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Abstract
Introduction We present the second implementation of a fracture liaison service (FLS) at a national level in Greece.
Methods This was a multicenter prospective study, organized by the Hellenic Society for the Study of BoneMetabolism, aiming
to investigate the tracking and outcome of patients with low-trauma fractures visiting four university orthopedic departments
across the country. The primary endpoint was the participation rate of eligible patients with low-trauma fractures in the program
within a time frame of 1 year. Secondary outcomes included the percentage of patients initiating osteoporosis treatment,
adherence to treatment, and the percentage of patients experiencing subsequent fractures. A major difference with previous
reports was the designed implication of the orthopedic surgeon managing the fracture.
Results Among the 1350 eligible patients with major osteoporotic fractures, only 396 (29.3%; mean age 78.1 ± 11.6 years;
female/male ratio: 4.4) agreed to participate, nearly all of the latter (n = 392) completing the study. With the exception of seven
patients, all participants were receiving anti-osteoporotic treatment at the end of the study. Twelve new fractures were recorded at
completion of the 12-month follow-up, which were all sustained in patients who either declined to receive anti-osteoporotic
treatment or who discontinued treatment despite advice to the contrary.
Conclusion The participation rate remains low and needs improvement. However, we report herein that whenever the treating
physician is involved in the FLS structure, patients are more easily convinced to complete the program, to receive anti-
osteoporotic treatment, and to stay connected throughout with the outpatient clinic.
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Introduction

Fracture liaison services (FLS) are coordinated fracture pre-
vention programs that have evolved over the last few decades
targeting osteoporotic patients, who, in most cases, present
with their first fracture, in an effort to enhance the manage-
ment of the underlying osteoporosis and frailty [1].

Despite their effectiveness, however, FLS programs are
still far from achieving optimal outcomes in the increase of
disease awareness and guidance of appropriate management.
In addition, FLS implementation in different countries has
produced a wide range of results [2–6], most of which docu-
ment the need to upgrade the service to being one of standard-
ized and universal design and structure.

Following the results of the pilot study of FLS implemen-
tation in Greece in a single center in Athens [6], the Hellenic
Society for the Study of Bone Metabolism (HSSBM) orga-
nized and implemented the second FLS program in Greece
targeting a larger pool of fractured patients at a national level.

Patients and methods

Patients

“Secondary Prevention of Osteoporotic Fractures: a Multiple
Center Fracture Liaison Service in Greece” was a multicenter
prospective study run by the Departments (Dpts) of
Orthopedics of four different hospitals in four large cities of
Greece (NCT 02637180). The initial study design included
five University Orthopedic Dpts; however, one center was
finally not included for administrative reasons and thus did
not recruit any patients. There are 85 Orthopedic Dpts in
Greece receiving trauma cases and therefore patients with
fractures of any kind at a 24-h base. The selection of the four
included Dpts was mainly based on their location in order to
be representative of a large area of Greece, although the study
was not designed to include a randomly selected, specific
percentage of the total number of Orthopedic Dpts. There
was no established FLS both in the four Orthopedic Dpts as
well as in their hosting hospitals before this study. In specific
and with the exception of the previously published FLS [6],
there were no other FLS programs running in Greece at the
time of the study’s onset. Therefore, the previous workflow in
these Dpts following the identification of a fragility fracture
did not include any diagnostic procedure regarding osteopo-
rosis, and there was no established link with the relevant out-
patient clinic. In addition, the participating centers were free to
continue the specific FLS program at their own resources fol-
lowing the end of the study; however, there are no available
collected records following the conclusion of the study from
any of the four Dpts.

From April 2015 through December 2016, the study
targeted all hospitalized patients as well as all outpatients of
each referral center who fulfilled the following simple eligi-
bility criteria: (i) age ≥ 50 years and (ii) presence of at least one
low-energy fragility fracture (defined as a fracture resulting
spontaneously or after minimal trauma such as falling from
standing height or less) of the following skeletal sites: hip,
spine, proximal humerus, distal forearm, and pelvis. The en-
rollment period was 365 days for each Dpt, starting from the
first patient’s enrollment date in each center; the overall en-
rollment period did not start at the same time for each Dpt due
to administrative issues at each hospital, and this is the reason
for the 18-month total enrollment period of the whole study.
Patients’ follow-up was 365 days; therefore, the total duration
of the program in each center could extend up to 2 years in
accordance with the protocol’s design. The study was com-
pleted in December 2017.

Exclusion criteria were the presence of osteomalacia and/or
other clinical entities predisposing to low-energy fractures,
apart from osteoporosis, such as primary or secondary hyper-
parathyroidism, Paget’s disease of the bone, osteogenesis
imperfecta, paraplegia, etc.

The study was in accordance with the Declaration of
Helsinki and was approved by the local medical ethical com-
mittees, while all patients provided written informed consent
after being informed in detail of the program’s terms and
conditions.

Methods

All eligible patients were interviewed by the FLS personnel in
full cooperation with the treating physician (orthopedic sur-
geon managing the fracture) according to the steps described
in supplemental Fig. 1 and in accordance with the previously
published IOF CSA Fracture Working Group recommenda-
tions [7].

In specific:
1. The patients were informed about the program and were

given the relevant informative printed material by the FLS
personnel (dedicated nurse and/or resident) and the treating
physician.

2. Patients willing to participate were asked to sign the
informed consent form; the time frame of the recruitment pe-
riod for each patient was that of 48 h following the identifica-
tion of the fracture.

3. Each patient’s file was completed and updated with all
appropriate data including: hip and lumbar spine BMD, tho-
racic and lumbar spine X-rays, and the minimum required
laboratory tests according to the Greek osteoporosis guide-
lines [8]. The completion of each patient’s file was organized
by the FLS personnel in cooperation with the Dpt personnel
for inpatients or with the treating physician for outpatients.
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4. Calculation of the FRAX score was performed in all
treatment-naive patients, and the need for treatment was re-
corded using specific thresholds for the Greek population [9].

5. FLS personnel assured the patient that his/her physician
(either treating physician or the physician specialized in met-
abolic bone disorders) recommended the specific anti-
osteoporotic treatment, where appropriate, before the patient’s
discharge. Clear written instructions were always given re-
garding the recommended therapeutic approach and the time
schedule of future visits, while patients were instructed and
encouraged to inform any other physicians dealing with their
health issues about their participation in the FLS program.

6. A patient support program with regular telephone con-
tacts was organized and carried out by the FLS personnel who
provided further information when needed, alerted the patients
and/or their relatives as to the necessity for close monitoring,
and facilitated the next appointment in the specialized outpa-
tient clinic for metabolic bone diseases.

Patients could opt to be monitored in other healthcare set-
tings as well. Overall, this FLS program can be described as a
modified type B model of care [10], as it included identifica-
tion, investigation, and treatment recommendations as defined
by the FLS, while treatment initiation or continuation was
supported both within the FLS and in other healthcare
settings.

During each telephone contact, specific data were collected
and recorded regarding (a) new fracture(s), (b) regular

supervision/follow-up by a bone specialist, and (c) the pa-
tient’s adherence to specific anti-osteoporotic treatment
through the number of executed prescriptions, which is avail-
able in the online national prescription system. In cases of
treatment discontinuation, the reason was identified and re-
corded. The telephone contacts were scheduled for 1, 6, and
12 months after discharge from the hospital or from the initial
visit to the outpatient clinic.

Study outcomes

The primary outcome measure was the participation rate of
eligible patients with low-trauma fractures in the FLS program
within the time frame of 2 years. Secondary outcomes includ-
ed the percentage of patients initiating osteoporosis treatment,
the percentage of patients experiencing subsequent fractures,
and adherence to anti-osteoporotic treatment during the
follow-up period based on the calculation of the medication
possession ratio (MPR).

Statistical analysis

Data are expressed as mean ± standard deviation (SD) or fre-
quencies and percentages for quantitative and qualitative var-
iables, respectively. Comparisons of qualitative variables be-
tween treatment groups were performed using the z score for
two population proportions. All tests were two-sided, and

Fig. 1 Workflow of patients recruited and finally enrolled in the study
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statistical significance was set at p < 0.05. Analyses were con-
ducted using the statistical package SPSS v. 21.00 (IBM
Corporation, Somers, NY, USA).

Results

Across the four Orthopedic Dpts that participated in this FLS
program, 1350 patients were referred (either hospitalized or
visiting the outpatient clinic) and considered eligible for the
study, although only 396 (29.3%) agreed to participate
(Fig. 1), while 954 patients (70.7%) declined for personal
reasons. In specific, the vast majority of patients declined to
participate as they believed that the whole procedure was
time-consuming offering no additional benefits for their health
status as they were already under some kind of supervision for
osteoporosis; the second most common reason for nonpartic-
ipation was the concern for the use of medications for osteo-
porosis which reflects on the general problem of suboptimal
awareness about the disease. The distribution of the initially
eligible and finally enrolled patients across the four centers is
shown in Fig. 2, while the type of their fragility fractures is
depicted in Table 1.

The mean age of the patients finally enrolled in the study
(n = 396) was 78.1 ± 11.6 years (range 52–104 years), with a
female to male ratio of 4.4. More than 50% of the recorded
fractures were of the hip (54.3%), while vertebral (VF) and
non-vertebral (NVF) fractures accounted for 4.7% and 41% of
the total recorded fractures, respectively. At baseline 57.3% of
the enrolled patients were under supervision for osteoporosis
by a physician and were previously prescribed anti-
osteoporotic treatment. However, 86.4% of them had stopped
their treatment during the preceding year from the recorded
fracture despite their physician’s contrary recommendation.

At the first month telephone visit (Visit 1), all except one
patient were under supervision by a bone specialist and were
receiving anti-osteoporotic treatment. No treatment interrup-
tion and no new fractures were recorded among patients under
treatment. The one participant who did not get any anti-
osteoporotic treatment during the first month had sustained a
new hip fracture (Table 2).

At the 6-month telephone visit (Visit 2), all except three
patients were under medical supervision and were receiving
anti-osteoporotic treatment. There was only one treatment dis-
continuation based on the doctor’s decision, and four new
fractures were recorded (one VF and three NVFs) among the
patients. Specifically, the newNVFs were reported in the three
patients who were not receiving anti-osteoporotic treatment,
while the one patient who had discontinued treatment suffered
a new VF. Although the number of fractures is too low to
reach a solid statistical conclusion, fracture incidence was sig-
nificantly lower in patients under anti-osteoporotic treatment

compared to those that were not receiving any treatment (z =
17.21 p < 0.001).

At the 12-month telephone visit (Visit 3), with the excep-
tion of four patients, all participants were being medically
followed up and were receiving anti-osteoporotic treatment.
Three patients had discontinued treatment, one after the doc-
tor’s decision and two on their own. Seven new fractures were
recorded: one VF, five NVFs, and one hip fracture. As at Visit
2, and with the same limitations, there was a significant in-
crease in new fractures among patients who were not receiv-
ing any anti-osteoporotic treatment compared to those that
were under medication [4 (100%) vs. 3 (0.8%) z = 14.98
p < 0.001]. In addition, three patients who had discontinued
treatment suffered a new fragility fracture (one hip and two
NVFs).

Of the 12 new fractures that were recorded during the 12-
month follow-up period, 1 was sustained by a male patient
who was not under anti-osteoporotic treatment at 6 months
after the initial record, and the rest were recorded in female
patients (Table 3). However, there was no statistically signif-
icant difference in fracture incidence between males and fe-
males at 6 (p = 0.477) or 12 months (p = 0.992) evaluation
time.

The majority of the new fractures that were recorded were
NVFs (n = 8, 66%), twowere hip fractures, and twowere VFs.
All fractures were reported in patients who had declined or
discontinued anti-osteoporotic treatment. In a subgroup anal-
ysis between patients under or over the age of 75 years, there
was no statistically significant difference in fracture incidence
either at 6 (p = 0.638) or at 12 months (p = 0.406).

Discussion

This is the second report of FLS implementation in Greece
conducted in a multicenter design evaluating the efficacy of
secondary prevention over a 2-year period. Despite the large
number of patients considered eligible to participate in the
program, the recruitment efficacy was very low (29.3%),
and significantly lower compared with the first FLS Greek
report (54.5%) [6], or other national programs, e.g., in
The Netherlands, Spain, and the UK [11–14]. As in most other
FLS programs, the majority of eligible patients who agreed to
participate had suffered a hip fracture [1].

However, despite the disappointingly low recruitment rate,
the percentage of recruited participants who completed the
study, having attended the 12-month follow-up visit, reached
99%. This is in discordance with the first FLS Greek report
performed in the setting of a single hospital, where the com-
pletion rate was lower than 20% [6], but in line with other
studies that reported percentages of adherence to treatment
and follow-up visits of between 65 and 80% [12, 13, 15].
This striking difference, both in the recruitment rate and in
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the percentage of patients who finally completed the follow-
up visits, can be attributed to differences in the structure of the
two FLS programs. In the first FLS program [6], screening
and recruitment of eligible patients were performed by the
registered nurse who was specifically assigned to this task
and therefore was both motivated and dedicated. In the current
study, in which Orthopedic Dpts were involved rather than
hospitals, the treating physicians were required to be involved
in the recruitment of the eligible patients during their routine
clinical work at the hospital, and this might have influenced
the final outcome. In other words, the recruitment of patients
was an additional task for the orthopedic surgeons on top of a
usually overloaded work schedule. Another probable reason
for the high percentage of reluctant patients might have been
the relatively high percentage (57.3%) of patients under oste-
oporosis treatment. Therefore, patients probably opted to be
followed by their own physician rather with an FLS setting. In
addition this high percentage of patients with previous

osteoporosis follow-up might indicate a selection bias of the
study’s population. We cannot provide a solid explanation for
this. Given that a patient in Greece can usually choose among
the hospitals of his/her residential area, a probable reason
would be the urban and rather central location of these
University Dpts, which probably makes them easily accessi-
ble to patients with unrestricted access to health services and
thus adequately treated for several medical conditions. On the
other hand, and despite the low recruitment rate of eligible
patients, the role of the treating physician in the completion
rate of the recruited patients proved to be extremely important,
since almost 100% of them completed the follow-up visits for
up to 1 year. We could not identify any specific characteristics
among these adherent patients, and there were no particulari-
ties either in their management within the FLS or outside of it.
In addition, as this was a common finding in all four centers,
we cannot attribute it to special communication abilities of the
FLS personnel. Therefore, it seems rational to conclude that
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whenever the treating physician is involved in the process of
recruitment and motivation, the patient remains under medical
supervision.

It appears that the recruitment success of osteoporotic pa-
tients depends largely on the time dedicated by the assigned
personnel to explaining the risks of osteoporosis and the treat-
ment benefits. As shown by similar studies [6, 16], the FLS
personnel are usually not exclusively employed, but instead,
the task comes in tandem with the rest of their duties and is,
moreover, mainly voluntary. However, from our experience in
Greece, it is clear that even when such a multitask and time-
consuming program as is FLS is carried out by dedicated and
motivated personnel who are willing and able to explain to
patients in detail the risks of osteoporosis and convince them
of the urgent need for treatment, the results are, on the whole,
highly satisfactory and successful.

In Greece, osteoporosis management is supported by specif-
ic guidelines [8, 17], clear FRAX thresholds for cost-effective
treatment [9, 18], and easy access to BMD measurements with
appropriate reimbursement. However, whenever there is a lack
of financial support, the national registry and audit FLS pro-
grams will have poor results, at least in terms of disease

awareness. Osteoporosis, like other silent and asymptomatic
chronic diseases such as diabetes and hypertension, need pro-
phylactic and chronic management in order to reduce the risk of
future complications; nevertheless, for various reasons, adher-
ence to treatment is at present rather low [19–21]. In a recent
study, only 19% of patients with hip fractures had been receiv-
ing bone-active osteoporosis treatment before the occurrence of
the fracture, and this percentage barely changed, rising to 21%
after the fracture [22]. This kind of diagnostic gap is too high
given the fact that effective therapies exist to reduce a future
fracture, this underscoring the need for a more focused public
health approach [23, 24]. In this study, the percentage of hip
fractures was quite high, representingmore than 50% of eligible
and finally included cases, and this might point to a possible
selection bias; however, this is attributed to the fact that almost
all hip fractures are admitted in an Orthopedic Dpt in Greece,
while other less severe fractures might receive medical care in
public or private outpatient settings. Therefore, any Greek FLS
occurring in an orthopedic Dpt receiving trauma cases will have
a high percentage of hip fractures.

In the first Greek report, it was shown that the profile of
osteoporotic patients reluctant to participate in an FLS program

Table 2 Clinical characteristics of patients during the follow-up period

Visit 1 (1st month) Visit 2 (6 months) Visit 3 (12 months)

Under follow-up: no/yes; n (%) 1 (0.3%)/395 (99.7%) 3 (0.8%)/393 (99.2%) 4 (1.0%)/392 (99.0%)

Under treatment: no/yes; n (%) 1 (0.3%)/395 (99.7%) 3 (0.8%)/393 (99.2%) 4 (1.0%)/392 (99.0%)

Treatment interruption: no/yes; n(%) 396 (100%)/0 (0%) 392 (99.7%)/1 (0.3%) 393 (99.2%)/3 (0.8%)

Reason for interruption (n, %) Doctor’s decision 0 (0%) 1 (0.3%) 1 (0.3%)

Adverse event 0 (0%) 0 (0%) 0 (0%)

No compliance 0 (0%) 0 (0%) 0 (0%)

Patient’s decision 0 (0%) 0 (0%) 2 (0.6%)

Death 0 (%) 0 (0%) 0 (0%)

Type of fracture (n,%) Vertebral 0 (0%) 1 (0.3%) 1 (0.3%)

Hip 1 (0,3%) 0 (0%) 1 (0.3%)

Non vertebral 0 (0%) 3 (1.0%) 5 (1.5%)

Number of fractures (n,%) Treatment 0 (0%) 1 (0.3%) 3 (0.8%)

No Treatment 1 (100%) 3 (100%) 4 (100%)

Table 1 Type of fractures in eligible and finally included patients across the four Orthopedic Departments

University Orthopedic
Clinic of Larissa

University Orthopedic
Clinic of Nea Ionia, Athens

University Orthopedic
Clinic of Thessaloniki

University Orthopedic
Clinic of Alexandroupolis

Hip 348 134 157 95

Vertebral 25 17 8 14

Proximal humerus 34 32 27 20

Distal forearm 152 96 116 40

Pelvis 7 14 11 3

Eligible patients (n) 566 293 319 172

Patients included in the study (n, %) 135 (23.9%) 152 (51.9%) 55 (17.2%) 54 (31.4%)
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was that of a male of a relatively younger age, with a single
NVF other than the hip. In addition, patients older than 75 years
oldwith a hip fracture and several comorbidities appearedmore
prone to discontinue the project. These are the patients who
show poor adherence to treatment as they either do not realize
that fractures are life-threatening or they experience great dif-
ficulties in visiting an outpatient clinic because of an inade-
quate transportation system. Greece lacks a patient-centered
public facility for nonemergency transportation, which is criti-
cal for older patients, especially when they live alone. One
limitation of this study, however, is that relevant data on the
patients who declined to participate or who were lost to follow-
up are missing, and thus we could not confirm whether the
above factors were applicable to our subjects.

Finally, during the follow-up visits of our current study, 12
new fragility fractures occurred in the total of 392 patients
who completed the project. Despite the fact that all of these
fractures were reported in patients who had declined or
discontinued anti-osteoporotic treatment, the numbers were
too small to draw any solid conclusions, and the treatment
period is too small to effectively influence the re-fracture rates.
This finding appears to illustrate somewhat of a fortuitous
event rather than an event clearly associated with or driven
by the lack of anti-osteoporotic treatment.

The present study has several limitations, some of them
being common with the first Greek report: (i) data on treat-
ment adherence was based only on information retrieved by
the patients and the national prescription system, which pro-
vides information regarding the executed prescriptions but not
about the actual intake of medication; (ii) we did not have any
information regarding the participants who preferred to visit
other outpatient clinics or other physicians in private practice
during the follow-up; (iii) in contrast with the first report, we
did not have data on the eligible patients who refused to par-
ticipate, which would have enabled us to identify any specific

characteristics; and (iv) telephone visits might have missed
any morphological vertebral fractures leading to underestima-
tion of their number.

In conclusion, and based on the experience gained from FLS
implementation in Greece, recruitment rates need to be further
improved. In order to boost both the recruitment and comple-
tion rate, it is important for the treating physician to be well
educated, motivated, and able to spend the appropriate amount
of time needed to encourage patients to enroll. Furthermore,
specific target groups need special attention, such as young
people and older people with comorbidities and/or
polypharmacy. In addition, a national fracture database is ur-
gently needed, and HSSBM is collaborating with the ministry
of health and other medical societies to reach this goal. This
will certainly help all FLS efforts, especially at a national level,
as it is the case in other countries such as the UK (https://www.
nhfd.co.uk). Finally, our results have clearly demonstratedwhat
a crucial role is played in the final outcome by the operational
structure of the FLS, which, as a highly demanding and time-
consuming effort, should be adequately and systematically sup-
ported by the national healthcare system.
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Table 3 Characteristics of
patients who sustained a new
fracture during the follow-up
period

Patient with fracture Treatment

status

Gender Age group Type of fracture

1 Declined M < 75 Non-vertebral

2 Discontinued F < 75 Hip

3 Declined F < 75 Non-vertebral

4 Declined F < 75 Non-vertebral

5 Declined F < 75 Vertebral

6 Declined F < 75 Vertebral

7 Declined F > 75 Hip

8 Discontinued F > 75 Non-vertebral

9 Discontinued F >75 Non-vertebral

10 Discontinued F > 75 Non-vertebral

11 Declined F > 75 Non-vertebral

12 Declined F > 75 Non-vertebral

F female; M male
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