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Abstract

A controlled medical vocabulary is a fundamental requirement
in a range of medical informatics applications. Large vocabu-
laries development and maintenance is labor intensive and
costly. Maintainers of medical vocabularies need appropriate
tools to do their work correctly. In this paper, we describe our
concept model for a controlled medical vocabulary. We present
how this model can check vocabulary consistency. We propose
a set of tools in a distributed environment, which permits edi-
tion, visualization and maintenance of medical terminologies.
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Introduction

Medical vocabularies are not static they are constantly evolv-
ing. The model by which they are created and maintained is an
important factor in their consistency. There is an agreement
about the properties of the model used for vocabulary represen-
tations [1,2,3,4]. These features are:

* Domain completeness. The model must not restrict ter-
minology size.

* Consistency. There must not be discrepancy among con-
cept definitions, concept positions in the hierarchies, and
concept relationships. The model must support the
implementation of methods for consistency verification.

» Extensibility. New information can be inserted and use-
less information deleted without loss of consistency.

» Nonredundancy. We need a mechanism that detects that
multiple terms representing the same concept are unique
concepts in the vocabulary.

* Synonymy. The model must support multiple terms
associated to the same concept.

* Nonvagueness: There must not be partially defined con-
cepts. All concepts in the vocabulary must have a com-
plete meaning.

* Nonambiguity: Concepts must have only one meaning.
Thus, the model must resolve ambiguous terms.
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» Multiple classification: A concept can be a subclass of
several classes; that is, it can be associated to several
more generic concepts.

» Explicit relationships: Different inter-concept relation-
ships must be defined and their meaning must be clear.

The Concept Model

Controlled medical terminologies require a deeper representa-
tion than the traditional tree structure [5,6,7,8].

We propose a model based on conceptual graphs [9]. The major
structure of our model is composed of three hierarchies:

« aconcept hierarchy
+ arelation hierarchy
 ageneralization hierarchy or conceptual graph hierarchy

The concept hierarchy

There is a partial ordering over concepts corresponding to an is-
a hierarchy. All concepts are nodes in the concept hierarchy, as
immediate descendants of at least one other node. One concept,
called “Generic Entity” — represented by T — serves as the top-
most node. Each concept may have several parents, but a con-
cept may not be its own descendant. Thus, the concept
hierarchy is a directed acyclic graph.

Each concept in the model has the following entries:
* identifier: a unique constant number.

* concept type: a unique name that can change during the
maintenance of the vocabulary.

» referent: an individual marker or a variable.

» set of definitions: each definition is a conceptual graph,
which determines the position of the concept in the hier-
archy.

» Schemata set: each schema presents a characteristic of
the concept. This characteristic does not determine the
meaning of the concept.

Definitions and schemata are represented by conceptual graphs.
A conceptual graph is a finite, connected, bipartite graph. The
two kinds of nodes of the bipartite graph are concepts and con-
ceptual relations. Every conceptual relation has one or more
arcs, each of which must be linked to some concept. A single
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NEOPLASM

EYE OCULAR
NEOPLASM

HYPERTENSION

IDENTIFIER : 1230000
TYPE : EYE NEOPLASM
REFERENT : *

DEFINITIONS :
[NEOPLASM : *lambda] -
" (LOCALIZATION_OF) -> [EYE :*].
[EYE DISEASE : *lambda] -
(HAS SIGN) -> [ GROWTH : #] -
(CHR) -> [NEW : *]
(CHR) -> [ABNORMAL :*]
(OBJECT) -> [TISSUE : *].

SCHEMATIC CLUSTER :
[EYE NEOPLASM : *] -
(UMLS CODE) -> [C0015414].
[EYE NEOPLASM : *]+
(SPANISH) -> [NEOPLASMA DEL 0JO],

Figure | - An example of a Concept Hierarchy.

concept by itself may form a conceptual graph, but every arc of
every conceptual relation must be linked to some concept.

Concepts are defined by an Aristotelian approach. Some super-
ordinate concept is named as the genus, and a set of features,
called the differentia, distinguish the new concept from the
genus. We propose a system in which each concept inherits the
distinguishing features of all its superordinates. As an example
of concept definition, Figure 1 defines EYE NEOPLASM with
genus EYE DISEASE and with a differentia graph that states a
sign which is a new abnormal growth of tissue.

IDENTIFIER : R110
TYPE : LOCATION_OF
DEFINITIONS :

[DISEASE : *x] -
(LOCALIZATION_OF) -> [BODY PART :*y].

Figure 2 - An example of a Relation Hierarchy
Concept definitions permit automatic classification of concepts.
If the definition is not present, the concept should be manually

placed into the hierarchy.

Unlike concept definitions, which represent necessary condi-
tions, a schema is not necessary for the meaning of the concept.
Each schema is represented by a conceptual graph. Schemata
are used for representing, for example, a concept role, a concept
translation into several languages, or a concept translation into a
coding system. Schemata are also used for representing syno-
nymity or antonymity. This approach permits to separate the
meaning of a concept from a particular language or coding sys-
tem and does not impose a limitation in hierarchy's depth or
breadth. '

The relation hierarchy

Types classify conceptual relations in the same way that con-
cepts are classified. A hierarchy is also defined over relations.
Figure 2 shows a general relation labeled as LOCATION_OF
that may have subtypes that specify more details about the loca-
tion, such as IN, ABOVE, or UNDER.

In this partial ordering of relations, also the “Generic Entity” —
represented by T — serves as the topmost node, but concepts
have no common supertype with relations. Thus, both hierar-
chies are separated.

Each relation in the model has the following entries:

+ identifier: aunique constant number.

+ relation type: a unique name that identifies the relation.

+ set of definitions: each definition is a conceptual graph,
which determines the range of the concepts, which the
relation can link.The generalization hierarchy

There are four formation rules for deriving a conceptual graph
w from conceptual graphs # and v:

* Copy: wis an exact copy of u.
= Restrict: w is obtained replacing any concept ¢ in u by a

subtype.
» Join: if a concept ¢ in u is identical to a concept d in v,
then let w be the graph obtained by deleting d and link-
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ing to ¢ all arcs of conceptual relations that had been
linked to d.

Simplify: if relations 7 and s in the graph » are dupli-
cates, then one of them may be deleted from = together
with all its arcs.

conceptual graph w is derivable from a conceptual graph

using the formation rules, then u is called a generalization of w.
Generalization defines a partial ordering of conceptual graphs
called the generalization hierarchy. The graph [T] is a generali-
zation of all other conceptual graphs; thus [T] is the topmost
node in the hierarchy. The hierarchy consists only of concept
definitions and schemata. Its purpose is to keep the consistency
of the vocabulary, as well as be the core to handle the lexical
information and to answer queries about implicit information.

[T]

[DISEASE ; *lambda] - ves
(HAS'SIGN) > [ GROWTH : *] -
(CHR) -> [NEW : *
(CHR) -> [ABNORMAL :*]
(OBJECT) -> [TISSUE : *].

[EYE DISEASE ; *lambda] -
(HAS SIGN) -> [ GROWTH : *] -
(CHR) -> [NEW : *]
(CHR) -> [ABNORMAL :*]
(OBJECT) -> [TISSUE : *].

[EYE NEOPLASM : *] - |
(SPANISH) -> [NEOPLASMAS DEL 0JO).

[EYE NEOPLASM : *]-
(UMLS CODE) -> [C0015414].

Figure 2 - An example of a Generalization hierarchy

Vocabulary Maintenance

The

proposed model fulfills the properties exposed at the begin-

ning of this paper.

Domain completeness. Since the position of a concept in
the hierarchy is not determined by the coding system,
there are no limitations in hierarchy depth or breadth.

Consistency. The consistency test in the proposed
model is based on:

1. Check validity of the graphs that define concepts. It
must be tested that concepts in a graph agree with the
range specified in the definition of the relations in that
graph.

2. Check that there are no cycles in the three hierarchies
(concepts, relations and conceptual graphs). The pres-
ence of a cycle is equal to the existence of a contradic-
tion. i

3. Check that concepts of a relation definition are sub-
types of concepts that appear in the definition of its pre-
decessor relations in the relation hierarchy.

Extensibility. Every time information is added it is pos-
sible to check its validity; that is, to check that no new
information entered contradicts information already
present. When information is deleted, it is possible to
reorganize the three hierarchies preserving the consist-
ency of the model.

Nonredundancy: Using formation rules, concept con-
traction, and concept expansion, it can be detected
whether the definitions associated with different con-
cepts are equivalent. Thus, we can check if the informa-
tion in the model is redundant or not.

Synonymy: Using conceptual schemata we could repre-
sent concept synonyms and we could also use different
languages.

Nonvagueness, nonambiguity: All concepts should have
an associated definition and have a position in the hierar-
chy, which determines completely and without ambigu-
ity their meaning.

Muttiple classification: A concept can be placed at sev-
eral locations in the hierarchy.

Explicit relationships: All the inter-concept relationships
have a definition and a position in the relation hierarchy,
which determines exactly their meaning,.

With these properties, this model helps the maintenance
operations in a controlled vocabulary. Some of these opera-
tions are:

Add a concept.

It is enough to facilitate the conceptual graph, which
describes the concept definition. The maintainer will
consult relations and concepts already defined, and add
more relations as needed. Once the maintainer gives the
graph, its validity will be checked automatically based
on relation definitions and looking for an equivalent
graph in the generalization hierarchy. If the graph is not
valid, it is possible to determine where the inconsistency
is located. If it is valid, it will be placed automatically in
the generalization hierarchy and then, the concept
defined by the graph will be placed in the concept hierar-
chy.

Modify a concept.

If a concept modification adds/deletes any synonym,
code or language dependent term, the maintainer will
create a schema for that concept or will modify an
already existing schema. This information is not inherent
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to the concept meaning so it has no influence in the
information consistency. In this case, we only need to
check that there are no duplications.

If the concept definition is modified, the new graph
validity will be checked and if the graph is valid, its
position in the generalization hierarchy will be analyzed
automatically. Likewise, the location of the concept in
the concept hierarchy will be checked and if there are
changes in the position, every successor node of the con-
cept will be analyzed.

* Remove a concept.

A concept deletion will remove the concept definition
and all of its associated schemata. In this case, the gener-
alization hierarchy and the concept hierarchy will be
reorganized. The maintainer must confirm the deletion
in order to modify the definitions of the concepts that
were subtypes of the removed concept, as well as the
definitions of the relations where the erased concept
appeared.

* Add arelation.
To add a relation into the model, the maintainer should
give the associated definition and put the relation in the

relation hierarchy. After this, definition validity can be
checked.

Implementation

Since the three hierarchies in the model have inheritance as an
important property, we have chosen an object-oriented repre-
sentation. We are also developing software using CORBA [10],
adopting a component-based, distributed approach.
The CORBA types, which have been defined, are:
* concept
» relation
» conceptual graph. This object has the following
methods : copy, restriction, maximal join, projection,
simplification, contraction, and expansion
« POSET_structure. The methods associated to this object
are: exist (look for an element i the hierarchy), insert
(add a new node in the hierarchy), remove (delete an ele-
ment from the hierarchy), predecessors (immediate pred-
ecessors of a node), successors (immediate successors of
a node).
» concept_hierarchy
+ relation_hierarchy
» graph hierarchy.
These three hierarchies are POSET structures (Partially Ordered

Sets) and they inherit all the methods associated to a
POSET _structure.

Conclusion and future work

Investigation on representation methods of medical concepts
continues active. Mechanisms for vocabulary maintenance are
crucial for the success of controlled vocabularies.

We are currently implementing the proposed model. Our aim is
to create a vocabulary server. In a first stage we are developing
a set of tools which permit vocabulary creation and mainte-
nance. We plan to develop tools to permit users to navigate and
to consult lexical and semantic information stored in the vocab-
ulary server.
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