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Summary

Objectives: To analyze the contribution of Free/Libre Open Source
Software in health care (FLOSS-HC) and to give perspectives for fu-
fure developments.

Methods: Thepapersummarizes FLOSS-rloted rendsin heatth creasanfi-
poted by membersofthe IMIA Open Source Working Group. Dafa viereobiained
through reraturereview and personal experience and observations of the
authors n the last two decades. Astatus quois given by a frequency
analysis ofthe database of Medfloss.org, one ofthe world'slorgest plat-
foms dedicated o FLOSS-HC Theauthors discuss current problems in the
field of health care and finally give a prospediveroadmap, a pojectionof
thepotenfialinfuencesof FLOSS inhealth o,

Results: FLOSS-HC already existsfor more than 2 decades. Several
projects have shown that FLOSS may produce highly compefitive alter-
natives fo proprietary solufions that are afleast equivalent in usability
and have o better fotal cost of ownership ratio. The Medfloss.org dota-
base currently lists 221 projects of diverse application fypes.
Conclusions: FLOSSprincpleshold great potenfoloradchessing severol of
themost aifical problemsin heath care T, The authors arguethat an ecosystem
perspectiveirelevant and that FLOSS principles are best suited fo create
health ITsystems that are able o evolve over time as medical knowl-
edge, fechnologes, insights, workflows efc. confinuously change. Allhese
fucorsthatinherentlyinfluence the development o healt ITsystems e chang-
ing atan evergrowing pace. Tradtonal models ofoftwareenginegring are ot
abletofolowthese changesand provide up-to-date systems for an accept-
able cost/value ratio. To allow FLOSS to positivelyinfluence Health Tin
thefuturea” FLOSS-fendly" environment hastobe provided. Policymakers
should resolve uncerainies inthe legal framework hat disfovor FLOSS, Cerfica-
fion procedures should be speciied ina way that they do not raise additoncl
bariersfor FLOSS.
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Introduction

The invention of the internet has in-
troduced major changes in the way in-
formation and knowledge is distributed
and processed which historically only
may be compared with the invention
of book-printing by Gutenberg. For the
first time for mankind it has been pos-
sible to spread ideas and knowledge in a
very effective way and to enable
world-wide remote collaboration.
With the internet not only has the
method of distribution changed but
also the way in which information is
processed. This development has laid
the foundation of the open source
movement by providing unlimited com-
munication and capabilities among
newly formed worldwide, virtual com-
munities. In the light of this develop-
ment the authors of this paper will look
at the role and the influence of FLOSS
in health informatics in the past,
present and future. After introducing
the general concept of FLOSS the au-
thors will give an overview of the de-
velopment of FLOSS in health care by
analyzing the data in the Medfloss.org
database, one of the world’s largest
databases of FLOSS-HC. The activi-
ties of the IMIA OS WG will be pre-
sented as well as a strategy for the fur-
ther development of IMIA OS WG. The
paper will conclude with a discussion of
how FLOSS may influence the future
development of health informatics.
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Free/Libre Open Source
Software (FLOSS)

As the terms "Free Software" or "Open
Source" are sometimes misleading, for
the purposes of this article the term
"Free/Libre Open Source Software" or
in short "FLOSS" will be used. A brief
explanation follows.

Share- or Freeware - software that
is available for free, but often consists
of proprietary/closed source code - is
also often called "Free Software". In
this context the word "free" simply
means there is no fee and does not re-
fer to freedoms that the user benefits
from that are inherent to FLOSS. That
is why the French word "libre", in ref-
erence to liberty or freedom, is included
in the term FLOSS.

Furthermore the words "Open
Source" can be misleading as it may
only indicate that the source code is
available and accessible whilst the free
(re-)use of it may be limited or even
forbidden by the license under which
it is released.

A detailed and annotated definition
of FLOSS can be found in "The Free
Software Definition" [1] by the Free
Software Foundation (FSF) and in "The
Open Source Definition" [2] by the
Open Source Initiative (OSI). Although
they are not identical, as the definition
of the FSF is a bit more strict whilst
the OSI definition allows more licenses
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to fit into the "Open Source" paradigm.

Both have their foundation in four es-

sential user freedoms [1] formulated by

Richard Stallman, free software activ-

ist and the founder of the FSF and the

GNU project:

o "The freedom to run the program,
for any purpose."

o "The freedom to study how the pro-
gram works, and change it to make
it do what you wish. (Access to the
source code is a precondition for
this.)"

o "The freedom to redistribute cop-
ies so you can help your neighbor."

o "The freedom to distribute copies
of your modified versions to oth-
ers. (By doing this you can give the
whole community a chance to ben-
efit from your changes. Access to
the source code is a precondition for
this.)"

It should be noted that "free" does not
refer to the price, it does not mean that
FLOSS is and can only be free of cost.
The freedoms also assure that the soft-
ware is available for commercial use,
commercial development, and commer-
cial distribution [1]. Diverse business
models have been established around
the FLOSS model [3]. But this is be-
yond the scope of this article, and will
not be examined any further. Never-
theless, the availability of commercial
FLOSS service and software providers
within the domain of medicine and
health care will be highlighted later on.

In this article the terms "Free Soft-
ware", "Open Source" and "FLOSS"
will be used synonymously and ac-
cording to the definition of the FSF
[1] and OSI [2]. The different types
of Open Source software licenses will
not be discussed. Both organizations
provide a comprehensive and annotated
overview of compatible and accepted
licenses at their Web sites.

Today FLOSS has evolved from a
"movement" to promote freedom in the
software lifecycle to encompass a more
diversified field of activities and is
even seen by some people as the driv-
ing force in the software industry. A
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European Study from Forrester Con-
sulting commissioned by Bull states
that "Open Source Becomes The Hid-
den Backbone Of The Software Indus-
try, And Leads To A Paradigm Change
In Enterprise IT" [4] and a report from
Gartner states: "By 2012, 80 per cent
of all commercial software will in-
clude elements of open-source technol-
ogy. Many open-source projects are
mature, stable and well supported.
They provide significant opportunities
for vendors and users to lower their
total-cost-of-ownership and increase
returns on investment. Ignoring this
will put companies at a serious com-
petitive disadvantage." [5].

FLOSS in Health Care
(FLOSS-H()

In spite of the recent success of FLOSS
across industries this trend has yet to
be seen in health IT. The reasons for
this are many. In addition there is a
general lack of research on this topic.
A useful overview of the topic may be
found in a white paper published by
the AMIA OS WG [6]. The paper gives
a good introductory overview of
FLOSS and the specifics for FLOSS
in health care with focus on the US and
covers issues like licensing as well as
benefits and challenges for FLOSS-
HC. The authors claim that an estimated
number of 28,401,065 patients have
been entered into FLOSS systems
throughout the US, whereof around 24
Million are entered into Federal Gov-
ernment sites.

In the following discussion we will
analyze the data contained in the Web
portal Medfloss.org [7], a database ini-
tiated originally by Schmuhl [8, 9] and
motivated by Demski et al. [10] to pro-
vide a comprehensive and structured
overview of FLOSS projects for the
domains of medical informatics and
health care. The platform is operated
in cooperation with the Center for In-
formation Technology and Medical
Engineering of the University Hospi-

tal Heidelberg, the Laboratory for
Medical Information Systems (Medis)
of the Helmholtz Zentrum Miinchen,
the EFMI LIFOSS WG and the IMIA
OS WG. Moreover it should offer a
platform to foster the exchange of
ideas, knowledge and experiences about
these projects.

Information about relevant projects
are stored and presented in a structured
way. Besides a general description of
the project, links are provided to re-
sources such as the project homepage,
downloads, support forum, service pro-
viders, publications, etc. the projects
can be classified (tagged) in categories
of application type, license, language,
platform, client type, binary package,
enterprise function, standard, program-
ming language/toolkit and used data-
base. The set of predefined terms in
the category application type are based
on Haux et al. [11] in section "3.5 In-
formation Processing Tools in Hospi-
tals". Selection of multiple terms is al-
lowed as projects may belong to
multiple application component types
or cannot be clearly assigned to a sin-
gle one. To take these aspects into ac-
count and enable non-IT-professional
users to easily and quickly find
projects of interest, a separate category
"enterprise function” was introduced.
The notion of enterprise function is as
defined by Haux et al.[11].

As the number of projects and the
amount of data is steadily growing and
the information itself is rapidly chang-
ing it was decided to run Medfloss.org
as a moderated open content platform.
Any visitor can add or update data and
through this form of participation it is
expected that the best possible accu-
racy will be achieved in terms of qual-
ity and timeliness of information. To
safeguard against Spam and off-topic
content like Free-/Shareware with
symptomatically closed sources, mod-
erators review anonymously made
changes and additions.

As of January 2011 the Medfloss.org
database held 221 projects, 74 profes-
sional service providers and 97 refer-
ences to scientific publications about



listed projects [12]. Medfloss.org has
been online since February 2010 and
within the last 6 months experienced
approximately 24,000 unique visitors
and 225,000 page views according to
its server logs.

In a recent study Zungi et al. [13]
analyzed the functionalities of free and
open electronic health record systems.
All 12 examined software projects were
already registered at Medfloss.org. This
is seen as affirmation that an analysis
of the data queried from the structured,
relational database of Medfloss.org
could provide a comprehensive if not
representative overview of Open Source
software within the domains of medi-
cal informatics and health care. Still it
should be kept in mind that in the fast
and ever changing environment of Open
Source and health IT, it will never be
possible to have a complete and up-to-
date listing of all existing projects.

The following paragraphs provide an
overview of the characteristics of the
registered projects by evaluating pri-
marily the frequency distribution of
tags (descriptive terms) within selected
categories.

Application Type

In the category application type the
most often used term is "Clinical
EMR". EMR systems are classified at
Medfloss.org in three different EMR
sub-types: 56 (25 %) projects have been
tagged as "Clinical EMR", 6 (3 %) as
"Personal EMR" and 3 (1 %) as "Veteri-
nary EMR". The second most frequently
used term is "Framework & Toolkit"
which is divided into four sub-catego-
ries that reflect its main purpose: 46 (21
%) projects have been tagged as being a
framework/toolkit for "Processing", 30
(14 %) for "Visualization", 24 (11 %)
for "Analysis" and 8 (4 %) for "Simula-
tion". Further popular terms are "Mis-
cellaneous" with 36 (16 %) associated
projects, "Hospital Management Sys-
tem" with 29 (13 %) and "Middleware"
with 25 (11 %). Other typical applica-
tion component types of hospital infor-
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mation systems can also be found: 16/
8 (7/4 %) projects are tagged as "PACS
Server (Picture Archiving and Commu-
nication System) Workstation/", 7 (3 %)
as "CDMS (Clinical Data Management
System)", 5 (2 %) as "LIS (Laboratory
Information System)" and 3 (1 %) as
"RIS (Radiology Information System)".

Enterprise Function

Looking at the frequency distribution
of used terms within the category en-
terprise function, the three most often
referenced terms are those describing
the core functionality of EMR systems:
"Patient Management" is assigned to 80

Table T Number of projects by application type (source: Medfloss.org)

(36 %) projects, "Record Management"
to 75 (34 %) and "Clinical Documen-
tation" to 74 (33 %). In the ranking
these terms are followed by the tags
"Data Processing" being associated with
44 (20 %) projects and "Image Process-
ing" with 40 (18 %) that quite gener-
ally refer to essential functions provided
by IT systems. When browsing through
all 82 listed terms many important ad-
ministrative and clinical enterprise
functions are named, these are: 39
(18%) tagged with "Data Visualiza-
tion", 30 (14 %) with "Scheduling",
30 (14%) with "Electronic Data Inter-
change", 27 (12 %) with "Medication
Management" and "Billing" and 27 (12
%) with "Statistical Analysis".

Rank Application type Count in%
1 EMR - Clinical EMR 56 25
2 Framework & Toolkit - Processing 46 21
3 Miscellaneous 36 16
4 Framework & Toolkit - Visualization 30 14
5 Hospital Management System 29 13
6 Middleware 25 11
7 Framework & Toolkit - Analysis 24 11
8 Software Library 23 10
9 Pratice Management System 20 9
10 PACS - PACS Workstation 16 7
11 Disaster/Disease Management 11 5
12 Framework & Toolkit - Simulation 8 4
13 PACS - PACS Server 8 4
14 (DMS 7 3
15 EMR - Personal EMR 6 3
16 Public Health Management System 5 2
17 1S 5 2
18 Telemedicine System 5 2
19 RIS 3 1
20 EMR - Veterinary EMR 3 1
21 Web site 2 ]
22 Framework & Toolkit 2 1
23 Onfology 1 0
24 DBMS ] 0
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Table 2 Number of projects by enterprise function (abridged, source: Medfloss.org)

Rank Enterprise function Count in%
1 Patient Management 80 36

2 Record Management 75 34

3 Clinical Documentation 74 33

4 Data Processing 44 20

5 Image Processing 40 18

6 Data Visualization 39 18

7 Scheduling 30 14

8 Electronic Data Interchange 30 14

9 Medication Management 27 12
10 Billing 27 12
11 Application Integration 26 12
12 Software Development 25 11
13 Image Viewing 24 11
14 Statistical Analysis 24 11
15 Data Conversion 21 10
16 Data Analysis 19 9

17 Report Generation 18 8

18 Image Communication 18 8

19 Order Entry 15 7

20 Data Management 13 6

21 Prescribing 13 6

22 Epidemiology 13 6

23 Disease Management 13 6

24 Image Management 12 5

25 Data Validation 11 5
[.] [.] [.] [.]

License under a Berkeley Software Distribu-

The category license, presented in
Figure 1, draws a clear picture of
which license is popular in the field
of medical FLOSS. The majority of
all projects that are in numbers 134
(61 %) are tagged to be licensed un-
der a GNU General Public License
(GPL). Only 33 (15 %) projects are
licensed under the second most popu-
lar license, the GNU Lesser General
Public License (LGPL), 24 (11 %)
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tion (BSD) License and 13 (6 %)
under an Apache License. Beside that
there are also several projects that
provide their own license. Although
these seem to be in general conform-
ing to open source principles, they
are not (yet) officially recognized by
any organization like the FSF or the
OSI. Noticeable is also that there are
at least 4 (2 %) projects that provide
their source code without any refer-
ence to a valid license agreement.

Standard

The support of common standards is
an essential requirement to deploy
FLOSS project in heterogeneous IT
environments as is typically found in
health care institutions. In the category
standard the most advanced and com-
prehensive interoperability standardiza-
tion approach is IHE. The tag "[HE" is
associated with at least 12 (5 %) projects
at Medfloss.org.

The most popular standard is "HL7"
which is supported by 40 (18 %)
projects whereas the also text-based but
universal XML data interchange for-
mat "XML" is referenced by at least
28 (13 %) projects. Standards in the
area of medical imaging are also fea-
tured at Medfloss.org. 47 (21 %)
projects are tagged to support DICOM
and 5 (2%) the "NIfTI" data format.

Support of country specific stand-
ards or legislative regulations can also
be found among the registered projects.
For example 16 (7 %) projects are com-
pliant to the requirements as defined
by the American Health Insurance
Portability and Accountability Action
(HIPAA), 3 (1 %) implement the Swiss
"TARMED" billing system and 2 (1 %)
support the French "HPRIM" standard.

In addition to being able to tag
projects within different categories, it
is also possible to incorporate each one
with other content types like references
to scientific articles, professional serv-
ice providers and more.

Publications

At the moment 97 references to scien-
tific publications are registered at
Medfloss.org, most of them are also
indexed at Medline. These publications
provide additional comprehensive in-
sight as to the purposes, requirements,
architectures, functionalities and expe-
riences of Open Source software
projects in health care. Furthermore it
shows that FLOSS is not just about pro-
gramming it is also of academic inter-
est. Projects with most references in
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B GPL (61%)

W LGPL (15%)
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M Apache (6%)
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I License not specified (2%)
EPL (1%)

= MIT (1%)
Other licenses (4%)

Fig. T Number of projects by license (source: Medfloss.org)

the Medfloss.org database are
"OpenMRS" [14] and "Indivo" [15] of
which everyone has 6 related publica-
tions registered closely followed by
"OsiriX" [16] with 5. In total 63 projects
are referred to by scientific articles.

Professional Service Provider

One of the key concerns when deploy-
ing FLOSS in productive environments
is the availability of professional sup-
port. Although there exists for nearly
every Open Source project a broad
range of community - powered sup-
port through project specific mailing
lists, discussion forums and wiki - like
documentation platforms, this may not
be sufficient to resolve all issues ad-
equately and in a timely manner. To
address this shortcoming a consider-
able quantity of companies offering
professional services have been estab-
lished within the area of medical
FLOSS. For example for the project
"OSCAR" [17] there are 8 service pro-
viders known, followed by the projects
"OsiriX" [16] with 7 and "Mirth" [18]
with 5. In total there are 74 service
providers registered at Medfloss.org

that offer their services for at least 53
projects. The presence of a company
does not only guarantee support, it is
also indicative of the maturity level of
the project itself as companies are able
to build a revenue generating busi-
nesses upon it.

Towards Health Informatics

3.0 — A prospective View on
FLOSS in Health Care

There is no doubt that there is a global
change in the mindset of knowledge
gatekeepers and the expection of open
access to knowledge which has become
part of the internet revolution. The
way in which FLOSS will contribute
to or influence the field of medical
informatics depends on a couple of
driving forces namely development of
new technologies (e.g. mobile tech-
nologies), legal frameworks, certifica-
tion procedures, funding policies and
financial constrains to name just a few.
The future challenges for health
informatics also depend on the local
context. While most of the industrial-

ized countries have to cope with ris-
ing costs in their health care system,
shortage of human resources, an aging
population with multi-morbidity and
chronic disease partly lifestyle related,
most of the developing countries are
fighting against HIV/Aids, malaria and
tuberculosis. The lack of skilled human
resources is much greater in the devel-
oping world and there are additional
challenges like poverty, lack of infra-
structure and access to energy [19].
In [20] Haux suggests that in the near
future
(a) Health has to be considered more
and more as an integral and con-
tinuous part of life
(b)Medical informatics is addressing
both, health professionals and indi-
viduals/consumers
(c) The individual is being at the center
of research
(d)Research, education and practice
may shift more and more from lo-
cal to global activities

With these hypotheses in mind we will
look at challenges and prospective de-
velopments in FLOSS-HC from differ-
ent perspectives and contexts.

FLOSS in Low Resource Settings

In low resource settings the FLOSS
methodology is gaining attraction due
to the lower Total Cost of Ownership
(TCO). NGOs are starting to look at
FLOSS as a means to reuse successful
implementations while keeping the
ability to adapt to local requirements.
In this context FLOSS is also used in
the sense of an "ethical" correct or good
way of supporting developing nations.
Most of the stakeholders share the val-
ues of the social movement that origi-
nated in the free software movement.
The Open Medical Record System
(OpenMRS) [14] is one of the success
stories where the FLOSS methodol-
ogy combined with funding and com-
munity building has led to a sustain-
able and growing community of
developers and users [21].
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In developing countries, these chal-
lenges are compounded by the scarcity
of financial resources for the
infrastructural components of health
information systems. Having no access
to hardware and the information sys-
tems, capacities for learning health
informatics are also limited. If technol-
ogy is introduced, poor organizational
and expertise capacity prevents the tech-
nology from prospering. Recent devel-
opments in the application of mobile
phones as computing devices in
healthcare may allow developing coun-
tries to overcome some of these infra-
structure barriers. mHealth is seen as
one of the most promising technolo-
gies for developing countries [22].

Support of Open Standards

It is often not sufficient to have an
open standard. Today’s standards in
health care IT are extremely complex.
Two different implementations of an
open standard are often not 100% com-
patible. Additionally it is very costly
to implement complex standards. Ref-
erence implementations, component
building blocks and common modular
infrastructure software could be a valu-
able contribution towards interoperable
systems in healthcare IT. This would
also lower overall costs. All stakehold-
ers would benefit from such an initia-
tive. Examples of already well-estab-
lished, FLOSS based interoperability
frameworks are the Open Health
Tools [23], Mirth [18], Open eHealth
Integration Platform [24] and
ConnectOpenSource [25].

Political Support and the Need for
Open Source Governance

Recently several governments have
worked out policies to foster FLOSS
in the public sector. South Africa and
Australia are amongst those who now
demand that Government funded sys-
tems are Open Source, whilst the UK
has asked that it be considered in pro-
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curement processes. Also local govern-
ments and regions are supporting
FLOSS initiatives. For example the
Paris Region supports the Open World
Forum [26]. The Brazilian government
has set up the Brazilian Public Soft-
ware Portal [27] dedicated to foster-
ing the use of FLOSS. The European
Commission has set up the Open
Source Observatory and Repository
for European public administrations
(OSOR) [28] as a platform for ex-
changing information, experiences
and FLOSS-based code for use in
public administrations. For a recent
review on the status of open source
software in the public sector please
see [29]. A similar engagement in the
field of health care could greatly
enhance the positive impact of
FLOSS in health care. Non-govern-
mental organizations (NGOs) play a
vital role in the FLOSS-HC ecosys-
tem. NGOs and foundations are more
and more looking at FLOSS to achieve
a better "health for money" ratio in
their funding strategy. IDRC Canada
and Rockefeller Foundation have sup-
ported OpenMRS [14]. RapidSMS
[30], UNICEF’s open source frame-
work for mobile data collection, was
designed to be customized for the chal-
lenges of governments, multilateral,
international- and non-government or-
ganizations, and development practi-
tioners: working effectively in spite of
geographical remoteness of constitu-
ents, limited infrastructure (roads, elec-
tricity), and slow data collection.
MEDICAL [31], a universal hospital
information system specifically de-
signed for low resource settings initi-
ated by GNU Solidario [32] is now sup-
ported by the United Nations
University. Despite the very good re-
sults from these projects there is still
too little cooperation and coordination
among FLOSS health projects. The
positive impact could be significantly
much bigger if different open source
projects would work together towards
a modular, component based open
source platform for health care. This
requires open source governance. IMIA

0S WG is working towards this goal
in bringing together key stakeholders
in FLOSS-HC.

Economic Evidence

It is generally accepted that the cost of
implementing a system is similar re-
gardless of whether it is a proprietary
or FLOSS solution. So is cost saving
through FLOSS a myth? There is no
doubt that when commercial companies
who provide proprietary code go out
of business the subsequent cost of not
being able to develop or maintain the
software may be beyond affordable by
those who have purchased the system.
In some other areas are true cost sav-
ings. For example the cost to a large
organization when using Open Source
operating systems and associated soft-
ware could drastically reduce yearly
cost, due to the high number of
workstation and related license costs.
A university for example could save
millions of dollars and in the develop-
ing world this would significantly re-
duce operating costs.

From an economic point of view it
simply makes sense to collaboratively
develop software health care systems
particularly as these are directly or in-
directly paid for by the tax payer in
most countries. FLOSS provides a
mechanism to jointly develop a com-
mon framework and then concentrate
on innovation. An impressive example
is the VistA system [33] from the U.S.
Department of Veterans Affairs, a sys-
tem which has been developed in a col-
laborative way for over twenty years
and whose code base is available under
different open source licenses. A recent
review in Health Affairs states that:
"The potential value of the VA’s health
IT investments is estimated at $3.09 bil-
lion in cumulative benefits net of in-
vestment costs." [34].

Many companies have not realized
that FLOSS lowers barriers to entry and
enables Small and Medium companies
(SMEs) to actively participate in the
market. SMEs usually do not have the



ability to set up a project on their own
that requires several person years of
work. On the other hand FLOSS solu-
tions are much more flexible and could
do support, configuration and adapta-
tion of software. The prevailing busi-
ness model for proprietary software
and its continuing trend to address glo-
bal markets is to sell software as it is
without doing adaptations for local re-
quirements, this leads to very inflex-
ible systems and the users often get
stuck into this innovation trap. IT com-
panies can change their business model
and instead of selling licenses they
should provide service, support,
customization and consulting services.
The collaborative development ap-
proach saves time and money and gives
room for concentrating on innovation
and not spending time for developing
commodities. For an economic moti-
vation of open source see e.g. the work
of Perens [35] or Riehle [36, 37].

Personal Health Systems — Smart
Homes and Ambient Assisted Living

One of the main challenges for the in-
dustrialized nations is demographic
trends. The increase in life expectancy
and the simultaneous growth in the
number of age related diseases call for
a close collaboration among all
stakeholders involved in the care proc-
ess for the elderly. To cope with this
situation a new field of research has
been created which is called Ambient
Assisted Living (AAL). The term Am-
bient Assisted Living was created in
Germany and subsequently used for the
Joint Program for Ambient Assisted
Living at the EU level. The main goal
of AAL is to assist elderly people by
providing solutions that enable them
to live independently as long as possi-
ble in their own homes. Research in
this area overlaps with other research
areas/communities, e.g. telecommuni-
cation, sensor technologies, home au-
tomation to name a few from the tech-
nical side. A challenge is to bring these
different fields together and provide
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an infrastructure to assemble devices
and services to complex systems. Sev-
eral EU-funded projects have devel-
oped frameworks for AAL: Persona
[38], OASIS [39], MPOWER [40],
MonAMI [41], SOPRANO [42],
VAALID [43]. Most of these projects
release their code or parts of it under
an open source license. To reuse as
much as possible of the output of these
projects the UniversAAL project [44]
has been created with the main ob-
jective to make it technically feasi-
ble and economically viable to con-
ceive, design and deploy innovative
new AAL services. The UniversAAL
project draws from the contributions
of the earlier projects and aims to pro-
vide a universal platform which is
available under an open source license.
To provide a meeting point able to
catalyze interest and efforts around
AAL, the universAAL project created
the non-profit AAL Open Association
(AALOA) [45].

Health Informatics Infrastrudture
Based on FLOSS

Aside from AAL the trend towards the
establishment of regional, multi-insti-
tutional, patient-centered, electronic
health record (PEHR) as proposed by
Heinze et al. [46] also reflects Haux’s
hypotheses [20] and is another exam-
ple in which the overall goal can only
be reached by the utilization of
FLOSS. No matter to which extent and
in which structure a PEHR is estab-
lished, the critical mission is always to
integrate medical data that is coming
from multiple heterogeneous sources.
Each connected health care institution
has its own information systems that
are quite different from one another
and may not or only to a certain ex-
tent support standardized interfaces. To
address this natural but serious short
coming, middleware is utilized to en-
able proper interoperability between
the institution-specific information
systems. Beside the actual transforma-
tion of data into a common format,

also additional central components are
needed to fulfill the overall require-
ments of a PEHR system such as data
privacy and security, availability of
registries and repositories to link and/
or store the payload and administra-
tive data of the actual PEHR system
to name just a few. Although the con-
nected EMR and PHR systems may
vary a lot depending on the specific
scenario and its stakeholders, the over-
all requirements still remain always the
same. As proposed by Sfakianakis et
al. [47] to equally enable all system
vendors and health care institutions
within a regional network to connect
their systems to the PEHR, the only
way is to provide the middleware and
its core components under a FLOSS
license. Only in this way can access be
guaranteed to interface definitions, and
how the central software components
work, and is it possible to modify or
extend functionality without the en-
cumbrance of proprietary licenses.
Furthermore, the resulting FLOSS-
based infrastructure can be re-used
without any license cost in other re-
gional health care networks, so that they
do not have to start from scratch and
might contribute additional, valuable
features to existing components. As for
now many of the PEHR projects are
initiated and funded by public authori-
ties it is just natural that the resulting
software is released as FLOSS. So also
other projects and initiatives can
profit from the outcome and tax pay-
ers do not have to pay for the same
thing again and again. A good exam-
ple for an open source infrastructure
is the U.S.-based ConnectOpenSource
project [25] that aims to provide
middleware to connect health informa-
tion exchanges in the National Health
Information Network (NHIN).

Research and Education: FLOSS in
Undergraduate Medical and Nursing
Education

Health informatics has started to be-
come integrated in medical and nurs-
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ing curricula of many countries. But
the challenge of providing meaning-
ful laboratory exercises to the students
have been challenging for several rea-
sons. One example is that informatics
laboratories often require the purchase
of expensive equipment, and software
licenses which can reach prohibitive
levels beyond the budget of small
schools who in turn often pass this cost
to the students. In the Philippines,
FLOSS is being used as the software
of choice for teaching concepts in
health informatics. Students are able
to understand the principles of health
information management through ac-
tual use of FLOSS electronic medical
records (OpenMRS [14]), course man-
agement systems (Moodle [48]), and
telemedicine platforms (iPath [49]). At
that level they are able to learn elec-
tronic medical records and the ancil-
lary non-technical aspects such as ethi-
cal management of information
privacy, and security. This prepares the
doctors and nurses of the future to
understand the benefits and risks of
EMRs without the environmental pres-
sures of litigation or malpractice. It
also introduces the concepts at a much
earlier stage of their career and pre-
pares them for the actual use of
EMRs in their eventual practice.
FLOSS makes it possible for under-
budgeted teaching institutions to up-
grade their content without incurring
substantial costs.

The Role of the IMIA Open Source
Working Group

The IMIA Open Source Working Group
was formed in 2002 with the aim to
provide a forum for discussion and for
a collaborative, non-judgmental work
environment to explore, and where ap-
propriate promote and facilitate, the
application of FLOSS solutions within
health,  healthcare and health
informatics.

IMIA OS WG seeks to bring to-
gether experts and interested individu-
als from a wide range of health profes-
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sions and with a range of interests in
the potential application of FLOSS so-
lutions within their domains of exper-
tise and to explore the implications of
the FLOSS approaches for all aspects
of IMIA’s areas of interest.

FLOSS principles are well suited to
making knowledge freely available and
accessible and can be considered as a
role model for "Open Access" thus sup-
porting the evolution of medical
informatics. Currently the knowledge
about FLOSS as a methodology as well
as the medical knowledge that is con-
cealed in diverse FLOSS-HC applica-
tions and projects is dispersed over sev-
eral projects, researchers, applications,
communities etc. This knowledge has
to be integrated and made available
through one focal access point where
all stakeholders may enter the virtual
space of FLOSS-HC. The Medfloss.org
website is intended to evolve towards
this goal.

IMIA OS WG is committed to dis-
seminate knowledge about FLOSS-HC
in the health care community through
organization of workshops and confer-
ences and through participation of WG
members in conferences related to
health care with the mission to spread
knowledge about the prospects of
FLOSS-HC [50], [51], [52], [53], [54],
[55], [56]. The FLOSS WG, being
made up of thought leaders and influ-
ential educators and researchers, can
promote the benefits of FLOSS to their
network of stakeholders.

We foresee that health informatics 3.0
will be increasingly influenced by the
initiative of individuals and small groups.
In the past only big companies, organi-
zations or governments could have a real
impact on the development of a technol-
ogy or a standard. Social networking al-
lows motivated people to connect and
coordinate their actions. A very impres-
sive example is the emergence of hu-
manitarian FLOSS, where people use
ICT in crisis management (e.g. Crisis
Commons [57]) as well as the mobile
community (e.g. MobileActive.org
[58], where people meet that propose
mobile technology for social change).

Social networking has emerged only
recently and is an extremely powerful
tool to empower individuals and small,
often dispersed groups and to allow
them to coordinate their actions. Vir-
tual collaboration and community-
based work is natural and the driving
force of FLOSS projects since its early
beginning. By the evolvement of so-
cial networks new helpful means are
available to further foster this process,
beside the long-serving capabilities of
mailing-lists, forums and IRC-channels,
just to name a few. In healthcare this
has manifested itself in collaborative
patient portals where information on
how to manage health issues is freely
exchanged.

Conclusions

It is perceived that FLOSS has the po-
tential to deliver better value for money,
higher quality software, more secure,
stable, reliable and flexible network
solutions. As stated earlier this has been
publically acknowledged by many gov-
ernments as part of their IT policy.
Many Health services IT systems are
based on the principles of a service-ori-
ented architecture which allows dispa-
rate clinical information systems to be
seamlessly integrated over a network
according to a set of interfaces and
protocols. Cloud systems and thin cli-
ents are also reliant on open source soft-
ware and open standards. Is the contin-
ued growth of these techniques and
innovations possible without the par-
ticipation of FLOSS communities? It
is hard to imagine the establishment and
exponential growth of the WWW with-
out the omnipresence of FLOSS tech-
nologies and ideologies that formed the
base of this development.

The analysis of the Medfloss.org
database shows that the availability and
exploitation of specialized Open
Source software in the domains of
medical informatics and health care is
not in its infancy. It has been actively
growing already for a long time, is well



established, and the available projects
offer broad functionality for variety of
areas of application. With the
Medfloss.org platform at hand it is pos-
sible to present existing projects in a
structured way and to simplify the
search for suitable projects.

As Medfloss.org is not the only list-
ing of medical FLOSS on the Internet,
the interested reader should also take a
look at the following sources [59], [60],
[61]. A special focus should also be put
at the Debian Med project [62] that is
packaging medical FLOSS for the
Debian and other Debian-based Linux
distribution like Ubuntu. Besides pro-
viding the community with the very
valuable capability to perform one-click
installations of many projects, they also
maintain a comprehensive list of medi-
cal FLOSS at [63]. Meanwhile also the
OpenSUSE and the Fedora communi-
ties have started similar initiatives to
pack projects for their distributions
[64], [65].

In advanced economies the lower
TCO is not the key argument for look-
ing at FLOSS methodologies. The
strongest arguments supporting FLOSS
are the flexibility, the reuse of com-
plex systems and the ability to use a
common framework while investing in
features for differentiation and user
driven, rapid innovation. In this con-
text Open Source is more and more used
as a business model. The main barriers
for adoption of FLOSS applications are
not technical but are often in the realm
of legal requirements e.g. certification,
lack of professional support services
and policies that disfavor the use of
open source. In a recent study Paré et.
al. found that “key factors for not
adopting an open source solution were
closely linked to the orientations of
ministry level policy makers and a
seeming lack of information on the part
of operational level IT managers con-
cerning commercially oriented open
source providers” [66].

A "healthy" and sustainable FLOSS-
HC ecosystem should consist of the
following  principal  constituents:
FLOSS projects/products, community
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(developers, users), support companies,
FLOSS experts and advocates, FLOSS
supporters among health IT decision
and policy makers. Given these ingre-
dients FLOSS-HC should flourish and
if applied in a proper way will benefit
all stakeholders in the ecosystem.
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