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a b s t r a c t

Objectives: The purpose of the study is to assess the effectiveness of fracture liaison service (FLS) after 5-
year implementation to close the secondary fracture care gap, ensuring that patients receive osteoporosis
assessment, intervention, and treatment, therefore, reducing the fracture risk at Police General Hospital
(PGH).
Methods: A prospective cohort study was conducted. We studied male and female, � 50 years old who
presented with a fragility hip fracture and participated in PGH’s FLS from April 1, 2014eMarch 31, 2019 (5
years implementation). The sample size was 353 patients, with 1-year follow-up. The data were
compared with a previous study, before the commencement of the FLS.
Results: After 1-year follow up, the mortality rates were 5.95% and there were only 8 patients who had
secondary fractures (2.93%), which showed a decrease of 30% from before FLS implementation. Post-
injury bone mineral density (BMD) rates were increased from 28.33% to 85.84%, osteoporosis treat-
ment rates were increased from 40.8% to 89.38%, and the time to surgery and hospitalization decreased
from 7.9 to 5.0 days, and 23.2 to 19.6 days, respectively, all with statistical significance (P < 0.001).
However, the 1-year mortality rates were not significant when compared to the previous study.
Conclusions: Patients with fragility hip fractures participating in FLS after 5-year implementation at PGH
had significantly higher post-injury BMD and osteoporosis treatment rates and significantly shorter in
time to surgery and hospitalization. This showed that secondary fracture rates were lower than before
the project at 1-year of follow up.
© 2020 The Korean Society of Osteoporosis. Publishing services by Elsevier B.V. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction clinical practice guidelines (CPG) for osteoporosis treatment ac-
Osteoporosis is a generalized skeletal disorder of low bone mass
and deterioration in its architecture, causing susceptibility to
fragility fracture, especially in postmenopausal women and elderly
men [1]. Currently, the prevalence of osteoporosis is still increasing
exponentially both nationally in Thailand and globally. Untreated
osteoporosis leads to a higher risk of having a subsequent fragility
fracture, termed the “fracture cascade” [2,3]. To ensure that the
“osteoporosis treatment gap” is addressed, a robust proactive sys-
tem needs to be applied to the healthcare system of osteoporotic
patients, and the fracture liaison service (FLS) has been proposed as
the most effective model of care [4e6].

At Police General Hospital (PGH) in Thailand, although there are
ics, Police General Hospital,

ansap).
ociety of Osteoporosis.
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guidelines, a multidisciplinary approach has not been previously
implemented. Following a study in 2015 done by Amphansap et al it
was seen that the first year mortality rates in fragility fracture pa-
tients were 9.2%, the incidence of the second fracture at 1-year was
30%, the rates of bone mineral density (BMD) testing were only
28.33% and medical treatment initiation for calcium and vitamin D
supplements, non-bisphosphonate and bisphosphonate drugs
were 12.5%, 3.33%, and 6.67%, respectively, and decreased to 0.83%,
1.67%, and 0.83%, respectively, when the patients were followed up
1 year later [7]. This reflects the ineffectiveness of the previously
used guidelines in managing patients with fragility fractures.

The purpose of this study is to assess the effectiveness of FLS
after implementation for the last 5 years in Police General Hospital,
which is a program that aims to prevent secondary fracture, reduce
1-year mortality rates, and increase the number of patients
receiving BMD testing and initiating anti-osteoporotic treatment.
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2. Methods

2.1. Program description

Police General Hospital is currently one of the major tertiary
trauma centers in Bangkok, Thailand. A 900-bed hospital serves a
population of approximately 320,000 people. The Police General
Hospital’s Fracture Liaison Service (PGH’s FLS) has been imple-
mented since 2014 as a physician-led intervention and interdisci-
plinary support program that identifies, investigates, and treats
fragility fracture patients. All patients that were included were
scheduled for full workup at the FLS clinic, at which investigations
for osteoporosis and secondary causes of osteoporosis were done,
lifestyle and dietary education was provided, and treated for oste-
oporosis when appropriate. The PGH’s FLS was awarded the Gold
Level standard of the Capture the Fracture programmed by Inter-
national Osteoporosis Foundation in 2016.
2.2. Ethical considerations

This study was approved by the Ethics review committee for
Human research in Police General Hospital. (COA No.14/2018).
2.3. Data collection

A prospective single-center cohort study was conducted in all
male and female patients aged 50 years or older who were
admitted at Police General Hospital with low-energy fragility
fractures of the hip from April 1, 2014 to March 30, 2019. After
informing the patients about the FLS, all of them participated in
PGH’s FLS. Exclusion criteria included patients who had fractures
due to high-energy trauma, bone tumors, and atypical femoral
fractures.

Demographic data were collected from a standardized ques-
tionnaire containing gender, age, underlying disease, previous
fragility fracture, type of fracture, history of previous BMD evalu-
ation, pre-injury ambulatory status, pre-injury number of falling,
25(OH) vitamin D levels, and type of osteoporosis.

The primary outcomes that were evaluated included secondary
fragility fracture rates, and the mortality rates at 1-year follow-up
after 5 years of PGH’s FLS implementation. Secondary outcomes
were as follows: type of treatment, time to surgery, length of
hospital stay, the number of patients who had follow up BMD
testing, the number of patients were treated for osteoporosis by
medications at 1 year, post-injury ambulatory status at 1 year, post-
injury number of falls at 1 year, the cause of loss of follow up, and
the cause of death. The data from this study were compared to a
previous study done by Amphansap et al [7].
2.4. Statistical analysis

All statistical analysis was performed using STATA version 15
and statistical significance was set at a P-value of < 0.05 with a 95%
confidence interval. Continuous data were presented as a
maximum, minimum, mean, and standard deviation. Categorical
data were presented as frequency and percentage.
3. Results

There were 353 osteoporotic hip fracture patients who partici-
pated in PGH’s FLS within the duration of 5 years. After 1 year, 62
patients (17.56%) were excluded from the study due to loss of
follow-up.
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3.1. Demographic data

The patients’ demographic data are summarized in Table 1.
There were 260 females (73.65%) and 93 males (26.35%) with an
average age of 78.9 years and a maximum and minimum age of 97
and 50 years, respectively. The most common chronic underlying
illness was hypertension (248 patients, 70.25%). The types of frac-
tures found in this study included femoral neck fractures (167 pa-
tients, 47.31%), intertrochanteric fractures (176 patients, 49.86%),
and subtrochanteric fractures (4 patients, 1.13%). There were 37
patients (10.48%) with a history of fragility fracture and 28 patients
(7.93%) who had a previous BMD measurement. All the parameters
were compared with the data from the historical control done by
Amphansap et al [7] and found no statistically significant differ-
ences between each parameter in the demographic data (P > 0.05),
except dyslipidemia and diabetes mellitus. Regarding the pre-
injury ambulatory status (Fig. 1), most patients could walk
without gait aid (64%) and the remaining patients relied on assis-
tive walking devices (36%). We evaluated the pre-injury number of
falls within 1 year which was found to be an average 1.52-fold with
a minimum number of 1 time and a maximum number of 5-fold.
More than half of the patients had vitamin D deficiency (< 20 ng/
ml) (183 patients, 57.37%), 93 patients were identified as having
vitamin D insufficiency (20e29 ng/ml) (29.15%), and the remaining
had normal vitamin D levels (� 30 ng/ml) (43 patients, 13.48%).
Most of the patients (327 patients, 92.63%) were diagnosed with
primary osteoporosis.

3.2. Primary and secondary outcomes

As shown in Tables 2 and 3, the majority of patients (320 pa-
tients, 90.65%) had undergone operative treatment based on their
fracture types and configuration, which included arthroplasty (147
patients, 41.64%) and fixation (173 patients, 49.01%). Among the
fixation cases, there were 142 cephalomedullary nail fixations
(40.23%), 27 plate fixations (7.65%), and 4 multiple screw fixations
(1.13%). For the arthroplasty cases, therewere 138 hemiarthroplasty
operations (39.09%), and 9 total hip replacements (2.55%). In
contrast, the remaining 33 patients (9.35%) were treated non-
operatively due to severe status of their underlying medical con-
dition. For patients who had undergone surgical treatment, the
average time to surgery was 5.2 ± 2.8 days (5.4 ± 3.5 days in the
arthroplasty group and 5.0 ± 1.5 days in the fixation group). The
length of hospitalization was classified into surgical patients at
19.6 ± 8.4 days and non-surgical patients at 24.1 ± 6.8 days. The
BMD monitoring at follow up was done in 303 patients (85.84%),
and the results showed 142 (47%) patients with osteoporosis, 118
(39%) with osteopenia, and 43 (14%) patients with normal BMD.
There was a 100% rate of evaluation for secondary osteoporosis and
fall risks. There were 4 (1.13%), deceased patients within 30 days of
injury, 11 deceased patients within 90 days (3.12%), 17 patients
deceased within 6 months (4.82%), and 21 (5.95%) patients who
deceased within 1 year after the injury, respectively. Listed causes
of death were pneumonia (33.3%), septicemia (19.05%), and infec-
ted pressure sores, acutemyocardial infarction, and gastrointestinal
hemorrhage (9.52% of each).

Only 8 patients (2.93%) had secondary fragility fractures within
1 year of follow-up. There were 244 patients (89.38%) who received
osteoporotic medications. No incidence of osteonecrosis of the jaw
or atypical femoral fracture was reported. After the post-injury falls
at 1-year post-injury follow-up were evaluated, only an average of
0.1 falls were recorded (minimum 0 vs maximum 1). For ambula-
tory status at 1-year post-injury, most patients ambulated with gait
aid assistance (235 patients, 86.08%) with the rest of the patients
walking without gait aid (34 patients, 12.46%), with only 4 patients



Table 1
Comparison of demographic data before and after Police General Hospital’s Fracture Liaison Service implementation.

Variable Before project [7] (n ¼ 120) After project (n ¼ 353) P-value

Sex 0.945
Male 32 (26.7%) 93 (26.35%)
Female 88 (73.3%) 260 (73.65%)

Age, year 0.665
� 80 68 (56.6%) 192 (54.40%)
> 80 52 (43.3%) 161 (45.60%)

Underlying disease
Hypertension 84 (70%) 248 (70.25%) 0.958
Dyslipidemia 33 (27.5%) 132 (37.39%) 0.049*
Diabetes mellitus 21 (17.5%) 124 (35.13%) < 0.001*

Type of fracture
Femoral neck 55 (45.8%) 167 (47.31%) 0.78
Intertrochanteric 63 (52.5%) 176 (49.86%) 0.617
Subtrochanteric 2 (1.7%) 4 (1.13%) 0.646
Other (isolated greater or lesser trochanter) 0 (0.0%) 6 (1.70%) 0.345

Previous fractures 12 (10%) 37 (10.48%) 0.881

Pre-injury BMD evaluation rates 8 (6.7%) 28 (7.93%) 0.652

Pre-injury falls within 1 year (time) No data 1.52 (Min 1, Max 5) NA

25(OH) vitamin D level No data NA
< 20 ng/ml 183 (57.37%)
� 20 to < 30 ng/ml 93 (29.15%)
� 30 ng/ml 43 (13.48%)

Type of osteoporosis No data NA
Primary osteoporosis 327 (92.63%)
Secondary osteoporosis 26 (7.37%)

CKD-MBD 20 (5.67%)
Primary hyperparathyroidism 3 (0.85%)
Multiple myeloma (no direct involvement) 3 (0.85%)

Values are presented as number (%).
NA, not assessed; Min, minimum; Max, maximum, *statistically significant.

Fig. 1. Comparison of ambulatory status at pre-injury versus 1-year follow up post-
injury.
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bedridden (1.46%)(Fig. 1) We classified causes of loss of follow-up
for this study for the 62 patients (17.57%) by medical problems in
28 patients (45%), by patients’ inconvenience in 27 patients (44%),
and 7 patients were unable to be contacted (11%).

There was a statistically significant decrease in secondary frac-
ture rates from 30% to 2.93% (P < 0.001), a statistically significant
increase in the rates of post-injury BMD evaluation from 28.3% to
85.84% (P < 0.001), a statistically significant increase in post-injury
osteoporotic medications rates from 40.8% to 89.38% (P < 0.001)
and a statistically significant decrease in time to surgery and hos-
pitalization (P < 0.001). However, the first year mortality rates
change were not statistically significant (P ¼ 0.225).
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4. Discussion

According to a study done by Jennings LA et al prior to the FLS
project implementation, out of 51 346 patients who were hospi-
talized for osteoporotic hip fractures, only 7% received an anti-
osteoporotic medication. The highest morbidity and mortality
rates were seen in the first year following the fracture [8]. From the
study done by Amphansap et al regarding hip fracture patients in
Police General Hospital, Thailand, it was found that first-year
mortality rates, secondary fracture rates, and post-injury BMD
intervention rates were 9.2%, 30%, and 28.3%, respectively. The data
also showed that osteoporotic treatment rates at 1-year post-
fracture with calcium and vitamin D, non-bisphosphonate drugs,
and bisphosphonate drugs were 20.8%, 15%, and 5%, respectively.
The 1-year follow-up rates were less than 2% [7]. This issue of
missed diagnosis and under-treatment of osteoporotic fractures is a
problem both nationally and worldwide.

FLS is likely to improve multidisciplinary care by allowing better
communication between healthcare professionals through a sys-
tematic coordination. This is done by assessment and evaluation of
laboratory investigations to rule out secondary osteoporosis and to
keep as a baseline for further treatment. FLS is associated with
improved outcomes in terms of reducing future fractures as well as
morbidity and mortality, which is a result of the improved investi-
gation, detection, and treatment of osteoporosis. It has also been
shown to improve the care of osteoporotic fractures. Many studies
have shown that the diagnosis, BMD testing, and treatment initiation
of osteoporosis occur more frequently in patients who underwent
acute low-intensity trauma fractures followed by FLS implementa-
tion as compared to before the project was implemented [4,9,10].

PGH’s FLS has been operating since 2014, in which the team had
collected data from hip fracture patients and followed up for 1 year.



Table 2
Comparison of outcomes before and after Police General Hospital’s Fracture Liaison Service implementation.

Variable Before project [7] (n ¼ 120) After project (n ¼ 353) P-value

Type of treatment 0.015*
Conservative 21 (17.5%) 33 (9.35%)
Surgery 99 (82.5%) 320 (90.65%)
Arthroplasty

Hemiarthroplasty 39 (32.5%) 138 (39.09%)
Total hip arthroplasty 4 (3.3%) 9 (2.55%)

Fixation
Cephalomedullary nail 41 (34.2%) 142 (40.23%)
Plate 12 (10.0%) 27 (7.65%)
Multiple screws 3 (2.5%) 4 (1.13%)

Time to surgery, day No data 5.2 ± 2.8 NA
Arthroplasty 7.9 5.4 ± 3.5 < 0.001*
Fixation 7.9 5.0 ± 1.5 < 0.001*

Hospitalization, day No data 21.2 ± 5.6 NA
Surgery 23.2 19.6 ± 8.4 <0.001*
Conservative 25.9 24.1 ± 6.8 0.002*

Post-injury BMD evaluation rates 34 (28.3%) 303 (85.84%) < 0.001*

2nd osteoporosis and fall risks assessment No data 353 (100.0%) NA
Cumulative death

30-day mortality No data 4 (1.13%)
90-day mortality No data 11 (3.12%)
180-day mortality No data 17 (4.82%)
1-year mortality 11 (9.2%) 21 (5.95%) 0.225

Cause of death No data NA
Pneumonia 7 (33.33%)
Septicemia 4 (19.05%)
Infected pressure sore 2 (9.52%)
Acute myocardial infarction 2 (9.52%)
Gastrointestinal hemorrhage 2 (9.52%)
Multiple myeloma 1 (4.77%)
Other (Unidentified cause) 3 (14.29%)

Values are presented as mean ± standard deviation or number (%).
NA, not assessed; Min, minimum; Max, maximum.
*statistically significant.

Table 3
Outcomes at 1-year follow up.

Variable Before project at 1 year [7] (n ¼ 120) After project at 1 year (n ¼ 273) P-value

Secondary fractures 36 (30.0%) 8 (2.93%) < 0.001*
Post-injury osteoporotic medications
No 71 (59.2%) 29 (10.62%) < 0.001*
Yes 49 (40.8%) 244 (89.38%)
Calcium or vitamin D 0 (0.0%) 26 (9.53%)
Calcium and vitamin D 25 (20.8%) 225 (82.42%)
Bisphosphonate 18 (15.0%) 15 (5.49%)
Denosumab 0 (0.0%) 78 (28.57%)
Teriparatide 6 (5.0%) 29 (10.63%)
Others (Vit K2, Calcitonin) 0 (0.0%) 7 (2.57%)

Post-injury falls, time NA 0.1 (Min 0, Max 1) NA

Values are presented as number (%).
NA, not assessed; Vit, vitamin; *statistically significant.
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After implementing the FLS, it was found that there was approxi-
mately 58% increase in BMD evaluation, up to 49% increase in
osteoporotic medications at 1 year, and 27% decrease in secondary
fractures, with all of this data being statistically significant. From
the data of Walter et al the FLS model was associated with a
reduction in re-fractures risk (HR 0.18e0.67 over 2e4 years) [11],
and from the study done by de Bruin IJA et al FLS can reduce sub-
sequent non-vertebral fractures in the first year after primary
fracture (HR 0.84) [12]. This was consistent with the study done by
Aubry-Rozier et al that showed the re-fracture rate in the FLS group
as 3% [13]. Reduction of secondary fracture in this study may be a
result of a reduction in falls by an average 1.52-fold in 1-year pre-
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injury (maximum 5, minimum 1) to 0.1-fold in 1-year post-injury
(maximum 1, minimum 0). According to the Cochrane review for
fall prevention, several combination exercises led to an approxi-
mately 30% reduction, and home environment adjustment ach-
ieved about a 20% reduction in the incidence of falls [14].

The first-year mortality rates in this study decreased from 9.2%
to 5.95%, which were lower than a study performed by Phadunkiet
et al which showed the first-yearmortality rates of osteoporotic hip
fractures in ChiangMai, Thailand, to be approximately 18e20% [15].
In our study, the majority of the deceased patients (17/21, 80.95%)
passed awaywithin 180 days after the index injury, 85.72% of which
were caused by complications related to conservative treatment.
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The finding was similar to the data seen in a study by Ha Yc et al
who had a rate of mortality due to hip fracture at the 180-day mark
as 10.8% [16].

Even though medications or supplements were prescribed in
89.38% of patients at 1 year, only 47.27% of patients received
pharmacologic anti-osteoporotic treatment. This discrepancy can
be partially explained by the cost of treatment not covered by
health care systems or insurance. In Thailand, there are 3 universal
health care systems that will affect the availability of the inter-
vention and treatment the patients can get. The Civilian Welfare
system will receive full coverage for their BMD intervention and
anti-osteoporotic medications, whereas the Social Security for
private employees and Universal Coverage Scheme for all other
Thai nationals will only be able to receive calcium and vitamin D
supplements. The data from the International Osteoporosis Foun-
dation (IOF) in 2013 showed that reimbursement varied greatly
across the region in Asia-pacific, ranging from 0 to 100% reim-
bursement for the most commonly prescribed medications. There
were also differences between public and private insurance, with
only partial reimbursement being offered, or restrictive criteria
applied, such as age or history of fracture. Furthermore, BMD
testing is not fully reimbursed in many countries, which serves as
another barrier to access osteoporotic intervention and treatment
[17].

Standardized BMD evaluation following the WHO criteria by
dual X-ray absorptiometry (DXA) was used. The patients were
diagnosed with osteoporosis when the T-score is��2.5. This study
showed about 53% of fragility hip fracture patients had normal
BMD or osteopenia, similar to the data from Switzerland that
showed 49.7% of osteoporotic hip fracture patients being in the
normal and osteopenia group [13]. Although elderly patients had
non-osteoporotic BMD according to theWHO criteria, nearly half of
the patients who had fragility hip fractures due to osteoporotic
fracture did not depend on only BMD but also clinical risk factors
[18].

In this study, we found that 86.52% of patients had vitamin D
inadequacy (< 30 ng/ml). The finding was consistent with a study
done by Phusunti et al in a Thai population in which 78.4% of
fragility hip fracture patients had vitamin D inadequacy [19].
Similarly, a study in Singapore found 92% of osteoporotic hip frac-
ture patients with vitamin D inadequacy [20]. The possible expla-
nations for this large proportion of patients are the sedentary
lifestyles in elderly people with the majority of activities being in-
door, and poor nutritional intake of calcium and vitamin D. Another
study showed reduced physical performance such as the speed of
gait, speed of rising from a chair, and balance adjustments that
were noted in patients with vitamin D levels of less than 20 ng/ml
[21]. Patients with mean serum 25(OH)D � 33 ng/ml had a sub-
stantially greater likelihood of maintenance of bisphosphonate
response [22]. From this reasoning, patients who are at risk of hip
fractures should receive vitamin D supplements and keep their
serum 25(OH)D at normal levels.

Although the advancement in orthopedic interventions has led
to a great improvement in the outcomes of hip fracture, the re-
covery remains slower than expected and rehabilitation can be a
lengthy process [23,24]. From Fig. 1, it is seen that the pre-injury
ambulatory status of this group of patients was ambulatory
without assistance in 64%, and with gait aid in 36%. When
compared to post-injury ambulatory status at 1-year follow up, it
can be seen that only 12.46% were able to ambulate without
assistance and more than half required a walker for ambulation,
with up to 20% of patients requiring a wheelchair. These results are
similar to those of Osnes et al who found that loss of function and
independence among survivors was profound, with 40% unable to
walk independently and 60% requiring assistance a year later [25].
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Because of these losses, 33% were totally dependent or in a nursing
home in the year following a hip fracture [26]. Some patients may
need life-long gait aid for ambulatory support, and fewer than half
of people who survive a hip fracture will walk unaided again [27].
Therefore, primary prevention of falls before having a hip fracture is
much more important than the treatment planning after a hip
fracture.

A loss to follow-up has been a major challenge in patients with
fragility fractures. A large number of these patients are elderly who
rely on their relatives for a hospital visit and long-term continuity
of care. Both patients and their relatives need to understand the
importance of follow-up and anti-osteoporotic medications. After
the implementation of PGH’s FLS, the rate of loss to follow-up at 1
year markedly decreased from 98% to 17.56%. The result confirmed
that the FLS raised the acknowledgment for the need for long-term
osteoporosis management to achieve treatment goals. The reason
for the patients who had a loss of follow-up was 89% from aware-
ness of patient’s conditions, and 44% was from the patients’
inconvenience such as the patients not being able to come or from
their relatives not bringing them for follow up. Another 45% was
from medical problems such as multiple underlying illnesses, on
many medications, and scared of drug interactions or side effects
from osteoporotic medications. Analysis of previous data showed
that over 50% of patients defaulted follow-up due to poor under-
standing of their medical conditions; they refused to receive
treatment as they did not understand why it is needed. Besides, 10%
of patients reported having gastrointestinal side effects arising
from oral medication, and approximately 8% reported having to
take several drugs for other underlying illnesses [28].

There are strengths seen in this study. This prospective cohort
study is the first of its kind in Thailand, with the FLS project being
implemented for 5 years in Thailand. This study also had a 100%
rate of evaluation of fall risks and ruling out secondary osteoporosis
in all patients participating in the project. This study also has some
limitations. The population in the study was comprised of Thai
nationals only. Due to this, the findings may not be generalizable to
other racial or ethnic groups. The authors compared the current
data with a previous study (historical comparison) that collected
data regarding fragility hip fractures of patients occurring before
the implementation of the FLS in Police General Hospital.
5. Conclusions

Patients with fragility hip fractures participating in the FLS after
a 5-year implementation at Police General Hospital had signifi-
cantly higher post-injury BMD and osteoporosis medical treatment
rates and significantly shorter time to surgery and hospitalization.
This showed secondary fracture rates that were lower than before
the project at 1-year of follow up. Multifaceted and intensive FLS
has improved and closed the osteoporosis hip fracture care gaps in
Police General Hospital.
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