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Abstract: We present ten principles for clinical ontologies that describe the
authors’ opinion about what should be understood by the notion of clinical
ontologies and what not. In contrast to clinical terminology systems, clinical
ontologies are considered to be semantic reference systems and for that — first of
all — strive to account for the properties of the domain entities themselves and their
proper formal definitions — rather than just linking clinical terms together.
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Introduction

Issues concerning the representation of knowledge in clinical contexts have been
intensively discussed in the Medical Informatics community over the last two decades
[1]. The challenge to provide semantic reference has thus been met by a variety of
different systems of classifications, terminologies and ontologies, covering the broad
range of clinical disciplines and also outreaching to the realm of molecular medicine
and genomics. The impressive growth of the Unified Medical Language system
(UMLS) [2] and the development of the Open Biomedical Ontologies (OBO) [3] give
particular witness to this effort. However, most of these terminologies and ontologies
have been created in purely application- and purpose-driven contexts and are therefore
not geared towards semantic interoperability. The latter, however, constitutes a
pressing requirement to the integrated care paradigm where patient data should be
easily interchangeable across institutional boundaries.

This lack of interoperability is — in our opinion — at least partly due to a lack of
agreement on what terminology systems are actually supposed to encode. So far, there
is only a vague understanding on what the notions of “terms”, “classes” and “concepts”
are really referring to in current terminology systems.

Only during the last couple of years, a more principled discussion about some of
the more fundamental issues has been under way, mainly driven by philosophers and
computer scientists. Although this discussion has brought about some controversy, it
has fertilized and ameliorated the way biomedical terminology systems have been
conceived, built, maintained and used.

The main purpose of this paper is now to focus on the role of biomedical
ontologies as representational artifacts being a special kind of terminology systems.
Aware of the difficulties, the use of the notions “ontology” and “terminology system”
can cause (for either, different and contradicting definitions can be found in literature
[4]), this paper tries to streamline and clarify the notion of “ontology” in the context of
integrated clinical care.



Ten Principles

The nature, purposes and limitations of clinical ontologies are presented here as a
sequence of ten principle. They represent the current view of the authors and are being
formulated to stimulate a clarifying discussion. They neither claim to represent a
consensus among medical informaticians or terminologists, nor do they constitute a
fully consistent system of thinking.

1. Terminology systems provide semantic reference

It is generally accepted that terminology systems (in a broad sense, cf. [5]) should
provide some kind of semantic reference. This means that they support the relation of
term meanings. Terms are the entities of language in a given domain, they may be
simple or complex words, as well as multi-word strings. Terminology systems relate
terms that share the same meaning (synonymy), broader and narrower, as well as
related meanings. It should be emphasized here that terminologies are term-centered,
i.e. that terms constitute their basic elements.

II. Ontologies are semantic type hierarchies to support organizing domain entities

Among the numerous definitions of what an ontology constitutes, the following
definition is preferred for our context: Ontologies are representational artifacts whose
representational units are intended to designate classes or types in reality and to relate
them to each other [6]. It is important to highlight here that the single entities
represented in an ontology are not terms. Nor are concrete objects, i.e. individuals
(instances, particulars) represented in the ontology proper. However, one of the main
purposes of ontology is to provide a means to classify exactly those entities by defining
and organizing their semantic type.
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Fig. 1: World entities, their types and terms denoting them



The main classification principle of ontologies is the taxonomic order. Taxonomies
relate types with their superordinate types. This hierarchy-forming relation is generally
named is_a. As an example, the type “artery” is a superordinate one of “carotid artery”
and the latter stands in turn to “common carotid artery” in a supertype relationship.
Note that is_a must not be mistaken for the relation instance_of, which relates a
concrete object to its type. Although it usual to state in natural language that “Tibble is
a cat.”, the individual entity with the name “Tibble” is related to the entity type cat by
the relation instance_of (and hence the sentence would be “Tibble is an instance of the
type cat.”).

Fig. 1 depicts the relations between entities, their types and their denoting terms.

III. Ontologies represent universal truths

One of the major misconceptions about ontologies is that they are directly suited to
represent large parts of clinical and scientific knowledge, i.e. the symptoms of a disease,
the probability of a certain risk or the side effects of some drugs. But on the contrary,
this is not the case: (Formal) ontologies should only represent what is assumed to be
universally true, i.e. that it always the case that an artery is a blood vessel or that
human blood contains erythrocytes.

Formally, ontologies provide and combine universal statements about all instances
of a given type such as:

e All Xsare Ys
e  For all Xs, there is some Z that...

For example, all instances of the type carotid artery are instances of the type artery.
Or, for all instances of the type common carotid there is some instance of the type aorta
which it is connected to. So it becomes obvious that ontologies are not the right place
to represent probabilistic, vague or uncertain knowledge. An important corollary of
these universality assumptions is the well-known principle of inheritance. Each
property defined for some type in an ontology is inherited by all of its subtypes, as well
as of its instances (and the instances of the subtypes). Wherever this principle does not
seem to hold there is evidence of a major misunderstanding of what an ontology is
supposed to be. For instance, one could add a prevalence value to disease type such as
“0.5%” to the disease type “Schizophrenia”. It is obvious that the same value cannot be
inherited by its subtype “Bipolar Schizophrenia”. But this is not an exception to the
inheritance rule. The error is rather to consider prevalence as an inherent property of a
disease. In contradistinction, prevalence is a property of a population with regard to a
disease but not of the disease proper.

1V. Ontology types extend to classes of world entities

Types in ontologies are often referred to as classes. But as Fig. 1 depicts, classes
are indeed different from types: A class is the collection of all entities in the world that
instantiate a certain type. But therefore, classes and types are actually closely related.
The class of entities is also considered to be the extension of a given type. In contrast to
mathematical sets, classes can vary in respect to their members across time. For
example, the class of E.coli (i.e. the extension of the type E.coli) remains the same
although it constantly gains and loses instances. Due to the direct dependence between



classes and types, usually the just described distinction between the two is not made in
practical ontology engineering.

Ontology

Fig. 2: Types (above), Classes (below), Instances (rectangles, ellipses, polygons)

V. Ontologies organize individual entities — not concepts

Whereas the use of the notions “type” and “class” is more recent in medical
informatics, the notion of “concept” has a much longer tradition. The problem with the
latter is that it is applied in several different senses [7]. On the one hand “concept” is
meant to stand for “entities of thought” which is mostly considered to represent word
meanings, such as discussed in the first section and is, therefore, characteristic for
language-centered terminology systems. On the other hand it is also used as a synonym
of what has been introduced above as “type”. Finally, from a computer science point of
view, “concept” often stands for unary predicates in knowledge representation
languages such as OWL-DL [8]. For the sake of clarity we avoid the use of the word
“concept” when referring to ontologies in the sense we have defined them.

VI. Ontologies represent what is — information models represent what we know about

The task of representing clinical facts requires that the following two aspects are
kept strictly separated.

1. Universal truths about entities of the world as referred to by domain terms
2. Known facts about concrete clinical cases.

Whereas the first task corresponds to what is understood by ontologies, the second
one is to be embarked upon by information models. It involves not only the facts as
they are in the world but also the knowledge about these facts. In terminology systems
as currently used, these epistemological aspects are often mixed up [9]. In ICD 10, for



example, there is a distinction between the classes “Tuberculosis of lung, confirmed by
culture only” and “Tuberculosis of lung, confirmed histologically”. This reveals the
difference between ontology and epistemology: The very nature of a tuberculosis in a
patient does not depend on how it is diagnosed. Nevertheless, for clinical reasoning (in
which the certainty of a diagnosis matters) the source of knowledge a diagnostic
statement is based upon is of utmost importance. Another example is how to encode the
sex of a patient. Whereas in an information model it makes perfect sense to
discriminate between “male”, “female” and “unknown”, this distinction is nonsensical
on the level of clinical ontologies because every patient has a sex, which might be
known or unknown but obviously does not change according to the fact of it being
known or unknown. The relation between clinical information models and ontologies
has recently received an increased attention in the context of clinical archetypes,
openEHR, HL-7 Version 3 and SNOMED CT [10].

VII. Practical requirements may justify controlled deviations from the “true path”

In many cases, user requirements for clinical application ontologies can make it
difficult to fully follow the “pure doctrine” of ontology design, since the restriction to
universal truth obviates the representation of many shared assumptions that are
important in a clinical context. For instance, it may be required to classify certain
health related states as risk factors for diseases. If we declare “Hypertension” as a
“Risk factor for aneurysm rupture” in an ontology using an is_a link, we certainly go
beyond the representation of universal truths, since not every hypertension causes a
myocardial infarction, and “Risk factor” is rather a role ascribed by humans than a
universal type. Mistaking roles for subtype relations, also called is_a overloading is a
common error in ontology design [11]. For practical reasons such a routine may be,
however, justified. Nevertheless it is recommended that such assertions be strictly
separated from the ontology proper. In the @neurist ontology [12] this dichotomy has
been made explicit by introducing a separate branch with the root node “Particular in
context”, as depicted in Fig. 3.
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VIII. Ontologies need to be linked to dictionaries

Ontologies in a strict sense (i.e. as understood as taxonomies of types) do not
incorporate any lexical or terminological information at all. Still the naming of the
ontology nodes should be self-explanatory and employ terms commonly used in the
domain. However ambiguous formulations that regularly exist in the domain should be
avoided. Furthermore, special characters should be avoided and the naming
conventions of the underlying language must be followed. This means that ontology
labels are not to be mistaken for actual terms (even if they are named “terms” in several
ontologies). Since each node can have one name only, synonyms cannot (and should
not) be managed at this level. So it is necessary to provide a link between an ontology
and a dictionary where each dictionary entry corresponds to a domain term and is
linked to one (in the case of polysemous terms, to two or more) nodes in the ontology.
Synonyms are linked to the same node. Such a dictionary is a separate data structure
and it is not an integral part of the ontology itself.

IX. Ontology users need not to see the whole “engine”

From the user perspective, the internal structure of an ontology can easily lead to
confusion and misunderstandings. As users are used to browse simple hierarchical trees
from top to bottom, they may be overwhelmed by the complexity of the structural
relations between all the types of the ontology. They may also get puzzled by the terms
characterizing the upper level, such as “dependent continuant”, “quality region” or “fiat
object part” as provided by upper level ontologies such as BFO [13,14] or DOLCE [15].
Still, such upper ontologies are necessary for the organization of the ontology into
well-defined categories, necessary for enforcing consistency of its content. However,
these categories do not correspond to terms commonly used in the domain and could
therefore — at a first sight — deemed superfluous by ontology users. It is therefore
neither necessary nor desirable that the whole internal “machinery” be visible for
ontology users (i.e. system developers and domain experts that link to ontologies when
creating clinical information models, entry forms, etc.). They should only see those
parts of the ontology they need for their respective work and be provided with
customized user interface to support them with their tasks.

X. Ontologies should provide tailored terminology services

The concept of terminology server / service has become popular in the nineties where
specifications and use cases have been formulated [16,17,18]. Under the new viewpoint
of clinical ontologies this concept should be taken up and adapted to the current
requirements. End users should benefit from tailored ontology based terminology
services without the need to any access to the actual ontology (cf. the last section). End
users just create and select terms. The terminology service in turn then takes care of
linking these terms to the ontology and of the provision of controlled terms to the user
(cf. Fig. 4).
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Fig. 4 Terminology services mediating between the ontology and the end user

Conclusion

In this paper we presented ten principles which we believe can clarify what
(formal) clinical ontologies are, what they are not and how they should be used. These
principles should be applied to any artifact using formal means for representing world
entities in the domain of interest, thus providing a logically and philosophically
founded basis for the meaning of clinical terms. This principle should be applied
especially to SNOMED Clinical Terms (CT) [19] as an emerging terminology covering
whole range of clinical medicine. SNOMED CT has still a long way to go in order to
fulfill common ontological standards [20]. To this end the ten principles presented here
could be useful cornerstones and guidelines.
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