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Abstract
Summary The International Osteoporosis Foundation (IOF) Capture the Fracture® Campaign with the Fragility Fracture
Network (FFN) and National Osteoporosis Foundation (NOF) has developed eleven patient-level key performance indicators
(KPIs) for fracture liaison services (FLSs) to guide quality improvement.
Introduction Fracture Liaison Services (FLSs) are recommended worldwide to reduce fracture risk after a sentinel fracture.
Given not every FLS is automatically effective, the IOF Capture the Fracture working group has developed and implemented the
Best Practice Framework to assess the organisational components of an FLS. We have now developed a complimentary KPI set
that extends this assessment of performance to the patient level.
Methods The Capture the Fracture working group in collaboration with the Fragility Fracture Network Secondary Fragility
Fracture Special Interest Group and National Osteoporosis Foundation adapted existing metrics from the UK-based Fracture
Liaison Service Database Audit to develop a patient-level KPI set for FLSs.
Results Eleven KPIs were selected. The proportion of patients: with non-spinal fractures; with spine fractures (detected clinically
and radiologically); assessed for fracture risk within 12 weeks of sentinel fracture; having DXA assessment within 12 weeks of
sentinel fracture; having falls risk assessment; recommended anti-osteoporosis medication; commenced of strength and balance
exercise intervention within 16 weeks of sentinel fracture; monitored within 16 weeks of sentinel fracture; started antiosteoporosis medication within 16 weeks of sentinel fracture; prescribed anti-osteoporosis medication 52 weeks after sentinel
fracture. The final KPI measures data completeness for each of the other KPIs. For these indicators, levels of achievement were
set at the < 50%, 50–80% and > 80% levels except for treatment recommendation where a level of 50% was used.
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Conclusion This KPI set compliments the existing Best Practice Framework to support FLSs to examine their own performance
using patient-level data. By using this KPI set for local quality improvement cycles, FLSs will be able to efficiently realise the full
potential of secondary fracture prevention and improved clinical outcomes for their local populations.
Keywords Osteoporosis . Secondary fracture prevention . Fracture Liaison Service/FLS . Quality improvement . Key
performance indicators

Introduction
The aging demographic poses a major threat to healthcare
systems with absolute increases in the burden of noncommunicable diseases, including osteoporosis, with 9 million fragility fractures every year [1, 2]. Fragility fractures are
robust predictors of sustaining future fractures [3], and this has
led to the global prioritisation of systematic secondary fracture
prevention based on expected clinical and cost effectiveness
[4–8].
Despite a wide range of effective anti-osteoporosis medications and a growing elderly population, the proportion of
patients receiving adequate secondary fracture prevention is
falling [9, 10]. In some countries, this is associated with a
plateau in the previously improved trends in fracture rates
[11]. International societies [4–8] have recommended
specialised systems of healthcare delivery called fracture liaison services (FLSs) to close this care gap [12]. An FLS is a
small team of healthcare professionals that identifies, investigates, recommends treatment and monitors over time patients
aged 50 and above presenting with a fragility fracture [13]

Fig. 1 Fracture liaison service
overall pathway

(Fig. 1). Systematic reviews of FLS have demonstrated their
potential clinical [14] and cost effectiveness [15].
FLSs often operate in complex local healthcare systems
relying on the effective interplay between people, equipment, processes and institutions as well as competing priorities, resources and reimbursement. Most complex services require active service improvement to adapt the service to become effective and sustainable based on local
healthcare characteristics; one size does not fit all [16]. A
key component of service improvement is the availability
of indicators that reflect the performance of the service
and can subsequently be used to highlight areas requiring
improvement as well as measure the impact of changes in
service delivery. The Capture the Fracture Best Practice
Framework (BPF) assesses FLSs at the organisational level [17]. It includes 13 standards measuring scope of FLS
within bronze, silver and gold levels. The BPF has been
implemented globally [18] with over 380 FLSs now participating (https://www.capturethefracture.org/map-ofbest-practice). The BPF was designed to measure the
scope of FLSs in terms of organisational characteristics,
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Fig. 2 Mapping the 11 key performance indicators to the broad patient pathway following a fragility fracture

and overall rates of identification, assessment, falls
assessment and types of treatment, communication and
follow-up. These standards are helpful for identifying
major gaps in the service delivery such as types of
patients with fractures identified and presence of
monitoring. They are less helpful for helping established
FLSs reach their full potential for secondary fracture
prevention in the context of local challenges and
opportunities. We here present a complimentary key
performance indicator (KPI) set that measures the realworld secondary fracture prevention delivery at the patient level. The objective of these KPIs is to demonstrate
areas for service improvement and measure the impact of
service interventions within a plan-do-study-act methodology, the building blocks of iterative healthcare improvement [16].

Methods
The Capture the Fracture (CtF) working group, International
Osteoporosis Foundation, worked with the Fragility Fracture
Network Secondary Fragility Fracture Special Interest Group
(RS) and National Osteoporosis Foundation (AS), to adapt an
existing KPI set from the UK-based Fracture Liaison Service
Database (FLSDB) Audit [19, 20] for international use. The
aim of the KPI set was to identify specific indicators an FLS
should record that would be used for service improvement.
The KPI set went through an initial round for comment and
then a final round for consensus.
To allow an FLS to compare their service delivery
across indicators, levels of achievement were set as green
(adequate), amber (needs improving) and red (priority area for service improvement). Achievement of these indicators could be used to compare the performance of an
FLS over time or between FLSs at regional or national

levels. Once consensus had been reached, a table was
created to describe the specific information an FLS should
record to be able to complete the KPIs.

Results
Eleven indicators were developed from the FLSDB set and are
described below in terms of numerator, denominator and key
points for clarification (Fig. 2), with a table of specific information needed to complete them (Table 1).

Indicator 1: Identification of patients with non-spine
fragility fractures
Numerator: Total number of patients with non-spine fragility
fractures identified
Denominator: Expected local non-spine fragility fracture
caseload
Identifying all patients with a non-spine fragility fracture is
the first step for an FLS. How an FLS identifies adults with a
non-spine fracture will vary depending on local, regional and
national healthcare systems and reporting. Specifically, a patient shall be considered identified for the purpose of this
position paper, once the identity of the patient becomes known
to the FLS service, whether this results from the FLS service
being physically embedded in a fracture clinic or ward or
whether patient details are forwarded in the form of patient
lists or shared electronically in an EPR system. A non-spine
fragility fracture excludes fractures of the face, skull, scaphoid
and digits. There are numerous methods to estimate the expected caseload of non-spine fragility fractures for the denominator. The preferred method is reliable local data of all patients with non-spine fragility fractures attending the local
health services. If this is not available, an estimate of the
fragility fracture caseload can be made from population-

✓

✓

✓

✓

✓

✓

✓

✓

✓

Date of
Falls assessment
DXA scan4 performed5

✓

✓

✓

✓

✓

✓
✓

✓
✓

✓

✓
✓

AOM
Date if
Date of first
recommended6 patient died follow-up7

Site of fracture as defined by non-spine vs. spine (clinical vs. radiological method for case-finding)

✓

✓

✓

Date of FLS
assessment3

✓

✓

✓

Strength/balance
initiation

AOM
Strength and
initiated7 balance initiated7

✓

✓

Date of second
follow-up7

✓

✓

✓

AOM still
prescribed7

7

6

5

4

3

At present FLS follow-up for treatment initiation and persistence is only for patient who were recommended to start treatment or referred for treatment advice in KPI 6

AOM recommended should preferably be the drug name or at least oral vs. long-acting parenteral and includes patient referred to another healthcare provider for treatment recommendation

This also includes referral to another falls service

This is the date of the DXA scan and not the date referred or when the report was received to make measurement clearer

This is the date of beginning FLS assessment

This is the date the fragility fracture was diagnosed in the FLS system. Hence for radiological detected opportunistic spine fractures, this is not the date of the image but the date the spine fracture was
identified

2

1

10: AOM
persistence
11: Data
completeness

✓
✓

✓
✓

Date of
Site of
fracture1 fracture2

Data model for completing patient-level key performance indicators for FLSs

1: Non-spine
✓
2: Spine
✓
3: FLS assessment
4: DXA
5: Falls risk
6: AOM
recommendation
7: First follow-up
8: AOM initiation
9:

KPI

Table 1

1196
Osteoporos Int (2020) 31:1193–1204

Osteoporos Int (2020) 31:1193–1204

based incidence data or by multiplying by 5 the number of hip
fractures [21], recognising that there will be a yearly variation
in the number of hip fractures seen at a site. The levels of
achievement were set at red (0–49% of expected caseload),
amber (50–79%) and green (80% or greater) for this indicator.
This reflects the number of patients identified by the FLS and
not the number invited to attend the FLS. It is expected that for
a significant minority, especially in the elderly, attendance to
an FLS would be clinically inappropriate. The proportion for
whom FLS is clinically inappropriate is measured by KPI 6.

Indicator 2: Identification patients with spine
fractures
Numerator: Number of patients with a spine fracture identified
Denominator: Number of hip fracture patients
A separate indicator for spine fractures was included because spine fractures are both common [22] and a powerful
predictor of imminent fracture risk [23], and the care pathway
for identifying spine fractures is critically different from other
fractures. Most patients with spine fractures are managed outside the trauma-orthopaedic setting [24]. Patients may present
with symptoms such as back pain or height loss, or be subclinical and detected from opportunistic screening using VFA
[25, 26] or radiological reports [27] or images. Debate on the
specific radiological characteristics for spine fractures has led
to a degree of uncertainty of the expected caseload of spine
fractures for an FLS [28]. How an FLS identifies eligible
patients with spine fractures will vary by national, regional
and local healthcare systems and reporting. Specifically, a
patient with a spine fracture shall be considered identified,
for the purpose of this position paper, once the identity of
the patient becomes known to the FLS service, whatever
method of identification is used. The number of clinical spine
fractures detected by an FLS is expected to be 75% of the local
number of patients with a hip fracture [29]. The number of
radiological opportunistically detected spine fractures detected by an FLS is provisionally set using expert consensus at
twice the number of clinical spine fractures and will be
reviewed regularly depending on the published evidence.
The levels of achievement for red, amber and green reflect
achieving 0–49%, 50–79% and 80% or higher of this estimate
respectively.

Indicator 3: Initial investigation including fracture risk
assessment within 12 weeks
Numerator: Number of patients assessed within 12 weeks of
the sentinel fracture
Denominator: Total number of patients identified
Appreciation of the imminent fracture risk following an
incident fracture in the FLS setting requires rapid assessment to identify patients meeting treatment thresholds
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[30]. Ideally fracture risk assessment should be part of
the initial management plan to treat the sentinel fracture;
this also may reduce non-attendance rates [31] and improve treatment rates [32].
Investigation or assessment is a multistage process including patient history, physical examination, laboratory testing
and imaging. The time of assessment is defined as date this
process starts in those identified by KPI 1 or 2 above, for
example first contact by the FLS. The levels of achievement
for red, amber and green reflect achieving 0–49%, 50–79%
and 80% or higher of this indicator respectively.
While fracture risk assessment often includes DXA, with or
without VFA [33], we recognise that DXA may not be required in all patients (e.g. the very frail, those with a hip
fragility fracture), and so DXA has been included in a separate
indicator.

Indicator 4: DXA within 12 weeks
Numerator: Number of patients with date of DXA within
12 weeks of the sentinel fracture
Denominator: Number of patients for whom DXA is recommended according to regional or national guidelines
DXA can be used to risk stratify patients into high vs. low
risk of subsequent fracture [34] as well as a baseline measure
for future comparative measurements [35]. In the post-fracture
setting, however, DXA may not be mandatory for patients
aged 75 years and older [36] or those with fragility fractures
of the hip and spine [37]. In the latter setting, treatment should
not be delayed while waiting to acquire a DXA measurement.
Further, the requirement for DXA will differ by regional/
national practice and anti-osteoporosis medication reimbursement criteria for or time since last DXA, e.g. within the last
24 months. These factors should be reflected in the denominator. The levels of achievement for red, amber and green
reflect achieving 0–49%, 50–79% and 80% or higher of this
indicator respectively.

Indicator 5: Falls risk assessment
Numerator: Number of patients with a falls assessment or
screen performed, recommended, or referred to or already
under a falls service
Denominator: Total number of patients identified
The aim of an FLS is to reduce re-fracture risk and effective
falls prevention interventions complement use of antiosteoporosis medications in individuals with a fracture. This
includes both non-spine fractures and spine fractures as both
increase falls risk [38]. The type of falls assessment range
from tools that rapidly assess falls risk in the office [39] to a
full multifactorial fall risk assessment including tests of balance and strength, such as timed up and go test [40]. The
content of the falls assessment for patients identified by the
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FLS should be based on local, regional and national recommendations and completed in patients presenting with a fragility fracture. Most falls services are typically aimed at patients aged 65 years and older but some degree of falls assessment is still required in those aged 50 to 64 years, with those
identified at high falls risk referred onward to appropriate
services. Additionally, in some healthcare settings, falls assessment is provided by services/departments that are different to the FLS. In these situations, FLSs are recommended to
use a ‘referred to falls’ option. No specific deadline is given
and it is recommended that falls assessments are commenced
as soon as patient is deemed fit enough to participate. Timing
of falls assessment will be captured, in part, through indicator
9 related to initiation of strength and balance classes. The
levels of achievement for red, amber and green reflect achieving 0–49%, 50–79% and 80% or higher of this indicator respectively.

Indicator 6: Anti-osteoporosis medication (AOM)
recommended as appropriate
Numerator: Number of patients with a treatment recommendation as clinical decision to treat
Denominator: Total number of patients identified
Ensuring enough high-risk patients are recommended
AOM is integral to reducing secondary fractures at the
population level. The reason why we have focused on proportion recommended AOM rather than simply a treatment
decision being made is that previous work has demonstrated that even with the same national treatment guideline,
there was unexplained variation of rates of treatment recommendation between FLSs [20]. Recognising that many
FLS are delivered by nurses or allied health professionals
with limited prescribing rights or ability to recommend
medications, the numerator also includes patients where
the FLS has referred patients to a clinician for AOM recommendation. No timeline has been required as initiation
of anti-osteoporosis medication in KPI 8 will be used as a
measure of timely recommendations. The denominator includes patients who were already on an AOM at the time of
fracture given the commonest reason for a fracture on treatment is non-adherence. The numerator includes all patients
who are recommended treatment after a fragility fracture
irrespective of treatment status at the time of fracture and
so includes patients who are advised to continue with the
same anti-osteoporosis treatment before the index fracture
in line with IOF guidelines [35].
The expected level of achievement for this indicator will
depend on the local risk profile of the population in terms of
comorbidity, prevalence of contra-indications and interpretation of the risks vs. benefits of therapy in certain populations
(e.g. those with very limited lifespan [41]) and national/
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regional guidelines on fracture risk assessment tools (such as
FRAX [3] and Garvin [42]) and thresholds for interventions
[6]. If the proportion of patients recommended treatment is
low, this may reflect inappropriately high treatment thresholds, local differences in the type of fractures seen, e.g. FLS
serving institutions with specialised ankle or foot services, or
the FLS is missing a cohort of high-risk patients. The level of
achievement for this indicator has been set at 50% or more
patients recommended or referred for AOM, based on national
audit data [20].

Indicator 7: Recorded follow-up within 16 weeks post
index fracture
Numerator: Number of patients followed up post sentinel
fracture
Denominator: Total number of patients referred or recommended anti-osteoporosis medication (AOM) minus patients
who have died
Given the imminent risk of fracture, it is important that
patients have an early follow-up to ensure anti-osteoporosis
treatment recommendations have been implemented soon after the sentinel fracture. The denominator only includes patients referred or recommended AOM and not those only recommend calcium/vitamin D recommendations or nonpharmacological approaches. A variety of methods can be
used to monitor patients including face to face clinic assessments, telehealth (remote) visits, postal questionnaires, telephone consultations and email, and should be tailored to local
practice and patient needs. Patients given a long-acting parenteral AOM after fracture may still require follow-up to check
for unwanted effects, adherence to calcium and vitamin D
supplements and scheduling for subsequent treatments. The
levels of achievement for red, amber and green reflect achieving 0–49%, 50–79% and 80% or higher of this indicator
respectively.

Indicator 8: Commenced anti-osteoporosis
medication (AOM) by 16 weeks post index fracture
Numerator: Number of patients commenced or continuing
AOM within 16 weeks of date of fracture
Denominator: Number of patients with a treatment recommendation to start AOM or referred to GP or referred to another clinician minus patients who have died
Treatment initiation can be assessed by patient self-report,
clinical review or prescription data. Patients given a longacting parenteral AOM after fracture would automatically
have initiated therapy. The levels of achievement for red, amber and green reflect achieving 0–49%, 50–79% and 80% or
higher of this indicator respectively.
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Indicator 9: Strength and balance commenced
within 16 weeks of fracture
Numerator: Number of patients initiating an evidenced based
strength and balance class within 16 weeks of the date of
fracture according to regional or national guidelines
Denominator: Number of patients with a falls assessment
performed, recommended, referred for less those already under falls service minus patients who have died
The numerator specifically only includes evidencebased strength and balance exercise classes that have been
shown to reduce falls risk, characterised by group and
home classes with progressive resistance training [43].
Care must be taken to ensure the evidence-based exercise
is provided by qualified staff and patients are supported to
ensure optimal adherence. The denominator was selected
as patients who could be eligible for strength and balance
classes and should be interpreted with KPI 5. The levels
of achievement for red, amber and green reflect achieving
0–49%, 50–79% and 80% or higher of this indicator
respectively.

Indicator 10: Patients taking anti-osteoporosis
medication 52 weeks after the sentinel fracture
Numerator: Number of patients still taking AOM 52 weeks
after the date of sentinel fracture
Denominator: Number of patients with a treatment recommendation to start AOM or referred to GP or referred to another clinician minus patients who have died
Given the known poor adherence to both oral and injectable therapies in the real-world setting, ensuring longer term adherence is vital for an FLS to be effective.
Comprehensive assessment of adherence requires assessment of patient taking the anti-osteoporosis medication in
accordance with an agreed treatment plan with their clinician [44]. Assessment from patient self-report or prescribing data is reasonable pending evidence for more reliable
biomarkers of anti-osteoporosis effect in the early and
medium post-fracture period for oral therapies are developed [45]. The levels of achievement for red, amber and
green reflect achieving 0–49%, 50–79% and 80% or
higher of this indicator respectively.

Indicator 11: Data completeness
Numerator: Number of KPIs 1–10 with more than 80% complete data
Denominator: 10 KPIs
Incomplete data collection limits the interpretation of the
KPI as the status of patients with missing data is unknown.
This indicator measures how many of the above indicators
have at least 80% complete data. It may be possible to extract
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this data from routine healthcare data and existing registries in
some countries. The data for this indicator could form part of
the standard FLS assessment and so facilitate the extraction of
these KPI from a clinical database. The standards are set at red
(0–4 indicators), amber (5–7 indicators) and green (8–10
indicators).

Discussion
These proposed 11 FLS KPIs provide a composite snapshot of
the FLS’s delivery of secondary fracture prevention at the
patient level. The levels of achievement reflect those used by
economic models to demonstrate the expected benefits from
secondary fracture prevention in the local setting. Achieving a
green level of achievement across all KPIs is needed for an
FLS to realise its expected potential to reduce re-fracture rates
through secondary fracture prevention. FLSs should actively
engage in quality improvement until this is achieved. We recognise for some localities, achieving these KPIs may depend
on local healthcare systems that are beyond the remit of the
FLS to adapt. These KPIs should be seen as tools for improving service delivery within existing resources as well as describe to payers the precise service gaps present and proposed
targets in outcomes for improvement.
The ultimate goal of an FLS is to reduce secondary fracture
rates [12]. This essential outcome is needed to demonstrate
value to patients, their families, health and social care systems
as well as justify sustainable support and engagement by
payers and policy makers. The expected number of fractures
an FLS will prevent is based on effective identification, investigation, initiation and monitoring. Realizing the health and
economic benefits from FLSs depends on consistent achievement of these steps. Robust real-world evidence of the effectiveness of FLSs using fracture events is challenging and takes
longer to demonstrate [46]. Using these indicators as surrogate
markers will help make sure existing programmes to achieve
the goals of their programme. These indicators underlie the
importance of each component of secondary fracture prevention for an FLS.
The IOF Capture the Fracture Best Practice Framework
[17] lays out the organisational scope of an FLS and expected
components for the care pathway. The framework has been
successfully used in both national [47] and global [18] settings. The next step for an FLS is to engage in local service
improvement to ensure effective and efficient use of FLS resources. Important features of service improvement methodology in healthcare are performance outcomes and balancing
measures to inform and drive service improvement [16]. The
proposed KPI provides template for FLSs across the globe to
use. FLSs also need the capability and capacity to deliver
effective service improvement and, if needed, additional training and resources; service improvement has limits. Where
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delivery to these KPIs exceeds the commissioned capacity for
an FLS, then additional resources will need to be allocated if
the FLS is to deliver the expected reduction in re-fractures.
The individual components for secondary fracture prevention, case-finding, risk assessment, bone and falls prevention
interventions and monitoring, are well described [48–50].
Methods to stratify eligibility for AOM are validated nationally and internationally [3, 51–54]. AOM use reduces fracture
risk by 20–86% [55, 56]. Falls prevention strategies, when
given to specific at-risk patient groups, significantly reduce
falls [43]. The indicators for monitoring treatment adherence,
recurrent fractures and falls have been identified [17, 57].
The first step for an FLS is to identify patients (both men
and women) with a recent fragility fracture. The inclusion
criteria may vary by region around age, level of trauma and
site of fracture. The recommended age range for an FLS is
50 years and over with no upper limit, as even the elderly with
established osteoporosis are more likely to survive long
enough to sustain a subsequent fracture and benefit from
AOM [41]. An FLS study comparing re-fracture rates in those
aged over 85 years has questioned whether the competing risk
of death substantially diminishes the capacity of an FLS to
reduce fracture rates [58]. However, for elderly women aged
80 years or over, the risk of hip fracture in 5 years is high
despite the competing risk of mortality [41, 59]. The level of
trauma includes fractures resulting from a force equivalent to a
fall from standing height or less [60]. Fractures of the digits,
face, skull and scaphoid are typically excluded as are periprosthetic fractures and those secondary to local cancer involvement or other metabolic bone diseases such as osteogenesis imperfecta or Paget’s disease of bone.
Most patients with reported spine fractures do not trigger
secondary fracture prevention [61, 62]. Methods are being
developed to improve identification of patients with spine
fractures. This may involve text analysis of medical records
or radiology reports [27]. While these methods are specific,
they may lack sensitivity as they rely on the radiologist
reporting the spine fracture, which is known to be poor [61].
Standards for detection of spine fractures have been developed
by the Royal Osteoporosis Society, UK [63], but issues around
ascertaining the age of spine fractures or any mechanism of
injury remain.
The key intervention for an FLS is to get the eligible patients started on anti-osteoporosis medication as soon as possible after the sentinel fracture and reduce the risk of fractures
in the imminent risk period [30]. This is especially important
for oral AOMs, which may take up to 24 months to achieve
maximal efficacy for non-spine fracture prevention [64, 65].
Some national measures are met by initiating investigation
and/or treatment within 6 months, such as the US National
Committee for Quality Assurance. The initiation of appropriate treatment within 12–16 weeks is more appropriate and
should be the goal for which FLSs should aim for given the
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high risk of imminent fracture in those who have had a sentinel fracture event [30].
It is encouraging that adherence rates for patients seen
within the FLS setting are generally higher than those in other
populations [66–68]. Another study has shown little difference in adherence at 24 months if an FLS did or did not
actively follow up and suggested that longer term adherence
should not be a focus for FLSs [69]. However in the realworld setting, recorded persistence of anti-osteoporosis therapy for FLS is sub-optimal and so remains an important component for an FLS [20, 70, 71]. Further, one of the few
randomised trials of FLS, which focused on patients with upper limb fractures in the ambulatory setting, demonstrated that
the FLS arm had a lower adherence to anti-osteoporosis medication at 24 months compared with usual care [72].
Addressing adherence in the FLS setting is likely to require
more than the FLS team providing personalised information
about fracture risk and next steps, which failed to improve
treatment initiation compared with usual care [73]. For these
reasons, the KPIs are focused on the treatment recommendation and persistence with AOM at 16 and 52 weeks, however
collected. Future iterations of these KPI may consider treatment recommendation and prescription as separate KPIs.
While FLSs have traditionally been primarily focused on
AOM, effective prevention of fractures requires that the patient be assessed for falls prevention and recommended
evidence-based interventions that reduce falls risk [43, 74].
An indicator for adherence to exercise could be considered
for future iterations of the KPI set.
A number of potential indicators were discussed by the
group but not included in the proposed KPI set. Fracture or
re-fracture rates were not included for a number of reasons.
Anti-osteoporosis medications have consistently demonstrated significant fracture reduction both in clinical trials [55] and
in the real-world setting [75]. Hence, it is not in question if
patients adhering will significantly reduce their fracture risk.
The FLS level question is how to best deliver a service that
systematically enables high-risk patients to be identified, investigated and treated and adhere to AOMs long enough to
achieve this fracture reduction. Further, re-fracture rates are
dependent on a number of other patient factors such as age,
gender, body mass index, previous fracture history, comorbidities, falls risk and medications that make estimating the expected re-fracture rate at an individual or group level challenging. Patients who are seen again by the FLS having fractured
on treatment will often require a different treatment strategy
[35].
Another potential KPI was testing for specific laboratory
tests. This is pertinent that given that up to 35% patients with
osteoporosis in the FLS setting have secondary causes identified by laboratory testing [76]. While a number of laboratory
tests are recommended in a number of national guidelines for
secondary fracture prevention, there is little consensus
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between them. An example is vitamin D testing. Given the
efficiency of routine supplementation [77] and the complexity
of interpreting results in terms of seasonal variation [78, 79]
and changes with acute inflammation [80], some guidelines
pragmatically recommend high-dose empirical supplementation over systematic testing for most patients after a fragility
fracture if oral AOMs are recommended [81]. Other studies
have questioned the efficacy and safety of higher doses of
vitamin D [82], however, highlighting the need to check vitamin D status in many patients. While calcium and vitamin D
repletion is indicated for patients requiring AOM in nearly all
clinical guidelines, calcium repletion can be readily achieved
through diet or using over the counter or prescribed supplements, making measurement of calcium repletion challenging.
In addition, clinical studies have demonstrated that in postfracture setting, calcium and vitamin D supplementation alone
is insufficient to reduce re-fracture risk [83].
In this initial set of KPIs, Patient Reported Outcome
Measures (PROMs) have been omitted due to the potential
complexities of provision of tools to support ease of administration. These include potential licensing costs, lack of technical support for patients to complete the required questionnaires, automated uploading of data and systems to analyse
PROMs for point of care and real-time analyses. This decision
at this time in no way lessons the value of PROMs in personcentred FLSs and work is underway in some countries such as
the USA. Indicators that include patient-reported outcomes
and experiences will be considered over time as these obstacles are addressed.
We have included preliminary targets for each KPI to allow
FLSs to benchmark their service and prioritise components of
their service pathway for improvement. Ideally the performance of an FLS should be compared with results from peer
FLSs in the same region or country to identify local FLS
services that could serve as exemplars for other FLSs and offer
mentoring support. For the wider academic community, these
KPIs could be used to define an effective FLS and facilitate
comparisons between different FLS models of care internationally. If these KPIs are not met, it is unlikely that observed
associations between an FLS and re-fracture rates or other
outcomes are causal. Future studies to demonstrate the benefits of FLSs on re-fracture rates should only be contemplated
after the FLS intervention has demonstrated sustainable
achievement in these indicators. We recognise that in some
countries, additional indicators may be appropriate to add to
reflect regional or national healthcare service models. Such
indicators could include the proportion of patients with successful transition to the primary care or community setting for
longer term monitoring of AOM.
A common challenge for uptake of these KPIs for FLSs
will be the additional burden for collecting, analysing and
acting on the KPI within a quality improvement framework.
The time and resources to do this will likely lead to the FLS
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seeing fewer patients initially and have to be balanced with the
potential increased effectiveness in service delivery in the medium and long term. Using a similar, but not identical, KPI set
in the UK has shown significant gaps in service delivery that
could be used to improve patient outcomes locally [20]. For
example, efforts to increase identification of patients may be
less effective in reducing re-fracture rates locally, compared
to ensuring higher levels of treatment recommendations and
monitoring in those already identified. The UK experience
supports the need for FLSs to integrate service improvement
cycles into routine practice and deliver small but transformative steps towards effectiveness and efficiency. National, regional and local stakeholders are recommended to work together to reduce the burden of using these KPIs by providing
templates for the minimal clinical dataset, and options for
secure direct entry of individual patients and bulk upload of
patients as appropriate [19]. The ideal provision would be for
the KPI data fields to be integrated within the FLS clinical
workflow with (semi)-automatic regular extraction, analysis
and reporting. Knowledge of service improvement methodology in healthcare will also be needed for FLS staff [84]. This
may require bespoke training as well as forums where FLSs
can share both successful and unsuccessful service improvement plans. Models for delivering this are emerging in localities within the FLS community and would benefit from more
global coordination [85]. Ideally, absolute standards would be
used for all the indicators. However, for some indicators, e.g.
KPI 4: DXA within 12 weeks, there is provision for regional
or national variation to influence the denominator or numerator, so potentially limit international comparisons, at the expense of the indicator maintaining relevance across different
healthcare settings.

Conclusion
The developed patient-level KPI set will support FLSs to examine their current performance and add service improvement
cycles to their routine service provision. It will also permit
further benchmarking against FLSs regionally, nationally
and internationally. These indicators can also be used by
funders and providers when designing, commissioning and
monitoring FLSs. The next priorities are to provide the resources for the required data flows and to upskill FLS practitioners to effectively use these indicators in a collaborative
quality improvement framework.
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