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ABSTRACT

This paper describes the implementation of an ontology-based Electronic Health Record for clinical management and
reporting in a Fracture Liaison Service. The system, called Elfin, was first implemented in live practice at the Nuffield
Orthopaedic Centre, Oxford, in 2014. Elfin uses the model-driven cityEHR open source health record system and was
originally developed using an agile methodology (iterative and user-centered). It was then iteratively refined in response
to user feedback on the live implementation. In 2021, a second version of the system was developed (Elfin2) using a new
specification of the underlying clinical information model and incorporating feedback and lessons learned from the first
implementation. Elfin2 has never been introduced into live operation but the original Elfin has continued in live use and
was more formally evaluated in 2025, in preparation for the development of Elfin3 which includes the additional design
goal of creating a system that can be used in any international setting.
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1. INTRODUCTION

Weakening of the bones (loss of bone density) increases the risk of fragility fracture — a fracture following a
low-energy trauma such as a fall from standing. Bone density can be measured using a dual-energy X-ray
absorptiometry (DXA) scan, and osteoporosis is diagnosed in patients whose bone mineral density (BMD) at
the hip falls lower than 2.5 standard deviations from the mean, as measured in a population of healthy young
adults of the same sex (Kanis, 2002). The risk of fracture can be calculated using the FRAX assessment tool
(McCloskey, et al, 2022) which takes into account the BMD and other factors such as age, family history and
lifestyle

The Fracture Liaison Service (FLS) was pioneered as a clinical service in Glasgow, Scotland, starting in
1999 (McLellan, et al, 2003). An FLS identifies patients after a fragility fracture, assesses their risk of
suffering further fractures, makes treatment recommendations to reduce the risk and monitors compliance to
the treatment.

Elfin is an Electronic Health Record (EHR) designed to support the clinical and administrative practice of
the FLS at the Nuffield Orthopaedic Centre in Oxford, England. The system was developed following a



public procurement for development of a prototype to investigate and address the needs for an information
system to support secondary fracture prevention in the South Central region of the National Health Service
(NHS) in England, where considerable variations in care could be observed (Drew,. Et al, 2014). The
procurement started in January 2012 and resulted in a contract to deliver a Vision Document and working
prototype, which were developed using an iterative process from July to December 2012.

The Elfin prototype was an EHR that used a clinical information model for the FLS supporting the basic
care pathway shown in Figure 1, including the generation of letters (clinical correspondence) for
communication between the FLS, the patient and their primary care physician. The prototype was refined in
response to further user feedback during the first half of 2013 and in the second half of that year was loaded
with live data for existing patients that had previously been held in a Microsoft Access database running on a
local PC within the FLS.
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Figure 1. Basic Care Pathway supported by Elfin

A pilot of the system went live in early 2014 with two users and the first Elfin system was live with the
full group of users (approximately eight) in the first quarter of 2015. A second version of the system, Elfin2,
was developed in 2021, but was not introduced into live service. The original Elfin remains in live operation
through 2026, with over 30,000 patients in its database and an archive of a further 8,000.

The remaining sections of this paper describe the iterative development and evaluation of the first Elfin
prototype, further refinement of the live system in response to user feedback and new requirements for
national-level reporting, the development of Elfin2 in preparation for international deployment, and the new
features of Elfin3 that are being developed using feedback from a more formal user evaluation.

2. METHOD

2.1 Iterative Model-Driven Development

Elfin was developed using the open source, model-driven cityEHR platform (Chelsom et al, 2013) which
follows the design principles of the ISO 13606 standard for structured health records and the associated
openEHR initiative (Kalra, et al, 2006). The clinical information architecture of cityEHR is realized as an
ontology, represented in OWL/XML (Hitzler, et al, 2009) and incorporating the basic structure of a generic
health record using the components defined by ISO 13606.

The information architecture of cityEHR is used to build clinical information models, which are also held
as OWL/XML ontologies but are developed using spreadsheets that are transformed to the ontology
representation. The patient records are stored as XML using the HL.7 CDA standard, which is closely aligned
with the structure of ISO 13606 (Schloeffel, et al, 2006) meaning that HL7 CDA templates can be generated
directly from the ISO 13606 ontology model.

The Elfin prototype was developed using the agile Scrum methodology (Takeuchi and Nonaka, 1986),
with six, one month 'sprints'. Sprint review/planning meetings were held with a full range of stakeholders,
including nurses, administrators, rheumatologists and general practitioners. The primary objective was to
develop the clinical information model for the FLS, but early iterations also led to updates of the ontology
architecture and underlying cityEHR framework, when requirements were elicited that could not readily be
implemented using the architecture and framework as they existed at the start. By the time the system was
fully live, the underlying information architecture had been fixed, so that later iterations resulted only in
changes to the information model, as shown in Figure 2. An advantage of the model-driven approach is that
small iterative changes to the model can continue even once a system has entered live operation, subject to a
robust process of quality assurance, release and versioning.



‘ Iteration during development ‘ Iteration in live running

O [ cinical

) A ﬁ Analyst o Information Information Information \\ \ Information Information
) > Model Model Model ) == b Model Model
A A ] E— /

ya) , V 5 |V [V > >
— Syst_em N N

L > Architect _| Ontology \| ontology \| Ontology Ontology Ontology

A Architecture Architecture Architecture Architecture Architecture
2N Il 4 ) ) ,
Stakeholders Developer N

% » EHR EHR EHR EHR EHR

v o 7

Figure 2. Iterative Development of the Elfin Prototype and Live System

2.2 Refinement in Response to User Feedback and Changing Requirements

Once Elfin had been fully rolled out, two major enhancements were made in response to feedback from users
and to a new requirement for national level reporting.

Users reported that the registration of new patients was unnecessarily time consuming because all patient
demographics and details of their general practitioner (primary care physician) needed to be entered
manually. In response to this feedback a new feature was added to cityEHR whereby any entry in the
information model can be designated for lookup in a directory, based on the value entered for a single key
data value, rather than being entered manually. The directory look-up can then be configured to search a
directory of entries loaded to the cityEHR database itself or to submit the search to an external web service
which returns matched entries in HL7 CDA format. For Elfin, the look-up of patient demographics is made
from a web service that accesses the main hospital health records (which in turn access demographics on the
national-level Patient Demographics Service); look-up of details for the general practitioner is made from an
internal directory that is imported from the national NHS register.

The second major enhancement was made after a national reporting service, the Fracture Liaison Service
Database (FLS-DB), was introduced to the NHS in 2016 to audit and report on the performance of
participating services and to provide an information source for clinical studies (Javaid, et al, 2022). To meet
this requirement, new reporting features were added to cityEHR and configured to generate FLS-DB reports,
as shown in Figure 3. Data entry is constrained by Elfin's clinical information model, as is the formulation of
cohort searches which can use any combination of data to define the phenotype of a cohort, for example
patients suffering particular types of fracture in a specified time period.

Elfin
o Reporting
Clinical Model Model
Y
et Cohort EV\/ Patient EV\/ Generate Ev\/ Report
Input Search Cohort Report

Patient Records

Figure 3. Generation of reports for upload to the FLS-DB



Reports are generated using a different information model which specifies how each data value in the
report for an individual patient is derived from combinations of data in the clinical model. Iterating through
the cohort, the report for each patient is loaded, the data are calculated and the results are exported
cumulatively to build the complete report as a spreadsheet of over 50 fields that is required by the FLS-DB.
A typical quarterly report contains records for 300 to 400 patients and the spreadsheet is uploaded manually
to the FLS-DB web site (FLS-DB, 2025).

By using this approach, the original clinical model remained largely unchanged, and the report
calculations were confined to the reporting model. However, the process of iterating through hundreds of
patients, performing multiple calculations to generate the report for each one and then aggregating the results
to produce the complete report requires intense processing and means that report generation is quite slow.

2.3 Development of Elfin2

A second version of the system, Elfin2, was developed primarily to support a new clinical information model
that had been created to streamline the capture of FLS data in a wider variety of services, including in
international locations. This model reduced information that was not essential to the basic operation of the
FLS and more directly represented information that was to be reported to the FLS-DB, so that the generation
of reports was based more on data that were directly recorded, and less on data that were calculated or
derived. Any calculations that were still necessary for reporting were performed at the time the original
clinical data were entered and then stored in the patient record. The reports could then be generated more
quickly, since additional calculations were no longer required. This new model also opened the possibility of
generating reports using a simple database query, since all the required data were already available in the
stored record.

In preparation for potential international deployment, Elfin2 was built using a new version of cityEHR
which added support for language variants of the base clinical information model, meaning that the same
structure of clinical information could be gathered using variants of the model presented in the local language
and following local adaptations of the care pathway (Chelsom, et al. 2024).

2.4 Formal Evaluation of Elfin

The Elfin2 system was not deployed in live operation, but the original Elfin system continues to be used in
the Oxford FLS and underwent a more formal evaluation in 2025 as part of a wider user survey conducted to
discover the existing practices and requirements for information systems in an FLS, as perceived by end
users. A survey was designed with 15 top level questions and 135 unique responses, and was sent to a total of
85 FLS system users in the UK and other countries.

The FLS systems ranged from simple spreadsheets through to more sophisticated health record systems,
such as Elfin. Although not specifically developed as an evaluation of Elfin, six Elfin users participated in the
survey and analysis of their responses to three key questions provided useful insight into the development of
a third iteration of the system, Elfin3:

* agree or disagree (on a six-point scale) with 20 statements regarding the acceptance and use of the
existing FLS information system;

» state whether the existing FLS information system supports ('yes', 'no' or 'to some extent') a list of 57
possible features;

« grade the importance of 20 possible features in an 'ideal' FLS information system, on a scale of 1 (not
important) to 6 (very important).

3. RESULTS

Survey responses from the Oxford FLS team are indicative of a service operating across a fragmented digital
landscape. When reporting on current system capabilities, the following were reported as missing features:



Automated monitoring reminders

Integration of data from other systems (DXA, lab results)
Advanced reporting and dashboard functionality
Automated uploads to FLS-DB

AN

Interestingly, the first of these 'missing features', automated monitoring reminders, is actually available in
the system, which indicates a lack of adequate user training, rather than a deficiency in the Elfin system
itself.

Evaluation of current system capabilities shows that several key functions (including integration of DXA
and lab results, automated monitoring reminders, custom reporting, and streamlined FLS-DB uploads) are
only partially functional or absent, yet these same features were rated among the most important for an ideal
system. The clear conclusion is that the service is clinically robust but digitally constrained, with staff
effectively acting as the integration layer between systems, representing a significant opportunity for
efficiency gains through targeted interoperability and workflow automation. However, the lack of some
features, particularly integration with other systems, is not due to inherent lack of capability in Elfin, but due
to lack of budget available for the services work required to implement such integration.

The full results of the user survey will be published at a later date, but analysis of the responses from
Elfin users, and comparison with the responses from users of other systems, provided useful input to the
formulation of design goals for Elfin3. This third iteration is being developed with a revised information
model specified and published by the Oxford FLS and the latest version of the cityEHR platform, which
incorporates some new features developed as a direct response to the feedback from the user evaluation:

« the information architecture supports orders, appointments and prescriptions

+ extended support for graphical data entry

« letter templates developed and configured locally, by system administrators

+ enhanced tools for internationalization

* built in, context sensitive help

* local configuration of help and explanation of the clinical information model
« scheduling of automated report generation

* enhanced import and export, including scheduling of automated import/export

4. CONCLUSION

The use of a model driven, standards-based, EHR platform (cityEHR) facilitated the iterative development of
the first Elfin prototype and enabled iterative enhancements to the system over several years, based on
continuous informal feedback from users and other stakeholders. Although such evolution of a model-driven
system is possible, the need to retain backwards compatibility of the model imposes a limit on the extent of
evolution; eventually it becomes necessary to create a new, refactored, model and to migrate the existing data
to that model.

Similarly, the onward development of the underlying cityEHR platform has required additions to the
information architecture underpinning the models. This means that support for new features in the most
recent releases would also require migration of the historic data currently stored in Elfin. Whilst it would be
technically feasible to do this, there is not a budget to fund the services work required. This could be viewed
as a wider issue for open source EHR systems; they provide a cost effective software solution, but still
require funding of the services work for development and deployment, particularly to implement interfaces
with other digital systems.

Elfin2 was developed on the basis of informal feedback and evaluation of the original system. A more
formal evaluation with Elfin users, and a comparison with responses from users of other FLS information
systems, provided the input to the design goals of Elfin3, which is aimed at deployment in different
international settings. Although the experience with Elfin at the Nuffield Orthopaedic Centre has been
invaluable in the development of Elfin2 and Elfin3, budget constraints mean they are more likely to be
deployed at other, green field, sites than to replace the original Elfin system in Oxford.
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