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1

Executive Summary

p-medicine’s approach to semantic interoperability and data integration is ontology-based.
The research focus of the WP4 is not to create new ontologies, but rather to identify and
extend semantic solutions aimed at the specific needs of the project by analyzing caserelevant ontologies and by providing technical means for re-using, integrating or merging
them. The first step in selecting such semantic resources is their evaluation in order to
provide a common structure to unify the semantics for the whole project, or the sub-task at
hand. The deliverable at hand therefore comprises three main parts: firstly, we discuss and
clarify the background concepts related to semantic interoperability and determine core
criteria crucial for their potential to facilitate data integration and semantic interoperability.
Secondly, currently used standards and terminologies are evaluated and analyzed according
to these criteria. Thirdly, we describe the first version of the Health Data Ontology Trunk
(HDOT) and apply those criteria in its glass box evaluation.
With the release of the initial version of HDOT we provide the basis for p-medicine's initial
semantic specifications. However, the majority of the necessary semantic means to provide a
comprehensive resource for data description and integration to be specified in a user driven
way by means of the Ontology Aggregator Tool developed later within WP4. This process
leads to the creation of several use-case-specific ontology modules to be subsumed under
appropriate HDOT integration nodes together with inheritable class axioms provided by
HDOT. We thereby add semantic specifications to these new modules which they might
initially lack in case users resort to pre-existing semantic resources to generate them. As a
minimal requirement, a partial integration of pre-existing semantic resources can thus be
realized in an ad-hoc, semi-automated fashion.
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Introduction

The daily patient care work-flow produces a large amount of data which can only be sensibly
managed by means of computer and information technologies. There are undisputed
advantages in such a management way: Data and information are directly related to
biomedical knowledge, and a lot of effort is put into the standardization of such knowledge
between different communities of agents. However, the process of patient care could still be
drastically improved if researchers and clinicians would be in the condition to compare and
share their results of different but related studies in an automatic way.
The use of ontologies facilitates the comparison of clinical information. To date, several
ontologies exist which can be used for biomedical purposes. An ontology provides a
conceptual framework for a structured representation of meaning by means of a common
vocabulary of a given domain, specifying concepts, relationships between such concepts and
axioms in a formal manner.
Nevertheless, ontologies have often been created without the use of specific development
and evaluation strategies, and more attention has been put into the reasoning capabilities of
an ontology-driven system than into the problem of representing accurately the information in
the ontology itself. Furthermore, different communities developed ontologies with overlapping
content, expanding in this way the semantic chaos that ontologies were supposed to resolve.
From our point of view, if ontologies are developed to support scientific research, particular
attention must be paid to both, the reasoning capabilities as well as the correct meaning of
the representation. At the same time, the creation of new ontologies must be avoided if there
are already ontological resources which can be re-used and integrated for different purposes.
Furthermore, their development must be driven by clearly defined-methodology. They should
be released to their users only after they have been subjected to a rigorous process of
evaluation, in order to assure a high degree of accuracy.
According to these claims, in order to provide p-medicine with its semantic backbone, we
identify some semantic resources (biomedical ontologies and terminologies) which drive the
design of the Health Data Ontology Trunk (HDOT).
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3

Clarification of Basic Concept

3.1 Semantic Resources
3.1.1 What are semantic resources and what is their role in
Interoperability?
It is the main goal of the Semantic Web vision to add a meaning to the data which are
exchanged in networks. Additionally to a sheer syntactic level, the data gets a semantic
value, enabling the system to deal with the information behind the signs. This is done by
utilizing semantic resources, e.g. thesauri or ontologies. The data is related to the semantic
resource by annotation. The different concepts or meanings which are thereby connected to
the data are explained or related to each other through the semantic resource. In the
Resource Description Framework (RDF) [3.3], a family of standards provided by W3C (World
Wide Web Consortium), everything which can be named by an URI (Uniform Resource
Identifier) is generally seen as a resource.
Interoperability is the capability of different systems to communicate with each other, to
exchange information, and to operate with the received data. In a broader sense
interoperability does not just address the communication between computer software but the
ability of institutions and humans to collaborate. According to [3.1], in order to achieve
syntactic interoperability data must be stored in such a way that different programs and
systems can access it. Additionally, semantic interoperability requires the possibility that
computers can work on the collected data. This is achieved if computer systems can operate
on the information from another system. Interoperability comes in different degrees: Partial
semantic interoperability is reached if only one side is able to understand the information or if
both sides can only interpret parts of the information. In the case of full semantic
interoperability allows seamless access and interoperability of systems (cf. [3.4]).
Semantic resources can forward interoperability and they are, indeed, necessary to enable
semantic interoperability. But interoperability also presupposes an agreement on the
semantics. The great variety and diversity of resources can be a hurdle for interoperability.
This is why the main task for reaching semantic interoperability is to find an agreement on
meaning, i.e. on the semantic resources.

3.1.2 Different kinds of semantic resources
A semantic resource provides the background for a system to analyse data and operate on
them. Different kinds of semantic resources, e.g. taxonomies, thesauri, controlled
vocabularies, are used for semantic annotation (cf. the paragraph 3.2.1). The meaning of the
terms which are used in that context is not always clear. In the following section our
understanding is pointed out. We pay special attention to ontologies and compare them to
other semantic resources.

3.1.3 Ontologies
The term “ontology” is often used highly ambiguously in different areas. Firstly, ontology is
one of the oldest branches of philosophy reaching back to Aristotle. Secondly, an ontology is
a semantic resource in information technologies. However, we do not see these as
completely separate things but rather as different aspects of the same thing. Philosophically
speaking, ontology is the science of what there is in the reality, of the kinds and structures of
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objects, properties, events, processes and relations in every area of reality. In the branch of
Information Science, ontological classifications are used to represent entities and the
relationships that hold between them in some area of interest. In these terms, an ontology is
a dictionary of terms formulated in a canonical syntax, and with commonly accepted
definitions, designed to yield a framework for knowledge-representation which can be shared
by different information systems communities (cf. [3.4]). An ontology provides a formal
description of shared data, so that application programs and databases are able to
interoperate without sharing data structures. The Description Logic (DL) and its machineprocessable implementation, the Ontology Web Language (OWL) [3.6] are the most used
formal languages for ontological purposes.
Therefore, an ontology can be defined as a formal representation of a specific domain of
reality and its representational units (classes) are directly related to the reality itself thorough
a shared system of knowledge (cf. the figure 3.1). Ontologies represent classes (what is
general in reality) and not instances (single cases), because for knowledge representation
purposes it is useful to keep separate the representation of a specific domain and the
problem solving expertise which occurs on that domain (cf. [3.5]).
It is still worth noting that if we just model representational units which have no references in
reality but just in human minds, the agreement on meanings becomes a difficult business.
The biomedical reality is one fix point while languages, concepts, models and knowledge
states differ among cultures and institutions. A semantic resource which is focused on reality
can help to overcome poor interoperability caused by the diversity of bio-medical models.
This is why our approach is realistic. Furthermore, it includes fallibilism and perspectivism:


Fallibilism: Although scientific theories can be thought as the best candidates we
have to understand the reality around us, it is intellectual honest to recognize the
possibility of mistakes in the scientific process, i.e. the case that elements of our best
current knowledge at any given stage are incorrect or that some new evidence
changes the point of view of the scientific community about some problems. If such
new evidence emerges the ontology may be affected and should be revised.



Perspectivism: We agree that the reality can be studied from different point of views.
This does not mean that there are no facts but only interpretations; rather
perspectivism must be taken in serious consideration. Reality can be described from
different legitimate points of view, which cannot be put together in the same view.
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Figure 3.1 – Ontology

3.1.4 Terminologies/Controlled Vocabularies/Coding Systems
The expressions “terminology”, “controlled vocabulary” and “coding system” are used slightly
differently. A terminology is a collection of terms. A controlled vocabulary is a list of
expressions which are used for tagging. The word “coding system” is used when codes,
usually code numbers, are applied. This is for example done when a diagnosis is referred to
by a diagnostic code. What is common to terminologies, controlled vocabularies and coding
systems is to provide keywords or expressions which can be associated with some data.
Doing so enhances the possibility to organize and track data.
“Terminology” is a broad expression which may refer to any collection of terms. In that sense,
semantic resources are, generally speaking, terminologies. A plain terminology, i.e. a simple
collection of terms without any other semantic information, is a controlled vocabulary. To use
controlled vocabularies, rather than tagging at one's own discretion averts problems which
arise from synonymy (equivalent terms), polysemy (ambiguous terms) and avoids
misspelling. Apart from that controlled vocabularies do not include semantic explanation or
any other information.
A coding system, like ICD-10, has all advantages of a controlled vocabulary which uses
natural language terms but it further supports interoperability since it doesn't depend on the
use of natural language terms but uses semantic free identifiers. So it can be internationally
used. However, for the coding system to work, documentation and coding keys must be
available in different language. For example, when a patient from Poland moves to France
and information on her health conditions is transferred then a physician in France does likely
not understand the information if it is only given in Polish. He might, however, use the
information if it is given in an international code which is well documented in French.
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Ontologies are always extensions of terminologies. A vocabulary is included in any ontology
but the ontology also models the reference of the terms. It is, therefore, a much a more
sophisticated and powerful tool, suitable for automated reasoning. Ontologies include
information of the meaning of expressions and even scientific information which are relevant
for the modelled domain.

3.1.5 Taxonomies
The main feature of any taxonomy is a hierarchical structure which is generated by the
subsumption (or so called) is-a relation, i.e. the ordering of classes and subclasses. The
original and until today most famous taxonomy is the classification of organisms in the
Linnaean taxonomy. The term “taxonomy” in information technology may refer to any
classification which has the typical structure of the Linnaean taxonomy. It is supposed that
every class has only one superclass on the level directly above it. An ontology provides
much more and richer relations and connections than a taxonomy.

3.1.6 Thesauri
A thesaurus is a terminological tool that includes at least a controlled vocabulary.
Additionally, thesauri provide definitions. They point out synonymy but also broader and
narrower terms. Furthermore, it is possible to mark a related term which is no equivalent,
sub- or super-term but otherwise semantically dependent from a given term. One famous
example for a thesaurus in information technologies is the Art & Architecture Thesaurus.
A Thesaurus is a much stronger terminological tool than a controlled vocabulary or a coding
system. It is also more sophisticated than a taxonomy insofar as more than the subclass
relation is representable. Erroneously, thesauri are sometimes called ontologies, but
ontologies provide a more expressive syntactic and semantic description of terms than
thesauri.

3.1.7 Messaging Standards
The main goal of messaging standards is interoperability. The language and data types
defined by such standards determine the way in which an information is transferred. Medical
messaging standards are created e.g. by HL7. For example, HL7 v2.x provides six different
message types with segments and fields which contain specific determined information: If a
patient is admitted to a hospital one segment contains fields with data on the identity of the
patient and another one the data containing the case etc. Like an ontology, a messaging
standard advances interoperability but unlike an ontology it does not provide resources for
automated reasoning.

3.1.8 Dataset repositories
A dataset repository is a catalogue of datasets. In a dataset repository datasets can be
identified by a code and named. In that way they are easily accessible. Dataset repositories
help to organize data. Their aim is not to represent reality or to produce models like it is done
in an ontology. Furthermore, they do not give any semantic explanation of terms.
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3.2 Metadata
3.2.1 Semantic and syntactic data annotation
Metadata are generally seen as data about existing data or data which is developed for the
application to other data. Primary, such data have been used in library card catalogues
providing information (e.g. author, title, keywords) to make other information, namely books,
trackable. Nowadays, the term “metadata” is common in information technologies. Metadata
can be related to data by annotation. Semantic metadata which is interpretable by computers
is of special interest for the semantic web in general and for semantic interoperability of
medical information systems in particular.
Syntactic annotation, which is especially important for formal linguistic studies, describes and
classifies expressions, their parts and the way they are conjoined. The analysis of expression
with respect to their syntactical structure is called parsing and a program which does the
syntactical analysis is called parser. Syntactic annotation helps to organize and search large
textual corpora. Parsing is also important as a prerequisite for subsequent semantic
treatment.
Semantic annotation is a process in which information about the meaning of data is
connected to data. It relates information to some metadata of a semantic resource, in the
realm of the Internet identified by a URI (Uniform Resource Identifier). Ideally, the metadata
in the semantic resources is both, human and machine readable and interpretable. A typical
case is the annotation to an ontology, i.e. the interconnection of data to an existing resource,
namely an ontology. To allow this the data must be set up and prepared for the annotation
process. It must provide the right structure and granularity to be related to the ontology.
Conversely, while developing an ontology one must take into account the kind of data to
which it should be applied.

3.2.2 Data values/data types/data schema/data sets/data elements
Data schemas define data models, i.e. objects, their attributes and the relationship between
objects. They are the foundation of XML files. Objects are represented in the data schema by
data types. The data type specifies the kind of data with which is dealt, e.g. a string. One has
to distinguish simple data types from complex data types. Complex data types are built from
other simpler data types. The smallest meaningful units in a schema are data elements.
While a data schema provides variables for organizing information a data value is a specific
element from a domain which is ascribed to the variable. The last name of Max Meier can be
the data value for the data element last name which is of the data type string. Data sets
contain a collection of data values. They are typically given in a table with variables in
columns and data values for a specific member of the data set. A data set of the last name of
residents in a house contains for example the string “Meier” for the flat on the first floor and
the string “Smith” for the flat on the second floor if Meier lives in the flat on the first floor and
Smith on the second floor.

3.2.3 Different types of metadata
Commonly, computer scientists use “metadata” in a way that includes different kinds of
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information. In this broad sense, every information about the string “Smith”, i.e. that it is a
string containing five letters and that it is a last name of a human being is metadata.
However, with respect to semantic resources and automated reasoning it is useful to
distinguish between metadata in the narrow sense and semantic metadata which is
annotated. In this narrow sense it is metadata that “Smith” is a string but the information that
“Smith” is, in our example, the last name of a person goes beyond that level. The first kind of
metadata adds no information. Therefore, one can call it internal. Everybody with simple
knowledge of programming can see that “Smith” is a string without the slightest knowledge of
the meaning this string represents. The semantic of the data is not that obvious. You can be
unsure whether “Smith” is used for the name or for the profession of a person. The data from
semantic resources which can be added by annotation is external, insofar as it provides new
information which cannot immediately extracted from the data and the form in which it is
presented. That “Smith” is the last name is such kind of information. That means that data
types and data elements are in a very different sense data on data.
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4

State-of-the-Art
Analysis
of
Semantic
Integration Solutions for Identifying possibly
reusable Semantic Resources

Different communities of Information and Communications Technology (ITC) experts are
currently dealing with semantic interoperability problems, as the practice, education,
research and industrialization of biomedicine generate large quantities of data, often at great
risk or expanse. The core of such projects is the standardization of Data and Model
Resources (DMRs) which are of fundamental importance in supporting resource sharing. In
this chapter we consider the state of the art of some projects which are relevant to pmedicine.

4.1 Virtual Physiological Human Network of Excellence
(VPH NoE)
The Virtual Physiological Human Network of Excellence (VPH NoE) is a Seventh Framework
Programme of the European Research Council project (FP7) which aims to help, support and
progress European research in biomedical modeling and simulation of the human body. The
goal of applying VPH methodologies is to achieve a more efficient and effective 21st century
healthcare system and to create new economic opportunities for European healthcare
industries. A roadmap for the VPH project was laid out in 2006 by the STEP coordinated
action. The outcome of the first FP7 VPH funding round in 2007 was the VPH NoE, three
Integrated Projects (IPs), nine Specific Targeted Research Projects (STREPs) and two
Cooperative Actions (CAs), all of which form the core of the European VPH Initiative (VPH-I)
One of the main objectives is to allow experts to search, classify, integrate and share
information about Data and Model Resources (DMRs) based on the biomedical knowledge
they represent. In such a way, the project aims at improving clinicians' ability to predict,
diagnose and treat disease, in order to have a real efficient impact on the future of
healthcare, the pharmaceutical and medical device industries.
The main requisite for such a goal, which is called Semantic Interoperability (SI), is the
development of a common representational framework for physiological knowledge. Indeed,
such a framework provides both the vocabulary and means for formally characterizing
DMRs, and allows the DMR's knowledge to be represented and managed in automated and
biomedical meaningful manner. According to VPH, the basis for SI between DMRs is the
ability to automatically read metadata and compare their meanings. The explicit knowledge
that allows such comparisons is drawn from standard reference ontologies.
In computational biology, discussions about DMR documentation typically allude to the
notion of metadata, which are necessary conditions to the semantic interoperability.
According to [4.9]:
[M]etadata refers to documentation material that is linked to a corresponding DMR
element indicating how the actual content of that element should be interpreted: such
metadata will be referred to as semantic metadata because it conveys meaning. ([4.9,
p. 8)
Thus, once the notion of metadata has been provided, it is possible to say that:
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A set of DMRs is said to be semantically interoperable when the elements of all
members of this set can be consistently related and navigated through their explicit
meaning. For this to be achievable, all DMRs in this set should share the same
machine readable metadata standard. ([4.9, p. 8)
VPH focuses mainly on the following domains and related ontologies:
1

Biological structure:
1.1 The Foundational Model of Anatomy (FMA);
1.2 The Edinburgh Mouse Atlas (EMAP) and the Mouse Anatomical (MA) Dictionary;
1.3 The Cell Type Ontology (CL);
1.4 The Gene Ontology Cell Component (GO);
1.5 The Protein Ontology (PRO);
1.6 Chemical Entities of Biological Interest (ChEBI).

2

Biological processes:
2.1 The GO Biological Process;
2.2 The Mammalian Pathology.

3

Qualities:
3.1 The GO Molecular Function;
3.2 The Phenotypic Qualities Ontology (PATO);
3.3 The Ontology for Physics in Biology (OPB).

4

Classes of entities in Experiments, Modeling and Simulation:
4.1 Units Ontology (UO);
4.2 Ontology for Biomedical Investigation (OBI).

To date, the VPH NoE is developing a system of mappings between these existing
ontologies onto the modeling framework. A recently funded VPH project, called RICORDO
(cf. section 4.2), researches and prototypes a common ontology-based annotation and
repository communication strategy to support the interoperability of VPH data and models
across different biological granularity and spatial scales.
It is worth noting that the VPH NoE is concerned primarily with ICT infrastructure,
coordination and training for the VPH. The VPH-I projects themselves are primarily focused
on developing and implementing bio-physically based computational models into clinical
environments via industrial partners. The success of all of these endeavours is, of course,
dependent on the continued progress of biomedical science in revealing the underlying
structure and functioning of biophysical mechanisms at all granularity and spatial scales.

4.2 Researching Interoperability using Core Reference
Datasets and Ontologies for the Virtual Physiological
Human (RICORDO)
RICORDO is part of the FP7 and it is mainly focused on the study and design of a multiscale
ontological framework in support of the VPH community to improve the interoperability
amongst DMRs.
According to RICORDO, a set of clinical DMRs can be said to be semantically interoperable
if it can be consistently related and navigated through its explicit meaning. Such a semantic
interoperability can be reached through the use of both vocabularies and ontologies, where
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the former are primarily devoted to support understandability of metadata for humans, while
the latter aim at rendering the meaning of terms explicit and amenable to machine
processing and automated reasoning. Nevertheless, it is worth noting that vocabularies may
overlap in their knowledge domain without being able to assure a high level of
interoperability, and complex ontologies can sometimes lead to serious computational
performance limitations.
RICORDO puts a lot of effort into developing an ontological frame for complex biological
terms. Indeed, biomedical knowledge is deeply problematic to represent in a computational
way, and clinicians usually manage data which do not belong to the same representational
system. An example of a complex concept from physiology could be “venous return”, which
refers to the rate of blood flowing from the central systemic veins back to the right atrium of
the heart. In such a case, no single ontology provides a term that represents the precise
meaning of that semantic entity completely and explicitly (cf. [4.5]).
Therefore, RICORDO is proposing two main approaches:
1. Use of common and non-overlapping reference ontologies as sources of
unambiguous and uniquely identifiable terms, and relations for DMR element
metadata annotation: Standard reference ontologies maintained by the OBO
community are used for this purpose.
2. Development of an open toolkit to support the representation of complex biomedical
concepts using terms from standard reference ontologies: The RICORDO toolkit aims
at combining terms from basic reference ontologies into composite structures that
convey such complex meanings Moreover, it provides also annotation triplets to map
the DMRs' terms to ontologies' terms. Indeed, by mapping clinical terms to reference
concepts in ontologies it is possible to search, relate and classify such terms on the
basis of the explicit and formal features described in the ontologies.
The toolkit consists of four core components:


The RICORDO Composite Component enables the creation of composite terms
based on the RICORDO core ontologies taken from the OBO Foundry3 (PATO, OPB,
FMA, GO, Celltype, ChEBI). This component ensures that the composite terms
conform to the RICORDO grammar, which is based on OWL.



The RICORDO Annotation Component enables the creation of annotations of DMRs
on the one hand, i.e. it creates the link between a composite term, or a term in a
reference ontology and a DMR element on the other hand.



The RICORDO Metadata Store allows the storing and integration of DMR metadata.
It contains the annotation triplets and makes them accessible via a standard
interface.



The RICORDO Query Component is the central component for the retrieval of DMR
metadata based on the complex class descriptions contained in the RICORDO core
ontologies.

Differently from p-medicine's idea to combine different ontologies in a middle-layer ontology
to represent complex biomedical terms, the RICORDO community is inclined to think that the

3

http://obofoundry.org/
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combination of ontologies is intractable and cannot be readily applied in software systems.4
Indeed, in RICORDO either the data is annotated with a pre-composed composite term from
the RICORDO ontology or the composite term is post-composed using the RICORDO
grammar which is being developed. The Composite Creator Editor provides an interface to
query for relevant ontological terms and combine multiple terms in conformance with the
composite grammar. Moreover, it supports the functionality to save composite terms into a
data store, and uses the Ontology Lookup Service5, and the BioPortal6 to query knowledgebases.
In this annotation, an element that represents the “volume of pancreas” in a radiology
resource, the Composite Component combines information from three biomedical reference
ontologies: “Volume” from PATO, the relationship “inheres_in” from the OBO Relationship
Ontology, and “Pancreas” from FMA. Then, the Annotation Component is used to link the
resource element and the corresponding composite term in a triplet consisting of an identifier
for the resource element, a relation and a reference to the composite term. Using the Query
Component of the RICORDO Toolkit, the annotation can be retrieved using complex queries
over both the composite terms and the reference ontologies.
The resulting method allows the navigation and querying of annotation repositories using
formalized biomedical knowledge. According to de Bono et al. [4.5] a consequence of this
approach is that the process of DMR documentation in the PPME domains is more efficient
and has a beneficial impact on resource sharing as well as on fostering the development of
communal documentation standards. RICORDO, therefore, offers a number of potential
advantages to clinical data management by performing and maintaining annotation of
resources while respecting their integrity and confidentiality constraints, bridging clinical
terminologies to ontology-based semantics, supporting semantic integration in the physiology
and clinical domains and the semantic interoperability of their DMRs.
Although the RICORDO framework is being developed for biomedical applications, de Bono
et al. [4.5] claims that its efforts may be extended to any domain that is supported by wellestablished standard reference ontologies.

4.3 The Cancer Biomedical Informatics Grid (caBIG)
The Cancer Biomedical Informatics Grid (caBIG) initiative is a voluntary network of
individuals and institutions that are working to create a highly interoperable environment to
enable researchers to share information and software tools about cancer. The main goal of
the caBIG community is the prevention, the detection and the treatment of cancer and it has
been one of the most far-reaching programs, dedicated to designing and developing the next
generation of collaborative IT infrastructure for biomedical research (cf. [4.4]). caBIG is
being developed under the leadership of the National Cancer Institute (NCI), the Center for
Bioinformatics (NCICB) and the caBIG participants themselves.
The caBIG program has made interoperability between data and software components a
primary strategic goal. Interoperability is defined as “the ability of a system to access and use
the parts of another system” ([4.3], p.4). The access is seen as the problem of syntactic
interoperability, because access requirements in caBIG include programmatic access to data
and tools from software. The use is the problem of semantic interoperability, because the use
4

For a detailed discussion of p-medicine’s approach to semantics, see the description of HDOT in this
deliverable.
5
http://www.ebi.ac.uk/ontology-lookup/
6
http://bioportal.bioontology.org/
Page 18 of 111

– Grant Agreement no. 270089
D.4.1 List of domain quality-checked ontologies
and initial release of HDOT and its Glass Box Evaluation

of a resource implies scientific analysis and interpretation of the contents and meaning of the
resource itself.
According to the caBIG Compatibility Guidelines [4.3], there are at least four different kinds of
interoperability between systems:
1. Legacy: is a level of no interoperability with an external system or resources;
2. Bronze: is a level that classifies the minimum requirements that must be met to
achieve a basic degree of interoperability;
3. Silver: is a level that specifies deeply a rigorous set of requirements which are able to
bring interoperability between systems;
4. Gold: is a level which enables full syntactic and semantic interoperability of disparate
systems.
According to caBIG achieving semantic interoperability is more difficult than the syntactical
one. Indeed, the latter can be solved through the agreement upon standards for the
development of programming and messaging interfaces. On the contrary, the semantic
interoperability implies a specification of three different essential elements: Vocabularies and
Ontologies (agreement upon basic concepts, terms and definitions), Common Data Elements
(metadata which describe the meaning of those terms used in a given study or trial) and
Information Models (collection of data into a contextual environment). Such interoperability is
intended to:


Connect scientists and practitioners through a sharable and interoperable
infrastructure



Develop standard rules and a common language to share information more easily



Build or adapt tools for collecting, analysing, integrating, and disseminating
information associated with cancer research and care

Indeed, in the caBIG Program [4.4] has been pointed out that caBIG has addressed progress
in the following three areas:


Development of community-driven standards for data exchange and interoperability:
caBIG community-defined vocabularies are incorporated into the majority of the
electronic clinical trial management tools which are used by all cancer centres;



Support for the development, maintenance, enhancement and dissemination of
software tools developed by the academic research community. Indeed, caBIG has
supported academically developed software tools in areas like (a) biomedical data
storage and retrieval/data mining; (b) integrative genomics; (c) systems biology and
computer modeling; (d) visualization tools.



Establishment of community dialog on interoperability of clinical and research
software tools: the caBIG program has increased awareness throughout the
biomedical research community of the need for semantic interoperability platforms,
instead of the development of standards within small group of researchers.

Nevertheless, the caBIG efforts in the Life Sciences domain has had very limited impact on
cancer research. For a detailed discussion see [4.4].
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4.4 Advancing Clinico-Genomic Trials on Cancer (ACGT)
Advancing Clinico-Genomic Trials on Cancer was a project financed by the European Union
within the 6th Framework Program, which aimed at enabling the rapid sharing of data gained
in both clinical trials and associated genomic studies. In order to meet such a goal, ACGT
provided a GRID-based infrastructure, designed to transmit the data between different
groups of users in real time according to their needs with data integration being achieved by
means of an ontology-based mediator. The system has been designed to enable the smooth
and prompt transfer of laboratory findings to the clinical management and treatment of
patients.
The ACGT consortium developed its own Master Ontology (MO) in order to address such a
goal of data integration for the domains of clinical studies, genomic research and clinical
cancer management and care (see [4.1], [4.2]). The MO has been grounded on the Basic
Formal Ontology (BFO), which is the OBO Foundry's upper level ontology. BFO assured to
MO’s classes a high level of semantic specification.
The ACGT MO was the core of the ACGT Semantic Mediation Layer (ACGT-SM) which
comprised a set of tools and resources working together to serve processes of Database
Integration and Semantic Mediation. The ACGT-SM followed a Local-as-View Query
Translation approach in order to cope with the problem of database integration. In such a
way, the data is not actually integrated but it is made accessible to users via a virtual
repository. This repository represents the integration of the underlying databases and ACGTMO acts as database schema, providing resources for formulation of possible queries.
The MO was constructed in modular fashion with Clinical Trial and Patient Management
Ontology modules designed to be reused for different clinical domains. According to the aim
of the project, a group of IT specialists, clinicians and ontologists proposed the development
of ObTiMA, the Ontology-based Trial Management System for ACGT, which can be tailored
to the needs of each given trial and through its use, the collected data is classified in terms of
the ontology from the very beginning.

4.5 openEHR archetypes
The archetypes in the openEHR architecture (cf. the paragraph 6.2.6) aim at organizing all
clinical information in a general-purpose, re-usable and composable way. Archetypes are
themselves instances of an archetype model which defines a language to write archetypes.
All these formalisms are specified in the openEHR Archetype Object Model (AOM).
Archetypes are combined in openEHR templates that specify particular groups of them to be
used for particular purposes.
According to openEHR Release 1.0.1 [4.7] archetypes and templates are defined in the
following way:
1. Archetype: a computable expression of a domain content model in the form of
structured constraint statements, based on a reference (information) model.
Archetypes are all expressed in the same formalism, but they can also be specialized
to include local particularities. Furthermore, they can accommodate any number of
natural languages and terminologies. For example, one archetype can describe all
data, methods and situations required to capture a blood sugar measurement from a
glucometer at home, during a clinical consultation, or when having a glucose
tolerance test or challenge at the laboratory (see [4.6]).
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2. Template: a directly locally usable definition which composes archetypes into a larger
structure often corresponding to a screen form, document, report or massage. A
template may add further local constraints on the archetypes it mentions, including
removing or mandating optional section, and may define default values.
In such a way, the key benefits of the archetypes include:


Knowledge-enabled systems: the separation of information and knowledge concerns
in software systems, allowing cheap, future-proof software to be built;



Knowledge-level interoperability: the ability of systems to reliably communicate with
each other at the level of knowledge concepts;



Domain empowerment: the empowerment of domain specialist to define the
informational concepts they work with and have direct control over their information
systems;



Intelligent Querying: to be used at runtime to enable the efficient querying of data
based on the structure of archetypes from which the data was created.

Nevertheless, archetypes, instead of being descriptions of real things, are recordings of
something of interest during the clinical process and they capture only what health
professionals think that they need to record. Thus, according to openEHR:


Data are instances of a reference model, such as an model of the EHR,
Demographics or other concepts;



Archetypes are instances of an “archetype model” which is a common formalism for
expressing all archetypes;



The archetype model is formally related to the reference model, such that its
semantics are those of constraints on objects of types defined in the reference model.
It may also include linguistic elements allowing relationships between elements and
invariants to be expressed (e.g. relationships between BMI and height and weight,
Apgar score and its 5 inputs etc.)



If data are created and modified using archetypes, archetypes constrain the
configuration of data instances to be valid according to the archetype. For example,
Section and Entry objects are forced into a structure which is agreed to be correct for
an antenatal examination.

For a further discussion about openEHR see the 6th chapter of this deliverable.

4.6 The Use of Electronic Health Records in Clinical
Research: Core Research Data Exchange Use Case
The document “The Use of Electronic Health Records in Clinical Research: Core Research
Data Element Exchange Use Case” [4.8] has been driven and developed as a Clinical
Research Use Case by the American Health Information Community (AHIC). One of the
main goals of the study has been the selection of harmonized standards – vocabularies, data
elements, datasets and technical standards – which are able to support the information
needs and processes of clinical research in a way which increases the effectiveness and
efficiency of clinical research activities.
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According to [4.8], the scope of the 2009 Use Cases was focused on:
1. The ability to communicate study parameters, eligibility information, results and case
report forms within the research community;
2. The ability to exchange a core dataset of de-identified, or anonymized information
from the EHR for use in clinical research.
A complete description of the information workflow and exchange processes of various types
of clinical studies is described in [4.8]. We describe just the core of it.
First of all, a medical organization develops the protocol and the design of the research study
and both of them are communicated to the Clinical Care Area of the Investigative Site
(institutions where the clinical research is conducted). If there are no objections from the
reviewing body (individuals or organizations that review the final tabulated dataset once the
study is complete), then the clinical study begins with the enrolment of the study subjects.
Usually, these subjects are identified based upon whether they meet the protocol eligibility
criteria which have been already established. Once the subjects are enrolled in the study, a
core set of data may be exchanged from clinical EHR system to the Case Report Form
(CRF). Each study subject has a study identification number which is entered into the EHR in
such a way that all information flowing from the EHR to the CRF is anonymised. The dataset
may be exchanged on a periodic basis and aggregated in an organizational database of the
distributed network of site(s). The Study Data Management System receives patient
diagnostic results and information from Central Diagnostics. The Case Report Form is
transmitted from the Study Data Management System to the Sponsor (individuals or
organizations responsible for initiation, management and financing the clinical study) for data
validation. After such a validation, the Sponsor transmits application and aggregated data to
Reviewer(s).
To ensure the safety of the study subjects and the efficacy of the study design, during the
course of the study information may be exchanged between the clinical study and various
monitoring organizations. At the end of the study the results must be submitted to
clinicaltrials.gov, a National Library of Medicine run web-application.
[4.8] describes also in detail some problems related to the interoperability between health
information systems. Some of them are:


The lack of financial, network, technical, and policy infrastructures to enable
information exchange that is secure, consistent, appropriate, reliable and accurate;



The lack of harmonized standard, i.e. the development of clinical research standards
independently from certain standards being developed for clinical care data;



The lack of business-level agreements between health care and/or other
organizations for the data sharing and use which need unique solutions for the
security of protected health information;



The lack of privacy protection of clinical research subjects.
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5
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A new kind of problem, that troubles ontologists, concerns the evaluation of an ontology.
Currently no standardized method exists for performing such evaluations, probably because:
1) there is not just one correct way to model a domain, i.e. ontology-based tools can be
handled in different ways; 2) the knowledge about a single domain changes in time and 3)
ontologies have been initially developed outside any real scientific debate.
The evaluation criteria we suggest are mainly focused on data integration and semantic
interoperability problems. Overlapping semantic resources obstruct the interoperability
between different information systems. Consider, for example, the case in which clinicians
need to share or integrate data from different systems, which are respectively ICD-10 and
SNOMED CT based. Their syntactic and semantic differences prevent the possibility for the
systems to interoperate with each other.
According to Gómez-Pérez [5.2], an ontology’s evaluation can be thought as a technical
judgment of the content of the ontology with respect to a frame of reference during and
between each phases of their lifecycle. Hence, an evaluation is a consideration about the
whole content of the ontology's terms, definitions, taxonomy and axioms, in such a way to
avoid the spread of mistakes. It should be carried out throughout the entire lifetime of the
ontology development process and continuous assessments should occur also after its
release. Hence, Hartmann et al. [5.3] names three possible stages for the evaluation:


Evaluating an ontology in its pre-modeling stage: evaluation of the material that the
ontology developer has at disposal for building the ontology;



Evaluating an ontology in its modeling stage: evaluation of the quality of the ontology
and use of equivalent ontologies as a reference point;



Evaluating an ontology after its release: evaluation of the quality of the ontology in
specific works and compare it with others different but equivalent modules.

The first two stages are kinds of Glass Box evaluation, while the third is a kind of Black box
evaluation (cf. [5.1]):


A Glass Box evaluation (or component evaluation) concerns considerations about the
way the ontology has been build, i.e. considerations about those principles which
have been used in the development stages and the design process, thus looking
INSIDE of the ontology and its inner workings;



A Black Box (or task-based) evaluation is a work flow consideration, i.e. a
consideration which takes place in the use of the ontology for specific purposes.
Hence, it measures the performance of an ontology-driven application and it is
typically carried out using the same interfaces that end-users are going to employ
looking from OUTSIDE at the ontology.

The Glass Box evaluation is less problematic than the Black Box evaluation. Scientists are
already able to suggest how an ontology should be developed, even if there is not a welldefined agreement on such procedures. Indeed, the main problem related to the Black Box
evaluation depends on the use of the ontology for specific applications.
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5.1 Preliminaries for a syntactic and semantic evaluation
The evaluation as a technical judgment about the content of the ontology (cf. [5.2]) should
take place as a syntactic and a semantic evaluation. Generally speaking, the syntax has to
do with formal languages or formal systems without regarding any interpretation or meaning
given to them. The semantics deals with the relations between words and what they refer to,
i.e. the relations between linguistic expressions and their meaning. Hence, semantics is a
theory of reference or/and meaning.
Therefore, it is possible to distinguish two main problems related to the ontology evaluation:


The syntactic problem of the design, i.e. considerations about how the ontology has
been developed, which implementation language and ontology editor have been
used, and how the relations between terms have been defined. Since ontologies are
built upon the foundation of a taxonomy backbone (is_a hierarchy), a syntactical
evaluation concerns mainly the consistency and the completeness in the definitions of
the relations between classes.



The semantic problem concerns considerations about how the ontology represents its
domain. Indeed, according to our view (cf. the 3rd chapter), an ontology aims at
representing a specific portion of reality through a system of knowledge shared by a
specific community.

Both syntactic and semantic considerations are part of the Glass Box evaluation, as they are
about those principles which have been used in the development and design process of the
ontology.

5.2 The Glass Box Evaluation
5.2.1 The syntactic frame
The syntactic aspect of the evaluation concerns mainly problems related to the expressivity
of the Knowledge Representation language used in designing the ontology in light of the
trade-off between the value of high expressivity and the cost of computation. Emphasis on
high expressivity is manifested by First-Order Logic (FOL) and the Semantic Web Ontology
language (OWL).
Although there is not a single and specific way to design ontologies, in order to ensure a high
level of ontological soundness and overall quality and to prevent the spread of logical and
ontological mistakes, we recommend the strict adherence to the following rules in the design
stage of a semantic resource. All these have been analysed in Spear [5.10]:


The use of singulars nouns: It seems a good syntactical standard for the sake of
synchronization of the multiple efforts running at the same time. Each term in the
ontology is intended to refer to a specific class, not to some plural or collective entity.



Common nouns in lower case: Initial capital letters are used in English to indicate
proper names. For the sake of synchronization, lower case italic letters should be
used to represent terms referring to classes. This convention is proposed largely
because some convention or other must be adopted and consistently adhered to.



Avoid acronyms and eclecticism: acronyms and abbreviations are usually created in
local contexts and they could be hard to understand for those people, who are not in
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that specific context. Some of them can be used, for instance DNA, AIDS, in case
that the scientific community is aware of its use in all contexts. Eclecticism, for
example, maybe the case of national bias, i.e. the restriction of some categories
which have been previously thought for a world-wide application only to specific
contexts.


Ensure univocity of terms: human beings use often the same terms with different
meanings. For ontology purposes, terms should have the same meaning on every
occasion of use, so that ambiguities can be avoided. The use of unique alphanumeric
identifiers for each terminology and ontology can handle this kind of ambiguities.



Avoid mass terms: the basic idea is that mass nouns refer to different kinds of things
on different occasion of use. The difference between those things in reality which are
masses or quantities and discrete individuals is still an open theme, as it is an
ontological question whether this linguistic difference corresponds to an ontological
difference. Intuitively, there are some things which can be precisely counted (count
nouns), like cat, petal or cell, and some other things which cannot (mass nouns), like
water or chemical stuff. In the latter case, we need further qualifications, for example
“glasses of”. Instead of mass nouns it is possible to use expressions like “unit of”,
“portion of”, which transform the mass noun in a count one. Adopting this strategy
makes it possible to treat seeming mass nouns as instances of either fiat parts or
object aggregates.



Provide terms with definitions: the definition of the terms is really useful for the scope
of an ontology, because those who use the ontology should be able to clearly
understand the meaning of all classes. The genus-differentia definition should be
used. The definition has the basic form: “An A is a B that C’s”. A is the term that is
defined (definiendum), B is the expression that does the defining (definiens) and C
marks out the features which Bs must possess to be As (differentia). For instance,
“Water (A) is a molecular substance (B) that consist of two hydrogen atoms and one
oxygen atom connected by covalent bonds (C)”, or “A human (A) is an animal (B) that
is rational (C). It is worth noting that the definition must not be circular (the term to be
defined may not occur in the definition itself) and should be as intelligible as possible.



Avoid negative terms: negative terms or definitions do not provide all the information
about the described entities, while positive definitions are generally more exact and
provide much more information about the domain. For example, a definition of heart
as an “Organ with caviated organ parts, which is continuous with the systematic and
pulmonary arterial and venous trees” (FMA) should be preferred to “Organ that is not
part of the nervous system”. Indeed, in the latter case the definition of the heart is
negative and ensures only that the heart is not the brain or some other part of the
nervous system, while leaving entirely open the possibility that it is the lugs, the
kidneys or any number of other organs that are not part of the nervous system.



Avoid redundancy: every class should be clearly distinct from every other class in the
ontology with respect to properties or characteristics. In such a sense, no distinctions
should be made without differences.

5.2.2 Relations in biomedical ontologies
Relations between terms in an ontology are extremely important, because they assure a
great degree of logical and ontological rigor in the description of entities. They must be
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logically sound and ontologically grounded, which means that they should be thought as
occurring independently from human knowledge.
In this deliverable we consider only the is_a and the part_of relation, because they are the
main general-purposes relations involved in the description of biomedical entities. “Generalpurpose” means that such relations can be employed, in principle, in all ontologies, differently
from relations like genome_of or sequence_of which can be applied to biological entities of
certain kinds.
For a detailed discussion about relations in ontology see Smith et al. [5.9].
5.2.2.1 Classes and Instances
For ontological purposes we are interested in relations which occur between <class, class>
and only indirectly to those between <instance, class> and <instance, instance>, because an
ontology contains only information about classes (what is general in reality).
Thus, there is an ontological difference between:


Classes (universals, kinds, types), which are multiply located and exist in their
respective instances;



Instances (particulars, tokens), which are individuals of special sorts, located in space
and time.

In such a way, a class can be defined as anything that is instantiated, while an instance is
anything that instantiates some class. Therefore, assertions about corresponding instances
or tokens, indispensable to biological research, do not belong to the general statements of
biological science and thus fall outside the scope of ontologies. Nevertheless, it should be
kept in mind that speaking about classes is indirectly speaking about corresponding
instances, for example:
Glucose metabolism is_a Carbohydrate metabolism = def. for all x, if x is an instance
of Glucose metabolism, then x is an instance of Carbohydrate metabolism.
Furthermore for each relation, it is possible to define also the inverse:
The inverse of a relation R is defined as the relation that obtains between each pair of
relata of R when taken in reverse order.
For example,
Carbohydrate metabolism has_subclass Glucose metabolism
It is worthwhile noting that a class is distinguished from a set. The latter is determined by its
members, while the former survives the turnover of its instances. For example, the class of
human beings has any human being in its extension, independently of particular individuals.
On the contrary, a set of human beings, the one which has for example me, the president of
the USA and the Pope as extension does not survive if someone of them leaves the set.
5.2.2.2 Is_a relation
The is_a relation is the fundamental one for the development of ontologies. It is a relation of
subsumption between classes and it is defined in the following terms:
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A is_a B = def ∀x ( inst(x, A) → inst(x, B) ).
It is a reflexive, transitive and antisymmetric relation. Clearly, its inverse is:
B has_subclass A = def. A is_a B
Two more points should be still noted. First of all, it is worth noting that the natural language
is not always a good reference for formal relations. Let us consider two sentences (cf. [5.4]):
“Fish is an animal” and “Fish is a food”. Only the first is a case of subtype relation: “Fish is an
animal” is true because any and every fish is necessarily an animal. If a fish ceases to be an
animal, it ceases to exist. In the second sentence, being food is only a role played by some
fish and only contingently so: many fish are never eaten. Second, most of the bio-medical
terminologies available (for instance, ICD-10, SNOMED CT, HL7 and so on) have had some
problems regarding the treatment of such a subsumption relation between classes. Hence, if
a terminology is being sought also for a computer implementation in an ontological way, then
a rigorous taxonomical description must be provided in the form of logically consistent
axioms and attention must be paid to the formal treatment of relations.
5.2.2.3 Part_of relation
A part_of B =def (A part_for B & B has_ part A)
Thus, A part_of B if and only if: instances of A, whenever they exist, exist as parts of
instances of B. Such a relation is reflexive, antisymmetric and transitive.
A part_ for B =def ∀x ( inst(x, A) → ∃y ( inst(y, B) & part(x, y) ) ).
It provides information primarily about As; it tells us that As do not exist except as instancelevel parts of Bs.
B has_ part A =def ∀y ( inst(y, B) → ∃x ( inst(x, A) & part(x, y) ) )
It provides information primarily about Bs; it tells us that Bs do not exist except with As as
instance-level parts.

5.2.2.4 All-some structure
One should always bear in mind that speaking about classes is indirectly speaking about
instances. The all-some structure is the logical form which captures such a difference in partwhole relations. It implies that the C and the C1 in C part_of C1 are treated differently. Then,
if a class C bears some relationship to a class C1, all relevant instances of C must bear the
relevant instance level relationship to some instance of C1 at all relevant times (what
“relevant” means is determined by the definition of the relationship in question).
Let us consider some examples (cf. [5.10]):


Human Heart part_of Human Circulatory System: for every particular human heart
instance, there is some time in which some instance of Human Circulatory system
exists, and that particular heart is part_of that instance of Human Circulatory system
at the time;
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Prokaryotic Cell is_a Cell: for every particular prokaryotic cell that is an instance of
Prokaryotic Cell at a given time t, it is also an instance_of Cell at the same time t.

Now let us consider the following cases:



Cancerous Tumor part_of Human Being: this assertion fails to conform to the allsome structure because there are some instances of Cancerous Tumor that are not
part_of any human being whatsoever;
Cancer is_a Terminal Disease: this assertion fails to respect the all-some structure,
insofar as not all instances of cancer are terminal.

5.2.3 The semantic frame
The evaluation of the semantic aspect is more problematic than the syntactic one, because it
is concerned with the meaning of terms which have been used, thus with a direct reference
to the represented domain.
5.2.3.1 Definition of the domain
Constructing an ontology requires first of all to have a clear idea about what is going to be
represented in formal terms, i.e. a clear idea about the demarcation of a specific domain.
Hence, for scientific ontologies we suggest to look through the scientific standards which
have been already used and have been tested by the scientific community. In the case of
bio-medicine, for example, there is a large number of medical terminologies which have been
already tested for ontological purposes and some of them are discussed in the further
chapters of this deliverable.
Particular attention must be paid to terminologies and standards, trying to understand in
which spirit they have been developed and designed and whether any of them might be used
for more rigid uses of ontological resources like data integration and enabling semantic
interoperability. From our point of view the advantages in using a terminology can only be
realized if the following principles are followed:


A consensus of the scientific community: Terminologies and standards which aim to
be used for information science purposes must pass the test of the consensus of
experts.



A transparent procedure with which the classes in the terminology are introduced: Is
there a clear distinction between what is known by clinicians about the domain and
what is the domain itself? If the distinction is not made, or it is not clearly stated, the
terminology can still be implemented, but the ontologist must specify such a
difference. Some bio-medical terminologies, for example, use ambiguous terms which
cannot be properly implemented because they lack clear reference to entities in the
biomedical reality so that it is doubtful which instances instantiate their classes.



Definition of relations between entities and classes: Ontologies are mainly built as
taxonomies (of terms and classes) in which the subsumption relation between
classes has a fundamental role. Some mistake in terminologies and ontologies
depends on mistakes in the definition of this relation.
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5.2.3.2 Modularity and Orthogonality
At the beginning of the ontology age for computer science purposes, scientists tried to
develop a kind of “esperanto for databases”, i.e. a monolithic ontology supposed to be
implemented in all applications. On the contrary, today there is a general agreement that the
goal of ontology development is not a single resource covering the entirety of reality. The
modern strategy is rather to find ways in which ontologies covering different domains of
reality can be developed in tandem with each other by allowing for the exploitation of benefits
from division of labour and pooling of expertise.
Hence, it is possible to define a library of ontologies as a collection of single ontologies which
have been developed for different but related purposes and according to the synchronized
developmental methodologies. The ontologies in such a library can cover the same domain
of reality (bio-medicine for example), but might represent different levels of granularity. Such
a platform can be a library of foundational ontologies, as shown in Masolo et al. [5.5], or a
library of domain and application ontologies, which can be related and structured to a single
upper-level ontology.
The biomedical reality and each portion of it can be studied for different specific purposes
and from different point of views. Thus, the human body, for example, can be studied from
the point of view of anatomy, but also from the point of view of genetics, which is interested
in entities like HNF1A, INS, FOXP3, PPARG, HNF1B, i.e. genes.7 The definition of the
domain implies also awareness on what is going to be represented and on what level of
reality we chose to represent. This depends mainly on the goals of the ontology. This idea is
defined in terms of granularity which is the general idea that reality has different grades of
complexity, from the microscopic to the macroscopic level. Then, instead of representing a
whole domain in a single monolithic ontology, it is preferable to develop single ontologies for
different level of reality, deciding the upper and lower limits of entity size and complexity that
are to be represented in a given domain ontology.
In such a way, an ontology can be an:


Upper level ontology (or top-level ontology, or foundational ontology): It defines very
general classes of entities under which all root terms in existing ontologies can be
linked (e.g. dependent continuant, quality, processual entity, spatial region, temporal
region, etc.). Such classes are general enough to address a broad range of domain
areas. Examples of upper level ontology are BFO [5.10] and DOLCE [5.5] (cf.
paragraph 5.2.3.3);



Domain ontology: Such an ontology defines those classes of entities which are
related to specific domains, for example medicine, engineering, law, enterprise and
so on. Examples are the Protein ontology, the Vaccine ontology, and the Plant
ontology.



Application ontology: An application ontology can be used just for specific purposes.
Its categories are application-dependent. Such ontologies specify the application of
domain ontologies to a specific use, for example the application of the Vaccine
Ontology to a specific country, or the Plant ontology to a particular green house.
Thus, application ontologies have classes which are not present in the domain
ontology as they depend on the specific context, for example that country or that
green house.

7 In this case they are genes related to Diabetes, according to http://www.nextbio.com.
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In such a way, application ontologies are more spendable for specific tasks, while upper level
ontologies are more usable for general tasks independently from particular contexts. Indeed,
the more specific an ontology is, the less can it be re-used for a different purpose; the more
general an ontology is, the less can it be used (for specific tasks at hand). The reason is
easy to understand: Upper-level ontologies are domain independent; hence, they can be reused for different domains. A further specification of its classes is necessary in order to fulfill
some specific goals. The contrary is true for application ontologies, as they are applicationdependent and its categories cannot be re-used. These considerations imply awareness
about what has been named the principle of re-use, which states that ontologists should not
“reinvent the wheel” (cf. [5.10]). Hence, they should always examine existing ontology
resources about the domain of focus to identity those features that could be re-used for their
own purposes.
In order to achieve the re-usability of ontologies, they must be defined in orthogonal terms,
i.e. they must have an architecture that allows their introduction in a library of related
ontologies. According to the idea of orthogonality, if an ontology is introduced in a library of
ontologies, there must be a system of mapping between ontologies, i.e. they should have
been developed to be interoperable with each other. For example, the umbrella ontology of
the OBO Foundry is BFO and all single ontologies can be theoretically mapped to BFO.
The idea of a library of ontologies together with principle of granularity, principle of reuse and
orthogonality constitute the modular approach to ontology development which we strive to
follow and expand in p-medicine’s data description and semantic interoperability approach:
Modularity: An ontology does not represent all aspects of a domain, but just some
parts of it according to its specific purposes (or required granularity). Different
ontologies covering the same domain are often collected in a common library in order
to facilitate their application (principle of re-use). The library aims at harmonizing the
ontologies, i.e. it tries to bring about a situation in which the coverage ontologies can
be increased in stepwise fashion across ever broader related domain of reality while
at the same time preserving the advantages of consistency and of formal rigor
(orthogonality).

5.2.3.3 The use of upper-level ontologies
Upper level ontologies represent domain-independent classes, thus they can be theoretically
used for the representation of every domain. They assure a high level of semantic
interoperability, because domain and application ontologies can be mapped together with an
upper level ontology to collect all classes within the same ontological frame. Thus, there are
at least three benefits to use upper level ontologies (cf. [5.4]):


They force ontology developers to think about ambiguous terms.



They support ontology mapping.



They enforce a distinction between independent real-world entities and generically
dependent entities like information artifacts.

For example, “Allergy” can denote both an allergic disposition in a healthy patient, and an
allergic reaction. Both things are different and clinicians treat patients with an allergic
disposition differently from patients with a manifest allergic reaction.
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Schneider points out [5.7] that the development of upper-level ontologies is a laborious
business, since it entails a general view of reality. Nevertheless, Masolo [5.5] developed a
library of foundational (or upper-level) ontologies (the WonderWeb Library of Foundational
Ontologies, WFOL), and each ontology in the library embraces different ontological
perspectives. A lot of work has been done since the release of the WFOL, and the library has
been a useful tool for the research. We suggest that the WFOL should be periodically
updated to become a reference point for the further work in ontological engineering.
5.2.3.4 The difference between ontologies and information models
Ontologies represent classes, i.e. what is general in reality, in computer format in order to
facilitate the interoperability between different information systems. Indeed, for knowledge
representation purposes, it is useful to keep separate the representation of a specific portion
of reality and the necessary problem solving expertise. Nevertheless, we are aware that in
some cases, for example patient-care processes, it is important not just to represent what a
domain is (ontology), but also what is known by clinicians about that domain (epistemology).
According to the SemanticHEALTH report [5.8], a key distinction should be made between
ontologies and information models: Whereas ontologies represent what is always true about
the entities of a domain (whether or not it is known to the person that reports), information
models represent the artefacts in which information is recorded.
Let us briefly consider the concept B82 of ICD-10 Version 2010 (last access on 27-10-2011):
B82 Unspecified intestinal parasitism
B82.0 Intestinal helminthiasis, unspecified
B82.9 Intestinal parasitism, unspecified
B82 belongs to B83 (Other helminthiases) which in turn belongs to B65-B83 (Helminthiases).
Clearly, this is a case of subsumption relation between classes. Hence, if such concepts
should be implemented in an ontology, as they are, the computer system would treat B82
Unspecified intestinal parasitism and its subclasses as kinds of Helminthiases, while they
refer to some medical reports which did not specify such Helminthiases subclasses.

5.3 The Black Box Evaluation
An ontology’s evaluation sensu Black Box seems often more problematic than its Glass Box
evaluation, because it predominantly depends on the application of the ontology to specific
tasks or work experiences. To evaluate an ontology according to its suitability and usefulness
to the necessities of daily work might equally rest both on human intuitions and/or objective
considerations about its features and functionality, i.e. whether it can be successfully applied
to the solutions of specific problems at hand.
Generally speaking, we propose that the Black Box evaluation should be defined in terms of
the capabilities of a resource to facilitate semantic interoperability and every-day working
practice:


Semantic interoperability (SI): Ontologies are mainly sought to cope with the semantic
disorganisation in the communication between different databases among the same
entities. Thus, from our point of view it is necessary for an ontology to pass the test of
interoperability problems (see below the different levels of SI).



Usability: Ontologies are developed according to some specific goals. Therefore, they
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must be able to satisfy users’ needs in their daily activities. Successful ontologies are
adopted by the scientific community and are fully used for different purposes. In such
a sense, the reference to a library of ontologies can be a useful tool to understand
which ontologies have been already used, which purposes have been accomplished
and so on.

5.4 Proposal of core criteria for the evaluation of semantic
resources
used
for
data
integration
and
standardization
in
high
level
semantically
interoperable information systems
Ontology evaluation is an emerging field, and although there are still no clear claims about its
specific methods, there is a general agreement that the evaluation processes should be
performed throughout the entire ontology life cycle.
The difficulties which usually arise in the evaluation process are related to the essence of the
ontology itself, i.e. its axiomatic and semantic structure dependent on a system of shared
and evolving knowledge. These difficulties are both semantic and syntactic: in the former
case, they depend on the semantic specifications of the ontology, i.e. on the meaning of the
represented classes, which are strictly related to both knowledge systems and specific
application needs. Moreover, there is no a single way to model a domain, and modeling
strategies are strictly dependent on theoretical assumptions. In the latter case, difficulties
arise when the formal language and its feature are not properly handled, for example a
mistaken treatment of the relations and their properties, mistakes in the use of role
restrictions (owl: restriction, owl: someValuesFrom, owl: allValuesFrom), confusion between
class subsumption and class equivalence or class membership. Furthermore, sometimes
there is not a clear stated difference between the class-instance levels, which might imply a
wrong treatment of the all-some structure.
In summary, we propose the following considerations for the evaluation of semantic
resources, which are of crucial importance for analyzing the potential use of semantic
resources for data integration and the facilitation of semantic interoperability.


Is a justifiable, conscious decision made regarding the best representation method or
ontology language? This might depend on striking a balance between the expressivity
and the computability of the language itself.



Is a specific ontology editor used? This might depend on the purposes of the ontology
itself (e.g. difference between Protégé and Web Protégé) and is closely related to the
use of a specific ontology language.



Are principles of good ontology design adhered to? Although there are few clearly
defined, standardized methods to develop an ontology, we suggest in the paragraph
[5.2.1] some useful recommendations for the sake of synchronization of the multiple
efforts running at the same time. These recommendations regard the use of singular
nouns; the use of lower case in common nouns; the avoidance of acronyms,
eclecticism, together with the avoidance of mass and negative terms; the univocity
and the definition of terms using the genus-differentia definition method.



Is there a consistent formulation of use of relations between classes (and terms)?
Formal relations between classes in the ontology are the backbone of ontological
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specifications. Natural language is not always a good reference of and source for
such formal relations. Furthermore, the ontology designer must always be aware of
the properties of the relations themselves (reflexivity, symmetry, anti-symmetry and
transitivity).


Is a clear distinction made between the level of class and instance? Employing
classes is considered to be an indirect means to describe their instances. Thus,
ontologies in our understanding contain statement about instances only indirectly.
Making such a clear distinction is crucial for the correct representation of the all-some
structure: if the class C is bound to the class C1 by the parthood relation (part-of), it is
not necessarily true that inferences valid about C1 are also valid about C.



Is there a clear definition of the domain? Designing an ontology presupposes a clear
demarcation of the domain which is going to be represented. In the case of
biomedical ontologies, it is concerned with the reference to biomedical knowledge
about the domain. Biomedical terminologies are useful tools to gain such knowledge,
but they sometimes lack a clear reference to the biomedical reality.



Do not reinvent the wheel: several ontologies and semantic resources exist about the
same domain. The overlap between different resources is one of the main causes of
the semantic chaos. Developing ontologies means awareness of the availability of
semantic resources, and ultimately their re-use, if at all possible.



Are there means to bridge the gap between different levels of granularity? The
ontology designer must decide on intended level of detail of the ontology
specifications and be aware that other semantic resources might represent one and
the same domain on a different level of granularity. However, valuable information is
lost if these resources cannot be brought into relation with each other.



Is there a method to enable modularity? An ontology does not cover the entire reality,
but only some aspect of a specific domain for specific tasks. Modularity is on the one
hand related to orthogonality, i.e. the possibility to integrate different ontologies with
each other which might represent the same domain in different ways e.g. at different
levels of granularity, and on the other hand to the distinction of different levels of
generality which might be captured by a top level, middle-layer or application
ontology. Additionally a modular ontology design greatly facilitates the expandability
of a resource.



Is an upper-level ontology used? These can represent domain independent top-level
classes and provide a common, general hierarchical structure, with which ontology
developers can clear up ambiguous terms, facilitate necessary ontology mappings
and also realize the distinction between independent real-world entities and
generically dependent entities (or information models).



Is there a distinction made between ontologies and information models? Ontologies
are part of information system, which are used to represent a specific domain.
Assertions about specific cases, for example in patient-care activities, must be
avoided and information artifacts must be clearly identified.



Are there provisions made to enable semantic interoperability and data integration?
Ontologies can enhance semantic interoperability of different information systems
and the integration of data from different resources. However, we have to distinguish
several levels of interoperability, and terminologies, for instance, might provide for a
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lower level of interoperability than full-fledged ontologies with which data integration
can realized in automated processes.


Is the ontology expandable? The introduction of new elements in the ontology should
be always possible, according to the best knowledge at hand. It must be studied how
small changes in the axiomatic and semantic structure modify the set of well-defined
properties.

We apply these considerations in the makeup of the following list of easily checkable criteria
for the evaluation of semantic resources. We pay special attention to those characteristics
which are pre-requisite for enabling semantic interoperability.

1. FT: Free Text: whether the terminology/ontology provides human readable text
together with computer readable format;
0 – No, 1 – Yes

2. RDS: Rigid Domain Specification: whether there is a clear distinction about what a
domain is according to different levels of granularity, and what experts say about that
domain by medical statements, reports, clinical material, etc… (e.g. use of ambiguous
terms like “NOS” in ICD-10)
0- No, 1 Yes

3. ILO: Inter-linguistic operability: Can the use of the terminology help to overcome
linguistic barriers? This criterion covers “Multi-linguistic frame” and “Use of ID terms”.
0 – No, 1 – Yes

4. ISC: Inter-standard connection: Are there any efforts to connect the standard to
other standards?
0 – No, 1 – Yes

5. CO: Conventionality: Is the terminology widely used? Are there any norms to use
the terminology? There seems to be some advantage for interoperability if (almost)
everyone uses the same standards.
0 – No, 1 – Yes

6. SEM: Semantics: There is no semantic interoperability if there is no semantics. Does
the standard provide any semantic information? Is the information provided in a
machine readable way? Is the semantic coherent, consistent and is the information
true?
0 – No formal semantics, 1 – Few formal definitions/relations, hierarchical structure 2
– Ontology-like but semantically incomplete (case of ambiguities, see Rigid Domain
Specification) 3 – Ontology

7. LI: Levels of Interoperability:



Level 0: no interoperability
Level 1: syntactic interoperability
1a: inter-linguistic operability
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1b: inter-linguistic + inter-standard or/and inter-linguistic + high conventionality
Level 2: semantic interoperability: syntactic interoperability (1b) and
2a: only few machine readable definitions and relations and some semantic
information
2b: much semantic information, a lot of ontology-like features but not complete
(or/and some incoherent definitions)
Level 3: ontology

If a general higher level is reached but one criterion for a lower level is not met the
higher level is given with an indication of the missing criteria. E.g. an ontology with
inter-standard operability but without inter-linguistic interoperability is graded as 3-ILO
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Overview and description of the most
important semantic resources relevant to the
biomed/p-medicine domain
6

In the following chapter we analyse the most relevant bio-medical standards and semantic
resources and explain their capabilities (and deficiencies) regarding their potential for
standardisation, data integration and semantic interoperability. Our selection is supported by
a survey of the semantic resources in the form of a questionnaire filled in by our project
partners in which they stated the semantic resources they use or would like to use.
Furthermore, we categorize the results, provide some additions and, in order to ensure pmedicine a high degree of semantic accuracy, we subject these semantic resources and
standards to a set of strict evaluation criteria we develop in the previous section.

6.1 Ontologies
6.1.1 The Gene Ontology (GO)
The Gene Ontology project is a collaborative effort to develop and use ontologies to support
biologically meaningful annotation of genes and their products in different databases. At the
beginning, the project began as collaboration between three model organism databases, the
FlyBase (Drosophila), the Saccharomyces Genome Database (SGD) and the Mouse
Genome Database (MGD). To date, the GO Consortium includes several databases8.
The GO Consortium is formed by both domain experts and ontologists, which aim to develop
and maintain the ontologies and ontology tools to be used for collaboration between GO
databases. It is worth noting that GO is neither a database of gene sequences nor a
catalogue of gene products; rather it describes how gene products behave in a cellular
context.
In its first appearance the Gene Ontology manifested several problems (e.g. an erroneous
treatment of formal relations between classes in the ontology; cf. [6.26]). The ontology, then,
has been subjected to a series of reforms designed according to the realistic approach of the
OBO Foundry.
6.1.1.1 The three domains
The Gene Ontology covers three domains in order to represent gene product properties and
contains 35038 terms (ontology version 1.2297, dated 03:10:2011):
1. Cellular component: the parts of a cell or its extracellular environment. Such parts
can be anatomical structures (e.g. rough endoplasmic reticulum or nucleus) or a
gene product group (e.g. ribosome, proteasome). The cellular component domain
has 2900 terms;
2. Biological process: operations or sets of molecular events with a defined
beginning and end, pertinent to the functioning of integrated living units: cells,
tissue, organs and organisms. For example, cellular physiological process, signal
transduction, pyrimide metabolic process. The biological process domain has
21443 terms;
3. Molecular function: This describes activities that occur at the molecular level.
Such functions correspond to activities performed by individual and complex gene
8

GO Consortium http://www.geneontology.org/GO.consortiumlist.shtml
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products. For instance, catalytic activity, transporter activity, adenylate cyclase
activity. The Molecular function domain has 9109 terms.
The GO does not cover:








gene products;
processes, functions and components related to mutants or diseases;
attributes of sequence;
protein domain or structural features;
protein-protein interactions;
environment, evolution and expression;
anatomical or histological features above the level of cellular component, including
cell types.

6.1.1.2 Ontology Structure
The GO can be described as a graph, where each term is a node, and the relationships
between terms are arcs between the nodes. Such relationships are in GO directed (e.g. a
mitochondrion is an organelle, but an organelle is not a mitochondrion) and the graph is
acyclic, i.e. cycles are not allowed in the graph. Moreover, the GO ontologies resemble a
hierarchy, meaning that child terms are more specialized and parent terms are less
specialized, but a terms may have more than one parent term.
6.1.1.3 Term Structure
Each term is defined in GO through the following characteristics:
1. Accession - unique identifier and term name: every term in GO has a term name
and a unique zero-padded seven digit identifier prefixed by GO; for example,
a) mitochondrion, GO:0005739
b) cell, GO: 0005623
c) cytoplasm, GO: 0005737
2. Ontology: the specification of the GO ontology to which the term belongs;
3. Synonyms: alternative words or phrases related in meaning to the term name with
indication of the relationship between the name and the synonym. The scopes for
GO synonyms are:
a) exact: an exact equivalent term (ornithine cyle and urea cycle);
b) broad: the synonym is broader than the term name (cell division and
cytokinesis);
c) narrow: the synonym is narrower or more precise than the term name
(pyrimide-dimer repair by photolyase is a narrow synonym of
photoreactive repair);
d) related: the terms are related in some way not covered above (cytochrome
bc1 complex is a related synonym of ubiquinol-cytochrome-c reductase)
4. Definition: provides a textual description of what the term represents, plus
references to the source of the information. Such sources can also be a database
cross-reference (dbxrefs), i.e. they indicate very similar objects in other
databases.
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5. Relationships to other terms: all terms have an is_a sub-class relationship to
another term in the ontology. The GO uses also other relations, for example the
part_of relation and the regulates relation.
6. Comment: any extra information about the term and its usage.
7. Subset: indicates that the term belongs to designated subset of terms, for
example one of the GO slims.
8. Community: information about the term in an external link.
It is worth noting that each term is provided with a definition in the genus-differentia form. For
instance,


mitochondrial DNA replication is DNA replication that occurs in a mitochondrion;



lysosomal membrane is the membrane that surrounds a lysosome.

Furthermore, these definitions are of the form: term = term that relation term, i.e. they are
created by combining other terms with relations and are called cross-products in GO
parlance. In the OBO 1.2 format file, the human-readable text definition is held in the def. line
and the cross-product in the intersection_of lines of a stanza. For example,
[Term]
id: GO:0006264
name: mitochondrial DNA replication
def: "The process whereby new strands of DNA are synthesized in the
mitochondrion." [source: GOC:ai]
intersection_of: GO:0006260 ! DNA replication
intersection_of: OBO_REL:occurs_in GO:0005739 ! mitochondrion
In this case the term GO:0006264, mitochondrial DNA replication is defined as an intersection
of the term GO:0006260, DNA replication and the terms GO:0005739, mitochondrion.
6.1.1.4 Relations
The mainly used relations in GO are: is_a, part_of, regulates (negatively and positively).
Through a formal definition of the logical properties of such relations, every database is able
to reason about all terms in GO. Such terms are meant to represent classes of entities or
phenomena and not instances (i.e. specific examples of something).
For a detailed description of the relations that are used in GO see [6.30].
6.1.1.5 OBO-Edit
The Gene Ontology Consortium promoted the development of the OBO-Edit, an open source
ontology editor which is optimized for the OBO biological ontology file format. OBO
ontologies are similar to the ontologies specified by a description logic language like OWL or
DAML+OIL, albeit simpler.It attempts to achieve human readability, ease of parsing,
extensibility and minimal redundancy. For a detailed discussion see [6.30].
6.1.1.6 Conclusion
The Gene Ontology is one of the most successful bioinformatics ontology project; it has been
embraced by the scientific community, and it is being used in a multitude of projects. From
our point of view, the GO should be considered as an example for the further development of
ontologies.
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6.1.2 The Foundational Model of Anatomy (FMA)
The Foundational Model of Anatomy is a computer-based representation of classes and their
respective relations for the symbolic representation of the human body. According to Rosse
et al. [6.19], “Foundational Model of Anatomy” means that anatomy provides the foundation
for the other biomedical sciences or information domains and the classes represented in
FMA ontology generalize to essentially all biomedical domains.
The FMA was initially developed to enhance the anatomical content of UMLS9 but became a
reference ontology on its own which can be used by any medical application requiring
anatomical information. It is being developed as reference ontology for biomedical
informatics, since its concept domain embraces all material objects, substances and spaces
that result from the coordinated expression of structural genes. FMA has been developed
and is currently maintained by the Structural Informatics Group at the University of
Washington. To date, it contains approximately 75,000 classes and over 120,000 terms (and
synonyms) describing the classes; over 2.1 million relationship instances between the
classes from over 168 relationship types link FMA's classes into a coherent symbolic model.
6.1.2.1 Structure of the FMA
The FMA ontology is an abstraction of anatomy (sensu structure), which is the ordered
aggregate of material objects and physical spaces filled with substances that together
constitute a biological organism. Such a symbolic model is considered as a concrete
manifestation of anatomy (sensu science), which is the biological science concerned with the
discovery, analysis and representation of anatomy (sensu structure) (cf. [6.19]). Therefore,
the FMA ontology covers the canonical anatomy and not the instantiated anatomy, as the
former is the synthesis of generalizations based on anatomical observations that describe
idealized anatomy (structure), while the latter comprises anatomical data pertaining to
instances of organism and their parts. In such a way, the FMA represents classes (or
universals) that exist in those instances (or particulars) that they subsume. It is worth noting
that the FMA has been initially thought for the anatomy (structure) of the Homo Sapiens, but
at the same time it can also serve as a framework for the anatomy of other mammalian and
vertebrate species.
The FMA ontology consists of four interrelated components:
1. Anatomy taxonomy (At): classifies anatomical entities according to the characteristics
they share (genus) and by which they can be distinguished from one another
(differentia);
2. Anatomical Structural Abstraction (ASA): specifies the part-whole and spatial
relationships that exist between the entities represented in At;
3. Anatomical Transformation Abstraction (ATA): specifies the morphological
transformation of the entities represented in At during prenatal development and the
postnatal life cycle;
4. Metaknowledge (Mk): specifies the principles, rules and definitions according to which
classes and relationships in the other three components of FMA are represented.
Therefore, the FMA ontology may be represented by the abstraction: FMA = (At, ASA, ATA,
Mk).

9

http://www.nlm.nih.gov/research/umls/
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As the FMA should serve as an ontology, its classes are defined in structural terms and
grouped into classes on the basis of the structural properties that they share. In such a way,
it is possible to aggregate such data in a taxonomy format.
Each term in the FMA is provided with an Aristotelian definition, i.e. with a genus-differentia
definition, where the genus assigns an entity to a class and the differentia distinguishes the
entity from other entities assigned to the class. For example, the main root of the FMA is the
class Anatomical entity, which has as subclasses Physical anatomical entity and Nonphysical anatomical entity. The Anatomical entity is defined as a “biological entity (genus)
which constitutes the structural organization of a biological organism (differentia)”.
To date, the FMA is freely accessible also through the Foundational Model Explorer (FME),
an open source web browser.
6.1.2.2 Conclusion
The FMA is the best candidate for serving as a foundation and reference for the correlation
of other ontologies in biomedical informatics. Clearly, the FMA is not an application ontology
as it is not intended as an end-user application and does not target the needs of particular
user groups. Due to the diverse and implied meanings associated with the term “ontology”,
the FMA is described by Rosse et al. [6.19] as a symbolic model rather than an ontology (see
[6.19]).

6.2 Standards/Terminologies
6.2.1 International Statistical Classification of Diseases and Related
Health Problems (ICD)
The International Statistical Classification of Diseases and Related Health Problems gives
voice to the demand for a systematic classification of diseases, namely a system of
categories to which morbid entities are assigned according to established criteria. Such a
classification has been sought after since the XVIII century with the aim to provide a system
of comparable nomenclatures for all countries. ICD has been revised periodically to
incorporate changes in the medical field. To date, there have been ten versions of the
classification.
The ICD is supposed to be at the same time a nomenclature definition - a description of the
disease - and a statistical classification - a collection of data about what kind of people have
been affected by such illnesses, related to information about the country in which the disease
occurs at different times. Through the use of ICD, diagnoses of disease and other health
problems are translated from words into alphanumeric code.
The tenth version of ICD (ICD-10) was endorsed by the Forty-third World Health Assembly in
May 1990 and came into use in WHO Member States as from 1994. The first edition, known
as the International List of Causes of Death, was adopted by the International Statistical
Institute in 1893. WHO took over the responsibility for the ICD in 1948 when the Sixth
Revision, which included causes of morbidity for the first time, was published. In 1967, the
World Health Assembly adopted the WHO Nomenclature Regulations that stipulate use of
ICD in its most current revision for mortality and morbidity statistics by all Member States.
Generally speaking, the ICD contains information related to diagnoses, symptoms, abnormal
laboratory findings, injuries and poisonings, external causes of morbidity and mortality,
factors influencing health status from all the different branches of medicine: Oncology,
Dentistry and Stomatology, Dermatology, Psychiatry, Neurology and so on.
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6.2.1.1 ICD-10
The basic ICD-10 is a single coded list of three-character categories (from A00 to Z99), each
of which can be further divided into up to ten four-character subcategories (for example,
A00.0, A02.2, B51.9 and so on). Thus, a disease is related to three main data: namely
Chapter, Block and Title.
The classification is divided into 22 chapters defined by a letter (cf. figure 6.2). Chapters IXVIII deal with diseases and Chapters XIX-XXII with injuries. For example, Botulism, which is
defined in the first chapter (Certain infectious and parasitic diseases), is described with the
ICD code A05.1. Through the use of “blocks of diseases” each chapter defines in the best
way its entities. The title of the chapter defines its content.
The letter U is currently not used in the classification, but it is used to describe the XXII
chapter (U00-U99), which is defined as Codes for special purposes. Indeed, codes from U00
to U49 are used for the provisional assignment of new diseases of uncertain etiology, and
codes from U50 to U99 may be used in research, for example when testing an alternative
subclassification for a special project.
ICD-10 makes a difference between inclusion and exclusion terms (cf. figure 6.1): the first
kinds of terms are those which are used, in addition to the title, as examples of the diagnostic
statements to be classified within that rubric. They may refer to different conditions or
synonyms. The second kind of terms are those which, although the rubric title might suggest
that they were to be classified there, are in fact classified elsewhere. The code nearby the
disease shows where it has been classified.

Figure 6.1 – ICD-10 concept E10
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Figure 6.2 – ICD-10 chapters’ list
6.2.1.2 Remarks about ICD-10
The most suspicious description in ICD-10 related to diseases’ description is “NOS, not
otherwise specified”. Such a label means that there is not enough information for a deeply
understanding of that specific case of disease in the recorded document. For example, the
ICD-10 class B83.9: Helminthiasis, unspecified, does not refer to a disease caused by a
worm belonging to the species unspecified. Rather, it refers to a statement made by some
clinician who did not specify the actual type of Helminthiasis the patient was suffering from.
Moreover, it is possible to find under the classification of some diseases the label “Other [...]”
related to a specific disease, for example the case of ICD-10 A03.8 Other Shigellosis, which
is probably meant to indicate Other kinds of Shigellosis.
6.2.1.3 Conclusion
ICD-10 treats diseases as health problems which have been recorded, for example, on
health records, or death certificates. In the previous chapters, we have stressed that the
domain’s description should be distinguished from the problem solving expertise. Labels like
“NOS” should be avoided, at least if the terminology is thought to support automatic
reasoning processes.
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Indeed, if the idea of the semantic interoperability is to control the meaning of the information
stored in electronic systems, it should be clear whether entities in the coding system refer to
the actual diseases or rather to the statements about them. In the above example of ICD-10
B83.9, the system makes the class Helminthiasis, unspecified a subclass of B83: Other
helminthiasis, which from the point of view of a coherent ontology is complete nonsense,
because Helminthiasis, unspecified is not a kind of Helminthiasis, but just a human label
referring to an entity which has not been specified.
6.2.1.4 ICD 9
The 9th version of ICD was used between 1979 and 1998 and the full documentation about
ICD-9 is not anymore available beyond a modified version of Volume 1, last updated in 1998.
ICD-9 used a classification of diseases in a single coded list of three-character categories,
but instead of using different letters for different categories of diseases, like ICD-10, it used
just numbers (from 001 to 799). Diseases were classified in 16 different chapters. The last
part was a supplementary classification of external causes of injury and poisoning, which
was intended as a specification of the environmental events, circumstances and conditions
related to diseases.
As we have already pointed out, the International Classification of Diseases is thought as a
classification of the current state of art in medicine studies and such a classification focuses
on what clinicians know about diseases, rather than about diseases. Hence, also the ninth
version contained cases of unspecified entities (for example, ICD-9 003.9) and the “Other
[...]” label (for example ICD-9 003.8).
6.2.1.5 ICD-O
According to [6.4], the International Classification of Diseases for Oncology is a domain
extension of ICD for both, topography and morphology of neoplasm with the third version
ICD-O-3 currently in use. The topography section has been adapted from the malignant
neoplasm section of Chapter II of ICD-10, allowing greater specificity for the site of nonmalignant neoplasm than is possible in ICD-10. These topography terms have four-character
codes (from C00.0 to C80.9).
The morphology code describes the specific histological cell type and its behaviour and it
indicates the specific histological term. For these definitions ICD-O-3 uses also the SNOMED
CT terminology. Morphology terms have five-digit codes (from M-8000/0 to M-9989/3). The
first four digits indicate the specific histological term. The fifth digit, after the slash or solidus
(/), is a behaviour code, which indicates whether a tumour is malignant, benign, in situ, or
uncertain whether malignant or benign. A separate one-digit code for histological grading or
differentiation is provided. For a lymphoma or leukemia, this element of the code is used to
identify T-, B-, Null-, and NK-cell origin.
In the same spirit of ICD, the Classification of Disease for Oncology treats disease as
medical reports. Thus, ICD-O-3 shares with ICD-10 the NOS label associated to some
entities (for example ICD-O-3 M9540/0 Neurofibroma, NOS).

6.2.2 Systematized Nomenclature of Medicine Clinical Terms (SNOMED
CT)
The Systematized Nomenclature of Medicine Clinical Terms (SNOMED CT) is a
comprehensive clinical terminology, which has been promoted as a reference terminology for
electronic health record (EHR) systems. Its purpose is to serve as a standardized
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terminology in healthcare software applications, as it enables clinicians, researchers and
patients to share comparable data.
SNOMED CT is the result of the combination of SNOMED Reference Terminology
(SNOMED RT), developed by the College of American Pathologist, with the Clinical Terms
Version 3 (CTV3), developed by the National Health Service of the United Kingdom (cf.
[6.28]).
6.2.2.1 The vocabulary of SNOMED CT
SNOMED CT consists of concepts, descriptions and relationships between concepts:
1. Concepts are clinical meanings identified by a unique numeric identifier (ConceptID)
that never changes. They are represented by a unique human readable Fully
Specified Name (FSN).
2. Descriptions are the terms associated to concepts, used by SNOMED CT to
describe them. Each description has three main specifications:
(a) Fully Specified Name (FSN): is intended to provide an unambiguous way to
name a concept. Each FSN has a “semantic tag” in parentheses, which
indicates the semantic categories to which the concept belongs.
(b) Preferred Term: is a word or a phrase used by clinicians to name the used
concept.
(c) Synonyms: terms which represent the same concept as the FSN. It is worth
noting that such synonyms must not be completely different names, but could
also be differences in the spelling of the word or acronyms. Late gastric
cancer has, for example, LGC as synonym.
3. Relationships between concepts in the terminology improve their definition. Besides
the formal subsumption relation (defined as is_a relationship), there are relationships
(“attribute relationship”) that are not themselves defined formally and which add
information about the concepts, for example Associated morphology and Finding
site.

Figure 6.3 – “Diabetes Mellitus” in SNOMED CT
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6.2.2.2 Top-level hierarchies
The amount of data stored in SNOMED CT is organized into top-level hierarchies (figure 6.4)
and as they are descendent, the concepts within them become increasingly specific.
Pneumonia (disorder) has, for example, Lung consolidation and Pneumonitis as super-type
(or parents) and Lobular pneumonia and Pneumonia associated with AIDS among its Subtype (or children).

Figure 6.4 – SNOMED CT hierarchies
In a SNOMED CT Browser [6.27] the complete list of these top-level hierarchies is contained
in the main folder SNOMED-CT Concept and each concept refers to one or more of these
hierarchies. The Clinical finding hierarchy contains the sub-hierarchy of Disease, which
descendants are always the result of a clinical observation.
6.2.2.3 Some considerations about SNOMED-CT
SNOMED-CT has been examined by Bodenreider et al. [6.2] through the use of LinKBase® ,
a realist ontology for the healthcare domain, and LinKFactory®, a multi-purpose ontology
authoring and management system, together with the IFOMIS' ontological methods and
approaches. SNOMED CT has been technologically improved since then, but mistakes due
to lack of an ontological theory still remain.
6.2.2.4 Shifts in meaning from SNOMED-RT to CT and Redundant concepts
In Bodenreider et al. [6.2] it has been noted that some classes shifted from SNOMED-RT to
CT: Many of them with the same unique ID in RT and CT appeared to have changed in
meaning. For example, Femoral flebography in RT related only to ultrasound while in CT it
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involves also the use of a contrast medium. In the same way, Amputation of leg (34939000)
was supposed to mean in RT Amputation of lower leg, while in CT Amputation on any part of
the lower limb includes complete amputation.
In the current version of SNOMED CT these problems have been handled: Amputation of leg
(34939000) has been defined as an “ambiguous concept”, thus it has been retired. Hence,
we find Traumatic amputation of lower extremity (disorder), which has as super-type both
Injury of lower extremity and Traumatic amputation of limb.
The Ambiguous concept is defined as Inactive concept, which belongs together with
Namespace concept and Navigational concept to the top-level hierarchy Special concept.
Inactive concept has as children not just Ambiguous concept (15992 retired children), but
also:
1. Duplicate concept (37788 retired children);
2. Erroneous concept ( 1146 retired children);
3. Limited status concept (20930 retired children);
4. Moved elsewhere concept (14451 retired children);
5. Outdated concept (1473 retired children);
6. Reason not stated concept (7524 retired children).
The problem of Redundant concepts, i.e. those concepts which had no differences in the
meaning, has also been handled, through the class Duplicate concept. Hartel et al. [6.7] was
able to find “only” 8746 redundancies, while the above list has a larger number of them,
which shows the will of scholars to improve such a terminology.
6.2.2.5 Conclusions
We have briefly showed that a lot of work has already been done on SNOMED CT, but for
ontological purposes we are interested not just in the consistency of the terminological
structure, but also in the information content. In the recent report about semantic
interoperability [6.24] it has been pointed out that SNOMED CT cannot be used for
ontological purposes unless it embraces a sound ontological theory. Indeed, it seems to be a
good terminology for medical information, but there is still no consensus in the SNOMED CT
community about what the domain actually represents. According to this, the large scale and
poor semantic expressiveness of the SNOMED CT relations and hierarchies considerably
diminishes their usefulness.

6.2.3 Logical Observation Identifiers Names and Codes (LOINC)
The Logical Observation Identifiers Names and Codes provide a set of universal names and
ID codes for identifying laboratory and clinical test results in the context of existing ASTM
E1238, HL7, CEN TC251 and DICOM observation report messages. The aim of LOINC is to
serve as a standard for the exchange of information about medical tests or observations.
Such standards are not intended to transmit all possible information about a test; rather they
identify only the test result or the clinical observation. The LOINC codes were released in
April 1996 and, to date, thirteen revisions of LOINC, now including over 30,000 observation
concepts, were released.
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6.2.3.1 Concept-based Terminology
LOINC is defined as a concept-based terminology providing a way of naming classes of
things that exist in the real world. Each concept is given an identifier and a fully-specified
name. The fully specified name of a test result or clinical observation has five or six main
parts:
1. Component: e.g. potassium, hemoglobin;
2. Property measured: e.g. a mass concentration, enzyme activity;
3. Timing: e.g. whether the measurement is an observation at a moment of time;
4. The type of sample: e.g. urine, blood;
5. The type of scale: e.g. whether the measurement is quantitative, ordinal, nominal, or
narrative;
6. Where relevant, the method used to produce the result or other observation.
These can be described formally with the following syntax:
<Analyte/component>:<kind
of
property
of
observation
measurement>:<timeaspect>:<system (sample)>:<scale>:<method>.

or

For example, the following description about Diabetes Mellitus is provided in LOINC:
Part Type

Part No.

Part Name

Component

LP74722-7 Diabetes mellitus

Property

LP6813-2 Find [Finding]

Time

LP6960-1 Pt [Point in time (spot)

Super System LP6985-8 Patient
Scale

LP7751-3 Ord

Method

LP76084

MDS

Terms in LOINC are never reused or deleted, and the change of terms status is made
explicit. According to this approach, terms can be:


Active: it is currently used;



Trial: it is experimental in nature and its description can change;



Discouraged: its use is not recommended;



Deprecated: it should not be used.

Furthermore, the LOINC community added the following new fields:
1. STATUS_REASON: classification of the reason for concept status. This field is Null for
Active terms; Ambiguous, Duplicate or Erroneous for Deprecated and Discouraged
terms.
2. STATUS_TEXT: explanation of concept status in narrative text. This filed is Null for
Active terms and optionally populated for terms in other states.
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LOINC contains fields for each of the six parts of the name, synonyms and comments for all
observations in order to facilitate searches for individual laboratory test and clinical
observation results. The database is dived into four categories: Lab, Clinical, Attachments,
and Surveys. Such categories are not rigidly fixed and users can freely sort the database by
whatever class is convenient in their application.
LOINC uses HL7 codes (see paragraph 6.2.5) for clinical documents aiming at avoiding the
development of a new terminology. According to the LOINC Guide 2011, the component
terms used in the creation of the names of document type codes will be mapped to either the
UMLS Metathesaurus, or SNOMED CT as soon as possible.

6.2.4 Digital Imaging and Communications in Medicine (DICOM)
The Digital Imaging and Communications in Medicine is a standard developed by the
American College of Radiology (ACR) and the National Electrical Manufactures Association
(NEMA) for handling, storing, printing and transmitting information in medical imaging.
DICOM is developed in liaison with other Standardization Organization: CEN TC251 in
Europe, JIRA in Japan, IEE, HL7 and ANSI in the USA.
The main idea of the ACR and NEMA was to:


Promote communication of digital image information, regardless of device
manufacturer;



Facilitate the development and expansion of picture archiving and communication
systems (PACS) that can also interface with other parts of hospital information
systems;



Allow the creation of diagnostic information data bases that can be interrogated by a
wide variety of devices distributed geographically.

DICOM is not just an image or file format; rather it can be defined as an all-encompassing
data transfer, storage, and display protocol built and designed to cover all functional aspects
of digital medical imaging.
6.2.4.1 Overview of the Content of DICOM
DICOM states a difference between the “information model” and the “application model”:
1. DICOM information model: an entity-relationship diagram, which is used to model the
relationships between the Information Object Definitions (IODs), which represent
classes of Real-World Objects defined by the DICOM Application Model;
2. DICOM application model: an entity-relationship diagram used to model relationships
between Real-World Objects which are within the area of interest of the DICOM
Standard.
In DICOM, all real-world data (patient, studies, medical devices, etc.) are viewed as objects
with respective attributes and each object and attribute is standardized according to DICOM
Information Object Definition (IODs). Each patient, for example, is represented as a
collection of attributes (for example, name, medical record number, sex, age, weight,
smoking status, etc.), and through the use of the DICOM data dictionary, the systems is able
to ensure consistency in attribute naming and processing.
Once a specific data is acquired as DICOM data attributes, it is usually transmitted and
processed between various DICOM devices and software. As each service usually involves
some data exchange, each particular service type is associated with the data (IODs) they
process. This association service is called Service-Object Pairs (SOPs). Before two devices
are able to communicate with each other over a network using DICOM protocols, they must
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confirm to several things: one of the two devices must initiate a process of association (a
connection to the other device) and negotiation, asking if specific services, information and
encoding can be supported by the other device. Finally, the association negotiation enables
exchange of maximum network packet size, security information and network service
options.
6.2.4.2 Conclusion
DICOM has provided contemporary medicine with a universal standard for digital data. All
digital image-acquisition devices produce DICOM images and communicate through DICOM
networks. Moreover, all the information used to represent the clinical information of any
patient is defined in the DICOM data dictionary [6.5], which provides clinicians with deviceindependent terms.
Nevertheless, if DICOM aims at being a standard for bio-medical purposes, we think that the
documentation and the definitions attached to the entities should be improved. Beyond the
terminological choices of DICOM seems to be the lack of a sound ontological theory, i.e. a
theory that in a formal and rigorous way defines the entities which occur within DICOM itself.

6.2.5 Health Level Seven Reference Information Model (HL7 RIM)
Health Level Seven (HL7) is a non-profit organization which aims at developing protocols for
the exchange of healthcare information in clinical settings. "Level 7" refers to the seventh
level of the International Organization for Standardization (ISO) seven-layer communications
model for Open Systems Interconnection (OSI). The application level interfaces directly to
common application services for the application processes and performs them. Although
other protocols have largely superseded it, the OSI model remains valuable as a place to
begin the study of network architecture.
The members of HL7 are organized in the Working Group, which is divided into a “Technical
Committee” (TC) and a “Special Interest Group” (SIG). The former is responsible for the
content of the Standards, while the latter focuses on new biomedical areas which might be
included in HL7’s published standards. The global scope involves also collaboration with
other regional and international standards organizations, such as CEN in Europe and the
International Standards Organization (ISO). The origins of HL7 date back to 1987 and three
versions of the standards have been already published. In 1994 HL7 was accredited by the
American National Standards Institute as an American National Standard.
According to HL7’s community, “interoperability” can be of three different kinds:


technical: moving data from system A to system B;



semantic: ensuring that system A and system B understand the data in the same
way;



process: enabling business processes at organization housing system A and system
B to work together.

The HL7 community began in 1994 with the development of the Version 3 Message
Development Framework (MDF), which was released in January 1997.
At the core of the HL7 version 3 standards development methodology is the Reference
Information Model (RIM), which is probably the most critical element in the process, because
it aims to serve as the source for all HL7 data meanings and thus to establish semantic
interoperability across the different healthcare systems. The RIM was first conceived as a
complete class model including subject areas, attributes for each of the classes, inheritance
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structures, and instance connections or relationships between the classes. To date, the RIM
can be thought as an abstract model of patient care, which defines the grammar of a
language for information in healthcare.
6.2.5.1 The Act-Centred View
The relevant healthcare information in the RIM is organized into six “backbone” classes: Act,
Entity, Role, Participation, Act-Relationship and Role-Link. The first three categories (Act,
Entity and Role) are high-level classes and have specialized subclasses, while the second
three (Participation, Act-Relationship and Role-Link) represent relations between members of
the first three classes.
According to Vinzenor et al. [6.33] these categories are defined as:


Act Class: Intentional actions documented by a healthcare professional in either a
clinical or administrative context that has happened, can happen, is happening, is
intended to happen, or is requested/demanded to happen;



Entity Class: Physical things or groups of physical things that can participate in an
action as perpetrator, target or beneficiary (e.g. living subject, organization, material
and places and their specialization). It does not indicate the roles played, or the acts
that these entities participate in;



Role: the competency of an entity, which can participate in an Act;



Participation: an association between an Entity in a Role and a specific Act;



ActRelationship: relates acts such as an order for an observation and the
observation event as it occurs. Also relates an act to its component acts;



RoleLink: a connection between two roles such as patient and provider that
expresses a dependency between those roles.

The first class plays a central role between the others, since HL7 considers all the
information in any profession or business, including the healthcare domain, as series of
actions that can be attributed to someone within the context of an organization. Indeed, an
organization can be seen as a collection of agents who interact, communicate, cooperate,
coordinate and negotiate with each other in order to achieve a common goal. Thus, each
collection of information in HL7 is considered as a collection of intentional actions (actcentered view of healthcare): No statement in the medical record is about the reality (“what is
true”), but about what has been observed and believed by clinicians. Such actions include:








actions of clinical observation;
actions of assessment of health conditions;
actions of providing treatment services;
action of assisting, monitoring, attending and training;
actions of administering education services to patients and their next of kin;
actions of providing notary services;
actions of editing and maintaining documents.

6.2.5.2 Double Standard
The RIM should be able to define all the data meanings independently of any particular
technology or implementation environment – it is supposed to work as an ontology – but
instead, according to Smith et al. [6.25], it blurs the distinction between “information model”
and “reference ontology”. Thus, HL7 should distinguish between two separate but related
artefacts, which might be called Reference Ontology of the Healthcare Domain and Model of
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Healthcare Information respectively (cf. [6.25]). The former would include those categories
for a coherent high-level framework, as thing, process, anatomical structure, disease,
infection, procedure, etc, while the latter would include those categories needed to specify
how information about the entities that instantiate the above types can be combined into
meaningful units. In such a sense, the model of healthcare information is supposed to define
what has been recorded and communicated about the world, while the reference ontology
would model the world itself.
Nevertheless, it has been noted that such difference between the ontology and the model is
impractical and dangerous, as it splits pointlessly the models: “Why should there be two
models, if in the end one is to reflect the other?” ([6.21], p. 5). Instead of having such a
difference, the community of HL7 thinks that the model used in the RIM reflects:




how intelligent agents perceive the reality;
how they communicate their intentions;
how they eventually effect changes to the real world.

The medical records are not supposed to contain injections or patients per se, but rather
someone's talking about those things. That is the reason why things like speech acts are
really important in HL7: each document in the RIM is conceived as a linguistic tool for
understandings how language is used for achieving certain goals.
Conclusion
Although the HL7 RIM has been designed to assist the process of writing HL7 messages, it
has gained importance as an information model of healthcare delivery in its own right.
Through an analysis of the discussion about HL7, it emerges that the main disagreement is
not about how the RIM is designed, rather it is about how a reference model for semantic
and pragmatic interoperability should be designed.

6.2.6 openEHR
The openEHR is a set of specification for Electronic Health Record architectures which aims
at enabling semantic interoperability of health information within EHR systems. The
intellectual property of the openEHR architecture specification is owned by the openEHR
Foundation, a not-profit company which entails more than 1000 members from 75 countries,
with the founding partners being University College London (CHIME department) and the
company Ocean Informatics.
openEHR is neither a software application nor a terminology like SNOMED CT or HL7, rather
it is a specification for sharable health information which provides a foundation to build
interoperable and modular software application. Thus, the architecture of openEHR is
designed to support the construction of different types of systems
The openEHR Specification Project is responsible for developing the specification on which
the openEHR Health Computing Platform is based. These specifications consist of the
Reference Model (RM), the Service Model (SM) and the Archetype Model (AM). All of them
are defined using the UML notation and formal textual class specification.
openEHR is an open source initiative, the result of interested and motivated volunteers from
a broad international community of clinicians and software engineers. Furthermore, it is
undergoing continuing developments.
6.2.6.1 Brief Description
openEHR is based on a two-level modeling paradigm:
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1. Reference Mode: a stable reference information model from which software and data
can be built. The concepts in the RM are invariant, including things like Composition,
Section, Observation and so on.
2. Formal definitions of clinical content in the form of archetypes and templates. The
concepts in this level include things like “blood pressure measurement”, “SOAP
headings” and “HbA1c Result”.
Within the openEHR environment, the reference model, the archetypes, and the terminology
can be considered in an ontological way, i.e. as a formalised way of describing aspects of the
real world (see [6.55], [6.56]).
Ontologies are thought by the openEHR’s community as semantic references among
different terminologies, because all models carry some kind of semantic content but not all
semantics are the same. openEHR adopts an ontological distinction between ontologies of
everything, ontologies of information (models of information content), and ontologies of
reality (descriptions and classifications of real phenomena) (cf. [6.18]). A secondary
ontological division within the information side is between information models and domain
content models, where the former corresponds to semantics that are invariant across the
domain, while the latter corresponds to variable domain level content descriptions.
Obviously, information is also thought as part of reality, so the distinction between ontology
of reality and ontology of information needs to be made with care. Nevertheless, openEHR
uses such a distinction in the conviction that as soon as something is recorded, there is a
question of what the recorded form looks like:




What types of recorded entities are there (e.g. notes, results, diagnoses)?
What is the structure of the recorded information?
What are the relationships between items of information?

6.2.6.2 Conclusion
The main goal of openEHR is to improve the management and storage of clinical information
through the use of a lifelong electronic health record. Therefore, if the archetypes are thought
to specify the nature of clinical information, we claim that a distinction between the ontology
level and knowledge-representation level is necessary.

6.2.7 Medical Dictionary for Regulatory Activities (MedDRA)
MedDRA, the Medical Dictionary for Regulatory Activities, is a terminology of terms for
diagnoses, symptoms, surgeries and other medical procedures. The MedDRA tool for
database queries is the Standardised MedDRA Query (SMQ). Prior to the development of
MedDRA multiple terminologies were used to report adverse reactions and other information
related to medication. MedDRA was, therefore, developed by the International Conference
on Harmonisation (ICH) with the aim to provide uniform communication rules between
regulatory authorities and the pharmaceutical industry. It is managed by the Maintenance
and Support Services Organization (MSSO) which provides two annual updates in March
and in September. As a terminology for regulatory activities, MedDRA is mainly used to
describe effects and side effects of medication. MedDRA is used in the US and Europe.
There is also a Japanese version. According to the European Union, MedDRA is the
mandatory tool for coding and transmitting information on product characteristics and side
effects.
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6.2.7.1 Hierarchical structure
MedDRA has a hierarchical structure with five different levels but it is not a taxonomy (see
[6.11]). The top-level, the Organ Class System (SOC), contains 26 different classes. The top
classes of MedDRA are:
SOC Infections and infestations
SOC Neoplasms benign, malignant and
unspecified (incl. cysts and polyps)
SOC Blood
disorders

and

lymphatic

system

SOC Skin
disorders

and

subcutaneous

SOC Musculoskeletal
tissue disorders

and

tissue

connective

SOC Renal and urinary disorders

SOC Immune system disorders

SOC Pregnancy, puerperium and perinatal
conditions

SOC Endocrine disorders
SOC Metabolism and nutrition disorders
SOC Psychiatric disorders

SOC Reproductive system and breast
disorders
SOC Congenital, familial and genetic
disorders

SOC Nervous system disorders
SOC Eye disorders
SOC Ear and labyrinth disorders

SOC General disorders and administration
site conditions

SOC Cardiac disorders

SOC Investigations

SOC Vascular disorders

SOC Injury, poisoning and procedural
complications

SOC Respiratory, thoracic and mediastinal
disorders

SOC Surgical and medical procedures

SOC Gastrointestinal disorders

SOC Social circumstances

SOC Hepatobiliary disorders
The organ classes are not general classes like they are used in an ontology, but more like
semantic fields or parts of a mind-map. Categories are not disjunct. For example,
“Reproductive system and breast disorders” and “Neoplasms benign, malignant and
unspecified (incl. cysts and polyps)” obviously do not exclude each other.
The use of “unspecified” is also notable. Such terms, especially “other/not otherwise
specified” and “not elsewhere classified” are frequent in the entire vocabulary. This is a
problem of MedDRA. As [6.12] points out,
[s]uch concepts are hard to interpret because they are valid only within a single
vocabulary, and even here, are based on a criterion of exclusion that is not timeinvariant: more categories may subsequently be added, so that the meaning of the
concept drifts. ([6.12], p. 3)
Besides the ontological inappropriateness of such categories they cause usually problems in
interoperability, mapping and updates.
The next level provides the High Level Group Terms (HLGT) followed by the High Level
Terms (HLT). The fourth level has 19086 Preferred Terms (PT). The lowest level contains
69.019 Lowest Level Terms (LLT). Every HGLT is linked to at least one SOC. The kind of
this relationship is, however, not clear. The same holds for other connections between the
levels. The higher level term is just seen as superordinate descriptor. Only the relation of
Preferred Terms’ (PT) to the children terms on the level of Lowest Level Terms (LLT) is
rather explicit. They are, according to MSSO ([6.11], p. 8):
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Synonyms: Different terms for the same concept inherent in the PT;
Lexical variants: Different word forms for the same expression;
Quasi-synonyms: Quasi-synonyms are terms that are not precisely the same
meaning as another term, but are treated as synonymous in a given terminology;
Sub-element: Sub-elements (of the parent PT) are represented by LLTs with more
detailed information;
Identical LLT: One LLT is identical to its PT for data entry purposes.

Through the connection of LLTs and PTs is much more transparent than any other links, the
relation is not suitable for any usage in information systems. The sub-element relation is
logically completely different from synonymy, identity or lexical variation. The latter ones are
relation of equivalence, the former not. The relation of quasi-synonymy, at last, is not explicit
enough to be of formal value.
The price for the missing clarification of the relation that links a term to its parents in the
upper level is paid in the classification of the single terms which is, in some cases, elusive.
For example, it seems odd that all crime victims and all criminal activities, including spousal
abuse are listed under the HLGT legal issue while imprisonment of relative is categorized as
a family issue. The further categorization is not a bit less arbitrary:
In MedDRA, terms representing crime or action of abuse and the perpetrator of the
crime or abuse are kept in a PT/LLT relationship, with crime/action of abuse at the PT
level and perpetrator of the crime or abuse at the LLT level under HLT Criminal
activity in SOC Social circumstances (e.g., PT Sexual abuse and its LLT Sexual
abuser). Terms representing the victim of these crimes are qualified with "victim of" at
the PT level under HLT Crime victims in SOC Social circumstances. Unqualified
terms representing the victim are placed under the "victim of" PT as an LLT (e.g., PT
Victim of child abuse and LLT Maltreated child). ([6.11], p. 61).
Even a flexible human mind may find it hard to find a deeper sense or structure in the
associations of this classification rules, especially with regard to the fact that LLTs and PTs
are generally described as (quasi)-synonyms,
6.2.7.2 Conclusion
Since using terms of MedDRA is mandatory in the regulatory process it has an important
impact. However, it is not a useful tool for automated reasoning. The most important
shortcoming is a missing of clarification of the relations which hold between the links to upper
and lower terms. The developers admit that MedDRA is not a taxonomy but it is dubious that
MedDRA provides, in any sense, a real hierarchy and not a simple vocabulary with some
links and connections which carry no semantic content at all. In that way MedDRA can be a
useful controlled vocabulary but doesn’t provide semantic relations.

6.2.8 The European Directorate for the Quality of Medicines (EDQM)
The European Directorate for the Quality of Medicines (EDQM) is an organization which
belongs to the Council of Europe and is seated in Strasbourg. Its oldest part is the European
Pharmacopeia which came into being in 1964. This was expanded and reformed in 1996 to
build the recent EDQM. The EDQM is responsible for activities related to the quality and
safety of medical substances.
EDQM provides a controlled vocabulary of standard terms. The vocabulary was requested by
the European Commission and is used for marketing authorisation requests, labelling and
especially for the Summary of Product Characteristics (SmPC), a document which is initially
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required for authorization and later especially important for the patients’ information. The
SmPC is regularly revised and includes information on the name of the medicinal product,
composition, indications, contraindications, undesirable effects, shelf life etc. Requests for
new standard terms must be sent to EDQM by the European Commission, a member state,
or the EMA and are discussed by the Working Party of the European Pharmacopoeia
Commission. New items of the Standard Terms are translated into the European languages
by the respective national authorities.
The Standard Terms may simplify the translation of information on pharmaceutical products.
As a plain vocabulary it provides no elaborated semantic background for automated
reasoning. Furthermore, the terminology is not freely available.

6.2.9 The Clinical Data Interchange Standard Consortium (CDISC)
The Clinical Data Interchange Standard Consortium (CDISC) is an organization which aims
to provide data standards for medical information systems. CDISC was founded as a nonprofit organization in 2000 and provides a number of standards and terminologies. Standards
are free and accessible to members. Non-members can receive documentation and
standards via a valid company e-mail address. The CDISC terminology is closely related to
the National Cancer Institute (NCI) which distributes it as part of their thesaurus.
CDISC is divided into several working groups with each one working on a specific
terminology or messaging standard. All standards are frequently updated. Some are
currently in development and not yet publicly available. For example CDISC Shared Health
And Clinical Research Electronic Library (CDISC SHARE), a collection of standards and
definitions for terms, is targeted to be ready in 2012.

6.2.9.1 SDTM, SEND, ADaM and define.xml
The Study Data Tabulation Model (SDTM) is a structure for data tabulations from clinical
trials within regulatory activities. SDTM is the standard for submitting data to United States
Food and Drug Administration (FDA) since 2004. The core of STDM is the observation of the
test persons or test animals which is described by a number of variables. The variable
corresponds to the column of a dataset (see Chapter 3 of this document). There are five
different kinds of variables: Identifier variables are comparable to proper names. They point
to the subject, the study or a domain. Timing variables indicate the time of an observation. A
topic variable names the area on which an observation is focused. The qualifiers variables
give values and additional texts on observations and are further divided in grouping
qualifiers, result qualifiers, synonym qualifiers, record qualifiers and variable qualifiers. The
fifth variable is the rule variable which indicates an algorithm or a method.
The reporting is generally done in domains. The general domain classes are Interventions,
Findings and Events. Interventions include for example exposure, Findings include vitals and
Events include the medical history. Unfortunately, the classification on the general level is
neither exhaustive nor disjoint. There are medically interesting entities which are no findings,
e.g. every undiscovered heath condition. This problem might be a consequence of the focus
on observations. The point that the upper categories are hardly distinct is more problematic.
E.g. the patient history might as well be seen as a finding. As a result it is indeed not always
possible to have a unique assignment of medical data to a domain.
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The special standard for submitting results from animal testing to the FDA is the Standard for
Exchange of Non-clinical Data (SEND) which is based on SDTM. The domains are grouped
into Interventions, just including Exposure, Findings, and the special purpose domain
Comments.
The Analysis Data Model (ADaM) specifies data in analysis datasets for statistical purposes.
Analysis datasets must be provided for statistical analyses of data from trials. ADaM is
developed for analysis datasets which are added to data in SDTM format and is therefore
mainly orientated towards statistical analysis of data for regulatory activities. The analysis
datasets take information from different sources. They should be related to metadata which
is machine-readable. It is always necessary that at least a subject-level analysis dataset,
named “ADSL”, which gives information on subject’s age, sex, ethnic background, medical
relevant habits, diseases etc., is prepared. In order to understand the data which are
submitted in SDTM it is necessary to provide a file with metadata for data interpretation. A
CDISC group developed therefore standards for generating such XML-based definition
(define.xml) files.

6.2.9.2 ODM, LAB, CRFs
CDISC provides some further standards for study protocols, i.e. the planning of a study. The
Operational Data Model (ODM) defines metadata for data which are gained in a trial. It is a
standard which is used for saving and submitting data in XML format. ODM uses fields of
case report forms (CRFs). This metadata is machine readable, but it provides no
semantically useful data but just metadata in the narrow sense. The Laboratory Data Model
(LAB) is a more specific form of an ODM, used to gather data from laboratories. LAB can be
implemented in various standards, including HL7.

6.2.9.3 PRM
The Protocol Representation Model (PRM) defines protocol elements for clinical studies with
the goal to make protocols, i.e. study plans, more structured and to extract important
information. It is based on the Unified Modeling Language (UML) [6.31] and has a rich
structure of relations and classes. PRM has five sub-domains: Adverse Event Sub-Domain,
Common Sub-Domain, Protocol Representation Sub-Domain, Regulatory Sub-Domain, and
Study Conduct Sub-Domain. It includes over 100 classes and numerous relations between
them. PRM provides a parent-child, i.e. superclass-subclass, relation which is mainly defined
by inheritance. The child class must have all properties of the parent class but can have its
own specific attributes. However, the model is not an ontology but a Domain Analysis Model
(DAM) and is less entitled to be general and realistic (cf. [6.20]), p. 2). PRM is not, primarily,
a semantic resource but a collection of different metadata. For example, the attribute field
indicates the name of the attribute and the data, i.e. string, boolean etc. This information is
indeed metadata, but it is not semantic. Though PRM is highly structured and provides
definitions and classes it should not be seen as an ontology.

6.2.9.4 CDASH
The Clinical Data Acquisition Standards Harmonization (CDASH) is another CDISC standard
for collecting information from clinical trials in Case Report Forms (CRFs) or, more
specifically, for creating such tools for information collection. It mainly defines the data
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collection fields in a CRF. As a CDISC standard, CDASH can be semantically mapped to the
structure of SDTM. CDASH refers to domains which are similar to the SDTM parts of the
general domain classes:
Adverse Events (AE)

Substance Use (SU)

Exposure (EX)

Medical History (MH)

Comments (CO)

EEG Test Results (EG)

Vital Signs (VS)

Physical Examination (PE)

Inclusion /
Criteria (IE)

Exclusion Prior
&
Concomitant Laboratory
Medications (CM)
Results (LB)

Demographics (DM)

Drug Accountability (DA)

Test Subject
(CS)

Disposition (DS)

Characteristics

Protocol Deviations (DV)

6.2.9.5 BRIDG
Some of the projects of CDISC are explicitly focused on interoperability. The Biomedical
Research Integrated Domain Group (BRIDG) aims to connect different medical information
systems. Involved organizations are, beside CDISC, the Regulated Clinical Research
Information Management Work Group (RCRIM WG) of HL7, Cancer Biomedical Informatics
Grid (CaBIG) of the National Cancer Institute (NCI) and the United States Food and Drug
Administration (FDA). The main focus is on regulatory activities. The goal is to find a shared
semantic model. Until know, BRIDG is no ontological tool but the integration of an ontological
perspective is planned.

6.2.9.6 Conclusion
CDISC provides a number of standards which are more or less strongly connected. These
are mainly concerned with clinical drug studies and regulatory activities. The resources are
coding systems, terminologies and messaging standards. None of the tools provided by
CDISC is semantically as powerful as an ontology. The efforts of the consortium on
interoperability, the collaboration with other standard providers, and the continuing efforts to
improve and extend standards, however, should be appreciated. From our point of view, the
introduction of ontological background to BRIDG, is an important step towards a standard
which is useful to automated reasoning and may guarantee improved semantic
interoperability.

6.2.10

The Unified Medical Language System (UMLS)

UMLS, the Unified Medical Language System, is a unifying framework which integrates
different terminologies which are relevant to medicine and biomedical information
technologies. It consists mainly of three parts. The Metathesaurus and the Semantic Network
are the most important ones. The third part, the SPECIALIST lexicon, is a source of lexical
information and language processing programs. Apart from that, some special tools are
provided, e.g. MetamorphoSys which allows installing and customizing UMLS. One might, for
example, confine oneself to some subsets of the multiple source vocabularies which are part
of UMLS.
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The UMLS has been under development by the US National Library of Medicine (NLM) since
the eighties. As an integrating framework its goal is to unite the knowledge expressed in
currently over 100 source terminologies for diseases, procedures, supplies and diagnoses,
including for example the ICD terminologies and SNOMED, and, thereby, to support
interoperability. All parts of UMLS are machine readable. Using UMLS is free of charge but a
license agreement is necessary. Since p-medicine gives top priority to interoperability the
UMLS is an extremely interesting project.

6.2.10.1 Metathesaurus
The Metathesaurus is currently distributed in two versions, the Rich Release Format (RRF) is
provided since 2004. The Original Release Format (ORF) is older. Since RRF is more
accurate and precise than ORF it is the preferable option. The Metathesaurus is the core of
UMLS. With over five million names for over one million concepts and about 12 million
relations between these concepts it is a very broad scoped but also detailed resource for the
domain of biomedicine. The purpose of the Metathesaurus is not to give a new terminology
but to give an extensive lexicon of existing vocabularies and coding systems. According to a
ranking of source vocabularies one of the different terms which belong to the same concept
is designated as a preferred term. Whatever is contained in the Metathesaurus has a unique
identifier. For example, concepts are attached to a CUI (Concept Unique Identifier), terms get
a LUI (Lexical Unique Identifier) and relationships are named by a RUI (Relationship Unique
Identifier).
The Metathesaurus adopts the source terminology: The source of names, concepts and
relationships is indicated. The main additional information provided by NLM is the synonymy
between different concept names in different vocabularies. Most information on concepts and
relationships comes from the sources. The Metathesaurus does not improve or correct
terminologies but reflects them: “When conflicting relationships between two concepts
appear in different source vocabularies, both views are included in the Metathesaurus.
Although specific concept names or relationships from some source vocabularies may be
idiosyncratic and lack face validity, they are still included in the Metathesaurus” (cf.[6.32]).
6.2.10.2 Semantic Network
The second part of UMLS is the Semantic Network. Its aim is “to provide a consistent
categorization of all concepts represented in the UMLS” (cf. [6.32]). The network is a system
of abstract categories and provides the foundation for the categorization of the concepts in
the Metathesaurus. Every concept in the Metathesaurus is associated to at least one of the
categories, usually to the most specific available category. Currently, the Semantic Network
has 133 broad categories and 54 relationships. The is_a relation, i.e. subsumption, is
essential for the hierarchical structure. The Semantic Network does not aim to be a complete
characterization of the world but it is rather limited to medical purposes. This becomes
obvious with respect to granularity. Narrow classes are only provided for the domain of
biomedicine. For example, the only subclasses of Manufactured Object are Medical Device
and Research Device (cf. [6.32]). The network includes no subclass like “other manufactured
object”: If no subcategory applies the more general class is used. Further relation are
"physically related to", "spatially related to", "temporally related to", "functionally related to",
"conceptually related to" and relation which are subtypes of these five relations. Relations
between entities are usually inherited to the terms which are subsumed but there are
exceptions: The inheritance relation must be blocked in some cases.
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In [6.23] the Semantic Network is discussed and suggestions for improvement are made. It is
especially criticised that the connections of categories are rather associative and not formally
clear. Particularly, objects and their function, objects and knowledge or concepts of objects
as well as levels of abstractness should not be mixed up. The authors complain about the
running together of ontological and epistemological levels, for example in categorizing
symptom as a subclass of finding. This would mean that any sick person who is not lucky
enough to get medical attention has no symptoms and, furthermore, that “symptoms do not
exist until they are cognized as such” (cf. [6.23], p. 3). Finally, the authors, by taking into
account the reoccurring epistemological categories, discuss whether the UMLS network
should rather be interpreted as a conceptual framework without ontological implications but
this seems not to fit the fact that the top levels (entity, event) are not concepts and “it would
contradict the fact that Idea or Concept is already itself a subnode of Conceptual Entity
([6.23], p. 5).
The suggestions for improvement included the introduction of “a new high-level category of
role” (cf. [6.23], p. 2) and a better differentiation between the object itself, its function or role
and the event in which the object participates if it performs its function, for example in the
case of pharmacological substance, function and action (cf. [6.23], p. 3). Some categories in
the Semantic Network are problematic since they provoke misclassification. Conceptual
Entity is such a class. Some categories which are subsumed by Conceptual Entity are hardly
concepts. For example, age groups exist without any classifying individuals. The fact that we
can have the concepts of an age group doesn't mean that age groups are conceptual.

6.2.10.3 Conclusion
Though the efforts and merits of UMLS as an extensive resource of biomedical knowledge
representation are out of question, some errors and problems can hardly be ignored. Given
its complexity, mistakes and errors are not preventable. Furthermore, every inconsistency
and flaw from any source terminology is incorporated into the Metathesaurus. Yet, despite
the considerable amount of errors and problems, the UMLS is a global and comprehensive
source for manifold medical terminologies and it is hardly possible to ignore it when working
on interoperability. Especially the extensive repository of medical vocabularies which is
formed by the Metathesaurus is very important. The categorization of the concepts and the
Semantic Network, on the other hand, cannot be adopted without thorough revision and
improvements.

6.2.11

Diagnosis Related Groups (DRG/G-DRG)

Diagnosis Related Groups (DRGs) are a way to classify medical care in hospitals. The first
DRG system was developed at Yale University, starting in 1967. Cases which are in one
group are presumed to cause the same amount of costs to the hospital. DRGs are, therefore,
especially important for reimbursement. The main goal of the system is the reducing of costs.
Since they were first used in the in the USA, DRGs are regularly revised and updated. The
idea of DRGs became internationally influential. Australia, namely Victoria, adopted its own
version: the Australian Refined Diagnosis Related Groups (AR-DRGs).
When Germany did establish its own system, AR-DRG was picked as a foundation to
develop the system of German Diagnosis Related Groups (G-DRGs). Since 2004 billing
based on G-DRG is obligatory for all German hospitals. The first version from 2004 is
frequently updated. The recent version which is valid in 2011 is a derivative from the 2010
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version. The coding and grouping of this version is based on the International Classification
of Diseases tenth Revision German Modification 2011 (ICD-10-GM Version 2011) and the
Operationen- und Prozedurenschlüssel (OPS), the German modification of International
Classification of Procedures in Medicine (ICPM). Criteria for classification in DRG and GDRG are for example patients’ data like age and gender, main diagnosis, other diagnosis,
and procedures performed by the hospital.

6.2.11.1 Grouping
A Diagnosis Related Group is a class which is distinguished from another group by the costs
which the cases in these two groups cause. The DRG is assigned to a case of hospital care
by a grouping process. A grouper, a certified software, calculates the DRG from the
information which is provided by the user. In the first step demographic values, e.g. age, sex,
duration of hospital stay, are processed and checked. After that the Major Diagnostic
Category (MDC) is determined. These 26 groups are based on ICD-9 in the original DRG.
One group, 0 – Pre-MDC, is for cases which involve organ transplants. Recently, the United
States version MS-DRG is updated to work with ICD-10 codes.
The German version has, besides the Pre-MDC for very expensive cases like transplantation
and mechanical ventilation etc., 23 other MDC and the Error DRG. The last MDC is reserved
for cases which cannot be classified otherwise because the cases are untypical or the
information is not valid. This MDC is introduced to provide a complete coverage. An example
of an error DRG is 960Z “nicht gruppierbar” (ungroupable). The remaining 23 MDCs of GDRG system are generally based on ICD-10 diagnoses. However the conditions of one block
in ICD-10 are not always in the same MDC. For example, the diagnoses D10-D36 (Benign
Neoplasms) end up in 15 different MDCs (cf. [6.6], volume 1 p. 6). In the four digit code the
first digit indicates the MDC. In the next step, the G-DRG orders the case into a partition
grouper which assigns the basic DRG (ADRG) and, thereby, the next two digits of the final
code. This is done by information on the main diagnosis, other diagnoses, and procedures.
The last part is determined by the extent of assumed costs. The differences between DRGs
in the same ADRG are mainly due to duration of the stay, the severity of the disease etc. The
final DRG determines the funding for the hospital for the particular case.

6.2.11.2 Conclusion
The main goal of DRG is economic: It aims at a fair reimbursement and reduction of costs.
One should not expect that the classification respects all medically relevant points. A
powerful medical semantic resource might be useful for the DRG grouping but the DRG itself
is not necessarily useful as information resource. The information which is sampled for
determining a DRG is valuable. It includes data on the patient, diagnoses, examinations and
operations. The code which is given by the grouper, on the other hand, is in many cases
much less medically informative then the data which needs to be provided to calculate the
final DRG code. This is no surprise since the system tries to simplify for economic reasons.
Therefore, the DRG system is helpful insofar, as it enforces hospitals to collect certain
information in a standardized way, e.g. as ICD codes, but the actual DRG grouping is not a
useful system for automated reasoning.
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6.2.12

The Thesaurus of the National Cancer Institute (NCIT)

The Thesaurus of the National Cancer Institute (NCI) was initiated as a reference
terminology for activities within the NCI. It was developed and is managed by the Enterprise
Vocabulary Services (EVS), a part of NCI. Over the years the NCI Thesaurus (NCIT) became
more and more important for cancer research and treatment in general. NCIT is distributed in
different formats. There is a version which can be browsed on-line ([6.13]) and a
downloadable representation in OWL-DL ([6.14]). NCIT is published under an open content
license. It covers a broad domain of entities which are related to cancer, e.g. in genetics,
anatomy and medication. The vocabulary is related to some other terminologies. For
example, the semantic type of the concepts from the UMLS Semantic Network is given.
There exists also a NCI Metathesaurus which integrates terms from over 70 terminologies.
The Metathesaurus is included in the Internet browser of NCIT [6.13]. The thesaurus was
initially published in 2001 and is, since then, frequently updated and improved on the basis of
received critical remarks. The concept history, i.e. tracking the changes in definitions, is also
accessible.

6.2.12.1 NCIT: Thesaurus or Ontology?
It is surprisingly unclear what kind of terminology NCIT is. The word “thesaurus” indicates a
dictionary which lists terms and gives explanation. On the other hand, since the NCIT is also
distributed in OWL it seems appropriate to expect an ontology. In [6.22] NCIT is described as
thesaurus ontologicalization. This means that NCIT is rather a dictionary which was
transformed into an ontology. The formalization of definitions and descriptions was first done
in Ontylog, a derivation from Description Logic (DL), which is a decidable subset of the
classical first order logic, and then transferred to OWL DL which is based on Description
Logic, as well.
In its beginning NCIT was developed as a plain controlled reference vocabulary without any
ontological claims. Later it shifted to an ontology-like terminology. According to Sioutos et al[6.29], “description logic was adopted to make creation and maintenance of the terminology
easier, not to create a formal ontology” ([cf. 6.29], p. 32). Nowadays, the thesaurus is very
similar to an ontology and attempts to provide extensive representation of knowledge in its
domain; although the usage as a reference terminology of the National Cancer Institute is still
the most important purpose. NCIT has, indeed, some typical features of an ontology. It aims
at the classification of general classes. Besides is_a, it has different relations. These are
divided into roles, i.e. binary relations with inheritance, and associations, i.e. binary relations
without inheritance.
Taking a closer look to NCIT, it becomes clear that it lacks many qualities of a good ontology
design, i.e. objective, descriptive definitions and a high level of formal exactness. The
National Cancer Institute Thesaurus has not the reality-based viewpoint we expect in a
formal ontology but seems more linguistically grounded. There is, for example, no clear
distinction between processes and the result of a process (cf. [6.3], [6.9]). With regard to
English and some other natural languages this can be explained. We often use the same
word for a process and its result. “The cut” can refer to the activity of cutting but also to the
special mark which is left after the cutting. Ontologically, both are very different. Seeing the
similarity on the linguistic side the difference seems not as important as it is in reality. An
analogical problem is found with respect to functions and processes. One example which is
given in Ceusters et al. [6.3] is Biological Function and Biological Process. There is an
ontological difference between functions and processes in general. The beating of the heart
is a process which never exists in one moment but which exists in a time span. The function
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of the heart, i.e. to beat and pump blood, exists in one moment. The function even exists
when it is not processed in a certain time span. Though we may use the words “pump blood”
for the process and for the function, both are deeply distinct. Furthermore, some of the used
concepts seem not to be ontologically based, e.g. the class Conceptual Entities. This is
especially criticized by Ceusters et al. [6.3].

6.2.12.2 Machine-readability
According to its developers, the NCIT is mainly a tool for communication between humans
(cf. [6.15]). As already mentioned, the usage of Ontylog and OWL transformed the thesaurus
into a rich formal knowledge source. This formalization is a necessary step towards a
machine readable knowledge source but it is not sufficient. A high grade of exactness and
coherence in the definitions is presupposed. To reach this kind of coherence is especially
difficult with respect to the broad domain and the diversity of sources which are considered in
NCIT.
First of all it is notable that the majority of concepts is taken to be primitive, i.e. “that the
majority of these classes are merely described rather than defined” ([6.3], p.8). Such
descriptions are informative for human users but less suitable for automated reason than a
large proportion of exactly defined concepts.
The Thesaurus is easy to understand for human domain experts. As observed by [6.7] “they
were able to easily grasp the meaning of the Diseases_and_Disorders, Gene_Products, and
Molecular_Abnormality Kinds, the role relations among them” ([6.7], p.126). On the other
hand, Schulz et al. [6.22] checked the formal correctness of a random collection of 354
examples where a relation between classes is stated. Two persons both rated independently
from each other that the statement is not formally correct for about 50% of the cases. A
source of errors is the fact that thesaurus descriptions for human readers are usually allowed
to be more vague and flexible. A computer system lacks this kind of mental flexibility. NCIT
started in the beginning as a simple reference terminology for human readers and a
formalization which is addressed to humans and is not formally strict leads to wrong
consequences in ontological reasoning. Another problem of the en passant ontologicalisation
and the running changes is the missing of global constraints and inner coherence. For
instance, [6.3] notes that in some cases the machine-readable part of NCIT is not equivalent
to the part with definitions which are provided for humans.
The NCI Thesaurus is, after all, not a knowledge source for automated reasoning and never
claimed to be one. The development and distribution with ontology tools has pragmatic
reasons. According to Hartel et al. [6.7], the developers “publish the NCI Thesaurus in OWL
among other formats in order to make it more widely available” ([6.7], 124). It is not claimed
that NCIT should be used for information technologies and more specifically for automated
reasoning. Though being publicized in an ontology format which is usually used for machinereadable knowledge source the NCIT remains a very broad and detailed dictionary for
human readers.

6.2.12.3 Conclusion
The National Cancer Institute Thesaurus is an impressing terminology. It is the most detailed
vocabulary in the domain of cancer. Initiated as a controlled vocabulary for the
communication within the NCI the thesaurus became, especially together with the
metathesaurus, a reference terminology for cancer related research and organizations and
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involved in it, in general. However, it provides only a limited foundation for automated
reasoning. Currently, NCIT has to less formally exact definitions to be considered as a good
ontology. One has to admit that neither the EVS nor any other involved party ever claimed
that it was one. Indeed, they disagree with the assumption that the NCIT is an ontology: “NCI
Thesaurus has some ontology-like features but NCI Thesaurus is not an ontology” ([6.15], p.
1). NCIT is simply not a tool which was developed in consideration of the needs of a
Semantic Web. That doesn’t change the fact that its merits as a vast collection of oncological
knowledge are worth appreciating.

6.2.13
(ATC)

The Anatomical Therapeutic Chemical Classification System

The Anatomical Therapeutic Chemical Classification System (ATC) is a coding system which
is managed by the WHO Centre for Drug Statistics Methodology (WHOCC) at the Norwegian
Institute of Public Health and which is a recommendation of the WHO for research on drug
utilization since 1981. It is used for the classification of medication and drugs, especially for
statistical purposes and comparative studies on drug utilization. Since the code is orientated
to function, i.e. indication, one and the same substance can have different codes. The code
is given by considering five different levels. The ATC gives information of the defined daily
dose (DDD) for a great part of substances which are included in the ATC index. The DDD is
the assumed mean amount of the consumption if the drug is used. There are several national
versions of the ATC. The German version, for example, is called “Anatomisch-therapeutischchemische Klassifikation mit Tagesdosen”. There are also some similar classifications for
other domains: ATCvet for drug use in veterinary medicine and an ATC classification of
herbal remedies.
Decisions on the classification are made in a lively exchange with the community which uses
ATC/DDD. Drugs are only added by request of users, i.e. pharmaceutical industry, persons
and organizations involved in the regulatory activities and scientists. This is why ATC/DDD
does not cover the complete domain of medical drugs and substances. A new classification
is primarily. Objections and suggestions can be made and are considered before a final
decision is made. Though ATC/DDD is annually revised. alteration to the existing
classification are kept small to guarantee stability for users. This also the reason, why drugs
are kept in the index even when they vanish from the market and why a code from a
substance which is no longer available cannot be assigned to a new substance.

6.2.13.1 Five Levels
The ATC classifies by using five different levels. The first level gives 14 main groups. The
second level indicates pharmacological/therapeutic subgroups. On the third and fourth levels
drugs are categorized by chemical/pharmacological/therapeutic subgroups.
At the fourth level the pharmacological criteria is preferred over the chemical group. The
fourth level also includes some so-called X groups, i.e. groups which are named as “other”
(cf. [6.34], p. 18). The fifth level gives the chemical substance. The second, third and fourth
level are rather flexible and can use different criteria, i.e. pharmacological or therapeutic or
chemical issues. The flexibility of some of the levels is maybe helpful in finding a code which
seems appropriate for human readers. On the other hand, one can hardly tell what the levels
exactly mean or how to draw any conclusions from the ATC code of a drug, since the criteria
are not clear and not very informative. As mentioned before, the use of the “other” /
“undetermined” / “not specified” group is problematic. These groups provide no real
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information on the substances which are subsumed and they have to be revised whenever a
change to a system is made.

6.2.13.2 Main Groups - First Level Categories
ATC provides on the first level, determining the first letter of the code, 14 groups. The main
groups are:


Alimentary tract and metabolism
(A)



Blood and blood forming organs
(B)



Cardiovascular system (C)



Dermatologicals (D)



Genito-urinary system and sex
hormones (G)



Systemic hormonal preparations,
excluding sex hormones and
insulins (H)



Antiinfectives for systematic use (J)



Antineoplastic
and
immunomodulating agents (L)



Musculo-skeletal system (M)



Nervous system (N)



Antiparasitic products, insecticides
and repellents (P)



Respiratory system (R)



Sensory organs (S)

 Various (V)
The first level categorization mixes parts of the human body (e.g. S), functions of substances
(e.g. J) and quasi classes for entities without any proper common attributes (especially V).
The group (V) includes very different entities, i.e. allergens for hypersensitisation in V01AA
and for allergy testing in V04CL among all other substances for testing but also nutrients like
milk substitutes and surgical dressings. While Carbohydrates/proteins/minerals/vitamins,
combinations are classified as nutritions in Various. Vitamins, including multivitamins and
preparations with minerals and trace elements, are classified in A11 in the group Alimentary
tract and metabolism. On the other hand, Vitamin B12 is categorized in B03 in Blood and
blood forming organs. Things which seem very similar in common sense are classified in
three different main groups. Furthermore, the deeper semantic criteria for the classification
are not clear.
6.2.13.3 Defined Daily Dosages
The DDDs are added to drugs in the ATC index. Not every product which is listed in ATC has
a DDD, e.g. vaccines and anaesthetics are excluded. Generally, DDDs are given without
consideration of personal background, i.e. age, gender and other medical information. The
dosage is based on an adult with 70 kg body weight even if the substance is rather intended
to be used on children. One may criticize the fact that personal factors are ignored. However,
according to its developers, the DDD should not be understood as a recommendation for
prescription: “It should be emphasised that the defined daily dose is a unit of measurement
and does not necessarily reflect the recommended or Prescribed Daily Dose” ([6.34], p. 22).
Note that DDDs do not give the usually prescribed amount, either: “The DDD is sometimes a
dose that is rarely if ever prescribed, because it is an average of two or more commonly used
dose sizes” ([6.34], p. 24). When data is collected the recommended unit is “DDDs/1000
inhabitants/day” and “DDDs per 100 bed days” for hospital use, respectively.
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6.2.13.4 Conclusion
The classification does not fulfil criteria for a semantically meaningful classification. The
purpose of the classifying is simply to determine a letter for a code. Hence, ATC with DDDs
is best described as a coding system. Insofar, it cannot be taken into consideration as a
resource of knowledge representation or a foundation for automated reasoning. The DDDs
are not given as an additional information but just as a standard measure.

6.2.14
The International Classification of Functioning, Disability and
Health (ICF)
The International Classification of Functioning, Disability and Health (ICF) is the result of the
revision of the International Classification of Impairments, Disabilities and Handicaps (ICIDH)
initiated in 1993. It is managed by the WHO and is thought as a complement to the
International Classification of Diseases 10th revision (ICD-10). Both are meant to be used
together while having a different focus. Other than ICD-10 the International Classification of
Functioning, Disability and Health is focused on living human beings and their activities or as
[6.35] puts it “ICD-10 is mainly used to classify causes of death, but ICF classifies health”
([6.35], p.3). The broader project which includes ICD and ICF is the WHO Family of
International Classifications. In contrast to many other medical vocabularies, ICF is focused
on personal and environmental factors which are extremely important to describe a person’s
functioning and her abilities to interact with her community in an appropriate manner. One
promise of ICF is to provide an international systematic coding scheme for medical
information systems which is applicable to all human beings, not just impaired persons, and
in all cultural backgrounds. Besides 1400 categories, ICF has qualifiers to mark the degree of
functioning or success of treatment. Since a little part of the terminology may suffice to
describe an extensive range of phenomena, the usage of ICF Core Sets, which contain only
a fraction of the entire terminology of ICF, is in some cases more efficient. A Children and
Youth Version of ICF (ICF-CY) is available. It takes the development of children, their special
social environment and activities better into account than the ICF. A short version of ICF
which leaves out the third and fourth of the four levels is available, as well.
6.2.14.1 Components
The ICF has mainly two parts which are themselves structured into components. The first
component is on function and disability. It covers body structure and body functions. The
classification is made in such a way that each chapter for a structure corresponds to a
chapter of a function.

Body Structure (axis s)

Body Functions (axis b)

Mental Functions

Structure of the Nervous System

Sensory Functions and Pain

The Eye, Ear and Related Structures

Voice and Speech Functions

Structures Involved in Voice and Speech
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Functions of the Cardiovascular, Haemato- Structure
of
the
Cardiovascular,
logical, Immunological and Respiratory Systems Immunological and Respiratory Systems
Functions of the Digestive, Metabolic, Endocrine Structures Related to the Digestive,
Metabolic and Endocrine Systems
Systems
Genitourinary and Reproductive Functions

Structure Related to Genitourinary and
Reproductive Systems

Neuromusculoskeletal and Movement-Related

Structure Related to Movement

Functions
Functions of the Skin and Related Structures

Skin and Related Structures

The next component is less heath focused but is on the living of human beings in social
groups, i.e. activities and participation.

Activities and Participation (axis d)
Learning and Applying Knowledge
General Tasks and Demands
Communication
Mobility
Self-Care
Domestic Life
Interpersonal Interactions and Relationships
Major Life Areas
Community, Social and Civic Life
At last the influence of the environment on functioning is to be coded in ICF. That is done
with help of the component of the environmental factors which includes the following
chapters:
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Environmental Factors (axis e)
Products and Technology
Natural Environment and Human-Made Changes to Environment
Support and Relationships
Attitudes
Services, Systems and Policies
Personal components are also considered as important part, but they are not coded in ICF,
mainly for the reason that they seem too complex to the developers (see [6.8], p. 14).
6.2.14.2 Qualifiers
The qualifiers are an important part of ICF. They are added at the end of a code. Together
with the class code, the qualifier forms a statement. The qualifiers mark the extent to which
some activity can be performed or a capability is possessed. A performance qualifier
indicates the current status of a person’s action in her specific environment. A capacity
qualifier, on the other hand, describes the possible function an individual with its actual
health conditions can probably have. The performance qualification includes all
environmental factors which are excluded from the capacity qualification. The difference
between capability and performance qualification points to a facilitating or hindering
environment, respectively. Environmental factors can also be evaluated using the same
qualifiers system. The quantifiers can be negative or positive depending on whether the
environment is a barrier or facilitator. Another way to use the quantifiers is for body
structures. The following table shows some of the ways in which qualifiers are used.

Performance
and Capacity

.0 No problem

Environment

Body structure,
Impairment

.0

No barrier/

+0

No facilitator

.1

Mild barrier/

+1

Mild facilitator

.2 Moderate
problem

.2

Moderate barrier/ .2

+2

.3 Severe
problem

.3

Moderate
facilitator
Severe barrier/

+3

Severe facilitator

.1 Mild problem

Body
structures,
2nd Criteria

.0

No impairment

0

no
change
structure

.1

Mild problem

1

total absence

2

partial absence

Moderate
problem

3

additional part

4

Severe problem

5

aberrant
dimensions
discontinuity

6

deviating position

.3
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.4 Complete
problem
.8 not specified

.9 not applicable

.4
+4

Complete
problem/

.4

.8

Complete
not specified

+8

not specified

.9

not applicable

Complete
problem

7

qualitative
changes
structure

.8

not specified

8

not specified

.9

not applicable

9

not applicable

in

These qualifiers describe capabilities and activities in a very different way. While some give
true information on health and function problems 8 and 9 are very different. They just indicate
that some information is not or cannot be given. Qualifier 8 is epistemological as it indicates
that no more specific information is given. Qualifier 9 is semantic or methodological and is
used when the criteria cannot be applied. As discussed in the 5th chapter of this deliverable,
ontological and epistemological or conceptual data should be distinguished. This is obviously
not met by the qualifiers. We may turn to the general question, whether ICF is ontologically
useful and what kind of semantic resource it is within biomedical information technology.

6.2.14.3 Possibilities and Limitations of ICF as a semantic resource
In [6.10] ICF is analysed as an ontology. The paper criticizes several aspects of the
terminology while admitting that it “provides an insight into which basic functions such a
classification should include” ([6.10], p. 1). The most important point is the distinction
between function and functioning. A function is a property of some physical object, i.e. a
continuing entity whose existence is dependent from some other object. The functioning, on
the other hand, is a process in which the thing which has a function is involved. ICF provides
no clear distinction of functions and processes. According to [6.10] the whole terminology
suffers from this shortcoming. Furthermore, the classification is not coherent insofar as the
criteria are sometimes based on the anatomic structure which has a function and sometimes
on the process which is supported by the function. Another critical point is the “overemphasis
on subsumption” ([6.10], p.2), i.e. the restriction to the is-a relation.
However, it must be taken into account that ICF is not meant to be an ontology but merely a
coding systems with some ordering structure. The connection of categories to subcategories
remains, to some extent, unclear. Generally, the relation is best interpreted as a subsumption
but this is not so clear in every case. Since computers don’t share our ability to associate
terms, ICF is not applicable as a semantic resource for automated reasoning in biomedical
information systems. This is why the critics of [6.10] are relevant if one wants develop an
ontology on the foundation which ICF provides. Such an ontology which combines the broad
scope of ICF, its considerations of processes, environmental and personal factors with the
expressivity and formal clarity of a realistic ontology would be, indeed, a very powerful tool
for the purpose of p-medicine.

6.2.14.4 Conclusion
The fact that personal factors are taken into account makes ICF a relevant terminology for
the purposes of p-medicine. Diagnosis is not the main thing which can be described in terms
of ICF but also a lot of other information. The point that it is a terminology of WHO, which has
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almost 200 member states, indicates that it is prima facie internationally documented and
used. From an ontological perspective, it is also favourable that ICF, unlike some other
systems, provides classes of functions and functioning on the highest level of the
terminology. Though the categories from ICF are useful, one should put more effort in the
definition the relations which hold between them and add more ontological power and
expressivity.

6.2.15

The International Classification of Nursing Practice (ICNP)

The International Classification of Nursing Practice (ICNP) is a medical terminology which is
specialized in describing activities, results and diagnoses related to nursing. It was
developed by the International Council of Nurses (ICN) subsequent to the meeting of the ICN
1989 in Seoul. The international classification should help to capture and document data on
nursing worldwide. Up to date, it is available in 14 different languages. ICNP was accepted
as WHO standard in the domain of nursing practice. A completely revised version 3 with
2800 terms was released in 2009. The most recent version is the 2011 release.
ICNP aims to be a reference terminology for other vocabularies in its domain, for example by
providing mapping tools. From version 2 on, the International Classification of Nursing
Practice introduced more ontology-like structures and is also provided as machine readable
OWL version. However, as we shall see, the structure of ICNP is much weaker than that of
an ontology

6.2.15.1 Axes and Structure
Initially, the ICNP just consisted of seven axes:
[M] Means

[T] Time

[F] Focus

[A] Action

[J] Judgement

[C] Client

[L] Location
Nursing diagnoses, processes or outcomes were always coded by creating terms on the
basis of these axes. Now there is also a more elaborated terminology of predefined terms.
The following description and analysis is focused on the Internet browsable 2011 version.
The axis is still included in every term and it is possible to browse the ICNP according to the
axes. Besides the classical seven axes the following medicine specific domains can be
found:
[IC] Intervention
[DC] Diagnosis
In the more recent releases, i.e. version 2 in the 2011 release, the semantic core is a
hierarchical structure with parent terms and children. The upper levels are shown here. The
deeper parts are not fully represented in the following enumeration. By “...” it is indicated that
there are more concepts on this level.
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5.1

[F] Phenomenon

6 [F] Process

1 [F] Characteristic
1.1

[F] Role

1.2

[J] State

1.3

[F] Status

2 [F] Diagnosis
Phenomenon

and

Outcome

2.1

[F] Complication

2.2

[F] Diagnosis and Outcome

6.1

[F] Collection Of Processes

6.2

[F] Heredity

6.3

[F] Impaired Process

6.4

[F] Positive Process

6.5

[T] Situation

…
7 [F] Prophylactic

2.3 [L] Impaired Structural Body
Part
2.4

[DC] Lack of Family Support

7.1

[A] Preventing

8 [F] Side Effect

[F] No Complication

2.5 [L] Positive Structural Body
Part

8.1

9 [F] Sign

…
3 [F] Emotional Support
4 [F] Entity

[F] Medication Side Effect

10

9.1

[F] Sign Of Infection

9.2

[F] Vital Sign
[F] Social Support

4.1

[M] Artefact

4.2

[F] Collection Of Things

11

[F] Spiritual Support

4.3

[M] Material

12

[F] Symptom

4.4

[F] Organism

4.5

[F] Specimen

4.6

[L] Structure

10.1 [DC] Lack Of Social Support

12.1 [DC] Symptom of Infection
13

[T] Time Point Or Time
Interval
13.1 [T] Future

…

…

5 [F] Family Support

It is quite obvious that the subclasses are usually not distinct - see [F] Organism and [F]
Specimen - nor complete - see [DC] Lack of Social Support: So it is not surprising, that one
term can have different paths in the hierarchy.
For example, Assessing Fear About Death is derived by four pathways:
1) [F] Phenomenon > [F] Process > [F] Intentional Process > [A] Action > [A]
Determining > [A] Determining Intervention > [IC] Assessing Fear
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2) [F] Phenomenon > [F] Process > [F] Intentional Process > [A] Action > [A]
Determining > [A] Evaluating > [A] Assessing > [IC] Assessing Fear
3) [F] Phenomenon > [F] Process > [F] Intentional Process > [A] Action > [A]
Intervention > [A] Determining Intervention > [IC] Assessing Fear
4) [F] Phenomenon > [F] Process > [F] Intentional Process > [A] Action > [A]
Intervention > [A] Psychological Process Intervention > [IC] Assessing Fear
Assessing fear about death is understood as a subtype of Assessing Fear which itself has
three parents: [A] Psychological Process Intervention, [A] Determining Intervention and [A]
Evaluating. The determining of an intervention is classified as Determining and Intervention.
Some Classifications are highly problematic. For example, the concept of hope as diagnosis,
i.e. axis [DC], is derived on six different ways:
1) [F] Phenomenon > [F] Diagnosis and Outcome Phenomenon > [F] Diagnosis and
Outcome > [DC] Positive Diagnosis and Outcome
2) [F] Phenomenon > [F] Diagnosis and Outcome Phenomenon > [F] Diagnosis and
Outcome > [F] Psychological Process Diagnosis and Outcome
3) [F] Phenomenon > [F] Diagnosis and Outcome Phenomenon > [F] Positive Process >
[F] Hope
4) [F] Phenomenon > [F] Process > [F] Positive Process > [F] Hope
5) [F] Phenomenon > [F] Process > [F] Psychological Process > [F] Emotion > [F] Hope
> [F] Hope
6) [F] Phenomenon > [F] Process > [F] Psychological Process > [F] Psychological
Process Diagnosis and Outcome
Note that hope is multiple classified as [F] Hope (Code 10025353), i.e. in axis of focus, and
as a diagnosis on axis [DC] (Code 10025780). More surprisingly, we even have another spot
in the hierarchy for hope in [F] (Code 10009095) which provides the description: “Emotion:
Feelings of having possibilities, trust in others and in future, zest for life, expression of
reasons and will to live, inner peace, optimism, associated with setting goals and mobilisation
of energy”. This multiple classification explains why [DC] hope has hope as parents twice in
pathway 5). Apart from the fact that the deeper reason for the triple classification is unclear,
it is dubious to classify hope as a kind of process, at least with respect to the human
readable definition. Such problems are also present on the higher levels of the ICNP
Structure. In a common understanding it seems strange to classify a situation as a process.
Although the passing on of a trait is a process the heredity itself is not a process but rather a
property of traits. The parent-child relation between concepts is in some cases hardly a
subsumption but rather a semantic association. The clear definition of relations, however, is
a critical point for an ontology. So in its current release, ICNP cannot be viewed as an
ontology-like classification. Especially the classification of the children of Process should be
reconsidered.
6.2.15.2 Conclusion
The International Classification of Nursing Practice is important as an international
terminology for the topic of nursing. One has to applaud its efforts for interoperability, i.e. by
developing mapping tools to other terminologies and translations to different languages.
ICNP is therefore, without doubt, a useful tool for international communication on nursing.
Even though machine readability and electronic use is one of the aims of ICNP, it can hardly
be used as an ontological resource for semantic annotation and automated reasoning. Since
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the introduction of ontological features is rather in its beginning one can hope that future will
bring considerable improvements.

6.3 Available mappings and Data formats
Terminology/Ontology

Sources

Implementation Language

SNOMED CT

Rich Release Format (RRF)

Semantic resource
ICD-10

WHO Standard
SNOMED CT

LOINC

Subset of the EL++ formalism

ICD-9-CM
ICD-03
ICD-10
OPCS-4
LOINC

DICOM

The Silver Book from the
International Union of Pure
and
Applied
Chemistry
(IUPAC); the International
Federation
of
Clinical
Chemistry
(IFCC);
the
expertise and work of the
LOINC
members
and
EUCLIDES

The official LOINC database is
available as an ACCESS file
called LOINC.MDB. It was
created using

SNOMED CT

ANSI X3.9 – 1978

CEN TC251

Programming Language

JIRA

FORTRAN

Microsoft Access™ 2007.

IEEE
HL7
ANSI
HL7

SNOMED CT

XML Schema
Arden syntax 2.0

openEHR

SNOMED CT
HL7 v3

CEN- and ISO-standardised
"archetype
definition
language" (expressed in ADL
syntax or its XML equivalent)

MeSH

OBO format

SNOMED

OWL format

HL7-CDA

FMA
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RCD
GALEN
GO

GO Consortium

OBO 1.2
OBO 1.0
OWL format

MedDRA

MSSO (repository)

Textfiles in ASCII: *.asc

ICH (developer)
IFPMA (owner)

CDISC

CDISC

XML

HL7

ASCII

FDA

SAS

NCI

HL7 V3

caBIG
BRIDG
UMLS

Over 100 source terminologies Rich Release Format (RRF)
including SNOMED, ICD…)

DRG-G

ICD-10
OPS

NCIT

NCI
UMLS SN

Implementation is realized by
different certificated grouper
software, e.g. getDRG.
NCIT is provided in different
formats, inter alia OWL DL

CDISC
FDA
ATC/DDD

WHO

Excel

ICF

WHO Standard

An OWL release is available

ICNP

WHO Standard

An OWL release is available
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7

List of quality checked ontologies and terminologies for re-use

Semantic
Resources

Standardization
Body

Current
Version

ICD-10

WHO standard

SNOMED
CT

IHTSO standard

Open
Source
Data

Usage

Implementation
language

Available
mappings

2010; ICD-11 Yes
by 2015

U.S Public Health Service

Not provided

SNOMED CT

July 2011

College
of
American Subset of
Patologist;
National formalism
Health Service (USA);
UMLS
Metathesaurus;
supports ICD 11

Yes

WHO Standards
the

EL++ LOINC
ICD-9-CM
ICD-03
ICD-10
OPCS-4

LOINC

International Standard Version
2.36, Yes
June 2011

American
Clinical The
Silver
Book Database: Access
Laboratory Association; (IUPAC);
the file,
Microsoft
College
of
American International Federation Access 2007
Patologist
of Clinical Chemistry
(IFCC)

DICOM

ISO
standard 2011
12052:2006

American
College
of ANSI X3.9-1978
Radiology;
National
FORTRAN
Electrical Manufactures
Association

Yes

SNOMED CT
CEN TC251
JIRA, IEEE
HL7, ANSI

FMA

Obo Foundry

FMA
version: Yes
3.1 2010

Obo Foundry Consortium;

OBO format

MeSH

OWL format

SNOMED CT
RCD
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GALEN
GO

Obo Foundry

HL7 v3

HL7 RIM /HDF/CDA HL7 v3 2005
are ISO standards

openEHR

EN 13606; HL7

GO
2011

1.1.2341 Yes

No

openEHR 1.0.2 Yes
2008

Obo Foundry Consortium; OBO format
GO consortium
OWL format

GO Consortium

EHR
Interoperability XML Schema
project; Virtual Medical
Arden syntax 2.0
Record; Detailed Clinical
LEXGRID
Models10

SNOMED CT

UK NHS Connecting for ADL syntax or its XML SNOMED CT
Health Programme
equivalent
HL7-CDA
HL7 v3

MedDRA

MSSO, ICH, IFPMA

14.1
2011

CDISC

CDISC, FDA, HL7

SDTM V1.2 & Yes
SDTM
IG
V3.1.2, ADaM
2.1
and
ADaMIG
1.0
etc.

March Yes

Legal
standard
for Textfiles in ASCII: *.asc
regulatory activities in US
and EU

CTCAE
v3.0
(NCI), SNOMED
CT

FDA
standard
regulatory activities

HL7

for XML
ASCII

FDA

SAS

NCI

HL7 v3

caBIG
BRIDG

UMLS

U.S. National Library 2011AB
of Medicine
release

Yes

General mapping
integration tool

DRG-G

InEK GmbH – Institut G-DRG-System

Yes

Legal standard for billing Implementation

10

Complete list of projects using HL7, see http://wiki.hl7.org/index.php?title=Main_Page
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NCIT

für das Entgeltsystem 2012
im Krankenhaus

in Germany

realized by different
OPS
certificated
grouper
software, e.g. getDRG

NCI

NCI

Different formats, inter NCI
alia OWL DL
UMLS SN

11.09d 26/09/11 Yes

CDISC
FDA
ATC/DDD

WHO

2011 version

Yes

Drug utilization statistics Excel
and research

ICF

WHO

2001

Yes

Endorsed for use in WHO An OWL
Member States
available

release

is WHO Standards

ICNP

WHO, ICN

Version 2, 2011 Yes
release

ICN, national user groups

release

is WHO Standards

An OWL
available

TABLE 7.1 – List of information about biomedical ontologies and standard
Legend:
1.
2.
3.
4.
5.

Standardization Body: whether the terminology/ontology has been approved by any standardization community;
Updates: whether the terminology/ontology is periodically updated;
Open Source Data: whether the terminology/ontology and its documentation are free of charge;
Full documented: whether an extensive and clear documentation is provided nearby the terminology/ontology’s releases;
Usage: whether the terminology/ontology is being used in any project. However, in some cases the list of projects is pretty large; thus
we do not report all of them, but only those which are internationally spread;
6. Implementation language: the computer-format;
7. Available mappings: relations with other sources
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Terminologies/ Ontologies

FT

RDS

ILO

ISC

CO

SEM

LI

ICD-10

1

0

1

1

1

1

1b

SNOMED CT

0

0

1

1

1

2

3

LOINC

0

Out*

1

1

1

0

1b

DICOM

0

0

1

1

1

0

1b

FMA

1

1

1

1

1

3

3

GO

1

1

1

1

1

3

3

HL7 RIM v3

1

0

1

1

1

0

1b

openEHR archetypes

0

1

1

1

1

3

3

MedDRA

1

0

1

0

1

0

1a

CDISC

1

0

1

1

1

0

1b

UMLS

1

1

1

1

1

2

2b

DRG-G

1

Out*

1

1

1

0

1b

NTCI

1

1

0

1

1

2

2b-ILO

ATC/DDD

1

0

1

0

1

0

1a

ICF

1

0

1

1

1

1

2a

ICNP

1

0

1

1

1

1

2a

TABLE 7.2 – Evaluation of biomedical ontologies and terminologies
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Legend:
1. FT: Free Text: whether the terminology/ontology provides human readable text together with computer readable format;
0 – No, 1 – Yes
2. RDS: Rigid Domain Specification: whether there is a clear distinction about what a domain is according to different levels
of granularity, and what experts say about that domain by medical statements, reports, clinical material, etc… (e.g. use of
ambiguous terms like “NOS” in ICD-10)
0- No, 1 Yes
3. ILO: Inter-linguistic operability: Can the use of the terminology help to overcome linguistic barriers? This criterion covers
“Multi-linguistic frame” and “Use of ID terms”.
0 – No, 1 – Yes
4. ISC: Inter-standard connection: Are there any efforts to connect the standard to other standards?
0 – No, 1 – Yes
5. CO: Conventionality: Is the terminology widely used? Are there any norms to use the terminology? There seems to be
some advantage for interoperability if (almost) everyone uses the same standards.
0 – No, 1 – Yes
6. SEM: Semantics: There is no semantic interoperability if there is no semantics. Does the standard provide any semantic
information? Is the information provided in a machine readable way? Is the semantic coherent, consistent and is the
information true?
0 – No formal semantics, 1 – Few formal definitions/relations, hierarchical structure 2 – Ontology-like but semantically
incomplete (case of ambiguities, see Rigid Domain Specification) 3 – Ontology
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7. LI: Levels of Interoperability:







Level 0: no interoperability
Level 1: syntactic interoperability
o 1a: inter-linguistic operability
o 1b: inter-linguistic + inter-standard or/and inter-linguistic + high conventionality
Level 2: semantic interoperability: syntactic interoperability (1b) and
o 2a: only few machine readable definitions and relations and some semantic information
o 2b: much semantic information, a lot of ontology-like features but not complete (or/and some incoherent definitions)
Level 3: ontology

If a general higher level is reached but one criterion for a lower level is not met the higher level is given with an indication of
the missing criteria. E.g. an ontology with inter-standard operability but without inter-linguistic interoperability is graded as 3ILO

* out: outside its scope

Page 83 of 111

– Grant Agreement no. 270089
D.4.1 List of domain quality-checked ontologies
and initial release of HDOT and its Glass Box Evaluation

8

HDOT and the p-medicine ontology suite

In this chapter we briefly describe the “building blocks” of HDOT (cf. figure 8.1), i.e. those
ontologies which have been used in its development stage. HDOT is a middle-layer ontology
which integrates under the same “semantic umbrella” the Basic Formal Ontology (BFO), the
Relational Ontology (RO), the Information Artifact Ontology (IAO), the Middle Layer Ontology
for Clinical Care (MLOCC), part of the Phenotypic Quality Ontology (PATO) and part of the
Ontology for General Medical Science (OGMS).
Full reasoning and inference capabilities are ensured over all HDOT’s supported annotated
data achieving a very high level of semantic interoperability.

Figure 8.1 – HDOT structure

8.1 HDOT building blocks - reuse of existing ontologies
8.1.1 The Basic Formal Ontology (BFO)
The Basic Formal Ontology (BFO) is an OWL upper level ontology which has been
developed by the Institute for Formal Ontology and Medical Information Science (IFOMIS).
Realism, adequatism, fallibilism and perspectivalism are the philosophical principles which
have driven its development and maintenance (see [8.6]).
BFO contains 39 classes in order to represent the upper level categories common to different
ontologies at different levels of granularity. All entities are considered as SNAP or SPAN, i.e.
continuant or occurent. Generally speaking, a continuant or endurant (SNAP) is an entity that
exists in full at any time in which it exists at all; it persists through time maintaining its
identity, and has no temporal parts (examples: a heart, a person, the color of a tomato, the
mass of a cloud, a symphony orchestra, the disposition of blood to coagulate, the lawn and
atmosphere in front of the White House). An occurent or perdurant (SPAN) is an entity that
has temporal parts, and that happens, unfolds or develops in time. Therefore, an occurent is
extended both in space - it occupies a definite spatial location at every time during which it
exits - and in time in which it unfolds (examples: the life of an organism, a surgical operation,
the spatiotemporal region occupied by the development of a cancer tumour). SPAN and
SNAP classes are disjoint, i.e. if something is a SNAP, then it is not a SPAN and vice versa.
Nevertheless, they are ontologically strictly related. For example, if we speak about the life of
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someone, the life is a kind of occurent which needs the existence of that person (continuant)
to exist; or if we consider a surgical operation (occurent), it needs at least the existence of a
patient and a surgeon, which are both continuants.
The idea of ontological (in-)dependence is particularly important. Generically speaking, an
entity A is ontologically dependent on an entity B, if A cannot exist without B. For example, a
tomato is an independent entity, because it does not need any further entity to exist. Its red
colour is a dependent entity, because its existence implies the existence of the tomato.
Hence, according to BFO we can state a difference between:
1. dependent continuant: a continuant that is either dependent on one, or other
independent continuant bearers, or inheres in or is borne by other entities;
2. independent continuant: a continuant that is bearer of a quality; entity, in which other
entities inhere and which itself cannot inhere in anything.
Furthermore, the ontological dependence can be of two different kinds:




Generically dependent continuant: a continuant that is dependent on one or other
independent continuant bearers. Every instance of A requires some instance of B, but
which instance of B serves can change from time to time (example: a certain PDF file
that exists in different and in several hard drives);
Specifically dependent continuant: a continuant that inheres in or is borne by other
entities. Every instance of A requires some specific instance of B which must always
be the same ( examples: the mass of a cloud, the smell of mozzarella, the colour of a
tomato).

According to the BioPortal, BFO is used as the upper level ontology by several scientific
projects and it constitutes the “umbrella ontology”' of the OBO Foundry community.
Versions of BFO in OBO, OWL and FOL formats are maintained by Holger Stenzhorn at
http://www.ifomis.org/bfo/. To date, researchers are working on a new release of BFO, BFO
2.0, which will incorporate the top-level relation from the OBO Relation Ontology into the
current version (BFO 1.1).
There are at least three reasons why we decided to integrate BFO in HDOT. First of all, BFO
categories have been developed for scientific purposes, especially those related to the biomedical domain, and this seems a good starting point for p-medicine. Moreover, it embraces
a realistic approach which assures a direct reference to the biomedical reality itself. Last but
not least, mapping a middle-layer ontology to an upper-level ontology assures a more
detailed ontological specification of the information, which guarantee to p-medicine a high
degree of semantic specification.

8.1.2 The OBO Relation Ontology (OBO RO)
The OBO Relation Ontology (OBO RO) is the official relation ontology of the OBO Foundry. It
contains logical relations to be shared across the different OBO ontologies and it is fully used
for several ontological projects.
The relations in RO are considered as ontological and general purpose relations, i.e.
relations are considered to obtain between entities in reality, independently of the human
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possibilities to gain knowledge about such entities, and they can be employed, in principle, in
all biological ontologies.
From an ontological point of view there are three kinds of binary relations:
1. <class, class>: both relata are classes. For example, the is_a relation, which obtains
between the class Diabetes mellitus and Disorder of endocrine pancreas;
2. <instance, class>: one relatum is a particular and the other one is a class. For
example, the relation instance_of obtaining between a particular case of Diabetes
mellitus (instance) and the class Diabetes Mellitus;
3. <instance, instance>: both relata are particulars. For example, the relation part_of
which obtains between John and John's head.
The relations accounted in RO are:
1. Foundational relations (determine subsumption and parthood relations between
entities):
a. is_a (transitive, reflexive and anti-symmetric). Definition for continuants: C
is_a C' if and only if given any c that instantiates C at a time t, c instantiates C'
at t. For processes: P is_a P' if and only if: that given any p that instantiates P,
then p instantiates P'.
b. part_of (transitive, reflexive and anti-symmetric). Definition for continuants: C
part_of C' if and only if given any c that instantiates C at a time t, there is
some c' such that c' instantiates C' at time t, and c part_of c' at t. For
processes: P part_of P' if and only if given any p that instantiates P at a time t,
there is some p' such that p' instantiates P' at time t, and p part_of p' at t.
(Here part_of is the instance-level part-relation).
c. integral_part_of (transitive, reflexive and anti-symmetric). Definition: C
integral_part_of C' if and only if C part_of C' AND C' has_part C.
d. proper_part_of (transitive). Definition: as for part_of, with the additional
constraint that subject and object are distinct.
2. Spatial relations (connect one entity to another in terms of relations between the
spatial regions they occupy):
a. located_in ( transitive and reflexive). C located_in C' if and only if given any c
that instantiates C at a time t, there is some c' such that: c' instantiates C' at
time t and c located_in c'.
b. contained_in. Definition: C contained_in C' if and only if given any instance c
that instantiates C at a time t, there is some c' such that c' instantiates C' at
time t and c located_in c' at t, and it is not the case that c *overlaps* c' at t (c'
is a conduit or cavity).
c. adjacent_to. Definition: C adjacent to C' if and only if given any instance c that
instantiates C at a time t, there is some c' such that c' instantiates C' at time t
and c and c' are in spatial proximity.
3. Temporal relations (connect entities existing at different times):
a. transformation_of (transitive). Definition: Relation between two
which instances retain their identity yet change their classification
some kind of transformation. Formally: C transformation_of C' if
given any c and any t, if c instantiates C at time t, then for
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instantiates C' at t' and t' earlier t, and there is no t2 such that c instantiates C
at t2 and c instantiates C' at t2.
b. derives_from (transitive). Definition: Derivation on the instance level
(*derives_from*) holds between distinct material continuants when one
succeeds the other across a temporal divide in such a way that at least a
biologically significant portion of the matter of the earlier continuant is
inherited by the later. We say that one class C derives_from class C' if
instances of C are connected to instances of C' via some chain of instancelevel derivation relations. Example: osteocyte derives_from osteoblast.
Formally: C derives_immediately_from C' if and only if given any c and any t, if
c instantiates C at time t, then there is some c' and some t', such that c'
instantiates C' at t' and t' earlier-than t and c *derives_from* c'. C derives_from
C' if and only if there is an chain of immediate derivation relations connecting
C to C'.
c. preceded_by (transitive). Definition: P preceded_by P' if and only if given any
process p that instantiates P at a time t, there is some process p' such that p'
instantiates P' at time t', and t' is earlier than t.
4. Participation relations (connect processes to their bearers):
a. has_participant. Definition: P has_participant C if and only if given any
process p that instantiates P there is some continuant c, and some time t,
such that c instantiates C at t and c participates in p at t.
b. has_agent. Definition: As for has_participant, but with the additional condition
that the component instance is causally active in the relevant process.
c. instance_of. Definition: A relation between an instance and a class. For
components: a primitive relation between a component instance and a class
which it instantiates at a specific time. For processes: a primitive relation,
between a process instance and a class which it instantiates, holding
independently of time
Currently, the OBO Relation ontology is undergoing substantial changes. The core domainindependent relations will live in BFO 2.0 version, while biology specific relations will live in
RO itself. For a detailed description of the OBO RO see [8.6], [8.9].
Through the use of the OBO Relation ontology we assure to HDOT both a high level of
formality and logical rigour, and high levels of ontological rigour in the description of the
classes.

8.1.3 The Phenotypic Quality Ontology (PATO)
PATO is an ontology of qualities which are, according to the upper ontology BFO, dependent
continuants. The name PATO was originally an acronym for "Phenotype and Trait Ontology"
(see [8.3]). The ontology is a tool to describe phenotype qualities. As an ontology of
dependents it is not meant to be used independently from an ontology for in-dependents in
which qualities are realized. That means PATO is usually used in addition to a core ontology
for a post-composition. The core ontology provides the representation of the quality bearers,
i.e. the entities, and PATO represents the qualities. The PATO description [8.2] provides the
following example:
E= FBbt:eye Q= PATO:red
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Fbbt is an ontology of the fruitfly, the Drosophila gross anatomy. The combination with the
PATO name for red states that the eye of the fruitfly is red. The “E” stands for entity and “Q”
for quality. There is an implicit relation of inherence or has_quality in this entity quality
structure. Note, that the term “entity” is used here in a narrower sense than in BFO in which
qualities are entities, as well. The term “entity” in the EQ structure is rather equivalent to
“independent continuant” in BFO. However, PATO also includes qualities which typically
apply to processes, i.e. occurents.
The technique of post-composition or post-coordination is opposed to pre-composition, or
pre-coordination, which annotates with a ready for use term from one terminology. In postcomposition the complex term is built at the annotation: “For example, one could annotate
using the term “big ears” (MP:0000017) from MP, the Mammalian Phenotype Ontology. Or
one could post-coordinate the same description as “E=MA:0000236 Q=PATO:0000586”
([8.2]) where “MA” stands for the Mouse adult gross anatomy terminology which provides just
the code for ears.
Currently, the two top levels “quality”subsumes three classes. This is the structure of the
classes with definitions and comments:


quality

Definition: A dependent entity that inheres in a bearer by virtue of how the bearer is
related to other entities.


physical object quality

Definition: A quality which inheres in a continuant.
(Comment: Relational qualities are qualities that hold between multiple entities. Normal
(monadic) qualities such as the shape of a eyeball exist purely as a quality of that
eyeball. A relational quality such as sensitivity to light is a quality of that eyeball (and
connecting nervous system) as it relates to incoming light waves/particles.)


process quality

Definition: A quality which inheres in a process.
(Comment: See comments of relational quality of a physical entity.)


qualitative

(Comment: TODO: define this or obsolete it and move children somewhere else.)
The last comment on “qualitative” makes clear that PATO is an ontology which is still
improved and it shows that the aim in PATO to avoid undefined terms. The definitions in
PATO are given according to the principle: “Each term definition should refine its parent
(genus) term by providing differentiating characteristics that are both necessary and sufficient
to discriminate instances of this term from siblings terms” ([8.2]). That means that the
definition has three parts: X is defined as a subclass of G (the genus) which has the property
D (the differentiating property).
Besides the classes and the hierarchical subsumption PATO provides 24 relations, among
others correlates_with, has_part, part_of, inheres_in and realized_by. Two of the relation,
different_in_magnitude_relative_to and has_ratio_quality have each two sub-relations,
decreased_in_magnitude_relative_to as well as increased_in_magnitude_relative_to and
has_dividend_quality as well as has_divisor_quality, respectively.
PATO is devoted to the ontological representation of biomedical qualities in ontologies. Such
qualities play a central role for the ontological specification of entities in p-medicine and
support the representation of complex biological terms in HDOT.
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8.1.4 The Information Artifact Ontology (IAO)
The Information Artifact Ontology is an ontology of information entities. Its development is
being currently driven by Alan Ruttenberg, Barry Smith and Werner Ceusters, together with
several members of the Ontology for Biomedical Investigation (OBI).
The IAO has currently 109 classes and is mapped to BFO. It states a clear distinction
between the information and what the information is about. Unlike biomedical entities, which
are thought to exist independently from human beings, information objects are intentionally
created for specific purposes, for example to communicate or to represent particular
(independent) entities. From an ontological point of view, such objects need a more
sophisticated representation, because their kind of existence is different from bio-medical
entities.
An important distinction is between information content and information bearers:




Information content: an entity that is generically dependent on some artifact and
stands in relation of aboutness to some entity, for example a novel, sentences,
formulas, ideas, questions, databases, journal article, computer programs and so on;
it is formally defined as: “is_about” some entity;
Information bearers: the independent material entity upon which an information
content entity generically depends; for example books, CDs, hard disks, journals and
so on; it is formally defined as: “Material entity and is_bearer_of some
information content entity”.

For example, when a patient occurs in a hospitalization, clinicians have to register also
information related to the patient's ID document. An ID document can be defined as a
collection of information content intended to be understood together as a whole and which
has been released by a civil authority. Thus, the ID has mainly two parts: the content and the
material information bearer, as it can be printed on a sheet of paper or on a plastic-coated
paper. From an ontological point of view, the ID document material information bearer is an
independent material object, while the ID content is a generically dependent entity and
together they represent that person.
According to the BioPortal, the IAO is being used for several ontology projects, as the
management of data about patients implies also knowledge about what such data are. For a
detailed description of the IAO see [8.10].
We decided to use the IAO, because HDOT aims at representing information about patients
and IAO semantic specifications are useful to state a difference between the content of the
information and its referent.

8.1.5 The Ontology for General Medical Science (OGMS)
The Ontology for General Medical Science, formerly called the Clinical Phenotype Ontology,
is an ontology of entities existing during clinical encounters. It includes general terms used
across different medical disciplines. It has been designed in OWL-DL through the use of BFO
and RO, and is available both in OWL and OBO formats.
Its development process has been driven by the papers Toward an Ontological Treatment of
Disease and Diagnosis [8.4] and On Carcinomas and Other Pathological Entities [8.7]
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according to some of the issues raised at the Workshop on Ontology of Diseases (Dallas,
TX) and the Signs, Symptoms, and Findings Workshop (Milan, Italy). According to those
papers, differently from SNOMED CT and the National Cancer Institute Thesaurus (NCIT),
OGMS treats a disease as a disposition of an organism which is always related to some
physical basis.
Through the use of BFO classes, a disposition is defined as an attribute of an organism in
virtue of which it initiates certain specific sorts of processes when certain conditions are
satisfied. A general definition is: X has the disposition D to R under conditions C. Examples
can be the disposition of blood to coagulate, or the disposition of a patient with a weakened
immune system to contract infections. In such terms, OGMS defines a disease as the
disposition to undergo pathological processes that exists in an organism because of one or
more disorders in that organism. Every disease occurs on a physical basis representing the
disorder, hence a disease comes into existence because some physical component
becomes malformed.
According to [8.11], OGMS classes have been extended in application-specific cases, for
example the Sleep Domain Ontology (SDO), the Infectious Disease Ontology (IDO), the
Ontology of Medically Relevant Social Entities (OMRSE), and the Vital Sign Ontology (VSO).
We adopted OGMS in the development of HDOT, because it provides a logical and
ontological description of diseases and disorders which are accounted in HDOT according to
p-medicine’s purposes. Indeed, the difference between disease and disorder is useful for
ontological purposes, because it makes explicit the relation between the physical basis of a
disease and the disease itself.

8.1.6 The Middle-Layer Ontology for Clinical Care (MLOCC)
The Middle Layer Ontology for Clinical Care was developed by Mathias Brochhausen and
Luc Schneider at the IFOMIS of the University of Saarland within the CHRONIUOS project,
an open, ubiquitous and adaptive chronic disease management platform for COPD (Chronic
Obstructive Pulmonary Disease) and renal insufficiency (cf. [8.5]). It has been extracted from
the ACGT Master Ontology and designed in OWL-DL using Protégé 4.02 and 4.1. Part of
CHRONIUS consisted in the development of an ontology-powered literature search tool
providing efficient and accurate access to recent research literature on COPD and CKD
(Chronic Kidney Disease) for health care professionals.
According to the principle of modularity (i.e. multitude of modular ontologies which are
orthogonal to each other and re-usable), MLOCC can be considered as a middle-layer
ontology, because it integrates different ontologies: BFO, RO, FMA, COPD and CKD. It
contains general classes for objects (chemical substances, cells, tissues, organs, technical
instrument and so on), processes, qualities, powers, functions and roles that are relevant to
pathological, anatomical, diagnostic and therapeutic aspects of clinical care.
The BFO’s class Object (independent material entity) has been extended in MLOCC through
the classes Biological Independent Continuant, Chemical Substance, Dosage Form,
Institution and Technical Object. The last one has as subclasses World Wide Web, Digital
File and Internet. The BFO class Process (processual entity) has been extended in MLOCC
through the classes Intentional process and Natural process, where the intuitive difference is
that the former is a kind of process which takes place through the intention of someone
(administrative process and medical process for example), while the latter is a kind of
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process which occurs independently on human beings' intention (chemical process and
organismal process). For a detailed description of MLOCC see [8.5].
We decided to use MLOCC in the development of HDOT, because its classes are particularly
useful for p-medicine’s purposes. Moreover, it is already conceived as a middle-layer
ontology so that its terms and classes show the necessary level of ontological generality. At
the same time it is developed using BFO and RO which assured to its categories high degree
of semantic specifications within a realistic ontology frame.

8.2 Structure of HDOT and p-medicine ontology suite
The Health Data Ontology Trunk (HDOT) is the middle-layer ontology developed by the
Institute for Formal Ontology and Medical Information Science (IFOMIS) of the University of
Saarland according to the WP4. HDOT is created using the ontology editor Protégé, and is
released in OWL-DL on the following web address: http://code.google.com/p/hdot/11. Using
an online versioning system, users are able to explore the latest versions of HDOT and its
modules keeping track of the older versions. Changes can be tracked and described and
users are able to check if the version they are using locally is up to date (cf. figure 8.2 and
figure 8.3).

Figure 8.2 – HDOT and the Pathological Formation Module in google code page

11

To explore HDOT and its modules using Protégé, open the google code page and go to the page
“source” and then to “browse”. Click on “trunk” on the right column, open the file you want to explore
(hdot.owl for example) and then save and open the link “view raw file” on the right side of the page
with Protégé.
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Figure 8.3 – Updating process of HDOT and the Pathological Formation Module in the
google code page

The main goal of HDOT is to provide the semantic backbone of p-medicine, i.e. to specify
how the meaning of the data relevant to the project can be managed and stored in computer
format in order to have semantic standards for clinical needs. Indeed, it constitutes the
semantic core of p-medicine semantic layer. Entries are composed of two views: one from
the virtual schema (HDOT in p-medicine) and one from the physical schema (the database
being mapped to HDOT). Each view (either virtual or physical) is defined by specifying one or
more paths from its corresponding schema. By path we mean a sequence of class-relationclass-relation-...-class.
Furthermore, through the use of ObTiMA, the query and work-flow platform for the
management of clinical trials in p-medicine, clinicians are able to build case report forms
(CRFs) for clinical trials using HDOT’s semantic specifications.
HDOT is designed as a middle-layer ontology, because the aim of the WP4 is not to create
new classes, properties or terms, but rather improving and integrating already existing and
well found ontologies in a single ontological resource. Our approach rests on two major
principles:



Several existing biomedical ontologies represent different portions of biomedical
reality. Ontologists and scientists providing semantic resources should avoid to
“reinvent the wheel” as far as possible.
Clinicians and researchers in the health-care domain usually need to store and
manage information, for which semantic content, annotations or mappings cannot be
extracted from a single ontological resource. By providing an axiomatic framework for
the integration of different ontologies, HDOT delivers a general semantic grid to
represent complex and composite biomedical terms and corresponding mid-level
classes together with relations defined on them.

In order to provide p-medicine with a high degree of semantic accuracy, the development of
HDOT has been driven by three core idea: 1) reflect the granularity of the biomedical
domain; 2) represent such differences through a modular approach, and 3) assure to pmedicine’s data a high degree of semantic interoperability.
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According to the standard view in the bio-medical community, a specific domain of reality can
be studied from different level of granularity, for example from the gene or the organ level.
Modularity is the idea that ontologies must reflect such differences to satisfy both application
and representation needs. This aim has been pursued in HDOT by integrating ontologies
with different levels of granularity (see the 5th chapter).
Furthermore, there is a general agreement among the ICT community that ontologies cannot
alone achieve high degrees of semantic interoperability if they are not mapped to the same
semantic frame. Therefore, upper-level ontologies aim at supporting the integration of
different ontologies under the same semantic description. HDOT’s classes are directly
integrated with the Basic Formal Ontology (BFO), the upper-level ontology which is mainly
used for bio-medical purposes. The subsumption under BFO classes ensures a high degree
of semantic specification to all classes in HDOT, collecting them under the same ontological
specifications (term definitions, class axioms and value constraints).
Differently from other IT project interested in semantic interoperability, we developed a
system to integrate different ontological modules avoiding the development of new
ontological classes as far as possible. Exploring HDOT, it is possible to see that most of
classes belong to the building block ontologies and only very few of them have a new HDOT
URI.
It is worth noting that ontology mapping and integration strategies are currently being
developed to cope with the representation of complex biomedical terms which are particularly
difficult to handle in a formal way. Indeed, it has been recently pointed out (see [8.1]) that
there is not a single ontology able to represent complex biological terms like, for example,
“blood pressure”, “volume of pancreas”, “resection of tumour located in kidney” and so on. To
date, ontologists and computer scientists are considering the possibility to use at the same
time classes from different ontologies to represent such complex terms. The main difference
between the mapping and the integration of different ontologies mainly regards the process
of extracting new classes out from the already existing:


Mapping: A new class can be obtained mapping different ontology’s classes and
relations between them. The new class has an own URI identifier which makes it
different from the already existing classes. For example, in [8.1] the treatment of
concepts like “volume of blood in right atrium” implies the use of at least three
different ontologies mapped together: 1) “volume” from PATO, 2) “blood in right
atrium” from FMA and 3) “inheres_in” from OBO RO.
In such a way, the composite term would be:
PATO: volume <inhere-in> FMA: portion of blood <contained in> FMA:
lumen of the right atrium,
or only expressed with ontology IDs:
RICORDO_4
FMA_82948.

EquivalentTo:

PATO_0000918

and

inheres-in

some

Note that RICORDO_4 is the new ID identifier for the composite term which is equivalent
to the conjunction of the above terms.


Integration: Different ontologies are put together in the same ontological module, i.e.
all the relevant classes are related with each other. Therefore, a composite term can
be created without the creation of a new class (there is no a new URI associated to
the composite term), but just through the use of relations between the existing
classes.
HDOT embraces this strategy. For example, a composite term like “volume of
tumour” might be ontologically represented as:
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MLOCC: neoplasm has_quality some MLOCC: volume.
Note that “volume of tumour” would have neither a complete new ID identifier, nor a
complete new URI, because it has been extracted from already existing classes
through the use of relations between them. In such a case, ID and URI are the
connection of the class “neoplasm” with the class “volume” through the relation
“has_quality”.
Moreover the composite nature of a term like “blood pressure” is realized in HDOT by
specifying the composite nature of its semantic content. Its building blocks “blood”
and “pressure” are brought into relation with each other by subsumption of classes.
MLOCC: blood pressure is_a MLOCC: pressure and is_a_quality_of some
(MLOCC: organ or MLOCC: organism)
Since the use of ontological tools might be hard to handle for those who are not directly
involved in ontological studies, and ontologies are intended to help users rather than to
obstruct their daily activities, we are estimating the possibility to ease the work for clinicians
as far as possible. Indeed, instead of providing only general terms to make up complex
composite terms, we provide some of them in a repository of ObTiMa in order to avoid the
spread of ontological mistakes. Therefore, clinicians would be in the condition to create
composite terms on their own, storing them in the repository, or of using those terms which
we provide for their main needs.
We develop different ontology modules under HDOT in order to serve as semantic grid for
data description, annotations, and interoperability demands of users. The majority of these
modules are going to be contributed by the users themselves employing the Ontology
Aggregator Tool. However, in the first step we plan to design three different kinds of cancer
modules accounted in p-medicine: nephroblastoma, breast cancer and acute lymphoblastic
leukaemia. Additionally, data schemas about information stored in biobanks’ information
systems are now available and are the basis for our biobank module within the WP10.
It is worth noting that both the classes and the modules of HDOT do not provide specific
information details, but only those general semantic descriptions which can be further
extended by p-medicine users themselves through the use of the Ontology Aggregator Tool.
The further development of such an Aggregator by the 3rd year project serves in p-medicine
at least for three main different purposes: 1) expanding the existing classes of HDOT in
different but related modules according to clinical needs and without modifying the
ontological structure of HDOT itself ; 2) facilitate the process of maintaining and updating
HDOT as far as possible; 3) automatically search and assess existing ontologies in respect
to quality criteria and/or granularity issues (ontology browser service / look up service for
searching ontologies). We are considering the possibility to create the annotator as a
Protégé plugin.
As in any ontology, the most important class axioms are governed by the is_a relation which
specifies the subsumption relations between classes. We discuss the importance of formally
defined relations in the preceding part of this chapter. This is why we re-use the well-defined
is_a relation from the Relation Ontology resulting in a consistent axiomatic hierarchical
structure. All other class axioms included in HDOT originate from the following four
considerations:
1) to provide machine readable, computable class constructions as the semantic
contents of terms which are stored in HDOT as labels of classes;
2) to provide ontologically sound relations between classes and the corresponding
labels to enable the desired reasoning and inference capabilities;
3) to provide for the composition of defined classes by axiomatizing the necessary
relations between its constituents. This allows for an easy construction of composite
complex terms.
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4) Relations including in HDOT include relations which bridge different levels of
granularity, e.g. “part_of” or “contains”.
It is worth noting that the majority of axioms in HDOT provide logical necessary conditions for
classes’ definitions, but in most cases not logically sufficient once.
Furthermore we acknowledge that some of HDOT's core design principles of modular
ontology design are drawn from the construction of BioTop which is an upper level ontology
for biomedical purposes developed and maintained by the Institute for Medical Biometry and
Medical Informatics (IMBI) at the University Medical Center of Freiburg. We have learned
some lessons from this resource as it follows the design principles of the OBO Foundry and it
is implemented in OWL-DL, too.
BioTop is conceived as a modular ontological resource which aims at representing some
parts of the health-care domain which are also covered by HDOT. However, we claim that
BioTop 's design works better with a different top-level ontology, i.e. DOLCE (cf. figure 8.4). It
does not cover some areas we include in HDOT (e.g. information artifacts) and the principles
of re-use are not adhered to in its design. The axiomatic structure of BioTop is in some areas
more general than HDOT's in order to serve as a generic top-level model for creating new
ontologies, but at the same time it lacks representations of some entities necessary in pmedicine. Out of these considerations we refrain from re-using parts of BioTop for HDOT as
their inclusions would not yield any benefits and decide to concentrate on representing that
level of modeling abstraction in a genuine BFO-governed middle layer which provides as
semantically specified touch nodes for modules as possible while re-using existing resources
only.

Figure 8.4 - BioTop
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9

Glass Box Evaluation of HDOT

In this chapter we provide a Glass Box evaluation of the first release of HDOT according to
our evaluation criteria. The evaluation of HDOT sensu Black Box is a further development of
our studies, because it depends on its application to the p-medicine’s work-flow.
HDOT’s philosophy is driven by the idea of both modularity and granularity, i.e. the
integration of different ontological modules representing different but related aspects of the
bio-medical reality, which are orthogonal to each other and widely re-usable.
From the syntactical point of view, an high level of completeness and coherence is assured
in HDOT by the adoption of the W3C’s recommendations using OWL-DL, which is powerful
enough for ontological purposes and fully supported by software tools. Moreover, the
difference between the class and the instance level, a rigorous treatment of relations
between classes, and the difference between the all-some structure are assured using the
OBO RO. HDOT has been subjected to the Pellet Protégé’s reasoner and no inconsistency
has been found in the formal description of its classes.
From the semantic point of view, we maintain a great difference between the description of
the domain, and the knowledge base of p-medicine. Thus, in HDOT there are not any cases
of “ambiguous terms” like ICD-10 “Not otherwise specified (NOS)”, and, differently from
SNOMED CT there is a clear difference between an object and a clinical trial about it.
Indeed, the rigorous treatment of the data’s meaning is assured in HDOT by the use of
ontologies which are widely used for biomedical purposes, are constantly updated and have
encountered the approval of the scientific community.
Furthermore, the use of BFO as upper-level ontology assures to p-medicine a high level of
semantic interoperability, as BFO’s classes facilitate a deep semantic specification of all
classes within one and the same general semantic hierarchy. Indeed, BFO plays the role of
“semantic umbrella” which collects the different classes together: no ontology in HDOT
stands by itself, but it is related to the others through BFO semantics.
In the following table we apply to HDOT the evaluation criteria which we apply also to the
other biomedical terminologies and ontologies.

Ontology

RT

RDS

ILO

ISC

CO

SEM

LI

HDOT

Under
development

1

Under
development

1

1

3

3



RT: According to p-medicine’s description of work, we have developed the semantic
core of the ontology providing some important classes with a human-readable text
description. We are continuously providing a description for all classes.
Grade: under development.



RDS: According to the aims of WP4 and the general goals of p-medicine, we
provided in HDOT all those general classes which are able to represent p-medicine’s
data meanings. Using the ontology annotator users can specify HDOT’s classes in
specific modules according to their specific needs.
Grade: 1.



ILO: The semantic specification of data covers inter-linguistic difficulties in the
comparison and sharing of such data. Indeed, each class in HDOT has its own ID,
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but in the first release there is no multi-linguistic frame.
Grade: under development


ISC: The development of HDOT has been driven by the adoption of the OBO Foundry
and ACGT semantic standards.
Grade: 1.



CO: HDOT is the semantic core of p-medicine and as a research project it can be
used in the next time for further developments and applications.
Grade: 1.



SEM: HDOT is an ontology.
Level: 3



LI: As an ontology HDOT guarantees an high level of semantic interoperability.
Level: 3
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10

Description of standardization and data
integration strategy with HDOT and its
modules at its core

In this chapter we describe the main advantages which p-medicine benefits using the middlelayer ontology in its semantics layer. Furthermore, we give also a brief description of an
ontological module which should be considered as the starting point for further
developments.

10.1 HDOT’s double structure
We do not aim at providing all comprising semantic resources in which users would be able
to find all necessary semantic content they might want to use. Of course, such a goal would
be beyond reach. However, what we can do is to provide a general axiomatic semantic
system which contains systematically defined middle level classes of an appropriate level of
generality. Those classes serve as starting point for further development and specification.
So the core requirement for HDOT is to be broad enough to contain all general classes under
which all necessary and more specific semantic content can be subsumed in such a way that
an axiomatic relational structure is conferred upon those specific area of contents. Indeed,
we can enrich the semantic content of arbitrary resources by subsumption under classes of
HDOT. This process of integrating pre-existing classes from other semantic resources by
subsuming them under appropriate HDOT super-classes is facilitated by the Ontology
Aggregator Tool. This tool allows users to generate new HDOT modules making full
advantages of HDOT axiomatic structure. It is important to stress that we avoid generating
new ontological classes, because we re-use pre-existing semantic resources by keeping the
URIs of the original resource tied to the HDOT integrated class12.
HDOT’s development as a middle-layer ontology is governed by three main related structural
considerations in order to achieve the highest level of semantic interoperability between
heterogeneous data sources, maintain a high level of ontological soundness and ensure a
high degree of expandability:
1. The HDOT level of generality is designed in such a way that HDOT classes and
relations cover all areas of the health-care domain, i.e. there is a meaningful
ontologically well-defined HDOT super-class under which all necessary parts and
pieces of semantic data descriptions (annotations, metadata) can be directly
subsumed or otherwise represented.
2. The core ontological structure integrates different modular ontologies at different
levels of granularity. Each class is provided with a deep axiomatisation, which
guarantees to p-medicine’s work-flow high degrees of both, representation and
reasoning, together with the ability to construct defined classes and composite terms.
The semantics of HDOT central body is supposed to change in the further development of
the project only in case problems related to HDOT’s application to the project itself or
clinicians’ needs emerge.
3. HDOT’s modules for specific applications can obtained by stating further
specifications of HDOT classes, i.e. by inserting subclasses into provided HDOT slots
12

This strategy only works if the original resource has URI specifications.
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(super-classes). Generally speaking, an ontological module can be defined as the
specification of one ontology’s class in more classes related to a specific portion of a
particular domain for some specific purposes.
It is likely that users are able to employ existing semantic resources which already cover
these more specific domains. Such new classes constitute a “module” because they can be
considered both as part of the ontology and as an ontology by itself. Indeed, each module
can be navigated in an ontology browser together with the import of HDOT, or by itself.
In other words, some classes in an ontology can be retrieved from an external semantic
resource and subsumed under appropriate superclasses provided in HDOT as integration
nodes of numerous other potential ontological modules. However, one should always bear in
mind that this integration is only a partial one, because it is not possible to include all axioms
in the integrated module these classes might have, as this could lead to ontological
inconsistencies depending on the approach to axiomatisation in the semantic resources from
which the integrated classes are taken.
The main advantages of such an approach are the following:


Greater ontological flexibility: we do not aim to incorporate all necessary annotation
values or metadata in one single monolithic resource. Instead, we enable a user
driven expandability with the help of the Ontology Aggregator Tool to be developed in
WP4.



Re-use of resources and deeper level of axiomatisation: we provide an axiomatized
broad conceptual frame in which users can import relevant parts of pre-existing
semantic resources, thus on the one hand allowing their re-use and on the other
simultaneously providing their classes (or terms) with deeper axiomatic (at least
hierarchical) specifications. In most cases, HDOT provides for the expression of more
relations between classes than just a subsumption relation.



Provision of a machine readable semantic axiomatisation for class definitions in order
facilitate the realization of a very high level of semantic interoperability amongst
heterogeneous data sources.



Provision of an intuitive method to use defined relations between classes to generate
new defined classes, thereby enabling the definition of the reference of complex
terms within one conceptual frame and without the need for a dedicated markup
language.

We should always bear in mind that ontologies are “living beings”, i.e. formal descriptions of
specific domains which need to be constantly maintained and updated according to new
information and specific application needs. Therefore, the maintaining of ontologies is
exposed to great risk. Scientific ontologies are directly related to the scientific knowledge,
and they must satisfy users’ needs. To face such a challenge, a middle-layer ontology like
HDOT gives the possibility 1) to use either HDOT main structure or single modules, and 2)
to create new modules according to clinicians’ needs without the modification of the ontology
structure. Indeed, we release and maintain both HDOT’s general structure, and single
ontological modules on a platform which allow us for the management of different release
versions.
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10.2 Description of a module as example for further
developments
We specified BFO’s class “Object” through the use of the ACGT Master Ontology, in order to
represent also “BiologicalIndependentContinuant”. Such class is specified in “OrganismalIndependentContinuant”,
which
has
as
subclasses
“ImmaterialOrganismalIndependentContiuant” and “MaterialOrganismalIndependentContinuant”. The latter class
has been further specified in “PathologicalFormation” (cf. figure 10.1) which is the core root
for the development of the neoplasm module (cf. figure 10.3). A pathological formation is
defined as a material object which is not part of the canonical body, i.e. it is an anatomic and
physiological deviation from the normal that characterizes a particular disease.

Figure 10.1 – “Pathological formation” class in HDOT
A crucial idea of HDOT’s development is the provision of appropriate levels of generality. The
highest level of generality specific to the health-care domain is represented in HDOT.
HDOT’s modules are necessarily more specific, but do not have to be limited to a very high
level of granularity. So, for instance, a HDOT module for biobanks can itself be built in a
modular fashion, i.e. it is subsumed under an appropriate HDOT class, but provides itself
classes under which more biobank specific classes can be brought under.

10.3 Two examples of the application of HDOT for the
integration of other semantic resources
In the following we give two examples of the potential of HDOT to integrate and enhance the
semantic content of terms taken from other resources. In the first example we integrate a
term taken from ICD-10 and strengthen its semantic contents with HDOT superclass axioms
by using a specific HDOT module (pathological formation module). ICD-10 is provided in
RRF format and the given URI is in this case a CUI (concept unique identifier). For its terms
and classes we are able to re-use the URI for the integrated class so that it is possible to
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identify the HDOT integrated ICD-10 class not only on the level of OWL class labels, but in
the actual OWL class name. In the second example, we show the first step of the
development of a user dedicated new HDOT module by integrating a term of middle-level
generality into HDOT itself under which more specific subclasses can then be subsumed.
In the first case of ICD-10 we choose “Malignant neoplasm of breast” (cf. figure 10.2) which
is also accounted in HDOT. ICD-10 does not contain any kind of semantic description and is
not suitable for logically strict inferring. Moreover, there is little information given to facilitate
the correct employment of this term to describe instances. In other words, how is “malignant
neoplasm of breast” related to other classes? How can users decide if a given instance is an
instance of “malignant neoplasm of breast”? How can an information system automatically
compute data in which such a class description is contained?

Figure 10.2 – “Malignant neoplasm of breast” in ICD-10
Our approach is to take the original ICD-10 class “malignant neoplasm of breast” and strip it
off its ICD-10 context and provide an enhanced semantic description.
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Figure 10.3 – Pathological formation module
We suggest subsuming the original ICD-10 class of “malignant neoplasm of breast” under
the HDOT’s class “malign neoplasm” (cf. figure 10.4 and figure 10.5). Axiomatic constraints
are automatically provided to this class in virtue of its subsumption under the HDOT class.
For example, the class “malign neoplasm of the breast” now inherits the computable axioms
“hasMalignancy some (HightMalignancy, IntermediateMalignancy, LowMalignancy)” and
“hasLaterality exactly 1 Thing” from its HDOT superclasses.

Figure 10.4 – Integrated ICD-10 class C50 rendered by label “Malignant neoplasm of
breast cancer”
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Figure 10.5 - Integrated ICD-10 class C50 rendered by OWL class (URI) “C50”
In the second case we subsumed under HDOT class “gene” the SNP-ontology class “protein
code gene” importing its original URI (cf. figure 10.6 and figure 10.7). As in the previous
example, the new class inherits automatically the axiomatic constraints in virtue of its
subsumption under the HDOT class. This is the first step in the design of a module for
representing protein encoding genes.

Figure 10.6 - Integrated SNP-ontology class “protein coding gene” rendered by label

Figure 10.7 - Integrated SNP-ontology class “protein coding gene” rendered by OWL
class (URI) “SO_0001217”
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11

Conclusion

In the deliverable we mainly focus on the evaluation of existing semantic resources for
possible re-use in p-medicine and on the development of the Heath Data Ontology Trunk, its
glass box evaluation, and its first release as a middle-layer ontology. Indeed, the main goal
of the WP4 is to provide p-medicine with its semantic backbone, and HDOT plays a central
role in the semantic specification.
In the third chapter we clarify the most important basic concepts for the understanding of
semantic resources. Speaking about ontology raises still many questions, and the term itself
is often misunderstood, because it is strictly related to disparate disciplines, from philosophy
to bio-informatics, databases management, artificial intelligence and so on. According to our
claims, the development of ontologies as semantic integrators is strictly related to formal
ontology, which is the result of combining the classical philosophical ontology with the formal
and mathematical method of modern symbolic logic. From such a point of view, an ontology
can be understood as the formal representation of a domain through a shared system of
knowledge. Ontologies play a central role in meaning negotiation processes, because they
state a clear difference between the representation of a domain, and the problem solving
expertise.
In the fourth chapter we analyse the state of art of some IT projects which can be relevant for
p-medicine. Indeed, different communities of scientists are developing semantic strategies
for biomedical application and we note that the approach of VPH and RICORDO can be
particularly useful for the purposes of p-medicine. However, although the different strategies
can be compared in the overall structure, it is still worth noting that p-medicine’s strategy is
being developed differently from other projects, and in the chapter we stress the differences
related to the ontology development.
In the fifth chapter we focus on the design of evaluation criteria for biomedical terminologies
and ontologies. Indeed, the development of ontologies implies the selection of knowledge
about the specific domain which is going to be represented, and terminologies are the central
resources for such a knowledge. The evaluation of ontologies is a more complicate task,
because it occurs at different stages: before the development, in the development and after
the release of the ontology. According to the state of the art in ontology evaluation, we state
that the evaluation process can be intended as a Glass- or a Black Box evaluation. The
former measures the logical soundness, the task orientation, the re-use and the domain
coverage of the ontology, while the latter is concerned with the problem of semantic
interoperability and usability of the ontology itself. Such a Black Box evaluation is probably
more problematic, because it is concerned with the application of the ontology to specific
tasks, thus it is task-dependent.
In the sixth chapter we analyse the state of existing resources for the biomedical domain for
re-use in p-medicine. Submitting them to the evaluation criteria previously developed, we
note that most of them are incomplete in both syntactic and semantic specifications. From
the syntactic point of view, problems usually arise with the formal treatment of relations
between terms in the ontology. With regard to the semantics, it is not computable in some
cases, thus it cannot be used for the automatic comparison and sharing of data among
different agents’ communities. Moreover, the semantics is not in many cases clearly stated,
i.e. there is not a clear distinction between the representation of the domain, and the medical
knowledge about specific cases. We argue that ontologies contain only general knowledge
about domains (terms stand for classes), while other kinds of information artefacts should be
used to store and manage specific cases data. The results of the evaluations are shown in
the seventh chapter.
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Bearing in mind these considerations, we develop HDOT in the eighth chapter and in the
ninth chapter we subjected HDOT itself to the evaluation criteria, showing its main
differences in respect to the other semantic resources.
HDOT is conceived and developed as a middle-layer ontology which is composed by two
main structures: the ontology itself and different related modules. The former is the result of
the integration of different logically sound and widely-used ontologies for the biomedical
domain. The idea of a middle-layer ontology come out from the main consideration that
ontologies are “living beings”, i.e. their semantics is subjected to changes according to the
state of the art of knowledge about the represented domain. The main benefit of the middlelayer strategy is the possibility to integrate new information under selected HDOT’s classes
without changing its main structure and its semantic specifications. Thus, we provided only
those general classes which make HDOT a “modular semantic umbrella” under which
different and related modules can be subsumed. We state also that each module under
HDOT can be considered as the starting point for the development of new modules, since
their level of generality (or granularity) depends on users’ needs.
In the last chapter we show in detail the structure of HDOT providing also a description of the
“pathological formation module”, and two examples of the integration of classes from external
semantic resources under HDOT’s semantics. The “pathological formation module” is
developed using the ACGT MO and it can be considered as the starting point for the further
development of modules. We state that a set of classes in an ontology can be considered as
a “module”, if it is possible its extraction from the ontology without the lack of any semantic
information, i.e. without causing logical inconsistencies. Furthermore, subsuming one class
of ICD-10 under HDOT by using the original term’s URI, we show how the semantics of the
original term can be specified in HDOT itself. Indeed, by using the URIs of terms from
different resources, users can develop different modules by themselves.
To facilitate the development of new modules under HDOT, we provide by the 3rd yearproject an Ontology Aggregator Tool. The Aggregator facilitates the development of single
modules for specific tasks without a necessary knowledge of semantic technologies.
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Appendix 1 - Abbreviations and acronyms
ACGT

Advancing Clinic-Genomic Trials on Cancer

ACGT
MO

Advancing Clinical-Genomic Trials on Cancer Master Ontology

ACGT
SM

Advancing Clinical-Genomic Trials on Cancer Semantic Mediation Layer

AHIC

American Health Information Community

ATC

Anatomical Therapeutic Chemical Classification System

ATC/DD
D

Anatomical Therapeutic Chemical Classification System Defined Daily
Dosage

BFO

Basic Formal Ontology

BioTop

A top-level ontology for the life science

BRIDG

Biomedical Research Integrated Domain Group

caBIG

Cancer Biomedical Informatics Grid

CDASH

Clinical Data Acquisition Standards Harmonization

CDISC

Clinical Data Interchange Standard Consortium

ChEBI

Chemical Entities of Biological Interest

CEN

European Committee for Standardization

CKD

Chronic Kidney Disease

CL

Cell Type Ontology

CO

Conventionality

COPD

Chronic Obstructive Pulmonary Disease

CRF

Case Report Form

CUI

Concept Unique Identifier

DICOM

Digital Imaging and Communications in Medicine

DL

Description Logic

DMR

Data and Model Resources

DOLCE

Descriptive Ontology for Linguistic and Cognitive Engineering

DRG

Diagnosis Related Groups
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EDQM

European Directorate for the Quality of Medicine

EHR

Electronic Health Record

EMAP

Edinburgh Mouse Atlas

EVS

Enterprise Vocabulary Service

FDA

United States Food and Drug Administration

FMA

Foundational Model of Anatomy

FSN

Fully Specified Name

FOL

First Order Logic

FT

Free Text

G-DRG

German Diagnosis Related Groups

GO

Gene Ontology

HDOT

Health Data Ontology Trunk

HL7

Health Level Seven

HL7 RIM

Health Level Seven Reference Information Model

HL7
SAIF

Health Level Seven Service-Aware Interoperability Framework

IAO

Information Artifact Ontology

ICD

International Classification of Diseases

ICD-GM

International Classification of Diseases German Modification

ICD-O

International Classification of Diseases for Oncology

ICF

International Classification of Functioning, Disability and Health

ICF-CY

International Classification of Functioning, Disability and Health Children and
Youth Version

ICNP

International Classification of Nursing Practice

ICPM

International Classification of Procedures in Medicine

ICT

Information and Communications Technology

IDO

Infectious Disease Ontology

IFCC

International Federation of Clinical Chemistry
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ILO

Inter-linguistic Operability

ISC

Inter-standard Connection

ISO

International Standards Organization

IUPAC

International Union of Pure and Applied Chemistry

LI

Levels of Interoperability

LOINC

Logical Observation Identifiers Names and Codes

LUI

Lexical Unique Identifier

MedDR
A

Medical Dictionary for Regulatory Activities

MedDR
A SOC

Medical Dictionary for Regulatory Activities Organ Class System

MGD

Mouse Genome Database

MLOCC

Middle-Layer Ontology for Clinical Care

NCI

National Cancer Institute

NCIT

Thesaurus of the National Cancer Insitute

OBI

Ontology for Biomedical Investigation

OGMS

Ontology for General Medical Science

OMRSE

Ontology of Medically Relevant Social Entities

OPB

Ontology for Physics in Biology

OPCS

Operating Procedure Codes

ORF

Original Release Format

OSI

Open Systems Interconnection

OWL

Ontology Web Language

PACS

Picture Archiving and Communication Systems

PATO

Phenotypic Qualities Ontology

PRM

Protocol Representation Model

PRO

Protein Ontology

RDF

Resource Description Framework
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RDS

Rigid Domain Specification

RICORD
O

Researching Interoperability using Core Reference Datasets and Ontologies
for the Virtual Physiological Human

RO

Relation Ontology

RRF

Rich Release Format

RUI

Relationship Unique Identifier

SDO

Sleep Domain Ontology

SDTM

Study Data Tabulation Model

SEM

Semantics

SGD

Saccharomyces Genome Database

SI

Semantic Interoperability

SIG

Special Interest Group

SNOME
D CT

Systematized Nomenclature of Medicine Clinical Terms

SNOME
D RT

Systematized Nomenclature of Medicine Reference Terminology

SOP

Service-Object Pairs

TC

Technical Committee

UML

Unified Modeling Language

UMLS

Unified Medical Language System

UO

Units Ontology

URI

Uniform Resource Identifier

VpH
NoE

Virtual Physiological Human Network of Excellence

VSO

Vital Sign Ontology

W3C

World Wide Web Consortium

WFOL

WonderWeb Library of Foundational Ontologies

WHO

World Health Organisation

XML

Extensible Markup Language
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