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ABSTRACT

Liver fibrosis diagnoses is a critical and core research study field due to its importance to the
patient’slife.Moreover,electronichealthrecords(EHR)containwealthysemanticsconnectedto
liverdiseasesyetontologicalimplementationisstillachallenge.Ontologyhowever,canplaycritical
rolesinE-healthasaformalizationofmedicalterminologiesanddecisionsupportsystemknowledge
base.Butsinceclinicaldatacontainsalotofdatathatisimpreciseandvague,classicalapproaches
ofontologyconstructionwouldnotbefruitful.However,Fuzzyontology,anextensionofthecrisp
ontologythatrequiresdifferentdevelopmentmethodology,canbeimplementedinthisfielddueto
itsprevioussuccessinmodelingsemanticknowledgeinvariousdomains.Inthisarticle,theauthors
constructafuzzyontologybyusingafuzzyextendedentityrelationship(EER)datamodelforliver
fibrosisdiagnosis.Theresultingontologyiscompleteandconsistentbecauseitisbasedonaformal
methodologyofmappingtheEERmodelintoafuzzyontology.
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1. INTRODUCTION

Thisstudyfocusesonliverfibrosisdiseaseduetoitsimportance,whereitisresultinincreasing
death-rateinEgypt.ViralHepatitisCisachronicliverdiseasethatcausesfibrosisthensubsequently
livercirrhosis.Thisfibrosismakeschangestothearchitectureoftheliveranddisruptsitsnormal
functions,leadingtolivercanceronthelongterm(Suk,2015).Liverfibrosisconsistsoffivestages:
f
0
:negative fibrosis, f

1
:mild fibrosis, f

2
: significant fibrosis, f

3
:cirrhosis,and f

4
: significant

cirrhosis (Badria,2007).Since thisdisease isaverycritical issueforchronicHCVpatients, the
investigationofalltherelatedfeatures‘demographic,laboratorytest,clinicaldataandriskfactors
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diseases’wasneededtoaccuratepredictionofthediagnosis,thus,savemoneyandlife,andhelp
experts to takeanappropriatedecision for treatment (Keltch,2014).Poordiagnosiswill lead to
significantliverfibrosis,cirrhosisortotheliver’send-stagefailure(Suk,2015).Thetechnologyof
healthinformationsystemsandmedicaldevicesinclinicaldomainsincreasedrapidlyinbiomedical
engineering,sincesuchtechnologyproducesavastamountofmedicaldata(Kolias,2014).However,
thestorageandretrievalofthisproduceddataisdifficult,anditalsocontainshidden,unexploited
knowledge.Therefore,toovercometheseproblems,thescientificcommunitysuggeststheusageof
semanticwebservices(Kolias,2014),whichaimsatcreatingontologybasedonmachine-processable
webcontents(Tho&Hui,2006).ClinicaldecisionsupportsystemsCDSSsareconsideredasintelligent
informationsystems,whichbasedonknowledgebaseformalizationintegratedwithpatientclinical
datatoassistphysiciansintheirpractices(Galopin,2015).Thecoreroleofontologiesistheknowledge
formalization.Therefore,itisrequiredasetofmathematicalprocessesandrelationstoconstructan
ontology(Maedche&Staab,2001).Sincetheconstructionofontologyisacomplicatedprocess,
thereweremultiplemethodsand tools tocreatepatterns fromdifferentdatasourcessuchas the
developmentoffreetexts(Maedche&Staab,2000),dictionaries(Hearst,1992)anddatamodels
(Carvalho,2017).Usingtheaforementionedresources,sincethedatamodelshaveawidespreaduse
ininformationsystems,thedataconceptualmodelingwasattractedindatamodelingandmanagement.
ManyformatshavebeenusedtoconstructontologiessuchasUnifiedModelingLanguage(UML)
(Zhang&Ma,2013),relationalmodels(Ma,2011),andobject-orienteddatamodels(zhang,2010).
Yet,Classicaldatamodelsandthemethodsofbuildingontologyarenotenoughtodealwithinaccurate
informationcommonintherealworld,especiallyinthemedicaldomain(Maedche&Staab,2001).
Forexample,ifanold-patientcasehasachronicinfectionofViralHepatitisCandhashighserum
bilirubin(SB)laboratorytest,thispatienthasalmostJaundicewithhighdegreeandhasthemajority
diagnosisislivercirrhosis.Hence,theproblemishowtodealwithfuzzyinformationwithontology
anddatamodelasextendedentityrelationship(EER)model.

Inthedailylife,weoftenusetermssuchas(almost,majority)thatcontaincertainambiguous
oruncertaintiesthattraditionalsystemcouldnotunderstand.Fuzzylogic(Zadeh,1965),withits
conceptsmake the intelligent systemcloser tohumanmethods.Fuzzy systemswereextensively
studiedtomanagethestorageoffuzzydataandfuzzyquerycapability(Galindo,2004).Galindoet
al.,(2004)dealtwiththeEERmodelasatoolfordealingwithfuzzydata,wheretheydefinedthe
fuzzyEERaspectsrelatedtotheaggregationandspecialization.Furthermore,Ma(2009)proposed
themappingofEERschemafromtherelationaldatabaseschema.

The common conceptual data models (e.g., Entity Relationship ER model) graphically
representdataasentitieswhichareobjectsintherealworld,relationshipsconnectdifferententities
toeachother,andsomeconstraints(Galindo,2006).TheEERmodelhastheabilitytoexpand
suchspecificationofentitiesintonewtypes(superclass,subclass,andcategories)(Galindo,2006).
TheEERmodelcanhandlefuzzyvaluessuchas;fuzzyattributesandfuzzydegrees(Galindo,
2006).Thefuzzyontologyrepresentscomplexentitiesandcomplexrelationshipsamongentities.
Fuzzyontologieshavebeen implemented inseveralnon-medicaldomains including,a fuzzy
ontologyintransportationproposedbyHoudaetal.(2010),andafuzzyontologyintourism
proposedbyresearchersin(Liu,2013).regardingtothemedicaldomain,fuzzyontologieshave
beenimplementedinvariousdomainssuchas;diabetesdiagnosisandcancerdiseases(El-Sappagh
&El-Mogy,2017;Elhefny,2017).YetitmustbenotedthatthispaperisthefirstCDSSbased
onfuzzyontologyinthehepaticfibrosisdomain.

Theconceptualmodelplaysaprincipleroleinmedicaldatamodelingandontologyconstruction.
Theremainderofthepaperisorganizedasfollows:Section2proposesliteraturereviewfortherelated
studies;Afterwards,Section3discussessomepreliminaries;Then,Section4presentstheproposed
LiverFibrosisDiagnosis F

LFD( ) conceptualmodel;Then,Section5presentstheimplementationof
thefuzzyontologyandontologyevaluation;finally,thelastsectionprovidesaconclusion.
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