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ABSTRACT
Introduction In many jurisdictions, people experiencing 
an injury often pursue compensation to support their 
treatment and recovery expenses. Healthcare costs form 
a significant portion of payments made by compensation 
schemes. Compensation scheme regulators need accurate 
and comprehensive data on injury severity, treatment 
pathways and outcomes to enable scheme modelling, 
monitoring and forecasting. Regulators routinely rely on 
data provided by insurers which have limited healthcare 
information. Health data provide richer information and 
linking health data with compensation data enables the 
comparison of profiles, patterns, trends and outcomes of 
injured patients who claim and injured parties who are 
eligible but do not claim.
Methods and analysis This is a retrospective population- 
level epidemiological data linkage study of people who 
have sought ambulatory, emergency or hospital treatment 
and/or made a compensation claim in Queensland after 
suffering a transport or work- related injury, over the 
period 1 January 2011 to 31 December 2021. It will use 
person- linked data from nine statewide data sources: 
(1) Queensland Ambulance Service, (2) Emergency 
Department, (3) Queensland Hospital Admitted Patients, 
(4) Retrieval Services, (5) Hospital Costs, (6) Workers’ 
Compensation, (7) Compulsory Third Party Compensation, 
(8) National Injury Insurance Scheme and (9) Queensland 
Deaths Registry. Descriptive, parametric and non- 
parametric statistical methods and geospatial analysis 
techniques will be used to answer the core research 
questions regarding the patient’s health service use profile, 
costs, treatment pathways and outcomes within 2 years 
postincident as well as to examine the concordance and 
accuracy of information across health and compensation 
databases.
Ethics and dissemination Ethics approval was 
obtained from the Royal Brisbane and Women’s Hospital 
Human Research Ethics Committee, and governance 
approval was obtained via the Public Health Act 2005, 
Queensland. The findings of this study will be used to 
inform key stakeholders across the clinical, research 
and compensation regulation area, and results will be 

disseminated through peer- reviewed journals, conference 
presentations and reports/seminars with key stakeholders.

INTRODUCTION
In many jurisdictions, nationally and inter-
nationally, people experiencing an injury 
often pursue compensation under a variety 
of insurance schemes to support their treat-
ment and recovery expenses. The effect that 
compensation has on health outcomes of 
injured people is unclear, with conflicting 
findings across injury schemes (eg, motor 
vehicle crashes, occupational injuries), 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This population- level epidemiological data linkage 
study will link nine separate health and compensa-
tion data sources for people sustaining a transport- 
related or work- related injury over an 11- year 
period.

 ⇒ Health service utilisation profiles and treatment 
pathways through the health and compensation 
systems will be constructed for specific injured co-
horts using defined linkage logic parameters.

 ⇒ Terminology related to injury episodes, encounters 
and events will be clearly stated, with flowcharts 
used to simply describe data linkage processes and 
decision points.

 ⇒ Although ethics, governance, data provision and 
data management steps required for data linkage 
studies are lengthy, and, therefore, impact the re-
cency of the data once findings are published, the 
methods during this study will remain relevant; 
furthermore, governance restrictions limited the 
breadth of follow- up data able to be released for 
non- physical conditions, which restricts our inter-
pretation to the physical outcomes postinjury.
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claimant populations (eg, whiplash, orthopaedic trauma) 
and outcomes (eg, mobility, mental health).1–6

Apart from personal injury compensation covered 
under the Personal Injuries Proceedings Act 2002,7 such as 
those related to medical malpractice, and covered under 
other legislation, such as the Victims of Crime Assistance 
Act 2009,8 there are currently three main injury compen-
sation schemes in Queensland, Australia, with different 
but overlapping inclusion criteria: the Workers’ Compen-
sation Scheme (introduced in 1916 and regulated by 
Office of Industrial Relations (OIR) Workers’ Compen-
sation Regulatory Service),9 Compulsory Third Party 
(CTP) motor accident insurance scheme (introduced 
in 1936 and regulated by the Motor Accident Insurance 
Commission (MAIC))10 and the National Injury Insur-
ance Scheme Queensland (NIISQ) (introduced in July 
2016).11 More detail about how these schemes operate is 
provided in the Methods section.

To date, in Queensland, there have been no in- depth 
health data linkage studies to examine the profile, costs 
and outcome trajectories of claimants within the different 
compensation schemes operating in the State. While 
Queensland workers’ compensation data have previ-
ously been included in cross- jurisdictional comparative 
studies examining injury profiles and outcome trajecto-
ries,12 13 these studies did not employ linkage to other 
health data sources. Comparative studies, which include 
Queensland motor accident insurance claimants, have 
previously been used to qualitatively assess the impact of 
compensation scheme design,14 given Queensland is an 
‘at fault’ CTP scheme as distinct from several other juris-
dictions in Australia; however, to the authors’ knowledge, 
Queensland CTP claims data have not been released for 
comparative studies previously.

Previous studies in Victoria and New South Wales have 
examined healthcare utilisation and costs following 
compensable injuries in various cohorts.15–17 A study 
in Victoria assessed healthcare utilisation following 
transport- related injury, using compensation claims data, 
finding that over a third of cases required admission to 
hospital, and this cohort accessed a median of 19 health 
services per claimant in the 12 months postdischarge, 
with almost a quarter requiring further hospital care.15 
Another Victorian study has examined the healthcare 
trajectories and costs of major trauma patients in both 
the Transport Accident Commission payments data 
and the Victorian State Trauma Registry over 3 years, 
comparing outcomes with the perspective of fault attri-
bution, showing median healthcare costs per patient 
within 3 years postdischarge of almost $57 500 AUD, 
with the most prevalent period for treatment in the first 
12 weeks postinjury and those who attributed fault to 
another had 9% higher healthcare costs.16 Other work 
has compared outcomes following transport injury across 
different schemes and claimant types in Victoria and New 
South Wales, and key demographic and injury character-
istic differences were identified between CTP claimants, 
workers compensation claimants and non- claimants, and 

non- claimants returning to work more quickly than claim-
ants.17 There has been some work linking time- loss claims 
for workers with low back pain, to General Practitioner 
service use across Western Australia, South Australia, 
Victoria and Queensland, with the mean number of GP 
services after a loss- time claim of 10 per claimant within 
2 years of initial claim, which varied by jurisdiction, with 
Queensland having the lowest number of GP services and 
shortest duration of all jurisdictions.18 Another recent 
protocol for a study in New South Wales, Australia, will 
link workers’ compensation claims data, health service 
use and pharmaceuticals data, hospital and emergency 
department data and social welfare data to examine the 
long- term impact of legislation reform on subsequent 
healthcare and welfare service use.19 Further abroad, 
a study in British Columbia, Canada, linked workers’ 
compensation data, health services data and prescription 
data to investigate the effectiveness of gradual return- 
to- work for workers with work- related musculoskeletal 
disorders, which revealed differences in gradual return 
to work provision by injury severity, gender, age, wage, 
size of firm, duration and recency of claim.20 While other 
studies have linked data to answer specific areas of need, 
there have been no comparable data linkage studies 
examining the concordance and quality of data across 
health and compensation databases, the methodological 
considerations when linking these data, nor the health 
service utilisation patterns for transport and work- related 
injury patients who do and do not receive compensation 
in Queensland, which enables scope for examining many 
areas of focus for not only the motor vehicle accident and 
workers’ compensation sector but also the healthcare 
sector as well.

Healthcare costs form a significant portion of 
payments made by all compensation schemes and there 
is an increasing need for accurate and comprehen-
sive data on injury severity, treatment and outcomes to 
enable scheme modelling, monitoring and forecasting. 
Currently, injury compensation scheme regulators, such 
as MAIC and OIR, mainly rely on claimant- level data 
provided by insurers, and these core data fields have 
limited health information on the patient claim manage-
ment journey or patient clinical pathway, claimants’ pre- 
existing medical conditions, patient injury types and 
severity, injury circumstances (including risk factors) and 
patient outcomes (including ongoing medical issues). In 
addition, workers’ compensation scheme regulators also 
have access to results from national biennial return to 
work surveys.21 These surveys summarise outcomes for 
a sample of claimants such as return to work rates and 
challenges, physical and psychological health outcomes, 
experiences of the workplace and legal/insurance 
system, etc; however, these results are only for a sample 
of claimants across Australia and have relatively limited 
information about claimants’ healthcare journeys, treat-
ments and outcomes. NIISQ, in contrast, as the insurer 
(not the regulator) providing life- time treatment, care 
and support of people in their scheme has very detailed 
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information regarding the aspects of care which require 
NIISQ involvement. However, the accuracy and concor-
dance of data provided to NIISQ compared with data 
captured within the health system have not yet been vali-
dated as this scheme is new to Queensland.

Furthermore, with regulatory agencies responsible for 
broader safety investments and initiatives, comprehensive 
insights into the circumstances, risk factors and injuries 
sustained are needed. For example, while Queensland 
workers’ compensation trend data suggest that the rate 
of serious injury is decreasing over time, work- related 
injury hospitalisation trend data reveal a different story, 
showing an increase over recent years in Queensland.22 
Data used by insurance schemes to inform injury preven-
tion policy is largely based on compensation claims data, 
which provides a skewed picture because it includes only 
those who seek compensation. It has been found that 
young workers,23 workers in retail, health, education, 
government and workers in rural and remote areas are 
underrepresented in compensation data when compared 
with incidence figures from workplace injury surveys.24 In 
addition, compensation schemes have limited informa-
tion about the specific injury cause, spatial and temporal 
distribution of injuries, treatment pathways and outcomes 
for patients, hence are limited in their ability to inform 
injury management and primary prevention initiatives.

Linking health data, drawn from ambulance and 
retrieval services, emergency departments and hospital-
isation sources and deaths registries, with compensation 
data, drawn from motor vehicle accident compensation 
and worker’ compensation schemes, enables the compar-
ison of profiles, patterns, trends and outcomes of injured 
patients who claim, injured parties who are eligible but 
do not claim, and injured parties who fall outside the 
scope of compensation schemes but contribute to the 
injury burden.

Study objectives and aims
Broadly, this study aims to (1) evaluate the quality and 
value of linking Queensland compulsory third- party 
motor vehicle accident claims data, workers’ compensa-
tion injury claims data and health data to address stake-
holder information needs and (2) compare the health 
service use profiles, costs and treatment pathways and 
physical outcome trajectories of compensable and non- 
compensable transport and work- related injured patients 
using these linked data. The specific objectives are to:

 ► Examine the accuracy, concordance and complete-
ness of data across each data source.

 ► Compare the health service use profile, costs, treat-
ment pathways and physical outcomes of motor 
vehicle- related compensable and non- compensable 
patients over time.

 ► Compare the health service use profile, costs, treat-
ment pathways and physical outcomes of injured 
work- related compensable and non- compensable 
patients over time.

METHODS AND ANALYSIS
Study design
This is a retrospective population- level epidemiological 
data linkage study of people who have sought ambulatory, 
emergency or hospital treatment and/or made a compen-
sation claim in Queensland after suffering a transport- 
related or work- related physical injury (excluding other 
non- injury work- related diseases and excluding mental 
health only conditions for each cohort), over the 11- year 
period from 1 January 2011 to 31 December 2021.

Data sources
Transport- related or work- related injury records from 
nine statewide routinely collected data sources (figure 1) 
will be identified and linked with the Master Linkage File 
maintained by the Statistical Analysis and Data Linkage 
Unit (SALU)25 within the Queensland Department of 
Health. These data sources are: (1) Queensland Ambu-
lance Service (QAS) data collection, (2) Emergency 
Department Collection (EDC), (3) Queensland Hospital 
Admitted Patients Data Collection (QHAPDC), (4) 
Retrieval Services Queensland (RSQ) data collection, (5) 
National Hospital Cost Data Collection (NHCDC), (6) 
OIR Workers Compensation Regulator Database (OIR 
WCRD), (7) MAIC CTP Personal Injury Register (MAIC 
CTP PIR), (8) NIISQ database and (9) Queensland 
Deaths Registry (QDR).

Context
Queensland has an area of 1.7 million km2 and a decen-
tralised population of 5.24 million people,26 with much 
of the population living along the eastern seaboard. 
Queensland’s healthcare system incorporates 194 public 
healthcare facilities with varying degrees of clinical capa-
bility,27 302 ambulance response locations28 and 13 aero-
medical bases (personal communication, October 2022).

In regards to injury compensation schemes in 
Queensland, employers are required to have a Workers’ 
Compensation accident insurance policy (or maintain a 
self- insurance policy if authorised to do so) to cover their 
workers for out- of- pocket medical expenses, lump sum 
payments for permanent impairment, past and future 
economic loss, pain and suffering costs, legal costs and 
death/funeral benefits. Workers’ compensation covers 
work- related injury, disease and mental health conditions 
which arise while undertaking work, including during 
breaks or while travelling to and from work.29 The CTP 
scheme is funded through a compulsory levy paid with 
each motor vehicle registration via a choice of private 
insurer. In Queensland, the CTP scheme is a ‘fault’-
based scheme where a person injured in a motor vehicle 
crash must first establish fault against another person, 
before seeking compensation through the compensa-
tion scheme.30 In the instance where an ‘at- fault’ person 
is uninsured or unidentified, the Nominal Defendant 
manages the claim.31 The CTP scheme pays for out- of- 
pocket medical expenses, general damages and past and 
future economic losses. Where a work- related injury also 
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is eligible for compensation via the CTP scheme, Workers’ 
Compensation is entitled to recover the costs of the claim 
from the CTP scheme insurer. The NIISQ is a more 
recently introduced no- fault scheme funded through the 
Queensland government insurer (through a compulsory 
levy paid with each motor vehicle registration) and covers 
all people, regardless of fault, catastrophically injured in 

a motor vehicle crash in Queensland for medical treat-
ment, rehabilitation and lifetime care. Catastrophically 
injured parties can claim through the NIISQ if they are 
at fault, and either NIISQ or CTP (or potentially both) 
scheme/s if they are not at fault.30

Funding models for paying hospital treatment costs 
differ for each scheme. While a levy is currently paid 

Figure 1 Description of core data sources for linkage.
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to the Queensland Department of Health to cover the 
public hospital treatment costs of CTP and NIISQ claim-
ants, treatment at private hospitals is covered by a fee for 
service arrangement. Workers’ Compensation moved to 
a fee for service patient- level arrangement in January 
2016 for claimants at public hospitals, replacing a similar 
levy- based system. Recently, a standard table of costs for 
private hospital services was also introduced for Workers’ 
Compensation claimants.32

Terminology
This protocol uses the terminology described in Vallmuur 
and colleagues’ paper,33 a study which aimed to promote 
the use of consistent terminology in injury data linkage 
studies to describe episodes, encounters and events, 
which in summary states:

 ► Episodes are discrete units of health activity for a 
patient, including, for example, discrete ambulance 
records, emergency department records or hospital 
records, which can be numerous even for the one 
hospital stay (encounter) for a patient.

 ► Encounters are contiguous episodes of care within or 
between health services that are related temporally.

 ► Events are the group of health service encounters, 
which are related to the treatment of injuries sustained 
in one injury occurrence, regardless of the length of 
time since the injury.

In addition, the term ‘records’ will be used to describe 
sequencing, joining and merging records across the 
compensation and health datasets as a more generic alter-
native to ‘episodes’, given compensation data are usually 
referred to as ‘claims’.

Case inclusion criteria
Inclusion scope
The cohort identification overview is depicted in figure 2 
and the data sources are described in figure 1 and in 
summary, records meeting any of the criteria below and 
occurring between 1 January 2011 and 31 December 2021 
are included in the study (see table 1 summary):

 ► Transport- related or work- related injury treated by 
the QAS.

 ► Transport- related or work- related injury- related 
presentation at a Queensland public emergency 
department.

 ► Transport- related or work- related injury- related sepa-
ration from a Queensland public or private hospital.

 ► Aeromedical transport of a transport- related or work- 
related injured person to definitive care.

 ► Motor Accident Insurance CTP Claim for physical 
injury.

 ► OIR workers’ compensation claim for physical injury.
 ► National Injury Insurance Scheme claim for physical 

injury.
 ► Transport- related or work- related death.

Exclusion scope
For index encounters, this study deliberately focuses on 
physical injury events and excludes cases of work- related 
or transport- related claims for diseases or conditions other 
than acute injury as that is not within the scope of this 
project. In regards to subsequent presentations postinjury 
event, it is a requirement for governance approval that 
episodes are restricted to those which could reasonably be 
viewed as having a high probability of being related to the 

Figure 2 Schematic of cohort identification process.
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initial physical injury encounter. Provision of data about 
the patient that is broader than that may contravene the 
Public Health Act 2005, Queensland. Hence, episodes 
will be ineligible for selection (ie, excluded) if they do 
not have at least one diagnosis code, which indicates 
an injury, musculoskeletal condition or follow- up care 
factors (list provided in next section). Other conditions 
which may be of interest, such as mental and behavioural 
diagnoses post injury event, postsurgical infections, etc, 
will only be included in the episode selection, if they also 
have diagnosis codes, which refer to the injury, or refer 
to musculoskeletal conditions, or refer to follow- up care 
factors in at least one of the diagnosis codes in the string.

Identification of transport or work-related injury ambulance 
records
Selection of records from ambulance will occur in a two- 
step process as ambulance data do not record a flag to 
indicate an attendance is due to a work- related incident. 
The first step will use specific codes known to identify 
most transport- related cases. In the first step, the first 
extract of transport- related cases will be selected using 
any of the following criteria:

 ► Medical Priority Dispatch Software Code 29=Traffic/Trans-
portation Accidents, or

 ► Electronic Ambulance Record Form: Case Nature=Bicycle 
collision; Motorcycle collision; Motor vehicle colli-
sion; Pedestrian collision.

 ► Digital Ambulance Record Form (DARF): Cause of Inju-
ry=Car/Van, Motorcycle, Other vehicle, Pedal Cycle, 
Pedestrian, Truck/Bus.

In the second step, the researcher will provide the 
ambulance data provider via Queensland Health SALU, 
with the project ID for all cases which have been flagged 
as being work- related through the ED, QHAPDC or OIR 
WCRD and any additional transport cases which have 
been flagged in any of the other data sources and the 

ambulance data provider will extract the content data 
for these cases and provide them to the researcher. The 
process for this is described in more detail in the following 
section on Data Linkage.

Identification of index episode of transport or work-related injury 
emergency department presentations and hospital admissions
To be eligible for inclusion in the emergency or hospital-
isation cohort, a patient had to have at least one episode 
meeting the criteria for an index episode and have one 
or more codes indicating the episode was either transport 
related or work related:

 ► in EDC: an ICD- 10- AM principal diagnosis code in the 
range S00- T75 or T7934 AND
i. Payment class=Motor Vehicle Other, Motor Vehicle 

Other Ineligible, Motor Vehicle Qld, Motor 
Vehicle Qld Ineligible, Motor Vehicle Queens-
land, Motor Vehicle Queensland Ineligible, 
Workers Compensation Other, Workers Compen-
sation Other Ineligible, Workers Compensation 
Queensland, Workers Compensation Queensland 
Ineligible OR

ii. Presenting complaint code (where available) 
= 9031 -Cycle- related, 9034- MBC/Quad- Driver, 
9035- MBC/Quad- Passenger, 9036- MVC- Driver, 
9037- MVC- Passenger, 9041- Crash- Other vehicle, 
9042- Pedestrian OR

iii. Patient matches any of the transport or work- 
related cohort in any of the other data sources.

 ► in QHAPDC: an ICD- 10- AM principal diagnosis code 
in the range S00- T75 or T79, and care type=Acute Care 
AND
i. Funding source=Motor vehicle third party 

personal claim, Workers compensation OR
ii. ICD- 10- AM external cause code=V00 xx- V89xx OR 

U730x OR

Table 1 Summary of case inclusion criteria for any record identified in the 11- year period between 1 January 2011 and 31 
December 2021

Data source
Inclusion criteria
(must meet at least one of the criteria below)

Ambulance (MPDS; eARF, DARF) Transport or work- related injury attendance

Emergency Department (EDC) Transport or work- related injury ED presentation

Hospital Admission (QHAPDC) Transport or work- related injury acute care admission

Aeromedical Transport Transport or work- related injury aeromedical patient transport to definitive 
acute care.

CTP Claims (MAIC CTP PIR) CTP claim present

Workers’ Compensation claims (OIR WCRD) Workers’ Compensation claim for injury- related mechanism

Catastrophic injury claims (NIISQ) NIISQ claim present

Deaths (QDR) Transport or work- related injury cause of death

CTP, Compulsory Third Party; DARF, Digital Ambulance Record Form; eARF, Electronic Ambulance Record Form; EDC, Emergency 
Department Collection; MAIC, Motor Accident Insurance Commission; MPDS, Medical Priority Dispatch Software; NIISQ, National Injury 
Insurance Scheme Queensland; OIR WCRD, Office of Industrial Relation Workers Compensation Regulator Database; PIR, Personal Injury 
Register; QDR, Queensland Deaths Registry; QHAPDC, Queensland Hospital Admitted Patients Data Collection.
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iii. ICD- 10- AM principal or other diagnosis 
code=Z041 or Z042

iv. ICD Type ‘PD’ or ‘OD’ = ICD code Z041 Examina-
tion and observation following transport accident 
OR

v. Patient matches any of the transport or work- 
related cohort in any of the other data sources.

Identification of subsequent episodes related to transport or work-
related injury emergency department presentations and hospital 
admissions
To select subsequent episodes potentially related to the 
index transport or work- related injury event, patients who 
are flagged in any of the transport or work- related data 
sources who have a subsequent emergency department 
presentation or hospitalisation where the principal diag-
nosis for the episode is within the following International 
Classification of Diseases 10th revision, Australian Modi-
fication (ICD- 10- AM) chapters will have these episodes of 
care included:

 ► CHAPTER 13: Diseases of the Musculoskeletal System 
and Connective Tissue (M00–M99).

 ► CHAPTER 19: Injury, Poisoning and Certain Other 
Consequences of External Causes (S00–T98).

 ► Selected codes from Chapter 21: Factors Influencing 
Health Status and Contact with Health Services:

Z02 Examination and encounter for administrative 
purposes.
Z04 Examination and observation for other rea-
sons.
Z09 Follow- up examination after treatment for 
conditions other than malignant neoplasms.
Z42 Follow- up care involving plastic surgery
Z44 Fitting and adjustment of (external) prosthetic 
device.
Z45 Adjustment and management of drug delivery 
or implanted device.
Z46 Fitting and adjustment of other devices.
Z47 Other orthopaedic follow- up care.
Z48 Other surgical follow- up care.
Z50 Care involving use of rehabilitation proce-
dures.
Z74 Problems related to care provider dependency.
Z75 Problems related to medical facilities and 
other healthcare.

Using these broad inclusion criteria will allow the 
research team to gain insight into how acute and suba-
cute diagnosis codes are used across an injured patient’s 
health and compensation journey.

Identification of transport or work-related injury aeromedical 
retrievals/transfers of injured people
All people with a transport or work- related injury mecha-
nism recorded on the RSQ database who were transported 

for definitive care (ie, either from the scene or from a 
referring hospital) by helicopter or fixed wing transport 
will be included in the cohort. Similar to the process 
undertaken with the Ambulance records, any RSQ record 
which links to any of the other cohort records in QAS, 
EDC, QHAPDC or death registry sources will also be 
included, with this second phase likely to extract most 
records as limited mechanism/activity- specific informa-
tion is recorded in retrieval services data.

Identification of injury compensation claim records (motor vehicle, 
workers’ compensation or NIISQ)
All compulsory third- party insurance claimants, workers’ 
compensation claimants and NIISQ claimants who 
submitted a physical injury claim and were recorded on 
either the MAIC CTP PIR, OIR WCRD or NIISQ data 
systems for an incident occurring between 1 January 2011 
and 31 December 2021 will be included in the cohort. 
The injury- related workers’ compensation claims will 
be selected using the Type of Occurrence Classification 
System codes which refers to injuries and musculoskeletal 
conditions. While acute injury events are the foci of this 
study, workers’ compensation claims for musculoskeletal 
conditions are included for completeness as these more 
gradual onset conditions may have a preceding triggering 
acute injury event captured in the health data cohort 
within the 2 years prior to the musculoskeletal claim.

Identification of transport or work-related injury deaths
All injury- related death records where the underlying 
cause of death is coded to V01- V89 or Y85 or any death 
records that can be linked to one/more records extracted 
for the study cohorts described above, with a date of death 
occurring between 1 January 2011 and 31 December 
2021, will be included in the cohort.

Data linkage
The Queensland Health SALU25 will undertake the person- 
level data linkage in accordance with the Queensland Data 
Linkage Framework and this is depicted in figure 3. For 
cases meeting the inclusion criteria, personal informa-
tion in the form of name, address and date of birth as well 
as a unique project identifier, will be provided by the data 
custodians to SALU only. All other details, such as clinical 
data, will remain with the data custodians and will not be 
accessible to SALU. This ‘separation principle’ protects 
the privacy of individuals, ensuring linkage units are not 
privy to the circumstances or details of the individuals’ 
inclusion in the data set. The linkage of an individual’s 
records within and across data collections is conducted 
using deterministic and probabilistic methods, and the 
available personal and demographic data in those collec-
tions will be used to match records. Record groups with 
uncertain matches in probabilistic linkage, between the 
cut- offs (upper 0.8 and lower 0.2 probability), were cler-
ically reviewed. After completing the data linkage, SALU 
will assign a linkage ID to the personal information, and a 
project ID. This information will then be sent back to the 
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data custodians to extract the relevant content/clinical 
data and to merge records with the linkage IDs. Linkage 
IDs and content/clinical data will then be provided to the 
research team with no identifying information attached.

To enable the second extract of eligible QAS records 
(see the Identification of transport or work- related injury 
ambulance records section), the linkage ID and the first 
date for each of the work- related injury records identified 
in MAIC CTP PIR, OIR WCRD, EDC or QHAPDC will 
first be provided by the researchers to the SALU. SALU 

will then provide the relevant project identifiers to the 
QAS data service to enable extraction of the second batch 
of relevant QAS records for these patients. QAS will then 
provide the content data and project identifiers for these 
patients to the researcher to supplement the first data 
extract.

Data management
Removing duplicate records
As each of the datasets comes from routine administra-
tive data collections, occasional duplication of records is 
expected to occur. Each data set will be reviewed, and a 
conservative approach used for detection and deletion 
of suspected duplicate records depending on the data 
source. For health data, records will only be considered 
duplicates if all data fields are identical as patients may 
present multiple times in the same day for treatment at 
the same facility and each row of data may provide unique 
information about the patients’ journey. As healthcare 
episode data are grouped into encounter data, so that 
episodes occurring in close proximity to each other are 
considered part of the same encounter, duplicate rows 
will have minimal impact on the analysis and hence a 
conservative approach is employed to ensure valuable 
data are not removed unnecessarily. For compensation 
data, it is reasonable that duplicate records are identified 
only if custodians advise that the suspected duplicate case 
was superseded by other more complete record.

Record order sequencing within data sets
To construct and enable analysis of patient journeys over 
time, sequencing of records to best replicate the patients’ 
actual movement through the health and compensation 
systems is an important first step in data management. 
As a general rule, sequencing is based on the starting 
date for records to reflect the initiation of each health/
compensation system contact. If an end date for a record 
is available, it can also be used to sort records consecu-
tively for cases where two records had the same start 
date but different end dates. Using the rules above, a file 
sequence variable will be added to records in each data 
set separately.

Joining and sequencing healthcare records with compensation and 
death records
To enable creation of a sequencing variable to reflect the 
order with which events unfold, MAIC CTP, OIR WCRD, 
NIISQ data, QAS, EDC, QHAPDC, RSQ data and QDR 
data will be merged into a single file, incorporating 
the primary keys from each data set, basic person data, 
start dates and times, end dates and times and injury 
information.

Sequencing of the merged records will be undertaken 
in two stages. The first stage will involve sorting the records 
by person ID, start date and source. Where an MAIC CTP 
or NIISQ record occurs on the same day as a health record, 
the compensation record is sequenced before the health 
record given MAIC CTP/NIISQ captures the crash date, 

Figure 3 Schematic of data linkage process. CTP, 
Compulsory Third Party; ED, Emergency Department; MAIC, 
Motor Accident Insurance Commission; OIR WCRD, Office 
of Industrial Relation Workers Compensation Regulator 
Database; QAS, Queensland Ambulance Service; QDR, 
Queensland Deaths Registry; QHAPDC, Queensland Hospital 
Admitted Patients Data Collection; RSQ, Retrieval Services 
Queensland; DLU Data Linkage Unit.
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which precedes the healthcare encounter. In contrast, 
where an OIR WCRD record occurs on the same date as 
a health record, the OIR WCRD record is sequenced after 
the health record, given OIR WCRD records capture the 
date the workers’ compensation claim was lodged (inti-
mation date), which is always after the injury event and 
after initial health treatment is provided (if on the same 
day). As expected, death records will be sequenced last.

The second stage will involve resequencing the health 
records using both the date and time variables relating 
to the start and end of each record; time data only exists 
in the health datasets. Compensation and death records 
will retain the sequence number received during the first 
stage.

Grouping records into encounters
Using the merged data set, records will be grouped into 
encounters where there is less than 48 hours between 
the end date for a record and the start date of a subse-
quent record. This broad time- based logic is needed 
for grouping encounters across the different databases 
due to data quality variants in recording date fields and 
discrepancies in start/end date time fields caused by 
known differences in timestamping between EDC and 
QHAPDC data.35 Administrative codes, such as referral 
source, transfer status, admission and separation modes, 
have previously been used by health agencies to sequence 
episodes of care,36 however, given compensation records 
are included within an encounter in this study, only time- 
based logic will be used.

Flagging index records and encounters
The final data management step for the merged dataset 
will involve identifying and flagging the index record. 
As stated above, an MAIC CTP PIR or NIISQ record will 
always be flagged as the index record where one exists. 
For all other scenarios, the index record will be flagged 
using the index episode criteria for EDC (ie, ICD- 10- AM 
principal diagnosis code S00- T75, T79) or QHAPDC 
(ICD- 10- AM principal diagnosis code S00- T75, T79 and 
care type=Acute). Where an index record forms part of 
an encounter, all records within that encounter will be 
flagged as belonging to the index encounter. Encounters 
will then be sequenced using the same rules stated above 
for records.

Selecting transport-related and work-related cohorts
Tables 2 and 3 describe the data fields and codes which 
will be used to identify transport- related injuries and 
work- related injuries. The first record in the merged 
data set which is identified as transport- related or work- 
related injury will be flagged as the index encounter; 
all subsequent records (regardless of being flagged as 
transport- related or work- related injury) will be counted 
sequentially and included as subsequent records post 
the index encounter. Depending on the research ques-
tions being examined, certain subsequent records will be 
included or excluded, as appropriate. For example, if the 

question asks about readmissions for treatment of injuries 
which are related to the index encounter, a more restric-
tive selection would be used. In comparison, a question 
relating to how many health service encounters a person 
has after an index injury event may include a broader 
selection of records. Details relating to the method of 

Table 2 Selection criteria for flagging index encounters for 
transport- related injuries

Data source Data field Code range

QAS Data MPDS Code 29 Traffic/transportation accidents

eARF: case 
nature

Bicycle collision

Motorcycle collision

Motor vehicle collision

Paediatric collision

DARF: cause of 
injury

Car/Van

Motorcycle

Other vehicle

Pedal cycle

Pedestrian

Truck/bus

MAIC CTP PIR N/A All physical injury cases 
(excluding those for mental 
health only conditions)

OIR WCRD Mechanism ‘Vehicle accident’

EDC Payment status Motor vehicle other

Motor vehicle other ineligible

Motor vehicle Queensland

Motor vehicle Queensland 
ineligible

Presenting 
complaint

9031- cycle- related

9034- MBC/quad- driver

9035- MBC/quad- passenger

9036- MVC- driver

9037- MVC- passenger

9041-crash- other vehicle

9042- pedestrian

ICD- 10- AM 
principal 
diagnosis

Z04.1 Examination and 
observation following transport 
accident

QHAPDC Funding source Motor vehicle third party 
personal claim

ICD- 10- AM 
external cause 
code

V00.xx- V89.xx

ICD- 10- AM 
principal or other 
diagnosis

Z04.1 Examination and 
observation following transport 
accident

CTP, Compulsory Third Party; DARF, Digital Ambulance Record 
Form; eARF, Electronic Ambulance Record Form; EDC, Emergency 
Department Collection; MAIC, Motor Accident Insurance Commission; 
MPDS, Medical Priority Dispatch Software; OIR WCRD, Office of 
Industrial Relation Workers Compensation Regulator Database; PIR, 
Personal Injury Register; QAS, Queensland Ambulance Service; 
QHAPDC, Queensland Hospital Admitted Patients Data Collection.
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selecting subsequent encounters will be included within 
individual future manuscripts.

Analysis plan
Appropriate descriptive statistics (frequencies and 
percentages, means and SD and medians and IQR) will 
be used to first describe the injured cohort within each 
data source separately, based on data recorded in the index 
record; this includes details relating to demographics 

(age, sex), injury/residential location, injury mechanism, 
injury diagnoses, compensation details (where relevant), 
treatment costs and outcomes (hospital admission, Inten-
sive Care Unit admission, discharge destination, readmis-
sion postdischarge, postdischarge complications, claim/
no claims, mortality). Reporting categories will be stan-
dardised for each variable prior to analysis, particularly 
those key variables that exist in each data source (eg, 
injury mechanism). Where a person’s injury encounter 
includes records from more than one data source, concor-
dance between the sources on the key variables will be 
undertaken using appropriate statistical methods (eg, 
Cohen’s/Fleiss’ Kappa/McNemar test, etc) and graphical 
representations, depending on the structure (ie, dichot-
omous, nominal, ordinal) of the variable being analysed. 
Linkage rates will also be calculated for ‘expected link-
ages’ across the sources (eg, where a QHAPDC record 
indicates a work- related compensable injury and there is/
is not and OIR WRCD record present in the merged file). 
Health service use profiles will be described for specific 
cohort groups (eg, transport- related injury, work- related 
injury, compensation claimants, non- compensable inju-
ries) and compared between cohorts (eg, transport- 
related injury with known health system contact with no 
compensation claim, compared with the same group with 
a compensation claim) using appropriate parametric and 
non- parametric statistical methods depending on the key 
variable’s distribution. Cost profiles, using NHCDC costs 
for hospital admissions, appropriate average costs for 
QAS attendances and ED presentations and compensa-
tion costs will also be developed using the same strategy. 
Relevant visualisation techniques that have accepted use 
in healthcare settings (eg, Sankey diagrams)37 will be used 
to demonstrate patient movement/trajectory through the 
health and compensation systems. In addition, relevant 
geospatial techniques, such as Bayesian spatial models,38 
will be used to explore inequalities in injury incidence, 
health service use profiles and patient trajectories by 
geographic location. Finally, regression models will be 
considered for examining predictive factors relating to 
patient outcomes and factors predictive of concordant 
information between data sources. The type of regression 
model will depend on the distribution of the dependent 
variable in each analysis.

PATIENT AND PUBLIC INVOLVEMENT
There was no patient involvement in the design of this 
data linkage study.

DISCUSSION
Linking health data with compensation data are vital to 
understand the concordance and consistency of data 
across sectors, to provide richer clinical pathway data 
to compensation schemes and richer contextual data 
to health sources, to examine profiles, patterns, trends 
and outcomes of injured patients and to compare those 

Table 3 Selection criteria for flagging index encounters for 
work- related injuries

Data source Data field Code range

QAS data Only QAS records linking to another 
identified work- related injury record are 
included, given there are no codes to 
identify work- related injuries in ambulance 
data

OIR WCRD Injury group 
description

Intracranial injuries

Fractures

Wounds, lacerations, 
amputations and 
internal organ damage

Burn

Injury to nerves and 
spinal cord

Traumatic joint/
ligament and muscle/
tendon injury

Other injuries

Musculoskeletal and 
connective tissue 
diseases

EDC Payment status Workers compensation 
other

Workers compensation 
other ineligible

Workers compensation 
Queensland

Workers compensation 
Queensland ineligible

ICD- 10- AM 
principal diagnosis

Z04.2 examination and 
observation following 
work accident

QHAPDC Funding Source Worker’s compensation

ICD- 10- AM 
external cause 
code

U73.0x

ICD- 10- AM 
principal or other 
diagnosis

Z04.2 examination and 
observation following 
work accident

EDC, Emergency Department Collection; OIR WCRD, Office of 
Industrial Relation Workers Compensation Regulator Database; 
QAS, Queensland Ambulance Service; QHAPDC, Queensland 
Hospital Admitted Patients Data Collection.
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who claim, and those who are eligible but do not claim. 
The cost of healthcare for injured compensable patients 
is substantial for all three insurance schemes showing an 
increasing need for accurate and comprehensive data 
on injury severity, treatment and outcomes to enable 
scheme modelling, monitoring and forecasting. To more 
fully use health data sources in compensation scheme 
modelling; however, it is important to understand the 
quality, concordance, completeness and value add of 
these data to existing compensation scheme data. The 
insurance scheme regulators currently have limited infor-
mation about claimants’ clinical pathways, pre- existing 
conditions, circumstances, severity and type of injuries 
sustained, and they have no visibility of the profiles of 
individuals who do not claim for injuries sustained in 
transport or work- related incidents.

The CTP hospital and emergency services levy is based 
on an estimate of the extent of road trauma which is 
covered by CTP insurance, but the actual proportions 
are unknown. The quality of recording of compen-
sable status by emergency and hospital services is also 
unknown. Investigation of the proportion of road trauma 
covered by CTP insurance, and coding quality, will inform 
future decisions regarding levy estimates. Hospital data 
may provide a more detailed source of injury coding 
and severity estimation to complement compensation 
data, and its inclusion will improve understanding of 
claimant physical outcomes and aid in scheme premium 
calculation. It is unknown whether there are differences 
in patient initial hospital treatment, costs and outcomes 
depending on whether managed through CTP compen-
sation, NIISQ, Workers’ Compensation or through no 
insurer. Similarly, effects on patient outcomes due to time 
from incident to hospital treatment and/or submitting a 
claim are unknown. Comparing the findings will inform 
scheme management approaches.

WorkSafe, NIISQ and MAIC will benefit from an 
improved understanding of the ‘real’ burden of occupa-
tional and transport injury in the state. This will include 
the potential identification of injury trends apparent in 
health data sets that have not yet manifested in compen-
sation data sets, thus facilitating business planning for 
impacts on future scheme performance. WorkSafe will 
obtain an earlier and clearer identification of workers at 
greatest risk for occupational injury, allowing the organ-
isation to undertake more targeted occupational health 
and safety initiatives. MAIC and NIISQ will benefit from 
earlier identification of levels of severity and costs of 
transport- related injuries to inform targeted investment 
in road safety initiatives.

The research will address this gap in the current under-
standing of compensable and non- compensated inju-
ries in Queensland. More broadly, the study will enable 
the feasibility of and requirements for linkage of data 
relating to transport- related and work- related injuries to 
be determined.

Limitations
As this is a retrospective observational study, interpreta-
tions will be limited to associations rather than causations. 
Lengthy ethics, governance, data provision and data 
management steps required for data linkage studies are 
expected to impact the recency of the data once find-
ings are published. Furthermore, strict data governance 
restrictions in Queensland limited follow- up data to only 
that which could reasonably be considered to pertain 
to direct physical injury follow- up care, which reduced 
the breadth of data regarding psychological impacts of 
injury, despite there being considerable evidence that 
psychological impacts of injury can be a significant factor 
in ongoing health service usage.15 Within this study, 
comorbid diagnoses of psychological impacts of injury 
can be examined provided there is also treatment for 
ongoing physical injuries, and the researchers aim to 
include these comorbid diagnoses in their analysis and 
continue working with governance bodies to promote the 
importance of follow- up care data provision for both phys-
ical and psychological injury to provide a more complete 
understanding of the ongoing burden of injury.

Additionally, the EDC data are limited to public emer-
gency departments as private emergency department data 
are not included; this will limit some of the case capture 
of presentations to private emergency departments. This 
may impact more on work- related presentations, where 
anecdotal evidence suggests that compensable work- 
related injury cases are more likely to present to private 
hospital emergency departments. However, given this 
study will use linked compensation data for these cases 
along with linked hospitalisation records, it is likely that at 
least some of the records for these cases will be captured.

Administrative health data have limited details 
regarding specific circumstances contributing to an 
injury occurring and lacks rich information regarding 
patient quality of life and recovery after an injury event. 
However, these data sources do enable a population- level 
comparison of diagnoses, causes, interventions, health 
service use and costs as well as providing a more thor-
ough understanding of the patient journey through the 
health and compensation systems after an injury event. 
Finally, while the data linkage process is well established 
with significant quality assurance procedures included to 
ensure linked data have a very high probability of accu-
rate matches, there is always a potential for error and this 
needs to be acknowledged when providing interpretation 
of the study findings.25
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