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Abstract
Summary This detailed 11-year longitudinal analysis calculated the public health cost of managing refractures in people 
aged ≥ 50 years in Australia’s most populous state. It provides current and projected statewide health system costs associated 
with managing osteoporosis and provides a foundation to evaluate a novel statewide model of fracture prevention.
Purpose The purpose of this longitudinal analysis was to calculate current and projected refracture rates and associated 
public hospital utilisation and costs in New South Wales (NSW), Australia. These results will be used to inform scaled 
implementation and evaluation of a statewide Osteoporotic Refracture Prevention (ORP) model of care.
Methods Linked administrative data (inpatient admissions, outpatient attendances, Emergency Department presentations, 
deaths, cost) were used to calculate annual refracture rates and refracture-related service utilisation between 2007 and 2018 
and healthcare costs between 2008 and 2019. Projections for the next decade were made using ‘business-as-usual’ modelling.
Results Between 2007 and 2018, 388,743 people aged ≥ 50 years experienced an index fracture and 81,601 had a refracture. Refrac-
ture was more common in older people (rising from a cumulative refracture rate at 5 years of 14% in those aged 50–64 years, to 
44% in those aged > 90 years), women with a major index fracture (5-year cumulative refracture rate of 26% in females, compared 
to 19% for males) or minimal trauma index fracture and those with an osteoporosis diagnosis (5-year cumulative refracture rate 
of 36% and 22%, respectively in those with and without an osteoporosis diagnosis). Refractures increased from 8774 in 2008 to 
14,323 in 2018. The annual cost of refracture to NSW Health increased from AU$130 million in 2009 to AU$194 million in 2019. 
It is projected that, over the next decade, if nothing changes, 292,537 refracture-related hospital admissions and Emergency Depart-
ment presentations and 570,000 outpatient attendances will occur, at an estimated total cost to NSW Health of AU$2.4 billion.
Conclusion This analysis provides a detailed picture of refractures and associated projected service utilisation and costs 
over the next decade in Australia’s most populous state. Understanding the burden of refracture provides a foundation for 
evaluation of a novel statewide ORP model of care to prevent refractures in people aged ≥ 50 years.
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Introduction

Osteoporosis is a chronic disease characterised by reduced 
bone density and strength, which predisposes people to min-
imal trauma fractures (MTFs; also known as osteoporotic or 
fragility fractures). While osteoporotic fracture site varies 
with age, the distal forearm, humerus, hip and spine are the 
commonest MTF sites. Such fractures result in significant 
pain, reduced mobility, loss of function and reduced quality 
of life. MTFs predict future fracture [1, 2] and are associ-
ated with increased mortality [3]. In the Dubbo Osteoporosis 
Epidemiology Study, 51% of men and 39% of women died 
within 5 years of a fracture [4] and up to one in five people 
with a hip fracture died within 12 months [3].

Osteoporotic fractures are a major and growing public 
health problem worldwide due to the ageing population 
and associated morbidities that increase fracture risk [5–7]. 
In Australia, MTFs affect one in four men and two in five 
women aged  50 years and older [8]. Despite the widespread 
availability of effective anti-resorptive medications [9, 10] 
that lower fracture risk and mortality [11], osteoporosis 
remains undertreated, despite MTFs identifying those at 
risk [12–14].

Healthcare in Australia is delivered by a mix of public, 
private and non-government service providers, with public 
healthcare underpinned by Medicare, Australia’s universal 
health insurance scheme [15]. In New South Wales (NSW), 
Australia’s most populous state, the public health system 
comprises 228 public hospitals and facilities across 17 NSW 
Health Local Health Districts and Specialty Networks. NSW 
Health employs over 100,000 staff, providing health ser-
vices to a growing population of 8.1 million people across a 
diverse geography of over 800,000  km2 [16].

In NSW, the health system burden and economic cost 
of fracture management are significant and growing as the 
population ages. Fractures and refractures are seen in mul-
tiple public and private healthcare settings. Osteoporosis 
Australia1 estimated that, in 2017, the total cost of low bone 
density in residents of NSW and the neighbouring Australian 
Capital Territory older than 50 years was AU$1.1 billion, of 
which AU$740 million (67%) related to fracture treatment 
[17]. This probably underestimates the true picture due to 
incomplete patient follow-up and analyses restricted to re-
admissions to the same hospital [18].

In 2010, NSW Health identified an urgent need for a 
novel, comprehensive, evidence-based approach to refrac-
ture prevention. A statewide model of care for Osteoporotic 
Refracture Prevention (ORP) was developed to identify and 

assess people at increased risk of refracture to optimise bone 
health. The aim was to reduce refractures by patient identifi-
cation and increase patient access to bone health investiga-
tions, care coordination and treatment. This was done within 
the framework of four domains of value-based healthcare 
(health outcomes that matter to patients, the experiences of 
receiving care, the experiences of providing care, effective-
ness and efficiency of care) [19]. The ORP model of care 
was piloted in 2011 and, in 2017/2018, was implemented at 
every Local Health District in NSW.

A critical foundation for evaluating the ORP model of 
care is an accurate understanding of refracture rates and 
associated health service utilisation in NSW. In 2019, we 
undertook a statewide longitudinal analysis with the pri-
mary objective of accurately identifying the refracture rate 
in people aged 50 years and older treated for an index (first) 
fracture in NSW. Secondary objectives were to estimate 
refracture rates over time and stratified by patient and index 
fracture characteristics (e.g. age, sex, osteoporosis diagno-
sis, public/private hospital, major/minor fracture and mini-
mal/major trauma), and to determine current and projected 
public hospital service utilisation. While the ORP focuses 
on MTFs, statewide planning requires consideration of all 
refractures and associated costs.

Methods

Data sources

This analysis used linked administrative data on inpatient 
admissions, outpatient attendances, Emergency Department 
(ED) presentations, deaths and cost prepared by the Centre 
for Health Record Linkage2 (CHeReL) [20].

Study population and definitions

The study population was NSW residents aged ≥ 50 years 
with a fracture diagnosis recorded: (a) on admission to any 
NSW public or private hospital or (b) on discharge with-
out an admission record by a NSW hospital ED between 
2007/2008 and 2017/2018 (financial years).3 Data were 
only available for outpatient services provided during 
2015/2016 to 2017/2018 (financial years).4 Due to lack of 

1 Osteoporosis Australia (now called Healthy Bones Australia) is a 
national non-for-profit consumer organisation focusing on fracture 
prevention and improving bone health across Australia.

2 The CHeReL is managed by the NSW Ministry of Health. It 
helps researchers, planners and policy makers access linked health 
data about people in the NSW and ACT using a secure data linkage 
system, one of the largest of its kind in Australia. See https:// www. 
cherel. org. au/ about- us
3 Financial years defined as July 1, 2007 to June 30, 2018.
4 Financial years defined as July 1, 2015 to June 30, 2018.

https://www.cherel.org.au/about-us
https://www.cherel.org.au/about-us
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available costing data during the 2007/2008 financial year, 
the study period for healthcare costs related to refracture was 
2008/2009 to 2018/2019 (financial years).5

Fractures were defined by International Classification of 
Diseases-10-Australian Modification (ICD 10-AM) codes 
for fracture (including those with a principal or additional 
diagnosis of osteoporosis) and Systematized Nomenclature 
of Medicine – Clinical Terms (SNOMED-CT) codes. The 
analysis differentiated major and minor fractures as well as 
fractures arising from minimal or major trauma. See Sup-
plementary Data for data sources.

Index fractures

The number of index fractures was calculated by summing 
the total number of NSW public and private hospital admis-
sions (acute and non-acute) and ED presentations with a 
recorded fracture diagnosis in people aged ≥ 50 years. The 
rate of index fracture was calculated using the number of 
NSW residents aged ≥ 50 years at corresponding timepoints. 
Sociodemographic and health characteristics described for 
people with an index fracture included age, sex, public/pri-
vate hospital, Local Health District, type of fracture, osteo-
porosis diagnosis, dementia diagnosis and Charlson Comor-
bidity Index [21].

Refractures

Refracture rates and median time to refracture (interquar-
tile range) were calculated for people with a recorded index 
fracture diagnosis using hospital admission and ED pres-
entation data. Cumulative refracture rates were calculated 
using Kaplan–Meier methods accounting for follow-up 
time and deaths and adjusted for age, sex and fracture type. 
Cumulative refracture rates were also stratified by variables 
obtained at the time of the index fracture; these were age, 
sex, osteoporosis diagnosis, public/private hospital, major/
minor fracture and minimal/major trauma. Trends in 1- to 
5-year cumulative refracture rates from year of index frac-
ture were presented descriptively.

Health service utilisation

Annual health service utilisation associated with refrac-
ture was calculated using the total number of public hos-
pital admissions, ED presentations and outpatient service 
events. Any admission or ED presentation with a fracture 
diagnosis occurring within 28 days of the index fracture or 
refracture was considered part of the same episode of care. 

Any outpatient service utilisation event within 6 months of 
refracture was considered related to the same refracture.

Health service costs

Annual health service costs associated with refracture used 
assigned National Weighted Activity Unit (NWAU) for each 
episode of care multiplied by the NSW State Price [22]. In 
this study, costs have been reported from a NSW Health 
perspective, e.g. costs associated with inpatient medications, 
pathology, imaging and Emergency admissions. Outpatient 
costs were not included; as in Australia, these are covered by 
various Federal Government funding schemes; for example, 
outpatient medication costs are covered by the Pharmaceuti-
cal Benefits Scheme, and outpatient imaging costs and gen-
eral practitioner visits are covered by the Medicare Benefits 
Schedule.

Projections

NSW Health Statistics population estimates were used to 
calculate 10-year projections for index fracture rates and 
healthcare service utilisation over the period 2019/2020 to 
2028/2029 (financial years).6 Annual and overall projections 
for refracture numbers and associated health service utilisa-
tion were estimated using probabilistic health forecasting 
methods. Healthcare cost to NSW Health was estimated 
by applying the 2018–2019 NSW State Price and average 
NWAU to projected fracture numbers.

Results

Index fractures

Between July 1, 2008, and June 30, 2018, there were 388,743 
index fractures in people aged ≥ 50 years with an annual 
population-standardised rate of 143–154 per 10,000 people 
(Fig. 1) in NSW. Of the people with an index fracture, 33% 
resided in a rural Local Health District. Most index fractures 
(94%) were managed in NSW public hospitals and typically 
involved the ED, as part of an acute admission (52%) or with 
treatment in the ED only (41%). Only 6% of index fractures 
were managed in private hospitals.

Most index fractures followed minimal trauma (74%). The 
most common anatomic sites were the forearm (24%), lower 
leg/foot (18%) and hip (14%). Index fractures were catego-
rised as a major fracture in 44% of separations (Table 1).

Index fractures were more common in women (63%) 
and over one-third (37%) were in people aged 50–64 years. 

5 Financial years defined as July 1, 2008 to June 30, 2019. 6 Financial years defined as July 1, 2019 to June 30, 2028.
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A small proportion of people with an index fracture had 
a recorded diagnosis of osteoporosis (11%) or dementia 
(7%) (Table 1). Most hip fractures (97%) were treated in the 
admitted setting.

Refractures

Cumulative refracture rates for the 388,743 people with an 
index fracture between 2007/2008 and 2017/2018 are shown 
in Fig. 2A. The unadjusted refracture rate was 7% in year 1, 
rising to 37% at 10 years post-index fracture. When adjusted 

for age, sex and fracture type, refracture rates were 7% in 
year 1, rising to 41% at year 10 (Fig. 2A). Most refractures 
(91%) were managed in NSW public hospitals. The cumula-
tive refracture rate was higher for older people, women and 
those with documented osteoporosis at the time of index 
fracture (Fig. 2B–D). Refracture rates were also higher in 
those with a major index fracture compared to those with a 
minor index fracture (5-year cumulative refracture rate 30% 
versus 19%), and those with a minimal trauma index frac-
ture compared to those with a major trauma fracture (5-year 
cumulative refracture rate 25% versus 18%).

Fig. 1  Total annual number and 
rate of index fractures in people 
aged 50 years and older resid-
ing in New South Wales over 
the study period 2007/2008 to 
2017/2018. *New South Wales 
population standardised rate of 
index fracture

*New South Wales popula�on standardised rate of index fracture
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Table 1  Types of index 
fractures and patient 
characteristics for separations 
due to index fracture 
in New South Wales in 
people ≥ 50 years 2007/2008 to 
2017/2018 (financial years)

Definitions: minor fracture: all fractures not meeting the definition of a major fracture, based on ICD-
10-AM, ICD-9 or SnomedCT codes; major fracture: single, or multiple fractures of the spine, hip, pelvis, 
leg and shoulder regions, based on ICD-10-AM, ICD-9 or SnomedCT codes; minimal trauma: fractures 
resulting from an event that would not be expected to fracture a healthy bone, based on ICD-10-AM trauma 
cause codes or EDDC 4 (non-urgent) and 5 (semi-urgent); major trauma: based on ICD-10-AM trauma 
cause codes or EDDC categories 1–3
Abbreviations: ICD-10-AM, International Classification of Diseases-10-Australian Modification; 
SnomedCT, Systematized Nomenclature of Medicine – Clinical Terms; EDDC, Emergency Department 
Data Collection

Characteristic Category No. of separations (%)

Sex Male 145,736 (38)
Female 243,001 (63)

Type of fracture Minor fracture 216,992 (56)
Major fracture 171,751 (44)

Trauma Minimal trauma 287,356 (74)
Major trauma 101,387 (26)

Pre-existing osteoporosis diagnosis No 344,631 (89)
Yes 44,112 (11)

Dementia diagnosis No 360,404 (93)
Yes 28,339 (7)

Charlson Comorbidity Index No comorbidities (0) 196,806 (78)
1 30,736 (12)
2 + 26,485 (10)
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The annual number of refractures increased by 63% 
from 8774 in 2007/2008 to 14,323 in 2017/2018 (Fig. 3). 
Of those who returned to hospital with a refracture dur-
ing the study period, 60,831 (75%) had one refracture, 

14,763 (18%) had two refractures and 6007 (7%) had 
three or more refractures. The median time between index 
fracture and refracture was 2.1 years (interquartile range 
0.8–4.1 years).

A B

C D

* a person was considered to have a diagnosis of osteoporosis if they had a documented diagnosis of 
osteoporosis in the year prior to index fracture or a diagnosis of osteoporosis was documented within 28 
days of index fracture.
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Fig. 2  Effects of age, sex and osteoporosis diagnosis on cumulative 
refracture rates. Panel A shows adjusted and unadjusted cumulative 
refracture rate over time for entire cohort; panel B shows 1-, 3- and 
5-year cumulative refracture rate stratified by age; panel C shows 1-, 

3- and 5-year cumulative refracture rate stratified by gender; panel D 
shows 1-, 3- and 5-year cumulative refracture rate stratified by diag-
nosis of osteoporosis

Fig. 3  Impact of refractures 
on past and projected health 
service utilisation
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Health service utilisation

Between 2007/2008 and 2017/2018, refractures resulted in a 
total of 194,582 acute and non-acute admissions and ED pres-
entations to public hospitals in NSW, equivalent to 1.8 million 
bed days. Over half, the health service utilisation associated 
with refracture was attributable to acute admissions (Fig. 3).

Between 2015/2016 and 2017/2018 — the timeframe over 
which outpatient data were available — a total of 108,451 refrac-
ture-related outpatient service events were delivered. Outpatient 
services most frequently associated with refracture were Aged 
Care, and Fracture and Rehabilitation Clinics (36%, 27% and 
22% of 166,878 outpatient service events in 2017/2018, respec-
tively). Only a small proportion of outpatient service events 
(< 4%) were for osteoporosis management or fall prevention.

Health service costs

Using 2018/2019 constant prices, the total annual cost of refrac-
tures to the NSW public health system increased from AU$130 
million in 2008/2009 to AU$194 million in 2018/2019 (includ-
ing costs for outpatient services for the 2015/2016 to 2018/2019 
period). The total cost of refractures over the 2008/2009 to 
2018/2019 analysis period was AU$1.7 billion (Fig. 4).

Projections

It is estimated that continuing ‘business-as-usual’ in NSW 
over the next decade (2019/2020 to 2028/2029) would see 
the following: a 40% increase in refractures (equivalent to 
approximately 600 more refractures per year) (Fig. 3); a total 
of 292,537 refracture-related acute and non-acute admissions 
and ED presentations to NSW public hospitals; and a total of 
570,000 refracture-related public outpatient service events.

This would result in a projected 3% annual increase in 
total cost of refractures to the NSW public health system 
(approximately AU$7.1 million each year), reaching a 
10-year total cost of AU$2.4 billion by 2028/2029 (Fig. 4).

Discussion

Reducing osteoporotic fractures is a major public health 
priority in NSW. Inability to effectively estimate the 
burden of disease has been a barrier to systematic and 
scaled implementation of new models of care. This is the 
first comprehensive statewide longitudinal analysis link-
ing multiple large population-based datasets to directly 
quantify the current and future burden of refracture for 

* $ Total (dashed line)= Acute and Non-acute admissions + Emergency department presenta�ons
† $ Total (solid line)= Acute and Non-acute admissions + Emergency department presenta�ons + Non-admi�ed (outpa�ent) pa�ent service events
(data available from 2015/16)
NB: In 2007–2008 both Na�onal Weighted Ac�vity Units and costs were unavailable in the data therefore 2007–2008 data have not been included 
in the figure.

Fig. 4  Past and projected impact of refracture on costs for New South 
Wales public health services. *$ Total (dashed line) = Acute and Non-
acute admissions + Emergency Department presentations. †$ Total 
(solid line) = Acute and Non-acute admissions + Emergency Depart-

ment presentations + Non-admitted (outpatient) patient service events 
(data available from 2015/16). NB: In 2007–2008, both National 
Weighted Activity Units and costs were unavailable in the data; there-
fore, 2007–2008 data have not been included in the figure
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the public health system in Australia. While the annual 
population-standardised index fracture rate was stable 
over the study period, the absolute number of refractures 
and adjusted cumulative refracture rates increased. As 
expected, cumulative refracture rates were higher for older 
people, women and those with diagnosed osteoporosis at 
time of index fracture. Despite the opportunity for frac-
ture prevention measures following index fracture, 75% 
of people had one refracture, 18% had two refractures and 
7% had three or more refractures over the study period.

Without additional intervention and further scaling 
of the NSW Health ORP programme, a 40% increase in 
refractures will occur over the next decade, equivalent 
to approximately 600 more refractures each year. This is 
projected to equate to an annual increase in total cost of 
refractures to the NSW public health system of 3% over 
the next decade (about AU$7.1 million/year): a 10-year 
cumulative cost of AU$2.4 billion, representing around 
1% of the likely total state health budget.

The Dubbo Osteoporosis Epidemiology Study, one of 
the longest running prospective worldwide cohorts assess-
ing bone health, has provided many valuable insights into 
fracture epidemiology [3, 23, 24]. However, findings are 
from one cohort in a rural city. This comprehensive state-
wide linkage analysis of multiple large population-based 
datasets has allowed analysis of Australia’s most populous 
state. Consistent with Dubbo Osteoporosis Epidemiology 
Study [24], refracture rates increased with age. However, 
whereas absolute refracture risk was similar for men and 
women in Dubbo Osteoporosis Epidemiology Study, the 
current study demonstrated higher cumulative refracture 
rates in women (Fig. 2C). The reason for this is unclear.

A MTF is a sentinel event that portents future fractures 
and should prompt bone health assessment and implementa-
tion of secondary preventive measures, including bone pro-
tective therapy and fall prevention strategies [25]. However, 
multiple studies in primary care and hospital settings show 
this is often not undertaken [12, 13]. Data from the Austral-
ian and New Zealand Hip Fracture Registry showed that, 
as recently as 2018, only 18% of those with a hip fracture 
were receiving bone-protective medication on discharge 
from Australian hospitals [26]. Consistent with these data, 
only 4% of the 108,451 refracture-related outpatient service 
events between 2015/2016 and 2017/2018 utilised outpatient 
services for osteoporosis management or fall prevention.

Failure to manage refractures in a systematic way will 
result in adverse patient experience and outcomes and place 
significant resource burden on the acute care system. NSW 
Health is currently implementing a statewide evidence-based 
Osteoporotic Refracture Prevention (ORP) model of care, 
as part of its commitment to value-based healthcare. This 
involves a fracture liaison service (FLS) with case finding, 
bone health management and follow-up coordinated by a 

fracture liaison coordinator (FLC), usually in collaboration 
with a local medical ‘champion’ [6]. This approach has been 
shown internationally and locally to lower refracture rates 
[26, 27], economic burden [28] and mortality [29].

It is too early to determine the statewide effectiveness of 
the ORP model of care in reducing refractures and attendant 
economic costs. However, a NSW Health formative evalu-
ation of multiple early adopters of an early model of care 
prior to statewide implementation of ORP services found 
a positive impact on refracture rates [27]. Furthermore, a 
detailed study at a single hospital in NSW found refrac-
ture rates at 24 months post-index fracture were lower in 
those who attended a FLS compared with those who did not 
(5.1% of 214 FLS attendees vs 16.4% of 220 non-attendees; 
p < 0.001) [28]. The same group showed a 30% reduction 
in refracture and a 40% reduction in major refracture at a 
FLS hospital compared with a similar non-FLS hospital 
over a 3-year period [29, 30]. A recent Swedish retrospec-
tive cohort study using electronic health records from 2012 
to 2017 also found risk of refracture was 18% lower in hospi-
tals with an FLS compared to those without one and showed 
an 18% reduction in risk of refracture following implementa-
tion of the FLS compared with the control period [31, 32].

Defining the background rate of fracture and refracture is 
vital to inform and evaluate the ORP model of care in NSW 
— the aim of this study. Assuming implementation of the 
ORP model of care in NSW results in a realistic 10% reduc-
tion in refractures compared with ‘business as usual’; over 
the 10 years to 2028–2029, the cost avoided in NSW is esti-
mated to reach AU$240 million. The results of our study will 
provide baseline parameters from which to assess whether 
a pragmatic 10% reduction in refractures has occurred with 
statewide implementation of ORP services. Should a mag-
nitude of this reduction not occur, then other interventions 
will need to be trialled, for example implementation of ORP 
services in primary care or a public health education/adver-
tising campaign using traditional and social media.

The current analysis exemplifies the power of data 
linkage. However, limitations of administrative datasets 
need consideration. ‘Survivor bias’ may underestimate 
true refracture rates and interhospital variation in quality 
and completeness of data coding can affect data integ-
rity. Admission diagnosis codes do not accurately iden-
tify MTFs or differentiate between existing fractures and 
refractures. There is an implicit understanding that this 
study will underestimate the prevalence of vertebral frailty 
fractures due to their often-asymptomatic nature. How-
ever, work is underway in NSW to allow more targeted 
identification of MTFs with a statewide electronic medi-
cal record solution, including fracture diagnosis codes to 
allow more complete data searches. The initiation of bone 
protective therapy following fracture was also not assessed 
as this was beyond the remit of this study.
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Other limitations of the current study were that outpa-
tient data were only available for the period 2015/2016 to 
2017/2018. Furthermore, outpatient service access varies 
across the state, and outpatient service episodes due to fall 
prevention or osteoporosis care may have been attributed to 
aged care. The analysis only included those treated in NSW 
hospitals; people who moved interstate, received treatment 
in other states or who were treated exclusively in primary 
care were not included. Effect of fracture on quality of life, 
indirect costs, productivity losses, outpatient medication 
costs and medication adherence were also not studied.

The analysis included refractures up to 10 years following 
index fracture. Refracture estimates may change with longer 
follow-up. There was also a 1-year difference in timeframes 
for activity data (2007/2008 to 2017/2018) and health ser-
vice costs (2008/2018) due to incomplete costing data for the 
first year of activity analysis. The probable impact of these 
limitations is that our findings are a conservative estimate 
of the refracture burden on the NSW public health system.

Despite the above limitations, this study provides the first 
comprehensive statewide assessment of current and predicted 
rate of refracture and associated service utilisation in Aus-
tralia’s most populous state. It provides a critical foundation 
from which to evaluate the effectiveness of statewide imple-
mentation of the ORP model of care — the centrepiece of the 
NSW Health response to this escalating public health issue. 
Implementation of the ORP model of care has the potential to 
decrease the rate of growth demand for acute care refracture 
treatment and prevent future refractures. Information from 
this longitudinal analysis will be used to shape the model of 
care, maintain alignment of the ORP with the principles of 
value-based healthcare and evaluate the outcomes and effec-
tiveness of the ORP in NSW, including its economic analysis. 
Lessons learnt from this study and from future planned work 
evaluating statewide implementation of an ORP model of 
care will be of major relevance for other countries which seek 
to address this major public health issue.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s11657- 022- 01105-w.

Acknowledgements This paper was commissioned and led by the New 
South Wales (NSW) Ministry of Health Economics and Analysis Unit 
in collaboration with clinicians from the Agency for Clinical Inno-
vation Musculoskeletal Network and the Institute of Musculoskeletal 
Health at the University of Sydney.

The authors would like to acknowledge the valuable contributions of:
• Mahendra Sharan, Senior Economic Adviser, Economics and 

Analysis Unit, Strategic Reform and Planning Branch, NSW Ministry 
of Health

• Gabor Major, Director, Rheumatology, Newcastle Bone and Joint 
Institute, Royal Newcastle Centre, Hunter New England Local Health 
District

• Lyn March AM, Staff Specialist, Rheumatology and Epidemi-
ology, Royal North Shore Hospital, Northern Sydney Local Health 
District

• Geraldine Hassett, Head of Rheumatology Department, Liverpool 
Hospital; Leader Sydney Partnership for Health Education, Research 
and Enterprise (SPHERE) Musculoskeletal Health Clinical Academic 
Group

• Matthew Jennings, Director, Allied Health, Liverpool Hospital, 
South Western Sydney Local Health District; Co-Chair, Agency for 
Clinical Innovation Musculoskeletal Network

• Roderick Clifton-Bligh, Director, Endocrinology, Royal North 
Shore Hospital, Northern Sydney Local Health District

• Sigrid Patterson, Program Manager, Clinical Monitoring, Eco-
nomics and Evaluation, NSW Agency for Clinical Innovation

Declarations 

Ethics approval This study used data from the NSW Hospital Perfor-
mance Dataset (HOPeD), which was established under clause 17(2) 
of the Health Administration Regulation 2017. As the project con-
formed to the standards established by the regulation, ethics committee 
approval was not necessary.

Conflicts of interest None.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Kanis JA, Johnell O, De Laet C, Johansson H, Oden A, Delmas 
P, Eisman J, Fujiwara S, Garnero P, Kroger H, McCloskey EV, 
Mellstrom D, Melton LJ, Pols H, Reeve J, Silman A, Tenenhouse 
A (2004) A meta-analysis of previous fracture and subsequent 
fracture risk. Bone 35(2):375–382. https:// doi. org/ 10. 1016/j. bone. 
2004. 03. 024

 2. Johnell O, Kanis JA, Odén A, Sernbo I, Redlund-Johnell I, Pet-
terson C, De Laet C, Jönsson B (2004) Fracture risk following an 
osteoporotic fracture. Osteoporos Int 15(3):175–179. https:// doi. 
org/ 10. 1007/ s00198- 003- 1514-0

 3. Bliuc D, Nguyen ND, Milch VE, Nguyen TV, Eisman JA, Center 
JR (2009) Mortality risk associated with low-trauma osteoporo-
tic fracture and subsequent fracture in men and women. JAMA 
301(5):513–521. https:// doi. org/ 10. 1001/ jama. 2009. 50

 4. Bliuc D, Alarkawi D, Nguyen TV, Eisman JA, Center JR (2015) 
Risk of subsequent fractures and mortality in elderly women and 
men with fragility fractures with and without osteoporotic bone 
density: the Dubbo Osteoporosis Epidemiology Study. J Bone 
Miner Res 30(4):637–646. https:// doi. org/ 10. 1002/ jbmr. 2393

 5. Akesson K, Mitchell P, Mitchell PJ, McLellan AR, Stenmark J, 
Pierroz DD, Kyer C, Cooper C, IOF Fracture Working Group 
(2013) Capture the Fracture: a Best Practice Framework and 
global campaign to break the fragility fracture cycle. Osteoporosis 
Int 24(8):2135–2152

https://doi.org/10.1007/s11657-022-01105-w
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.bone.2004.03.024
https://doi.org/10.1016/j.bone.2004.03.024
https://doi.org/10.1007/s00198-003-1514-0
https://doi.org/10.1007/s00198-003-1514-0
https://doi.org/10.1001/jama.2009.50
https://doi.org/10.1002/jbmr.2393


Archives of Osteoporosis           (2022) 17:76  

1 3

Page 9 of 9    76 

 6. Eisman JA, Bogoch ER, Dell RJ, Harrington T, McKinney RE 
Jr, McLellan A, Mitchell PJ, Silverman S, Singleton R, Siris E, 
ASBMR Task Force on Secondary Fracture Prevention (2012) 
Making the first fracture the last fracture: ASBMR task force 
report on secondary fracture prevention. J Bone Miner Res 
27(10):2039–2046. https:// doi. org/ 10. 1002/ jbmr. 1698

 7. Ballane G, Cauley JA, Luckey MM, El-H FG (2014) Secular 
trends in hip fractures worldwide: opposing trends east versus 
west. J Bone Miner Res 29(8):1745–1755. https:// doi. org/ 10. 1002/ 
jbmr. 2218

 8. Australian Institute of Health and Welfare (2014) Estimating the 
prevalence of osteoporosis. Cat. no. PHE 178. Canberra: Austral-
ian Institute of Health and Welfare.

 9. Lyles KW, Colon-Emeric CS, Magaziner JS, Adachi JD, Pieper 
CF, Mautalen C, Hyldstrup L, Recknor C, Nordsletten L, Moore 
KA, Lavecchia C, Zhang J, for the HORIZON Recurrent Fracture 
Trial (2007) HORIZON Pivotal Fracture Trial Zoledronic acid and 
clinical fracture and mortality after hip fracture. N Engl J Med 
357(18):1799–1809. https:// doi. org/ 10. 1056/ NEJMo a0749 41

 10. Cummings SR, San Martin J, McClung MR, Siris ES, Eastell 
R, Reid IR, Delmas P, Zoog HB, Austin M, Wang A, Kutilek S, 
Adami S, for the FREEDOM Trial (2009) Denosumab for preven-
tion of fractures in postmenopausal women with osteoporosis. N 
Engl J Med 361:756–765. https:// doi. org/ 10. 1056/ NEJMo a0809 
493

 11. Center JR, Bliuc D, Nguyen ND, Nguyen TV, Eisman JA (2011) 
Osteoporosis medication and reduced mortality risk in elderly 
women and men. J Clin Endocrinol Metab 96:1006–1014. https:// 
doi. org/ 10. 1210/ jc. 2010- 2730

 12. Eisman J, Clapham S, Kehoe L, Australian Bone Care Study 
(2004) Osteoporosis prevalence and levels of treatment in pri-
mary care: the Australian BoneCare Study. J Bone Miner Res 
19(12):1969–1975. https:// doi. org/ 10. 1359/ JBMR. 040905

 13. Chen JS, Hogan C, Lyubomirsky G, Sambrook PN (2009) Man-
agement of osteoporosis in primary care in Australia. Osteoporos 
Int 20(3):491–496. https:// doi. org/ 10. 1007/ s00198- 008- 0686-z

 14. Teede HJ, Jayasuriya IA, Gilfillan CP (2007) Fracture preven-
tion strategies in patients presenting to Australian hospitals 
with minimal-trauma fractures: a major treatment gap. Int Med 
J 37(10):674–679. https:// doi. org/ 10. 1111/j. 1445- 5994. 2007. 
01503.x

 15. Australian Institute of Health and Welfare. Health system over-
view https:// www. aihw. gov. au/ repor ts/ austr alias- health/ health- 
system- overv iew [Accessed 18 August 2021]

 16. NSW Ministry of Health. NSW Health Annual Report 2019–20. St 
Leonards, Sydney: NSW Ministry of Health. https:// www. health. 
nsw. gov. au/ annua lrepo rt/ Publi catio ns/ annual- report- 2020. pdf 
[Accessed 26 August 2021]

 17. Sanders KM, Watts JJ, Abimanyi-Ochom J, Murtaza G. (2017) 
Osteoporosis costing NSW & ACT: a burden of disease analysis 
– 2012 to 2022. Glebe: Osteoporosis Australia.

 18. NSW Agency for Clinical Innovation (2017) Model of care for 
osteoporotic refracture prevention model of care, 2nd edn. Agency 
for Clinical Innovation, Chatswood

 19. Koff E, Lyons N (2020) Implementing value-based health care at 
scale: the NSW experience. Med J Aust 212(3):104–106. https:// 
doi. org/ 10. 5694/ mja2. 50470

 20. Irvine K, Hall R, Taylor L (2019) A profile of the Centre for 
Health Record Linkage. Int J Popul Dat Sci 4(2):07. https:// doi. 
org/ 10. 23889/ ijpds. v4i2. 1142

 21. Gabriel SE, Crowson CS, O’Fallon WM (1999) A comparison 
of two comorbidity instruments in arthritis. J Clin Epidemiol 
52:1137–1142. https:// doi. org/ 10. 1016/ S0895- 4356(99) 00124-9

 22. National Weighted Activity Unit (NWAU) (2021) calculators. 
Independent Hospital Pricing Authority https:// www. ihpa. gov. 
au/ what- we- do/ natio nal- weigh ted- activ ity- unit- nwau- calcu lators 
[Accessed 26 August 2021]

 23. Center JR (2017) Fracture burden: what two and a half decades of 
Dubbo Osteoporosis Epidemiology Study data reveal about clini-
cal outcomes of osteoporosis. Curr Osteoporos Rep 15(2):88–95. 
https:// doi. org/ 10. 1007/ s11914- 017- 0352-5

 24. Center JR, Bliuc D, Nguyen TV, Eisman JA (2007) Risk of sub-
sequent fracture after low-trauma fracture in men and women. 
JAMA 297(4):387–394. https:// doi. org/ 10. 1001/ jama. 297.4. 387

 25. Ebeling PR, Seeman E, Center J, Chen W, Chiang C, Diamond 
T,Duque G, Eisman JA, Elliot J, Ganda K, Jesudason D, Jones 
G, Lyubomirsky G, Major G, Marabani M, March L, Prince RL, 
Seibel MJ, Stuckey B, Sztal-Mazer S, Stanton S, Waters J, White 
C. (2020) Position Statement on the Management of Osteoporosis. 
Glebe: Osteoporosis Australia, April 2020.

 26. Australian and New Zealand Hip Fracture Registry (2019) Annual 
Report of Hip Fracture Care 2019. Neuroscience Research Aus-
tralia, Sydney

 27. Aspex Consulting. (2012) Formative Evaluation of the Osteoporo-
tic Re-fracture Prevention Project. (Internal report).

 28. Van der Kallen J, Giles M, Cooper K, Gill K, Parker V, Tembo A, 
Major G, Ross L, Carter J (2014) A fracture prevention service 
reduces further fractures two years after incident minimal trauma 
fracture. Int J Rheum Dis 17:195–203. https:// doi. org/ 10. 1111/ 
1756- 185X. 12101

 29. Nakayama A, Major G, Holliday E, Attia J, Bogduk N (2016) 
Evidence of effectiveness of a fracture liaison service to reduce 
the re-fracture rate. Osteoporos Int 27:873–879. https:// doi. org/ 
10. 1007/ s00198- 015- 3443-0

 30. Major G, Ling R, Searles A, Niddrie F, Kelly A, Holliday E, 
Attia J, Bogduk N (2018) The costs of confronting osteoporosis: 
cost study of an Australian fracture liaison service. JBMR Plus 
3(1):56–63. https:// doi. org/ 10. 1002/ jbm4. 10046

 31. Huntjens KM, van Geel TA, van den Bergh JP et al (2014) Frac-
ture liaison service: impact on subsequent nonvertebral fracture 
incidence and mortality. J Bone Joint Surg Am 96(4):e29

 32. Axelsson KF, Johansson H, Lundh D, van Helden S, Willems P, 
Winkens B, Eisman JA, Geusens PP, Brink PRG (2020) Associa-
tion between recurrent fracture risk and implementation of frac-
ture liaison services in four Swedish hospitals: a cohort study. 
J Bone Miner Res 35(7):1216–1223. https:// doi. org/ 10. 2106/ 
JBJS.L. 00223

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1002/jbmr.1698
https://doi.org/10.1002/jbmr.2218
https://doi.org/10.1002/jbmr.2218
https://doi.org/10.1056/NEJMoa074941
https://doi.org/10.1056/NEJMoa0809493
https://doi.org/10.1056/NEJMoa0809493
https://doi.org/10.1210/jc.2010-2730
https://doi.org/10.1210/jc.2010-2730
https://doi.org/10.1359/JBMR.040905
https://doi.org/10.1007/s00198-008-0686-z
https://doi.org/10.1111/j.1445-5994.2007.01503.x
https://doi.org/10.1111/j.1445-5994.2007.01503.x
https://www.aihw.gov.au/reports/australias-health/health-system-overview
https://www.aihw.gov.au/reports/australias-health/health-system-overview
https://www.health.nsw.gov.au/annualreport/Publications/annual-report-2020.pdf
https://www.health.nsw.gov.au/annualreport/Publications/annual-report-2020.pdf
https://doi.org/10.5694/mja2.50470
https://doi.org/10.5694/mja2.50470
https://doi.org/10.23889/ijpds.v4i2.1142
https://doi.org/10.23889/ijpds.v4i2.1142
https://doi.org/10.1016/S0895-4356(99)00124-9
https://www.ihpa.gov.au/what-we-do/national-weighted-activity-unit-nwau-calculators
https://www.ihpa.gov.au/what-we-do/national-weighted-activity-unit-nwau-calculators
https://doi.org/10.1007/s11914-017-0352-5
https://doi.org/10.1001/jama.297.4.387
https://doi.org/10.1111/1756-185X.12101
https://doi.org/10.1111/1756-185X.12101
https://doi.org/10.1007/s00198-015-3443-0
https://doi.org/10.1007/s00198-015-3443-0
https://doi.org/10.1002/jbm4.10046
https://doi.org/10.2106/JBJS.L.00223
https://doi.org/10.2106/JBJS.L.00223

	An 11-year longitudinal analysis of refracture rates and public hospital service utilisation in Australia’s most populous state
	Abstract
	Summary 
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Data sources
	Study population and definitions
	Index fractures
	Refractures
	Health service utilisation
	Health service costs
	Projections

	Results
	Index fractures
	Refractures
	Health service utilisation
	Health service costs
	Projections

	Discussion
	Acknowledgements 
	References


