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Abstract

This paper aims to show how Terminology can help foster interoperability and more effective
knowledge representation, organisation and sharing in the biomedical field, and on the other
hand, support specialised communication among various stakeholders. SNOMED CT will be
used to illustrate this, with the focus being on formal and textual (or natural language)
definitions — the latter currently underrepresented in this resource - and on how a double-
dimensional terminological approach can benefit textual definition drafting, thereby assisting
the work carried out by SNOMED CT national translation teams.

Keywords
terminology, formal definition, natural language definition, SNOMED CT

1. Introduction

Over the last decades, healthcare has been impacted by critical changes resulting mainly from
societal, economic, and technological factors. Healthcare-related technology has grown exponentially,
backed by more advanced eHealth and mHealth solutions [1], [2], as well as by a recent trend towards
the use of the Internet of Things (IoT) in this field [3], [4]. This, in turn, has led to an unprecedented
collection, storage, and transfer of massive amounts of data. Big data and machine learning have
revolutionised healthcare by supporting more effective decision-making processes, namely in disease
prediction [5], despite the ongoing ethical and data privacy concerns [6]. Interoperability, i.e. the ability
to effectively exchange and use information across systems or applications [7], and its underlying
challenges have also been at the heart of the current healthcare landscape. While technological
innovation has been gaining significant traction, the human side of healthcare has additionally become
paramount in this sector. Care is increasingly people-/patient-centred, with tailored approaches
designed to respond to the patient’s needs. In the present digital healthcare ecosystem, the patient is
taking on an active and more empowered role concerning both the collection of his/her personal data
and the way that data is stored and shared [8].

Within this framework, this paper aims to show how Terminology can help address the challenges
that characterise both the technological and the human spheres: on the one hand, by fostering
interoperability and more effective knowledge representation, organisation, and sharing in this field,
and on the other hand, by supporting specialised communication among various stakeholders, especially
patients. The international biomedical reference terminology SNOMED CT will be used to illustrate
the preceding points, with the focus being on the formal and textual (or natural language) definitions in
this resource. Since the latter are currently underrepresented in this reference terminology, it will be
demonstrated how Terminology can support textual definition drafting, thereby assisting the translation
of SNOMED CT into different languages.
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The paper is thus structured as follows: after this introduction, we present the theoretical and
methodological background to our knowledge-organisation approach to terminology work (Section 2);
next, a description of SNOMED CT’s principles and structure is provided, plus information about the
translation of this resource and types of definitions (Section 3); based on a case study from SNOMED
CT, we then analyse a formal definition and propose a methodology to draft a natural language
definition anchored in terminological principles (Section 4); the fifth and final section is dedicated to
concluding remarks and future work.

2. Terminology and Knowledge Organization: some prolegomena

The advent of the Semantic Web [9] and, more recently, of Linked Data [10], has paved the way for
new perspectives and opportunities for Terminology, namely by making terminological resources
(inter)operable via ontologies (computational artefacts in the sense of Knowledge Engineering [11]).
Terminology’s latest theoretical frameworks have been aiming at a more consistent interrelation
between what is linguistic and what is conceptual. This paper follows this paradigm and, thus, a double-
dimensional approach to Terminology [12], [13], which considers, within a given domain, not only the
systematic and semi-automatic processing and analysis of specialised texts and their terms® but also a
(semi)formal representation of the core concepts® and their respective organisation into systems. These
two dimensions, autonomous yet interconnected, are indispensable to terminology work. Recent
research [14] supported by this double-dimensional framework has shown how a mixed methodology
departing from an onomasiological approach can enrich the various stages of the process (Annex 1)
and provide added value to the subsequent results, e.g. definitions — both formal and textual.

Definitions are one of the key forms of concept representation in Terminology and are strongly based
on an Aristotelian perspective (definiendum = genus proximum + differentia specifica) [15]. According
to [16] and [17], the intensional definition, comprising the “immediate generic concept and the
delimiting characteristics™ [16], is regarded as preferential, as it allows a given concept to be identified
within a concept system and enables its differentiation from other related concepts. While intensional
definitions play a central role in Terminology, the actual process of drafting such definitions is not
exempt from challenges: firstly, it is still a rather manual process and hence, very time-consuming,
despite the various guidelines that have been published throughout the years [18], [19], [20], [21];
secondly, and if stemming exclusively from lexical-semantic relations, the definitions may be “prone
to all kinds of inconsistencies” [22, p. 24], since they are language-dependent and therefore, potentially
influenced by polysemy, ambiguity, and ellipses; thirdly, even if supported by conceptual relations,
intensional definitions, when exclusively based on hierarchical concept systems, may be unable to fully
depict the multidimensionality that characterises some concepts [23].

When addressing the topic of definitions and their application to terminology work, reference must
also be made to the notion of definitional templates, initially proposed by [24] and further developed
within the scope of Frame-based Terminology (FBT) [25], [26]. Comprising a slot-filler core structure,
in which the slots correspond to domain-specific conceptual relations (both hierarchical and non-
hierarchical) and the fillers (values) are replaced by the concepts linked to the definiendum via the
preceding conceptual relations, this template framework provides a stable foundation that guides the
drafting of natural language definitions, which then become “mini-knowledge representations” [25, p.
345]. In FBT, this definitional template approach has been applied to various domains, namely
healthcare [27], the environment, with EcoLexicon [28], and tourism [29].

The work presented in this paper aims to take this definitional template approach further by
incorporating ontologies and using formal SNOMED CT definitions as a use case. It is believed that
providing a language-independent, logically consistent, and interoperable conceptual foundation can
help optimise the drafting process without jeopardising the added value supplied by linguistic diversity.

2 Our definition of term follows the one proposed by [16]: “designation that represents a general concept by linguistic means”.

3 In this work, concept is defined as a “unit of knowledge created by a combination of characteristics” (ibid.)



3. SNOMED CT: core principles, definition(s) and the translation process

SNOMED CT is a multilingual reference terminology in healthcare that covers all the areas of
medical activity’. Maintained by SNOMED International, it has been developed as a knowledge
resource for information retrieval and exchange for use in various applications (e.g. to record and
process medical data in electronic health records). As regards its core structure, the system consists of
a relationship-based representation of concepts using the formal ontology language Description Logic
(e.g. Common Cold <causative agent> Virus). The content of SNOMED CT is represented using three
types of components: concepts, descriptions, and relationships, further detailed in Annex 2.

SNOMED CT contains more than 350,000 concepts from clinical and non-clinical concept fields or
domains. Each SNOMED CT concept represents a “clinical idea” (i.e. the meaning of a medical term)
and is represented by a machine-readable unique numerical concept identifier. The concepts are
arranged in 19 top-level hierarchies according to the domain to which they belong. Within these
hierarchies, the concepts are ordered from general to specific.

The descriptions in SNOMED CT link human-understandable medical terms to concepts.
Descriptions, which also have a machine-readable unique numeric description identifier, are divided
into the Fully Specified Name (FSN) and Synonyms (SYN), one of which is labelled as Preferred Term
(PT). This fulfils the requirements of a standardised medical term, which is commonly used in clinical
practice. Other synonyms are labelled as “acceptable”. The provision of additional synonyms next to
the PT is optional and useful for retrieval purposes. Each concept is represented by at least the FSN and
the PT. Each SNOMED CT translation contains an additional set of descriptions that link medical terms
in another language to the same SNOMED CT concepts.

In SNOMED CT, two types of relationships are used: hierarchical relationships (Is-a-Relationships)
and associative relationships (Attribute Relationships). The |is-aj-relationship links a concept to more
general concepts in a hierarchy and forms the concept hierarchies in SNOMED CT. At the top of the
SNOMED CT hierarchy is the root concept (ISNOMED CT concept|), followed by its direct subtypes,
called Top Level Concepts. Each concept can also have several parent concepts, which results in a
polyhierarchical structure. Attribute relationships represent different aspects of the meaning of a
concept and connect concepts in different hierarchies. For example, the concept |appendicitis| is linked
to [Inflammation| via the relation type |Associated morphology| [30].

It should also be noted that SNOMED CT is an English-language terminology standard translated
into 16 languages or language varieties (as of October 2022). High-quality translations are essential for
the reliable use of this terminology system. Translations of SNOMED CT are larger projects,
coordinated by the National Release Center (NRC) of a SNOMED International Member Country and
regulated by guidelines for the management of both the translation process and the translation approach.
Due to the considerable size of the terminology, only SNOMED CT content determined by the
respective NRCs as a priority is translated, rather than a full translation. This is usually carried out by
interdisciplinary teams (experts in medical informatics, (bio)medicine, linguistics, terminology).

The translation of SNOMED CT terms should be concept-based, whereby the precise description of
the so-called "clinical idea" is of pivotal importance. For this purpose, translations should start from the
FSN, a description that unambiguously reflects the meaning of a concept, regardless of the context in
which it is used. The FSN is composed of a term and a “semantic tag” between parenthesis (e.g.
[Myocardial biopsy (procedure)|). The tag indicates the hierarchy to which the concept belongs (e.g.
procedure, disorder, etc.). Each concept has a FSN, which is unique in SNOMED CT in a given
language, even in cases where identical terms refer to concepts belonging to different categories. For
example, |Hematoma (morphologic abnormality)| is the FSN that represents what the pathologist sees
under the microscope, whereas |[Hematoma (disorder)| is the FSN that indicates the clinical diagnosis
of a hematoma. After looking at the FSN, translators then focus on how the concept has been modelled
in the ontology, to identify its hierarchical position and its relationships to other concepts. In case of
ambiguity, the meaning of a concept can be checked via a textual definition, when it exists. If necessary,
the use of a given target term should be analysed in context and/or domain experts should be consulted.

4 The resource can be accessed at https:// www.snomed.org/.




SNOMED CT concepts are defined in three different ways: (1) The FSN, which expresses the
meaning of a SNOMED CT concept in a human-readable form. (2) A formal concept definition, which
provides a computer-processable representation of a concept's meaning. Conceptual relations are
generated in two ways: either by human users proposing a new concept, or automatically, by the
SNOMED CT OWL description logic classifier. The manually generated representation is called a
stated view, whereas the automatically generated representation is an inferred view. Concepts can also
be either fully defined (i.e. their definition is sufficient to computably distinguish it from other concepts)
or primitive (i.e. their definition is not sufficient to computably distinguish it from other concepts); (3)
Textual definitions, which describe the meaning of a concept in natural language [31].

For translation purposes, the three types of definitions can be useful. However, professional
translators without medical expertise will have greater difficulty understanding all SNOMED CT
concepts starting from the FSN and/or their formal relationships. Moreover, the formal representation
of concepts may contain errors which can only be detected by translators with sufficient domain
knowledge. Therefore, natural language definitions and textual resources that provide information about
the contextual use of a term are key additional tools. In fact, a 2010 survey to SNOMED CT direct users
showed that 63% of the respondents claimed textual definitions would be useful [32]. However, for the
time being, textual definitions in SNOMED CT are optional and only provided for a limited number of
concepts’, when there is a requirement for additional detail. As there is a clear need for more natural
language definitions for translation purposes, efforts are being undertaken by SNOMED International
to enrich the resource with this type of information. A relevant research question is, therefore, how such
natural language definitions should be created in SNOMED CT and in which way the formal definitions
can be used as templates for their generation.

The interconnection of formal and textual definitions in healthcare has been explored over the last
decade. On the one hand, work has been done on the automatic generation of formal concept definitions
from texts [33], [34], [35], with SNOMED CT being regarded as a ‘model’ for how formal definitions
should be represented. On the other hand, the reverse has also been tackled, i.e. automatically generating
textual definitions from formal ones: [36] proposed a basis for ICD-11’s textual definitions; [37] created
OntoVerbal, a Protégé plugin based on SNOMED CT which is no longer available; and, more recently,
[38] developed Sno2Eng, a promising project which creates natural language definitions from
SNOMED CT formal definitions, as shown in Annex 3, albeit only for diseases. However, as mentioned
earlier, the formal definitions in SNOMED CT may not be stable or may contain errors, which will
directly impact the quality of the automatically generated textual definitions. This is where Terminology
can help improve the consistency of such results, both at the conceptual and linguistic levels.

4. Definition(s) in SNOMED CT and the role of Terminology: a case study

Due to space limitations, only one SNOMED CT example will be analysed in this paper: it refers to
|Single-port laparoscopic cholecystectomy (procedure)|, a primitive concept without a natural language
definition proposal. As we can see from the inferred view diagram depicted in Annex 4, this concept is
defined as a subtype of |Laparoscopic cholecystectomy (procedure)|, thereby inheriting its attribute
relationships and respective values (e.g. |[Method (attribute)| |[Excision-action (qualifier value)|. |Single-
port laparoscopic cholecystectomy (procedure)| has, therefore, the same formal definition of
|Laparoscopic cholecystectomy (procedure)| - a fully defined concept -, which might lead one to believe
that there is no difference between these two concepts. However, the delimiting characteristic of the
concept under analysis is not represented in the formal definition, despite its presence in the FSN
(“single-port”). In fact, there is currently no conceptual distinction in SNOMED CT between a
conventional laparoscopic approach (with multiple skin incisions) and an approach with a single
incision (also called laparoendoscopic single-site approach®). Although the concept of [Incision of skin
(procedure)| exists in SNOMED CT, its subtype concepts are related to the location of the incision

3 The current US version of SNOMED CT contains 4,327 textual definitions, covering 2,608 diseases, which corresponds to only 1.3%
of all SNOMED CT concepts and 3.3% of disease concepts [38].

6 Cf. [39] for a more comprehensive review of this type of surgical approach and its terminological implications.



rather than to the number of incisions. It is believed that such a distinction could be relevant and should
be clearly stated in an EHR, since these differences in surgical approach may have implications in
medical coding, insurance, and billing. One proposal to incorporate this essential characteristic into the
formal definition, thereby allowing the concept to become fully defined, is based on EndoTerm’.

The EndoTerm project combines an Aristotelian-based, specific difference approach in the main
hierarchies with a customised set of non-hierarchical concept relations, mostly based on SNOMED CT
and UMLS®, as well as with a categorial structure to prevent logical errors [40]. The concept systems
within EndoTerm were then encoded as a formal ontology, which enables interoperability. One of
EndoTerm’s hierarchies is the <Surgical approach> one (a semi-formal visualisation of the concept
system can be seen in Annex 5), in which the number of skin incisions is introduced as an axis of
analysis, thereby allowing single-skin-incision and multiple-skin-incision approaches to be explicitly
distinguished. This hierarchy was integrated into EndoTerm’s ontology, with an example being
provided in Annexes 6 and 7 for the micro-concept system and the formal definition, respectively, of
|Laparoendoscopic single-site total hysterectomy (procedure)|’, a surgical procedure with the same
surgical approach as |Single-port laparoscopic cholecystectomy (procedure)|. We therefore propose that
the content of this <Surgical approach> hierarchy can be adapted into SNOMED CT as values for the
|Access (attribute)| relationship (|Surgical access values (qualifier value)|, as shown in examples for
|[Laparoendoscopic single-site total hysterectomy (procedure)] and |Single-port laparoscopic
cholecystectomy (procedure)|, represented using SNOMED CT’s compositional grammar (Annex 8).

With the formal definition stabilised, one can then resort to the definitional template-like structure
referred to in Section 2 — and explored within the EndoTerm project — to optimise the drafting of the
natural language definition. Thus, a template is put forward with a customised version of a categorial
structure (available in Annex 9), which will allow a more effective and consistent drafting process. If
the order of the different elements of the template is followed, a natural language definition proposal
for |[Laparoendoscopic single-site total hysterectomy (procedure)| could be Procedure consisting of the
excision of the uterus and cervix using a laparoscope to access the site via a minimally invasive surgical
approach with a single skin incision. Following this approach, only a minor, indispensable change
would be required for |Single-port laparoscopic cholecystectomy (procedure)|: Procedure consisting of
the excision of the gallbladder structure using a laparoscope to access the site via a minimally invasive
surgical approach with a single skin incision.

5. Concluding remarks

As seen in Section 3, concepts are defined in three different ways in SNOMED CT — the FSN, the
formal concept definition, and the textual definition, when available — and ideally, the three should
align. However, the preceding example has demonstrated that the formal concept definition may
sometimes lack one (or more) delimiting characteristics, therefore hindering that concept’s ability to
differentiate itself from other concepts and determining the quality of a potential textual definition.
Other analysed examples (not included here due to space limitation) show ambiguity in the FSN, as
well as textual definitions containing information that is nowhere to be found in the formal definition.

Given the growing trend in incorporating textual definitions into biomedical terminological
resources (as is the case with MeSH and ICD-11), on the one hand, and the importance that such natural
language definitions have for translators and, potentially, for other user groups (namely patients'’), on
the other hand, there are a number of questions that need to be addressed by SNOMED International if
this matter becomes a priority, namely: 1) the scope of such definitions, i.e. whether these textual
definitions would match the formal definitions entirely or they would go beyond them; 2) what inclusion

7 The project is described in detail in [14].

8 https://www.nlm.nih.gov/research/umls/index.html

? This concept is currently inexistent in SNOMED CT, but this type of minimally invasive surgical procedure is becoming increasingly
prevalent in several gynaecological conditions [41].

10 From November 2022, patients started having access to their General Practitioner health record through the NHS App and other online

services. In England, all GP systems capture clinical terms using SNOMED CT. (https://digital.nhs.uk/services/nhs-app/nhs-app-guidance-
for-gp-practices/guidance-on-nhs-app-features/accelerating-patient-access-to-their-record/update-from-nhs-england)




criteria would be followed if extra information was to be added; 3) if textual definitions would be
limited to fully defined concepts, or if they would also comprise primitive concepts (concerning the
latter, how would a consistent textual definition be drafted if the formal definition is not yet stable?);
4) who would draft such definitions and based on which workflow — the guidelines put forward by [42]
within the scope of the OBO Foundry might provide a relevant starting point.

Ultimately, this paper aimed to show the added value of the synergies involving Terminology — with
its double-dimensional nature — and ontologies in what concerns knowledge representation,
organisation, and sharing. Based on the example of EndoTerm, we aimed to illustrate how a solid
conceptual framework allows for logical consistency in drafting natural language definitions, while also
contributing towards more effective communication within a multilingual setting, as is the case with
SNOMED CT translation work. In addition, it paves the way to interoperability, also at the linguistic
level, if Linked Data is leveraged, which is currently being explored. Still part of our ongoing work and
an essential aspect to be further developed is how to automate (part of) the definition drafting process.
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8. Annexes

Annex 1: Methodological framework of the EndoTerm project [14]
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Annex 2: SNOMED CT’s design [31]
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Annex 3: SNO2Eng -

example with  ‘endometriosis’  [https://github.com/WenglLab-
InformaticsResearch/SNOMEDtxt]

Sno2Eng: making SNOMED readable

Type a disease name:

endometriosis

Get by name

Or a SNOMED concept ID:

(ex. 13200003)

Get by ID

Sno2Eng verbalization of SNOMED

Endometriosis is a kind of Disease. Some examples of Endometriosis (clinical)
are Endometriosis of intestine, Endometriosis of pelvis, and Endometriosis of
vulva. The associated morphology is Endometriosis. Other related concepts are
Female infertility due to endometriosis, Adhesions due to endometriosis, and
Eamilv _histarv of endometrinsis

SNOMED original text

ConceptID: 129103003. Terms: Endometriosis (clinical), Endometriosis
(disorder), Endometriosis. Relationships: Endometriosis (morphologic
abnormality) = Associated morphology (attribute). Disease (disorder) = Is a
(attribute). Related concepts: Endometriosis outside pelvis (disorder) - Is a
( R E P ¢ pelvie (di -1 ( h

Reference (MedlinePlus)

What is endometriosis?The uterus, or womb, is the place where a baby grows when
@ person is pregnant. The uterus is lined with tissue (endometrium).
Endometriosis is a disease in which tissue that is similar to the linina of the

Annex 4: Example of the formal definitions of |Single-port laparoscopic cholecystectomy (procedure) |
and of | Laparoscopic cholecystectomy (procedure)| (https://browser.ihtsdotools.org/)
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Annex 5: EndoTerm’s <Surgical approach> hierarchy [14]

<Surgical procedure>

<Surgical approach>

degree of invasiveness

<Minimally invasive
surgical approach>

<Invasive surgical
approach>
is_a

<Open approach>

number of skin incisions

existence of skin incision

<Minimally invasive ol = "
surgical approach <s’:‘1lrmircn:lua}l '"lx’a:é;e
with skin incision> 21l ca’approac
without skin incision>

is_a

<Per orifice approach>

<Minimally invasive
surgical approach
with single skin incision>

<Minimally invasive
surgical approach
with multiple skin incisions>

is_a is_a

<Laparoendoscopic <Conventional
single-site approach> laparoscopic approach>

Annex 6: EndoTerm’s micro-concept system for <Laparoendoscopic single-site total hysterectomy>

[14]
<Laparoendoscopic
single-site hysterectomy>

<Total hysterectomy>

SNOMEDCT

(A5 Unified Medical
88 Language System ®

is_a

<Laparoendoscopic single-site
total hysterectomy>

<Laparoscopic hysterectomy> (procedure)

has_procedure_site X

<Laparoscope> (physical object)

<Uterus> <Cervix of (<Excision>)
uterus>

<Laparoscope>

)

approach with single skin incision>

<Minimally invasive surgical }




Annex 7: EndoTerm’s formal definition of <Laparoendoscopic single-site total hysterectomy> in
RDF/OWL [14]

<owl:Class rdf:about="Laparoendoscopic_single-site_total_hysterectomy'">
<rdfs:label xml:lang="en">"laparoendoscopic_single-site_total_hysterectomy"</rdfs:label>
<rdfs:label xml:lang="en">"LESS_total_hysterectomy"</rdfs:label>
<rdfs:subClassOf rdf:resource="Laparoendoscopic_single-site_surgery"/>
<rdfs:subClassOf rdf:resource="Hysterectomy"/>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="has_procedure_site"/>
<owl:someValuesFrom rdf:resource="Cervix"/>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="has_procedure_site"/>
<owl:someValuesFrom rdf:resource="Uterus"/>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="has_method"/>
<owl:someValuesFrom rdf:resource="Excision"/>
</owl:Restriction>
</rdfs:subClassOf>
<rdfs:subClassOf>
<owl:Restriction>
<owl:onProperty rdf:resource="uses_device"/>
<owl:someValuesFrom rdf:resource="Laparoscope"/>
</owl:Restriction>
</rdfs:subClassOf>
</owl:Class>

Annex 8: Example of SNOMED CT’s formal concept definitions for | Laparoendoscopic single-site total
hysterectomy (procedure)| and |Single-port laparoscopic cholecystectomy (procedure)|using
compositional grammar

000000000 |Laparoendoscopic single-site total hysterectomy (procedure)|

=== 236887006 |Laparoscopic hysterectomy (procedure)| +
116140006 |Total hysterectomy (procedure)| :
{260686004 |Method (attribute)| = 129304002 |Excision - action (qualifier value)],
405813007 |Procedure site - Direct (attribute)| = 181452004 |Entire uterus (body structure)|,

425391005 IUsing access device (attribute)l = 86174004 | aparoscooe. device (ohvsical obiectll

260507000 |Access (attribute| =000000000 [Minimally invasive surgical approach with single skin incision - access (qualifier value)| }

713872007 |Single-port laparoscopic cholecystectomy (procedure)|

=== 45595009 |Laparoscopic cholecystectomy (procedure)| :
{ 260686004 |Method (attribute)| = 129304002 |Excision - action (qualifier value)|,
405813007 |Procedure site - Direct (attribute)| = 28231008 |Gallbladder structure (body structure)),
~425391005 |Using access. device (attributell < 86174004 |l aparoscope. device (physical object)]

260507000 |Access (attribute| = 000000000 |Minimally invasive surgical approach with single skin incision - access (qualifier value)| }




Annex 9: Definitional template for the concepts under analysis

CONCEPT

is_a

| Method (attribute) |

| Procedure site - Direct (attribute) |
| Using access device (attribute)|

| Access (attribute) |

| Procedure (procedure)|

| Surgical action (qualifier value) |

| Body structure (body structure)|

| Physical object (physical object) |

| Surgical access values (qualifier value)|




