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Abstract: The medical domain is characterized by the frequent new changes in terms of new treatments, new
clinical findings. There is a necessity to maintain the medical ontology that is used in the healthcare enterprises to
present the updated information to the patient, physician and other healthcare personnel. Challenges that face the
evolution of the ontology are the consistency during the evolution process and the automation of the evolution
process that doesn’t rely on the intervention of the user. Furthermore, the medical ontology lacks from the use of the
unified standardized medical concepts. This paper presents a new approach that executes evolution in an automated
way which ensures the ontology consistency. The proposed automated ontology evolution system is applied on the
prior researched medical ontology evolution system. Moreover, the scientific standardized term is used instead of
the commercial or localized term.
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1- Introduction suggestion, changes validation, assessing impact and
Several researchers have defined the aspect of managing changes.
ontology evolution. Some researchers [1] have defined For the first task which is the detection of the
it as “the process of adaptation and modification of the need for the evolution. It can be determined by the
ontology with a consistent manner”. Other researchers user or the change in the data sources that necessitate
[2] have defined the ontology evolution activity as the modification of the ontology. For the second task
“the process of adapting the ontology according to which is suggesting changes, the changes are
new changes in the domain taking into consideration suggested from different data sources. These sources
the consistency of the ontology and the consistency of can be structured and unstructured data.
the applications that deal with the ontology”. The goal For the third task which is the validation of
of the ontology evolution is to update the ontology by changes. It can be realized by the use of accredited
keeping its consistency and relevance to changes in data sources specialized in the domain of the ontology.
the domain of interest. Almost of researchers consider In addition, the use of constraints or formal properties
the notion of the ontology evolution is the same notion can be used to keep the consistency of the ontology.
of ontology maintenance except Maedche and Volz [3] For the fourth task which the assessing the effect
differentiate between the two notions. The ontology of a change on the current ontology. It means the
evolution can be a part of the ontology management influence of the modified ontology elements on the
system that covers almost of the ontology engineering depending applications that are connected to the
activities such as the ontology mapping, ontology evolved ontology. For the fifth task which is the
alignment, ontology annotation and ontology management of the changes, it can be established by
versioning. the creation of the log file that registers all the
There is a centric survey for the ontology modifications that are applied on the ontology. In
evolution [4] proposed by Zablith and other addition, the change detection tools can be used in this
researchers. They proposed a life cycle for the task to facilitate the visualization and the management
ontology evolution presented in figure 1. It includes of different ontology versions.

five main tasks: detecting the evolution need, changes

24



Life Science Journal 2020;17(11)

http://www.lifesciencesite.com

m -‘\\, . P
/ I| Managing | \
& / Changes \ {g;_
{ & R
| A 1
/ . A I|
NN~ = f -
Y 57 AT
I-'l '!;;_',' ll|' l‘u r_s, ﬂ lll'i,
) !

_ / 28 \2i%\
N S Es 283 \w [ <\
| =] il S e _,__,--"' el i'.I "---.I ]
(25T ~—_/ AN
II s E | _.3* )

L=

-

Figure 1- Ontology Evolution Life Cycle [4]

The objective of this paper is to present an
extension for the ontology evolution system [5] that is
used to evolve the medical ontology taking into
account its consistency. The research paper include the
following sections; section 2 presents the related
works, section 3 presents the proposed ontology
evolution  system, section 4 presents the
implementation of the ontology evolution system on
the rheumatoid ontology, section 5 provides the
evaluation of the proposed system and section 6
consists of the conclusion and future work.

2- Related work

In the medical and biomedical domains, various
researchers presented the approaches to evolve the
ontology. M. Ben Messaoud et al [6] proposed the
SemCado approach to evolve biomedical ontology.
The SemCado is the extension of the MyCado
algorithm [7] that builds the Causal Bayesian Network
(CBN) from biomedical observational dataset. The
SemCado takes the nodes that are located in the CBN
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and maps them to the ontology classes and subclasses.
Furthermore, SemCado applies the use of semantic
calculus [8] to detect the most informative semantic
causal relations provided by the CBN. These semantic
causal relations will be validated by the experts before
the execution of the evolution process. The outputs of
this approach is a CBN built from the observational
dataset as well as the evolved ontology based on the
discovered semantic causal relations.

Sigiang Tao and other researchers [9] presented
an approach that mines the reversal relations between
classes that belong to two ontologies versions. The
objective of the approach is the identification of the
transitive closure and the reversal relations that can be
found between several Systematized Nomenclature of
Medicine  (SNOMED)  [10]  versions.  The
identification of the reversal relations depends on the
use of MapReduce algorithm [11] that takes two
SNOMED versions as input. The inputs of the
MapReduce algorithm are the ontology concepts and
the is-a object properties found in the two SNOMED



Life Science Journal 2020;17(11)

http://www.lifesciencesite.com

versions. The Mapreduce algorithm identifies the
transitive closure pair and the reversal relations that
are occurred in two SNOMED versions. The
Mapreduce displays to the user the inconsistencies that
are occurred in terms of reversal changes executed
during the ontology evolution.

Kristina Harris and other researchers [12]
presented an approach to evolve the biomedical
ontology called the Semi Automated Ontology
Management (SEAM). Its objective is to extract set of
terms, its variants and its relations provided by a
biomedical text corpus specialized in a specific
disease. In order to extract the terms from the corpus,
SEAM applies the tokenization, chunking, term
frequency, calculation of the term hood [13] and the
C-value [14]. SEAM connects the Unified Medical
Language System (UMLS) met thesaurus [15] to
extract the synonyms of each term provided by the
corpus as well as its related terms. Concerning the
extraction of the relations between the terms, SEAM
applies the lexico syntactic pattern matching [16] to
identify the hierarchical relations between the
extracted terms. The output of the SEAM include
recommended common terms, common synonyms and
relations that will be used to evolve medical and
biomedical ontologies.

Anny Kartika and other researchers [17]
presented an approach to evolve subontology that is
applied in a distributed health care enterprise. The
process of the evolution relies on the use of the
updated log file of the whole health ontology. The
inputs contain an entire health ontology and its change

= -
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¢ Execute complex changes

log file. The approach determines the semantic
operations that are executed on the whole health
ontology. These semantic changes operations are
identified through the comparison of the matching
between the current whole health ontology and the
change log file. The output of this approach is an
updated subontology that is consistent with the whole
health ontology.

DyKosMap [18] is a framework to evolve the
mapping between two Knowledge Organizations
Systems (KOS). The KOS can be a terminology,
semantic networks, classifications and ontologies. The
objective of the DyKosMap is to evolve the mapping
between the KOS based on the evolved KOS. The
framework identifies the updated mapping based on
the use of Hartung change patterns [19] and some
heuristic rules. The framework identifies the complex
changes through the change patterns as well as the
basic changes that can be determined by the heuristic
rules.

3. Proposed Automated Ontology Evolution System
Architecture

The proposed system architecture is the
extension of the research system [5] presented in
figure 2. It contains three components: the data
sources, the recommendation of the scientific name
and the ontology evolution process. The evolution
process in the researched system is executed in a semi
automatic way. The system involves the execution of
the automatic evolution.

Ontology Evolution System .
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Figure 2- Ontology evolution System architecture [5]
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3.1
A-

Medical Data sources
UMLS met thesaurus
UMLS was created by the National Library of
Medicine (NLM) [20]. It involves three components;
the UMLS met thesaurus, the specialist lexicon and
the semantic browser.

In UMLS met thesaurus, each concept is attached
to one of the semantic types [21]. The UMLS met
thesaurus is a semantic network that includes various
data files [22]. The MRCONSO.RRF is one of these
data files that include the medical concepts names as
well as their equivalent. The MRCONSO.RRF is
converted to a database file to facilitate the connection
between the other system components. The objective
to use the UMLS met thesaurus in the system is to
recognize the medical term that can be verbalized in
many ways. The medical term involves treatment,

signs, symptoms, clinical finding and medical
procedures.
B- Rxterms

A medical terminology interface [23] is created
by the NLM. It encompasses the RxNorm [24] which
refers to the standardized nomenclature for clinical
drugs. The Rxtermsis a specialized drugs database that
involves the drug name in its normalized form, its
branded drug name and its full generic name. The
objective to use the Rxterms in the system is to
recognize the treatment name that is not found in the
UMLS met thesaurus. Furthermore, The RxNorm
publishes each month an updated version of Rxterms
whereas the UMLS publishes its updated version each
year.
3.2 Recommendation of scientific names
This component allows to the user to insert a
medical term to the ontology. The component will
verify the existence the medical term in the ontology.
This step is established to ensure the ontology
consistency. In case that the user inserts a commercial
treatment name or the Acronym of a medical concept,
the component will connect the medical data sources
to get the scientific standardized form for the medical
term. Furthermore, the component will verify again
the ontology to ensure that the ontology doesn’t
contain the medical term with its scientific form.
Finally, the component will present only the scientific
name to the user who can decide to add it in the
medical ontology as an individual that will be attached
to a specific class or to add it as a new class in the
ontology. In case that the user inserts a term that is not
found in the medical data sources, the component
disables the user to insert the term to ensure the
coherence of the updated elements with the medical
domain.
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33 Ontology Evolution Process
A- Semi automatic Ontology evolution
process

For the semi automatic evolution, the researched
system allows to the user to execute the ontology
evolution. Furthermore, the system allows to the user
to execute customized basic and complex changes on
the current ontology. The basic changes involve the
addition or the removal of ontology elements: Classes,
individuals, object properties and data properties. The
complex changes involve the merging, the splitting
and the moving of the classes in the ontology. The
system ensures that each term inserted by the user is
fully related to the medical domain. Since the medical
term can be expressed by different names, the system
connects the data sources to retrieve the scientific
standardized form of the medical term. For example: if
the user inserts a treatment called Avara, the system
will obligate him to use the equivalent scientific term
which is leflunomide.

The evolution process involves two kinds of
change operations; the basic changes and the complex
changes. For the basic changes, the user can add the
recommended scientific name as an individual. The
evolution process component will present all ontology
classes to the user who can select the class that will
include the suggested scientific name as an individual.
In case that the user decides to insert a new class and
assert it with the suggested scientific name as an
individual, the component makes sure that the new
class inserted by the user doesn’t exist in the ontology.
Furthermore, the component enables the user to
perform other basic changes such as the addition,
modification and removal of classes, subclasses,
individual, data properties and object properties. For
the complex changes, the ontology evolution
component allows to the user to perform the splitting,
merging, moving operations. The component keeps
the individuals, object properties and data properties
that are asserted to the class on which the user decides
to execute a complex change operation on it.

B- Automatic Evolution Process

As figure 3 demonstrates the proposed ontology
evolution system, it takes only the current ontology as
input and compares it to the ontology. The automatic
ontology evolution system enables the user to apply
the automatic evolution which is based on the
comparison between the current ontology and the data
sources. The system takes the current ontology as
input and extracts all the ontology elements in terms of
classes and individuals to compare them with the
UMLS met thesaurus (only the concepts that are
relevant to the medical ontology are considered). The
comparison takes into consideration the synonyms of
each class and individual through the use of the UMLS
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met thesaurus and the Rxterms. If the evolution system
detects new medical terms that neither they nor their
synonyms exist in the current medical ontology, the
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system suggests adding them in the current ontology.
each medical term that is added in the ontology is
presented with its scientific name.
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Figure 3- The Proposed Automatic Ontology Evolution System

4. Automatic Ontology evolution For the
Rheumatoid Ontology

The automatic Evolution system is applied on the
rheumatoid ontology [25]. The ontology evolution
subsystem detects all the relevant new medical terms
that are not provided by the current ontology. The

Rheumatoid disease is considered as a type of

autoimmune diseases that share common treatments
and clinical findings. The evolution process focuses on
the detection of the medical term from the UMLS and
Rxterms. These treatments are related to the
autoimmune diseases and the rheumatoid disease.
Table 1 demonstrates the evolution results.

Table 1: The Results Of The Evolution For The Rheumatoid Ontology

Initial Ontology Before After the Evolution

Evolution

18 classes 19 classes (semi automatic vitamin class)
The Developed 95 individuals | 99 individuals ( vitamin D “semi automatic”, anti rheumatic agents,
Rheumatoid Ontology 6 object anti theumatic preparation and Mercaputorine)

properties 6 object properties

The ontology evolution subsystem suggests three
medical terms: Anti rheumatic agents, Antirheumatic
preparation and Mercaputorine. Moreover, the
evolution subsystem suggests adding the Addison
disease (which is medical term that is related to the
Rheumatoid disease) to the ontology. The three
experts confirm that the terms “Addison disease”,
“Antirtheumatic preparation”, “Antirheumatic agents”
are relevant to the Rheumatoid and they exclude the
term Mercaputorine.
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5. The Evaluation of the Automatic Ontology
Evolution System

The evaluation of the system relies on its
comparison with other systems. Table 2 shows this
comparison that uses the following criteria:

- Input.

- The use of the change log files.

- The evolution method: it refers to the way in
which the evolution is executed. It can be executed in
manual way, automatic way or semi automatic way.

- The ontology evolution type [ 26 ]:

Ontology evolution has two types; the ontology
enrichment and the ontology population. The ontology
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enrichment is the updating of the ontology in terms of
new concepts, object properties and data properties.
The ontology population refers to the updating of the
ontology in terms of individuals.

For the SemCado approach, the inputs involve
the biomedical observational dataset and a biomedical
ontology. The evolution process is established in an
automatic way. The SemCado didn’t depend on the
change log files to guide the evolution process. The
SemCado executes the ontology enrichment notion
and ignores the ontology population notion. The
outputs are the evolved ontology and the CBN.

Concerning the mining reversal relations, it has
two couple of inputs; the first couple includes the

concept node and the is-a relation. The second couple
includes the transitive closure which are the concept
pairs provided by two SNOMED versions, The
outputs are the reversal relations and transitive
closures. The approach didn’t rely on the use of
change log file to determine the ontology
inconsistency. The consistency verification is executed
in an automated way. Since the mining reversal
approach focused on the consistency of the ontology
after its evolution, both of ontology enrichment and
ontology population are not executed. The outputs
involve reversal relations and transitive closures.

Table 2: Comparison of the Proposed System with the Other Ontology Evolution Systems According To Evolution,

Use of Change Log Files and Ontology Evolution Type

Criterion/ Approach Name Evolution glsees of change log ](E)::;)clﬁii’efl‘tl(ﬂ}?(:;)o;ll;tyil;z

SemCado Automatic No Yes No

Mining relation reversals - No No No

SEAM Automatic No No No

Sub ontology evolution Automatic Yes Yes No

DYKOSMAP Semi No Yes Yes
automatic

The Research ontology evolution system [5] Semi . No Yes Yes
automatic

”sl;lllsielirrloposed automatic ontology evolution Automatic NO Yes Yes

The SEAM approach considered the clinical and
biomedical text as inputs. SEAM executes the
ontology evolution in an automated way. It didn’t use
the change log file to determine the evolved patterns in
the ontology. Although there is no execution for the
ontology enrichment and ontology population, the
outputs of the approach can be used to evolve the
ontology. The outputs are a set of recommended
terms, synonyms and relationships.

For the subontology evolution approach, the
inputs involve the whole ontology and its change log
file. The evolution process is executed in an automatic
way. It is relied on the use of change log files to
determine the evolved patterns in the ontology. it
executes only the ontology enrichment. The output is a
set of updated health subontologies.

For DyKOSMap approach, the inputs involve the
evolved KOS versions and the old KOS mapping. The
mapping evolution is established in an automatic way.
It didn’t rely on the use of the change log files to
determine the evolved patterns in the ontology. The
evolution of the mapping focused on the enrichment
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process and the population process. The output is an
evolved mapping of the KOS.

For the researched ontology evolution system, its
input involves the current medical ontology and the
medical terms inserted by the user. The evolution is
established in a semi automated way. The system
enables the user to implement the change on the
ontology after its detection to the new scientific term
name. The system didn’t rely on the use of the change
log file to determine the evolved pattern in the
ontology. The system implements the ontology
enrichment and the ontology population. The output
involves an evolved medical ontology.

Concerning the proposed automatic evolution
system, its inputs is a medical ontology, the evolution
is executed automatically. The system doesn’t enable
the user to implement the change on the ontology. it
doesn’t depend on the use of the log file to get the
updated information. The proposed system executes
the ontology enrichment and the ontology population.
The output involves an updated medical ontology.
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6 - Conclusion and Future Work

Almost of the current ontology maintenance or
evolution approaches focus on the ontology
consistency after the evolution. Both of the researched
ontology evolution system and the proposed automatic
evolution system takes into the consideration the
consistency during the evolution process. Both of the
researched ontology evolution system and the
proposed automatic evolution system ensure the use of
the standardized medical term. What distinguishes the
proposed system is the automation of the evolution
process with the minimal intervention of the user and
ensures the consistency of the updated ontology.
Furthermore, the automatic evolution focuses on the
new medical terms that are used for a specific disease
relevant to the ontology. By this way, the automatic
evolution keeps the coherence between the medical
ontology and the domain of interest.
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