impact on an individual’s ability to access required 

care and impacted the ability for other AHPs to meet the needs of their patients if 

they were required to provide additional psychological support, often which was 

outside their scope of practice. Additional barriers to accessing health care 

included the reliance on others for transportation and large travel durations to 

reach care. Notably, this work also highlighted the willingness of AHPs to 

implement telehealth services to improve the ability for people to access health 

services and improve communication between health care providers caring for 

people following serious injury. 

This research was conducted prior to the coronavirus (COVID-19) pandemic when 

telehealth services were not routinely offered to patients. With the necessity for 

implementation of telehealth services during COVID-19, great progress has been 

made in telehealth over the last year. This research supports the need for these 

learnings to be sustainable beyond the pandemic to improve access to care and 

reduce the travel burden commonly experienced by people with serious injury. 
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Chapter Four: Quantifying regional variation in access to health 

services and service use following transport-related major trauma 

4.1 Introduction 

Through the studies described in Chapter Three it was evident that AHPs perceived 

many inherent challenges for people with serious injury living in regional areas of 

Victoria receiving equitable post-discharge care. The perspectives of allied health 

professionals in these studies aligned with previous research on post-discharge 

care involving major trauma patients and caregivers.20-22 Particularly, AHPs 

identified the issues of travel distance to health care, transportation difficulties 

and limited availability of adequately trained providers.22, 94 To optimise service 

delivery models beyond hospital discharge, it is necessary to better understand 

whether regional variation exists in distances travelled to health services and 

service utilisation following serious injury. 

In undertaking this investigation health care, we used linked VSTR and TAC data 

with TAC data providing information on treatments received following transport-

related injuries. In 2019-20, 35%   of major trauma resulted from transport-related 

events and 31% of people with major trauma had a TAC claim number,18 

representing approximately 15% of all major trauma patients in Victoria. 

The aims of the studies presented in this chapter were to: 

1. Use geospatial analysis to explore the distances people travelled to access health 

services following major transport-related injury. 
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2. Identify patterns of health service use in the first three years following transport- 

related major trauma. 

3. Describe regional variation in service use and distance travelled to post-discharge 

health services for people with traumatic orthopaedic, brain and spinal cord 

injuries. 

These studies address the third and fourth research objectives for this thesis. 

 

4.2 Ethics statement 

This study was approved by the Monash University HREC (Project ID 18433). The VSTR 

has ethics approval from the Department of Health and Human Services Human 

Research Ethics Committee (HREC) (reference_11/14), Monash University and all 

trauma receiving hospitals in the system. 

 

4.3 Data Preparation 

The following four linked datasets were used in this project: 

1. Victorian State Trauma Registry extract of all major trauma patients injured 

between January 2006 to December 2016 (n=14,511). 

2. TAC services data: all services paid for by the TAC to TAC clients between 

January 2006 and December 2019 (observations=4,666,147). 

3. TAC client data: all client street addresses held by the TAC since the date of 

initial claim, and the date a new residential address was lodged 

(n(records)=22,230). 

4. TAC service provider addresses: full street addresses for all providers 
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servicing TAC clients (n(records)=1,048,576) 

To merge the datasets into a working file for analysis, several preparatory steps 

were required. 

i. Participant selection 

Participants who had a TAC claim, were older than 18 years old and survived to 

three years following hospital discharge were identified from the VSTR data set. 

This dataset was then merged with the TAC client data based on a patient 

identification number. Participants were excluded if their address was listed as a 

Post Office box, was incomplete or unknown or if their residential address was 

outside of Victoria. 

ii. Identification of relevant services 

From the 4,666,088 service records, approximately 1.5 million were removed as 

they related to in-hospital services. The cleaned participant sample was then 

merged into the TAC service data with services not relating to post-discharge care 

removed, e.g. pathology, radiology and hospital fees. The service date and date of 

discharge were both known so it was possible to exclude services received by the 

individual prior to discharge that had not been otherwise coded as ‘in-hospital’. 

From the descriptions of services provided by the TAC it was not clear what items 

were relating to medical or allied health services so it was necessary to closely 

examine each service description and re-classify the service category. Any services 

that were not centre-based (i.e. the client travelled to a provider location) were 

also excluded to ensure travel distances were accurately reported. This meant that 

any home-based or community-based services, including workplace visits, were 
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not included in this study. 

iii. Determine client address at date of service 

If a client had multiple addresses on record, it was necessary to determine the 

client’s address at the time of each service. This was possible as the date an 

individual changed their address was recorded by the TAC in the client address 

data. The dataset of participants’ addresses was merged with the service data and 

a single address for each client was determined for each service record. 

iv. Link service provider addresses data with TAC services data 

The service provider addresses were merged with the TAC services data and client 

address data. Unlike the client addresses, there were multiple addresses 

pertaining to a single provider number and provider due to the fact that they often 

practiced from variety of locations. As the specific location of where the service was 

provided could not be determined, we included all service provider locations and then 

used the closest provider location to an individual’s place of residence. Any incomplete 

service provider locations were entered manually using Google Maps and addresses 

listed as Post Office boxes removed. 

v. Geocoding 

All unique client addresses and service provider addresses were then exported into 

RStudio version 3.5.1, R Core Team, Vienna, Austria (RStudio)95 to ascertain all 

corresponding geographic coordinates, geocodes, for each location using a 

Google Application Programming Interface (API) and the ‘mapsapi’ package. The 

geocodes from a random selection of 100 addresses were then manually cross-

checked for quality using Google Maps, with 98% accuracy. 
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vi. Trip distance calculation 

Once the geocodes were computed for all client and service provider addresses, it 

was possible to commence the geospatial analysis to determine trip distances. 

The travel time and distances were calculated in RStudio95 using the HERE 

Routing API (https://developer.here.com) for each route. 

vii. Sensitivity analysis 

Sensitivity analysis comparing the minimum distance to median distance travelled when 

there were multiple provider addresses suggested that, when aggregated by LGA, there 

was less than 10km difference between the minimum and median values in 99% of 

LGAs (78 of 79). Therefore, we chose to use the minimum (shortest) distance between 

service provider and a client’s residential address under the assumption that people are 

most likely to travel to the nearest provider location for care. 

Figure 4. Absolute difference between minimum and median distance to provider by 
Local Government Area 
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4.4 Spatial unit: Local Government Areas 

For the geospatial element of the project, we chose to use Local Government Areas 

(LGAs) as the spatial unit (Figure 5). Local Government Areas are administrative 

boundaries defining an area that local governments are responsible for managing. As 

geographical areas, LGAs are distinct, with established data profiles and are commonly 

used to support health service planning and policy development. The Australian Bureau 

of Statistics (ABS) provide geographic boundaries for LGAs in each state and territory. 

For this study, a shapefile of Victorian LGA boundaries was downloaded from the ABS 

website and imported into RStudio95 The median distances travelled in each service 

category were aggregated at an individual-level by LGA for analysis. The map of 

Victorian LGAs was used to visually represent the geospatial analysis of trip distance by 

LGA. Median values were used due to the heavily skewed distribution of the data. The 

histograms of trip distance by LGA are presented in Appendix 7. 

 

MELBOURNE 

Figure 5. Map of Victoria by Local Government Area and geographic regions 
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4.5 Paper Four 

4.5.1 Overview 

In Paper Three, the findings showed that AHPs perceived that challenges to accessing 

health care exist for people with serious injuries in both metropolitan and regional 

areas. Particularly for people in regional areas, long travel distances and associated 

costs were reported to be significant barriers to accessing necessary care. The next 

paper used geospatial analysis to explore regional variation in distances travelled to 

health services for Victorian major trauma patients in the first three years following 

hospital discharge. 

 

4.5.2 Manuscript 

Keeves J, Gabbe BJ, Ekegren CL, Fry R, Beck B. (2021). Regional variation in travel to 

health services following transport-related major trauma. Injury. 

doi:10.1016/j.injury.2021.12.011 

Supplementary material for this paper is presented in Appendix 8.
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4.6 Paper Five 

4.6.1 Overview 

In Paper Four, geospatial analysis was used to quantify distances travelled to health 

services and patterns of health service use by major trauma patients in the first three 

years following hospital discharge. A key finding of this paper was that people in 

regional LGAs travelled further to access health services than those in metropolitan 

LGAs. Due to the heterogeneity of trauma populations and varying health care needs 

depending on the type of injury and injury severity, it can be difficult to provide 

specific and translatable recommendations from research findings. Therefore, 

investigation of service usage in specific injury types is warranted.  

The fifth and final paper presented in this thesis provides a more in-depth analysis of 

regional differences in health service use for three distinct groups of people with 

serious injuries. These were people with orthopaedic injuries, traumatic brain injury 

(TBI) and spinal cord injury (SCI). Traumatic brain injury and SCI are severely disabling 

conditions and due to the complexity of these injuries can be incredibly burdensome 

for patients, clinicians and families.96 People with orthopaedic injuries also experience 

poor health outcomes and have multi-faceted health care needs beyond their acute 

hospital care.15, 97 This final study compared health service use, frequency of accessing 

health services and distances travelled to health care for people with orthopaedic, 

brain and spinal cord injury in metropolitan and regional Victoria between 2006-2016. 
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4.6.2 Manuscript 

The following paper was submitted for publication in the International Journal of 

Environmental and Public Health Research on September 5th 2022.  

Keeves J, Gabbe BJ, Arnup S, Ekegren CL, Beck B. (2022) Travelling for treatment: The 

association between injury type and service utilisation in metropolitan and regional 

Victoria. Submitted for publication. 

The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

Checklist used in this paper for methodological rigour is presented in Appendix 9. 
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Article 1 

Travelling for treatment: Association between injury type and 2 

service utilization in metropolitan and regional Victoria 3 

Jemma Keeves1, 2*, Belinda Gabbe2, Sarah Arnup2, Christina Ekegren3 and Ben Beck2 4 

1 Department of Epidemiology and Preventive Medicine, Monash University, Australia 5 
2 Department of Physiotherapy, Epworth Hospital, Melbourne, Australia 6 
3 Rehabilitation, Ageing and Independent Living Unit, Monash University, Melbourne, Australia 7 
* Correspondence: Jemma.keeves@monash.edu 8 

Abstract:  This study aimed to describe regional variation in service use and distance travelled to 9 
post-discharge health services in the first three years following hospital discharge for people with 10 
transport-related orthopaedic, brain and spinal cord injuries. Using linked data from the Victorian 11 
State Trauma Registry (VSTR) and the Transport Accident Commission (TAC) we identified 1,597 12 
people who had sustained transport-related orthopaedic, brain or spinal cord injuries between 2006 13 
and 2016 and met the study inclusion criteria. The adjusted odds of GP service use for regional 14 
participants were 76% higher than for metropolitan participants in the orthopaedic and traumatic 15 
brain injury (TBI) groups. People with spinal cord injury (SCI) living in regional areas had 72% 16 
lower adjusted odds of accessing mental health, 76% lower adjusted odds of accessing OT services 17 
and 82% lower adjusted odds of accessing physical therapies compared to people living in major 18 
cities. People with a TBI living in regional areas on average travelled significantly further to access 19 
all post-discharge health services compared to people with TBI in major cities. For visits to medical 20 
services, the median trip distance for regional participants was 76.61km (95%CI: 16.01-132.21) for 21 
orthopaedic injuries was, 104.05km (95% CI: 51.55-182.78) for TBI was and 68.70km (95%CI: 8.34- 22 
139.84) for SCI. Disparity in service use and distance travelled to health services exists between met- 23 
ropolitan Melbourne and regional Victoria following serious injury.  24 

Keywords: serious injury, traumatic brain injury, orthopaedic injury, spinal cord injury, road 25 
trauma, access to healthcare, healthcare utilisation, geography 26 
 27 

1. Introduction 28 
Transport-related injuries are expected to become the third leading cause of disabil- 29 

ity worldwide by 2030.1 Despite advances in trauma care, people with orthopaedic injury, 30 
traumatic brain injury (TBI) and spinal cord injury (SCI) continue to experience long-term 31 
physical disability, psychological dysfunction and interference from pain.2-4 There is a 32 
need to understand whether long term outcomes for people with serious transport-related 33 
injury can be improved through a coordinated and revised approach to post-discharge 34 
healthcare.  35 

Urban and regional disparities in access to care exist, with people living in regional 36 
areas travelling further to access post-discharge healthcare after major trauma.5 Both peo- 37 
ple with serious injury and health professionals have reported limited availability and 38 
difficulties accessing necessary care as barriers to health service delivery following injury, 39 
particularly for people living in regional areas.6-8 It is unclear whether these barriers to 40 
post-discharge care are more significant for people in regional areas as a result of region- 41 
alised trauma system design, which centralises higher-level trauma centres in inner met- 42 
ropolitan areas. 43 

Despite survivors of serious injury having long-term and complex healthcare needs, 44 
the level of specialised care provided beyond hospital discharge varies depending on the 45 

Citation: Lastname, F.; Lastname, F.; 

Lastname, F. Title. Int. J. Environ. 

Res. Public Health 2022, 19, x. 

https://doi.org/10.3390/xxxxx 

Academic Editor: Firstname Last-

name 

Received: date 

Accepted: date 

Published: date 

Publisher’s Note: MDPI stays neu-

tral with regard to jurisdictional 

claims in published maps and institu-

tional affiliations. 

 

Copyright: © 2022 by the authors. 

Submitted for possible open access 

publication under the terms and 

conditions of the Creative Commons 

Attribution (CC BY) license 

(https://creativecommons.org/license

s/by/4.0/). 



Int. J. Environ. Res. Public Health 2022, 19, x FOR PEER REVIEW 2 of 16 
 

 

type of injury.4, 5, 9 People with TBI and SCI are more likely to receive rehabilitation from 46 
specialised services due to the complexity of these injuries.10 After an orthopaedic injury 47 
however, there is no clear pathway for rehabilitation once discharged from a major trauma 48 
centre.10 Given the high prevalence of disability amongst trauma survivors, both with and 49 
without serious neurotrauma, consideration for the whole pathway of trauma care from 50 
acute management, to specialised rehabilitation and community care is pertinent.10  51 

This novel study aimed to understand how different injury populations use post- 52 
discharge health services across regional and metropolitan areas and explore the distances 53 
travelled to health services in the first three years following hospital discharge. Improving 54 
our understanding of post-discharge service utilisation is an important step in ensuring 55 
necessary services are accessible and available for people with transport-related serious 56 
injury.  57 

2. Materials and Methods 58 
2.1. Study Design 59 

This registry-based cohort study used linked data from the Victorian State Trauma 60 
Registry (VSTR) and the Transport Accident Commission (TAC). This study follows the 61 
Strengthening of Reporting of Observational Studies in Epidemiology checklist.11  62 

Victoria is the second most populous state of Australia with a population of 6.46 mil- 63 
lion people, including over 2 million people residing outside the Greater Melbourne re- 64 
gion.12 Victoria has an inclusive trauma system consisting of two adult, and one paediatric 65 
major trauma centres, located in metropolitan Melbourne.  66 

The population-based VSTR collects data about all people with major trauma in Vic- 67 
toria with major trauma defined as: (1) death due to injury; (2) an Injury Severity Score 68 
(ISS; based on the Abbreviated Injury Scale (AIS) 2005 version, 2008 update) >12; (3) ad- 69 
mission to an intensive care unit >24 hours; (4) or an injury requiring urgent surgery.13 The 70 
registry has an opt-out rate <1% and includes data on prehospital care, pre-existing health 71 
conditions, injury characteristics and complications, and discharge information.13   72 

The TAC is Victoria’s no-fault third-party insurer for people who have sustained a 73 
transport-related injury, covering medical treatment, rehabilitation, support services and 74 
financial assistance. People are covered by the TAC if their injuries are sustained as a re- 75 
sult of driving a car, motorcycle, bus, train or tram. Cyclists injured in a collision with a 76 
moving or stationary motor vehicle (after 9 July 2014) are also covered by TAC. Pedestri- 77 
ans are covered by the TAC when their injuries arise as a direct result of impact with a 78 
motor vehicle, motorcycle, train or tram. Full details of eligible claimants and expenses 79 
covered by the TAC are outlined in the Transport Accident Act 1986.14 The TAC collect 80 
data pertaining to an individual claim, including detailed information regarding the post- 81 
discharge health services paid for by the TAC. These data include details of the date and 82 
type of service, service description and where the service provider is located. The TAC 83 
provides these data to the VSTR, linked by claim number. A standardised and secure pro- 84 
cess is followed to ensure that no patient-level data are provided to the TAC by the VSTR. 85 

 86 
2.2. Participants 87 

Victorians who sustained major trauma from a transport-related event between Jan- 88 
uary 1 2006 and December 31 2016, with a TAC compensation claim, were identified 89 
within the VSTR. People were included if they sustained isolated orthopaedic injuries, a 90 
moderate to severe TBI or SCI; were aged 18 years or older at the time of injury; had three- 91 
years of TAC claims data; and resided in Victoria with a known residential address (Fig- 92 
ure 1). The orthopaedic group consisted of people who had sustained an extremity injury 93 
with AIS score >1 and/or spine injury with AIS two or three and no other injury with AIS 94 
>1.15 Traumatic brain injury (TBI) cases were considered to be moderate or severe if they 95 
had a head injury with an AIS severity score >2 and the first recorded Glasgow Coma 96 
Scale (GCS) score <13, with or without other system injuries.15 Mild traumatic brain inju- 97 
ries are not captured by  the VSTR unless sustained with other system injures so were 98 
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excluded from this study. Spinal cord injury was defined as an injury to the spine with an 99 
AIS severity score >3, with or without other injuries. 15 100 

 101 

 102 
Figure 1. Flow diagram of inclusion criteria. 103 

 104 
2.3. Variables 105 

The three key outcomes of interest in this study were: service use, the number of trips 106 
per person and distance travelled to health services in the first three years following hos- 107 
pital discharge. Service use was defined as the percentage of participants who used a 108 
health service at some point within the study period. The number of trips per person refers 109 
to the number of times a health service was visited by service users. Distance travelled 110 
was the median trip distance per person from their residential location to the provider 111 
location, measured in kilometres.  112 

Health services were categorised as: General Practitioner (GP), other medical profes- 113 
sionals (e.g. neurologists, pathologists, psychiatrists, surgeons), mental health services 114 
(psychology, social work and case management), physical therapies (physiotherapy, ex- 115 
ercise physiology and hydrotherapy) and occupational therapy (OT). Speech pathology 116 
was excluded as this service was used almost exclusively by TBI participants.  117 

 118 
2.4. Data measurement 119 

Demographic information, pre-existing health conditions, injury diagnosis and se- 120 
verity, hospital length of stay and discharge status were extracted from the registry. Data 121 
relating to a TAC claim, client address and service provider locations were provided by 122 
the TAC for all services funded between January 1 2006 and December 31 2019.  123 

Each participant’s residential address at the date of hospital discharge was mapped 124 
by their Local Government Area (LGA) to the Accessibility/Remoteness Index of Australia 125 
2016 (ARIA+) and categorised into major city, inner regional and outer regional.16 For 126 
analysis, the metropolitan group consisted of people living in ‘Major Cities’ and the re- 127 
gional group as people living in ‘Inner Regional’ or ‘Outer Regional’ areas (Figure 2). No 128 
participants were residing in ‘Remote’ or ‘Very Remote’ areas by the ARIA+ classification 129 
index. Socioeconomic status was categorised using The Index of Relative Socioeconomic 130 
Advantage and Disadvantage (IRSAD) according to LGA.17  131 

 132 
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 133 

 134 
Figure 2. Flow diagram of inclusion criteria. 135 

 136 
Geographic coordinates for each participant’s address and service provider address 137 

were compiled through geocoding in RStudio version 3.5.1, and a random sample of 100 138 
were manually checked using Google Maps.18 Any incomplete provider addresses loca- 139 
tions were entered manually using Google Maps to obtain coordinates. For a single pro- 140 
vider it was possible for multiple locations to exist. We mapped the travel distances for 141 
all locations using Here Routing API (https://developer.here.com) and used the shortest 142 
distance, assuming that people would visit the closest provider location to their homes.   143 

 144 
2.5. Statistical methods 145 

Summary statistics were used to describe demographic information, injury charac- 146 
teristics and service use outcomes. Medians and interquartile range were reported for 147 
skewed categorical variables and frequencies and percentages for categorical variables.  148 

Regression models were used to provide estimates of the association between the 149 
outcomes of interest and region by injury type. Models were run for each outcome using 150 
region as an interaction term with injury type. All models were adjusted for the covariates 151 
of age group, sex, Charlson Comorbidity Index, ISS and IRSAD based on factors known 152 
to impact healthcare utilisation.19, 20  Multivariable logistic regression was used for service 153 
use (yes/no), negative binomial regression for the number of trips per person, while a gen- 154 
eral estimating equation (GEE) was used to model distance travelled to services used. For 155 
the GEE, a Gaussian model and identity link was used, and an exchangeable correlation 156 
was assumed between trips to the same service within each individual. Adjusted odds 157 
ratios (OR) and incidence rate ratios (IRR), and the corresponding 95% confidence inter- 158 
vals were calculated for the logistic and negative binomial regression models, respec- 159 
tively. As distance travelled was positively skewed, the data were log transformed before 160 
modelling. Model fit was evaluated for concordance and discrimination using residual 161 
plots.21 All analyses were completed in Stata Version 16.0 with the exception of the geo- 162 
spatial analyses which were conducted using RStudio version 3.5.1.18 163 

 164 
 165 

3. Results 166 
There were 9,365 cases of transport-related major trauma identified from the VSTR; 167 

17.1% (n=1,597) were eligible for this study (Figure 1). The characteristics of included par- 168 
ticipants for each injury group are presented in Table 1. 169 
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Table 1. Demographics and Injury Characteristics of Participants 170 

 171 
Across all injury groups, most participants were men and the median age was 33 172 

years (IQR 23-48). Thirty-five percent of participants resided in regional areas. Most par- 173 
ticipants were injured in motor vehicle or motorcycle crashes. The SCI group had the long- 174 
est length of acute hospital stay. In the first three years following hospital discharge, the 175 

 All cases 
(1597) 

TOI 
(687) 

TBI 
(759) 

SCI 
(151) 

 n (%) n (%) n (%) n (%) 
Gender 

Male 
Female 

 
1122 (70.3) 
475 (29.7) 

 
461 (67.1) 
226 (32.9) 

 
537 (70.8) 
222 (29.2) 

 
124 (82.1) 
27 (17.9) 

 Age group, years  
18-24  
25-34  
35-44  
45-54  
55-64  
65-74  
75+  

    
480 (30.1) 153 (22.1) 297 (39.1) 31 (20.5) 
367 (23.0)   151 (22.0) 175 (23.1) 41 (27.2) 
275 (17.2) 123 (17.9) 123 (16.2) 29 (19.2) 
206 (12.9) 104 (15.1) 82 (10.8) 20 (13.2) 
120 (7.5) 67 (9.8) 42 (5.5) 11 (7.3) 
76 (4.8) 39 (5.7) 24 (3.1) 13 (8.6) 
73 (4.6) 51 (7.4) 16 (2.1) 6 (4.0) 

Injury Severity Score, median (IQR) 20 (13-29) 13 (9-14) 29 (22-38) 29 (24-33) 
CCI22 weight (CCI)1 

0 
1 
>1 

 
857 (53.5) 
582 (36.4) 
142 (8.9) 

 
521 (75.6) 
126 (18.3) 
32 (4.6) 

 
235 (30.8) 
424 (55.6) 
98 (12.9) 

 
101 (66.4) 
33 (21.7) 
13 (8.6) 

Acute hospital LOS (days), median 
(IQR) 

13 (7-24) 8 (5-13) 18 (11-29) 24 (13-39) 

Region (ARIA+ 2016) 
Major cities 

Inner regional 
Outer regional  

 
1040 (65.1) 
438 (27.4) 
119 (7.5) 

 
441 (65.2) 
184 (26.8) 
62 (9.0) 

 
507 (66.8) 
205 (27.0) 
47 (6.2) 

 
92 (60.9) 
49 (32.5) 
10 (6.6) 

Socioeconomic status (IRSAD) 
1 (most disadvantaged) 

2 
3 
4 

5 (least disadvantaged) 

 
268 (16.8) 
168 (10.5) 
309 (19.3) 
432 (27.1) 
420 (26.3) 

 
128 (18.6) 
72 (10.5) 
128 (18.6) 
189 (27.5) 
170 (24.7) 

 
118 (15.5) 
81 (10.6) 
150 (19.8) 
202 (26.6) 
208 (27.4) 

 
22 (14.5) 
15 (9.9) 

31 (20.5) 
41 (27.2) 
42 (27.8) 

Discharge destination  
Home 

Other (e.g. inpatient rehabilitation) 

 
287 (18.0) 

1310 (82.0) 

 
237 (34.5) 
450 (65.4) 

 
41 (5.4) 

718 (94.6) 

 
9 (6.0) 

142 (94.0) 
Road user2 

Motor vehicle driver or passenger 
Motorcyclist 
Pedestrian 

Bicyclist 

 
881 (55.2) 
347 (21.7) 
244 (15.4) 
91 (5.7) 

 
348 (50.6) 
198 (28.8) 
85 (12.4) 
42 (6.1) 

 
451 (59.5) 
99 (13.0) 
154 (20.3) 
41 (5.4) 

 
82 (53.9) 
50 (32.9) 

6 (4.0) 
8 (5.3) 

1n=19 missing 
2n=34 other or missing 
LOS = length of stay; IQR = Interquartile Range; CCI = Charlson Comorbidity Index, ARIA+ = Ac-
cessibility/Remoteness Index of Australia; IRSAD = Index of Relative Socio-economic Advantage 
and Disadvantage 
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1,597 participants visited health services 159,090 times for GP services, other medical ap- 176 
pointments, mental health services, physical therapies and OT (Table 2).  177 
 178 

Table 2. All services used by participants in the first three years post discharge by injury type. 179 

 180 

 181 
 182 

Figure 3 provides a summary of the key findings from the multivariable regression 183 
analysis for service use, number of trips and distances travelled to services. More specific 184 
results from the models for each outcome and injury group are reported in each section 185 
below. 186 

 187 

 All cases TBI SCI TOI 

 (n=1597) (n=759) (n=151) (n=687) 

 n % n % n % n % 
Physiotherapy 59,532 30.7 27,556 27.0 9,667 31.7 22,309 36.5 
Occupational 
Therapy 

34,268 17.7 23,026 22.5 6,557 21.5 4,685 7.7 

GP Consult 20,078 10.4 8,791 8.6 2,937 9.6 8,350 13.7 
Psychology 18,907 9.7 14,480 14.1 1,285 4.2 3,142 5.1 
Nursing 13,289 6.9 2,436 2.4 6,032 19.8 4,821 7.9 
Medical (other) 10,972 5.7 6,315 6.2 803 2.6 3,854 6.3 
Speech Therapy 8,373 4.3 8,143 7.9 165 0.5 65 0.1 
Hydrotherapy 6,917 3.6 1,727 1.7 233 0.8 4,957 8.1 
Exercise Physiol-
ogy 

6,832 3.5 1,816 1.8 839 2.8 4,177 6.8 

Vocational coun-
selling 

4,175 2.2 1,720 1.7 359 1.2 2,096 3.4 

Social Work 1,792 0.9 1,203 1.2 313 1.0 276 0.5 
Psychiatry 1,584 0.8 1,049 1.0 80 0.3 455 0.7 
Podiatry 1,193 0.6 348 0.3 551 1.8 294 0.5 
Osteopathy 1,017 0.5 306 0.3 112 0.4 599 1.0 
Dental 990 0.5 864 0.8 55 0.2 71 0.1 
Dietitian 800 0.4 511 0.5 186 0.6 103 0.2 
Case Conferences 741 0.4 444 0.4 30 0.1 267 0.4 
Chiropractor 680 0.4 380 0.4 66 0.2 234 0.4 
Attendant carer 623 0.3 444 0.4 119 0.4 60 0.1 
Paramedical 
(other) 

557 0.3 443 0.4 36 0.1 78 0.1 

Acupuncture 468 0.2 275 0.3 29 0.1 164 0.3 
Optical 291 0.2 257 0.3 6 <0.1 28 <0.1 

Total 194,079 102,534 30,460 61,085 
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 188 
Figure 3. Summary of key findings for regional participants compared to participants in major cities 189 

 190 
3.1. Service use 191 

The adjusted proportion of people using GP services were higher for regional partic- 192 
ipants in all injury groups (Figure 4). Across all other services, the adjusted proportions 193 
for service use were greater for people living in major cities, compared to people living in 194 
regional areas, except for people with TBI accessing mental health services.  195 

 196 

Figure 4. Adjusted proportion of service use by injury group and region 197 
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The adjusted odds of GP service use for regional participants were 76% higher than 198 
for metropolitan participants in the orthopaedic and TBI groups (Table 3). For regional 199 
participants, the adjusted odds of using medical services were 56% lower than metropol- 200 
itan participants in the orthopaedic group and 57% lower in the TBI group (Table 3). Peo- 201 
ple with orthopaedic injuries had 37% lower adjusted odds of attending mental health 202 
services and 45% lower adjusted odds of using occupational therapy services if they were 203 
living in regional areas, compared to metropolitan areas. People with SCI living in re- 204 
gional areas had 72% lower adjusted odds of accessing mental health, 82% lower adjusted 205 
odds of accessing physical therapies and 76% lower adjusted odds of accessing OT ser- 206 
vices compared to people living in major cities (Table 3). 207 

 208 

Table 3. Regional variation in service use and number of trips per person in the first three years 209 
following hospital discharge determined by Multivariable Regression Analysis 210 

 

Participants 
using  

service  
(n, %) 

Service Use, 
Adjusted OR 

(95%CI)   
P* 

Trips per 
person, 
Median 
(IQR) 

Adjusted IRR 
(95%CI) 

P† 

General Practitioner       

TOI        

Major cities 329 (74.6) Reference  9 (4-22) Reference  

Regional 206 (83.7) 1.76 (1.1-2.9) 0.02 9 (3-21) 0.81 (0.66-0.99) 0.04 

TBI       

Major cities 370 (73.0) Reference  9 (3-18) Reference  

Regional 211 (83.7) 1.76 (1.1-2.8) 0.02 10 (4-22) 0.90 (0.75-1.1) 0.31 

SCI       

Major cities 80 (87.0) Reference  18.5 (10.5-30) Reference  

Regional 54 (91.5) 1.73 (0.5-5.4) 0.35 15 (6-23) 0.65 (0.5-0.9) 0.02 

Medical Specialists       

TOI       

Major cities 360 (81.6) Reference  5 (2-11) Reference  

Regional 160 (65.0) 0.44 (0.28-0.70) 0.001 3 (2-8) 0.71 (0.6-0.9) <.001 

TBI       

Major cities 477 (94.1) Reference  8 (4-14) Reference  

Regional 220 (87.3) 0.43 (0.24-0.78) 0.01 5 (3-9.5) 0.65 (0.6-0.8) <.001 

SCI       

Major cities 76 (82.6) Reference  4 (2-9.5) Reference  

Regional 49 (83.1) 1.07 (0.42-2.70) 0.89 4 (2-8) 0.90 (0.6-1.2) 0.51 

Mental Health        

TOI       

Major cities 158 (35.8) Reference  11 (4-26) Reference  

Regional 56 (22.8) 0.63 (0.41-0.96) 0.03 7 (4-23) 0.88 (0.6-1.3) 0.47 
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 213 

3.2. Number of trips 214 
For all injuries and service types, people in regional areas used fewer services than 215 

people residing in major cities after adjusting for covariates (Figure 5). In the orthopaedic 216 
group, the mean number of trips for participants in regional areas compared to major cit- 217 
ies was 29% less for medical services and 24% less for physical therapy services (Table 3). 218 
The mean number of trips for people living with TBI in regional areas was 35% less than 219 
in major cities for medical services (Table 3). For SCI, the mean number of trips for regional 220 
participants compared to major cities was 35% less for GPs, 37% less for physical therapy 221 
and 45% less for OT services (Table 3).  222 

Physical therapies were the most commonly used service across all injury groups in 223 
the first three years post-discharge (Figure 5). People in metropolitan and regional areas 224 
with a TBI used more mental health services but less physical therapy services than people 225 
with orthopaedic injuries and SCI (Figure 5). 226 

TBI       

Major cities 330 (65.1) Reference  23.5 (8-54) Reference  

Regional 169 (67.1) 1.23 (0.84-1.81) 0.29 16 (6-36) 0.78 (0.6-1.0) 0.05 

SCI       

Major cities 57 (62.0) Reference  14 (7-35) Reference  

Regional 17 (28.8) 0.28 (0.1-0.6) 0.001 10 (4-17) 0.84 (0.5-1.5) 0.58 

Physical Therapies       

TOI       

Major cities 322 (73.0) Reference  42 (15-102) Reference  

Regional 176 (71.5) 0.87 (0.57-1.33) 0.54 34 (14-74.5) 0.76 (0.6-0.9) 0.01 

TBI       

Major cities 355 (70.0) Reference  40 (14-85) Reference  

Regional 181 (71.8) 1.08 (0.72-1.62) 0.71 34 (10-72) 0.81 (0.6-1.0) 0.07 

SCI       

Major cities 84 (91.3) Reference  87 (41-131.5) Reference  

Regional 39 (66.1) 0.18 (0.07-0.45) <.001 46 (9-92) 0.63 (0.41-0.95) 0.03 

Occupational Therapy      

TOI       

Major cities 165 (37.4) Reference  9 (2-25) Reference  

Regional 55 (22.4) 0.45 (0.29-0.69) <.001 4 (2-22) 0.76 (0.5-1.1) 0.17 

TBI       

Major cities 317 (62.5) Reference  30 (8-73) Reference  

Regional 154 (61.1) 0.95 (0.65-1.39) 0.81 24.5 (5-57) 0.89 (0.7-1.2) 0.40 

SCI       

Major cities 81 (88.0) Reference  49 (14-93) Reference  

Regional 39 (66.1) 0.24 (0.10-0.58) 0.001 11 (3-62) 0.55 (0.3-0.9) 0.01 
*P value for the logistic regression analysis of service use  
†P value for negative binomial regression analysis of number of trips, per person, for participants who used that 
service.  
P values in bold type are significant. IQR = interquartile range, OR = odds ratio, IRR = incidence rate ratio 
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 227 

 228 
Figure 5. Adjusted number of trips to services in the first three years post discharge by service type 229 
and injury group. 230 

3.3. Distance travelled 231 
People with a TBI living in regional areas on average travelled significantly further 232 

to access all post-discharge health services compared to people with TBI in major cities 233 
(Figure 6). Comparatively, in the SCI group, regional participants travelled further only 234 
to attend medical services (RGM 2.66, 95%CI 1.63-4.36) (Figure 6).  235 

 236 

 237 
Figure 6. Ratio of geometric means for distance travelled by people in regional areas compared to 238 
major cities by injury group and service type. 239 
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People in regional areas with orthopaedic injuries travelled 1.4 times further to see a 240 
GP (95%CI 1.06-1.88), 2.26 times further to attend other medical services (95%CI 1.76-2.89) 241 
and 1.7 times further to OT services than people with orthopaedic injuries in major cities 242 
(95%CI 1.06-2.62, p=0.03). 243 

For visits to medical services, the median trip distance for regional participants with 244 
orthopaedic injuries was 76.61km (95%CI: 16.01-132.21), for TBI was 104.05km (95% CI: 245 
51.55-182.78) and for SCI was 68.70km (95%CI: 8.34-139.84) (Figure 7). Comparatively, the 246 
median trip distances for participants in major cities were between 9.44km (95%CI 4.92- 247 
23.05) and 13.50km (95% CI 6.65-25.59) (Figure 6). People with a TBI in regional areas on 248 
average travelled further than regional participants with orthopaedic injuries and SCIs for 249 
all services (Figure 7).  250 

 251 

 252 

Figure 7. Median and IQR of raw distances travelled to healthcare by service type and injury group. 253 

 254 

4. Discussion 255 
In this study, we compared health service usage and distances travelled by people 256 

with orthopaedic, brain and spinal cord injuries across regional and metropolitan Victoria 257 
in the first three years following hospital discharge. For most services and injury types, 258 
people in regional areas used fewer services, but travelled further to access them, than 259 
people in metropolitan areas. People with orthopaedic injuries and TBI in regional areas 260 
had greater odds of seeing a GP compared to their metropolitan counterparts. This re- 261 
search provides an important contribution to our understanding of how geography im- 262 
pacts healthcare utilisation following major trauma. 263 

We found that regional participants with orthopaedic injuries and TBI had greater 264 
odds of attending GP services than metropolitan participants, despite having to travel 265 
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further. This may be explained by people in metropolitan areas living closer to trauma 266 
centres with better access to specialised rehabilitation providers, and therefore being less 267 
reliant on their local GPs.23-25 Following major trauma, GPs play a critical role in providing 268 
ongoing community support, monitoring for secondary complications of injury, psycho- 269 
social issues and assisting return to work.26 For people living in metropolitan areas it is 270 
possible that these issues may be monitored by a specialised rehabilitation team including 271 
allied health and specialist physicians. This finding highlights the importance of regional 272 
based GPs being having adequate knowledge of complications of injury and a network of 273 
specialists that may be able to carry out shared virtual consults to ensure timely and ef- 274 
fective management, closer to home.27 275 

Consistent with previous research, our findings suggest that people with serious in- 276 
juries living in regional areas use fewer health services than their metropolitan counter- 277 
parts.28-31 Having to travel further to access healthcare for people in regional areas may 278 
limit accessibility.5, 8, 24 Compounding the challenge of distance, transportation difficulties6, 279 
8, 29, 32 and a limited availability of skilled providers7, 33 have been reported as barriers to 280 
accessing necessary services for people with orthopaedic injuries, TBI and SCI, particu- 281 
larly for those in regional areas. A key consequence of reduced service use is that people 282 
with serious injuries living in regional areas often report higher unmet care needs.25, 30, 34-36 283 
Ensuring the availability of local infrastructure or alternate service delivery methods is 284 
essential for people with serious injury due to the chronicity of the condition.8, 34, 37 285 

In this study we found that for all injury types, people living in regional areas trav- 286 
elled further than people in metropolitan areas to access all services. However, after ad- 287 
justing for covariates, findings were more nuanced. People living in regional areas with 288 
TBI travelled significantly further to all health services than those in metropolitan areas, 289 
whereas for people with SCI, a significant difference between was only found for travel 290 
to medical services, based on region. Due to the complexity and long-term issues associ- 291 
ated with SCI, people with SCI may choose to live in areas where they can access necessary 292 
services.24 In comparison, given the varying degree of severity of TBI, some people with 293 
TBI may place less importance on ease of service access and availability when deciding 294 
where they want to reside. These findings reinforce the importance of specialised tele- 295 
health services and outreach clinics for people in regional areas with TBI to reduce travel 296 
burden and ensure access to adequately skilled healthcare services. 297 

 298 
4.1. Study limitations 299 

This population-based cohort study provides novel insights into geographic varia- 300 
tion in healthcare use following transport-related orthopaedic, brain and spinal cord in- 301 
jury. However, a limitation of this work was that due to multiple service provider loca- 302 
tions being provided, we assumed that an individual attended the closest facility to their 303 
home and used the shortest trip distance. This study also only included services that were 304 
centre-based and so for people with TBI and SCI who are likely to have received services 305 
in the community or at home, the number of services used may be underrepresented. This 306 
also includes care from the Spinal Community Integration Service, a Victorian program 307 
that provides people with SCI assistance with returning home and participating in their 308 
communities in the first 12 months following discharge. Due to the nature of how these 309 
services are billed to the TAC, it was not possible to ascertain specific details of what ser- 310 
vices were provided on exact dates and at specific locations. However, as this was the 311 
same for both regional and metropolitan participants, this is unlikely to have impacted 312 
the regional variation within groups. It was also assumed that participants all travelled 313 
by car to attend services. Due to the reimbursement available for taxi travel and motorised 314 
travel expenses for TAC patients, it is most likely that participants would choose one of 315 
these options over human-powered or public transport. 316 

 317 
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5. Conclusions 318 
Health service use following traumatic orthopaedic, brain and spinal cord injury is 319 

complex and continues for years following the initial injury. This research has identified 320 
disparity in service use and distances travelled to health services across metropolitan and 321 
regional Victoria following serious injury. With people in regional areas using fewer ser- 322 
vices, except for GPs, and attending these services less often, there is a risk of unmet ser- 323 
vice needs for these individuals. An increased travel distance to services is one factor that 324 
may be contributing to the inequality in access to healthcare in regional compared to met- 325 
ropolitan areas. These findings reinforce the need for a review of how specialised rehabil- 326 
itation services are delivered to people residing in regional areas following major trauma 327 
and whether access to post-discharge services are available to everyone long-term, regard- 328 
less of where they reside. Further research exploring whether there is an association be- 329 
tween service use, distance travelled and health outcomes is necessary to ensure post- 330 
discharge care is optimised for people with serious injuries.  331 
 332 
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Background/ra

tionale 

2 Explain the scientific background and rationale for the 

investigation being reported 

1 

Objectives 3 State specific objectives, including any prespecified hypotheses 2 

Methods 

Study design 4 Present key elements of study design early in the paper 2 

Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data collection 

2-3 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of 

selection of participants. Describe methods of follow-up 

3-4 

(b) For matched studies, give matching criteria and number of 

exposed and unexposed 

n/a 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 

confounders, and effect modifiers. Give diagnostic criteria, if 

applicable 

4 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details 

of methods of assessment (measurement). Describe 

comparability of assessment methods if there is more than one 

group 

2-3 

Bias 9 Describe any efforts to address potential sources of bias - 

Study size 10 Explain how the study size was arrived at Fig 1 

Quantitative 

variables 

11 Explain how quantitative variables were handled in the 

analyses. If applicable, describe which groupings were chosen 

and why 

4 

Statistical 

methods 

12 (a) Describe all statistical methods, including those used to 

control for confounding 

4 

(b) Describe any methods used to examine subgroups and 

interactions 

4-5 

(c) Explain how missing data were addressed n/a 

(d) If applicable, explain how loss to follow-up was addressed n/a 

(e) Describe any sensitivity analyses - 

Results  

Participants 13

* 

(a) Report numbers of individuals at each stage of study—eg 

numbers potentially eligible, examined for eligibility, 

confirmed eligible, included in the study, completing follow-

up, and analysed 

5 

(b) Give reasons for non-participation at each stage n/a 

(c) Consider use of a flow diagram Fig 1 

Descriptive 

data 

14

* 

(a) Give characteristics of study participants (eg demographic, 

clinical, social) and information on exposures and potential 

confounders 

Table 

1 
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(b) Indicate number of participants with missing data for each 

variable of interest 

n/a 

(c) Summarise follow-up time (e.g, average and total amount) 5 

Outcome data 15

* 

Report numbers of outcome events or summary measures over 

time 

5-8 
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4.7 Summary of Chapter Four 

The findings of the research presented in this chapter highlighted that people 

living in regional Victoria travelled further to access post-discharge health services 

after serious injury. This work provides quantitative data support what has been 

suspected by clinicians and researchers anecdotally, that distance to health 

services may be a barrier to accessing necessary health services for people with 

serious injuries. The distances travelled by survivors of injury also varied 

depending on the type of health service. The greatest distances travelled were to 

medical specialist services, whereas people did not travel as far to attend general 

practitioners and physical therapy services. 

People in regional areas used fewer services, except for GP services, and attended 

these services less often. This was particularly significant for people with SCI in 

regional areas who had 72% lower odds of accessing mental health services, 82% 

lower odds of accessing physical therapies and 76% lower odds of accessing OT 

services compared to people with SCI in major cities. These results highlight the need 

to understand the impact of geography on post-discharge health care in a regionalised 

trauma system. Further studies are warranted to investigate whether the differences in 

service use and distances travelled to health services impact long-term health outcomes 

for people with serious injuries. 
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Chapter Five: Discussion and Conclusion  

5.1 Introduction 

The overarching aim of this thesis was to explore geographic variation in access to 

health care and health care utilisation for people with serious injury. The path to 

recovery following serious injury involves a protracted period of complex health care 

needs and multiple interactions with health professionals. Despite improvements in 

trauma systems, there are still deficiencies in a number of areas, particularly with 

respect to patients’ discharge from hospital, and their post-discharge care in the 

community, with people following serious injury continuing to experience a high 

degree of long-term morbidity.  

The research presented in this thesis adds valuable insights into the impact of 

geographic location on health care utilisation and access to services for people with 

serious injuries. The scoping review undertaken used peer-reviewed literature to 

investigate whether any scientific evidence exists to suggest a variation in health 

outcomes based on a metropolitan or regional location. Subsequent studies involved 

qualitative research to present the perspectives of health care providers working with 

seriously injury patients in metropolitan and regional Victoria, and quantitative 

research to evaluate the distances travelled and frequency of health service use for 

people with serious injuries. 

This final chapter outlines a summary of the overall strengths and limitations of this 

program of research. The key findings from this research will be further discussed and 

reflected upon in the context of the current Victorian State Trauma System. Based on 
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the key findings, recommendations for service development and future research are 

provided in the hope of optimising post-discharge care for people with serious injuries 

across the state of Victoria.  

 

5.2 Strengths and Limitations 

The strengths and limitations of each individual study are discussed within the 

manuscripts presented in Chapters Two to Four. This section provides a broad 

overview of the strengths and limitations of this program of research in its entirety.  

Including qualitative, epidemiological and geospatial research methods in this research 

was a key strength, providing a comprehensive examination of access to health care 

and service utilisation for people with serious injuries in the Victorian State Trauma 

System. The qualitative insights and experiences of AHPs working with people after 

serious injury provided rich information have the potential to inform service delivery 

and support meaningful change. A notable strength of this research was the use of 

registry data in the quantitative studies. This enabled a large, population-based 

capture of people with transport-related injuries in Victoria. The geospatial research, 

the first of its kind in Australia, determined distances travelled to post-discharge health 

services by LGA. The methods for each study presented have been well described to 

allow reproducibility.  

A notable limitation of the quantitative research was the focus on only people with 

transport-related injuries. People who sustain transport-related injuries are typically 

younger in age, have fewer comorbidities and have their medical expenses covered by 
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injury insurance providers.119 Between 2007 and 2016 the number of major trauma 

patients aged older than 65 years more than doubled, increasing from 25% to 37% of 

the major trauma population.120 Older age reduces a person’s physiological ability to 

recover from an injury.121 Injuries in older adults also result in poorer health outcomes 

for equivalent or less severe injury compared with younger populations.122 With an 

increasing incidence of major trauma in people aged over 65 years, it is important to 

consider the health care needs of this group and how accessibility issues may differ to 

people with transport-related injuries.123  

Additionally, participants were selected from a database of TAC claims so their medical 

expenses were covered by the TAC. Previous research on chronic conditions has 

suggested that health insurance increases allied health service utilisation.124 Given the 

chronicity of serious injury, understanding health service utilisation in a non-

compensable population would be beneficial to determine whether compensation 

status may also be a factor impacting access to post-discharge health services. Further 

research is necessary to determine whether there are additional challenges to 

accessing health services faced by older people and people without injury insurance. 

This information will help inform trauma system design and optimise service delivery 

for the wider major trauma population.  

A further limitation of this work was that this research was conducted in Australia, a 

high-income country with an excellent standard of health care, a well-established 

trauma system and comprehensive medical coverage f.or injury. Whilst an inclusive 

trauma system and the associated VSTR enables the collection of high-quality data for 

accurate analysis and reporting of patient demographics, injury characteristics and 
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outcomes, the majority of the world’s burden of injury is borne by low- and middle-

income countries (LMICs).125 Due to financial stresses and limited resources, 

implementation of trauma systems based on the models and research findings from 

high-income countries can create challenges for people in LMICs.126 However, 

learnings from this research may contribute to planning and coordination of post-

discharge health care in LMICs to optimise pre-existing resources and local 

stakeholders.  

 

5.3 Summary of Key Findings and Recommendations 

The overarching aim of the research included in this thesis was to explore geographic 

variation in post-discharge health care utilisation and travel to health care for people 

following serious injury. As defined in Chapter One, there were five key research 

objectives which formed this program of work: 

1. Review the available literature to explore the association between 

geographic location and outcomes following injury;  

2. Describe the factors perceived by AHPs to influence the care of people with 

serious injury beyond hospital discharge across regional and urban Victoria; 

3. Explore factors perceived by AHPs to affect access to post-discharge health care 

for people with serious injuries in urban and regional areas of Victoria. 

4. Explore geographic variation in health service use and distances travelled to 

health services in the first three years post hospital discharge for people with 

transport-related serious injury; and 
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5. Describe geographic variation in patterns of health service use in the first 

three years post hospital discharge for different injury groups. 

 

Table 3. Summary of key findings 

Chapter Methodology Objective  Key findings  
Two Scoping review  Explore the regional 

variation in 
outcomes following 
injury 

Injury-related mortality is greater 
for people in regional areas  
 
Inconsistent definitions of rurality 
make it difficult to compare 
research findings 
 

Three Qualitative  Explore the barriers 
and enablers 
experienced by 
health professionals 
caring for seriously 
injured patients 
across different 
geographical 
regions 
 

Telehealth services are 
underutilised as a method of 
service delivery due to cultural 
resistance to change and an 
unfamiliarity with technology 
 
Multidisciplinary input with a 
coordinated, patient-centred 
approach is important for optimal 
patient care 
 
Skills shortages and limited 
resources in regional areas limit the 
availability of necessary services  
 
Insufficient access to mental health 
services is a widespread issue 
across all of Victoria 
 
Specialised trauma outreach 
services may benefit patients and 
therapists 
 
People rely on financial assistance 
and social supports to assist in 
transportation to services 
 

Four Registry-based, 
retrospective 
cohort study 
 

Explore regional 
variation in travel to 
post-discharge 
health services and 

Participants residing in regional 
areas travelled further to services 
than people in metropolitan areas 
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Geospatial 
analysis 

service use for 
people with 
transport-related 
serious injury 
 
 
 
Describe the 
patterns of distance 
travelled and 
service use for 
people in 
metropolitan and 
regional Victoria 
with transport-
related 
orthopaedic, brain 
and spinal cord 
injury 
 
 

People with serious injury have 
sustained engagement in post-
discharge health services in the first 
three years following injury 
 
 
 
People in regional areas used fewer 
services than people residing in 
major cities 
 
People with TBI in regional areas 
travelled further than people with 
TBI in major cities for all health 
services 
 
Regional participants with 
orthopaedic and brain injuries saw 
a GP more than their metropolitan 
counterparts 
 
People with SCI in regional areas 
used less mental health, physical 
therapy and OT services than 
people with SCI in metropolitan 
areas 
 

 

The key findings, and subsequent recommendations, from this research were as 

follows: 

1. To understand the impact of geography on health outcomes other than mortality, 

a consistent definition of regionality or rurality is important and further research 

is required.  

This finding was based on the evidence from the literature review completed and 

described in Chapter Two. This review highlighted that people in rural areas had a 

higher overall and pre-hospital mortality following injury, but there was no 

significant difference in mortality once admitted to hospital. A small number of 
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studies presented in this review reported in-hospital and recovery-focused 

outcomes. Of these studies, there was no consistent trend suggesting a difference 

in health outcomes for people in rural areas.  

Recommendation: Due to the inconsistencies in the classification of 

metropolitan and regional or rural groups in injury research, a distance-based 

approach to analysis may be more beneficial to standardise research and 

effectively evaluate the impact of geography in different settings. Additionally, 

further research investigating the association between geography and 

recovery-focused health outcomes is required to inform health service 

delivery following serious injury. 

 

2. Telehealth services are underutilised as a method of service delivery due to 

cultural resistance to change and an unfamiliarity with technology 

From the perspectives of the AHPs involved in the studies presented in Chapter 

Three, prior to the pandemic, telehealth services were underutilised in the post-

discharge care of people with serious injury. Participants perceived telehealth to be 

beneficial to reduce physical discomfort and financial costs associated with 

prolonged travel to health care as well as to improve the availability of services in 

high demand, such as mental health. The findings in Chapter Three also suggest 

that whilst AHPs were motivated to adopt telehealth models, there was resistance 

from other practitioners, health services and funding bodies which limited the 

success of telehealth for people with serious injury.  

Recommendation: Telehealth should be prioritised by allied health and 
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medical teams to reduce the burden associated with travelling to 

appointments, particularly for people in regional areas. Telehealth and 

technology are also likely to be beneficial in the provision of professional 

support and guidance for less experienced providers managing complex 

trauma patients. Education and training may be necessary to overcome any 

barriers to telehealth as a result of health professionals being unfamiliar with 

telehealth practices and technology. It will be important that health services 

and funding bodies are supportive of telehealth and review service delivery 

models, billing structures and resources for the long-term success of 

telehealth and integration within the pre-existing models of care and service 

delivery. 

 

3. Multi-disciplinary input with a coordinated and patient-centred approach to post-

discharge care is important for optimal patient care. 

In Chapter Three, the lack of coordination from acute hospitals or rehabilitation 

providers to outpatient services was reported to result in delays commencing 

services and difficulty finding adequately skilled health care providers. The lack of a 

dedicated care coordinator can result in AHPs assisting with navigating health 

services and funding services instead of providing clinical care.  

Recommendation: A streamlined referral process from inpatient to outpatient 

care is necessary to minimise delays in commencing outpatient services. A 

designated care-coordinator from the tertiary trauma centre may assist to 

improve the continuity of care, as well as coordinating specialist appointments 

and investigations at tertiary clinics beyond discharge. The care-coordinator 
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could also be responsible in facilitating telehealth services where appropriate 

on behalf of the patient with the trauma centre for review appointments and 

optimising scheduling so that patients required to travel from regional areas 

can reduce the amount of time away from their family, work and social 

commitments.  

 

4. Insufficient access to mental health services is a widespread issue across 

metropolitan and regional areas of Victoria. 

In Chapter Three, the lack of mental health services available to people with 

serious injury was highlighted as a barrier to post-discharge care across 

metropolitan and regional Victoria. The level of psychology, neuropsychology and 

social work services in regional areas was identified as insufficient to meet patient 

needs, resulting in extensive wait periods for these services.  As a result, other 

AHPs were often required to provide additional psychosocial support, which they 

may not be trained in, limiting their ability to provide other necessary care. For 

people without injury insurance, the cost of psychology services was an additional 

barrier to receiving treatment. The substantial gap between the session fee and 

Medicare rebate resulted in these services being out of reach for some with serious 

injury, particularly if they were unable to work as a result of their injuries. This 

finding is also supported by the results of the final paper presented in which people 

with orthopaedic injuries and spinal cord injuries in regional areas used mental 

health services less than people with these injuries in metropolitan areas 

Recommendation: Improving the availability of mental health services must be 
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prioritised to ensure necessary care and support can be provided for people with 

serious injury beyond hospital discharge, in regional and metropolitan Victoria. 

Funding models for non-compensable patients with serious injury should also be 

revised to reduce the out-of-pocket expenses often associated with mental health 

care. Telehealth services may provide an additional opportunity to improve the 

availability of services in areas that have limited mental health care providers. 

Improving access to mental health services may help to improve psychosocial 

outcomes and quality of life for survivors of serious injury.  

 

5. Skills shortages and limited resources in regional areas negatively affects the 

availability of necessary services   

In additional to the lack of mental health care identified, an inadequate number of 

other AHPs available in regional areas was also perceived to contribute to people 

with serious injury experiencing delays in commencing post-discharge care or being 

unable to attend services as frequently as people in metropolitan areas. In Chapter 

Three, the importance of attendant carers to augment therapies and provide 

transportation assistance in regional areas was identified by AHPs. Limited access 

to carer support in regional areas resulted in an additional burden on friends and 

family to assist people with accessing services. A shortage of carers and fewer 

available wheelchair taxis in regional areas was also raised as a contributing factor 

to difficulty accessing services. 

Recommendation: Telehealth and technological advances can facilitate 

professional support and co-treatments of people with serious injury for service 
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providers with less experience or who lack confidence in specific skills are also 

likely to be beneficial in the provision of professional support and guidance for 

less experienced providers managing people with complex injuries. Additional 

funding or incentives to improve the availability of attendant carers in regional 

areas for people requiring regular assistance with daily activities is likely to be 

beneficial to people with serious injury and reduce the burden on their family 

members. This is particularly important in situations where a family member is 

unable to participate in their regular paid employment as a result of the care 

needs they are required to provide, adding to the financial strain and emotional 

stress likely to be felt by the family unit.  

 

6. Specialised trauma outreach services may benefit complex patients and support 

less experienced health professionals  

From the studies presented in Chapter Three, there has been a need identified for 

additional support to be provided to people with complex serious injury in outer 

urban and regional areas, where specialised health professionals are less common. 

This gap in service was particularly noted for people with traumatic brain injury, 

complex orthopaedic injuries and chronic pain. Comparatively, AHPs reported the 

benefit of the state-wide Spinal Community Integration Service (SCIS) that exists in 

Victoria to assist both people with SCI and their local health care providers.   

Recommendation: Developing a specialised outreach program that is 

community based and trauma specific, with different multidisciplinary 

specialist teams for orthopaedic and neurotrauma, is likely to improve the 

quality of post-discharge care for people in regional areas. Having a specialised 
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outreach service that involves the injured person and their local treatment 

team is likely to also foster constructive professional relationships and 

upskilling of regional AHPs. Improving the skills and knowledge of regional 

AHPs is likely to help bridge the gap between a specialist outreach service that 

may be linked to a major trauma service, and community based AHPs. This 

service could also be developed to include a care-coordinator for each 

individual to assist the transition from hospital to community-based services 

and act as a point of reference to provide support and answer additional 

questions from patients trying to navigate complex health care and funding 

systems.  

 

7. People rely on financial assistance and social supports to assist in transportation 

to services 

The studies in Chapter Three found that for people in outer metropolitan and 

regional areas, an identified barrier to accessing health care was the need for 

assistance with transport to services. For compensable patients with access to 

funding for taxi transport, the issue was primarily in regional areas with a shortage 

of taxi services, particularly wheelchair taxis, for people requiring wheelchairs. For 

non-compensable patients, a lack of financial support often led to a reliance on 

family and friends to assist with travel to appointments for people who were 

unable to drive because of their injuries or use public transport. Issues with 

transport are likely to be more limiting for people in regional areas who are 

travelling further distances to access post-discharge health care, as presented in 

Chapter Four.  
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Recommendation: There is a need to optimise an individual’s ability to reach 

a physical service or offer alternate service delivery such as home-based care 

or telehealth. For people unable to drive, who aren’t receiving compensation 

for their injuries, having subsidised taxi transport may make it easier to attend 

services, without placing additional burden on their social networks. 

Additionally, for people unable to drive and living in regions not well serviced 

by taxi transport, ensuring that there are carers available to assist with 

transportation to health services or financial assistance for family or friends 

providing support, may also reduce some of the difficulties in access 

associated with transportation. The distribution and growth of urban areas 

must be considered as a factor in planning for new health services or satellite 

sites to optimise access to health care.127 

 

8. Participants residing in regional areas travelled further to services than people in 

metropolitan areas 

Chapter Four found that people living in regional areas of Victoria travelled further 

to post-discharge health services than people in metropolitan areas in the first 

three years post-discharge. Specific clustering of increased travel distances was 

observed in the far west and north-east Victorian LGAs, indicating areas of greater 

travel distances where there are similarly high values in neighbouring LGAs. People 

living in the outer metropolitan LGAs of Wyndham, Melton, Hume, Whittlesea, 

Nillumbik, Yarra Ranges, Cardinia, Casey and Mornington Peninsula travelled 

further than people living in other metropolitan LGAs. When examined by injury 

group, multivariable modelling found that people with TBI in regional areas 
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travelled further than people with TBI in major cities for all post-discharge health 

services examined.  

Recommendation: These data should be used to inform further work in 

understanding the gaps in health services available to people with serious 

injuries in outer metropolitan and regional Victoria. Working with regional 

health services to address skills shortages and establishing specialist outreach 

clinics in regional centres may assist to reduce the travel burden for people 

with serious injury. Additionally, ensuring that telehealth services are available 

for certain post-discharge health care is likely to reduce travel distances 

required for people in outer metropolitan and regional Victoria. Particularly, 

for people with TBI, travelling additional distances to care is likely to create a 

burden on their caregivers so ensuring that adequate assistance with 

transport and carers are available is important.  

 

9. People with serious injury have sustained engagement in post-discharge health 

services in the first three years following injury 

The data presented in Chapter Four highlights that people with serious injury 

continue to engage in medical and allied health services in the first three years 

following hospital discharge. Whilst the number of people using post-discharge 

services declined each year after discharge, the median number of trips were 

consistent over time for people still engaged in services, except for physical 

therapies where the number of trips reduced over time.  

Recommendation: Health services must be equipped to manage the care of 

some people for several years following injury. In conjunction with sub-acute 
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services, support to transition people requiring long-term therapy into 

community-based care must be available.  

 

10. Regional participants with orthopaedic and brain injuries saw a GP more than 

metropolitan counterparts 

The data presented in Chapter Four also suggest that people with an orthopaedic 

or moderate-severe brain injury in regional areas had 76% greater adjusted odds of 

attending a GP following serious injury than people in metropolitan areas. This may 

be explained by people in metropolitan areas having more frequent and easier 

access to specialised rehabilitation providers, thus being less reliant on their local 

GPs.  

Recommendation: This finding highlights the importance of regional GPs 

having adequate knowledge of serious injury and injury-related complications 

to provide a high-standard of care to their patients. Further qualitative 

research with regional based GPs involved in the care of people with serious 

injury is necessary to give context to this finding and guide the development of 

specific recommendations to optimise medical care for people in regional 

areas. A designated care-coordinator from the trauma centre may also assist 

regional GPs in managing complex patients, acting as a point of reference to 

clarify post-operative instructions or recommendations relating to an injury or 

to connect the GP to a specific medical specialist or AHPs for further advice. 

 

11. People in regional areas with orthopaedic and brain injuries used fewer medical 

services and attended less frequently than people residing in major cities 
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The second study presented in Chapter Four found that people with orthopaedic 

and brain injuries in regional areas had lower odds of attending medical services 

following hospital discharge than people in metropolitan areas and, of those who 

did attend, they saw medical professionals less frequently than people in 

metropolitan areas. A reason for this may be that people with serious injury in 

regional areas are required to travel much further to medical specialist 

appointments, commonly located at tertiary trauma centres, in inner metropolitan 

Melbourne and therefore, may not attend scheduled appointments or have fewer 

appointments scheduled. For people with orthopaedic injury and TBI in this study, 

we found that people in regional areas travelled a median distance of 77km and 

104km respectively to attend medical services.  In addition to the travel burden 

associated with greater travel distances, in Chapter Three, AHPs noted that the 

stress and anxiety of travelling into Melbourne for appointments was often a 

barrier to people receiving necessary medical follow up.  

Recommendation: Utilising telehealth where possible to reduce the mental, 

physical and often financial burden associated with attending medical reviews 

in inner metropolitan facilities may improve the accessibility of medical 

services for people in regional areas. Additionally, minimising the in-clinic wait 

times of medical appointments may improve compliance for people attending 

from regional areas whose fatigue and other injury-related symptoms are 

easily exacerbated. 

 

12. People with SCI in regional areas used fewer allied health services than people 

with SCI in metropolitan areas. 
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From the final study presented in this thesis, the results suggest that people with 

SCI in regional areas used fewer mental health, physical therapy and OT services 

than people with SCI in metropolitan areas. Additionally, of the people with SCI 

who did use these services, people in regional areas attended physical therapies 

and OT services less frequently than their metropolitan counterparts. This finding 

supports the qualitative research from Chapter Three where participants reported 

that people living in regional areas often have difficulty with transportation if they 

require carers to assist them with therapy access or are reliant on wheelchair taxis, 

which are often in limited supply.  

Recommendation: People with SCI are often dependent on others for 

assistance with transportation, particularly if they are awaiting modifications 

to their own vehicle to drive independently. Ensuring that there are sufficient 

wheelchair taxis available in both metropolitan and regional issues may 

improve transportation issues. The Government must be involved in planning 

to improve supply to ensure response times for accessible (wheelchair) taxis 

are the same as for other taxis, as stipulated under the Disability 

Discrimination Act, 1992 128 Where wheelchair taxi transport is unavailable, 

helping people with SCI to find carers to assist with transportation, outside of 

their family network, may help to improve difficulties with transport. 

Additionally, people awaiting vehicle modifications for independence in 

regional areas should be prioritised and the jobs incentivised to ensure these 

changes can be made in a timely manner.  
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5.4 Implications for Health Service Planning 

The results presented throughout this thesis highlight the impact of geography on 

accessing post-discharge health services for people with serious injury in Victoria. From 

the findings of this research, continuity of care, availability of services and accessibility 

(reduced travel) are highlighted as priorities for improving post-discharge care of 

people with serious injury, with recommendations for service development described 

in Figure 6. These recommendations are further discussed below in relation to this 

program of research, the VSTS and previous literature from other jurisdictions.   

 

 

 

Figure 6. Summary of key priorities and opportunities for service development 
improvement 
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A lack of continuity of care between acute, rehabilitation and community services 

following serious injury has been well-documented as a barrier to recovery in this 

population and is reinforced by the findings of this work 21, 129 The integration of acute 

trauma care and rehabilitation services has been found to be a more efficient and cost-

effective model of care than having these as standalone services, as well as providing 

better continuity of care.19 However, with one-third of seriously injured Victorians 

residing in regional areas, this may not feasible due to the prolonged amount of time 

people would often be required to spend far away from the homes, families and 

communities.19 Instead, establishing a care-coordinator role to link acute services with 

rehabilitation and community care may improve continuity of care for people with 

serious injury. A care-coordinator could act as a single point of contact for patients and 

treating health professionals to improve communication between health care 

providers and continuity of care.94 At a minimum, providing people with serious injury 

with a multidisciplinary trauma team consult in the first six weeks following discharge 

is likely to improve continuity of care and ensure that recommended post-discharge 

care referrals have been completed and services established.129, 131  

The findings of Paper Five suggest that people living in regional areas attend GPs more 

than people in metropolitan areas following serious injury. Previous research has 

reported that people with TBI have an expectation that their GP will connect them to 

the necessary services and if a GP fails to do this, it can result in persistent and unmet 

care needs.21 Having a designated trauma centre care coordinator may also assist 

regional GPs to make referrals or connect people with serious injury to specialists. 

Having an established post-discharge care pathway for survivors of serious injury that 
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is streamlined and specialised will ensure more equitable access to care and a 

supported transition from acute to post-discharge services. Improving post-discharge 

care for people with serious injury is likely to positively impact the patient experience 

as well as long-term health and vocational outcomes. 

The data presented in this thesis strongly supports the implementation of telehealth 

services for post-discharge medical and allied health services as one solution to 

overcome access issues and skills shortages for people recovering from serious injury, 

especially for people in regional areas.29, 30, 91, 132 Telehealth is defined as 

telecommunications and information technologies used to share information, and 

provide clinical care, education, public health, and administrative services at a 

distance.133 

In recent years, there has been a substantial increase in telehealth-related research, 

supporting the feasibility and effectiveness of telehealth services, particularly in 

regional areas.134 Incorporating assistive technology in health care provides greater 

opportunity to connect individuals with necessary services and enables professional 

support networks for health care providers outside of major metropolitan centres.135, 

136 Despite the advantages of telehealth being described by research, there was limited 

uptake of this as a regular service option until recently, with barriers to telehealth 

including technological difficulties, funding limitations and privacy issues.137-139  

Since the commencement of this research however, the COVID-19 pandemic has 

required many health services to drastically change how they deliver health care, 

particularly in Victoria, where lengthy periods of lockdown have restricted face-to-face 

appointments. With more widespread uptake of telehealth services throughout the 
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COVID-19 pandemic, concerns around digital literacy skills for service providers and 

service users, infrastructure development and client acceptability are now better 

understood.136, 140-142 The progress made in the availability of telehealth services 

throughout the pandemic143 is likely to improve access to care and reduce the physical, 

mental and financial stress of travel for those with the capacity to engage in such 

services.143, 144 However, for these learnings to be sustainable beyond the pandemic, 

long-term telehealth implementation will require ongoing support from funding 

bodies. There must also be recognition of the multifaceted assistive technology 

ecosystem, described by the WHO, including the 1) the person; 2) the technology 

products; 3) personnel; 4) service provision and 5) the governing policies, that must be 

coordinated for integration of service delivery via telehealth within current models of 

care.136, 141, 145 

Improving the availability and subsequent access to mental health services in regional 

areas must be a health priority. In Australia, 90% of neuropsychologists practice in 

metropolitan areas.146 Telehealth can provide an effective, alternative method of 

accessing mental health services to help alleviate the issue of skills shortages and the 

burden of travel in regional areas.146-148 Allied health professionals also reported that a 

lack of funding and service availability limited accessibility of mental health services.29, 

30 In both urban and regional areas, people with TBI report unmet needs in regards to 

psychological and social wellbeing services.88 Following transport-related injury, 

people living in metropolitan areas and areas of lower socioeconomic advantage are at 

higher risk of worsening or persistent problems with pain, anxiety and depression.119 In 

light of this, consideration must be given to improving access to psychology services 



129 

for people both in regional and metropolitan areas. People with serious injury are also 

at greater risk of financial hardship.149, 150 Ensuring that funding of mental health 

service is prioritised for compensable and non-compensable patients may improve 

engagement with mental health services and patient outcomes.  

In addition to the wider adoption of telehealth practices, further consideration of how 

to best provide services to people in regional areas is necessary. People living in 

regional areas with serious injury, particularly TBI, report more unmet service needs 

than people in metropolitan areas.38, 88, 151, 152 The primary reasons identified for these 

unmet rehabilitation needs were the unequal geographic distribution of services, lack 

of transportation and unaffordability of available services.152 In circumstances where 

telehealth is not as feasible, such as with ‘hands-on’ assessment or treatment, where 

the safety of an individual is at risk, or if there are obstacles to effective 

communication such as language barriers or cognitive deficits, telehealth and/or 

outreach models of service delivery warrant investigation to improve accessibility for 

people in outer urban and regional areas.  

In Victoria, specialised community-based SCI care is provided by the Spinal Community 

Integration Service. This service aids people with a new SCI, for the first 12 months 

post discharge, to support the individual, carers, family and health professionals to 

access specialist knowledge and assist with transition to home from hospital and with 

community integration.153 Developing a similar community outreach service for people 

with TBI and complex orthopaedic injuries may assist with continuity of care, address 

unmet service needs and reduce the need for people in regional areas to travel to 

metropolitan centres to receive specialised trauma care.130, 154 Alternatively, 
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implementing regular specialised, multidisciplinary, outreach clinics in regional centres 

targeting people in the first three months post-hospital discharge may improve the 

accessibility and availability of specialised care.129, 131 These clinics could also involve 

local health professionals and be used as a pathway to upskill regional health 

professionals and improve communication between trauma centres and community-

based services.  

From the findings of this research, continuity of care, availability of services and 

accessibility (reduced travel) are highlighted as priorities for improving post-discharge 

care of people with serious injury, with recommendations for service development 

described in Figure 6.  

 

5.5 Recommendations for Future Research 

The findings from this thesis provide a foundation for further research investigating 

the impact of access to services on health outcomes and rationale for continued 

investigation into alternate models of service delivery for people with serious injuries. 

To better understand post-discharge care and develop guidelines for best practice 

rehabilitation and community-based trauma care, further research is recommended 

targeting the following areas: 

1. Exploring the relationship between distance travelled to services and service use 

and health outcomes 

This foundational research can be expanded on to explore the relationship 

between health outcomes and service use using VSTR data. To make specific 

recommendations about best-practice post-discharge care, understanding whether 
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the geographic variation in distances travelled and service use is associated with 

health outcomes is essential.  

 

2. Evaluating the feasibility, cost-effectiveness and patient satisfaction of telehealth 

services 

With the increased uptake of telehealth services as a result of the COVID-19 

pandemic, there is a great opportunity to evaluate the use of telehealth services for 

people with serious injury. The TAC has introduced new billing codes for telehealth 

services in response to the pandemic which will enable analysis of outcomes for 

people with serious injury who have used telehealth services. Understanding 

telehealth from the perspectives of service providers and people recovering from 

serious injury will be of interest in determining the optimal delivery of telehealth 

services and how these services have been received by users. Research 

investigating telehealth from the perspectives of service users, service providers 

and funding bodies is currently underway and due for completion in 2022.  

 

3. Exploring access to services and service utilisation in people with serious injury 

over the age of 65 

In the changing landscape of major trauma where an increasing number of people 

injured are over 65 years of age, understanding any specific difficulties experienced 

by, or factors to improve accessibility in, this population is warranted. Without 

established and well-organised data collection on service use in a non-compensable 

cohort, it is difficult to explore patterns of service use in older adults injured as a 

result of falls or other unintentional injury. Qualitative research targeting older 
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adults and their care providers may assist to provide greater insights on any 

additional barriers experienced by older adults in metropolitan and regional areas.  

 

5.6 Concluding Remarks 

The overarching aim of this research was to explore geographic variation in access to 

health care and health service utilisation for people in metropolitan and regional 

Victoria with serious injuries. At present, no guidelines exist to inform post-discharge 

health care within the Victorian State Trauma System. This thesis has confirmed that, 

for people with serious injuries, where you live matters when it comes to accessing 

post-discharge health services. People in regional areas are often required to travel 

further than people in metropolitan areas and access fewer health services following 

serious injury. A number of specific challenges to providing care across metropolitan 

and regional areas have been identified by this work, with recommendations 

developed to inform key stakeholders involved in the planning and funding of post-

discharge health services within the VSTS. It is hoped that the findings of this research 

can be used to reduce the disparity in access to services for people living in regional 

Victoria and optimise long-term health outcomes for people with serious injuries. 
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Appendices 
 

Appendix 1: Search strategy for scoping review 
 

SEARCH STRATEGY 
(search completed 23-24 October 2018) 
 
Research question:  
What is known from the existing literature about the relationship between geographic place of injury or geographic location of residence on 
outcomes following traumatic injury. 
 
Does geographic location (of incident or location of residence) effect outcome following trauma? 
 
Limit to: Peer reviewed Journals, English language 
 

Database Keywords Controlled vocab Search strategy Results  
Ovid 
Medline 

Trauma 
Geography 
Rural  
Urban  
Mortality  
Outcome 
Injury 

Mortality 
Hospital Mortality 
Outcome Assessment 
(Health care) 
Treatment Outcome 
Geography 
Urban Population 
Suburban Population 
Rural Population  
Wounds and Injuries 
Accidents, Traffic 
Accidents, Occupational 
Accidents, Home 
Accidental Falls 

[Hospital mortality OR Mortality OR Accidents, Traffic 
(Mortality) OR Accidents, Occupational (Mortality) OR 
Accidents, Home (Mortality) OR Accidental Falls 
(Mortality) OR Outcome Assessment (health care) OR 
Treatment Outcome] 
AND 
[Geography OR Urban Population OR Suburban 
Population OR Rural Population] 
AND  
[Accident, Traffic OR Accidents, Occupational OR 
Accidents, Home OR Accidental Falls OR Wounds and 
Injuries OR trauma] 

 
416 

 
 
Total records identified= 
4934 
 
Duplicates removed = 
1232 
 
Abstracts to screen = 832 
(excluded n = 749) 
 
Full texts to screen:  
N = 98 
(excluded n = 52) 
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Peer-reviewed articles 
retained: n= 46  
 
  

Embase Trauma 
Wounds and 
Injuries 
Motor vehicle 
crash 
Traffic accident 
Geography 
Rural  
Urban  
Mortality  
Outcome 

Mortality 
Hospital Mortality  
Outcome Assessment 
Health Care Quality  
Treatment Outcome 
Geography 
Urban Population 
Suburban Population 
Rural Population 
Rural Urban Difference 
Injury 
Accident, Traffic 
Accident, Occupational 
 

[Hospital mortality OR Mortality OR Treatment Outcome 
OR Outcome Assessment OR Health Care Quality] 
AND 
[Geography OR Urban Population OR  
Suburban Population OR Rural Population OR Rural 
Urban Difference] 
AND  
[Accident, Traffic OR Accident, Occupational OR Injury 
OR trauma] 
 

526 
 

Scopus Trauma 
Injury 
Geography 
Rural  
Urban  
Mortality  
Morbidity 
Outcome 

n/a [trauma OR “traffic accident”] AND [urban OR 
metropolitan OR city OR suburban AND rural] AND 
[mortality  OR “function”]  
 

 

397 
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CINAHL Trauma 
Wounds and 
Injuries 
Geography 
Rural  
Urban  
Mortality  
Outcome 
 
 
 
 

Hospital Mortality 
Mortality 
Outcome Assessment  
Health Care Delivery  
Patient Care 
Quality of Health Care 
Geographic Location 
Urban Population 
Suburban Population 
Rural Population 
Trauma 
Wounds and Injuries 
Accidents, Traffic 
Accidents, Occupational 
Accidental Falls 
 
 

[Hospital mortality OR Mortality OR Treatment Outcome 
OR Outcome Assessment OR Health Care Delivery OR 
Quality of Health Care OR Patient Care] 
AND 
[Geographic Location OR Population Characteristics OR 
Urban Population OR  
Suburban Population OR Rural Population] 
AND  
[Accident, Traffic OR Wounds and Injuries OR Trauma 
OR Accidents, Occupational OR Accidental Falls OR 
Trauma] 
 

310 

Web of 
science 

Trauma 
Injury 
Geography 
Rural  
Urban  
Mortality  
Outcome 
 

n/a  [trauma OR “traffic accident”] AND [urban AND rural] 
AND [mortality OR outcome OR recovery]  
 

434 
 
 
 

PubMed Trauma 
Geography 
Rural  
Urban  
Mortality  
Outcome 

Not utilized  
 
‘All Fields’ keyword search 
used to capture publications 
not yet indexed with MeSH 
headings 

[Mortality OR Outcome OR Fatality] ALL FIELDS 
AND 
[Geograph* OR Urban OR Suburban OR Rural] ALL 
FIELDS  
AND  
[Accident* OR traffic OR transport OR trauma OR 

263 
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Motor Vehicle Crash] ALL FIELDS  
 
**Pubmed searched only 1 Jan 2018-October 24 2018 
search to capture publications not yet indexed with MeSH 
headings and therefore not identified using Ovid Medline 
search strategy. 

 
 

Additional records identified through other sources = 12 
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Appendix 2: Expanded tables of results for ‘The relationship between geographic location and outcomes 
following injury: A scoping review’ 
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Appendix 3: Study Advertisement and Participant Information Sheet 
(Chapter Three) 
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You are invited to take part in this research project as a health care provider who 

currently manages or have experience managing seriously injured patients in the 

last twelve months. 

 
This project aims to explore the experiences of clinicians working with trauma 

patients beyond hospital discharge, and the factors that health care providers feel 

helped or hindered them to provide adequate care for these patients in the 

community. Participating in this project will involve completing a single 

videoconference or telephone interview, which will take less than one hour. 

 
Participation in this research is voluntary; there will be no financial remuneration. 
 
 
If you are interested in being a part of this study, please contact Jemma Keeves 

(jemma.keeves@monash.edu) who can provide you with further details or 

answer any questions that you might have.

. 
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Appendix 4: Interview Guide for qualitative studies (Chapter Three) 
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Appendix 5: COREQ checklist used for ‘Access to health care following 
serious injury: Perspectives of allied health professionals in urban and 
regional settings’ 
 
COREQ (COnsolidated criteria for REporting Qualitative research) Checklist 
 
A checklist of items that should be included in reports of qualitative research. You must 
report the page number in your manuscript where you consider each of the items listed 
in this checklist. If you have not included this information, either revise your manuscript 
accordingly before submitting or note N/A. 
 

Topic Item No. Guide Questions/Description Reported 
on 
Page No. 

Domain 1: Research team and reflexivity 

Personal characteristics 
Interviewer/facilitator 1 Which author/s conducted the interview or focus 

group? 
2 

Credentials 2 What were the researcher’s credentials? E.g. 
PhD, MD 

1-2 

Occupation 3 What was their occupation at the time of the 
study? 

2 

Gender 4 Was the researcher male or female? 2 
Experience and training 5 What experience or training did the researcher 

have? 
2 

Relationship with 
participants 
Relationship established 6 Was a relationship established prior to study 

commencement? 
2 

Participant knowledge of 
the interviewer 

7 What did the participants know about the 
researcher? e.g. personal 
goals, reasons for doing the research 

 

2, 
Appendix 
A 

 

Interviewer characteristics 8 What characteristics were reported about the 
inter viewer/facilitator? 
e.g. Bias, assumptions, reasons and interests in 
the research topic 

 

2, Table 1 
 

Domain 2: Study design 
Theoretical framework 
Methodological orientation 
and Theory 

9 What methodological orientation was stated 
to underpin the study? e.g. grounded theory, 
discourse analysis, ethnography, 
phenomenology, 
content analysis 

 

3 
 

Participant selection 
Sampling 10 How were participants selected? e.g. purposive, 

convenience, consecutive, snowball 

 

2 
 

Method of approach 11 How were participants approached? e.g. face-to-
face, telephone, mail, 

 

2 
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email 
Sample size 12 How many participants were in the study? 3 
Non-participation 13 How many people refused to participate or 

dropped out? Reasons? 
3 

Setting 
Setting of data collection 14 Where was the data collected? e.g. home, clinic, 

workplace 
3 

Presence of non- 
participants 

15 Was anyone else present besides the participants 
and researchers? 

 

2-3 
 

Description of sample 16 What are the important characteristics of the 
sample? e.g. demographic 
data, date 

 

3, Table 2 
 

Data collection 
Interview guide 17 Were questions, prompts, guides provided by the 

authors? Was it pilot 
tested? 

3, 
Appendix 
B 

 

Repeat interviews 18 Were repeat inter views carried out? If yes, how 
many? 

3 

Audio/visual recording 19 Did the research use audio or visual recording to 
collect the data? 

3 

Field notes 20 Were field notes made during and/or after the 
inter view or focus group? 

Table 1 

Duration 21 What was the duration of the inter views or focus 
group? 

3 

Data saturation 22 Was data saturation discussed? 3 
Transcripts returned 23 Were transcripts returned to participants for 

comment and/or 
No 

Topic Item No. Guide Questions/Description Reported  
Page No. 

  correction?  

Domain 3: analysis and findings 
Data analysis 
Number of data coders 24 How many data coders coded the data? 3 
Description of the coding 
tree 

25 Did authors provide a description of the coding 
tree? 

 

No 

Derivation of themes 26 Were themes identified in advance or derived 
from the data? 

3 

Software 27 What software, if applicable, was used to manage 
the data? 

3 

Participant checking 28 Did participants provide feedback on the 
findings? 

Table 1 
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Developed from: Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting 
qualitative research (COREQ): a 32-item checklist for interviews and focus groups. 
International Journal for Quality in Health Care. 2007. Volume 19, Number 6: pp. 349 – 
357 
 

Reporting 
Quotations presented 29 Were participant quotations presented to illustrate 

the themes/findings? 
Was each quotation identified? e.g. participant 
number 

 

4-7 
 

Data and findings consistent 30 Was there consistency between the data presented 
and the findings? 

4-7 

Clarity of major themes 31 Were major themes clearly presented in the 
findings? 

4-7 Figure 
1 

Clarity of minor themes 32 Is there a description of diverse cases or discussion 
of minor themes? 

4-7 



169 
 

Appendix 6: Supplementary table of supporting quotes for ‘Access to 
health care following serious injury: Perspectives of allied health 
professionals in urban and regional settings’  
 

1. Administrative delays and complex systems impede access to health care 

“…unfortunately, the most common scenario is that the referral from the metro hospital 

hasn’t been activated, so whether it’s been lost or not sent through in a timely way. So 

they’ve been discharged from hospital, sent back to [regional town] and then no follow-

up rehab has happened... we would see those guys potentially four, five, unfortunately 

sometimes six months post-accident. Probably not six months, maybe more like four 

months. It’s more common to get that than a direct referral from a metro hospital in the 

orthopaedic and pain rehab clinics especially. That’s not so the case for spinal clinic, the 

referrals for spinal tend to be a little bit more successful in getting from metro to 

Bendigo.” 17_Regional_EP_M_30-36 

 

“…making things a little bit more kind of user-friendly so the patients can actually 

access what they want. I think that’s sort of part of the benefit to the NDIS is having a 

bit more of that decision-making, like empowering the patient, but if the system is too 

complicated for them to be able to navigate, then it just puts that same barrier backup that 

the NDIS is trying to address.” 2_Regional_EP_M_23-29 

 

“Claims with [Injury_Insurer_1]… they still require a lot more information than what 

[Injury_Insurer_2] does have, there’s a lot more report writing … giving them every inch 

or millimetre of information to get things approved.” 8_Regional_OT_F_44-51 

2. Availability of appropriate services affects access to health care 
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“…that’s a real key, that if clients were provided with the emotional support and the 

psychological support right from the word go, and that ability for them to be able to 

accept their injury, and work with the allied health professionals, then they would have 

much more positive outcomes…I think the key things are the people that have had 

traumatic events need to be provided with services to deal with their 

psychological and emotional health, which isn’t being done effectively at the moment. 

Their care services need to be improved in this area.” 8_Regional_OT_F_44-51 

 

“Psychology would also be really helpful for the team, but we, as I said, just have the 

neuropsyche, and largely assessment based. At the moment psychology just has to be 

through GP, getting onto a (mental health) care plan. There sort of used to be a tiny bit 

of access we could get through the hospital for people who had been seen by hospital 

psychologists. But it’s pretty little access now” 6_Urban_PT_F_22-29 

 

“There’s a real gap with social work services in our community, and even access in 

psychology. Because even the Medicare rebate in psychology is out of reach for a lot 

of people. Navigating mental health plans, but also then there is still a huge gap, like 

you’re talking 60, 80 a hundred dollar gap for each psychology appointment. That’s 

not achievable for a lot of people” 7_Regional_Other_F_30-36 

3. Physical ability to reach services (accessibility) can restrict health care utilisation 
 

“Transportation is a real issue for a lot of people. And that has a flow-on effect for things 

like being able to attend therapy appointments. A lot of small towns don’t have maxi 

taxis, and all of our clients need maxi taxis to get around, if they don’t have their own 
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wheelchair accessible vans and things like that. So it is really challenging for a lot of the 

rural and regional clients.” 12_Statewide_PT_F_30-36 

 

“I’ve got a client in [regional town] … [Injury_Insurer_2] will say we’ll fund you a taxi 

transport to get to your appointment. Well, there is no taxi there. Everything’s just much 

harder for them. They can’t just jump in a taxi or a train, or whatever, to get to see a 

doctor because firstly, they’re three hours away, and they don’t have taxis out in these 

areas sometimes.” 14_Statewide_Other_F_37-43 

 

“There’s problems when the patients go back to the acute hospitals, to the big trauma 

hospitals in the city, for reviews and plans and all that kind of thing, and probably 50 

per cent of the time the communication back from there is not very good. And so that 

leads to anxiety and concern about what’s going on. And a lot of people from the country 

don’t like going up to the big city, or the big city hospitals, they find it really stressful and 

annoying...” 3_Urban_Other_F_37-43 
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Appendix 7: Histograms of trip distance by LGA (Chapter Four) 
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Appendix 8: Supplementary material, ‘Regional variation in travel to health 
services following transport-related injury’ 
 
Supplementary Methods 
 

Transport-related injuries were defined as caused by circumstances involving at least on 
motorised vehicle, a vehicle that operates on roads or rails (i.e. trains and trams), or a non-
motorised vehicle (e.g. pedal cyclists). 
 

 
Figure 1 Victoria Population Density 
 
Five nature of injury categories were assigned using the AIS 2005 (2008 update) diagnosis codes 
representing the most common traumatic injury groups. Mechanism of injury was collapsed into 
the five most common transport-related causes of injury (motor vehicle occupant, motorcyclist, 
pedestrian, pedal cyclist and tram/train) with one remaining category for missing data. Age was 
categorised into seven groups to aid with describing the study population due to the skewed 
distribution of age in the sample. The Charlson Comorbidity Index1 (CCI) weightings were used 
to describe pre-existing health conditions2. The Index of Relative Socioeconomic Advantage and 
Disadvantage (IRSAD) was used as a measure of socioeconomic status based on the client’s residential LGA 
at time of discharge with socioeconomic advantage ranging from 1 (most disadvantaged) to 5 (most 
advantaged)3. 

Geographical boundaries 

LGAs are geographical areas with defined data profiles which are commonly used to support 
health service planning and policy development. The population of Melbourne metropolitan LGAs 
range from 64,174 (Nillumbik) to 312,789 (Casey), compared to regional LGAs where populations 
range from 2,929 (Queenscliffe) to 239,529 (Geelong)4, see Supplementary material, Table 1 for 
full LGA characteristics. For this study the 2019 LGA boundaries were obtained from the 
Australian Bureau of Statistics (ABS) in a shapefile format, containing the geometry of each LGA 
as well as the LGA name and code5 

Geospatial procedures 

A matrix of all participant residential addresses and service provider addresses was completed 
for each individual service provided. Variation in travel distance due to a change in residential 
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address was inconsequential as the date which an individual’s address changed was known and 
matched to the specific service episode. 

Sensitivity analysis comparing the minimum distance to median distance travelled when there 
were multiple provider addresses suggested that, when aggregated by LGA, there was less than 
10km difference between the minimum and median values in 99% of LGAs (78 of 79). Therefore, 
we chose to use the minimum (shortest) distance between service provider and a client’s 
residential address under the assumption that people are most likely to travel to the nearest 
provider location for care. 

The median distance travelled and median number of trips in each service category were 
aggregated at an individual level by LGA for analysis. Median values were used due to the heavily 
skewed distribution of the data. 

 
Figure 2. Study sample flowchart 
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Table 1. Local Government Area (LGA) characteristics 
 

LGA code LGA name Region type Classification n, sample Area (Km2) Population, 2016 IRSAD, state decile 

20110 Alpine Shire Regional 22 4,788 12,578 5 
20260 Ararat Rural City Regional 18 4,211 11,745 1 
20570 Ballarat City Regional 104 739 103,500 4 
20660 Banyule City Metropolitan 101 63 127,447 9 
20740 Bass Coast Shire Regional 50 866 33,464 3 
20830 Baw Baw Shire Regional 94 4,028 49,296 6 
20910 Bayside City Metropolitan 92 37 102,912 10 
21010 Benalla Rural City Regional 23 2,353 13,982 2 
21110 Boroondara City Metropolitan 131 60 177,276 10 
21180 Brimbank City Metropolitan 169 123 204,190 1 
21270 Buloke Shire Regional 9 8,000 6,284 3 
21370 Campaspe Shire Regional 66 4,519 37,595 3 
21450 Cardinia Shire Metropolitan 117 1,283 97,573 8 
21610 Casey City Metropolitan 325 409 312,789 7 
21670 Central Goldfields Shire Regional 23 1,533 13,087 1 
21750 Colac-Otway Shire Regional 33 3,437 21,362 3 
21830 Corangamite Shire Regional 34 4,407 16,243 4 
21890 Darebin City Metropolitan 172 53 155,126 7 
22110 East Gippsland Shire Regional 64 20,940 45,600 3 
22170 Frankston City Metropolitan 187 130 139,502 6 
22250 Gannawarra Shire Regional 17 3,735 10,567 3 
22310 Glen Eira City Metropolitan 151 39 148,583 10 
22410 Glenelg Shire Regional 30 6,219 19,759 2 
22490 Golden Plains Shire Regional 37 2,703 22,016 8 
22620 Greater Bendigo City Regional 104 3,000 112,267 4 
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LGA code LGA name Region type Classification n, sample Area (Km2) Population, 2016 IRSAD, state decile 
22670 Greater Dandenong City Regional 168 130 160,222 1 
22750 Greater Geelong City Regional 226 1,248 239,529 6 
22830 Greater Shepparton City Regional 87 2,422 65,072 2 
22910 Hepburn Shire Regional 22 1,473 15,525 6 
22980 Hindmarsh Shire Regional 10 7,524 5,784 2 
23110 Hobsons Bay City Metropolitan 37 64 93,445 7 
23190 Horsham Rural City Regional 104 4,267 19,884 4 
23270 Hume City Metropolitan 168 504 207,041 2 
23350 Indigo Shire Regional 226 2,040 16,165 8 
23430 Kingston City Metropolitan 87 91 158,941 9 
23670 Knox City Metropolitan 22 114 160,353 9 
23810 Latrobe City Regional 10 1,426 74,622 1 
23940 Loddon Shire Regional 90 6,696 7,558 2 
24130 Macedon Ranges Shire Regional 22 1,748 47,480 9 
24210 Manningham City Metropolitan 243 113 122,570 9 
24250 Mansfield Shire Regional 21 3,844 8,674 7 
24330 Maribyrnong City Metropolitan 163 31 86,942 6 
24410 Maroondah City Metropolitan 110 61 114,800 9 
24600 Melbourne City Metropolitan 80 37 146,096 7 
24650 Melton City Metropolitan 132 528 141,420 5 
24780 Mildura Rural City Regional 47 22,082 54,658 1 
24850 Mitchell Shire Regional 76 2,862 41,795 6 
24900 Moira Shire Regional 47 4,046 29,486 2 
24970 Monash City Metropolitan 174 81 192,625 9 
25060 Moonee Valley City Metropolitan 95 43 122,871 8 
25150 Moorabool Shire Regional 64 2,111 32,672 7 
25250 Moreland City Metropolitan 163 51 172,294 7 
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LGA code LGA name Region type Classification n, sample Area (Km2) Population, 2016 IRSAD, state decile 
25340 Mornington Peninsula Shire Metropolitan 185 724 161,528 8 
25430 Mount Alexander Shire Regional 20 1,530 19,097 6 
25490 Moyne Shire Regional 21 5,482 16,737 8 
25620 Murrindindi Shire Regional 27 3,880 14,052 6 
25710 Nillumbik Shire Regional 63 432 64,174 10 
25810 Northern Grampians Shire Regional 11 5,730 11,570 1 
25900 Port Phillip City Metropolitan 130 21 108,627 10 
25990 Pyrenees Shire Regional 16 3,435 7,316 3 
26080 Queenscliffe Borough Regional 5 9 2,929 10 
26170 South Gippsland Shire Regional 52 3,296 29,122 5 
26260 Southern Grampians Shire Regional 26 6,654 16,123 5 
26350 Stonnington City Metropolitan 102 26 111,003 10 
26430 Strathbogie Shire Regional 20 3,303 10,357 4 
26490 Surf Coast Shire Regional 27 1,553 30,465 10 
26610 Swan Hill Rural City Regional 22 6,115 20,896 2 
26670 Towong Shire Regional 11 6,675 6,046 5 
26700 Wangaratta Rural City Regional 35 3,645 28,592 4 
26730 Warrnambool City Regional 36 121 34,242 5 
26810 Wellington Shire Regional 64 10,817 43,530 4 
26890 West Wimmera Shire Regional 9 9,108 3,937 5 
26980 Whitehorse City Metropolitan 154 64 169,641 9 
27070 Whittlesea City Metropolitan 180 490 207,058 5 
27170 Wodonga City Regional 24 433 40,100 4 
27260 Wyndham City Metropolitan 187 542 227,008 7 
27350 Yarra City Metropolitan 80 20 92,894 8 
27450 Yarra Ranges Shire Metropolitan 263 2,468 155,226 8 
27630 Yarriambiack Shire Regional 8 7,326 6,743 1 
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Appendix 9: Strengthening the reporting of observational studies in 
epidemiology (STROBE) Checklist used for the paper, ‘Travelling for 
treatment: The association between injury type and service utilisation in 
metropolitan and regional Victoria’ 
 
STROBE Statement—Checklist of items that should be included in reports of cohort 
studies  
 

 Item 
No Recommendation 

Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in 
the title or the abstract 

1 

(b) Provide in the abstract an informative and balanced 
summary of what was done and what was found 

1 

Introduction 
Background/rationale 2 Explain the scientific background and rationale for the 

investigation being reported 
1 

Objectives 3 State specific objectives, including any prespecified 
hypotheses 

2 

Methods 
Study design 4 Present key elements of study design early in the paper 2 
Setting 5 Describe the setting, locations, and relevant dates, including 

periods of recruitment, exposure, follow-up, and data 
collection 

2-3 

Participants 6 (a) Give the eligibility criteria, and the sources and methods 
of selection of participants. Describe methods of follow-up 

3-4 

(b) For matched studies, give matching criteria and number 
of exposed and unexposed 

n/a 

Variables 7 Clearly define all outcomes, exposures, predictors, potential 
confounders, and effect modifiers. Give diagnostic criteria, if 
applicable 

4 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details 
of methods of assessment (measurement). Describe 
comparability of assessment methods if there is more than 
one group 

2-3 

Bias 9 Describe any efforts to address potential sources of bias - 
Study size 10 Explain how the study size was arrived at Fig 1 
Quantitative 
variables 

11 Explain how quantitative variables were handled in the 
analyses. If applicable, describe which groupings were chosen 
and why 

4 

Statistical methods 12 (a) Describe all statistical methods, including those used to 
control for confounding 

4 

(b) Describe any methods used to examine subgroups and 
interactions 

4-5 

(c) Explain how missing data were addressed n/a 
(d) If applicable, explain how loss to follow-up was addressed n/a 
(e) Describe any sensitivity analyses - 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg 
numbers potentially eligible, examined for eligibility, 
confirmed eligible, included in the study, completing follow-

5 
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up, and analysed 
(b) Give reasons for non-participation at each stage n/a 
(c) Consider use of a flow diagram Fig 1 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, 
clinical, social) and information on exposures and potential 
confounders 

Table 
1 

(b) Indicate number of participants with missing data for each 
variable of interest 

n/a 

(c) Summarise follow-up time (eg, average and total amount) 5 
Outcome data 15* Report numbers of outcome events or summary measures 

over time 
5-8 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence 
interval). Make clear which confounders were adjusted for 
and why they were included 

5-8 

(b) Report category boundaries when continuous variables 
were categorized 

n/a 

(c) If relevant, consider translating estimates of relative risk 
into absolute risk for a meaningful time period 

n/a 

Other analyses 17 Report other analyses done—eg analyses of subgroups and 
interactions, and sensitivity analyses 

5-8 

Discussion 
Key results 18 Summarise key results with reference to study objectives 8 
Limitations 19 Discuss limitations of the study, taking into account sources 

of potential bias or imprecision. Discuss both direction and 
magnitude of any potential bias 

10 

Interpretation 20 Give a cautious overall interpretation of results considering 
objectives, limitations, multiplicity of analyses, results from 
similar studies, and other relevant evidence 

9-10 

Generalisability 21 Discuss the generalisability (external validity) of the study 
results 

9-10 

Other information 
Funding 22 Give the source of funding and the role of the funders for the 

present study and, if applicable, for the original study on 
which the present article is based 

11 

 
  
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological 
background and published examples of transparent reporting. The STROBE checklist is best used in 
conjunction with this article (freely available on the Web sites of PLoS Medicine at 
http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and Epidemiology 
at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-
statement.org. 




