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Abstract

Purpose of review Fragility fractures are associated with significant morbidity, mortality,
and societal costs. A fracture liaison service (FLS) is a multidisciplinary approach that
identifies people with fragility fractures with the goal to ensure optimal osteoporosis
treatment. In this review, we summarize recent data on the FLS effectiveness in improving
osteoporosis diagnosis, bone density testing, and osteoporosis treatment, as well as
reducing the rates of secondary fragility fracture, subsequent fall, and mortality in
individuals with fragility fractures.
Recent Findings We identified one randomized controlled trial and ten observational
studies published within the last 5 years that reported on relevant outcomes. FLS was
associated with favorable outcomes, depending on the intensity of the FLS approach used.
Secondary fragility fracture rate was the most common reported outcome. Most studies
were conducted outside of the USA, included highly variable duration of follow-up and
comparators, and focused on heterogeneous patient populations. Most recent studies of
FLS have important limitations given the study design and risk of bias.
Summary Our findings support the need for randomized controlled trials of FLS in the USA
to rigorously examine to what extent the implementation of FLS in the complex US
healthcare system may improve outcomes of patients with fragility fracture.
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Introduction

The first sign of osteoporosis in many individuals is a
low-trauma fragility fracture, occurring from a fall from
standing height or less [1]. The National Osteoporosis
Foundation estimates that 53 million Americans are at
risk for fragility fractures [2]. In the USA, approximately
2 million fragility fractures occur every year [3] and the
rates of fragility fractures are projected to continue to rise
[4••]. Adults aged 65 years and older are particularly at
risk for fragility fractures, which lead to important losses
in function [5], independence [5], income [6], and qual-
ity of life [2]. Beyond the significant morbidity and
mortality associated with fragility fractures, they also
contribute substantially to societal costs. According to
Medicare data, the total fragility fracture care-related
expenditures in the USA in 2018 was 57 billion dollars
and the economic impact associated with fragility frac-
tures is estimated to increase to 95 billion dollars by
2040 [7].

Timely diagnosis of osteoporosis, initiation of effec-
tive osteoporosis medications, and robust treatment ad-
herence can decrease the risk of a re-fracture by up to
70% after 30 months of treatment, thus decreasing over-
all healthcare costs and societal burden [8]. But while
accurate tools to assess fracture risk exist (e.g., FRAX ®
Fracture Risk Assessment Tool) and many medications
that increase bone mineralization are widely available,
osteoporosis treatment rates continue to remain low
even in high-risk individuals with past fragility fractures
[9–11]. In fact, despite the very high risk for subsequent
fracture in the first year after a fracture [12], more than
80% of adults who have had a fracture are not offered
osteoporosis screening and/or treatment [13, 14]. The
lack of timely osteoporosis assessment and treatment
leads to an increased risk of subsequent fragility frac-
tures: as much as a threefold increased risk in hip frac-
tures and a twofold increased risk of any new fracture
[15].

A fracture liaison service (FLS) is a healthcare system
approach to prevent fracture that focuses on coordinat-
ing bone healthcare after fracture repair [16]. However,
the uptake of FLS by healthcare systems in the USA and
worldwide has been lagging and a global care gap in
post fragility fracture care remains. Key systembarriers to
FLS adoption include concerns related to the complexi-
ty, cost, and time commitment needed for their imple-
mentation and the absence of a “champion”medical or
surgical specialty to oversee and follow up on bone
health management. In an attempt to mitigate some of

these barriers to care and increase medical community
and public awareness about the critical need to address
bone health problems after a fracture, in 2012, the In-
ternational Osteoporosis Foundation launched the
“Capture the Fracture” campaign, which has promoted
mentoring programs for implementing FLS and has
broadly disseminated a best practice framework to guide
real-world FLS implementation [17]. The FLS model of
care supports a multidisciplinary and systematic ap-
proach to secondary fracture prevention that includes
identification of individuals who sustain fragility frac-
tures, prompt referral for fracture risk assessment (e.g.,
bonemineral density [BMD]measurement), and appro-
priate treatment initiation [18]. In the USA, the National
Orthopedic Association has rolled out the “Own the
Bone Initiative,” an FLS quality improvement program
to improve osteoporosis diagnosis and treatment [19].
As of 2018, 9 years after the launch of the “Own the
Bone Initiative,” 240 clinical sites in the USA had regis-
tered to start FLS programs and improve coordination of
care, counseling, and treatment for patients after fragility
fractures [20].

Several FLS models of care have been utilized for
secondary fracture prevention [16]. Although each FLS
type varies in terms of complexity and by the degree of
involvement from different clinical care team members,
they all leverage a multidisciplinary approach to coordi-
nate care post fragility fracture. A “type A” FLS is an all-
encompassing high-intensity service that typically uti-
lizes a dedicated FLS coordinator (i.e., fracture liaison
coordinator) to identify, assess andmanage bone health
for patients with a low trauma fracture. These FLS coor-
dinators work closely with the orthopedic surgeons to
identify qualifying patients, perform BMDmeasurement
using via dual-energy X-ray absorptiometry (DXA), un-
dertake rigorous laboratory workup to rule out second-
ary causes of osteoporosis, and initiate osteoporosis
treatment. A “type B” FLS model of care is similar to
“type A” FLS in that FLS coordinator is responsible for
identifying and evaluating patients with fragility frac-
tures, but they do not initiate a specific treatment, rather
they make treatment recommendations to the primary
care provider, who becomes responsible for prescribing
osteoporosis therapy and following up with the patient
for bone health issues. A “type C” FLS is less compre-
hensive and offers patients admitted for fragility frac-
tures education about osteoporosis, fragility fractures,
and fall prevention strategies, while at the same time
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passively alerting their primary care provider about the
occurrence of a fragility fracture. As a result, the onus is
on the primary care provider to coordinate osteoporosis
diagnostic evaluation and initiate appropriate treat-
ment. Finally, the “type D” FLS model is the least com-
prehensive type of FLS, as it only provides patient edu-
cation about osteoporosis and relies on patients and
caregivers to report fragility fractures to a patient’s pri-
mary care provider for further management recommen-
dations. Thus, “type D” FLS places fracture care coordi-
nation responsibility upon the patient and/or their care-
givers. In practice, there is a wide variability in the FLS
models utilized, depending on feasibility of imple-
menting a specific FLS model of care in the context of

local resource allocation and specific healthcare system
organization [16]. The purpose of this narrative review is
to summarize the findings of recent studies of FLS im-
plementation effectiveness as a key system approach to
secondary fracture prevention. We divided the findings
of our review by outcomes of interest including rates of
new diagnosis of osteoporosis, secondary fragility frac-
ture, mortality, osteoporosis treatment, BMD testing,
subsequent fall(s), referral to fall prevention clinic, qual-
ity of life, and cost of care. We aimed to understand
which types of FLS were most successful, with the goal
to inform the design and deployment of future FLS
programs.

Methods

We conducted a literature search in PubMed using the search terms “fracture
liaison service” OR “secondary fracture prevention” AND “outcomes” to iden-
tify studies that evaluated the effectiveness for any type of FLS for specific
outcomes of interest. We included the following outcomes: new diagnosis of
osteoporosis, secondary fragility fracture, mortality, osteoporosis treatment,
BMD testing, subsequent fall(s), referral to fall prevention clinic, quality of life,
and program cost. Because our review was focused on recently published
manuscripts, we restricted our search to the last 5 years (January 2016–
December 2020). We also performed a manual search through references of
recent review articles to include any other relevant studies.

Discussion

Our literature search resulted in 11 studies published between January 2016
and December 2020 that examined outcomes of interest for different types of
FLS. In Table 1, we summarize the findings of our literature search by type of
outcomes of FLS reported in the included studies.

New diagnosis of osteoporosis
Timely identification of osteoporosis in people who have a fragility fracture is
critical to initiating appropriate osteoporosis treatment. One way to rapidly
identify individuals who sustain fragility fractures is to use electronic medical
record alerts. For example, a type A FLS implemented at a US urban academic
medical center used such an electronic alert to detect patients who sustained
fractures and whowere admitted or discharged from the emergency department
with planned outpatient follow-up in orthopedics or neurological surgery
clinics. This electronic alert triggered an automatic endocrinology consultation.
Of the 226 patients referred due to a new fragility fracture or for having “soft
bone” during surgical intervention, the authors found that 73.1% had
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undiagnosed osteoporosis [21]. While this was a small study and a single
academic medical center and thus with limited generalizability, it is notable
that this FLS program used an automated alert to identify those with fractures,
which minimizes the burden placed on clinical staff and limits the cost of the
program.

Rates of secondary (subsequent) fractures
The rate of new fractures after an initial fragility fracture is perhaps the most
critical outcome to demonstrate the value of any FLS program.We identified six
studies that reported on this outcome, including one quasi-experimental con-
trolled before and after study [22•] and five observational studies: one prospec-
tive [23] and five retrospective cohort studies [24, 25•, 26, 27••, 28•]. Most
studies included participants withmajor osteoporotic fractures and comparator
populations. The majority of the observational studies demonstrated that FLS
implementation was associated with lower re-fracture rates compared to either
historical controls from the same hospital prior to the start of FLS [23, 25•] or
contemporary controls from hospital(s) which did not have an FLS program
[23, 26, 27••]. The magnitude of risk reduction in future fracture was variable
depending on the type of fracture considered (e.g., any fragility fracture vs.
major osteoporotic fracture [MOF]), and other variables included in the model
(e.g., age, comorbidities, fragility fracture type, use of pharmacologic or non-
pharmacologic treatment, inclusion of time varying covariates). For example, a
retrospective study from Australia found a ∼30% reduction in the rate of any
minimal trauma fracture and a ~40% reduction in the rate of major osteopo-
rotic fractures involving hip, pelvis, humerus, and spine among those enrolled
at a hospital with a type A FLS compared to those that received care at the non-
FLS hospital [26]. In this study, the number needed to treat to prevent one new
minimal trauma fracture over a 3-year period was 20 [26]. In US study that used
100%Medicare data set for Michigan residents, participants who had osteopo-
rosis management by a private orthopedic practice had ~20% lower risk of
subsequent fracture and a longer median time to subsequent fracture [27••]. A
controlled before and after interventional study conducted in Canada among
adults 50 years of age and older with major osteoporotic fractures (e.g., hip,
humerus, wrist, spine, pelvis) found no statistically significant differences in
proportion of participants who sustained a new fracture during the 6-month
FLS period compared to the pre-FLS period. However, this study was of short
duration and was not adequately powered for this outcome [22•].

The sample size and duration of follow-up after an initial fragility fracture
influences the ability to discern fracture risk reduction among persons who
receive post-fracture care via an FLS model of care. An initial analysis from a
register-based cohort study from Sweden did not find significant differences in
the rates of new fractures after ~1-year mean follow-up [24], but the rate of new
MOF was lower among patients who were cared for at hospitals with a type B
FLS compared to historical controls [25•]. One large retrospective study includ-
ed data from over 33,000 participants with hip fractures enrolled at 11 clinical
sites across the UK who received post-fracture care either through an FLS
program or through an established orthogeriatrics service [28•]. In this study,
4.2% of participants were hospitalized for a second hip fracture within the first
2 years after the index hip fracture [28•]. This study did not have a comparator
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group and because this study considered only new hip fracture events for which
participants were hospitalized at the clinical sites, the cumulative incidence of
new hip fracture may have been underestimated.

Most studies evaluating the impact of FLS on secondary fracture prevention
have important limitations. These include observational study design, reliance
on hospital sources of data which may have missed fracture events if a patient
had second fracture but did not present at the same hospital for care, variable
collection of and adjustment for risk factors (e.g., age, sex, comorbid conditions,
baseline osteoporotic treatment, vitamin D status), differences in the type of
fractures studied, comparator groups, and duration of follow-up.

Mortality
Osteoporotic fractures, particularly hip fractures, have substantial impact on
patient risk of death, with approximately 30% of individuals who sustain a hip
fracture dying by the following year [29]. The impact of FLS on mortality is
difficult to study because of the need for large sample sizes and the necessity of
collecting long-term follow-up data. We found one prospective cohort [30] and
five retrospective cohort [24, 25•, 26, 27••, 28•] studies that evaluated mortal-
ity rates among patients with various types of fragility fractures. Suarez et al.
found that 1-year mortality rate among adults 65 years of age and older with a
hip fracture decreased from ~20 to 11% 4 years after implementation of a type
A FLS program at an academic medical center in Colombia [30]. However, this
study had a small sample size and did not have a comparator group, and while
stratification by age and year of hospital admission was performed, analyses
were not adjusted for other risk factors ofmortality [30]. Two studies conducted
in Sweden found that among adults ≥ 50 years with a MOF, FLS implementa-
tion was not significantly associated with decreasing mortality [24, 25•] after
~1 or ~2 years, as did a study using US Medicare claims data and which
followed patients for ~2 years [27••] and a study from Australia with a 3-year
follow-up period [26]. In contrast, a large, multi-center retrospective study
examined risk of death among over 33,000 patients who sustained their first
hip fracture and who were treated at eleven hospitals in the UK, which had
implemented various types of secondary fracture prevention programs [28•].
The age- and sex-adjusted 30-day mortality was 20% lower after the introduc-
tion of the FLS program, while at 1 year, the age- and sex-adjustedmortality was
16% lower highlighting that participation in an FLS model of care was associ-
atedwith lower risk of death [28•].While this study included a large sample size
and was conducted at several sites, only patients with hip fractures were includ-
ed, thus limiting its generalizability to patients with non-hip fragility fractures.

Osteoporosis treatment
Osteoporosis medication initiation and adherence are key indicators of efficacy
of FLS programs. We found five recent studies [24, 25•, 27••, 31, 32••] that
evaluated the impact of FLS implementation on the rates of osteoporosis
treatment. A recent randomized controlled trial compared rates of bisphospho-
nate use among 361 patients with upper extremity fracture who were random-
ized to either a type C FLS or a type A FLS model of care [32••]. At 6 months,
participants randomized to the type A FLS group had a 70% higher likelihood
to be started on bisphosphonate treatment compared to those in the type C FLS
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group [32••]. As initiation of appropriate osteoporosis treatment is the single
best modality to improve further fragility fractures, this trial stresses the role of a
high-intensity FLS in improving fragility fracture outcomes. A prospective co-
hort study conducted in Spain found that at the time of hospital discharge, 91%
of hip fracture patients at an FLS hospital were prescribed an osteoporosis
medication compared to only 8% patients discharged from a hospital without
a post-fracture care infrastructure in place [31]. Furthermore, at 6 months after
discharge, the positive impact of the FLS on osteoporosis treatment persisted,
with 75% of the patients discharged from the FLS hospital and only 15% of
those receiving usual care using osteoporosis therapy [31]. These findings
should be interpreted cautiously given the observational study design, its small
sample size, and the sparse data collection of participant characteristics, factors
that influence the study conclusions. A recent retrospective study using the
100% Medicare data set for Michigan residents found that patients who had
type A FLS care post fracture had a 70% higher likelihood of filling osteoporosis
medications compared to a propensity score matched group of patients who
received usual care [27••]. These findings are in line with osteoporosis treat-
ment rates during FLS periods observed in two studies conducted in Sweden
among patients with major osteoporotic fractures [24, 25•]. After adjustment
for important covariates, age- and sex-adjusted time-dependent Cox regression
analysis found a 1.6- to 2.6-fold increased likelihood of being treated during the
FLS period compared to the before FLS implementation [24, 25•]. Taken
together, these results emphasize the positive effect of FLS programs on osteo-
porosis treatment, a necessary step for secondary fracture prevention.

BMD measurement
BMD testing is key for documenting the baseline BMD values at the time of an
initial fragility fracture. We found four studies including a randomized con-
trolled trial [32••], a controlled before and after quasi-experimental study
[22•], and two retrospective studies [24, 27••] that reported on BMD testing
for post-fragility fracture care. The randomized controlled trial found that
compared to participants randomized to type C FLS, those assigned to a type
A FLS were 17% more likely to have a BMD assessment using DXA [24]. The
strengths of this study include the randomized controlled design, but the study
population was limited to patients who sustained upper extremity fragility
fractures and thus not generalizable to other types of fractures. Similar positive
results were demonstrated in a small controlled before and after study [22•] and
two large retrospective studies [24, 27••], one using a propensity score-matched
comparator group [27••] and the other using historical controls participants
[24]. Patients with any fragility fractures had over 4 times higher likelihood to
have a BMD testing during when receiving care via an FLS compared to usual
care [27••], while participants who sustained a major osteoporotic fracture had
over sevenfold higher likelihood to have BMD evaluation during the FLS period
versus the before the FLS was implemented [24]. Despite their limitations, as
discussed above, these results highlight the role of FLS programs in increasing
screening for osteoporosis using BMD testing.
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Subsequent falls and referral to a fall prevention clinic
Since a fall is the principal causative mechanism for fragility fractures, and fall
prevention is important for secondary fracture prevention, we found three
studies that addressed subsequent fall occurrence as an outcome [22•, 23,
25•]. In a prospective study from Australia, among adults 50 years and older
with minimal trauma fractures, a type A FLS was associated with lower risk for
subsequent falls [23]. However, this study had a small sample size and baseline
data on the clinical characteristics, risk factors, and medical history were not
collected, which affect the interpretation of the study findings. In contrast, a
controlled before and after interventional study conducted in Canada [22•] and
a large retrospective cohort study from Sweden [25•] did not find associations
between implementation of FLS programs and future falls, findings likely
influenced by the short duration of follow-up in these studies. In addition,
participants who received post fragility fracture care via an FLS type A were not
more likely to be referred to a fall prevention clinic [22•].

Quality of life
Given the substantial morbidity of fragility fractures, two recent studies evalu-
ated whether participation in an FLS program is associated with improved
quality of life assessed using various EuroQoL-5D measures [22•, 23]. A small
prospective study fromAustralia found that although the participants in the FLS
program had the poorest quality of life at 3 months after a minimal trauma
fracture compared to a concurrent or historical controls, they experienced the
largest increase in quality of life between 3 and 12 months post fracture [23].
Similarly, an interventional study from Canada found that the quality of life
improved between baseline and 6 months post fracture among patients receiv-
ing type A FLS care compared to a historical control group from the same
institution [22•]. The small sample size and lack of randomization in these
studies limit the inferences that can be drawn from these findings.

Cost of care
A major obstacle to implementing FLS in clinical practice has been the need for
upfront investment in developing a functional FLS. Our review of the recent
literature identified two studies that calculated cost of providing FLS care. In a
randomized controlled trial of type A vs. type C FLS, the investigators calculated
that the direct cost per participant treated by the FLS, which included only cost
of staffing and did account for medication or other healthcare system costs
[32••]. As expected, the cost per participant was higher for the type A FLS
program compared to the less intensive type C FLS program. However, this
study was conducted at a single academic medical center in Canada and, since
the cost of the FLS programwas estimated based on activity time reported by the
research coordinator and local salary rates, the cost may be different in other
regions in Canada or in other countries. In contrast, a large study that used
Medicare claims data found that total cost to the healthcare system at
12 months was not significantly different between patients receiving osteopo-
rosis management services post-fragility fracture and those receiving usual care
[27••]. While this large study provides added data of cost of post-fracture care, a
formal cost-effectiveness of the FLS program was not conducted.
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Conclusion

Studies summarized in this review found that the patient-centric approach
provided by FLS was associated with favorable outcomes, depending on the
intensity of the FLSmodel of care used, but most were conducted outside of the
USA, included highly variable duration of follow-up and comparators, and
focused on heterogeneous patient populations. Most of the studies published
in the last 5 years were observational and have important limitations given the
study design and risk of bias. Our findings support the need for randomized
controlled trials of FLS conducted in the USA to rigorously examine to what
extent the implementation of FLS in the complex US healthcare system may
improve outcomes of patients that sustain fragility fracture.
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