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Abstract

Purpose of Review We review the literature about patients 50 years and older with a recent clinical fracture for the presence
of skeletal and extra-skeletal risks, their perspectives of imminent subsequent fracture, falls, mortality, and other risks, and
on the role of the fracture liaison service (FLS) for timely secondary fracture prevention.

Recent Findings Patients with a recent clinical fracture present with heterogeneous patterns of bone-, fall-, and comorbidity-
related risks. Short-term perspectives include bone loss, increased risk of fractures, falls, and mortality, and a decrease in
physical performance and quality of life. Combined evaluation of bone, fall risk, and the presence of associated comorbidi-
ties contributes to treatment strategies.

Summary Since fractures are related to interactions of bone-, fall-, and comorbidity-related risks, there is no one-single-
discipline-fits-all approach but a need for a multidisciplinary approach at the FLS to consider all phenotypes for evaluation
and treatment in an individual patient.

Keywords Fracture phenotypes - Fracture liaison service - Post-fracture care - Imminent fracture risk - Fall risk -
Vertebral fracture - Bone microarchitecture - Secondary osteoporosis - Comorbidities - Mortality
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Introduction

The high and increasing burden of fractures in subjects
older than 50 years has been documented worldwide [1, 2],
whereas there are growing insights in fracture prediction
and a wide spectrum and availability of treatments to pre-
vent fractures [3—6]. A fracture is the result of an imbalance
between skeletal competence and extra-skeletal factors, such
as falls for clinical fractures, and overload activities of the
spine for vertebral fractures (VFs) [7-10]. This imbalance
varies substantially between patients with a recent fracture.
An acute clinical VF after lifting a bucket full of water in a
65-year-old women suggests a bone-related fracture pheno-
type. A clavicula fracture after a fall while biking in a man of
65 years suggests a fall/trauma related fracture phenotype.
An 85-year-old frail women with a hip fracture after a fall
due to slipping and having two prior subclinical morpho-
metric VFs (mVFs) suggests the presence of both fracture
phenotypes. A clinical fracture in a patient with rheumatoid
arthritis on glucocorticoid treatment suggests a comorbidity
(disease/medication)-related fracture phenotype.

After a fracture, the long-term risk of subsequent frac-
ture is doubled, but this risk is not constant over time. It is
much higher on the short term than on the long term, the so-
called imminent subsequent fracture risk [11-13]. A history
of fracture is included in the fracture prediction calculators
of FRAX, Garvan, and gFracture, in addition to more than
25 other clinical risk factors [14, 15]. Areal bone density
(aBMD) measured by dual-energy X-ray absorptiometry
(DXA) is included in FRAX and Garvan. Therefore, and
not unexpectedly, patients 50 years and older with a recent
clinical fracture present with heterogeneous characteristics
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Fig. 1 Left panel: the relative risk (RR) of subsequent clinical frac-
tures is doubled over the long term (fine red line). It is highest in the
first years after a clinical fracture (bold red line circled in green) and
decreases over time but remains increased at long term. Right panel:
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of bone-, fall-, and comorbidity-related fracture pheno-
types, indicating the need for individualized approaches [6,
16]. The concept of the fracture liaison service (FLS) was
introduced 20 years ago by McLellan [17]. We here review
recent publications on the characteristics and perspectives
of patients of 50 years and older with a recent fracture and
the role of the FLS and post-fracture care. Orthogeriatric
care after hip fracture is outside the scope of this review.

Perspectives after a Recent Clinical Fracture
Imminent Subsequent Fracture Risk

In postmenopausal women, one of the main risk factors of
sustaining a fracture is a prior one. On average, the long-
term risk is doubled in the presence of a prior fracture. This
was confirmed in a recent meta-analysis with 2.1 million
women and men between the age of 20 and 116 years and
including 64 prospective cohorts in 32 countries [18]. But
the subsequent fracture risk is not constant and fluctuates
over time. Subsequent fractures cluster in time shortly after
the first fracture (Fig. 1) [11, 19].

This imminent subsequent fracture risk has been further
documented in terms of absolute risk, cumulative incidence,
index and subsequent fracture locations, gender, and age,
in retrospective studies that considered the competing risk
of mortality. They reported on recurrent clinical fractures,
major osteoporotic fractures (MOFs; including clinical
spine, hip, forearm, and shoulder), clinical VFs or mVFs,
and non-vertebral fractures [8, 20-25].

The effect of gender on imminent subsequent fracture
risk differed according to age and selection of sentinel and
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cumulative incidence of subsequent clinical fractures as percentage
of all subsequent clinical fractures for 20 years follow-up. More than
50% of all subsequent clinical fractures occurred during the first five
years. (adapted from van Geel et all.) [19].
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subsequent fractures [25, 26]. It was similar between sexes
for low trauma fractures after the age of 65 years [27],
higher in men for any recurrent clinical fractures (age 50
years and older), and higher in women for recurrent clini-
cal MOFs (mean age 53 years) [8, 22]. The relative risk of
recurrent MOFs measured as early as 6 months was similar
across all age groups above 60 years. But the 2-year relative
risk decreased with age [22]. However, the absolute risk is
higher in women older than 80 years compared with those
between 50 and 59 years [23].

Thus, any clinical fracture in subjects of 50 year and
older is a signal for imminent and long-term subsequent
fracture risk, in women and men, and at any age.

Other Imminent Perspectives after a Recent Clinical
Fracture

The risk of falls following a fracture increased 2-fold in
women and 3-fold in men with the highest risk in the first
year after fracture, that gradually declined over time [28].
This finding is consistent with the strong association of falls
with subsequent fracture after a FLS visit (Hazard Ratio 8.6
versus no incident fall) [29] and the post-fracture incidences
of falls of 19-40% within one year [29, 30]. Furthermore,
a history and the number of falls are associated with the
risk of fractures, independent of aBMD, in women and men
[31].

Physical performance is linked with falls risk. Women
and men assessed in a FLS who had poor physical capacity
had increased fall risk factors [32]. In men with fracture,
there were greater declines in grip strength, sit-to-stand and
balance tests post fracture compared with controls, also in
muscles distant from the fracture site and for longer than the
first year post fracture [33]. Importantly more rapid decline
in muscle strength and performance in men has been associ-
ated with increased mortality risk [34]. To our knowledge
there have not been any studies examining post fracture
decline in muscle strength and performance in women.
However, decline in muscle strength and performance has
been associated with increased fracture risk in both women
and men [35]. Together with physical performance fractures
result in a decline in quality of life (QoL), particularly in the
first year after fracture [36].

Both women and men experience significant early bone
loss in both spine and femoral neck regions following frac-
ture [37]. Individuals experiencing the highest rates of bone
loss following a fracture have up to 2-fold higher mortality
risk compared to those without bone loss [38].

Undoubtedly, the most severe consequence of clinical
fracture is premature mortality risk in women and men [15].
This has been documented after hip, femur, pelvis, verte-
bral, clavicula, rib, and humerus fracture, and particularly in

older patient groups [26, 39, 40]. The excess mortality risk
is highest immediately after the fracture and declines after-
wards towards the general population mortality rates [41].
Subsequent fracture further increases the excess mortality
[39]. Importantly, the long-term excess mortality after an
initial fracture is primarily due to that related to a subse-
quent fracture [42].

Health status of the individuals at the time of fracture
is one of the most important predictors of post-fracture
adverse events. In a nationwide Danish study, researchers
demonstrated that chronic conditions are common at the
time of fracture and cluster in four groups. These included
low multimorbidity, cardio-vascular, diabetic, and malig-
nant, for both women and men, with an additional inflam-
matory/hepatic group in men only. Importantly all these
identified clusters were associated with excess mortality
risk, especially in people with hip, vertebral, and proximal
or lower leg fracture [15, 43, 44].

Therefore, it is imperative to incorporate factors such as
bone loss, susceptibility to falls, decline in physical perfor-
mance and QoL into the assessment of imminent risks of
subsequent fracture and mortality post-fracture. Further-
more, physicians should consider the complex health status
of patients when making decisions regarding the evaluation
or treatment of recent fracture.

Characteristics of Patients 50 Years and Older with a
Recent Fracture

Bone-related Fracture Phenotypes are more Diverse than
Reflected by aBMD: Microarchitecture of Bone

Osteoporosis is characterized by low bone mass and micro-
architectural deterioration of bone tissue, leading to reduced
bone strength and an increased fracture risk. Low bone
mass, measured by aBMD, is a major contributor to bone
strength and thus has been the prominent attribute to assess
fracture risk [45]. But it should be considered clinically as
a risk factor for fracture among many other clinical risks
[14]. Between subjects with or without a prior fracture,
low aBMD accounted for only 14% of the difference in the
10-year risk of any clinical fracture [18]. Thus, other factors
beyond aBMD contribute to overall bone strength [46]. Con-
sequently, use of aBMD alone has suboptimal sensitivity in
predicting fracture [18]. Bone microarchitecture, material
properties, and geometry have been linked to increased frac-
ture risk [47], independent of aBMD [48-51] and of FRAX
[48, 50]. Patients at risk of fragility fractures typically have
disrupted bone microarchitecture and reduced volumetric
BMD (vBMD), measured by HR-pQCT [47]. However, the
type of structural disruption varies among older individu-
als. Deteriorated trabecular architecture and/or diminished
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cortical structure (including bone size) have been associated
with increased fracture risk [48, 52]. There has been grow-
ing recognition that bone attributes should be considered
in the context of one another. Several strategies have been
proposed, including defining microarchitectural phenotypes
with unsupervised machine learning and medical imaging
[53, 54] and formulation of a structural fragility score (SFS)
[50, 55]. This approach has shown promise in improving
stratification of fracture risk in older adults. Machine learn-
ing methods have aided in developing fracture risk assess-
ment tools that accounts for the complex combination of
bone microarchitecture and density properties [56]. Other
measures of bone architecture, such as femoral neck archi-
tecture [57] and the trabecular bone sore (TBS), have been
recently reviewed elsewhere [58, 59].

The Particular Case of Vertebral Fracture

Of all fractures, VFs are the most frequent. They are the
most pronounced clinical representation of deteriorated
microarchitecture and decreased bone strength, independent
of aBMD [45, 60, 61] and of clinical risk factors [62, 63].
Thus, patients with a VF represent a distinct hallmark of a
severe bone-related fracture phenotype [54].

The estimation of an individual’s future fracture risk at
the FLS is based on clinical risk factors and measurement of
aBMD by DXA [6, 64]. It can thus be enhanced by imaging
of the spine for presence or absence of VFs [62, 63, 65].
Subjects with a VF have a five times higher risk for new
VF and a two times higher risk for any subsequent fracture,
independent of aBMD, and in proportion with their number
and severity [64, 66]. In the placebo groups of randomized
controlled trials 35.1% of participants with a baseline VF
had a new VF within 4 years, and 17.4% an incident non-
VF [67].

Imaging techniques for detecting VFs include vertebral
fracture assessment (VFA) on conventional radiographs and
DXA images [64]. Compared with standard radiography,
DXA-VFA is less expensive, involves less ionizing radia-
tion, and is more convenient since it can be performed at
the same visit as DXA-aBMD measurement. MRI and CT
are costly procedures and usually only performed in difficult
cases or for opportunistic screening [68].

In contrast to non-VFs, only one out of four VFs are clin-
ically diagnosed as new or worsening back pain [64]. They
are consequently underdiagnosed, even on available radio-
graphs [69]. While non-VFs are often related to falls, most
VFs occur during daily activities such as lifting, holding,
and non-symmetric activities, without overt trauma [10].

Reasons to perform DXA-VFA in patients visiting the
FLS are that subclinical VFs are frequent. Second, that it
allows physicians to discriminate between high-risk patients,
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usually treated with antiresorptive drugs, and very high-risk
patients, in whom the osteoanabolic drugs (parathyroid
hormone analogues or romosozumab) are considered. In
the presence of a low aBMD with one or more moderate or
severe VFs, they are superior for fracture prevention over
bisphosphonates. Third, a baseline VFA allows to identify
new VFs during follow up [64].

The implementation of DXA-VFA is limited by barriers,
e.g., unawareness of the prognostic importance of VFs by
patients and physicians [70, 71]. However, successful imple-
mentation of the Dutch guideline to combine aBMD with
VFA at the FLS increased DXA-VFA from 4.7 to 97.1% and
diagnosed VFs (grade >2) from 0.9 to 14.7% [72]. Targeted
VFA imaging at the time of DXA substantially improved the
prescription of fracture prevention medication, from 28.4
to 52.3% [66]. A novel approach is to use Artificial Intel-
ligence (Al) to reanalyze existing CT scans in the hospital to
identify patients with undiagnosed and untreated VFs [73].

DXA-VFA is therefore advocated in all patients visiting
the FLS to have a full fracture history, to refine bone-related
risk evaluation, and for treatment decisions.

The Need for Evaluation besides Bone

The FRAX, Garvan, and qFracture risk estimation algo-
rithms moved management of osteoporosis from the binary
presence or absence of osteoporosis based on WHO criteria
to a range of fracture risk from very high to low. All include
a prior fracture as a risk for subsequent fracture and aBMD
in FRAX and Garvan [14].

Patients with a recent clinical fracture at the FLS can
therefore have, besides low aBMD and the presence of VFs,
additional risk factors that are associated with the occur-
rence of a sentinel and subsequent fracture. The FRAXplus
has added (for a fee), additional assessment of recency and
site of previous fracture, falls, lumbar spine BMD, Type 2
diabetes, and high exposure to oral glucocorticoids, but only
as single risk adjustments. Three or more falls in the last
year had the highest impact (https://www.fraxplus.org/on/).

Fractures Secondary to Other Diseases:
Examples of Comorbidity-Related Fracture
Phenotypes

Around 25% of patients visiting the FLS report known
associated metabolic bone diseases. This was documented
in women and men, at any age, after any fracture, and at any
level of aBMD [74] and are also reported in patients with a
recent fracture in primary care [75].

It is critical to exclude secondary causes of osteoporo-
sis in patients with fragility fractures even when traditional
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clinical risk factors for osteoporosis are present [76], as
associated diseases may contribute to osteoporosis severity
or inadequate treatment responses [76].

Rare diseases presenting with fractures as a first symptom
should also be considered in the presence of specific clinical
presentations. Examples are multiple VFs with typical skin
involvement (such as urticaria pigmentosa (maculopapu-
lar cutaneous in mastocytosis)), blue sclerac and child-
hood fractures (osteogenesis imperfecta), proximal muscle
weakness and low fasting serum phosphate (tumor induced
osteomalacia), and weight gain with diabetes (Cushing’s
disease). Myeloma and monoclonal gammopathy of unde-
termined significance (MGUS) remain important diseases to
diagnose. Early diagnosis of myeloma predicts survival, and
1% of (MGUS) patients will transform annually to myeloma
[77]. Hypophosphatasia can present with fragility fractures,
typically of the metatarsals, and occasionally with atypi-
cal femoral fractures with low serum alkaline phosphatase.
For these patients routine use of bisphosphonates should be
avoided unless under expert center advice [78].

Fall-Related Fracture Phenotype

The most prominent extra-skeletal risk for fractures is the
risk of falls. Fall risks were reported in the medical history
by 35% at 50-59 years and up to 60% in 80+, on top of the
falls that resulted in the current fracture [29, 79].

The 2022 “World guidelines for falls prevention and
management for older adults: a global initiative” provide a
framework for identifying the high-risk faller after an injuri-
ous fall and present assessment and treatment recommenda-
tions [79]. Falls risk evaluation and fall prevention strategies
have been recently reviewed in a meta-analysis [80].

Other Considerations for Evaluation at the FLS

All evaluations at the FLS should also consider general
health, cognitive status, mental, emotional, and social
health, as well as mortality risk. These factors contribute
to not only imminent subsequent fracture risk, but also the
likelihood of adherence to therapy. This can help in the
selection of patients for evaluation, types of treatment rec-
ommended, and methods of monitoring [9].

The role of patient communication and co-decision mak-
ing is receiving increasing attention [81-84]. In patients at
high risk and lower health literacy, this needs to be con-
sidered when delivering effective communication with the
patient about why bone health evaluation and treatment is
important from the patient’s perspective.

Evaluation and integration of secondary causes of bone
fragility, comorbidities, and fall risk are therefore important

considerations for an FLS to deliver on reducing fracture
risk for its patients.

The Fracture Liaison Service

The FLS has been widely regarded as the most effective
organizational approach for the prevention of subsequent
fractures in subjects 50 years of age and older [6, 85].
Recent studies and meta-analyses have demonstrated that
interventions by a well-structured FLS have resulted in a
significant increase in clinical evaluation, the prescription
of DXA measurement of aBMD, laboratory and falls risk
evaluation, diagnosis and treatment of underlying diseases,
adequate calcium, vitamin D, and protein intake, treatment
initiation based on further specification of very high risk
after a recent fracture, and taking into account the additional
risk factors according to the patient’s phenotype and persis-
tence of treatment [85, 86]. Systematic implementation of
VFA by DXA increased diagnosis of subclinical VFs from
2.2 to 26.6% [72]. Most importantly, several studies and
meta-analyses of FLS care have indicated a decrease in the
risk of subsequent fractures and mortality [87, 88].

However, studies that have examined the efficacy of FLS
care in reducing the risk of subsequent fractures and mortal-
ity are heterogeneous in study design (i.e., comparing post-
FLS versus pre-FLS care or comparing hospitals with and
without FLS), age, the type of index fractures, classifica-
tions of fracture groups, duration of follow-up, and lack of a
competing mortality risk analysis [85, 88].

There are still challenges and gaps in the care of fragility
fracture patients that need to be addressed. Several factors
are independently associated with non-attendance, includ-
ing older age, male gender, frailty, living alone, low income,
having a low general education, having a low interest in
bone health, not perceiving the risk of subsequent fracture
risk, and, most importantly, the lack of perceiving to have
had advice to have a DXA and a visit at the FLS [70]. Adher-
ence declines during follow up [89, 90]. Enhancements in
clinical governance frameworks are crucial for optimizing
the effects of FLS care [85].

Even in FLS attenders who are treated with anti-osteopo-
rosis medication, subsequent fractures still occur. A recent
study by Vranken et al. in FLS attenders, adequately evalu-
ated and treated according to the Dutch Guideline, showed
that the 3-year subsequent fracture incidence was 10%. Inci-
dent falls were the main cause of these subsequent fractures
[29]. Furthermore, there is an imminent fall risk after a frac-
ture regardless of age or type of index fracture [28].

Current research on the impact of subsequent fracture
prevention at the FLS is mainly based on treatment with
anti-resorptive dugs [91]. Anabolic treatments are more
effective in reducing fractures compared to anti-resorptives,
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particularly in high-risk populations, such as those with low
BMD in combination with prevalent VFs, or after recent or
multiple fractures with a very high risk. Therefore, it appears
more rational to initiate anabolic treatment upfront for FLS
patients at very high risk of subsequent fractures, followed
by a treatment course with anti-resorptive medication [92].

Real world persistence and adherence to treatment for
osteoporosis is low [93]. Early follow-up is recommended
in the FLS [94]. Long-term follow-up will require improve-
ment in the collaboration with the general practitioner [95]
and fracture nurses, and may be facilitated by the imple-
mentation of digital monitoring [96].

The introduction of FLS care has significantly contrib-
uted to the improvement of care for high-risk patients with
a recent fracture. To further enhance FLS care, there is a
need to increase attendance rates, to consider the choice
between anti-resorptive and anabolic drugs, and the utiliza-
tion of large real-world databases for further insights into
the impact of FLS care.

Outlook and Further Directions

The heterogeneous patterns of bone-, fall-, and comorbidity-
related fracture phenotypes in patients 50 years or older with
a recent clinical fracture underlines the necessity of imple-
menting a comprehensive clinical evaluation and improv-
ing stratification of fracture risk in older adults. This allows
identification of patients with a recent clinical fracture who
are at high or very high imminent and long-term fracture
risk. Fracture risk is determined based on the bone-related
fracture phenotype (e.g., a low aBMD and the presence of
VFs), fall-related fracture phenotype (e.g., based on recent
fall history), or comorbidity-related fracture phenotype
(e.g., using FRAX, without aBMD, or glucocorticoid users
with rheumatoid arthritis). This will contribute to decisions
about bone-, fall-, and comorbidity-directed treatments.
Higher aBMD increases were found when combining low-
or high-intensity exercise programs with bisphosphonates
[97]. But, it remains to be demonstrated whether such com-
binations also reduce fracture risk.

The implementation of an FLS raises both opportunities
and challenges. First, given that an FLS is a clinically and
cost-effective intervention for the prevention of subsequent
fractures, the deployment of FLS should be increased, and
further work is needed to make the FLS cases more acces-
sible for FLS practitioners.

Second, poor identification, attendance, and treatment
adherence have been recognized as a huge problem in most
FLS clinics that significantly blunt their expected effect to
improve bone health and reduce fracture risk. It is therefore
important to integrate data driven service improvement by
using organizational and patient level indicators as a core
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component in their day to day running [94]. Simply setting
up an FLS is insufficient to close the fracture care gap as
evidenced by national registries for FLS in England, Wales,
the Republic of Ireland and New Zealand (www.rcplondon.
ac.uk/projects). FLSs need to keep their staff upskilled in
service improvement methodology, such as working with
patients as equal partners, analyzing patient level perfor-
mance data, and including time for meaningful service
improvement as part of what it means to be an FLS prac-
titioner. Sustaining short- and long-term persistence and
adherence to treatment will also require a well-considered
and organized follow up in the collaboration of the FLS with
the primary care physician, eventually with the help of non-
physician health professionals [96, 98].

Third, emphasis on the need for early fall risk assessment
and effective fall prevention strategies at the FLS is crucial
to optimize the effects of FLS care, but this requires scaling
community-based interventions to meet the volume of FLS
patients that maintains the fall interventions effectiveness,
patient acceptability, and short- and long-term adherence,
with particular reference to cognitive impairment and the
disability from a recent fracture. A recent cluster random-
ized study of 9803 persons aged 70 years and over to dif-
ferent community-based falls interventions has confirmed
that a local falls prevention program without rigor is of little
value and may increase harm [99].

Fourth, the effectiveness of secondary fracture preven-
tion at the FLS should extend to early use of bone-forming
agents, moving away from their use as rescue medications
as the only way to reduce the imminent fracture risk for
non-vertebral fractures in high-risk patients. Whether such
treatments should only focus on patients with a high clinical
or bone-related phenotype or be expanded to patients with
a high fall-related phenotype remains to be demonstrated.

Finally, FLSs need to acknowledge the significant work-
force capacity and capability challenges in healthcare
settings globally and develop realistic local and national mit-
igation plans. These may include: (1) standardized national
competency based training programs to improve the quality
of FLS practitioners, as are being developed by the Fragility
Fracture Network, (2) open access digital tools to optimize
how patients flow through the FLS pathway, minimizing
the time of healthcare workers spent on repetitive low value
administrative tasks, improving patient safety, and diversi-
fying patient engagement, and (3) working with Al, which
has already identified thousands of patients with vertebral
fractures from existing CT scans [68]. In the next phase, Al
will link the orthopedic and radiology data with the patient’s
existing health and wider socially available data to seam-
lessly deliver a step change in a massively scalable highly
personalized approach to assessment, treatment decision
making, and monitoring for patients after their fractures,
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often better reflecting the patients’ concerns and needs and
as well as those of their families.

Conclusions

The increasing insights in the imminence of the risk of
subsequent fractures, falls, physical performance, QoL,
and mortality and the presence of comorbidities have con-
tributed to the recognition that a recent clinical fracture in
subjects of 50 years and older is a signal for imminent and
long-term subsequent fracture risk. Evaluation of bone-,
fall-, and comorbidity-related fracture phenotypes allows
treatment decisions based on the presence of high and very
high risk. Implementation of the FLS has been shown to
increase evaluation and treatment and to decrease the risk of
subsequent fractures and mortality.

Major questions need to be answered. How can the atten-
dance rate be increased at the FLS? What is the effect of fall
prevention on fracture risk in subgroups of high-risk fall-
ers? What is the effect of optimizing treatment of comor-
bidities? What is the effect of combining fall prevention in
subgroups of high fall risk with osteoanabolic drugs in high-
risk patients based on comorbidity- or bone-related risks?
The imminent subsequent fracture risk therefore opens a
window of opportunity for timely evaluation and treatment,
but also for further research.
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