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Abstract: Fragility fractures pose a serious threat to patient health, quality of life, and healthcare
sustainability. In order to reduce their clinical, social, and economic burden, a Fracture Liaison
Service (FLS) was introduced in a high volume orthopedic hospital in 2017. The purpose of this
retrospective observational study is to describe the FLS protocol, introduce its preliminary
outcomes, and provide an early evaluation in light of international guidelines and
recommendations. All the performances suggested by the International Osteoporosis Foundation
(IOF) are provided under the same institution by which a patient is admitted for surgery. Clinical
indicators from patient history and administrative indicators from the hospital database have been
used to estimate the spread of fragility fracture prevention and the degree of patient compliance to
these programs. The research included 403 patients. Although, almost 1/3 were admitted for the
second fragility fracture, only half received anti-osteoporotic treatment before it. The degree of
prevention was even lower in the case of patients admitted for the first fragility fracture. The risk of
being affected by a secondary fracture was seven times higher when patients did not attend any
follow-up or diagnostic exam. In order to identify the main determinants of compliance with FLS
and perform a cost-effectiveness analysis on a larger sample, it is fundamental to integrate data from
different providers.

Keywords: fracture liaison service; value-based healthcare; osteoporosis prevention; capture the
fracture; fragility fracture; endocrinology; sustainability

1. Introduction

Osteoporosis is a bone disease characterized by loss of density and deterioration. When bone
resilience is compromised, the patient is exposed to an increased risk of fragility fracture, occurring
from low-impact mechanical forces which would normally be tolerated [1].

According to the World Health Organization (WHO), low impact is equal to a fall from standing
height or less. Since the patient is often asymptomatic before the fracture occurs, osteoporosis is
referred to as a “silent disease.” The annual incidence of osteoporosis has been estimated at 9 million
fractures worldwide, which is likely to increase as a consequence of aging [2,3]. In the United States,
10.2 million people are affected by osteoporosis and 43.4 million by low bone mass, equaling a quarter
of the whole adult population [4]. The impact is similar in Canada, Europe, and Asia [5-7]. In Italy,
90.000 hip fractures affect 50-years old patients each year [8].
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On a global scale, the level of disability induced by osteoporotic fractures has been estimated to
be 0.832 million and 1.53 million Disability-Adjusted Life-Years (DALYs) for men, and women,
respectively [3]. Osteoporotic fragility fractures cause substantial pain and severe disability, leading
to a reduction in life expectancy and quality of life. Hip fractures, in particular, are associated with a
significant social and healthcare burden. About 24% of patients > 50 years old die within one year
following a hip fracture [9], while nearly 50% suffer long-term disability or require long-term nursing
home care (25%) [10].

In addition to this burden, the economic costs of fragility fractures are also substantial. In the
UK, over 300.000 patients present to hospitals with fragility fractures each year. The social and
medical costs of fragility fractures to the UK healthcare economy were estimated at £1.8 billion in
2000, with a potential increase to £2.2 billion. Hip fractures are the most significant type of fragility
fracture because of the human impact and the need for long-term institutional care, and associated
high medical costs [6]. In Italy, the direct hospitalization costs for the treatment of patients with
fragility fractures over the age of 65 were almost 400 € million in 2002, with a 15% increase in the
following three years [11]. The socio-economic burden of fragility fractures is not unique to Europe,
but affects all countries with an aging population, such as Australia [12], Canada [13], China [14], and
Taiwan [7]. On average, patients suffering from osteoporotic fractures increase their risk of exposure
to a second fracture by 86%. When the first fracture affects the vertebrae or the hip, the percentage
reaches 200%, and 300%, respectively [4]. Despite the well-known benefits of preventive bone health
assessment [15] and osteoporotic drugs, most people presenting with a fragility fracture are neither
assessed for osteoporosis, nor appropriately managed to prevent further fractures, irrespective of
different countries and health care systems [16].

In 2013, the International Osteoporosis Foundation (IOF) published a landmark paper to
increase global secondary prevention strategies, recommending the implementation of Fracture
Liaison Services (FLS) whenever possible [17]. FLS is a multidisciplinary approach in reducing
secondary fractures by identifying patients at risk that have been admitted to surgery, and providing
easy and coordinated access to osteoporosis prevention and care. The IOF created a Best Practice
framework to standardize and support its spread (Capture the Fracture), introducing a FLS algorithm
which can be adapted to the organizational needs and resources of the local provider, healthcare
system, and workforce composition [18]. With a considerable increase in protocols, which have been
recently published in the literature, original evidence from empirical data is still recommended by
systematic and narrative reviews [6,7,19].

The purpose of this retrospective observational study is to support this request by describing
the FLS protocol adopted by a high volume orthopedic hospital (Istituto di Ricovero e Cura a
Carattere Scientifico Orthopaedic Institute Galeazzi, Milan, Italy), after 26 months of implementation
(1 April 2017-31 May 2019); introducing its preliminary outcomes, and providing an early evaluation
in light of international guidelines and recommendations.

2. Materials and Methods

IRCCS Galeazzi Orthopaedic Institute is the most appropriate hospital in Italy for taking charge
of a femur fracture [20,21], and it was recently recognized internationally among hospitals with the
best practice in this area [22]. The protocol described here is based on the cooperation between
Traumatology and Endocrinology Units, with multiple aims of:

1. Identifying patients at risk of osteoporosis-related secondary fracture, both of the upper limb
(humerus) and lower limb (femur).

2. Investigating biochemical indicators of bone metabolism associated to Bone Mass Density (BMD),
to evaluate the degree of osteoporosis-fracture risk to which the patient is exposed, through
specific diagnostic exams (Vertebral and Femoral Dual-Energy X-ray Absorptiometry: DXA;
and/or Toracolumbar Spine X-ray: TSRx), and eventually.

3. Initiating multidisciplinary treatment under the same provider to which the patient was
admitted for surgery.
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Patients admitted to the Traumatology Unit were evaluated by FLS when the risk of a further
fragility fracture was identified by the surgeon or his team. Femur and humerus fractures were only
included in the start-up period under consideration, because generally, unlike fractures of the wrist
and vertebrae, patients need hospitalization in the Traumatology Unit to recover from surgery.
Subsequently, specific osteoporosis assessment and subsequent cycles of care were provided under
the coordination of the Endocrinology Unit, composed, in turn, by two endocrinology and one
rheumatology outpatient units. Fractures were identified, respectively, by international diagnostic
codes ICD-9 812.0-812.59 (humerus) and 820 (femur). All the patients at risk were included in the
program, except those affected by postoperative cognitive dysfunction, dementia, or borderline, as
the risk of poor compliance with the service was considered too high. Since all the clinical procedures
performed were ISO-9000 certified, and because the study had no experimental design, and ethical
approval and informed consent were not required.

The protocol adopted by IRCCS Galeazzi is represented in Figure 1.

Osteoprosis
i nt
New fracture assessment SLSERILE
presentation Emergency o treatment:
) Department . Visit
(humerus and (ED) & x-ray 2. Diagnostic
o) exams (DXA,
TRx)

Endocrinologist,
Nurtritionist,
Physiatrist

Professional update course and training (physicians and nurses) for osteoporosis-related

secondary fracture prevention and FLS.

Figure 1. Istituto di Ricovero e Cura a Carattere Scientifico Galeazzi Capture the Fracture protocol.

Clinical and administrative indicators were, respectively, collected from the patient histories and
the hospital internal database, and categorized according to the type of evidence they support.
Clinical indicators measure the degree of spread, knowledge, and actual implementation of
osteoporosis prevention services. Therefore, they provide evidence in support of epidemiology and
healthcare policy. Administrative indicators estimate the degree of patient compliance with the
service, which is, in turn, a potential indicator of the service effectiveness. Therefore, they may be
helpful to improve clinical outcomes and healthcare policy. A methodological overview is
summarized in Table 1.
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Table 1. Methodological overview.
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Database

Indicators

Outcome

Relevance

Potential Biases and
Limitations

1. Clinical (medical
history of patients
enrolled to FLS)

1.1 Regular intake of vitamin D before primary
fracture, reported in medical history.

1.1.1 Absolute number
of patients.

1.1.2 Percentage out of
FLs patients.

To estimate the spread, knowledge and actual
implementation of pharmacological and
nutritional prevention of osteoporosis-related
primary fractures.

1.2 Previous fragility fracture, regardless of the bone
involved, reported in medical history.

1.2.1 Absolute number
of patients.

1.2.2 Percentage out of
FLs patients.

To estimate the general incidence of secondary
fractures.

1.3 Pharmacological treatment between primary and
secondary fracture (among patients reporting
previous fragility fractures, 1.2).

1.3.1 Absolute number
of patients.

1.3.2 Percentage out of
FLs patients.

To estimate the spread, knowledge and actual
implementation of pharmacological prevention
of osteoporosis-related secondary fractures.

1.4 Regular consumption of more than three drugs
regardless to osteoporotic prevention.

1.4.1 Absolute number
of patients.

1.4.2 Percentage out of
FLs patients.

1.5 Presence of multiple morbidities.

1.5.1 Absolute number
of patients.

1.5.2 Percentage out of
FLs patients.

To estimate the degree of comorbidity among
the population of patients affected by fragility
fractures.

Estimations are limited to the
experimental sample size.

2. Administrative
(hospital internal
database)

2.1 Return to hospital for full outpatient osteoporosis
care (osteoporosis assessment and subsequent
treatment).

2.1.1 Absolute number
of patients.

2.1.2 Percentage out of
FLs patients.

2.2 No return to hospital for follow-up outpatient
osteoporosis visit, but return to hospital for one
diagnostic exam (Vertebral and Femoral Dual-Energy
X-ray Absorptiometry: DXA).

2.2.1 Absolute number
of patients.

2.2.2 Percentage out of
FLs patients.

2.3 No return to hospital for follow-up outpatient
osteoporotic visit, bur return to hospital for both
diagnostic exams (DXA, Toracolumbar Spine X-ray:
TSRx).

2.3.1 Absolute number
of patients.

2.3.2 Percentage out of
FLs patients.

To estimate the degree of patients’ sensitivity
towards the risk of a further fragility fracture,
and/or the effectiveness of the education
provided by care-givers.

Patients may have
undergone follow-up (full or
partial) at other healthcare
providers.
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2.4 No return to hospital for any outpatient
osteoporotic treatment but readmitted for another
fragility fracture within one year.

2.4.1 Absolute number
of patients with
relative sites of
fracture.

2.4.2 Percentage out of
FLs patients.

2.5 Return to hospital for any outpatient osteoporotic
treatment but readmitted for another fragility fracture
within one year.

2.5.1 Absolute number
of patients with
relative sites of
fracture.

2.5.2 Percentage out of
FLs patients.

To estimate the effectiveness of secondary
fracture prevention.
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3. Results

Over the 26 months of evaluation, 1278 patients were admitted to the Traumatology Unit for
proximal fracture of the femur (n = 923) and the humerus (n = 355). Of these patients, 407 were
enrolled in FLS (31.8%), of which 4 were not identified in the hospital database. Therefore, 403
patients were included in the research. Among them, mean age was 77.6 years and median age was

79 years.
Clinical and administrative indicators and outcomes are, respectively, reported in Tables 2 and
3.
Table 2. Clinical evidence.
Indicator Absolute # Patients % out of FLS Patients (403)
1.1 Vitamin-D therapy before primary fracture. 117 29.3
1.2 Previous fragility fracture. 159 39.4

1.3 Pharmacological treatment betwee1.1 primary or 76 477 (out of 159)
secondary fracture (subgroup of domain 1.2).

1.4 Patients affected by multiple comorbidities. 121 30
1.5 Patients regularly assuming more than three

203 50.3
drugs.

Table 3. Administrative evidence.

Indicator Absolute # Patients % out of FLS Patients (403)
2.1 Patients who came back to outpatient
. . 132 32.70%
osteoporosis care (visit, exam, treatment).
2.2 Patients who came back for DXA. 8 1.98%
2.3 Patients who came back for DXA and TRx. 2 0.49%

2.4 Patients who did not come back for 7 (5 Spine, 1 Rotula, 1

1.73%
Wrist fracture)

osteoporosis care readmitted for another
suspected fracture within one year.

2.5 Patients who came back for osteoporosis care
but still were readmitted for another fracture 1 (Wrist fracture) 0.24%

within one year.

4. Discussion

4.1. Benefits of FLS as Reported in Literature

A systematic review identified four models of osteoporotic fracture prevention, which vary
according to the amount of performances provided among the same institution, and the degree of
coordination they are able to establish [23]. Models and combinations are represented in Table 4.
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Table 4. Four models of secondary fracture prevention (elaborated by the authors) '.

Investigat . +
nvestigates Initiates Treatment(s)

Model Identifies Patient Osteoporosis Effective

Type
A (3-])

Type B
(2-1)

Type
C(1-D

Type
D (0-I)

! In green are the treatments provided under the same institution, in red are the treatments referred
or recommended to other providers.

According to the same review, fully coordinated, intensive models of care are more effective in
improving patient outcomes than models based on patient education only: The more coordination
between care-givers and providers, the more clinical and economic benefits. Within a few years and
many FLS protocols implemented later, these findings were supported by several reviews and
empirical studies. With regard to the clinical benefits, a before-after observational study found
significant increases in BMD testing, treatment initiation, adherence, reductions in secondary
fractures, and mortality when an integrated FLS program was implemented; no correlations between
compliance and age, sex, history of fracture and ongoing drug treatments at admission were found
[24]. Not only did FLS yield higher rates of diagnosis and treatment in comparison with other
programs, it also improved accessibility to the post-fracture pathway of care, supporting a patient-
centered healthcare approach [4]. With regard to the most common fracture sites, the benefits of FLS
programs were more significant in non-vertebral (i.e., femur and humerus) than in vertebral fractures
[25], probably because there were more therapeutic and diagnostic procedures requested by the latter
[26,27]. With regard to the economic benefits, the financial value of FLS relies on the prevention of a
high human and monetary burden. A study conducted on UK tariffs in 2004 underlined the cost-
effectiveness of secondary fracture prevention [28]. In the event of hip fracture, the price of a DXA
scan followed by osteoporosis education (i.e., life-style advice) and/or pharmacological treatment
(i.e., bisphosphonates intake) ranged from £23 to £335, which was significantly cheaper than surgical
treatment, which ranged in turn from £5000 to £12,000, depending on the inclusion or not of
residential rehabilitation support. Although, 15 years have passed and the rates may have been
updated, the difference remains significant, not to mention the social burden expressed by disability
and the subsequent need for formal or informal assistance [12]. Another study based in the UK found
that FLS implementation over a 5-year period saved £290,708 in National Health Service (NHS) acute
services, community services, and local authority social costs, as opposed to an additional £234,181
in revenue, covering drug treatment for the same period [29]. From a public health perspective, FLS
is, therefore, expected to generate long-term health and economic benefits, both, for the patients and
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the community, thereby supporting healthcare continuity and culture [26], which is a key-
determinant of healthcare value [30-33].

4.2. FLS Challenges and Room for Improvement as Reported in Literature

According to a systematic literature review of 53 high quality studies, the degree of patient
compliance with FLS varies significantly with the type of program, depending on several factors,
such as the presence and qualification of the coordinator, the type of healthcare system, the amount
of financial resources invested, and the quality of education provided [34]. The fracture location may
also influence the management of osteoporotic fractures, potentially reflecting clinician bias: BMD
testing was performed significantly more in association with humerus fracture (85% of patients) than
with hip fracture (21% of patients), improving as a consequence the prevention of the former. More
BMD testing was performed in association with forearm factures, rather than with spinal or humerus
fractures; and more pharmacological treatment was performed following forearm fractures rather
than following spinal fractures. According to the same review, these data suggest the rate of BMD
assessment after major bone fracture was lower than following minor bone fracture [34].

Despite that, women are more likely to suffer from a fragility fracture in their lifetime (50%
versus 20% for men) [25], correlations between sex and FLS initiation, intensity, and compliance are
also controversial [34,35]. Contrary to the hypothesis of an inherent gender bias in the management
of osteoporotic fractures [34], Ruggiero et al. found a 1-year adherence to complete pharmacological
treatment to be independent of age, sex, history of fracture, and ongoing drug treatment declared
during anamnesis at admission [36].

The same review found no direct comparisons about FLS effectiveness in different settings,
despite the indirect comparisons of limited data, which show interesting information in support of
further studies:

e  Higher rates of BMD testing are performed in hospitals rather than in outpatient clinics.
e  Higher rates of BMD testing are performed in outpatient clinics rather than in communities, with
a high variation according to the program.

However, community programs have also shown significant improvement and accuracy in
BMD testing and osteoporosis medication if central coordination was provided. However the
algorithm was implemented, and substantial connections between different settings, healthcare cycle
phases, and care-givers are key-factors that determine FLS effectiveness. For instance, managed care
providers generate cost-effective coordination by bridging the gap between acute hospital and
community-based care [37-40]. This is even more noteworthy in cases of fragile or chronic patients
affected by multiple comorbidities, to which an effective FLS program should offer flexible and
coordinated cycle of care in an outpatient setting, and extended education and involvement of family
members.

4.3. Implications for Galeazzi Hospital Protocol

The protocol adopted by Galeazzi is a “Triple 1” (identifying, investigating, initiating), highly
integrated model of prevention, in which all performances suggested by the IOF framework are
provided under the same institution (or network) where the patient was admitted to surgery. Most
of the patients evaluated by FLS are chronic and fragile elderly who take more than three drugs
regularly (50.3%), who are often affected by multiple morbidities (30%), which adds significant value
to osteoporosis care provision in an outpatient setting. Family education and involvement is also
contextually provided.

More than 1/3 (39.4%) of the patients evaluated by FLS (which are, in turn, nearly 1/3 of all the
patients admitted for the relevant types of surgery in the same Traumatology Unit) had a history of
fragility fracture, despite less than half (47.7%) having received anti-osteoporotic pharmacological
treatment after the first trauma. In cases of first fragility fracture, the percentage of those who
regularly consumed supplementations of vitamin-D was even lower (29.3%). More prevention of
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fragility fractures is, therefore, a key point to be introduced in the healthcare policy agenda, both, for
primary and secondary care.

Nearly 1/3 of the patients identified at risk were compliant with the entire cycle of osteoporosis
care, among which only 1 (0.24%) was still affected by a fragility fracture within one year. The risk of
being affected by a secondary fragility fracture was approximately seven times higher when patients
did not attend any visit or exam at all (1.73%). The percentage of patients who underwent follow-up
diagnostic examinations at the admitting hospital is low (DXA: 1.98%, and DXA plus TRx: 0.49%).
Rather than indicating poor effectiveness on part of the service, this data is likely to indicate that
patients, once discharged, prefer to attend the full cycle of care as close as possible to their home,
even more if they are elderly and frail.

Though, the study design was not meant to compare the rate of secondary fragility fracture
before, and after, the implementation of FLS, we could detect a trend in reduction of the number of
patients admitted to Traumatology Unit for secondary trauma within one year from the last fracture,
comparing admissions before and after the institution of FLS (1 March 2015-31 March 2017; 1 April
2017-31 May 2019) (Table 5).

Table 5. Rate of secondary fractures before and after implementation of Fracture Liaison Service

(FLS).
Indicator Before FLS (2015-2017) After FLS (2017-2019)
Number of patients admitted to traumatology for
. 1220 1278
the same site of fracture
Number and percentage of patients evaluated by 0 (0%) 403 (31.5%)
FLS
23 (1.8% 1 159 (39.4%) (only fragilit
Number and percentage of secondary fractures (1.8%) (genera ( ©) (only fragility
fractures) fractures)
Number and percentage of secondary fractures 21 (913%) 1(0.62%)

within one year

Before FLS was implemented, fragility fractures were not explicitly reported. Therefore, the rate
of secondary fracture was very low as a proportion of all fractures. Once FLS was implemented, all
fractures were classified as fragility or not during the identification phase of the algorithm. Thus the
increase in secondary fracture is confounded by the classification of fractures according to
mechanism of injury —low impact versus not low impact.

4.4. Limitations

This study has a number of limitations. On the clinical level, the population included in the
program was limited. Fractures other than femur and humerus were excluded. Frail patients affected
by cognitive disfunction, dementia, or borderline cases were also excluded. On the administrative
level, it was not possible to verify whether the patients, once discharged, underwent the cycle of care
at another provider. On the methodological level, it was not possible to perform a clear comparison
of the prevalence of secondary fragility fractures before, and after, the implementation of FLS.

Most of these limitations are due to the early stage of service implementation, such as the limited
population size, the limited type of fractures, and the exclusion of frail patients. On this regard, the
greater number of staff hired in the program, the more the program can gradually include more
patients and fractures, for instance, by including the type of fractures that do not require
hospitalization in the Traumatology Unit, or by employing dedicated personnel to support people
affected by mental conditions which may hinder appropriate compliance. This study could not
identify correlations between patient characteristics, care-giver qualification and compliance to the
service, nor effectiveness, which is a potentially interesting variable to be investigated by further
studies on more patients and procedures. To the best of our knowledge, there is just one Italian study
designed as a before-after observational study on the implementation of a FLS, which is still based
on internal hospital data and was conducted on a smaller number of patients [24].
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Limited data availability underlines the need for prospective and before-after observational
studies integrating public or multicenter data. Integrating internal data with external data, and
having larger resources available (whether institutional networks or public funded databases) would
be a significant step forward in order to firstly, understand how many patients that are admitted,
identified, and assessed in Galeazzi may continue their treatment elsewhere, as opposed to
interrupting the treatment; secondly, perform a cost-effectiveness analysis on a larger population.
Future challenges include how best to measure the success of services in imparting a reduction in
fractures at a local population level, as well as how to detect those patients with unmet needs who
do not uniformly present to health care services [39]. The hospital commitment to evaluate patient
outcomes and experiences by means of an electronic registry has already been started [40].

5. Conclusions

FLS is not a quick fix [6]. However, most of its challenges are likely to be overcome by gradual
experimentation and assessment, which the present research aims to support. The ideal approach to
secondary fracture prevention is to implement a Type-A model of care supported by an integrated
electronic health network, supervised by clinical and/or logistical coordinators, with reference to a
dedicated database in order to quantify performances [18,41].

From year 2006, Galeazzi has been a member of the International Society of Orthopedic Centers
(ISOC), whose aim is to share innovation and best practices among the premier specialty orthopaedic
institutions in the world [42]. When multicenter, regional, and/or national data is available from
integrated informative systems, it will be possible to validate the benefits of FLS on a higher number
of patients, extending the potential benefits to other patients and diseases. The burden of deadly
chronic morbidities, such as diabetes and cardiovascular disease may, in turn, be significantly
reduced by providing effective patient identification, timely investigation, and appropriate initiation
of treatment. Galeazzi's protocol is compliant with most of the international recommendations
introduced in the manuscript. Collaboration between epidemiologists, policy makers, clinics, and
also sociologists may offer further room for improvement on a regional and national scale, which is
likely to generate important benefits to the whole society. The road to healthcare value is not paved
only by financial constraints and merely cost-reduction, but also from a wiser and longer-term
allocation of resources.

Author Contributions: Conceptualization, F.P., S.C., and G.B.; methodology, F.P., S.C., and G.B.; validation, S.C.
and G.B.; investigation, F.P. and S.C.; resources, S.C. and V.F.; data curation, F.P. and S.C.; writing—original
draft preparation, F.P.; writing—review and editing, F.P., S.C., and G.B.; supervision, F.P., S.C., and G.B.; project
administration, S.C. and G.B.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. International Osteoporosis Foundation. What is Osteoporosis? Available online:
https://www.iofbonehealth.org/what-is-osteoporosis (accessed on 17 July 2019).

2. World Health Organization. WHO Scientific Group on the Assessment of Osteoporosis at Primary Health
Care Level. Available online: https://www.who.int/chp/topics/Osteoporosis.pdf (accessed on 17 July 2019).

3. Johnell, O.; Kanis, ].A. An estimate of the worldwide prevalence and disability associated with osteoporotic
fractures. Osteoporos. Int. 2006, 17, 1726-1733.

4. Miller, AN, Lake, A.F.; Emory, C.L. Establishing a fracture liaison service: An orthopaedic approach. J.
Bone Jt. Surg. Am. 2015, 97, 675-681.

5. Tarride, J.E.; Hopkins, R.B.; Leslie, W.D.; Morin, S.; Adachi, ].D.; Papaioannou, A.; Bessette, L.; Brown, J.P.;
Goeree, R. The burden of illness of osteoporosis in Canada. Osteoporos. Int. 2012, 23, 2591-2600.

6.  Eccles, E.; Thompson, ].D.; Roddam, H. An evaluation of Fracture Liaison Services in the detection and
management of osteoporotic fragility fractures: A narrative review. Radiography (Lond) 2018, 24, 392-395.

7. Chang, LY, Tsai, K.S,; Peng, ].K,; Chen, C.H,; Lin, G.T.; Lin, CH.; Tu, 5.T.; Mao, 1.C; Gau, Y.L.; Liu, H.C,;
et al. The development of Taiwan Fracture Liaison Service network. Osteoporos. Sarcopenia 2018, 4, 47-52.



Int. J. Environ. Res. Public Health 2019, 16, 4902 11 of 12

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Piscitelli, P.; Iolascon, G.; Argentiero, A.; Chitano, G.; Neglia, C.; Marcucci, G.; Pulimeno, M.; Benvenuto,
M.; Mundi, S.; Marzo, V.; et al. Incidence and costs of hip fractures vs strokes and acute myocardial
infarction in Italy: Comparative analysis based on national hospitalization records. Clin. Interv. Aging 2012,
7, 575-583.

Leibson, C.L.; Tosteson, A.N.; Gabriel, S.E.; Ransom, ].E.; Melton, L.J. Mortality, disability, and nursing
home use for persons with and without hip fracture: A population-based study. ]. Am. Geriatr. Soc. 2002,
50, 1644-1650.

Noordin, S.; Allana, S.; Masri, B.A. Establishing a hospital based fracture liaison service to prevent
secondary insufficiency fractures. Int. J. Surg. 2018, 54, 328-332.

Rossini, M.; Piscitelli, P.; Fitto, F.; Camboa, P.; Angeli, A.; Guida, G.; Adami, S. Incidence and socioeconomic
burden of hip fractures in Italy. Reumatismo 2005, 57, 97-102.

Yates, C.J.; Chauchard, M.A; Liew, D.; Bucknill, A.; Wark, ]J.D. Bridging the osteoporosis treatment gap:
Performance and cost-effectiveness of a fracture liaison service. ]. Clin. Densitom. 2015, 18, 150-156.
Hopkins, R.B.; Burke, N.; Von Keyserlingk, C.; Leslie, W.D.; Morin, S.N.; Adachi, J.D.; Papaioannou, A.;
Bessette, L.; Brown, ]J.P.; Pericleous, L.; et al. The current economic burden of illness of osteoporosis in
Canada. Osteoporos. Int. 2016, 27, 3023-3032.

Nakayama, A.; Major, G.; Holliday, E.; Attia, J.; Bogduk, N. Evidence of effectiveness of a fracture liaison
service to reduce the re-fracture rate. Osteoporos. Int. 2016, 27, 873-879.

Den Teuling, ] W.A.M.; Pauwels, B.S.; Janssen, L.; Wyers, C.E,; Janzing, HM.].; van den Bergh, ][ P.W.;
Morrenhof, ].W. The influence of bone mineral density and cortical index on the complexity of fractures of
the proximal humerus. Bone Jt. Res. 2014, 6, 584-589.

Giangregorio, L.; Papaioannou, A.; Cranney, A.; Zytaruk, N.; Adachi, ].D. Fragility fractures and the
osteoporosis care gap: An international phenomenon. Semin. Arthritis Rheum. 2006, 35, 293-305.

Akesson, K.; Marsh, D.; Mitchell, P.J.; McLellan, A.R.; Stenmark, J.; Pierroz, D.D.; Kyer, C.; Cooper, C.; IOF
Fracture Working Group. Capture the fracture: A best practice framework and global campaign to break
the fragility fracture cycle. Osteoporos. Int. 2013, 24, 2135-2152.

International =~ Osteoporosis ~ Foundation.  Fracture  Liaison  Service. = Available  online:
https://capturethefracture.org/fracture-liaison-services (accessed on 26 September 2019).

Nayak, S.; Greenspan, S.L. How can we improve osteoporosis care? A systematic review and meta-analysis
of the efficacy of quality improvement strategies for osteoporosis. J. Bone Min. Res. 2018, 33, 1585-1594.
Ministero della Salute, Agenzia Nazionale per i Servizi Sanitari Regionali. Piano Nazionale Esiti. 2016.
Available online:
http://www salute.gov.it/portale/temi/p2_6.jsp?lingua=italiano&id=2905&area=programmazioneSanitaria
Lea&menu=vuoto (accessed on 30 September 2019).

Moja, L.; Piatti, A.; Pecoraro, V.; Ricci, C.; Virgili, G.; Salanti, G.; Germagnoli, L.; Liberati, A.; Banfi, G.
Timing matters in hip fracture surgery: Patients operated within 48 hours have better outcomes. A meta-
analysis and meta-regression of over 190,000 patients. PLoS ONE 2012, 7, e46175.

International Osteoporosis Foundation. IRCCS Istituto Ortopedico Galeazzi. Available online:
https://capturethefracture.org/irccs-istituto-ortopedico-galeazzi (accessed on 27 September 2019).

Ganda, K.; Puech, M.; Chen, ].S.; Speerin, R.; Bleasel, ].; Center, ].R.; Eisman, J.A.; March, L.; Seibel, M.].
Models of care for the secondary prevention of osteoporotic fractures: A systematic review and meta-
analysis. Osteoporos. Int. 2013, 24, 393-406.

Ruggiero, C.; Zampi, E.; Rinonapoli, G.; Baroni, M.; Serra, R.; Zengarini, E.; Baglioni, G.; Duranti, G.;
Ercolani, S.; Conti, F.; et al. Fracture prevention service to bridge the osteoporosis care gap. Clin. Interv.
Aging 2015, 10, 1035-1042.

Harvey, N.C.; McCloskey, E.V.; Mitchell, P.J.; Dawson-Hughes, B.; Pierroz, D.D.; Reginster, ].Y.; Rizzoli,
R.; Cooper, C.; Kanis, J.A. Mind the (treatment) gap: A global perspective on current and future strategies
for prevention of fragility fractures. Osteoporos. Int. 2017, 28, 1507-1529.

Mitchell, P.; Akesson, K.; Chandran, M.; Cooper, C.; Ganda, K.; Schneider, M. Implementation of models
of Care for secondary osteoporotic fracture prevention and orthogeriatric models of care for osteoporotic
hip fracture. Best Pract. Res. Clin. Rheumatol. 2016, 30, 536-558.

Delmas, P.D.; van der Langerijt, L.; Watts, N.B.; Eastell, R.; Genant, H.; Grauer, A.; Cahall, D.L.; IMPACT
Study Group. Underdiagnosis of vertebral fractures is a worldwide problem: The IMPACT study. J. Bone
Min. Res. 2005, 20, 557-563.



Int. J. Environ. Res. Public Health 2019, 16, 4902 12 of 12

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Smith, M.G.; Dunkow, P.; Lang, D.M. Treatment of osteoporosis: Missed opportunities in the hospital
fracture clinic. Ann. R. Coll. Surg. Engl. 2004, 86, 344-346.

Department of Health. Fracture Prevention Services: An Economic Evaluation. Available online:
https://webarchive.nationalarchives.gov.uk/20130123201008/http://www.dh.gov.uk/en/Publicationsandst
atistics/Publications/PublicationsPolicy AndGuidance/DH_110098 (accessed on 11 November 2019).
Porter, M.E. What is Value in Health Care? N. Engl. . Med. 2010, 363, 2477-2481.

Nwachukwu, B.U.; Hamid, K.S.; Bozic, K.J. Measuring value in orthopaedic surgery. JBJS Rev. 2013, 19, 1.
New England Journal of Medicine Catalyst. What is Value Based-Healthcare? Available online:
https://catalyst.nejm.org/what-is-value-based-healthcare/ (accessed on 29 September 2019).

Pennestri, F.; Banfi, G. Value-based healthcare: The role of laboratory medicine. Clin. Chem. Lab. Med. 2019,
57,798-801.

Wu, C.H.; Chen, C.H,; Chen, P.H,; Yang, ].].; Chang, P.C.; Huang, T.C.; Bagga, S.; Sharma, Y.; Lin, RM.;
Chan, D.C. Identifying characteristics of an effective fracture liaison service: Systematic literature review.
Osteoporos. Int. 2018, 29, 1023-1047.

Wu, C.H,; Tu, S.T.; Chang, Y.F.; Chan, D.C.; Chien, ].T.; Lin, C.H,; Singh, S.; Dasari, M.; Chen, ].F.; Tsai, K.S.
Fracture liaison services improve outcomes of patients with osteoporosis-related fractures: A systematic
literature review and meta-analysis. Bone 2018, 111, 92-100.

Walters, S.; Khan, T.; Ong, T.; Sahota, O. Fracture liaison services: Improving outcomes for patients with
osteoporosis. Clin. Interv. Aging 2017, 12, 117-127.

Alswat, K.A. Gender disparities in osteoporosis. J. Clin. Med. Res. 2017, 9, 382-387.

Newman, E.D.; Ayoub, W.T.; Starkey, R.H.; Diehl, ].M.; Wood, G.C. Osteoporosis disease management in
a rural health care population: Hip fracture reduction and reduced costs in postmenopausal women after
5 years. Osteoporos. Int. 2003, 14, 146-151.

Jaglal, S.B.; Donescu, O.S.; Bansod, V.; Laprade, J.; Thorpe, K.; Hawker, G.; Majumdar, S.R.; Meadows, L.;
Cadarette, S.M.; Papaioannou, A.; et al. Impact of a centralized osteoporosis coordinator on post-fracture
osteoporosis management: A cluster randomized trial. Osteoporos. Int. 2012, 23, 87-95.

Shipman, K.E.; Doyle, A.; Arden, H. Development of fracture liaison services: What have we learned? Injury
2017, 48, S4-S9.

Cabitza, F.; Dui, L.G.; Banfi, G. PROS in the wild: Assessing the validity of patient reported outcomes in an
electronic registry. Comput. Methods Programs Biomed. 2019, 181, 104837.

International Society of Orthopedic Centers. Available online: https://www.isocweb.org/ (accessed on 3
October 2019).

© 2019 by the authors. Licensee MDP], Basel, Switzerland. This article is an open access

‘@ @ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).



