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Abstract

In this work, a combinedstatisticaland image analysismethodto automaticallyevaluatethe
severity of scalingin psoriasisesionsis proposed.The methodseparateshe differentregions of
the diseasdn the imageand scoresthe degree of scalingbasedon the propertiesof theseareas.
The proposednethodprovidesa solutionto oneof the presenproblemsin dermatologythelack of
suitablemethoddo assesthelesionandto evaluatethechangesluringthetreatment An experiment
over a collectionof psoriasisimagesis conductedo testthe performanceof the method. Results
shawv thatthe obtainedscoresare highly correlatedwith scoresmadeby doctors. This andthe fact
thatthe obtainedmeasuresrecontinuousndicatethe proposednethodis a suitabletool to evaluate
thelesionandto trackthe evolution of dermatologicatliseases.
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1 Introduction

One of the main problemsin the treatmentof dermatologicaldiseasess the difficulty of trackingthe
evolution of the disease Physiciansarevisited by the patientsseveral timesto control the evolution of
thediseaseHowever, dueto thefactthatno objectve methodgo summarizehelesionexist, physicians
malke scoringsandtake notesto documentheactualconditionof the patient.A dravbackof this method
is thedependencontheindividual physician.

Theadwancesn imageanalysisduringthelastdecadénave leadto thedevelopmenibf differentmeth-
odsto dealwith relatedproblemsn the dermatologicafield. Engstdm [1] obseredthe effect of a new
enzymaticdebriderobservingthe evolution of thelesionareaandthelesioncolor. Thesemeasurements
were obtainedfrom digitized photographsnalyzedwith a computer Later, Hansen2], developedan
imagesystemthatincludedcalibrationfor increasingthe quality of theimages. The systemdiagnoses
burnsand pressuraulcersin animalsbut the possibility of beingusedin humanswasmentioned.In a
recentpaper Hillebrand[3] usedcomputeranalysisn highresolutiondigital imageso compareheskin
conditionof agroupof females.

In this work, a methodto objectively scorethe degreeof scalingandrednessn psoriasiss proposed.
The methodrealisesa hierarchicalseggmentatiorto isolatethe differentstructuregresenin the image:
normalskin, red areaand scales. Differentvaluesare obtainedfrom theseareasandthey are usedto
approximatehedoctorscorings.

*The dermatologistd.one Skov andBo Bangof GentofteHospitalof Denmarkandthe anorymouspatientsaregratefully
acknavledgedfor their collaborationduringtheimageacquisitionsessions.
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2 Segmentation of the areas present in the lesion

Psoriasids a dermatologicadiseasecharacterizedy red, thickenedareaswith silvery scaleg[4]. In
orderto scorethedegreeof scalesandredness$n psoriasisthefirst stepis to sggmentthe differentareas
in thelesion. Thewide variety of formsanddifferentlevels of severity that psoriasiscanexhibit makes
this taskhighly complex.

2.1 Segmentation of thelesion

The sggmentatiorof the diseaseawith respecto the healthyareais basedon the assumptionthatunder
a suitableprojection,both the normal skin andthe lesionare distributed approximatelyas a Gaussian
distribution. This assumptiorwassupportedoy an exploratorydataanalysisof a small setof psoriasis
imagesvhereseveral projectionswereconsideredFurthermorea principalcomponenanalysig5] and

anindependentomponentinalysig6] on a datasebf 115imagesndicatedthatthe differencebetween
the greenandthe blue bandexhibits a good contrastto discriminatebetweerthelesionandthe normal

skin. Thedistribution of this differenceapproximatelyfollows a linear mixture of two GaussiansThe

estimationof theirmeansandvariancesnakesit possibleto identify thelesionby meansof discriminant
analysis. The parameter®f the gaussiansvere estimatedaccordingto Taxt [7]. Figure 1 shaws the

segmentatiorof thelesion.

2.2 Extractingthe scales

Seymentationof the scaless complicatedby the factthat scalesmay or may not appeaiin the image.
If they appearthey mayrangefrom a few spotsto a large area. Moreover, non-uniformity of the areas
with rednesqrangingfrom red to brown) makes the task even harder This variability implies that
the lesion hasto be consideredn small areaswherethe changein rednesss not significant. This
canbe accomplishedvith watershed$8] to mark the differentscalesandthenlocally usea clustering
algorithm[9] to sggmentthem. This approachrequiresspecifyingthe numberof watersheds.In this
work, the numberof watershedss determinedn two steps. First a nev imageis createdbasedn the
watershedegions.Eachwatershedreais replacedyy theminimumvalueof thisarea.Thisnew imageis
thenthresholde@ndthewatershedsvith valueslessthanthethresholdaretheareasvherethescalesare
detected.The methodwastestedon a setof psoriasisgmagesandit demonstrate@ goodperformance.
However, the methodhaddifficultieswith someimagesthathadproblemsduringacquisition(especially
shadwvs), sothe numberof watershedsvasnot found correctly To solve this problem,the numberof
watershedsvasfixed visually by a tuning parameter The blue bandwas usedto find the watersheds
becaus@ canonicalnalysishadshavn thatthis bandis the bestto separat¢he scalefrom theredarea.
Figure2 displaysthe sggmentatiorof thescales.

2.3 Scoringthe disease

Oncethedifferentareaave beensegmentedadecisiontreeis createdo automaticallyscorethedegree
of scalingin the differentimages,approximatinghe scoringsmadeby the physicians.Threevariables
areusedasinputto the model: the areaof the scaling,the ratio betweerthe areaof scalingandthe area
of thelesion,andtheratio betweernthe areaof scalingandthe areaof rednessThe whole procedures
shawvn in Figure3.

In the evaluationof the rednessa canonicaldiscriminantanalysisover the differenceof the mean
valuesof thespectralvaluesin theredandhealthyareapointsoutto approximatehe physiciansscorings
usingaclusteringmethodas,e. g., aK- nearesteighbour
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Figurel: Toprow: Two psoriasismages.Secondow: Differencebetweenthe blue andgreenbands.

Third row: Histogramof the banddifference(blue minus green). Bottom row: Lesionsegmentation
result.
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Figure2: Toprow: Theoriginallesion.Secondow: Scalingmarkers. Third row: Scalingseggmentation
result.Bottomrow: A cleardisplayof sggmentatioron top of theoriginalimage.
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Figure3: diagramof themethod.
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Figure4: Left: Decisiontreefor the scoringgiventhe parametersf the sggmentation.Right: Depen-
deng of lesionareaon physicians’scoringof thelesions

3 Experiments

Two experimentsare conductedo testthe accurag of the proposedmethodto scorethe scalingand
redness$n psoriasidesions

3.1 First experiment: Scoring the degree of Scaling

In collaborationwith the dermatologicakdepartmenbf GentofteHospitalin Denmarkan experiment
wasconducted The goalof the experimentis to objectvely scorethe severity of the scalingin psoriasis
images.To accomplishthis goal, a setof 46 psoriasismageswasselectedrom a databasef psoriasis
collectedfrom differentpatients.The physiciansscoreof theseimageswvasalsoavailable. Theimages
wereselectedo cover the maximalpossiblediversity Thedifferentareasof eachimagewereextracted
accordingto the procedureadescribedn the previous sectionsandthe above mentionedthreesummary
valueswereobtained. A cross-alidation processawvasusedto build 23 decisiontrees. Thesedecision
treesutilized 44 datapointsto build thetreeandtwo for testingit. Resultsshavedthatthefirst variable,
the areaof the scaling,is enoughto explain the physiciansscoring. The automatedscoringwith our
methodhasproven reliable,and on several occasionsven allowed for correctionsof physicians'mis-
takes. In thesecasesthe physicianswereasled to re-scoretheir previous judgementsandin all cases
theassessmentaschanged.

Figure4 left shaws thefinal tree generatedisingall the points. Figure 4 right plots the areaof the
scalingversusthe physicians’scoring.

3.2 Second experiment: Classifying the severity of redness

The secondexperimentaimsto assesshe possibility of automaticallyscoringthe degreeof theredness
of thelesion. To achieve this goal,a setcomposedf 77 imagesof psoriasidesionswasselectedrom
a datasetwith 175 imagesto performthe experiment. The selectedmagesdo not presentshadavs,
scarsor otherelementghat could spoil the resultof the experiment. The severity of rednesdor each
imagewasscoredby the physiciansn orderto have a referenceaneasure The differentareasnvolved
in thechosenmageswvereseggmentedaccordingo the proceduredescribegreviously Themeanof the
tri-chromaticbandswascalculatedn the healthyandin theredskin areafor eachimage.Thedifference
of thesetwo meansshavedto be agoodfeatureto evaluatethelesion.
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Figure5: Up: 3D plot of the variablesconsideredo classifythe redness.Down: Resultof applyinga
canonicaldiscriminantanalysisto the threeselectedrariablesto classifytheredness
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Figure5 left shavs a 3D plot of thedifferencesvherethedifferentsymbolsrepresendifferentphysi-
ciansscorings. The presenceof threedefinedgroupsindicatesthe possibility of classify the redness
usinga clusteringalgorithm. This suggestioris evenmoreclearif a canonicaldiscriminantanalysisis
realizedasit canbenoticedin Figure5.

4 Summary and conclusion

In this work, a procedureto evaluatethe severity of the scalingandrednessn psoriasishasbeende-
veloped. The methodautomaticallyseparateshe different partsand extractsdifferent parameters.n
certaindifficult casesuchasunevenillumination it hasbeennoticedthat,allowing a manualinteraction
increasesheaccurag notably

Themethodprovidesobjectve measureshatavoid the dependencef the physicianin thetrackingof
dermatologicatliseaseslt hasbeenshavn thatoneof the provided measuress highly correlatedwith
the doctorscoring. Togethemwith the othertwo measuresve expectto be ableto provide a betterlesion
description.
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