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Abstract: Background and Objectives: The study assessed the effectiveness of a fracture liaison service
(FLS) after 1 year of implementation in improving the outcomes of hip fracture surgery in older adult
patients at Taipei Municipal Wanfang Hospital. Materials and Methods: The Wanfang hospital’s FLS
program was implemented using a multipronged programmatic strategy. The aims were to encourage
the screening and treatment of osteoporosis and sarcopenia, to take a stratified care approach for
patients with a high risk of poor postoperative outcomes, and to offer home visits for the assessment
of environmental hazards of falling, and to improve the patient’s adherence to osteoporosis treatment.
The clinical data of 117 and 110 patients before and after FLS commencement, respectively, were
collected from a local hip fracture registry; the data were analyzed to determine the outcomes 1 year
after hip fracture surgery in terms of refracture, mortality, and activities of daily living. Results: The
implementation of our FLS significantly increased the osteoporosis treatment rate after hip fracture
surgery from 22.8% to 72.3%, significantly decreased the 1-year refracture rate from 11.8% to 4.9%,
non-significantly decreased 1-year mortality from 17.9% to 11.8%, and improved functional outcomes
1 year after hip fracture surgery. Conclusions: Implementation of our FLS using the multipronged
programmatic strategy effectively improved the outcomes and care quality after hip fracture surgery
in the older adult population, offering a successful example as a valuable reference for establishing
FLS to improve the outcomes in vulnerable older adults.

Keywords: hip fracture; fracture liaison service; outcomes; stratified care

1. Introduction

Osteoporosis-induced fragility fractures, predominantly in the hip and spine, are a
grave health concern in older adult patients. Of all osteoporosis-related fractures, hip
fracture is the most debilitating injury and is a growing public health concern in the context
of an aging population [1,2]. In Asia, the number of cases of hip fracture is estimated
to increase from 1,124,060 in 2018 to 2,563,488 in 2050, contributing to a corresponding
increase in the direct cost of hip fracture treatment from USD 9.5 to USD 15 billion [3]. In
addition, the prognosis of older adults after hip fractures is poor. The 1-year mortality rate
associated with a geriatric hip fracture ranges from 14.0% to 18.1% [4–6], but it can be as
high as 36% 1 year after surgery [7]. In our previous study, up to 33.9% of the 281 older
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adult patients with hip fractures exhibited severe dependence and required additional care
at the 1-year follow-up [8]. Moreover, patients with hip fractures were five times more
likely to experience a hip refracture within 1 year [9]. Thus, public health measures and a
robust treatment protocol for hip fracture are crucial.

To provide improved care for fragility fractures, the International Osteoporosis Foun-
dation (IOF) advocated the Capture the Fracture campaign in 2013 to raise awareness
regarding secondary fracture prevention [10]. Fracture liaison services (FLSs) have been
recommended as a coordinator-based best practice program for the care of patients with
fragility fractures [10]. This involves systematic investigation and risk assessment to reduce
the refracture risk and improve survival [11]. For patients with hip fractures, these FLS
programs have been demonstrated to be cost-effective [12] and to reduce both secondary
fracture incidence and mortality rates [13].

FLS has been implemented in our hospital since July 1, 2019. However, in contrast
to the majority of the FLS programs executed worldwide that focus on osteoporosis de-
tection and treatment, we implemented a multipronged programmatic strategy including
encouraging postoperative osteoporosis and sarcopenia screening and treatment, taking a
stratified care approach for patients with a high risk of poor postoperative outcomes, and
offering home visits for the assessment of environmental hazards of falling and assistance.
The program also focused on adherence to taking prescribed antiosteoporosis medications
(AOMs), and the aim was to reduce the refracture risk in older adult patients with hip
fractures. By evaluating the refracture risk, 1-year mortality rates, and changes in 1-year-
postoperative activity of daily living (ADL), the present study assessed the effectiveness of
our FLS program after its implementation for 1 year in comparison with the results before
FLS implementation.

2. Materials and Methods
2.1. Program Description

Taipei Municipal Wanfang Hospital is a medical center in Taipei, Taiwan, performing
hip fracture surgery in approximately 180 patients annually. Since 1 December 2017,
all older adult patients who were scheduled for hip fracture repair were prospectively
followed-up and registered in a local hip fracture registry. The patients were included
in the registry if they: were at least 60 years old; had a hip fracture, namely femoral
neck fracture (FNF) and peritrochanteric fracture (PTF); and were scheduled for surgery,
namely hemiarthroplasty or internal fixation with intramedullary nailing by using in
situ cannulated screws or dynamic hip screws. Patients were excluded if they were to
undergo hip surgery for a reason other than primary hip fracture, including osteoarthritis,
trauma, tumor, infection, and avascular necrosis of the femoral heads. Data on demographic
characteristics, pre-fracture ADL, and postoperative outcomes were collected for all patients.
All the registered patients were routinely followed-up by telephone to gather data on ADL
and postoperative complications, including refracture events and mortality, 1 year after
hip fracture surgery. From 1 July 2019, Taipei Municipal Wanfang Hospital began to
implement FLS for older adult patients with hip fractures as a physician-led intervention.
It involves a multipronged programmatic strategy that investigates and treats osteoporosis,
provides shared care by physiotherapists and geriatricians for personalized post-surgery
rehabilitation programs and comorbidities management, respectively, and offers a stratified
care approach for patients with a high risk of poor postoperative outcomes (Figure 1). This
FLS of Wanfang hospital was awarded the Gold Level standard as part of the Capture the
Fracture program by the IOF in 2021.

In our FLS program, all patients with hip fractures were encouraged to receive op-
eration within 48 h after admission. After operation, all patients had to complete full
workups for osteoporosis by dual-energy X-ray absorptiometry (DXA). In addition, all
participants were encouraged to undergo sarcopenia screening during admission where
handgrip strength was measured and muscle mass was assessed through DXA. Patients
with hip fractures were then classified as those with low or high refracture risk based on the
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presence of concomitant sarcopenia, comorbidities or their bone mineral density. High-risk
patients were defined as having concomitant sarcopenia, T-score ≤ −3.0, or more than
three comorbidities. After hip fracture surgery, physiotherapists arranged personalized
rehabilitation programs for all patients. However, for high-risk patients, geriatricians were
also consulted for comorbidity management, duplicate medication screening, and nutrition
support during admission.
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Figure 1. Fracture Liaison Service in Taipei Municipal Wanfang Hospital.

Once the patient was discharged from the hospital, a prescription of AOMs and
calcium and vitamin D supplements within 3 months after surgery was encouraged for
all patients with a confirmed diagnosis of osteoporosis through DXA. Three, six, and nine
months after surgery, all patients with hip fractures were assessed by an FLS coordinating
nurse for AOM use. Patients who failed to continue AOMs after hip fracture surgery and
those who were classified as the high-risk group were encouraged to receive home visits by
our FLS team members (including orthopedic surgeons and nurses) within 1 year after hip
fracture surgery, once consent for home visits was obtained from these patients. During the
home visits, we screened and educated the patient on environmental fall hazards at their
place of residence, assisted patients who had stopped treatment to adhere to prescribed
AOMs, and instructed patients on home-based exercise (Figure 2a,b). After the home
visits, the visited patients were contacted by telephone 1 month later for follow-up and to
record the changes made in the living place to remove the hazards. Patients who stopped
osteoporosis treatment before the home visits were also followed-up after the visits to
determine whether they returned to the clinic for AOM treatment.

Because the local hip fracture registry had been collecting patients’ data since 1 De-
cember 2017, whereas our FLS program began after 1 July 2019, patients with hip fractures
who were scheduled for surgery at Taipei Municipal Wanfang Hospital were thus divided
into two groups: a pre-FLS control group and post-FLS intervention group. This study
compared the 1-year outcomes of hip fracture surgery, that is, refracture, mortality, and
post-fracture ADL, between the pre-FLS and post-FLS groups by using the data extracted



Medicina 2022, 58, 875 4 of 11

from the local hip fracture registry. The entire protocol for the local hip fracture registry
and home visits project for the patients were approved by the Ethics Committee of Taipei
Medical University, and ethical approval was registered under the serial numbers TMU-
JIRB N201709053 and TMU-JIRB N201912066. More specifically, each participant gave their
written informed consent to participate in this study. All participants also consented to the
publication of their data.
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2.2. Data Collection

Data on the following basic characteristics were collected: age; sex; body mass index
(BMI); Charlson Comorbidity Index (CCI); fracture type; namely FNF or PTF; surgical
method; namely joint replacement or internal fixation; surgical time; and blood loss. In
addition, surgical delay from admission and results from preoperative serum tests, includ-
ing those on hemoglobin, creatinine, sodium, and potassium levels were collected. The
primary outcomes for comparison between groups included refracture rates (namely all
types of osteoporotic fractures including hip, vertebral, radial, and humeral fractures) and
mortality rates at the 1-year follow-up. The secondary outcome was post-fracture ADL
after 1 year.

2.3. Key Performance Indicators for FLS

In our FLS program, we defined several patient-level key performance indicators
(KPIs) for FLS to guide quality improvement with reference to the guidance from the
IOF Capture the Fracture Campaign [14]. Our KPIs were based on the patient receiving
(1) osteoporosis assessment with DXA within 12 weeks after surgery; (2) sarcopenia screen-
ing; (3) postsurgery physiotherapy consultation; (4) AOM use (indicated by initiation of
treatment, prescription within 3 months after surgery, and continuing AOMs for 1 year
after fracture surgery); (5) nutritional supplements (specifically, calcium or vitamin D); and
(6) home visits. Data regarding the KPI completion rate were also collected and compared
between the pre- and post-FLS groups.

2.4. Environmental Evaluation in Home Visits

The environmental evaluations were made by FLS team members by using an envi-
ronmental checklist during home visits. In our protocol, indoor environmental variables
were assessed in two dimensions: (1) environmental fall hazards and (2) environmental
protections against falling. Each indoor environmental hazard variable was specifically
measured using a dichotomous response (“no” and “yes”) to whether (1) inadequate light
(Figure 2e) or (2) other tripping hazards (e.g., cluttered pathways, unsecured rugs, and
scattered electrical cords) (Figure 2d) were present. Each indoor environmental protective
variable was also assessed using a dichotomous response (“no” and “yes”) to two items:
(1) antislip rubber mats in the bathroom and (2) grab bars on the path and in the bathroom
(Figure 2c).
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2.5. Definition of Sarcopenia

Sarcopenia was diagnosed if the patient had low muscle mass and low handgrip
strength, as recommended by the Asian Working Group for Sarcopenia (AWGS) [15]. The
handgrip strength was measured using a Jamar hydraulic dynamometer (Sammons Preston,
Bolingbrook, IL, USA). Handgrip strengths of <28 and <18 kg for men and women, respec-
tively, were regarded as low, based on the thresholds recommended by the AWGS [15].
Muscle mass was represented by the appendicular skeletal muscle mass index (ASMI),
which was calculated using DXA. Muscle masses of 7 and 5.4 kg/m2 for men and women, re-
spectively, were regarded as low, based on the thresholds recommended by the AWGS [15].

2.6. Instruments for Functional Outcomes

The Barthel index (BI), for 10 variables with scores ranging from 0 to 100, is an
ordinal scale used for measuring ADL performance and mobility [16]. A higher number
is associated with a greater likelihood of being able to live at home independently after
being discharged from the hospital. According to the proposed guideline, a BI score
of <60 indicates “severe to total” dependency. The BI can be used to accurately assess
functional recovery in patients who undergo hemiarthroplasty after FNF [17].

2.7. Statistics

All statistical analyses were conducted using IBM SPSS Statistics software version 22
(Armonk, NY, USA). Categorical variables are presented in terms of frequency (percentage)
and were compared using the chi-square test and Fisher’s exact test. Continuous variables
are presented in terms of the mean ± standard deviation and compared using the Wilcoxon
two-sample test and Student’s t test.

3. Results
3.1. Demographic Data

From 1 December 2017 to 30 June 2019 (namely before FLS implementation), data on
the basic characteristics of 110 patients undergoing hip fracture repair at Taipei Municipal
Wanfang Hospital were collected from the local hip fracture registry; these patients formed
the pre-FLS group. Data on the basic characteristics of another 117 patients with hip
fractures with complete 1-year follow-up from 1 July 2019 to 30 June 2020 (i.e., after FLS
implementation at the Wanfang hospital) were collected; these patients formed the post-FLS
group. The basic characteristics of the patients from the pre-FLS and post-FLS groups are
presented in Table 1 for comparison. All parameters, including age, sex, BMI, fracture type,
CCI, preoperative serum tests, surgical methods, and surgical delay, did not significantly
differ between the pre-FLS and post-FLS groups. In addition, no difference in pre-fracture
ADL was observed between the patients in the pre-FLS and post-FLS groups.

3.2. KPIs for Quality Control in FLS

Table 2 presents statistics on our specific KPIs for quality control in the pre-FLS and
post-FLS groups. Patients in the post-FLS group had a higher KPI (all KPIs) completion
rate than those in the pre-FLS group; notably, the post-FLS group exhibited significant
improvements in the adherence to post-surgery physiotherapy consultation, use of AOMs,
consumption of nutritional supplements, and receiving of home visits. In total, 72.3% of
patients in the post-FLS group received AOMs, and the majority (62.3%) of them received
denosumab as the treatment drug. One year after having a hip fracture, 53% of patients in
the post-FLS group continued AOM treatment, but the AOM treatment rate decreased to
14.5% in the pre-FLS group. In addition, 55.6% and 56.4% of the patients in the post-FLS
group received nutritional supplements and home visits within 1 year after hip fracture
surgery, respectively.
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Table 1. Basic characteristics of patients in the pre-FLS and post-FLS groups.

Variable Pre-FLS (n = 110) Post-FLS (n = 117) p Value

Age 82.98 ± 8.20 80.67 ± 9.76 0.071
Gender 0.66

Female 81 (73.6%) 83 (70.9%)
Male 27 (26.4%) 34 (29.1%)

BMI 22.31 ± 3.74 21.58 ± 3.46 0.063
Fracture type 0.349

Femoral neck fracture 66 (60.0%) 62 (53.0%)
Peritrochanteric fracture 44 (40.0%) 55 (47.0%)

Lesion side 0.233
Left 52 (47.3%) 65 (55.6%)
Right 58 (52.7%) 52 (44.4%)

CCI 5.05 ± 1.74 4.87 ± 1.80 0.475
Preoperative serum tests

Hemoglobin (g/dL) 12.05 ±1.78 12.18 ± 1.74 0.924
Creatinine (mg/dL) 1.36 ±1.70 1.07 ± 0.96 0.477
Sodium (mmol/L) 137.01 ±3.77 136.62 ± 4.29 0.475
Potassium (mmol/L) 3.94 ±0.51 3.90 ± 0.46 0.617
Surgical methods 0.173

Joint replacement 48 (43.6%) 40 (34.2%)
Internal fixation 62 (56.4%) 77 (65.8%)
Surgical delay from admission 0.982

Within 24 h 66 (60%) 70 (59.8%)
24–48 h 32 (29.1%) 35 (29.9%)
>48 h 12 (10.9%) 12 (10.2%)

Surgical time (h) 71.61 ± 26.23 85.92 ± 54.62 0.073
Surgical blood loss 102.00 ± 91.95 106.39 ± 110.84 0.851
Pre-fracture ADL 82.36 ± 24.23 83.25 ± 23.78 0.959

Table 2. Comparison of KPIs between the pre-FLS and post-FLS groups.

KPIs Pre-FLS
(n = 110)

Post-FLS
(n = 117) p Value

Assessment with DXA within 12 weeks
after surgery 92 (83.6%) 102 (90.9%) 0.449

T-score −3.93 ± 1.10 −3.90 ± 1.12 0.84
Sarcopenia screening

Handgrip strength (kg) 14.52 ± 7.93 14.42 ± 12.50 0.382
Muscle mass assessment with DXA 80 (72.7%) 96 (82.1%) 0.093

Muscle mass (ASMI, kg/m2) 5.67 ± 1.04 5.70 ± 1.12 0.84
Diagnosis of sarcopenia 42 (53.2%) 49 (51.3%) 0.873

Post-surgery physiotherapy consultation 32 (29.1%) 117(100%) 0.000
AOM use
Initiating treatment with AOMs 32 (22.8%) 74 (72.3%) 0.000

Prescription within 3 months after
surgery 24/32 (75%) 67/74 (90.5%) 0.071

Denosumab 10 (31.3%) 46 (62.3%)
Bisphosphonate 11 (34.3%) 19 (25.7%)
Selective estrogen-receptor

modulators 7 (21.9%) 2 (2.7%)

Teriparatide 4 (12.5%) 7 (9.5%)
Continuing AOMs for 1 year after
fracture 16 (14.5%) 62 (53.0%)

Nutrition supplements (i.e., calcium or
vitamin D) 16 (14.5%) 65 (55.6%) 0.000

Receiving home visits 0 66 (56.4%) 0.000
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3.3. Findings on Home Visits and Changes Thereafter

Table 3 shows a total of 66 patients in the post-FLS group successfully received home
visits at a mean of 8.26 months after hip fracture surgery. As for the assessment of indoor
environmental hazards, 24.2% and 72.7% of the patients were found to have inadequate
light and tripping hazards, respectively, in their place of residence. In addition, only
33.3% and 15.2% of the patients had antislip rubber mats and grab bars, respectively, as
environmental protections against falling. However, after home visits by the FL team
members, 42.6% of these patients made changes in their environment to prevent falls.
Among 30 patients who had stopped AOM use before the home visits, 16 (53.3%) patients
successfully returned to a clinic for AOM treatment after the home visits.

Table 3. Findings on home visits and changes thereafter.

Home Visits after Hip Fracture Surgery n = 66

Mean follow-up time after surgery (months) 8.26 ± 3.40
Mean age 79.86 ± 9.52
Environmental evaluation

Indoor environmental hazards of falling 54 (81.8%)
Inadequate light 16 (24.2%)
Tripping hazards 48 (72.7%)

Indoor environmental protection against falling 26 (39.4%)
Antislip rubber mats in the bathroom 22 (33.3%)
Grab bars on the path and in the bathroom 10 (15.2%)

Changing environmental hazards after visits 23/54 (42.6%)
Stop AOM use before home visits 30

Return to clinics for AOM treatment after home visits 16/30 (53.3%)

3.4. Primary and Secondary Outcomes

As indicated in Table 4, the 1-year mortality rate after hip fracture surgery was lower
in the post-FLS group than in the pre-FLS group (11.8% versus 17.9%) but not significantly
so. However, the refracture rate within the first year after surgery was significantly lower
in the post-FLS group than in the pre-FLS group (4.9% versus 11.8%, p = 0.048). As
for the secondary outcome at the 1-year follow-up, patients in the post-FLS group had a
significantly higher ADL score (75.61 ± 30.67) than patients in the pre-FLS group (p = 0.018).

Table 4. Comparison of 1-year outcomes between the pre-FLS and post-FLS groups.

Outcomes Pre-FLS
(n = 110)

Post-FLS
(n = 117) p Value

Refracture within the first year of surgery 13 (11.8%) 5 (4.9%) 0.048
Mortality within the first year of surgery 17 (17.9%) 12 (11.8%) 0.225
ADL at 1-year follow-up 64.19 ± 34.17 75.61 ± 30.67 0.018

4. Discussion

Before the implementation of our FLS, the AOM treatment rate after hip fracture
surgery was only 22.8%. However, after FLS was implemented, efforts were made to
promote osteoporosis screening and treatment and home visits were offered to ensure
that patients who had stopped AOM use start using it again, leading to an increase in
the AOM treatment rate after hip fracture surgery to 72.3%. Moreover, using a stratified
care approach for patients with a high risk of poor postoperative outcomes—including
provision of shared care through physiotherapists and geriatricians, as well as indoor
environmental assessments by home visits—we successfully decreased the refracture rate
from 11.8% before FLS to 4.9% after FLS. Furthermore, the 1-year mortality rate effectively
decreased from 17.9% in the pre-FLS group to 11.8% in the post-FLS group. Patients in
the post-FLS group also presented with higher ADL 1 year after hip fracture surgery than
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those in the pre-FLS group. This study demonstrated the effectiveness of our FLS program
wherein a multipronged programmatic strategy is used for reducing 1-year refracture and
mortality rates and facilitating functional outcomes after hip fracture surgery in the older
adult population.

Osteoporosis treatment is a key factor affecting hip fracture outcomes in the older
adult population. However, missed diagnosis and the undertreatment of osteoporotic
fractures following the first osteoporotic fracture is common and now regarded as a critical
clinical concern, and greater effort from both healthcare systems and individual clinicians
is required [18]. In the Asia-gap study that surveyed women at postmenopause from seven
Asian countries, although 70% patients with hip fractures were aware of the osteoporosis
risk, only 25% were assessed for bone mineral density and 30% received AOMs as os-
teoporosis treatment [19]. The FLS program, which is characteristic of multidisciplinary
care allowing for systematic coordination between healthcare professionals, is an effective
method for improving investigation, detection, and treatment of osteoporosis following in-
dex osteoporotic fracture [10]. A recent study on 724 older adult patients with hip fractures
in one medical center in Spain reported that the osteoporosis treatment rate can be increased
from 12.3% to 74.9% after FLS implementation [20]. In that study, patients treated with
AOMs during FLS implementation had a lower mortality rate than those managed without
AOMs before FLS implementation (20.2% versus 25.8%), although FLS implementation
seemed not to affect the refracture risk between the pre-FLS and post-FLS groups (4.6%
and 3.6%, respectively) [20]. Another study analyzing 75 hip fracture patients under FLS
with one-year follow-up in one medical center in Thailand reported that the osteoporotic
medication treatment rates increased from 40.8% to 80%, resulting in a significant decline
on refracture rate from 30% to 0% [21]. However, the one-year mortality rate was not
significantly changed (9.2% and 10.7% in pre- and post-FLS groups, respectively) [21].
Meanwhile, in a study in a teaching hospital in Italy, implementation of FLS in 210 geri-
atric hip fracture patients was reported to increase the osteoporosis treatment rate from
17.2 to 48.5%, successfully reducing the one-year mortality rate from 15.7% to 12.7% [22].
Moreover, evidence from a recent meta-analysis has also shown that the FLS program can
significantly improve the osteoporosis treatment rate, resulting in effectively improved
outcomes in terms of reducing future fractures as well as morbidity and mortality [11].

In the present study, our FLS program was found to effectively increase the osteo-
porosis treatment rate after hip fracture surgery, which not only significantly decreased
the refracture rate for all osteoporotic fractures but also improved the mortality rate 1 year
after hip fracture surgery in the older adult population. Although our results act in concert
with the results of previous reports on the effectiveness of FLS [23], we are convinced
that the multipronged programmatic strategy aiming at promoting osteoporosis screening
and treatment, increasing patient’s adherence to AOM through home visits, and using a
stratified care approach for patients with a high risk of poor postoperative outcomes has
also played a crucial role contributing to the positive outcomes in this study. Regarding
refracture risk, good compliance to osteoporosis treatment is necessary for fracture risk
reduction, with increasing benefit observed with higher compliance [24]. However, because
the older adult patients after hip fractures are at a great risk of losing some degree of
motility after surgery [8,25], return to clinics for regular AOM treatment may be a difficult
task, which may result in poor compliance to AOM treatment after hip fracture surgery. A
multicenter study in a high-level intervention FLS reported that the first-year persistence
rates for AOM use was only 66.4% after the initiation of osteoporosis treatment [26]. After
FLS implementation, among our 74 patients who received initiating treatment with AOMs,
62 (83.8%) patients continued AOM use until 1 year after hip fracture surgery. The high
compliance rate in this study may not only attribute to the treatment choice of long-lasting
AOMs (the majority of patients (62.3%) in the post-FLS group received denosumab, which
was prescribed for once every 6 months), but also result from the efforts of our home
visits to recall the patients who had stopped osteoporosis treatment back to the clinics for
AOM prescriptions.
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In addition to the high treatment rate and compliance to AOM use, a stratified care
approach for patients with a high risk of poor postoperative outcomes is also a critical
step in our FLS program. Equipped with the knowledge of prognostic factors, clinicians
can adopt a stratified care approach by prioritizing older adult patients with hip fractures
who are at a high risk of poor functional outcomes or high mortality for intensive care [27].
Considering the findings of our previous study that patients who have hip fractures with
baseline sarcopenia [28], a low T-score [28], and high comorbidity [25] are prone to a poor
postoperative function and high mortality after hip fracture surgery, we used these three
prognostic factors to classify patients with hip fractures as a high-risk group. A Cochrane
review for fall prevention reported that several combination exercises led to an approxi-
mately 30% reduction in the incidence of falls and home environment adjustment achieved
approximately 20% reduction [29]. Therefore, after hip fracture surgery, high-risk patients
were obliged to be concomitantly cared for by physiotherapists and geriatricians through
personalized rehabilitation programs, nutrition supports, and professional management of
comorbidities. After discharge from the hospital, high-risk patients were also encouraged to
receive home visits so that indoor environmental hazards of falling could be identified and
necessary home environment adjustments could be suggested. Interestingly, during our
home visits, we found up to 72.7% patients had tripping hazards in their living place. Nev-
ertheless, through our efforts, 42.6% patients who had environmental hazards successfully
changed their environment to prevent falls. Compared with the 8.3% refracture rate within
1 year after the index hip fracture from a large-scale retrospective cohort study [30], our
stratified care approach for high-risk patients reinforced the protections against refracture
for patients with hip fractures, thereby effectively reducing the 1-year refracture rate to 4.9%
after FLS implementation. Moreover, our multipronged programmatic strategy was also
demonstrated to be effective in facilitating functional recovery after hip fracture surgery,
which may also be attributable to the reduced refracture rate and personalized rehabilitation
programs as well as nutritional support for patients with concomitant sarcopenia.

This study has some limitations. First, our FLS program was initiated from July 2019;
therefore, we compared the outcomes of patients before and after FLS implementation
based on a retrospective analysis of our local hip fracture registry. However, the comparison
between the pre-FLS and post-FLS groups was based on a different historical follow-up
period rather than on the outcomes from two intervention arms at the same time period.
Owing to the potential improvements in surgical techniques and the quality of patient
care with time, superior outcomes in the post-FLS group may also be affected by other
potential confounding factors and therefore be biased. However, because all patients’ data
were extracted from a local registry with high-quality follow-up (the loss follow-up rate
for patients 1 year after hip fracture surgery was only 9.5%), our findings likely reflect the
efficacy of our FLS program. Second, although rehabilitation programs and nutritional
support are essential for patients with hip fractures, especially the high-risk group, the
rehabilitation protocol and nutrient regimens cannot be standardized for each patient.
Personalized rehabilitation and nutrition support were inevitable and may therefore cause
uncontrolled bias. Third, the follow-up period was limited to 1 year, and this may be too
short for us to determine the long-term effectiveness of FLS in patients with hip fractures.
Finally, the representativeness of our sample was limited by its small size. All participants
were recruited from the same institution and might not represent the older adult population
undergoing hip fracture surgery throughout Taiwan. Whether our FLS program can be
replicated in other institutions to have similar outcomes remains to be clarified. Even with
these limitations, we shared our own experience using the multipronged programmatic
strategy to improve the care quality after hip fracture surgery in the older adult population,
offering a successful example for enhancing and closing the gaps in osteoporosis hip
fracture care at Taipei Municipal Wanfang Hospital.
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5. Conclusions

Our FLS program, which was designed to encourage the screening and treatment of
osteoporosis and sarcopenia, to take a stratified care approach for patients with a high risk of
poor postoperative outcomes, and to offer home visits for the assessment of environmental
hazards of falling, and to improve the patient’s adherence to osteoporosis treatment, was
proven to successfully reduced the 1-year refracture rate and facilitated functional recovery
after hip fracture surgery in our older adult sample. The experience of our multipronged
programmatic strategy for care after hip fracture surgery in the older adult population is
anticipated to serve as a valuable reference for establishing FLS to improve the outcomes of
vulnerable older adult individuals with hip fractures.

Author Contributions: Study concept and design: Y.-P.C. and Y.-J.K. Acquisition of data: Y.-P.C.,
W.-C.C., T.-W.W. and P.-C.C. Analysis and interpretation of data: Y.-P.C. and S.-W.H. Drafting of the
manuscript: Y.-P.C., W.-C.C. and T.-W.W. Critical revision of the manuscript for important intellectual
content: Y.-J.K. All authors have read and agreed to the published version of the manuscript.

Funding: The authors are grateful to Wan Fang Hospital (Grant numbers 109-wf-eva-30 and 111-wf-
swf-07) for financially supporting this research.

Institutional Review Board Statement: The study was conducted in accordance with the code of
ethics of the World Medical Association (Declaration of Helsinki) and was approved by the Ethics
Committee of Taipei Medical University (TMU-JIRB N201709053 approved on 23 October 2017 and
TMU-JIRB N201912066 approved on 7 January 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Due to the sensitive nature of the questions asked in this study, survey
respondents were assured that raw data would remain confidential and would not be shared.

Acknowledgments: The authors would like to acknowledge the Laboratory Animal Center at TMU
for technical support.

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

References
1. Lesic, A.; Jarebinski, M.; Pekmezovic, T.; Bumbasirevic, M.; Spasovski, D.; Atkinson, H.D. Epidemiology of Hip Fractures in

Belgrade, Serbia Montenegro, 1990–2000. Arch. Orthop. Trauma Surg. 2007, 127, 179–183. [CrossRef] [PubMed]
2. Melton, L.J., 3rd. Epidemiology of Hip Fractures: Implications of the Exponential Increase with Age. Bone 1996, 18, S121–S125.

[CrossRef]
3. Cheung, C.-L.; Bin Ang, S.; Chadha, M.; Chow, E.S.-L.; Chung, Y.-S.; Hew, F.L.; Jaisamrarn, U.; Ng, H.; Takeuchi, Y.; Wu, C.-H.; et al.

An updated hip fracture projection in Asia: The Asian Federation of Osteoporosis Societies study. Osteoporos. Sarcopenia 2018,
4, 16–21. [CrossRef] [PubMed]

4. Lee, T.-C.; Ho, P.-S.; Lin, H.-T.; Ho, M.-L.; Huang, H.-T.; Chang, J.-K. One-Year Readmission Risk and Mortality after Hip Fracture
Surgery: A National Population-Based Study in Taiwan. Aging Dis. 2017, 8, 402–409. [CrossRef] [PubMed]

5. Wang, C.-B.; Lin, C.-F.J.; Liang, W.-M.; Cheng, C.-F.; Chang, Y.-J.; Wu, H.-C.; Wu, T.-N.; Leu, T.-H. Excess mortality after hip
fracture among the elderly in Taiwan: A nationwide population-based cohort study. Bone 2013, 56, 147–153. [CrossRef]

6. Wu, T.; Hu, H.; Lin, S.; Chie, W.-C.; Yang, R.-S.; Liaw, C. Trends in hip fracture rates in Taiwan: A nationwide study from 1996 to
2010. Osteoporos. Int. 2016, 28, 653–665. [CrossRef]

7. Abrahamsen, B.; van Staa, T.; Ariely, R.; Olson, M.; Cooper, C. Excess mortality following hip fracture: A systematic epidemiologi-
cal review. Osteoporos. Int. 2009, 20, 1633–1650. [CrossRef]

8. Chen, Y.-P.; Kuo, Y.-J.; Liu, C.-H.; Chien, P.-C.; Chang, W.-C.; Lin, C.-Y.; Pakpour, A.H. Prognostic factors for 1-year functional
outcome, quality of life, care demands, and mortality after surgery in Taiwanese geriatric patients with a hip fracture: A
prospective cohort study. Ther. Adv. Musculoskelet. Dis. 2021, 13, 1759720X211028360. [CrossRef]

9. Lee, S.-H.; Chen, I.; Li, Y.; Chiang, C.F.; Chang, C.; Hsieh, P. Incidence of Second Hip Fractures and Associated Mortality in Taiwan:
A Nationwide Population-Based Study of 95,484 Patients During 2006–2010. Acta Orthop. Traumatol. Turc. 2016, 50, 437–442.
[CrossRef]

10. Åkesson, K.; Marsh, D.; Mitchell, P.J.; McLellan, A.R.; Stenmark, J.; Pierroz, D.D.; Kyer, C.; Cooper, C. Capture the Fracture: A
Best Practice Framework and global campaign to break the fragility fracture cycle. Osteoporos. Int. 2013, 24, 2135–2152. [CrossRef]

11. Wu, C.-H.; Tu, S.-T.; Chang, Y.-F.; Chan, D.-C.; Chien, J.-T.; Lin, C.-H.; Singh, S.; Dasari, M.; Chen, J.-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. [CrossRef] [PubMed]

http://doi.org/10.1007/s00402-006-0234-2
http://www.ncbi.nlm.nih.gov/pubmed/17013603
http://doi.org/10.1016/8756-3282(95)00492-0
http://doi.org/10.1016/j.afos.2018.03.003
http://www.ncbi.nlm.nih.gov/pubmed/30775536
http://doi.org/10.14336/AD.2016.1228
http://www.ncbi.nlm.nih.gov/pubmed/28840055
http://doi.org/10.1016/j.bone.2013.05.015
http://doi.org/10.1007/s00198-016-3783-4
http://doi.org/10.1007/s00198-009-0920-3
http://doi.org/10.1177/1759720X211028360
http://doi.org/10.1016/j.aott.2016.06.008
http://doi.org/10.1007/s00198-013-2348-z
http://doi.org/10.1016/j.bone.2018.03.018
http://www.ncbi.nlm.nih.gov/pubmed/29555309


Medicina 2022, 58, 875 11 of 11

12. Chien, L.-N.; Li, Y.-F.; Yang, R.-S.; Yang, T.-H.; Chen, Y.-H.; Huang, W.-J.; Tsai, H.-Y.; Li, C.-Y.; Chan, D.-C. Real-world cost-
effectiveness analysis of the fracture liaison services model of care for hip fracture in Taiwan. J. Formos. Med. Assoc. 2021.
[CrossRef] [PubMed]

13. Amphansap, T.; Stitkitti, N.; Arirachakaran, A. The effectiveness of Police General Hospital’s fracture liaison service (PGH’s FLS)
implementation after 5 years: A prospective cohort study. Osteoporos. Sarcopenia 2020, 6, 199–204. [CrossRef] [PubMed]

14. Javaid, M.K.; Sami, A.; Lems, W.; Mitchell, P.; Thomas, T.; Singer, A.; Speerin, R.; Fujita, M.; Pierroz, D.D.; Akesson, K.; et al.
A Patient-Level Key Performance Indicator Set to Measure the Effectiveness of Fracture Liaison Services and Guide Quality
Improvement: A Position Paper of the Iof Capture the Fracture Working Group, National Osteoporosis Foundation and Fragility
Fracture Network. Osteoporos. Int. 2020, 31, 1193–1204.

15. Chen, L.K.; Woo, J.; Assantachai, P.; Auyeung, T.W.; Chou, M.Y.; Iijima, K.; Jang, H.C.; Kang, L.; Kim, M.; Kim, S.; et al. Asian
Working Group for Sarcopenia: 2019 Consensus Update on Sarcopenia Diagnosis and Treatment. J. Am. Med. Dir. Assoc. 2020,
21, 300–307.e2. [CrossRef]

16. Mahoney, F.I.; Barthel, D.W. Functional evaluation: The Barthel Index. Md. State Med. J. 1965, 14, 61–65.
17. Unnanuntana, A.; Jarusriwanna, A.; Nepal, S. Validity and responsiveness of Barthel index for measuring functional recovery

after hemiarthroplasty for femoral neck fracture. Arch. Orthop. Trauma Surg. 2018, 138, 1671–1677. [CrossRef]
18. Bauer, D.C. Osteoporosis Treatment After Hip Fracture: Bad News and Getting Worse. JAMA Netw. Open 2018, 1, e180844.

[CrossRef]
19. Kung, A.W.; Fan, T.; Xu, L.; Xia, W.B.; Park, I.H.; Kim, H.S.; Chan, S.P.; Lee, J.K.; Koh, L.; Soong, Y.K.; et al. Factors influencing di-

agnosis and treatment of osteoporosis after a fragility fracture among postmenopausal women in Asian countries: A retrospective
study. BMC Women’s Health 2013, 13, 7. [CrossRef]

20. González-Quevedo, D.; Bautista-Enrique, D.; Pérez-Del-Río, V.; Bravo-Bardají, M.; García-de-Quevedo, D.; Tamimi, I. Fracture
Liaison Service and Mortality in Elderly Hip Fracture Patients: A Prospective Cohort Study. Osteoporos. Int. 2020, 31, 77–84.
[CrossRef]

21. Amphansap, T.; Stitkitti, N.; Dumrongwanich, P. Evaluation of Police General Hospital’s Fracture Liaison Service (Pgh’s Fls): The
First Study of a Fracture Liaison Service in Thailand. Osteoporos Sarcopenia 2016, 2, 238–243. [CrossRef] [PubMed]

22. Baroni, M.; Zampi, E.; Rinonapoli, G.; Serra, R.; Zengarini, E.; Duranti, G.; Ercolani, S.; Conti, F.; Caraffa, A.; Mecocci, P.; et al.
Fracture prevention service to bridge the osteoporosis care gap. Clin. Interv. Aging 2015, 10, 1035–1042. [CrossRef] [PubMed]

23. Chang, L.-Y.; Tsai, K.-S.; Peng, J.-K.; Chen, C.-H.; Lin, G.-T.; Lin, C.-H.; Tu, S.-T.; Mao, I.-C.; Gau, Y.-L.; Liu, H.-C.; et al. The
development of Taiwan Fracture Liaison Service network. Osteoporos. Sarcopenia 2018, 4, 47–52. [CrossRef] [PubMed]

24. Warriner, A.H.; Curtis, J.R. Adherence to osteoporosis treatments: Room for improvement. Curr. Opin. Rheumatol. 2009,
21, 356–362. [CrossRef]

25. Chiang, M.-H.; Huang, Y.-Y.; Kuo, Y.-J.; Huang, S.-W.; Jang, Y.-C.; Chu, F.-L.; Chen, Y.-P. Prognostic Factors for Mortality, Activity
of Daily Living, and Quality of Life in Taiwanese Older Patients within 1 Year Following Hip Fracture Surgery. J. Pers. Med. 2022,
12, 102. [CrossRef]

26. Senay, A.; Fernandes, J.C.; Delisle, J.; Morin, S.N.; Perreault, S. Persistence and compliance to osteoporosis therapy in a fracture
liaison service: A prospective cohort study. Arch. Osteoporos. 2019, 14, 87. [CrossRef]

27. Penrod, J.D.; Litke, A.; Hawkes, W.G.; Magaziner, J.; Koval, K.J.; Doucette, J.T.; Silberzweig, S.B.; Siu, A.L. Heterogeneity in Hip
Fracture Patients: Age, Functional Status, and Comorbidity. J. Am. Geriatr. Soc. 2007, 55, 407–413. [CrossRef]

28. Chen, Y.P.; Wong, P.K.; Tsai, M.J.; Chang, W.C.; Hsieh, T.S.; Leu, T.H.; Lin, C.F.J.; Lee, C.H.; Kuo, Y.J.; Lin, C.Y. The High Prevalence
of Sarcopenia and Its Associated Outcomes Following Hip Surgery in Taiwanese Geriatric Patients with a Hip Fracture. J. Formos.
Med. Assoc. 2020, 119, 1807–1816. [CrossRef]

29. Gillespie, L.D.; Robertson, M.C.; Gillespie, W.J.; Sherrington, C.; Gates, S.; Clemson, L.M.; Lamb, S.E. Interventions for preventing
falls in older people living in the community. Cochrane Database Syst. Rev. 2012, 2021, CD007146. [CrossRef]

30. Balasubramanian, A.; Zhang, J.; Chen, L.; Wenkert, D.; Daigle, S.G.; Grauer, A.; Curtis, J.R. Risk of Subsequent Fracture after Prior
Fracture among Older Women. Osteoporos. Int. 2019, 30, 79–92. [CrossRef]

http://doi.org/10.1016/j.jfma.2021.05.028
http://www.ncbi.nlm.nih.gov/pubmed/34144861
http://doi.org/10.1016/j.afos.2020.11.004
http://www.ncbi.nlm.nih.gov/pubmed/33426309
http://doi.org/10.1016/j.jamda.2019.12.012
http://doi.org/10.1007/s00402-018-3020-z
http://doi.org/10.1001/jamanetworkopen.2018.0844
http://doi.org/10.1186/1472-6874-13-7
http://doi.org/10.1007/s00198-019-05153-w
http://doi.org/10.1016/j.afos.2016.09.002
http://www.ncbi.nlm.nih.gov/pubmed/30775492
http://doi.org/10.2147/CIA.S76695
http://www.ncbi.nlm.nih.gov/pubmed/26150707
http://doi.org/10.1016/j.afos.2018.06.001
http://www.ncbi.nlm.nih.gov/pubmed/30775542
http://doi.org/10.1097/BOR.0b013e32832c6aa4
http://doi.org/10.3390/jpm12010102
http://doi.org/10.1007/s11657-019-0633-y
http://doi.org/10.1111/j.1532-5415.2007.01078.x
http://doi.org/10.1016/j.jfma.2020.02.004
http://doi.org/10.1002/14651858.cd007146.pub3
http://doi.org/10.1007/s00198-018-4732-1

	Introduction 
	Materials and Methods 
	Program Description 
	Data Collection 
	Key Performance Indicators for FLS 
	Environmental Evaluation in Home Visits 
	Definition of Sarcopenia 
	Instruments for Functional Outcomes 
	Statistics 

	Results 
	Demographic Data 
	KPIs for Quality Control in FLS 
	Findings on Home Visits and Changes Thereafter 
	Primary and Secondary Outcomes 

	Discussion 
	Conclusions 
	References

