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Expanding access to fracture liaison services in 
Australia for people with minimal trauma fractures: 
a system dynamics modelling study
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Greg Lyubomirsky10, Rebecca J Mitchell11, Sallie Pearson12,13, Markus J Seibel14,15, Jo- An Occhipinti16,17

Osteoporosis is a chronic disease characterised by bone 
microarchitecture deterioration, leading to fragile bones 
more likely to fracture.1 It is estimated that two in three 

Australians aged 50 years or more have low bone mineral density 
(osteopenia) or osteoporosis.2 In 2013, it was projected that the 
annual cost of osteoporotic fractures in Australia in 2022 would 
be $3.84  billion, or more than $20 000 per fracture.2 During 2002–
12, the number of people aged 50 years or more hospitalised with 
minimal trauma hip fractures increased by 22%.3 The burden 
of osteoporosis and minimal trauma fractures is expected to 
increase substantially in Australia as our population ages.

Interventions for preventing osteoporosis and fractures include 
public health campaigns, clinician education, and exercise 
programs. Fracture liaison services (FLS) have expanded across 
the world over the past two decades, and are now considered 
best practice for secondary fracture prevention.4,5 People who 
present to hospital with minimal trauma fractures are identified, 
assessed for osteoporosis, and treated as required. Resource 
limitations mean that not all FLS provide all three services; type 
A FLS provide the most intensive intervention and type D the 
least intensive (Box 1).6

In 2018, twenty- nine FLS operated in Australia; twenty- one 
were classified as type A facilities.7 Given the location of these 
FLS (for example: thirteen in New South Wales, but only one 
each in South Australia and Western Australia),7 most people 
who sustain fractures will not have local access to FLS. A 
major objective of the 2019 National Strategic Action Plan for 
Osteoporosis (Australian Department of Health) is to expand 
the number of FLS in public hospitals to one hundred; other 
objectives include education programs and a national screening 
program.8 Limitations to expanding FLS availability include 

the financial support, staff, and space required. FLS increase 
medication prescribing and the use of dual- energy X- ray 
absorptiometry (DXA), but evidence as to whether they reduce 
the incidence of secondary fractures is mixed.9 Incremental cost- 
effectiveness ratios of $17 29110 and $31 74911 per quality- adjusted 
life year gained have been estimated for care in Australian FLS. 
Factors that influence FLS effectiveness include the ability to 
screen all people who present with fractures, their willingness 
to attend FLS, and their compliance with therapy.

Expanding the use of successful service models can be difficult 
because of the complexity of service systems and questions 
regarding the mode of delivery, resource allocation, reach, 
adoption, provider practices, compliance with therapy, attrition, 
and population dynamics.12,13 The complex interactions of these 
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Abstract
Objectives: To project how many minimal trauma fractures could 
be averted in Australia by expanding the number and changing the 
operational characteristics of fracture liaison services (FLS).
Study design: System dynamics modelling.
Setting, participants: People aged 50 years or more who present 
to hospitals with minimal trauma fractures, Australia, 2020–31.
Main outcome measures: Numbers of all minimal trauma fractures 
and of hip fractures averted by increasing the FLS number (from 
29 to 58 or 100), patient screening rate (from 30% to 60%), and 
capacity for accepting new patients (from 40 to 80 per service per 
month), and reducing the proportion of eligible patients who do not 
attend FLS (from 30% to 15%); cost per fracture averted.
Results: Our model projected a total of 2 441 320 minimal trauma 
fractures (258 680 hip fractures; 2 182 640 non- hip fractures) in 
people aged 50 years or older during 2020–31, including 1 211 646 
second or later fractures. Increasing the FLS number to 100 averted 
a projected 5405 fractures (0.22%; $39 510 per fracture averted); 
doubling FLS capacity averted a projected 3674 fractures (0.15%; 
$35 835 per fracture averted). Our model projected that neither 
doubling the screening rate nor reducing by half the proportion 
of eligible patients who did not attend FLS alone would reduce 
the number of fractures. Increasing the FLS number to 100, the 
screening rate to 60%, and capacity to 80 new patients per service 
per month would together avert a projected 13 672 fractures 
(0.56%) at a cost of $42 828 per fracture averted.
Conclusion: Our modelling indicates that increasing the number of 
hospital- based FLS and changing key operational characteristics 
would achieve only moderate reductions in the number of minimal 
trauma fractures among people aged 50 years or more, and the cost 
would be relatively high. Alternatives to specialist- led, hospital- 
based FLS should be explored.

The known: Fracture liaison services (FLS) can reduce the number 
of subsequent fractures in people who present to hospital with 
osteoporotic fractures.
The new: Our system dynamics model projected that Australians 
aged 50 years or more would experience 2 441 320 fractures, 
including 1 211 646 second or later fractures, during 2020–31. 
Increasing the number of FLS and doubling their screening rate and 
capacity could avert 13 672 fractures (0.56%), at a cost of $42 828 
per fracture averted.
The implications: Our study, the first to simulate the effects of 
changing the implementation characteristics of FLS, projected that 
only a small proportion of fractures would be averted.
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parameters prohibit simple linear projections of population- 
level effects from service effectiveness evaluations. System 
dynamics modelling is more appropriate for analysing nonlinear 
behaviour in complex systems, and can be used to test options 
for expanding services and to determine realistic effect targets 
prior to their implementation.14- 16

The primary aim of our study was to use system dynamics 
modelling to project how many minimal trauma fractures 
could be averted by expanding the number and changing the 
operational characteristics of FLS in Australia. Our secondary 
aim was to estimate the cost of such changes.

Methods

We undertook a system dynamics modelling study of the impact 
of expanding FLS care for people aged 50 years or more who 
present to hospital with minimal trauma fractures during 2020–
31. The modelling process followed the approach described by 
other authors.16 Our 32- member multidisciplinary modelling 
consortium — including senior clinicians in endocrinology 
(four), rheumatology (two), geriatric medicine (two), general 
practice (one), and physiotherapy (two), as well as health 
economists, epidemiologists, members of the general public, 
and policy partners from Healthy Bones Australia, Amgen, 
and the federal Department of Health — participated in three 
workshops during July 2018 – January 2019. The first workshop 
introduced the concept of system dynamics modelling and the 
mapping of care pathways for people aged 50 years or more 
before and after sustaining a fracture. A conceptual diagram 
was developed and converted into a computational model. The 
second workshop focused on the interventions and the approach 
to estimating the costs associated with the interventions, and 
unit costs were assigned to model components. The third 
workshop presented the model to all participants for feedback 
and refinement. At each stage, the model was informed by the 
best available evidence, or by expert opinion when evidence 
was not available.

System dynamics model structure

The system dynamics model, constructed using Stella Architect 
1.9.4 (http:// www. isees ystems. com/ softw ares/ Educa tion/ Stell 
aSoft ware/ aspx), included seven components (model component 
diagrams: Supporting Information, figures  1–8 and table  1; 
model assumptions: Supporting Information, table 2):

A. Population: People aged 50 years or more, taking into account 
the effects of migration and death rates.17

B. Pre- fracture bone health: The proportions of people aged 50 
years or more who retain normal bone mineral density or who 
develop osteopenia or osteoporosis during the study period, 
and the proportion who commence anti- resorptive therapy 
for primary prevention of fractures. As denosumab is the 
most widely used anti- resorptive medication in Australia, we 
assumed treatment effects associated with its use.18 The relative 
risks of fracture with treatment used in the model, based on 
published reviews,19,20 were 0.6 for hip fracture, 0.3 for vertebral 
fracture, and 0.8 for non- hip/non- vertebral fractures.

C. Fracture status: Fractures (hip or other), stratified by prior 
anti- resorptive treatment; some people commence treatment, 
others cease or restart treatment during the study period. People 
who have had fractures are at greater risk of fractures, but this 
risk is reduced by treatment.19,20

D. Hospital care: The care pathway for people who present to a 
hospital with a fracture (admission or review in the emergency 
department), after which they are referred to a general 
practitioner or specialist for post- fracture management, referred 
to an FLS, managed in hospital by orthogeriatric services 
(predominantly for people with hip fractures), or receive no 
post- fracture management advice. If no place in the FLS or 
orthogeriatric service is available, they are referred to a general 
practitioner or specialist.

E. Pre-  and post- fracture community care: 1. Pre- fracture care 
by bone health category, including frequency of general practice 
visits for people aged 50 years or more, likelihood of requesting 
(and completing) a DXA scan, and the proportions of people 
who commence treatment and of those who then cease or restart 
treatment. 2. Post- fracture sector stratified by fracture type (hip 
or other) and preventive treatment status at the time of fracture. 
Different proportions of people will be referred for DXA scans, 
start treatment, and cease or restart treatment.

F. Cost and burden of disease: Costs are assigned to the federal or 
state governments, and to out- of- pocket costs for patients. Unit 
costs were based on Medicare Benefits Schedule (MBS; eg, for 
specialist consultations and DXA) and Pharmaceutical Benefits 
Scheme (PBS) data. Medication costs were divided between 
denosumab and bisphosphonates according to the proportions 
dispensed during 2014–19.18 We report cost per fracture averted, 
based on the costs incurred by the intervention and downstream 
costs, unadjusted for expected treatment cost savings. We do not 
report the cost per quality- adjusted life year gained, the usual 
measure of cost- effectiveness, because the estimated costs in our 
model include downstream costs to the health care system, not 
just the cost of the intervention.

G. FLS intervention: We modelled type A FLS, including a 
coordinator (clinical nurse grade 2) who screened hospital 
records for people aged 50 years or more who had presented 
to hospital with minimal trauma fractures and wrote to them 
and their general practitioners, clinical investigations (including 
pathology, spinal X- ray, DXA), specialist consultations, 

1 Classification of fracture liaison services by interventions 
provided6

Fracture liaison service Components

Type A The patient is identified

Clinical investigations are ordered

Treatment initiated as required

The patient and their general practitioner are 
notified about the significance of the fracture, 
investigation results, and the treatment plan

Type B The patient is identified

Clinical investigations are ordered

The patient and their general practitioner are 
notified about the significance of the fracture 
and investigation results

Type C The patient is identified

The patient and their general practitioner are 
notified about the significance of the fracture

Type D The patient is identified

The patient is notified about the significance 
of the fracture

http://www.iseesystems.com/softwares/Education/StellaSoftware/aspx
http://www.iseesystems.com/softwares/Education/StellaSoftware/aspx
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treatment when indicated, follow- up phone calls, and written 
communication with general practitioners. The base model 
assumed twenty- nine FLS operating in Australia in 2018, 
identification of 30% of people who present to hospital with 
fractures (screening rate), and a capacity to accept forty new 
patients per service each month; we assumed that 30% of those 
invited did not attend FLS.

Model outputs and calibration

We ran the model for the period 2011–31, with year as the model 
time unit and a delta time of one month between calculations 
and changes in the model (interventions). We compared input 
data from alternative sources and used constrained optimisation 
to minimise bias. We validated the model by comparing model 
outputs for 2011–17 with actual data for this period on DXA scans 
(MBS data),21 medication use (PBS data),18 and fracture incidence 
(hospital and emergency department data included in Australian 
Institute of Health and Welfare osteoporosis data tables).22

Scenario testing

We report projected outcomes for the period 2020–31. We 
modelled changes from the base case in the numbers of minimal 
trauma fracture (all, hip fractures) during 2020–31 in diverse 
intervention scenarios: modifying the FLS number (doubled, 
increased to one hundred), the patient screening rate (doubled 
from 30% to 60%), the FLS capacity for new patients (doubled from  
40 to 80 per month), and the proportion of people invited to  
attend FLS who did not (reduced from 30% to 15%), both 
individually and in combination. The modelled increase in FLS 
number during 2020–31 was gradual, reflecting the time required 
to establish new services, while changes to the screening, 
capacity, and non- attendance rates were assumed to be relatively 
rapid (Supporting Information, figure 9). No sensitivity analyses 
were undertaken; as our aim was to compare the effects of 
different strategies, rather than to provide precise predictions, 
we deemed a deterministic model adequate.

Ethics approval

We did not seek ethics approval for our modelling study based 
on publicly available population- level data.

Results

With twenty- nine FLS (2018), our model projected a total of 
2 441 320 minimal trauma fractures (258 680 hip fractures; 

2 182 640 non- hip fractures) in Australia during 2020–31, 
including 1 211 646 second or later fractures.

Optimising the operational characteristics of fracture liaison 
services

Doubling the FLS number from 29 to 58 services was projected 
to avert 3964 minimal trauma fractures during 2020–31 
(0.16%); increasing the number to 100 services was projected 
to avert 5405 fractures (0.22%) (Box  2). The smaller projected 
reduction for the increase from 58 to 100 services reflects the 
mismatch between screening number and FLS capacity at the 
higher level. One hundred FLS could theoretically provide 
48 000 appointments, but only 21 710 people could be screened; 
doubling the screening rate to 60% would reduce the difference 
(Box 3). Doubling FLS capacity alone was projected to reduce 
the cumulative number of fractures (by 3674, 0.15%); doubling 
the proportion of people screened or reducing by half the 
proportion who did not attend FLS alone was not (Box 2), as 
the model assumed that services took non- attendance rates 
into account when issuing invitations, so that all available 
appointments would be used.

Increasing the FLS number to 100 and doubling the FLS 
screening rate and capacity would together avert 13 672 minimal 
trauma fractures (0.56%), more than the sum of the effects of 
the individual components (9079 fractures averted, 0.37%). 
In contrast, the reduction achieved were the FLS number and 
capacity doubled and the non- attendance rate reduced from 30% 
to 15% (4822 fractures, 0.20%) would be smaller than the sum 
of their individual effects (7638 fractures averted, 0.31%) (Box 3, 
Box 4).

Cost of optimising the operational characteristics of 
fracture liaison services

The least expensive strategy for averting minimal trauma 
fractures was doubling FLS capacity for new patients from forty 
to eighty per month ($35 835 per fracture averted) (Box  3); the 
most expensive option was to double both the number of FLS 
and the screening rate ($48 464 per fracture averted); increasing 
the FLS number to one hundred and doubling the screening rate 
was slightly less expensive ($43 237 per fracture averted) because 
of the larger number of fractures averted (10 714 v 4472 with 58 
services). In both cases (58 or 100 FLS with 60% screening rate), 
increasing FLS capacity reduced the cost per fracture averted (to 
$42 478 and $42 828 respectively; Box 4).

2 Projected cumulative reductions in the numbers of minimal trauma fractures in people aged 50 years or more, Australia, 2020–31, 
achieved by improving the operational characteristics of fracture liaison services (FLS): single interventions*

Scenario

FLS number/
monthly 
capacity

Screening/non- 
attendance  

rates

Cumulative 
reduction in all 

fracture number

Cumulative 
reduction in hip 
fracture number

Cost per 
fracture 
averted

Base case 29/40 30%/30% — — —

1. Double number of fracture liaison services 58/40 30%/30% 3964 (0.16%) 567 (0.22%) $39 220

2. Increase number of fracture liaison services to 100 100/40 30%/30% 5405 (0.22%) 773 (0.30%) $39 510

3. Double the proportion of people screened 29/40 60%/30% 0 0 —

4. Double fracture liaison service capacity 29/80 30%/30% 3674 (0.15%) 523 (0.20%) $35 835

5. Reduce the non- attendance rate by 50% 29/40 30%/15% 0 0 —

* Base case projections: 2 441 320 minimal trauma fractures, including 258 680 hip fractures. Cumulative reduction is the total number of fractures averted; the proportion is that of all 
fractures expected.
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Discussion

Using system dynamics modelling, we 
projected that Australians aged 50 years 
or more will have a total of 2 441 320 
minimal trauma fractures during 2020–
31, including 1 211 646 second or later 
fractures, if the number of FLS (twenty- 
nine) does not change. Our projections 
of the effects of single and combined 
changes to FLS operations could inform 
the expansion of hospital- based FLS in 
Australia.

Any change should aim to improve the 
effectiveness or reduce the cost of FLS, an 
preferably both. New services should take 
into account relevant factors to ensure 
that outcomes are optimised (clinical 
investigations, treatment, and, ultimately, 
reducing the number of fractures) and 
costs are minimised. Our model suggests 
that expanding the number or capacity 
of FLS alone would be inefficient; the 

4 Projected cumulative reductions in the numbers of minimal trauma fractures in people aged 50 years or more, Australia, 2020–31, 
achieved by improving the operational characteristics of fracture liaison services (FLS): multiple interventions*

Scenario combination

FLS number/
monthly 
capacity

Screening/
non- attendance 

rates

Cumulative 
reduction in all 

fracture number

Cumulative 
reduction in hip 
fracture number

Cost per 
fracture 
averted

Base case 29/40 30%/30% — — —

1. Double number of fracture liaison services, plus:

3. Double the proportion of people screened 58/40 60%/30% 4472 (0.18%) 641 (0.25%) $48 464

4. Double fracture liaison service capacity 58/80 30%/30% 4822 (0.20%) 687 (0.27%) $37 638

5. Reduce the non- attendance rate by 50% 58/40 30%/15% 3964 (0.16%) 567 (0.22%) $39 220

3 and 4 58/80 60%/30% 11 681 (0.48%) 1673 (0.65%) $42 478

3 and 5 58/40 60%/15% 4472 (0.18%) 641 (0.25%) $48 464

4 and 5 58/80 30%/15% 4822 (0.20%) 687 (0.27%) $37 638

3, 4, and 5 58/80 60%/15% 11 681 (0.48%) 1673 (0.65%) $42 478

2. Increase number of fracture liaison services to 100, plus:

3. Double the proportion of people screened 100/40 60%/30% 10 714 (0.44%) 1537 (0.59%) $43 237

4. Double fracture liaison service capacity 100/80 30%/30% 5987 (0.25%) 854 (0.33%) $38 643

5. Reduce the non- attendance rate by 50% 100/40 30%/15% 5406 (0.22%) 773 (0.30%) $39 510

3 and 4 100/80 60%/30% 13 672 (0.56%) 1958 (0.76%) $42 828

3 and 5 100/40 60%/15% 10 714 (0.44%) 1537 (0.59%) $43 237

4 and 5 100/80 30%/15% 5987 (0.25%) 854 (0.33%) $38 643

3, 4, and 5 100/80 60%/15% 13 672 (0.56%) 1958 (0.76%) $42 828

3. Double the proportion of people screened, plus:

4. Double fracture liaison service capacity 29/80 60%/30% 5878 (0.24%) 839 (0.32%) $41 845

5. Reduce the non- attendance rate by 50% 29/40 60%/15% 0 0 —

4 and 5 29/80 60%/15% 5878 (0.24%) 839 (0.32%) $41 845

4. Double fracture liaison service capacity, plus:

5. Reduce the non- attendance rate by 50% 29/80 30%/15% 3674 (0.15%) 523 (0.20%) $35 835

* Base case projections: 2 441 320 minimal trauma fractures, including 258 680 hip fractures. Cumulative reduction is the total number of fractures averted; the proportion is that of all 
fractures expected. ◆

3 Effect of increasing the number of fracture liaison services (FLS), screening rate, and 
capacity*

* Base case: 29 fracture liaison services, 30% screening rate, capacity to see 40 new patients each month. Option A: 100 
fracture liaison services, 30% screening rate, capacity to see 40 new patients each month. Option B: 100 fracture liaison 
services, 60% screening rate, capacity to see 40 new patients each month. Option C: 100 fracture liaison services, 30% 
screening rate, capacity to see 80 new patients each month. The total number of people managed by fracture liaison 
services would be the lower of the number screened and the service capacity. ◆
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proportion of people screened would also need to rise for the 
increased number of appointments to be filled.

Systematic reviews of FLS outcomes have found that they 
improve osteoporosis care, including rates of bone densitometry 
screening and initiation of anti- resorptive therapy.6,23,24 Lower 
fracture rates have been reported for only some FLS, perhaps 
because of inadequate follow- up or the absence of an appropriate 
control group.6,9 Further, FLS outcomes vary markedly between 
studies; rates of DXA and initiation of anti- resorptive therapy are 
higher in more intensive (type A) and therefore more expensive 
FLS. Unfortunately, comparative data regarding screening, 
capacity, and non- attendance rates are rarely reported, so that 
their influence on FLS efficacy cannot be assessed. System 
dynamics modelling enabled us to examine these factors and 
provide projections in a non- experimental setting.

The Australian Department of Health recognised the importance 
of optimising bone health with its National Strategic Action 
Plan for Osteoporosis, and plans to expand FLS access as one 
component of its strategy.8 Our model suggests increasing FLS 
screening and capacity can be useful, but the overall impact 
of even 100 FLS on fracture prevention was limited. Further, 
specialist- led, hospital- based FLS are expensive, although we 
did not consider savings to the health system and individuals 
associated with averting fractures. Alternative strategies 
include making primary care the focus of secondary fracture 
prevention, using nurse practitioners rather than physicians for 
some consultations, communicating with patients via email or 
text message rather than post, and using artificial intelligence to 
detect fractures in radiology reports.25,26

According to our model, fewer than 1% of minimal trauma 
fractures would be averted by expanding FLS access. However, 
the reported outcomes were at the population level, and FLS do 
not comprise a population- level intervention. They instead focus 
on secondary prevention for people with fractures who present 
to hospital, and the proportion of all fractures that can be averted 
is consequently small. In addition, the reduction in fracture rates 
achieved by FLS is predominantly attributable to increased 
prescribing of anti- resorptive therapy, compliance with which 
is often poor.2 Our model did not take into account possible 
external factors such as public health campaigns or general 
practitioner education. FLS comprise only one component of the 
National Strategic Action Plan, alongside educational programs, 
integration with primary care and fall prevention programs, 
a national risk identification program, and decision support 
tools.8 These initiatives, together with expanded access to FLS, 
could improve attendance and therapeutic compliance by people 
with minimal trauma fractures, thereby increasing the potential 
benefits of FLS.

Limitations

The assumptions underlying our model were derived from 
published data as far as possible, and were otherwise based on 
expert opinion. We employed a number of standard strategies 
to minimise bias, including the triangulation of multiple 
alternative data sources, parameter estimation using constrained 

optimisation (used sparingly in the base model when parameter 
values were unavailable, and tested with the expert consortium), 
and local verification for identifying plausible estimates.  
The model did not take the treatment effects of different 
medications into account, nor the lasting bone- protective effect of 
bisphosphonate therapy after its discontinuation; no treatment 
was deemed effective for preventing fractures in people with 
osteopenia who have not had fractures, although hormone 
replacement therapy and zoledronic acid may be protective.27,28 
The model used a delta of one month, whereas people may not 
attend appointments or commence medication use within this 
time frame. The model projected outcomes over eleven years, 
which may be too short for achieving substantial reductions 
in fracture numbers, particularly given the gradual increase in 
service number. The outcomes and costs pertain only to type A 
FLS. Reducing the proportion of people who do not attend FLS 
did not affect fracture outcomes because the model assumed 
that all unaccepted appointment invitations were offered to 
other patients, which may not reflect practice in the real world.

Conclusion

We used system dynamics modelling to project the number 
of minimal trauma fractures averted and the cost associated 
with expanding and adjusting the operating characteristics of 
hospital- based FLS in Australia. The greatest reduction was 
achieved by concurrently increasing FLS number, the screening 
rate, and the capacity for new patients. As the proportion of 
fractures averted by doubling or even tripling the number 
of FLS would be low, and the cost of each averted fracture 
high, alternatives to specialist- led, hospital- based FLS should 
be explored, including incorporating secondary fracture 
prevention into primary care.
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