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Abstract— Applying best available evidences to clinical
decision making requires medical research sharing and (re)using.
Recently, computer assisted medical decision making is taking
advantage of Semantic Web technologies. In particular, the
power of ontologies allows to share medical research and to
provide suitable support to the physician’s practices. This paper
describes a system, named ODINO (Ontological DIsease
kNOwledge), aimed at supporting medical decision making
through semantic based modeling of medical knowledge base.
The system defines an ontology model able to represent relations
between medical disease and its symptomatology in a qualitative
manner by using fuzzy labels. Medical knowledge is defined
according with physician experts members of INMP' (National
Institute for Health Migration and Poverty). The main aim of
ODINO is to provide an effective user interface by using
ontologies and controlled vocabularies and by allowing faceted
search of diseases. In particular, this work mashes the
capabilities of Description Logic reasoners and information
retrieval techniques in order to answer to physician’s requests.
Some experimental results are given in the field of dermatological
diseases.

Keywords- Semantic Web, Ontology, Clinical DSS, Diagnosis

L INTRODUCTION

Traditional approaches to the medical diagnosis practice
have many drawbacks, like as: the huge growth of biomedical
information has made difficult the retraining for the individual
doctors; the poor dissemination of effective research results;
and so on.

New trend is the Evidence-Based Medicine (EBM) which
aims to apply the best available evidences gained from the
scientific methods to clinical decision making. The challenge
of EBM is to define a systematic approach to integrate research
results with clinical expertise and patient preferences, and
exploit them during the medical diagnosis. So, it is necessary to
provide a suitable model to structure medical results and to
perform the knowledge spreading and sharing.

There are several ongoing efforts aimed at developing
formal models of medical knowledge and reasoning to design
decision support systems. These efforts have focused on
representing content of clinical guidelines and their logical
structure. Semantic Web technologies and ontologies are
enabling elements to achieve these aims. In fact, today

! http://www.inmp.it/
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ontologies are assuming increasingly important role in the area
of knowledge based decision support systems by introducing
capabilities in terms of logic based reasoning.

This work presents ODINO, a multilingual web based
application, that addresses the aim to use semantic web
technologies in order to support medical practices through an
effective user interface. In particular, ontologies are used to
model available medical diseases features (e.g., skin diseases),
symptomatologies, treatment protocols and so on. The relations
between symptomatologies (i.e., symptoms and signs) and
available diseases are represented by using fuzzy labels
resulting from the analysis of medical expertise included in [1].
Standard formalisms, like OWL and SKOS, are used to specify
domain knowledge and controlled vocabularies, i.e., diseases,
symptomatology, active ingredients and clinical tests according
to standard specifications, like as ICD-9-CM?.

Ontologies, controlled vocabularies and information
retrieval techniques are exploited to provide typical capabilities
of Semantic Web portals [2] and medical decision support.
Some of the main features of the system are:

e disease catalogue browsing including images,
symptoms and signs, treatments, etc. to support rapid
training;

e preliminary medical diagnosis, indeed medical

knowledge querying by specifying symptoms, signs
and complications, to find eligible diseases;

e faceted search of diseases by enabling multi-criteria
selections (i.e., symptomatologies, complications,
active ingredients, etc.) to support differential
diagnosis.

ODINO results are explained to physician by highlighting
symptoms/signs/complications that match the retrieved
diagnosis and by suggesting other important features of
founded diseases.

The paper is organized as follows. Section II introduce
some related works in the applicative domain. Section III
describe the knowledge layer of ODINO. The medical decision
support methodology is described in Section IV. Then, Section
V details features of system and provides the results of the case

2 International Statistical Classification of Diseases, 9th Revision,
Clinical Modification
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study. Finally, there are conclusions of the paper.

II. RELATED WORKS

A medical diagnosis problem consists of the identification
of a disease and corresponding treatments that treat it.

In the past years, a great deal of artificial intelligence
research has been directed towards the development of expert
systems for problem solving in medical diagnosis domain. As
examples of developed medical expert systems, we mention:
Mycin [3], DXplain [4], Puff [5], Cadiag2 [6], Gideon [7] and
Casnet [8]. In particular, interesting approach is used in
Cadiag? that exploits fuzzy set theory to model medical
concepts, and fuzzy logic to emulate diagnostic processes. As
argued in [9], [10], fuzzy sets offer linguistic label that well
approximate medical texts. In addition, fuzzy logic provides
reasoning methods capable of making approximate inference
[11],[12]. So, fuzzy set theory provides appropriate basis for
the development of a computer-based diagnosis system [13].
Nevertheless, there are some problems related with these expert
systems consisting in their limited [14],[15]: flexibility,
adaptability, extendibility and cooperation capability. Strictly
related to our approach, some works, such as [16] and [17],
highlight benefits of mashing semantic and fuzzy logic in
healthcare. Analogously, ODINO exploits: Semantic Web
formalism to represent fuzzy relations between diseases and
symptomatologies; and soft computing techniques to arrange
diseases that share these relations.

Conversely, solutions like MEDBOLI [18] and ODDIN
[19] use Semantic Web Technologies to develop a software
that allows users to make diagnosis. In fact, since in medical
discipline homogeneity of terminology is mostly problematic,
the semantic technologies can be exploited to make known
machine-readable latent relationships [20]. Ontologies allow
users to understand meaning of each element, and improve
reasoning [21], [22]. Regarding efforts which apply semantic
techniques, initiatives such as OpenGalen [23] should be
mentioned, a not-for-profit organization which provides
downloadable open source medical terminology. Other
initiatives include, for example, OBO Foundries [24], a
collaborative experiment among developers of science-based
ontologies. Within the scope of this research there are many
resources in use such as Biological Ontologies [25], Ontology-
based Support for Human Disease Study and Medical
Ontologies to support human disease research and control [26],
“relations in biomedical ontologies” [27], and SNOMED CT,
a concept-oriented controlled vocabulary [28].

However, today, semantic annotation of Web content with
metadata is not very common on health websites, but it is
sometimes mandated by, e.g., government standards. The
annotation processes are often tedious and require capability in
the use of large vocabularies, such as Medical Subject
Headings (MeSH)®. In this perspective, one of the major
contribution of ODINO is that diseases are semantically
annotated by using typical standards and controlled
vocabularies of medical domain, as well as ICD9. These
standards are exploited in order to provide feature of faceted
based navigation of diseases. Furthermore, thanks to the

3 http://www.nlm.nih.gov/mesh/

benefits of semantic technologies usage (flexibility and
configurability of the system), faceted navigation supports
multi-criteria selection to discover right diseases. In this sense,
ODINO was inspired by previous semantic portals such as
SWED [2], the MultimediaN E-culture demonstrator [28] and
HealthFinland [30]. Another contribution of ODINO is the
definition of sharable Medical Disease Ontology model capable
to represent relation degree between disease and symptoms
coming from statistical analysis included in the book [1].

III. KNOWLEDGE LAYER

ODINO is a knowledge based system that provides
capabilities in terms of clinical decision support system and
medical semantic web portal. In particular, ODINO makes an
intensive usage of ontologies, controlled vocabularies and other
standards typical in the medical domain. This section provides
details about medical knowledge modeling of ODINO.

A.  Technologies and Standards

Following sections provide some references to used
technologies and standards, and introduce their roles in
ODINO. Semantic technologies (i.e., OWL and SKOS) have
been used to represent medical diseases. On the other hand,
knowledge developed in ODINO have been aligned with
international standard classification of medical diseases
available in ICD9-CM.

1) OWL

Ontologies play an important role in ODINO. Generally,
ontologies enable knowledge sharing, exchanging and reusing.
Standardization of ontology languages has been an important
issue in W3C for years. OWL* (Web Ontology Language) is
their result and is the standard for ontology definition in the last
decade. OWL can be used to explicitly represent the meaning
of terms and their relationships. Furthermore, OWL has more
facilities for expressing meaning and semantics than others
W3C’s standards and thus fosters availability of machine
interpretable content on the Web. In particular, OWL has three
sublanguages with different expressive power: OWL Lite,
OWL DL, and OWL Full, respectively. OWL is based on XML
and RDF and all data in an OWL file can be represented as a
set of RDF triples.

In this work, we follow W3C's recommendation to build
ontologies and construct knowledge bases according to the
OWL-DL restrictions. In particular, a Medical Disease
Ontology has been defined as described in Section III.C.

2) SKOS
SKOS” (Simple Knowledge Organization System) is a
common data model for knowledge organization systems such
as thesauri, classification schemes, subject heading systems and
taxonomies. Using SKOS, a knowledge organization system
can be expressed as machine-readable data. It can be
exchanged between computer applications and published in a

machine-readable format in the Web.

4 http://www.w3.org/TR/owl-features/
> http://www.w3.org/TR/skos-reference/#L895
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SKOS is used in our system together with OWL in order to
express and share knowledge about medical domain. In
particular, ODINO exploits SKOS to write vocabularies and
taxonomies, like as: symptomatologies, diseases, drugs, etc. (as
described in Section III.B). On the other hand, OWL is used to
represent the formal model of disease ontology by defining
axioms and constraints.

3) ICD-9-CM

The International Statistical Classification of Diseases and
Related Health Problems (ICD) is a way to code and organize
diseases and a wide variety of signs, symptoms, abnormal
findings, complaints, and external causes of injul;y or disease,
published by the World Health Organization” (WHO). It
assigns a unique up to six characters long code to every health
condition.

In this work, the ninth version of ICD (ICD-9) has been
used. In particular, ODINO uses ICD9 - Clinical Modification
(ICD-9-CM) that provides additional morbidity details than
ICD9. ICD9-CM has been applied to align controlled
vocabularies deployed during the knowledge base design. This
alignment provides shareability of the knowledge base
deployed for ODINO.

B.  Controlled Vocabularies & Taxonomies

Some controlled vocabularies and taxonomies (i.e.,
diseases, symptomatology, clinical tests, active ingredients)
have been deployed in ODINO by using SKOS technology.
Generally, following SKOS properties have been used to
represent vocabularies:

e  preferredLabel (in both Italian and English languages),
to define the favorite name of concept;

e alternateLabels (in both Italian and English
languages), to associate alternative terms to the same
concept in order to specify synonym, and so on;

e hiddenLabel, to associate the right ICD-9-CM code to
the defined concepts (i.e., disease, symptom, etc.)
taking into account results from the alignment process;

e exactMatch, to eventually specify relation between
concepts with equivalent meaning;

e broader and narrower to specify hierarchical relations
among concepts. These properties are enabling
elements to create taxonomies and to support faceted
navigation as described below in Section V.C;

o prefSymbol and altSymbol properties, to join one or
more images to concept.

In particular, exactMatch allows to maintain ICD9-CM
coding and to update the knowledge base with alignment to
others classification systems (such as ICD-10 or ICD-11).

Controlled vocabularies and taxonomies developed in
ODINO are:

6 http://www.who.int/en/

e Symptomatology — that contains definitions of concept
concerning symptoms and signs, like as: paresthesia,
anhidrosis, plaque of psoriasis, etc.. Fig. 1 shows an
example of SKOS concept modeling a
symptomatology and their hierarchical relations;

e Disaeses — that contains medical diseases, their
characteristics and hierarchical relations, like as:
leprosy, malaria, AIDS, etc.. In particular, broader and
narrower properties, in SKOS, allow to define a
hierarchy of diseases;

e  C(linical Tests — that models clinical and laboratory
tests wuseful in diagnostic process, like as:
haemochrome, urinalysis, specific blood tests for
syphilis, etc.

e Active ingredients — that defines the drugs suitable for
a specific disease treatment, like as: Dapsone,
Rifampicin, Antacids, etc.. Since, ICD9 doesn’t
contain any drug classification, this vocabulary is not
aligned with it.

C. Medical Disease Ontology

This section describes main aspects of knowledge models
developed in ODINO. An ontology named Medical Disease
Ontology has been defined. Through a set of properties and
concepts, this ontology models disease characteristics and
relations. In particular, Medical Disease Ontology includes the
definition of a correlation degree between disease and its
symptomatology by using fuzzy labels. These properties lead
system’s diagnosis processes and aid disease information
consultation.

One of the main class defined is the concept of Disease which
identifies condition of medical disease that causes pain,
dysfunction, distress, social problems, and/or death, to afflicted
person. Fig. 2 shows a sketch of the ontology by illustrating the
relations between Disease, Symptom/Sign and Complication
classes. In particular:

e Symptom/Sign is the class identifying symptom or sign
that influences a disease. Many instances of
Symptom/Sign may be associated to the same Disease.
So, the relation “has symptom” hasn’t any cardinality
restriction.

o  Complication is a medical disease or symptom that
represents an unfavorable evolution of disease, health
condition or medical treatment. Analogously with “has
symptom”, the relation “has complication” hasn’t any

<owl:Thing rdf:about="#Sin157">
<rdfitype rdf:resource="&skos;Concept"/>
<skos:prefLabel xml:lang="en">Hand swelling</skos:prefLabel>
<skos:prefLabel xml:lang="it">Edema delle mani<skos:prefLabel>
<skos:altLabel xml:lang="en">Hand edema</skos:altLabel>
<skos:hiddenLabel>729.81</skos:hiddenLabel>
<skos:prefSymbol>edemal.jpg</skos:prefSymbol>
<skos:altSymbol>edema2.jpg</skos:altSymbol>
<skos:inScheme rdf:resource="#Symptomatology "/>
<fowl:Thing>

Figure 1. An example of symptom specification in SKOS.
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Disease
has complication

has symptom

Symptom/Sign

Complication

has frequency

has frequency

refers

refers  has specificity

Figure 2. A sketch of Medical Disease Ontology: Disease, Complication and
Symptom/Sign.

cardinality restriction.

Complication and Symptom/Sign are themselves related
with other classes:

e  Evidence, that represents the bridging element with the
Symptomatology SKOS vocabulary;

e Specificity and Frequency, that allow to indicate how
much Complication or Symptom/Sign implies the
presence of that disease.

Furthermore, as shown in Fig. 3, Disease is also related
with Clinical test class. Clinical test identifies each possible
clinical, laboratory and diagnostic test. Analogously with
Symptom/Sign and Complication, the model foresees the
specification of Precision degree between a Clinical test and a
Disease (see Fig. 3). In particular, the Precision defines how
much a Clinical test result determines the presence of specific
disease.

Frequency, Specificity and Precision are enumeration
classes defined by using oneOf construct available in OWL.
More precisely, we have defined, for each of them, some
individuals that identify fuzzy labels. Values assumed by these
relations are obtained from the analysis of medical practice and
experience included in [1]. Specifically:

e Frequency - is the rate with a symptom/sign or
complication is present in a given disease. Identified
levels are: very frequent, very frequent/frequent,
frequent, frequent/occasional, occasional,

e  Specificity - is the measure with which manifestation
implies a specific disease. Identified levels are: high,
high/medium, medium, medium/low, low;

e  Precision - is the level with which Clinical test result
allows to include or exclude a diagnosis. Identified
levels are: high, high/medium, medium, medium/low,
low.

Furthermore, the model foresees other concepts and
relations useful to define additional information of diseases,
and recommendation), etiology, epidemiology, transmission of
disease, prophylaxis, and so on.

Code listed in Fig. 4 shows an individual definition of
Disease as an example. In particular, “Sin189” is of type

Disease

has clinical test

consists of has precision

Figure 3. A sketch of some classes of Medical Disease Ontology: Disease
and Clinical test.

Evidence and is associated with “Medium/Low” specificity and
“Frequent” frequency degree to disease “Mal002”.
Furthermore, we have associated a complication (infertility)
and a NMR (Nuclear Magnetic Resonance) test.

As detailed in the following section, Medical Disease
Ontology is the baseline to build our medical diagnosis
methodology.

IV.  MEDICAL DIAGNOSYS METHODOLOGY

A.  Mathematical model to support preliminary diagnosis

One of the main features supported by ODINO is
preliminary medical diagnosis. During medical practices,
physician submits a query by specifying one or more evidences
that may be symptoms, signs and/or complications. So, the
system evaluates correlation degree among incoming query and
available diseases by means of an approach based on
Information Retrieval techniques and Fuzzy Formal Concept
Analysis (FFCA) [31]. Furthermore, system is capable to use
relations among concepts in order to augment query results by
using a Description Logic reasoner.

As described above, Specificity and Frequency are the main
features to include or exclude diagnosis results. Specifically, a
mathematical model of Disease and its correlation with
Symptom/Sign and Complication may be obtained in order to
perform FFCA.

<owl:Thing rdf:about="&Symptomatology ;Sin189">
<rdf:itype rdf:resource="#Evidence"/>
</owl:Thing>

<owl:Thing rdf:about="#Sem_fever">
<rdf:type rdf:resource="#Symptom/Sign" />
<refers rdfiresource="&Symptomatology ;5in189" />
<frequency rdfiresource="#Frequent"/>
<specificity rdf:resource="#Medium-Low" />
</owl:Thing>

<owl:Thing rdf:about="8&Diseases;Mal002">
<rdfitype rdfiresource="#Disease" />
<has_semeiotics rdf:resource="#Sem_fever" />
<has_complication rdf:resource="#Com_infertility" />
<has_clinical_test rdf:resource="#Acc_ RMN"/>
</owl:Thing>

Figure 4. Medical Disease Ontology: individual disease example.
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The FFCA, informally, exploits a matrix that represents the
fuzzy relation between objects of the input data (i.e., Diseases)
and some attributes (i.e., Symptoms/Signs and Complications).
The relation is calculated by assessing both Frequency and
Specificity degree between Disease, Symptom/Sign and
Complication. In particular, the value of relation, y;; between
Disease; and Symptoms/Signs; or Complications; is calculated
by performing a linear combination (a weighted sum) of
Specificity and Frequency with parameters A; e A,. These
parameters consist of constant values chosen based on medical
experience, depicted in [1], which shows that, during
preliminary diagnosis, Frequency is less important than
Specificity. Formally:

; ; = (Specificity * 4;) + (Frequency * 4,), 4, > A, (1)

Taking into account the matrix created according to these
criteria, FFCA arrange data in a corresponding lattice [31].
Specifically, diseases that share symptoms/signs or
complications are arranged together. As argued, the lattice is
used to retrieve concepts closer to the incoming query in order
to retrieve eligible set of diseases.

B. Identification of candidate disease

In this process the main aim is to get a synthetic value
which represents how each resource is relevant with respect to
the user query. By revising some Information Retrieval
measures (i.e., Precision and Recall), we determine what is the
concept (or concepts) most related to the incoming
symptoms/signs or complications in the query. In particular, the
standard measures of Precision, Recall and F-measure have
been adapted to our objective.

Formally, let us consider the following notions:

o A-={a @, .., a,) the whole set of attributes (i.e.,
symptoms, signs, complications) belonging to object;

e O ={o, 0, ..
diseases);

, 04 the whole set of objects (i.e.,

o (C; =(4, O, i-th formal concept of a lattice (where 4;
and O; represent, respectively, terms and resources for
the concept C));

° 01' = {ql ’ 743
symptoms/signs, etc.).

gnd a query (e.g., set of

Thus, given a formal concept C;, we calculate the values of
precision P; and recall R; as follows:

0.0 4

A

l - ol

where Pi is computed as ratio between the number of relevant
attributes in C;and all the attributes belonging to C;. And, R;
represents the number of relevant attributes in C; divided by the
total number of query terms.

i

Consequently, F-measure value F;, relative to concept C;, is
computed as follows:

=2X LXR,

TR eR,

A3)

Final result of this computation is the list of the F-measure
values F= {F,...,Fs} for all formal concepts in the lattice,
given a query.

In order to evaluate diagnosis results, for each object
(disease), 0, € O the system evaluate score as follows:

score(0,) = Z,-=1 (,uj (0,)x Fj) “4)
where (0, represents the membership of object o; (in
according to definition of Fuzzy Formal Context in FFCA
theory [31]). The score represents correlation degree between
query and available diseases. Then, a ranked list of diseases
may be retrieved in order to answer to a given query.

V. CASESTUDY

Taking into account our experimental results, next
subsections detail main features of ODINO. Actually, ODINO
has been tested with dermatological disease knowledge.
Defined vocabularies include: 700 symptoms/signs; 150
diseases; 125 clinical tests; 260 active ingredients.

A. Disease Catalogue Browsing.

This feature accomplishes the aim to provide rapid training
on specific diseases. In fact, ODINO knowledge base includes
many multimedia information, such as: definition and historical
data, etiological agents, disease transmission, large set of
pictures revealing specific symptomatology, complications,
clinical tests and treatment protocols, and so on.

B.  Preliminary medical diagnosis

This functionality allows to assist physician during
preliminary diagnosis practice. Physician starts the process by
selecting some clinical manifestations (i.e., symptoms, signs
and/or complications). As shown in Fig. 5, ODINO supports
selection through two alternative interactions, namely: by
browsing ICD-9 tree and specifying ICD-9 categories; by using
text based search.

The matching algorithm (described in Section IV.B) allows
the system to retrieve eligible diseases. So, taking into account
clinical manifestations selected by the user (e.g., Gangrene and
Physical decay), as highlighted in Fig. 6, the system retrieves a
ranked list of eligible diagnosis. In particular, the system shows
correlation degree useful to rank the results (see Fig. 6(a)) and
it allows to access to motivations of each result (in Fig. 6(b)).

Result motivations consist of hints to the physicians about
distinctive symptomatology of retrieved disease. These hints
may be useful to suggest eventually escaped factors. For
example, as shown in Fig. 7, system highlights: submitted
symptoms in the request (red outlined box) and pathognomonic
signs (green outlined box) for the retrieved disease (i.e., in the
picture “Venereal ulcer”). This is a useful information because
the presence of a pathognomonic sign means, beyond any
doubt, that particular disease is present.

In order to validate preliminary diagnosis performed by
ODINO, several queries and relevance sets have been defined
with physician experts of dermatological diseases.
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Text search of symptoms, signs and complications

Symptoms: garﬂ

Summary

cyst in the female genital organs

fistula involving female genital organ
fistula involving male genital organs
fistulization involving female genital orga
g male genital organs

[X] Gang

gangrene
inflammation of male genital organs
phlogosis of male genital organs

Reset « m [}

textual search

[X] Physical deca;

Research symptoms, signs and

1oU=-r i3

Symptoms, signs, and ill-defined conditions: 780-799 A

lii-defined and unknown causes of morbidity and
mortality: 797-799

Symptoms: 780-789
Icterus: 782.4
Physical decay: 780.79
Dysuria: 788.1
Epistaxis: T84.7
Fever: 780.60

Painful lymphadenopathy: 785.6

categories exploration

Labored breathing: 786.09
Nodule: 7§2.2
Coma: 780.01

Painless swelling of lymph nodes: 785.6

Figure 5. Selection of clinical manifestation by mean textual search (with

autocomplete) or categories exploration.

In particular, through the analysis of retrieval performance,
we have measured: Average Uninterpolated Precision (AUP)
[32] and Precision. The AUP is defined as the ratio between
the sum of the precision value at each point of hierarchical
structure (or node of lattice) where a relevant item appears, and
the total number of relevant items. The performance for
Precision and AUP are shown in Fig. 8, considering a different
number N of the clinical manifestations (e.g., Fever, Headache,
Anemia, etc.). Let us note that, for N larger than 6, the values of
Precision and AUP provide good performance results (between
0.7 and 1). Considering these results we can say that
knowledge base and methodology are enough selective for
available diseases.

More generally, by analyzing system usage and physician
expectancy, experimental results reveal that 86% of diseases
Summary

[X] Gangrene
[X] Physical decay

Probable pathologies

Disease

Venereal ulcer

Gastrointestinal tuberculosis

retrieved by the system are coherent with results expected by
the physicians; just the remaining 14% of results emerge to be
too vague. Specifically, by considering wrong results, we have
identified that the problem is strictly related to ambiguous
clinical manifestations. More precisely, two weakness have
been revealed: cases in which huge number of clinical
manifestations characterize the same disease (i.e., 4IDS); and
cases in which the same clinical manifestation characterizes
many disease with similar Frequency and Specificity degree
(i.e., Fever).

C. Faceted search

ODINO also provides a faceted search of diseases through
taxonomy constraints (i.e., Symptomatology, etc.). Faceted
search [33] is an exploration technique for structured datasets
based on the facet theory.

As described in [34], in faceted search the information
space is partitioned using orthogonal conceptual dimensions of
the data. Each dimension is called facet and represent important
disease partitioning feature. The facet has multiple restriction
values and the user selects a restriction value to filter relevant
items in the information space. The facet based approach can
be directly mapped to navigation in semi-structured data, as
well as in Medical Diseases Ontology model deployed in
ODINO. Specifically, available facets are: symptoms,
complications, clinical tests and active ingredients. All of these
facets are associated with controlled vocabulary defined
according to the SKOS formalism.

Obviously, items that ODINO filters step-by-step are
diseases. Fig. 9 shows an example of faceted search in ODINO.
The left side of Fig. 9 shows constraint “step-by-step” selection
to filter diseases (constraints are highlighted with box outlined
in green color). At each step of the facet-based search, the
system returns an ordered list of eligible diagnosis allowing
also further filtering.

With respect to text based search, a faceted search is more
useful because allows navigation of an unknown dataset
through system suggested restriction values at each step.
Additionally, facets provide an intuitive user interface
eliminating the need to write exact queries; and prevent empty
query results by including restriction values that certainly lead
to true results.

Correlation Motivations

24 5% Show
20.5% Show

(a) (b)

Figure 6. Preliminary diagnosis retrieved results: (a) correlation degree, (b) links to motivations of results.
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Symptomatology Complications
Symptoms/Signs Frequency Membership degree Complication Frequency Specificity degree
® Uicerative lesion Paraphimosis | Occasional  Low
e Very frequent High
irA Phimosis Occasional | Low
® Lymph vessel fistula Occasional High Urethral fistula | Occasional | Low
® Auction dorsal : ;
lymphangitis Occasional High
@ Regional lymphadenitis Freguent High/Middle Pathoghomonic

Middie

Frequent/Occasional

Gangrene

signs

Nodule Frequent/Occasional | Middle
Fissures Frequent/Occasional | Middle
Follicolar papule Frequent/Occasional | Middle

Selected evidence

Figure 7. Example of result motivation interface.

0,8
0,6
0,4 —m—Precision
0,2 —e—AUP
0

2 3 4 5 6 7 8

N clinical manifestations

Figure 8. Performance evaluation on Precision and AUP.

VI. CONCLUSION & FUTURE WORKS

This paper presents a project named ODINO, an ontology
based web application that provides features to daily support
medical practices. In particular, ODINO exploits Semantic
Web formalisms in order to model medical knowledge. On the
other hand, Fuzzy Formal Concept Analysis and ontology
inference are applied to support preliminary medical diagnosis.

The availability of rich set of multimedia information
allows to provide rapid training feature. Moreover, thanks to
the semantic modeling of knowledge base, a faceted search of
diseases has been developed.

Benefits deriving from the applied approach are especially
related to the reusability of the knowledge layer, scalability and
flexibility of the main features, like as faceted search.

The main goal of ODINO is to introduce an effective user
interface to provide second opinion especially for the
developing country, such as: Etiopia, Kenya, etc. where the
availability of economic and human resources are limited.
Future works are related to introduce support to improve the
exploitation of multimedia information, available in the
knowledge base, during faceted search and preliminary
diagnosis.
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