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ABSTRACT

ThisworkproposestheCrustalgorithmfor3Dreconstructionofbraintumor,aneffectivemechanismin
thevisualizationoftumorsforpresurgicalplanning,radiationdosecalculation.Despitethepromising
performanceofCrustalgorithminreconstructionofStanfordmodels,ithasnotyetbeenconsidered
in3Dreconstructionofbraintumor.Validationoftheresultsisdoneusingthecomparisonofthe3D
modelsfromtwocutting-edgetechniques,namelytheMarchingCubeandtheAlphashapealgorithm.
Theobtained result shows thatCrustalgorithmprovides thebrain tumormodelwithanaverage
qualityoftrianglemeshesrangingfrom0.85to0.95.Concerningthevisualrealism,thequalityof
Crustalgorithmmodelsishigheroncomparisontotheothermodels.Precisionoftumorvolume
measurementbyconvexhullmethodisanalysedbyrepeatabilityandreproducibility.Thestandard
deviationsofrepeatabilitywerebetween2.03%and3.97%.TheexperimentalresultsshowthatLinear
Crustalgorithmproduceshighqualitymesheswithaveragequalityofequilateraltrianglescloseto1.
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INTRoDUCTIoN

Braintumorsareoneofthecommoncausesofdeathincancerpatientsandcanstrikeahumanatany
age.Braintumorisadevastatingdiseasethatrequiresfastandaccuratediagnosisaswellastreatment.
Itcanbeprimarybraintumorormetastatic.Primarytumorsaredividedintomalignantorbenign
dependingonthepresenceofactivecancercells.Malignanttumorsareidentifiedwiththepresenceof
activecancercellswhilebenigntumorcontainsinactivecancercells.Accordingtothe CentralBrain
TumorRegistryoftheUnitedStates, CBTRUS,amajorportion(69.1%)ofthetumorarenon-malignant
whichcanbewelltreatable,usuallycontrollableandcurable.Thesurvivalofapatientdependson
thelocationofthetumorandtheearlydiagnosisfortreatment.MagneticResonanceImaging(MRI)
isanenergy-basedsensortechniqueforacquiringthebrainimagesforthediagnosisofbraintumor.
MRIisthemostproficientimagingmodalityinwhichradiofrequencywavespenetratetheskull
withoutdegradationandprovidestheinformation.MRIhelpsindiscriminatingtumorfromcerebral
abscessbyprovidingnoticeablecontrasttodifferentbraintissues.TheimagesprovidedbyMRIisin
2Dformwhichlackdepthinformationanddemandsgoodvisualizationcapabilitiesacquiredbylong
termexperience,tointerpretthecomplexinterrelationshipbetweenanatomical,spatialstructures.
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These2Dscanscanbeconvertedinto3Dmodelswhichareclosertorealitythroughtheprocessof
three-dimensionalreconstruction.

3D reconstruction of medical images deals with the transformation and visualization of
multidimensionalimagedatasetsandfindsextensiveapplicationinfacilitatingqualitativediagnosis,
promptdetection,pre-surgicalplanningandmedicaleducation.Surgeryisoneofthemajortreatments
forbraintumorthatharnessopportunitiesinprolongationofpatient’slifewhiletakingaccountof
therisks.3Dreconstructionandvisualizationoftumorsaccompaniedbytheanatomicalstructures
replicatetheactualsurgicalfield(Neyazetal.,2017),providingfoundationstotheneurosurgeons
for surgical intervention. Preoperative planning using 3D reconstruction techniques reduces the
procedurerelatedcomplicationsandimprovesthesuccessrates.Whencomparedtoconventional2D
imaging,3Dreconstructionsystemallowshuman-computerinteractionthathelpsinunderstanding
thespecificdetailsandselectionofbesttherapeuticmethodsfortreatment.Moreover,itimproves
thedoctorpatientcommunication.

Mostoftheexistingalgorithmsinthefieldofgeometricalillustrationandgraphicalvisualization
havebeenusedfor3DsurfacereconstructionofmodelssuchasStanfordBunny,Dragon,Armadillo
etc.Crustalgorithmisefficientandaccuratefordensedata.Sincemedicaldataisdenseandrichin
information,thisworkproposesCrustalgorithmasanapproachinthethree-dimensionalbraintumor
reconstruction.Totheextentofourknowledge,Crustalgorithmhasnotbeenemployedinthe3D
reconstructionofbraintumor.Volumemeasurementoftumorhelpstheradiologistsandsurgeonsin
furtherfollowupandexploringtheoutcomeoftherapy.ThisworkproposesConvexhullapproach
forvolumemeasurementof tumor fromthe reconstructedmodel.The requisiteof robustpatient
specificvisualmodelsthataidinpre-operativeplanningaswellasautomatedbraintumorvolume
measurementisthemotivationofthiswork.

Therestofthepaperisorganisedasfollows.Thebackgroundsectionprovidesanoverviewof
theexistingrelatedworksintheliterature.Themethodologysectionprovidesthedetailsofdataset,
explainstheCrustalgorithmforreconstructionandvolumecalculationbyConvexhull.Theresult
andanalysissectiondescribestheresultsobtainedinsegmentation,3Dreconstructionandvolume
calculationofbraintumor.FurthertheanalysisofCrustalgorithmonthebasisofvisualrealism,
processingtimeandqualityofmeshiscarriedout.Thediscussionsectionhighlightsthepowerof
CrustalgorithmoncomparisonwithexistingmethodsandperformanceofConvexhullinvolume
estimation.Theconclusionsareprovidedinthefinalsection.

BACKGRoUND 

Three-dimensionalreconstructedmodelsarebeingutilized indiagnosticandprognosticdecision
makingbymedicalpractitioners.Thepatientspecificreconstructedmodelhelpsintheinvestigation
andanalysisstudies(Lamataetal.,2010) ,surgicalmanagementby improving theconfidenceof
surgeonswhilehandlingcomplexcases(Lamadéetal.,2000)andradiationdosecalculations(Jianget
al.,2005).Thesurvivalrateofabraintumorpatientisdeterminedbythesuccessfulsurgerywhichis
influencedbytheposition,shapeandsizeofthetumor.Patientsurvivalcanbeappreciablyimproved
byremovingthetumorasmuchaspossibleforwhichsurgicalapproachcanbeplannedwiththe3D
reconstructedmodelofthetumor.Althoughnumerousmethodsexistfor3Dreconstructionoforgans,
variousapproachesthathavebeenputforthforthe3Dreconstructionofbrainandbraintumorinthe
literaturearediscussedinthissection.

Support Vector Machine (SVM) concept was used for 3D reconstruction of brain tissues
by Wang et al.( 2007). The characteristics of One Class Support Vector Machine (OCSVM) is
utilizedtocontriveatighthyperspherethatenclosesthetargetobjects.Theencephalictissueswere
reconstructedthree-dimensionallyusingthistechnique.Sphere-shapedSVMs(SSSVM)wasused
forthe3DreconstructionofencephalictissuesbyGuoetal.(2010).Theadvantageofthismethod
isthatarbitrarilyirregularsurfacescanbereconstructedsincenoprecedentknowledgeregarding
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