
CTS2 OWL: Mapping OWL Ontologies to 

CTS2 Terminology Resources 

Sara MORA a, Bernd BLOBELb, Roberta GAZZARATA c and Mauro GIACOMINI a,1 
a

 Department of Informatics, Bioengineering, Robotics and System Engineering 
(DIBRIS), University of Genoa, Italy 

b Medical Faculty, University of Regensburg, Regensburg, Germany 
c

 Healthropy s.r.l., Savona, Italy 

Abstract. The advancement of healthcare towards P5 medicine requires 

communication and cooperation between all actors and institutions involved. 

Interoperability must go beyond integrating data from different sources and include 

the understanding of the meaning of the data in the context of concepts and contexts 

they represent for a specific use case. In other words, we have to advance from data 

sharing through sharing semantics up to sharing clinical and medical knowledge. 

According to the Good Modeling Best Practices, we have to start with describing 

the real-world business system by domain experts using Domain Ontologies before 

transforming it into an information and communication technology (ICT) system, 

thereafter specifying the informational components and then transforming the 

system into an implementable solution. Any representation style – in the system 

development process acc. to ISO 10746 called system view – is defined by a related 

ontology, to be distinguished from real-world domain ontologies representing the 

knowledge spaces of involved disciplines. The system enabling such 

representational transformation shall also support versioning as well as the 

management of historical evolutions. One of such systems is the Common 

Terminology Service Release 2 (CTS2), which is a standard that allows the complete 

management of terminological contents. The main objective of this work is to present 

the choices we made to transform an ontology, written in the standard Ontology Web 
Language (OWL), into the CTS2 objects. We tested our transformation approach 

with the Alzheimer’s Disease Ontology. We managed to map all the elements of the 

considered ontology to CTS2 terminological resources, except for a subset of 

elements such as the equivalentClass derived from restrictions on other classes. 

Keywords. Ontology, CTS2, semantic interoperability, terminology resources, 

biomedical field 

1. Introduction 

Healthcare systems currently undergo a transformation towards integrated, interoperable, 

knowledge-based, policy-driven, highly dynamic, and fully distributed ecosystems 

according to the personalized, preventive, predictive, participative precision (P5) 

medicine paradigm [1]. This requires communication and cooperation of actors from 

multiple disciplines with specific perspectives, contexts, objectives, using their special 

methodologies, languages, knowledge, and skills. The challenge of P5 medicine 
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ecosystems is the proper representation, mapping and matching of their domain-specific 

knowledge at any representation level from the real-world business system through the 

related IT systems, the information and finally the data used, deploying more and more 

constrained languages from natural languages up to computational ones. Thereby, 

mapping between elements from different domains or different viewpoint can only be 

performed at horizontal level, i.e., at the same level of granularity. To get there, 

components must be specialized or generalized, respectively. The corresponding 

representation of system-oriented, multi-domain, ontology-based, policy-driven P5 

ecosystems using ISO 23903 [2] is shown in Figure 1. 

 

 
Figure 1. Model and framework for representing multi-domain, knowledge-based, ontology-based, policy-

driven ecosystems. 

While, from an ICT system development process perspective, that transformation 

into the viewpoint-specific representation style is clearly defined, e.g. in ISO/IEC 10746 

Open distributed processing [3], the transformation of health systems based on existing 

standards is an open issue to be addressed in this paper. Thereby, we have to solve the 

mapping between domains represented by domain ontologies and the representational 

transformation between different viewpoints. Examples for the data view representation 

are database management system schemas or coding systems. Regarding the semantical 

representation, terminologies, thesauri, taxonomies, glossaries, data dictionaries, or 

vocabularies are used. The aforementioned semantical resources are collection of terms 

(entities) that are linked to a specific domain. They aim at creating a complete 

documentation that support the correct usage of such terms. 

An ontology is an explicit specification of a conceptualization [4], going beyond 

terminologies by describing all the specific knowledge about its entities including their 

contexts, constraints and relationships by using attributes and relations [5]. Its main 

objective is to facilitate knowledge sharing unambiguously. Therefore, an ontology 

constitutes an efficient strategy to aggregate, standardize, represent and communicate 
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biomedical concepts and related information as well as, together with machine learning 

(ML) methods, it can be used for automatic reasoning [6] and predictions [7]. In the 

biomedical field, ontologies became particularly important for semantic interoperability 

and data integration [8,9] as they could be considered, for each medical concept, as the 

justification of  the specification [10]. 

However, we should consider that the evolution of medical knowledge might cause 

changes both in the concepts and in the terms that are used to define them. So, it is 

necessary to use systems that allow versioning and management of the historical 

evolution of information and data [11]. As there exist many different types of ontologies, 

it is necessary to manage the challenge of creating, maintaining and mapping ontological 

concepts. Here, the ISO 21838 Top level ontologies [12] shall be used. 

Many different tools were developed, in various languages and countries, to deal 

with the important problem of medical terminology management [13,14,15], but their 

usage was highly localized. In the following years, a more general and standard solution 

was widely adopted by the scientific community, the Common Terminology Service 
Release 2 (CTS2) [16,17]. The CTS2 standard provides a universally implementable set 

of operations that can be used for the complete management of terminological contents. 

In particular, its functional profiles allow the creation, updating, deletion, reading, 

searching and versioning of terminology resources. CTS2 was created with the aim of 

providing a structure suitable for organizing information by using consistent and 

computable mechanisms. Therefore, it supports the improvement of information 

exchange quality. 

The main objective of this work is to present the choices we made to transform the 

elements of one ontology presented in the standard Ontology Web Language (OWL) into 

CTS2 terminology resources. An ontology has a great descriptive ability, and the CTS2 

helps in maintaining its integrity over the versions as it keeps track of all changes made 

on a specific version. To the best of our knowledge, this is the first work that reports this 

kind of transformation. 

2. Methods 

The purpose of our work is to document in detail all the choices we made in the process 

of transformation of an ontology into CTS2 resources. 

2.1. Ontology Elements & Relations 

A medical ontology is mainly characterized by the definition of a domain that comprises 

all the knowledge attributable to a given topic. Some examples of relevant medical 

ontologies, ranging over different areas, are: Human Phenotype Ontology (HPO) [18], 

Infectious Diseases Ontology (IDO) [19], Epilepsy and Seizures Ontology (EPSO) [20]. 

Within an ontology, the various objects are defined and interact with each other ac- 

cording to logical properties, reciprocal restrictions between and on objects, groups and 

semantic sets. The three main types of objects of an ontology are: 

�� Class: every single object belonging to the domain. 

� Annotation Properties: further information purely attributable to the Class itself 

and independent of the others. Examples from the Alzheimer’s Disease Ontology 

(ADO) are synonym, comment, label. 
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�� Object Properties: A restriction, which places a limit on the values of a certain 

Class that respects a certain Property. In most cases, this Property is defined within 

the ontology, so it has logical value only within it. 

The rdfs: subClassOf construct is implemented in OWL with the same logical value 

and meaning it has in the RDF Schema2, that is: if a Class C1 is defined as a subClassOf 

of another Class C2, then the set of elements that make up C1 they must at least be a 

subset of those that make up C2. A Class is therefore by definition a subClass of itself, 

as the subset can also be the whole set. 

The equivalentClass construct, on the other hand, indicates that the set of elements 

of Class C1 are equivalent to those of Class C2, therefore the two sets must have exactly 

the same number and the same elements. 

2.2. CTS2 Terminology Resources 

CTS2 standard is distributed through the HL7 Service Functional Model (SFM) and the 

Object Management Group (OMG) Service Technical Model (STM), that respectively 

provide service interface specification at a functional level and technical requirements of 

the service3. Within this work, we will refer to the OMG model. 

 

 
Figure 2. Hierarchical structure of the CTS2 resources that we used to map the ontology elements. 

 

The CTS2 terminology resources summarized in Figure 2 are: 

� CodeSystem: a classification system or a code system or an ontology or a thesaurus, 

etc. It includes information about publisher, release cycles, purpose, etc. 

� CodeSystemVersion: a version of a CodeSystem. It includes information about 

release date, release format, contact information, etc. 

� EntityDescription: a description about a class or a role or an individual within a 

specific CodeSystemVersion. 

� Map: a collection of rules for transforming entities of a CodeSystem into entities 

represented in a second one. It includes information about creators, intended use, 

CodeSystem involved, etc. 

� MapVersion: a specific version of a Map that maintains both the original and the 

destination CodeSystemVersion. 
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�� MapEntry: a definition of a set of rules that identifies how a single Entity that 

belongs to the original CodeSystemVersion maps to null, one or more target 

Entities that belong to the destination CodeSystemVersion. 

The core CTS2 resource is the EntityDescription. It is the most complex but 

interesting item to investigate. Some of its metadata that we considered during the 

translation process are: 

� Definition: An explanation of the intended meaning of a concept. An 

EntityDescription may have multiple definitions, each derived from a different 

source, represented in a different language or having a different purpose. 

� Parent: The set of direct “parents” asserted by DescribingCodeSystemVersion. It 

is the responsibility of the service to determine what predicate(s) represent 

“parent/child” relationships. 

� Property: Additional “non-semantic” (annotation) assertions about the entity 

being described that do not fit into the other categories. 

� EntityType: The set of type(s) a resource can take and it should include owl:Class, 

owl:Individual, rdf:Property, or skos:Concept, although it may carry many other 

types as well. 

� EquivalentEntity: An entity that has been determined to be equivalent to the about 

entity in the context. 

The element we mainly focused on is Property and its two main components are: 

� Predicate: The name or URI of the property predicate. It can be literal or an 

EntityDescription itself, so an Annotation Property or an Object Property. 

� Value: The target(s) of the property. Note that this can only represent the literal 

format of the property. The details about the original property will be found in the 

CorrespondingStatement if the CTS2 implementation supports the statement 

profile. So, the attribute value of a property is of Class StatementTarget and it can 

be of three types: 

1. Literal Target: when the statement type is LITERAL. It can be used for 

properties like the entity “label” or “comment”. 

2. Entity Reference Target: the URI and optional namespace/name when the target 

type is ENTITY. It can be used when a property refers to another entity. 

3. Resource Target: when the statement type is RESOURCE. 

An entity may have more than one value for the same predicate, so it is necessary to 

create a list of StatementTargets containing all the items and then assign the list to 

Property.Value, while Property.Predicate remains unchanged. 

3. Results 

The ontology we tested our mapping system on is the Alzheimer’s Disease Ontology 
(ADO) [21]. The list of CTS2 resources that we used in our translation process is com- 

posed by the following three main elements: 

� CodeSystem. The functional profile involved is the CodeSystem Catalog 
Maintenance Service. Two of the input parameters that we provided were: Uniform 
Resource Identifier (URI), external link of the resource; Name, the local identifier 

of the catalog that we want to create. 

� CodeSystem Version. The functional profile involved is the CodeSystem Version 
Cat alog Entry. As for the CodeSystem one the input parameters is Name, a local 

S. Mora et al. / CTS2 OWL: Mapping OWL Ontologies to CTS2 Terminology Resources48



descriptor that uniquely identifies this version in the specific CodeSystem. Another 

input parameter is the versionOf which the name or URI of the code system that 

the version belongs to. 

�� EntityDescription. The functional profile involved is the Entity Description 
Maintenance Service. For each entity two important input parameters are: EntityID, 

the entity code and/or namespace identifier of the entity to be created; Describing- 
CodeSystemVersion, the URI or local identifier of the CodeSystemVersion that this 

entity belongs to. Once created, each entity can be updated to insert the information 

linked to each single ontology class or property. The components of an ontology 

element can be divided in two main categories: components that can be directly 

mapped to an element of the CTS2 EntityDescription and elements that need to be 

mapped into properties because they do not fit into any predefined item. 

The first category includes the elements in Table 1. Among them, Example and 

Definition are lists that could have zero or more items, while at least one Parent is always 

present. 

 

Table 1. Correspondence between elements of an ontology class that can be directly mapped to CTS2 

EntityDescription components. 

Ontology concept metadata CTS2 resource metadata 

Example .Example 

IsDefinedBy .Definition 

SubClassOf .Parent 

EquivalentClass .EquivalentEntity 

 

The elements that belong to the second category can be divided into the four main 

groups displayed in Table 2. 

 

Table 2. Four cases to which all the elements, not contained in Table 1, of an ontology class/property can 

belong to: (a) predicate is a text and value is a text, (b) predicate is a text and value is an entity, (c) predicate 

is an entity and value is a text, and (d) predicate is an entity and value is an entity. 

 Value is a text Value is an Entity 

Predicate is a 
text 

The predicate contains the name and 

namespace of the statement predicate 

(type: EntityNameOrURI). 
The value element is a statement 

target of type LITERAL (type: 
Opaque- Data). 

The predicate contains the name and 

namespace of the statement predicate 

(type: EntityName-OrURI). The value 
element is a statement target of type 

ENTITY (type: EntityNameOrURI). 

Predicate is an 
Entity 

The predicate contains the URI of 

the entity of type Annotation 

Property (type: EntityNameOrURI). 
The value element is a statement 

target of type LITERAL (type: 
Opaque-Data). 

The predicate contains the URI of the 

entity of type Object Property (type: 
EntityNameOrURI). 
The value element is a statement 

target of type ENTITY (type: Entity-
NameOrURI). 

 

Figure 3 shows some examples of the translation applied to the selected ADO 

ontology. 
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Figure 3. Examples of ADO elements translated into CTS2 terminology resources. 

Label, highlighted in orange, belongs to case (c) as the predicate is an Annotation 

Property and value is text. SubclassOf with a restriction, highlighted in green, belongs to 

case (d) as the predicate is an Object Property (“is entity used in”) and the value is the 

entity “non pharmacoterapy treatment context”. disjointWith, highlighted in purple, 

belongs to case (b) as the predicate is textual and the value is the entity “continuant”. 

Figure 3 also shows two examples of elements that belong to Table 1. In particular, 

SubclassOf alone is the element that defines a hierarchical relation, so the element 

contained between the two tags is one of the entities of the ontology that constitutes the 

parent. On the contrary, IsDefinedBy presents a specific information about the entity and 

it is composed of free text. 

4. Discussion 

The development and usage of standard terminologies became extremely important in 

the scenario of data integration and improved the quality of the resulting outcome. How- 

ever, terminologies evolve, new terms are inserted while others are withdrawn, so a sys- 

tem able to track all changes is necessary to maintain the integrity of the terminology 

resource. A standard solution that could be adopted is using the corresponding Fast 
Healthcare Interoperability Resources (FHIR) of HL7 Italy as shown in [22]. The major 

limitation of this approach is that only hierarchical relations are allowed, while 

extensions like important elements of the ontology could not be mapped, e.g. annotations 

and object properties. A non-standard solution is Protégé4, which is an open-source tool 

that supports the creation and management of ontologies. In particular, it keeps track of 

changes and makes the revision history available. The main advantage in using Protégé 

is that it is specifically built for ontologies, so the system can deal with all ontology 

components [5]. A limitation is that as far as we know there is no Application 
Programming Interface (API) available allowing a rich set of operation, e.g. the creation 

and update of an ontology.  Users can interact with the database only through the web 

interface (WebProtégé), thus requiring a huge human intervention. In our work, we 
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selected the Common Terminology Service Release 2 first because it is a standard 

solution and it is services-based, and second because we have already used it for the 

management of vocabularies in several scenarios [16,23,24]. The main advantage is that 

it provides a specification for the implementation of a set of operations that allow the 

complete management of all aspects of CTS2 resources. A limitation of this approach is 

however that there is a reduced subset of ontology relations, which we could not map 

into CTS2 resources, e.g., when equivalentEntity elements are obtained as restrictions on 

other entities. 

In personalized medicine, it is essential to accurately describe the situation of a 

patient at all levels (from macroscopic [25] to molecular [26]) [27,28]. This kind of 

systems combines on the one hand the analytical nature of ontologies and on the other 

hand the systematic approach and rigor provided by standardized tools, such as the CTS2, 

to preserve the evolutionary history of the terminological systems. Therefore, we believe 

that it can be considered one of the enabling tools for the real implementation of the 

pHealth paradigms. 
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