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Abstract
Summary We examined the effectiveness of coordinators’ interventions to prevent secondary fractures in patients with fragility
fractures. These coordinator-based interventions improved bone density assessment implementation and treatment rates, and
enhanced treatment persistence rates in the early stages following fractures.
Introduction This study aimed to determine the efficiency of coordinator-based osteoporosis intervention in fragility fracture
patients during a 2-year period.
Methods A prospective intervention randomized control study was conducted at seven medical facilities from January 2015 to
March 2017. Postmenopausal women and men over 50 years old with fragility fractures were randomly divided into the coordinator
intervention (LI; 70 patients) and without intervention (non-LI; 71 patients) groups. The osteoporosis treatment rate, osteoporosis
treatment persistence rate, fall rate, fracture incidence rate, and bone density measurement rate 3 months, 6 months, 1 year, and 2 years
after registration were compared between the two groups. Non-parametric tests were used to analyze data at each inspection period.
Results The osteoporosis treatment initiation rate was significantly higher in the LI group than in the non-LI group (85.7%vs. 71.8%; p
= 0.04). The LI group had significantly higher bone density assessment implementation rates than the non-LI group at the time of
registration (90.0% vs. 69.0%; p = 0.00) and 6 months after registration (50.0% vs. 29.6%; p = 0.01), but not 1 or 2 years after
registration. In addition, no significant differences in fall or fracture incidence rates were found between the two groups.
Conclusion The coordinator-based interventions for fragility fractures improved bone density assessment implementation and
treatment rates and enhanced treatment persistence rates in the early stages following bone fractures. The findings suggest that
liaison intervention may help both fracture and osteoporosis physicians for the evaluation of osteoporosis and initiation and
continuation of osteoporosis medication.

Keywords Anti-osteoporosis treatment . Bone density assessment . Fall rate . Fracture liaison service . Secondary fracture
prevention

Introduction

Osteoporosis is defined as a skeletal disorder characterized by
compromized bone strength predisposing a person to
an increased risk of fracture” [1]. Osteoporosis increases the

risk of fracture, but the presence of decreased bone mass alone
does not always result in symptoms and is often first known
with the onset of fracture; thus, osteoporosis is referred to as a
“silent disease.” Fragility fractures caused by osteoporosis are
well-known to increase the risk of further fragility fractures;
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medical history of the wrist, vertebral body, or hip fractures
increases the risk of further fractures in the wrist, vertebral
body, and hip [2]. Fragility fractures induce lower activities
of daily living (ADL), and repeated fractures further reduce
mobility. For instance, a large-scale investigation involving
10,992 patients with hipfractures treated at 158 national facil-
ities [3] showed that 87% of patients had independent ADL
prior to fracture, but the rate decreased to 50% after 1 year
following the fracture. In addition, studies found that women
who experienced at least one vertebral body fracture had a
higher mortality rate than women without vertebral body frac-
tures [4]; that the 1-year survival rate of patients with hip
fractures was lower than that of the general population [5];
and that among patients with hip fractures in nursing homes,
45% died and only 35% were able to walk 12 months after
injury [6]. These findings suggest that fragility fractures are
associated with decreased survival in the elderly.

There has been tremendous progress in osteoporosis
treatment drugs in recent years, and these drugs suppress
secondary fracture in over 50% of patients with fragility
fracture; however, there have been few cases where suit-
able osteoporosis treatment was conducted in patients fol-
lowing fragility fracture. For instance, an investigation in
Denmark [7] showed that the osteoporosis treatment rates
following fracture were 16.5% and 39.6% in men and
women, respectively, which are relatively low; in addi-
tion, there was an unfavorable persistence rate as well.
Studies in Japan indicated that the osteoporosis treatment
rate following hip fracture was low (less than 20%) [8, 9].
These findings indicate that fragility fractures are terrify-
ing illnesses, and their onset induces further fracture, rap-
idly decreases ADL/quality of life (QOL), and even
worsens vital prognosis. However, to date, no efficient
re-fracturing prevention treatment is available.

In recent years, there has been more widespread use of
fracture liaison service (FLS), which involves the inter-
vention of coordinators (liaisons) who efficiently imple-
ment fragility fracture prevention through “multidisciplin-
ary coordination” [10]. This secondary fracture prevention
program involves multidisciplinary patient education, os-
teoporosis treatment commencement, exercise guidance,
and fall prevention guidance for patients with fragility
fractures. Secondary fracture prevention is conducted dur-
ing the fracture treatment period at medical facilities and
is thus easy to implement. Furthermore, the pain and life-
style function limitations accompanying fracture are per-
sonally experienced, and it is thus easy to gain compre-
hension of osteoporosis treatment for the purposes of frac-
ture prevention [11]. Therefore, FLS is considered to have
superior treatment efficiency than primary fracture pre-
vention [10].

There have been several secondary fracture prevention ini-
tiatives for Asian populations [12]. An authorization system

for the education of medical staff with knowledge of osteopo-
rosis and coordinators involved in secondary fracture preven-
tion has recently started in Japan since 2014 [13]. However,
no prospective studies have examined the effectiveness of
coordinated secondary fracture prevention among Japanese
populations. Accordingly, the objective of this study was to
determine the effectiveness of liaisons who received coordi-
nator authorization for osteoporosis treatment following the
onset of fragility fracture in improvements of osteoporosis
treatment and persistence rates and outcomes of secondary
fracture prevention.

Methods

Study design

This study was a prospective, randomized, comparative open
study with 2-year intervention. The primary endpoints were
the osteoporosis treatment commencement and persistence
rates. The secondary endpoints were falling incidence rate
and fracture incidence rate.

Patients

Patients with fragility fractures within 3 months of an injury,
who were injured between January 2015 andMarch 2017, and
treated at one of the seven medical facilities in Tottori
Prefecture, were included in the study (These seven hospitals
accept fragility fracture patients and perform fracture surgery).
A fragility fracture was defined as a “non-traumatic fracture
that occurred due to slight external force.” Selected patients
included postmenopausal women and men aged 50 years or
older; they provided written consent following sufficient ex-
planation and comprehension of research participation.
Patients, whose investigation was difficult due to dementia,
with fractures due to high-energy trauma, such as traffic/
falling accidents, and whose treatment and investigation were
difficult due to severe complications, were excluded from the
study. Fracture locations included the spine, hip, ribs, pelvis,
proximal humerus, distal radius, and lower leg bones. Since
the aim of the study was to investigate the effect of an inter-
vention, not including all cases of fragility fracture included in
this study. This was due to the limit number and burden on the
liaison nurses, of whom there were only one or two in each
facility. At the start of the study, the target number of patients
was set at 150.

Setting

Before this study, we independently created a pamphlet for re-
fracturing prevention. The pamphlet could record osteoporo-
sis treatment history, bone density inspection, falling and
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included information on exercise, daily lifestyle guidance, and
dietary guidance for preventing re-fracturing. The number of
coordinators included 13 in seven facilities. The coordinators
earned their certification from the Japanese Osteoporosis
Society, and the certification requirements are based on lec-
ture attendance for a certain number of hours and passing an
exam. They also regularly attend lectures to renew their man-
ager certification [13]. In addition, study and information ses-
sions were held every 4 months for this project to ensure that
the manager’s activities were occurring.

When patients with fragility fractures either sought a diag-
nosis at the outpatient care or were hospitalized at one of the
participating research facilities, a liaison checked the chart
information and picked up those who conformed to the eligi-
bility criteria and did not meet exclusion criteria. Patients with
(1) hip fracture, (2) vertebral body fracture, or (3) other frac-
tures were randomly and dynamically allocated based on the
fracture type into coordinator intervention (liaison interven-
tion; LI) and without intervention (non-liaison intervention;
non-LI) groups using an enveloped method. A previously
assigned facility registration number and an identification
(ID) number created at each facility were then recorded, and
a registration sheet was entered for all patients; all information
was then sent to a registration/data center. The allocation re-
sults and research subject list were managed by only the liai-
son at each facility, and both physicians and patients were
blinded to the allocation results. Baseline observation end-
points included sex, age at the time of registration, di-
agnosis date, walking state prior to injury/onset, osteo-
porosis treatment presence, types of osteoporosis treat-
ment, fracture date, fracture location and type, injury
location, reason for injury, medical history other than
fracture, and history of fracture.

Standard treatments, such as osteosynthesis for fracture of
the long bones and corset treatment for spinal vertebral frac-
tures, were performed according to the hospital policy in both
groups. None of the treatments were fixed in the seven hospi-
tals. The liaison requested bone density assessments and oste-
oporosis drug treatment to the physicians for the LI group at
the time of research registration. Fracture risk assessment
using fracture risk assessment tool (FRAX), EuroQOL 5 di-
mensions 5-level (EQ-5D-5L)-based QOL assessments, fall
prevention/lifestyle guidance using created pamphlets, and
osteoporosis treatment education were conducted by the liai-
son. Only the created pamphlets were distributed, and FRAX-
based fracture risk assessment and QOL assessment were con-
ducted for the non-LI group. The dynamic allocation was
conducted for both groups, and assessments were conducted
for drug administration persistence, osteoporosis treatment
drug administration, bone density assessment implementation,
fall/fracture/complication onset presence, and health inspec-
tions (EQ-5D-5L) at the time of registration, as well as 3
months, 6 months, 1 year, and 2 years after registration

(henceforth, “after 3 months,” “after 6 months,” “after 1 year,”
and “after 2 years,” respectively). Diagnoses were encouraged
at each time period, guidance was implemented through the
interview for the LI group, and patients who could not conduct
diagnoses had their assessments by phone. The non-LI group
underwent the survey and questionnaire by mail only.

The primary endpoints were the osteoporosis treatment
commencement rate and the osteoporosis treatment persis-
tence rate. As for the drug administration persistence rate,
persistence among those with prescriptions from treatment
institutions was classified as never forgetting to take their
administered prescriptions or only missing 1 or 2 administra-
tions. As for patients who used injections, the liaison at each
facility confirmed from the medical facility whether the pa-
tient was persistently administered the drug, and persistence
was defined as persistent administration of the drug.

The secondary endpoints were fall and fracture rates.
Falls were defined according to the definition provided by

Gibson, which was published by the Kellogg International
Work Group [14], as “unintentionally coming to the ground
or to a lower level.” Falling incidents were recorded in a “bone
health notebook” distributed to patients, and records were
confirmed either during diagnosis or during interviews with
liaisons. The fall incidence rate was assessed based on falls
that occurred even once during the observation period, and the
percentages of fall presence were compared between the LI
and non-LI groups. The bone fracture incidence rate was cal-
culated based on clinical fractures that were confirmed by X-
ray inspection, CT inspection, and MRI inspection during
symptomatic periods or at the time of falling. The frequencies
of fall incidents were compared between the LI and non-LI
groups. Furthermore, bomemineral density were performed at
registration and at 6 months, 1 year, and 2 years
after registration. We compared the percentages of bone min-
eral density assessments between the LI and non-LI groups.
And the incidences of complications (pneumonia, dementia,
or bedsores) at the time of registration were reported by the
patient or family members, and the differences in incidence at
each observation period between the LI and non-LI groups
were analyzed.

Statistical analyses

The efficacy analysis used the per-protocol set, and the anal-
ysis of adverse events used the full analysis set. Statistical
analyses for assessment categories at each inspection period
used non-parametric tests (chi-squared test or Fisher’s
exact test). As for the secondary fracture incidence rate,
the Kaplan-Meier estimator with secondary fracture in-
cidence as an endpoint was used to compare the LI and
non-LI groups, and the cumulative survival rate at the
2-year mark was analyzed using the log-rank test. The
significance level was set at p < 0.05.
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All statistical analyses were contracted to the Institute of
Statistical Mathematics of the Research Organization of
Information and Statistics, and assessments were inde-
pendently conducted. Data analyses were performed
using SAS/STAT software, version 9.4 (SAS Institute
Inc., Cary, NC, USA).

Ethical considerations

All patients at the participating research facilities were
assigned previously allocated facility registration numbers
and patient IDs, patient information was recorded in a regis-
tration sheet using a research subject authorization code, and
all individual information was removed from the registration
sheet for central management.

Results

Patient characteristics

From January 2015 to March 2017, the total number of
postmenopausal women and men over 50 years of age
with fractures treated at the seven medical facilities in
Tottori Prefecture were 5907. The different fracture types
included 1326 hip fractures, 2111 spine fractures, and
2470 other site fractures. A total of 163 patients were
registrated, of which 163 were deemed suitable for the
study, provided consent, and did not meet the exclusion
criteria (Fig. 1). From the randomized 163 patients, 83
were allocated to the LI group (16 men, 67 women) and
80 to the non-LI group (12 men, 68 women), with no
significant difference in the ratio of men to women be-
tween the two groups (p = 0.469). The mean age was 76.2
years in the LI group and 76.8 years in the non-LI group,
which was not statistically significant (p = 0.628). After
registration, several patients withdrew consent, died, met
exclusion criteria, or were lost to the early follow-up. The
final number of investigated and tracked patients was 70
for the LI group and 71 for the non-LI group (Table 1).
The average age of patients who were tracked for 2 years
was 76.3 ± 8.6 years in the LI group and 76.5 ± 7.8 years
in the non-LI group. There were 12 men and 58 women in
the LI group and 11 men and 60 women in the non-LI
group. No significant differences in age and sex were
found between the two groups. The number of patients
with a positive history of fragility fracture was similar
between the groups: 21 in LI group (n = 70) and 22 in
non-LI group (n = 71) (p = 0.811). The fracture locations
in patients were as follows: vertebral body, 93 patients
(66.0%); hip, 18 patients (12.8%); distal radius and prox-
imal humerus, 19 patients (13.5%); and others, 11 patients
(7.8%). Fractures were observed in the hip, vertebral

body, proximal humerus/distal radius, and other locations
in 9, 46, 9, and 6 patients, respectively, in the LI group
and 9, 47, 10, and 5 patients, respectively, in the non-LI
group; no significant differences were noted between the
two groups. Due to the small number of male patients
registrated in this study, sex differences could not be
assessed.

Anti-osteoporosis treatment

A total of 21 patients (30.0%) in the LI group and 21 patients
(29.6%) in the non-LI group underwent osteoporosis treatment
prior to registration; approximately one-third of patients in both
groups were diagnosed with osteoporosis, and no significant
differences were observed between the two groups (Table 2).

The osteoporosis treatment commencement rate (one
primary endpoint) was significantly higher in the LI group
(85.7%) than in the non-LI group (71.8%) (p = 0.04). The
osteoporosis treatment drug persistence rates (the other
primary endpoint) were 92.9% in the LI group and
81.7% in the non-LI group after 3 months, 87.1% in the
LI group and 78.9% in the non-LI group after 6 months,
and 87.1% in the LI group and 78.9% in the non-LI group
after 1 year; although the LI group had higher osteoporo-
sis treatment drug persistence rates than the non-LI group
during all periods, no significant differences were ob-
served between the two groups. Furthermore, investiga-
tions on forgetting to take the administered drugs were
conducted with classifications including “none,” “occa-
sionally,” “frequently,” and “not administering drug.”
The “occasionally” forgetting was the most common at
any given period, and no significant differences were ob-
served between the two groups.

Bone density measurement

The bone density assessment implementation rates were sig-
nificantly higher in the LI group than in the non-LI group at
the time of registration (90.0% vs. 69.0%; p = 0.00) and after 6
months (50.0% vs. 29.6%; p = 0.01), but not after 1 (61.4% vs.
52.1%; p = 0.26) or 2 (54.3% vs. 63.4%; p = 0.32) years
(Table 3). The implementation rate gradually decreased in
the LI group but increased in the non-LI group during the test
period. Due to the large number of patients who were assessed
and treated for osteoporosis, there was no difference between
the facilities. However, there was no significant difference in
the number of patients registrated at each facility. The results
of bone density assessment showed that 41 patients in the LI
group had a young adult mean (YAM) < 70% (T-score < − 2.5
SD), 15 patients had a YAM of 70–80% (T-score − 2.5 SD–−
1.7 SD), and seven patients had a YAM > 80% (T-score > −
1.7 SD). In the non-LI group, 28 patients had a YAM < 70%,
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15 patients had a YAM of 70–80%, and seven patients had a
YAM > 80%.

Fall rate

The fall rate increased over time. The fall rates were 3.0% in
the LI group and 10.8% in the non-LI group after 3 months,
10.6% in the LI group and 11.9% in the non-LI group after 6
months, 15.2% in the LI group and 13.6% in the non-LI group
after 1 year, and 30.4% in the LI group and 29.0% in the non-
LI group after 2 years (Table 4). After 2 years, approximately
one-third of patients in both groups experienced another fall.
There were no significant differences in the fall rate between
the two groups at any given time point. There were 8

and 7 patients with repeated falls in the LI and non-LI
groups, respectively.

Fracture rate

No significant differences in the fracture rates were ob-
served between the LI and non-LI groups after 3
months (1.5% vs. 4.3%), 6 months (1.5% vs. 3.0%), 1
year (4.5% vs. 8.8%), and 2 years (8.6% vs. 7.5%)
(Table 4). Moreover, no significant differences in the
survival rate, which used fracture as an endpoint, were
observed between the LI and non-LI groups (86.1% vs.
81.0%).

Fig. 1 Flow chart of patient
selection. LI, coordinator
intervention group; non-LI,
without intervention group
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Adverse events

There was no onset of anti-resorptive agents–related
osteonecrosis of the jaw or atypical fracture during the
follow-up observation period. Furthermore, there were
no differences in other adverse events between the LI
and non-LI groups.

Discussion

This study found that the treatment rate for osteoporosis was
high in the LI group at all observation points, especially at the
time of study registration. In detail, the LI group had

significantly higher osteoporosis treatment rates at the time
of registration in the LI group than in the non-LI group
(85.7% vs. 71.8%), but there were no significant differences
in osteoporosis treatment rates between the two groups after 3
months. In addition, the bone density assessment implemen-
tation rates were significantly higher in the LI group than in
the non-LI group at the time of registration (90.0% vs. 69.0%)
and after 6 months (50.0% vs. 29.6%) but was not significant-
ly different between the two groups after 1 year. Moreover, the
fall and fracture rates had no significant differences between
the two groups throughout the testing period.

The FLS, which was commenced in the late 1990s in the
UK [10, 15], is a system in which coordinators (liaisons) effi-
ciently implement fragility fracture prevention through “mul-
tidisciplinary coordination” [10]. However, the commence-
ment rate of osteoporosis drug administration for secondary

Table 1 Baseline patient
characteristics LI (n = 70) Non-LI (n = 71) p values

Age (years) 76.3 ± 8.6 76.5 ± 7.8 0.876

Sex (n/%)

Men 12 (17.1) 11 (15.5) 0.791

Women 58 (82.9) 60 (84.5) 0.791

Past fragility fracture (n/%) 21 (30.0) 22 (31.0) 0.811

History (n/%)

Hypertension 31 (44.3) 32 (45.1) 0.986

Diabetes 9 (12.9) 10 (14.1) 0.832

Cerebral infarction sequelae 4 (5.7) 2 (2.8) 0.393

Heart disease 10 (14.3) 13 (18.3) 0.517

Rheumatoid arthritis 3 (4.3) 3 (4.2) 0.985

Hyperthyroidism 1 (1.4) 0 (0.0) 0.312

Other disease 14 (20.0) 21 (29.6) 0.186

Fracture sites (n/%)

Hip 9 (12.9) 9 (12.7) 0.974

Vertebral body 46 (65.7) 47 (66.2) 0.952

Distal radius/proximal humerus 9 (12.9) 10 (14.1) 0.831

Other sites 6 (8.6) 5 (7.0) 0.735

LI, coordinator intervention group; non-LI, without intervention group. Data were analyzed using chi-squared test
or Fisher’s exact test (p < 0.05)

Table 2 Anti-osteoporotic treatment received

Time LI (n = 70) Non-LI (n = 71) p values

Before registration 21 (30.0%) 21 (29.6%) 1.00

Baseline 60 (85.7%) 51 (71.8%) 0.04*

3 months 65 (92.9%) 58 (81.7%) 0.78

6 months 61 (87.1%) 56 (78.9%) 0.37

1 year 61 (87.1%) 56 (78.9%) 0.37

2 years 52 (74.6%) 54(77.5%) 0.84

LI, coordinator intervention group; non-LI, without intervention
group. Data were analyzed using chi-squared test or Fisher’s exact
test (*p < 0.05)

Table 3 Bone mineral measurements performed

Time LI (n = 70) Non-LI (n = 71) p values

Baseline 63 (90.0%) 49 (69.0%) 0.00*

6 months 35 (50.0%) 21 (29.6%) 0.01*

1 year 43 (61.4%) 37 (52.1%) 0.26

2 years 38 (54.3%) 45 (63.4%) 0.32

LI, coordinator intervention group; non-LI, without intervention
group. Data were analyzed using chi-squared test or Fisher’s exact
test (*p < 0.05)
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fracture prevention following fracture treatment is low in pa-
tients with fragility fractures, probably due to the low aware-
ness of osteoporosis treatment among orthopedic surgeons
who conduct surgical fracture treatment, as well as the fact
that physicians who oversee fracture treatment and osteopo-
rosis treatment are different persons. In addition, reported ef-
fects of the liaison service include higher osteoporosis treat-
ment commencement rates [11]; higher treatment persistence
rates [16, 17]; and decreased medical costs due to the lower
incidence of hip fracture and secondary fracture prevention,
such as vertebral body fracture [10–12, 18, 19]. Furthermore,
FLS-based interventions have been reported to not only re-
duce the fracture incidence rate but also improve the survival
rate [18]. These clinical results indicate that the liaison service
is an extremely effective initiative that suppresses fragility
fractures; improves the ADL, QOL, and vital prognosis of
patients; and results in reduced medical fees.

This study assessed liaison-based interventions with ran-
domized controlled trials. The osteoporosis treatment com-
mencement rates, one of the primary endpoints, were signifi-
cantly higher in the LI group than in the non-LI group (85.7%
vs. 71.8%; p = 0.04]). One study that examined FLS-based
interventions showed that the osteoporosis treatment rate 6
months following fracture was 51.5% in the intervention
group and 5.9% in the non-intervention group [20], and an-
other study reported the osteoporosis treatment rates of 42% in
the intervention group and 19% in the non-intervention group
[16]; in addition, the treatment rates after 1 year among 724
patients with hip fractures were 74.9% in the LI group and
12.3% in the non-LI group [21]. Notably, even minimal inter-
ventions were found to improve the treatment rates (from 12.6
to 31.2%) [22]. The present study found extremely high drug
treatment rates, even in the non-LI group, with 71.8% at the
time of registration, 78.9% after 1 year, and 77.1% after 2
years, and there were no significant differences in drug treat-
ment rates between the LI and non-LI groups after 3 months.
Several possible explanations are as follows: the research
manager, fracture physician, and osteoporosis treatment phy-
sician were the same person; liaison activity was not blinded

to treatment physicians; osteoporosis treatment persisted; and
investigations might trigger the patient’s visit to the hospital.
In addition, extremely high treatment rates were maintained
because patients and physicians both were aware of liaison
activity, which was thought to be effective in osteoporosis
treatment and assessment [23, 24]. The assignment of patients
to the groups was randomized and the study was conducted
with the treating physicians blinded, but the liaison activity
was an open trial. However, the liaisons proceeded with the
examination and treatment, which was overseen by the
treating physician. The majority of previous studies that
showed significant effects of coordinator intervention were
cluster-controlled trials or historical control trials, and large-
scale randomized control trials [25] showed no significant
differences in the treatment rates. It has been considered that
there are limitations to assessing the effects of coordinator
intervention in randomized trials at the same facility.

Studies on bone density assessments after fracture indicat-
ed that liaison intervention resulted in improvements from 7.9
to 39.6% [22], and an assessment 6 months after fracture iden-
tified an improvement rate of 51.5% in the intervention group
and 5.9% in the non-intervention group [20]. The bone density
assessment implementation rates in the present study were
significantly higher in the LI group than in the non-LI group
at the time of registration (90.0% vs. 69.0%; p = 0.00) and
after 6 months (50.0% vs. 29.6%; p = 0.01). The extremely
high assessment rates and osteoporosis treatment rates in the
LI group indicate that liaison intervention is effective. The
assessment implementation rates were 61.4% in the LI group
and 52.1% in the non-LI group after 1 year and 54.3% in the
LI group and 63.4% in the non-LI group after 2 years, and
both groups showed extremely higher assessment implemen-
tation rates in the present study than in previous reports [20,
22]. In line with the higher osteoporosis treatment rates, ex-
tremely high bone density assessment rates were main-
tained because patients and physicians were extremely
aware of the activity of the liaisons. These findings
indicate that liaison intervention was effective in pa-
tients with fragility fractures.

Tracking investigations in Western Australia [26] conduct-
ed FLS interventions over 12 months in patients with fragility
fractures who were aged over 50 years and found that re-
fracturing decreased after 1 year in the intervention group
compared with the control group; after adjusting for age and
sex, participants with FLS intervention had significantly
higher possibilities of implementing appropriate fracture
risk assessments and osteoporosis treatments and signif-
icantly reduced fall rates compared with controls. The
fall rates in the present study after 3 months were 3.0%
in the LI group and 10.8% in the non-LI group; al-
though no significant differences were observed, the fall
rate was slightly lower in the LI group. Therefore, it is
possible that FLS intervention might have preventative

Table 4 Fall and fracture rates

Time Fall Fracture

LI Non-LI LI Non-LI

3 months 2/65 (3.0%) 7/65 (10.8%) 1/68 (1.5%) 3/69 (4.3%)

6 months 7/66 (10.6%) 8/67 (11.9%) 1/67 (1.5%) 2/67 (3.0%)

1 year 10/66 (15.2%) 9/66 (13.6%) 3/66 (4.5%) 6/68 (8.8%)

2 years 17/56 (30.4%) 18/62 (29.0%) 5/58 (8.6%) 5/67 (7.5%)

LI, coordinator intervention group; non-LI, without intervention group.
Data were analyzed using chi-squared test and Fisher’s exact test (not
significant)
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effects against falling in the short-term range. However,
fall rates gradually increased after 3 months, and ap-
proximately one-third of patients in both groups experi-
enced at least one fall 2 years after registration. There
were no significant differences in the fall rate between
the groups after 6 months or after 1 year. The higher
osteoporosis treatment rate in the LI group might have
contributed to the lower re-fracturing rate in the LI
group after 1 year. Further investigations are needed to
confirm the present findings.

Strengths of the present study are as follows: it was a
randomized controlled trial and was conducted under
clinical conditions with a 2-year tracking investigation,
rather than a short-term study. Most of the previous
studies that investigated the effects of liaison interven-
tion were cluster-controlled trials or historical control
trials, and to the best of our knowledge, the present
study is the first randomized controlled trial to investi-
gate the effects of liaison intervention.

However, this study has several limitations. First, this study
was conducted by dividing patients into two groups at the same
facility in an open trial, and the sample size was small; in addi-
tion, this study might have potential biases (Hawthorne effect).
Most previous studies that showed the significant effects of co-
ordinator intervention were cluster-controlled trials or historical
control trials, and the large-scale randomized control trials [25]
showed no significant differences in the treatment rates. We had
considered that there are limitations to assessing the effects of
coordinator intervention in randomized trials at the same facility.
In addition, if the study period was extended or the number of
subjects increased, we believe that this would have been a limit-
ing factor for randomized controlled trials in the same facility.

Secondly, the type of osteoporosis medication adminis-
tered was not considered in this study, and whether patients
were taking supplements, such as vitamin D or calcium, was
not analyzed. Future cluster randomized trials with a larger
number of patients are needed to classify these issues.

Third, this study did not consider the effects of confound-
ing variables on the present findings.

Conclusions

In this study, we conducted the first multicenter, randomized
controlled trial in Japan with a follow-up period of 2 years and
found that liaison intervention improved the bone mineral
density assessment implementation rate, the osteoporosis
treatment initiation rate, and the treatment persistence rates.
Although these rates were high in both the LI and non-LI
groups, significant differences between the two groups were
observed in the early stages after the fracture. The present
findings suggest that liaison intervention is a potential treat-
ment option for physicians involved in fracture and

osteoporosis treatment to assess osteoporosis and the
commencement/continuation of osteoporosis drug treatments.
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