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A fracture due to minimal trauma (an impact equivalent to a
fall from standing height or lesser impact) is the hallmark of
osteoporosis [1]. More than half of postmenopausal women
and a third of men over the age of 60 years will experience at
least one MTF during their remaining lifetime [2]. There were
an estimated 9 million fractures related to osteoporosis in
2000, equating to one fracture every 3 seconds [3]. This figure
is set to increase rapidly in the coming decades due to popu-
lation growth and an ageing population. Therefore, fractures
place a heavy burden on individuals, healthcare workers and
society through their impact on healthcare system costs.

A minimal trauma fracture (MTF) aka osteoporotic or fra-
gility fracture is associated with significant morbidity and
mortality. Individuals who have sustained a MTF are at least
two times more likely to sustain further fractures, especially
within the first two years after the initial fracture [4, 5]. People
with vertebral or hip fractures have a further heightened risk of
refracture, i.e. more than fourfold [6–8]. Although men are
less likely to sustain initial fractures than women, men are
more likely to sustain a refracture and have higher mortality
after the initial fracture [5, 9]. Furthermore, excess mortality
occurs after all proximal osteoporotic fractures, particularly in
the first five years. This risk may persist for up to 10 years
after a hip fracture [9].

Pharmacotherapy for osteoporosis is safe and effective in
reducing the risk of further vertebral fractures by up to 70%,
hip by up to 50% and non-hip, non-vertebral fractures by 20–
30% [10–16]. However, despite the wide availability of anti-
osteoporosis drugs, fewer than 20% of patients are appropri-

ately assessed and treated for the underlying cause of their
fragility fracture (i.e. osteoporosis) [17].

To address the care gap in osteoporosis management, cen-
tres across the world have developed systematic, coordinated
interventions to identify patients who have sustained a mini-
mal trauma fracture, investigate and determine fracture risk,
and initiate interventions to reduce fracture risk. A 2013 sys-
tematic review [18] divided interventions into four models of
care, according to intervention intensity (Table 1). It was dem-
onstrated that more intensive models of care have better
outcomes.

Effective secondary fracture prevention programmes
(SFPPs; also known fracture liaison services or FLS) cover
the three ‘i’s’ of identification, investigation and initiation of
therapy. FLSs were first instituted and reported on in the early
2000s and have since grown globally. The first publications
relating to FLS were from Switzerland (Chevalley et al. 2002)
[19] and the UK (McLellan et al. 2003) [20]. In the early
years, most FLSs reported on process measures such as rates
of investigation and treatment; however, as follow-up duration
has increased, this further expanded to include refractures and
mortality which fed into cost-effectiveness analyses.

Cost-effectiveness of FLS has been demonstrated consis-
tently across the world, from Australia, the USA, the UK,
Europe and Asia [21]. FLS are associated with gains in
quality-adjusted life years (QALY) for costs below the will-
ingness to pay thresholds in most jurisdictions. The cost per
QALY for FLSs varies by country. That is, in Australia, it is
$17,291–$31,749 AUD per QALY, in Canada $8368 to
76,428 CAD per QALY and in Sweden 14,029 Euro per
QALY. One must keep in mind that it is difficult to compare
across studies due to variations in baseline characteristics (e.g.
fracture sites), availability of pharmacotherapy, staff costs,
costs of osteoporosis pharmacotherapy and adherence.
Moreover, assumptions in the economic modelling can vary
between countries and studies.
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Heterogeneity in reporting of outcomes

According to previous systematic reviews [18, 21, 22], FLSs
have demonstrated improved osteoporosis treatment initiation
and reductions in refracture rates compared to standard care.
However, meta-analyses and systematic reviews of outcome
measures from FLS have been difficult to interpret due to
heterogeneity in reporting of outcome measures and varying
baseline characteristics in the participants. Studies vary in
terms of gender proportions, fracture sites included and
criteria for pharmacotherapy. Moreover, in the case of further
fractures, the study design can vary, as the control group may
be historical or concurrent. There has been inconsistent
reporting of a number of outcome measures including identi-
fication rates, captures rates and treatment initiation rates.
Identification rates are likely to be under-estimated in most
FLSs as they are under-resourced, and/or lack technology
for the systematic identification of patients with fragility frac-
tures. Thus, most FLSs fail to capture patients with vertebral
fractures, as these are often asymptomatic or do not present to
hospital. Capture rates (i.e. the proportion of those identified
that are seen in the FLS) are not always reported by FLSs.
Treatment rates may vary between health networks and coun-
tries due to different diagnostic and treatment thresholds. For
example, in a study by McLellan et al. [19], pharmacotherapy
was initiated if the T-score was less than −2.0 SD. This thresh-
old, however, differs from that of other centres [23]. The
choice of pharmacotherapy would also vary depending on
access in different parts of the world.

With the development of more FLSs worldwide, there has
been a drive towards the development of FLS standards which
may help to benchmark their performance over time. A positive
step towards helping to standardise processes and outcomes for
FLSs globally has been the IOF Capture the Fracture pro-
gramme and Best Practice Framework. According to the latest
data from the Capture the Fracture website, there was 583 FLSs
from 48 countries who have submitted their data. Of note, there
is poor representation from countries in Africa, the Indian sub-
continent and China, which may be a reflection of different
health priorities in these regions.

A further development has been the institution of FLS reg-
istries which is again aimed at standardisation of processes
and outcome measures to enable benchmarking over the long
term. One of the hurdles in setting up a registry is ensuring
individual FLS and the registries have sufficient funding and
resources for ongoing data collection and feedback. Having
robust evidence that FLSs reduce further fractures and mor-
tality is therefore critical to make the case for the funding of
these activities.

Therefore, the article by Li et al. in this edition of the
journal comes at an opportune time in the landscape of sec-
ondary fracture prevention efforts globally. Li and colleagues
have presented a succinct yet thorough systematic review and
meta-analysis of fracture liaison services (FLSs) or secondary
fracture prevention programmes over the last 10 years, focus-
sing upon the outcome measure of further fractures and mor-
tality. As opposed to process measures such as rates of inves-
tigation or treatment for osteoporosis, further fractures and
mortality are more clinically relevant and can be utilised to
determine cost-effectiveness from a healthcare funding
perspective.

This paper has demonstrated a 30% relative reduction in
the risk of further fractures with FLS care vs. non-FLS care
after a median follow-up of 2 years with the most benefit
being demonstrated in studies with 2 or more years of
follow-up (43% relative risk reduction). There was no signif-
icant effect in terms of mortality reduction except for the pre-
and post-FLS sub-analysis; however, interpretation is limited
by the small number and short duration of studies.
Interestingly, the magnitude of reduction in refractures is in
keeping with the expected relative risk reduction in non-hip,
non-vertebral fractures with osteoporosis pharmacotherapy as
demonstrated in RCTs. However, FLSs manage other aspects
of SFP including optimisation of calcium and vitamin D in-
take, as well as falls risk reduction, and therefore, one would
expect to have further fracture risk reduction in addition to
osteoporosis pharmacotherapy.

One of the strengths of this article is the utilisation of a
scoring system or checklist to assess the quality of the articles
tailored to evaluating FLS studies. For example, ensuring that
at least 50% of those identified are seen in the FLS was an
important aspect of the analysis which helped to assess the risk
of bias. The other aspect of the checklist which is worthwhile
noting is that only 3 of 16 studies had a sample size based on a
power calculation. This method of assessing the quality of
each study however has not been validated but are useful
pointers to guide future FLS researchers to ensure these as-
pects are covered when presenting their results for publication.

One important consideration which was discussed in the
paper was the reporting of fractures taking into account the
competing risk of mortality. As the risk of mortality is in-
creased after a fracture, reporting further fractures whilst cen-
soring those who die may result in an over-estimation of

Table 1 Secondary fracture prevention models of care

Intervention
model of care

Description

A Identification, assessment
(risk factors, blood, BMD),
treatment initiation

B Identification, assessment,
treatment recommendation only

C Education of patient and primary
care physician

D Education of patient only
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fracture risk. In this study, amongst the 16 studies reporting on
further fracture outcomes, only four adjusted for the compet-
ing risk of mortality. The present study did not take this into
account in the meta-analysis, as further fractures were record-
ed as crude events in most studies (apart from 4 of 16 studies).
Reassuringly, a sub-analysis of three of these studies before
and after taking into account the competing risk of mortality
did not change the results. Therefore, future studies from FLSs
should ensure the competing risk of mortality is taken into
account when reporting on further fractures.

Long-term RCTs of FLS vs non-FLS care are difficult to
justify because not managing a patient with a MTF for future
fracture risk would constitute negligent patient care in view of
the strong evidence for fracture risk reduction with anti-
osteoporosis pharmacotherapy as well as falls risk reduction
strategies. Thus, as demonstrated in this systematic review,
study sites have had to resort to demonstrating fracture risk
reduction through pre- vs post-FLS analyses as well as com-
paring hospitals or facilities with vs. without a FLS. Although
this is not ideal, it is still worthwhile, as this is probably the
best level of evidence we are likely to achieve to demonstrate
fracture risk reduction with FLSs.

Conclusion

Fracture liaison services and associated literature have devel-
oped and progressed at a steady pace over the last two de-
cades. With the ongoing publication of long-term data, this
systematic review and meta-analysis of FLSs is a significant
contribution to the FLS literature as it provides further evi-
dence of the significant and clinically relevant benefits of in-
stituting FLSs worldwide. This will certainly help support
FLS funding through demonstration fracture risk reduction
and thus cost-effectiveness. Despite this, further work should
focus on improving the identification of all patients with
MTFs through automated systems, standardised reporting of
FLS characteristics and outcome measures.
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