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Abstract
Summary The aims of this study are to develop a cloud-based
application of the Fracture Liaison Service for practitioners to
coordinate the care of osteoporotic patients after suffering pri-
mary fractures and provide a performance feedback portal for
practitioners to determine quality of care. The application pro-
vides continuity of care, improved patient outcomes, and re-
duced medical costs.
Introduction The purpose of this study is to describe the con-
tent development and functionality of a cloud-based applica-
tion to broadly deploy the Fracture Liaison Service (FLS) to
coordinate post-fracture care for osteoporotic patients.
Methods The Bone Health Collaborative developed the FLS
application in 2013 to support practitioners’ access to infor-
mation and management of patients and provide a feedback
portal for practitioners to track their performance in providing
quality care. A five-step protocol (identify, inform, initiate,
investigate, and iterate) organized osteoporotic post-fracture
care-related tasks and timelines for the application. A range

of descriptive data about the patient, their medical condition,
therapies and care, and current providers can be collected.
Seven quality of care measures from the National Quality
Forum, The Joint Commission, and the Centers for Medicare
andMedicaid Services can be tracked through the application.
Results There are five functional areas including home, tasks,
measures, improvement, and data. The home, tasks, and data
pages are used to enter patient information and coordinate care
using the five-step protocol. Measures and improvement
pages are used to enter quality measures and provide practi-
tioners with continuous performance feedback. The applica-
tion resides within a portal, running on a multitenant, private
cloud-based Avedis enterprise registry platform. All data are
encrypted in transit and users access the application using a
password from any common web browser.
Conclusion The application could spread the FLS model of
care across the US health care system, provide continuity of
care, effectively manage osteoporotic patients, improve out-
comes, and reduce medical costs.

Keywords Cloud-based application . FLS . Fracture Liaison
Service . Osteoporosis . Post-fracture

Introduction

Osteoporosis is a debilitating, deadly, and costly bone
disease [1]. It is characterized by weakened and fragile
bone tissue and is the main underlying cause of fracture
in an aging population. Estimates from Healthy People
2010 [2] describe about 5.3 million older women and
men in the USA with osteoporosis of the femur and an-
other 34.5 million with low bone mass. Moreover, esti-
mates for 2010 depicts 10.2 million adults age 50 or older
with osteoporosis and 43.4 million with low bone mass of
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either the femoral neck or lumbar spine [3]. One in two
Americans over age 50 is projected to develop or be sus-
ceptible to osteoporosis of the femur by 2020, with even
more at-risk of osteoporosis at other skeletal sites [4].

A powerful predictor of an osteoporotic fracture is a
previous fracture [5], which has important public health
consequences [1]. Two thirds of femur fracture patients
never regain their former level of independence and
26 % become permanently disabled within the first year
[6]. Twenty percent of older people who suffer an osteo-
porotic fracture die in the first year [4], and direct care
costs per patient are about $30,000 for femur fracture,
$11,300 for other nonvertebra fracture, and $8,380 for
vertebra fracture [7].

Studies show that post-fracture osteoporotic patients
are not receiving calcium, vitamin D, or a prescription
medication to prevent further fracture [8]. In the 6 months
following their fracture, only 21 % of osteoporotic women
age 67 or older had either a bone mineral density (BMD)
test or were prescribed medication to treat or prevent this
disease [9, 10]. A primary impediment for post-fracture
care is a lack of awareness about the severe consequences
of osteoporosis among the general public, primary care
physicians and other specialists, and policy makers [11].

Improving the continuity of care for osteoporotic pa-
tients has received limited attention in the USA. Fracture
Liaison Service (FLS) programs that identify and manage
patients after a fracture are used in several closed US
health care systems and demonstrated promise for im-
provement. The FLS model of care connects bone health
specialists with the patient’s primary care physician and
employs a coordinator (nurse practitioner, physician’s as-
sistant, registered nurse, or health care professional) to
ensure patients are appropriately diagnosed, treated, and
followed up. FLS programs have reduced secondary frac-
ture rates and health care costs and improved the quality
of patient care at Geisinger Health and in the UK [12, 13].

Despite their success, FLS programs are not an inte-
gral part of post-fracture care throughout the USA.
Health information technology could be leveraged to
facilitate widespread implementation of such programs.
Current technologies, however, do not communicate
across hospitals, and in some cases across care settings
in the same hospital, making crucial patient data diffi-
cult to access and coordinated care challenging [14, 15].
A potential solution is a cloud-based system where
practitioners across the health care sector can communi-
cate and jointly manage osteoporotic patients. This pa-
per describes the content development for the FLS ap-
plication, deployment of the application via a cloud-
based platform, and functionality of the application in
a clinical setting to coordinate post-fracture care for os-
teoporotic patients.

Content development for FLS application

The content development team comprised experts in bone
health and osteoporotic care from NBHA and NOF, and two
clinicians with expertise in the fracture liaison service. They
defined the optimum workflow for post-fracture care (initial
patient identification, assessment, and follow-up care) and
developed a five-step protocol to deliver the FLS model of
care. The protocol was informed by a meta-analysis of
existing post-fracture models of care for osteoporotic pa-
tients [16], and care-related tasks divided into the following
five behaviors: identify, inform, initiate, investigate, and it-
erate. Table 1 describes each behavior and their relation to
the workflow stages of post-fracture care. The protocol was
built as the clinical decision-making tool for the FLS App,
in which each step had to be completed by the health care
practitioner coordinating the patient’s care before the next
step could be initiated. Figure 1 displays the application
home page and contains a 2-week window of upcoming
patient tasks and how patients are progressing through the
5-step protocol.

The Collaborative also sought to provide a portal for prac-
titioners to track and benchmark their performance on post-
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Background

The FLS application (FLS App) was developed for a Fracture
Liaison Service Model of Care. The objectives in building the
FLS App were to develop a system that broadly deployed the
FLS model of care to health care settings, to make coordina-
tion of post-fracture care and access to patient information
quick and reliable, and to provide a feedback portal for prac-
titioners to track their performance in providing quality care.

The FLS App was developed by the Bone Health Collab-
orative in 2013 and included a team of health care profes-
sionals with expertise in the FLS model of care, who worked
closely with CECity.com, Inc®, the technology partner, the
National Bone Health Alliance (NBHA), and the National
Osteoporosis Foundation (NOF). The NBHA and NOF en-
gaged leaders in the field to guide content development of
the application. CECity.com® built the FLS software applica-
tion on their web-based platform. They are a software as a
service provider, wherein they develop, manage, and operate
software applications, and end-users access these applications
and submit data across the cloud. They were a logical tech-
nology partner because of these capabilities and because their
focus is the health care industry and they also offer quality
reporting, performance improvement, and continuing educa-
tion services. Researchers from the Johns Hopkins Medicine
Armstrong Institute for Patient Safety and Quality joined the
collaborative once the FLS App was built to develop and
manage the research project.



fracture quality of care measures for osteoporotic patients.
The team identified over 35 candidate quality measures
endorsed by the National Quality Forum [17], The Joint
Commission [18], and the Centers for Medicare and Med-
icaid Services [19]. They worked with the two fracture
liaison service content experts (see the Acknowledgments)
and used a deliberative process, in which the group used
logic and reasoning to thoughtfully reach consensus [20], to
reduce candidate measures to a final set of seven (Table 2).
A measure was included if it described an evidence-based
therapy or process of care that directly linked to identifying
osteoporotic-related fractures and managing post-fracture
care for women and men.

Web-based platform

The FLS App resides within CECity’s MedConcert® por-
tal, running on the multitenant, cloud-based Avedis enter-
prise registry platform. The platform is a private cloud, and
only authorized users can access the site and data. It is
HIPAA compliant and housed across multiple enterprise
class data centers. All data are encrypted in transit using
a secure AES-256 protocol, and the platform automatically
scales up as utilization increases. Data for the FLS App are
stored within MongoDB BBig Data^ databases and SQL
Server 2012 Enterprise. Users can access the FLS App
and portal using any common web browser, such as
Chrome, Internet Explorer, Firefox, or Safari, and the portal
is constantly updated as browsers evolve.

CECity followed its internal project implementation meth-
odology (discovery, modeling, and implementation) to man-
age the application development. Discovery was accom-
plished through the content development, in which the FLS
process and data elements were first defined, and CECity doc-
umented this entire process in the modeling phase. The
CECity team used this modeling to configure the FLS App
on its registry platform to collect the requisite data using the
optimal workflow to manage osteoporotic patients and to en-
sure ease of data entry (implementation phase).

Functionality of FLS application

The FLS App is accessed through the MedConcert portal un-
der the Apps page (Fig. 1). There are five functional areas for
the application, including home, tasks, measures, improve-
ment, and data. The Home page (Fig. 1) contains a compre-
hensive dashboard of Upcoming Patient Tasks, total number
of patients being managed by protocol step, and number of
due and overdue tasks for the current and upcoming week.
There are also interfaces to enroll new patients, link to learn-
ing opportunities (e.g., NOF Clinician Guide to Prevention
and Treatment of Osteoporosis), and communicate with prac-
titioners. The Coordination of Care Messages interface con-
nects practitioners from different sites, wherein messages can
be sent and received to co-manage patients, and provide con-
tinuity of care.

The Tasks page shows patients currently being managed
and includes their fracture date, current protocol step, and
action button to view the required tasks to complete the step,
and deadline for completion. This list can be filtered by pro-
tocol step, specific time period, or protocol status. Practi-
tioners can also view patients and required protocol tasks in
a monthly calendar on their scheduled follow-up date.

Practitioners enter patient information through the Data
page of the application. Information on each patient encounter
can be uploaded from an electronic medical record or billing
system or manually entered into the system. A range of de-
scriptive data about the patient, their medical condition, med-
ical care, current providers, and the like are collected to inform
each step of the protocol (Table S1). Details of a patient en-
counter includes the date and location (picked from a
dropdown menu) of the visit, current step in the FLS protocol
(dropdown menu), follow-up date, whether the patient re-
mains enrolled in the program (dichotomous variable), and
whether they filled or refilled their prescription (dichotomous
variable).

Practitioners enter data related to quality metrics (Table 2)
through the Measures page (Fig. 2). Both the Measures and
Improvement pages provide practitioners with continuous per-
formance feedback and peer-to-peer benchmarks and can link

Table 1 Five steps and tasks of Fracture Liaison Service protocol

Step Description of tasks

Identify Gather demographic information about patient, as well as information about home caregivers and other medical professionals who provide
care.

Inform Gather test results and communicate with patient about osteoporosis at time of discharge. Evaluate additional patient information (e.g.,
alcohol use, exercise level) to assess risk of future falls.

Initiate Discuss osteoporosis diagnosis, treatment options, and medication with patients. Counsel patient and present educational materials about
balance and muscle strengthening exercise, fall prevention, and other preventive measures.

Investigate Follow up with patient to gather information about medication adherence, additional falls (if any), and other conditions.

Iterate Further investigation, as described above, after 1 year.
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to dynamically targeted learning opportunities. Performance
measures and benchmarks are automatically updated every
night to reflect data entered during the day. Through an intu-
itive interface (Fig. 2), practitioners can browse their current
performance rates, drill down to identify quality of care gaps
based on one or more comparators, view patient outliers, and
access improvement interventions intended to close quality

performance gaps related to the measures. Here is an example
of how the Measures portal functions, using the first measure
in Fig. 2. After data entry, a provider can go see that 39.66 %
of their patients received appropriate care linked to osteopo-
rosis management as of September 2014, and that one gap in
care (laboratory testing) was causing low performance with
this measure. Their performance in managing osteoporosis for

Fig. 1 MedConcert platform to the Fracture Liaison Service Home page.
The figure shows the MedConcert portal to the Fracture Liaison Service
application (FLS App) and the Home page once a user has logged into the
site. There are five functional areas to the FLS App, denoted by the tabs
near the top of the screen. The current display is the Home page, which

provides a comprehensive view of upcoming patient tasks over a 2-week
period, each patient’s fracture date, current step in the FLS protocol, and
length of time relative to the due date, which could be before or after.
Users can also send and receive messages to coordinate patient care with
other practitioners and connect with FLS program team members
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their post-fracture patients was well above the national bench-
mark of ≥19 % of patients not receiving appropriate osteopo-
rosis management. These data are updated daily so providers
can routinely assess their fidelity to the FLS model of care.
When gaps in performance are identified, providers can link
directly from this page to educational and training materials
that are specific to the areas identified for improvement
through the BHow do I improve?^ icon.

Preliminary testing of FLS application

The data collection tools and functionality of the FLS App
were tested by CECity’s Quality Assurance team, comprising
four people totaling 12 years of training and experience in
quality testing on similar applications. Over a 4-week period,
each person independently tested timing rules of the FLS pro-
tocol, general usability of the FLS App, and quality of data
input relative to expected output. To undertake this testing,

they entered simulated data on patients based on expected
measure results to test and verify the input and output of the
system. Prototypes of the FLS App were reviewed by mem-
bers of NBHA and 12 end-users (FLS coordinators and bone
specialists) to validate the content and test its usability. This
was an iterative process, in which multiple demonstrations
were done by CECity and updates made to the FLS App until
all stakeholders reached consensus on its readiness for use.

Discussion

Secondary fracture prevention remains an underdeveloped ar-
ea of osteoporotic care. This gap in care is not surprising given
the limited diagnosis and treatment of osteoporosis at the time
of a fragility fracture [21]. Fracture Liaison Service programs
to prevent further osteoporotic fractures have a limited pres-
ence in US health care. Yet, Ganda et al’s [16] meta-analysis
of existing care models to prevent secondary fractures

Table 2 Quality of care variables and epidemiological measurements

Source Description of measure

National Quality Forum (NQF) #0053 [17] Osteoporosis management in women who had a fracture (primary study objective).
Assesses whether women over 67 years of age who had one or more bone
fractures received, within 6 months of the fracture, a bone density test to
determine if osteoporosis was the underlying cause of the fracture and/or received
appropriate prevention/treatment for osteoporosis.

Centers for Medicare and Medicaid Services (CMS) Physician
Quality Reporting System (PQRS) Measure #40 [19]

Management following fracture of hip, spine, or distal radius for men and women
aged 50 years and older (display measure in FLS App). Percentage of patients
aged 50 years and older with fracture of the hip, spine, or distal radius who had a
central dual-energy X-ray absorptiometry (DXA) measurement ordered or per-
formed or pharmacologic therapy prescribed.

CMS, PQRS Measure #24 [19] Communication with the physician managing ongoing care post-fracture of hip,
spine, or distal radius for men and women aged 50 years and older (display
measure in FLS App). Percentage of patients aged 50 years and older treated for a
hip, spine, or distal radial fracture with documentation of communication with the
physician managing the patient’s ongoing care that a fracture occurred and that the
patient was or should be tested or treated for osteoporosis.

The Joint Commission (Osteoporosis-Associated Fracture)
#OAF-01 [18]

Laboratory investigation for secondary causes of fracture (display measure in FLS
App). Patients with fragility fracture who have had appropriate laboratory
investigation for secondary causes of fracture ordered or performed prior to
discharge from inpatient status.

The Joint Commission #OAF-03 [18] Discharge instructions—Emergency Department (display measure in FLS App).
Patients age 50 or over with a fracture of the vertebra, pelvis, wrist, ankle, or
humerus discharged from the Emergency Department to home, or their caregivers,
who have received written discharge instructions regarding the need to follow up
with a primary care physician, hospital outpatient department, or specialist for
possible osteoporosis to reduce the risk of future fracture, or who were contacted
by a fracture liaison service.

NQF #0037 [17] Osteoporosis testing in older women (exploratory objective). Examine the rate of
primary osteoporosis screening in post-fracture patients by estimating the pro-
portion of post-menopausal women over the age of 65who had a bone density test
for osteoporosis, classify these patients, and evaluate their post-diagnosis outpa-
tient-related treatment patterns.

Bone Health Collaborative FLS process adherence measure. Measure FLS Coordinator adherence to the tasks
and timelines of the standardized FLS process.
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concluded that fully coordinated models, such as the FLS
program, were better for closing the quality of care gap and
improving patient outcomes than education or alerts. Studies
of the FLS model in other countries have increased the detec-
tion and management of osteoporosis [22] and patient adher-
ence to long-term treatment for the disease [23]. Increased
adherence is a plus because some patients fail to keep
taking their medication [24, 25]. This model has also im-
proved post-fracture treatment for osteoporosis,[26, 27]
and in a predictive analysis, reduced femur fractures and
saved hospital costs [28].

The FLS App is cost-effective and easily accessible. It is
delivered through a secure, HIPAA compliant, cloud platform
using a Software as a Service (SaaS) model. This model elimi-
nates the need to install any software and enables the FLSApp to
cost-effectively scale to support large numbers of users and pa-
tient data sets, while maintaining an acceptable service level in
terms of availability and response time. Care providers can re-
motely access the application from any device with internet

access, enabling better coordination of care among providers
andmore reliable patient follow-up. Continuity of care is focused
on two premises: one, that there is an ongoing caring relationship
between provider and patient, and two, that care is informed
through an integrated process where providers have access to
patient information that can be shared within the system as the
FLS App allows [29].

An important quality improvement feature of the FLS App
is its performance feedback tool, in which practitioners can
measure and track the quality of care delivered to osteoporotic
patients. Quality performance is increasingly a central focus of
accreditation organizations and pay for performance pro-
grams. The quality measures in the FLS App are recommend-
ed by The Joint Commission [18], and tied to the Centers for
Medicare and Medicaid Services payment program [19].
Using the application to track and improve performance will
meet these recommendations, benefiting practitioners and
health care organizations. Also, performance measurement
has been used in studies to increase use of evidence-based

Fig. 2 Fracture Liaison Service performance feedback. The figure
displays the Measures page for the FLS App. This area is where
practitioners can see how they are performing on seven quality of care
measures endorsed by the National Quality Forum, The Joint

Commission, and the Centers for Medicare and Medicaid Services.
They can also compare their performance against other benchmarks and
determine the gaps in their quality of care for these measures
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therapies and gained dramatic improvements in outcomes [30,
31].

Moreover, the FLS App helps integrate health information
technologies within and across hospitals. Practitioners can up-
load patient information from electronic medical records or
billing systems. Historically, these technologies have not com-
municated across different care settings, making crucial pa-
tient data difficult to access and coordinated care challenging
[14, 15]. One of the demonstration sites found that it required
up to 2 hours to collect patient information from multiple
sources to complete follow up on an g an osteoporotic fracture
(Thompson, Lee, et al. unpublished data 2014). The most
common data sources are paper documentation, laboratory
medicine radiology, and electronic medical records [32]. The
FLS App stores data in a population registry and offers a
single source for accessing patient information.

In conclusion, osteoporosis is a silent disease and many
individuals are not aware of their fragility until they fracture
a bone. The Surgeon General describes a fracture as the start
of a Bdownward spiral in many individual’s physical and men-
tal health^ [4]. The FLS App has the potential to spread this
model of care across the US health care system, provide con-
tinuity of care, effectively manage osteoporotic patients, im-
prove outcomes, and reduce medical costs.
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