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Abstract

In this work, a combinedstatisticaland imageanalysismethodto automaticallyevaluatethe
severity of scalingin psoriasislesionsis proposed.The methodseparatesthe differentregionsof
the diseasein the imageand scoresthe degreeof scalingbasedon the propertiesof theseareas.
Theproposedmethodprovidesasolutionto oneof thepresentproblemsin dermatology:thelackof
suitablemethodsto assessthelesionandto evaluatethechangesduringthetreatment.An experiment
over a collectionof psoriasisimagesis conductedto test the performanceof the method. Results
show that theobtainedscoresarehighly correlatedwith scoresmadeby doctors.This andthe fact
thattheobtainedmeasuresarecontinuousindicatetheproposedmethodis asuitabletool to evaluate
thelesionandto tracktheevolutionof dermatologicaldiseases.
Keywords: psoriasis,exploratorydataanalysis,segmentation,decisiontrees,classification

1 Introduction

Oneof the main problemsin the treatmentof dermatologicaldiseasesis the difficulty of trackingthe
evolution of thedisease.Physiciansarevisitedby thepatientsseveral timesto control theevolution of
thedisease.However, dueto thefactthatnoobjective methodsto summarizethelesionexist, physicians
makescoringsandtakenotesto documenttheactualconditionof thepatient.A drawbackof thismethod
is thedependency on theindividual physician.

Theadvancesin imageanalysisduringthelastdecadehave leadto thedevelopmentof differentmeth-
odsto dealwith relatedproblemsin thedermatologicalfield. Engstr̈om [1] observedtheeffect of anew
enzymaticdebriderobservingtheevolution of thelesionareaandthelesioncolor. Thesemeasurements
wereobtainedfrom digitized photographsanalyzedwith a computer. Later, Hansen[2], developedan
imagesystemthat includedcalibrationfor increasingthequality of the images.Thesystemdiagnoses
burnsandpressureulcersin animalsbut the possibility of beingusedin humanswasmentioned.In a
recentpaper, Hillebrand[3] usedcomputeranalysisin highresolutiondigital imagesto comparetheskin
conditionof agroupof females.

In this work, amethodto objectively scorethedegreeof scalingandrednessin psoriasisis proposed.
Themethodrealisesa hierarchicalsegmentationto isolatethedifferentstructurespresentin the image:
normalskin, red areaandscales.Differentvaluesareobtainedfrom theseareasandthey areusedto
approximatethedoctorscorings.

�
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2 Segmentation of the areas present in the lesion

Psoriasisis a dermatologicaldiseasecharacterizedby red, thickenedareaswith silvery scales[4]. In
orderto scorethedegreeof scalesandrednessin psoriasis,thefirst stepis to segmentthedifferentareas
in thelesion.Thewide varietyof formsanddifferentlevelsof severity thatpsoriasiscanexhibit makes
this taskhighly complex.

2.1 Segmentation of the lesion

Thesegmentationof thediseasewith respectto thehealthyareais basedon theassumption,thatunder
a suitableprojection,both the normalskin andthe lesionaredistributedapproximatelyasa Gaussian
distribution. This assumptionwassupportedby anexploratorydataanalysisof a small setof psoriasis
imageswhereseveralprojectionswereconsidered.Furthermore,aprincipalcomponentanalysis[5] and
anindependentcomponentanalysis[6] ona datasetof 115imagesindicatedthatthedifferencebetween
thegreenandthebluebandexhibits a goodcontrastto discriminatebetweenthe lesionandthenormal
skin. Thedistribution of this differenceapproximatelyfollows a linearmixtureof two Gaussians.The
estimationof theirmeansandvariancesmakesit possibleto identify thelesionby meansof discriminant
analysis. The parametersof the gaussianswereestimatedaccordingto Taxt [7]. Figure1 shows the
segmentationof thelesion.

2.2 Extracting the scales

Segmentationof thescalesis complicatedby the fact that scalesmay or may not appearin the image.
If they appearthey may rangefrom a few spotsto a large area.Moreover, non-uniformityof theareas
with redness(rangingfrom red to brown) makes the task even harder. This variability implies that
the lesion has to be consideredin small areaswherethe changein rednessis not significant. This
canbe accomplishedwith watersheds[8] to mark thedifferentscalesandthenlocally usea clustering
algorithm[9] to segmentthem. This approachrequiresspecifyingthe numberof watersheds.In this
work, thenumberof watershedsis determinedin two steps.First a new imageis createdbasedin the
watershedregions.Eachwatershedareais replacedby theminimumvalueof thisarea.Thisnew imageis
thenthresholdedandthewatershedswith valueslessthanthethresholdaretheareaswherethescalesare
detected.Themethodwastestedon a setof psoriasisimagesandit demonstrateda goodperformance.
However, themethodhaddifficultieswith someimagesthathadproblemsduringacquisition(especially
shadows), so thenumberof watershedswasnot foundcorrectly. To solve this problem,thenumberof
watershedswasfixed visually by a tuning parameter. The blue bandwasusedto find the watersheds
becauseacanonicalanalysishadshown thatthisbandis thebestto separatethescalesfrom theredarea.
Figure2 displaysthesegmentationof thescales.

2.3 Scoring the disease

Oncethedifferentareashavebeensegmented,adecisiontreeis createdto automaticallyscorethedegree
of scalingin thedifferentimages,approximatingthescoringsmadeby thephysicians.Threevariables
areusedasinput to themodel: theareaof thescaling,theratio betweentheareaof scalingandthearea
of thelesion,andtheratio betweentheareaof scalingandtheareaof redness.Thewholeprocedureis
shown in Figure3.

In the evaluationof the redness,a canonicaldiscriminantanalysisover the differenceof the mean
valuesof thespectralvaluesin theredandhealthyareapointsout to approximatethephysiciansscorings
usingaclusteringmethodas,e. g., aK- nearestneighbour.
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Figure1: Top row: Two psoriasisimages.Secondrow: Differencebetweentheblueandgreenbands.
Third row: Histogramof the banddifference(blue minusgreen). Bottom row: Lesionsegmentation
result.
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Figure2: Top row: Theoriginal lesion.Secondrow: Scalingmarkers.Third row: Scalingsegmentation
result.Bottomrow: A cleardisplayof segmentationon topof theoriginal image.
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Figure3: diagramof themethod.
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Figure4: Left: Decisiontreefor thescoringgiven theparametersof thesegmentation.Right: Depen-
dency of lesionareaon physicians’scoringof thelesions

3 Experiments

Two experimentsareconductedto test the accuracy of the proposedmethodto scorethe scalingand
rednessin psoriasislesions

3.1 First experiment: Scoring the degree of Scaling

In collaborationwith the dermatologicaldepartmentof GentofteHospital in Denmarkan experiment
wasconducted.Thegoalof theexperimentis to objectively scoretheseverity of thescalingin psoriasis
images.To accomplishthis goal,a setof 46 psoriasisimageswasselectedfrom a databaseof psoriasis
collectedfrom differentpatients.Thephysiciansscoresof theseimageswasalsoavailable.Theimages
wereselectedto cover themaximalpossiblediversity. Thedifferentareasof eachimagewereextracted
accordingto theproceduredescribedin theprevious sectionsandtheabove mentionedthreesummary
valueswereobtained.A cross-validationprocesswasusedto build 23 decisiontrees. Thesedecision
treesutilized44 datapointsto build thetreeandtwo for testingit. Resultsshowedthatthefirst variable,
the areaof the scaling,is enoughto explain the physiciansscoring. The automatedscoringwith our
methodhasproven reliable,andon several occasionseven allowed for correctionsof physicians’mis-
takes. In thesecases,thephysicianswereasked to re-scoretheir previous judgements,andin all cases
theassessmentwaschanged.

Figure4 left shows the final treegeneratedusingall the points. Figure4 right plots the areaof the
scalingversusthephysicians’scoring.

3.2 Second experiment: Classifying the severity of redness

Thesecondexperimentaimsto assessthepossibilityof automaticallyscoringthedegreeof theredness
of the lesion. To achieve this goal,a setcomposedof 77 imagesof psoriasislesionswasselectedfrom
a datasetwith 175 imagesto performthe experiment. The selectedimagesdo not presentshadows,
scarsor otherelementsthat could spoil the resultof the experiment. The severity of rednessfor each
imagewasscoredby thephysiciansin orderto have a referencemeasure.Thedifferentareasinvolved
in thechosenimagesweresegmentedaccordingto theproceduredescribedpreviously. Themeanof the
tri-chromaticbandswascalculatedin thehealthyandin theredskinareafor eachimage.Thedifference
of thesetwo meansshowedto beagoodfeatureto evaluatethelesion.
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Figure5: Up: 3D plot of thevariablesconsideredto classifythe redness.Down: Resultof applyinga
canonicaldiscriminantanalysisto thethreeselectedvariablesto classifytheredness



REFERENCES David Delgadoetal

Figure5 left shows a3D plot of thedifferenceswherethedifferentsymbolsrepresentdifferentphysi-
ciansscorings. The presenceof threedefinedgroupsindicatesthe possibility of classify the redness
usinga clusteringalgorithm. This suggestionis evenmoreclearif a canonicaldiscriminantanalysisis
realizedasit canbenoticedin Figure5.

4 Summary and conclusion

In this work, a procedureto evaluatethe severity of the scalingandrednessin psoriasishasbeende-
veloped. The methodautomaticallyseparatesthe differentpartsandextractsdifferentparameters.In
certaindifficult casessuchasunevenillumination it hasbeennoticedthat,allowing amanualinteraction
increasestheaccuracy notably.

Themethodprovidesobjective measuresthatavoid thedependenceof thephysicianin thetrackingof
dermatologicaldiseases.It hasbeenshown thatoneof theprovidedmeasuresis highly correlatedwith
thedoctorscoring.Togetherwith theothertwo measureswe expectto beableto provide a betterlesion
description.
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