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AbstracH Multiple Sclerosis(MS) is a complex autoimmune
neurological diseaseaffecting the myelin sheath of the nerve
system In the world, there are about 2.5 million patients with
MS, in South and East Asia the ratio of MS is high. This disease
affects young and middle-agedpeople.The MS is a fatal disease
and the numbers and volumes of MS lesions can be used to
determine the degree of disease severity and track its
progression. The detection of multiple sclerosisis a critical
problem in MRI imagesbecauseMS is described as frequently
involves lesions,it can be appearedon a scanat one time-point
and not appearedin subsequenttime points. Also, MS on the T2
FLAIR MRI imageis more often manifested by the presenceof
focal changesin the substanceof the brain and spinal cord, which
complicate their dynamic control according to MRI data. The
detectionand extraction of the MS lesionsfeaturesare not just a
tedious and time-consuming process, but also required experts
and trained physicians,sothe computer-aided tools becomevery
important to overcometheseobstacles.In this paper, we present
a novel computer-aided approach based on digital image
processing methods for enhancing the structures, removing
undesired signals, segmenting the MS lesions from the
background, and finally measuring the size of MS lesions to
provide information about the current status of MS, which
representMS lesionsthat are either new, increasingor shrinking.
The accuracy of the proposed methodologywas 96%, according
to the results presentedin data. The lack of accuracyis related to
someerrors in segmentation

Keyword$® Multiple sclerosis T2-FLAIR ; magneticresonance
imaging; digital imageprocessing imagesegmentation

I.  INTRODUCTION

Multiple SclerosigMS) is a chronicautoimmunediseasén
which the myelin sheathin the fibers of the cerebralnerveand
spinalcordis affectedby demyelination The demyelinationis
a formationof foci MS which destroyghe myelin of the white
matterof the brain and spinal cord. MS diseasdargetsyoung
and middle-agedpeople.The absenceof timely diagnosisand
treatmentieadsto disability and loss of working capacitydue
to the simultaneousdamagesof various parts of the nerve
system. Patientswith MS have multiples symptomssuchas

weaknesd1], fatigue, blurred vision, and bladdersymptoms.

The exactcase of the disease(MS) is still unknown some
interestedresearcherconnectthe diseasewith genetic and
environmentatausep].

In the world, thereareabout2.5 million patientswith MS
[3]. In some regions of Europe, the incidence of multiple
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sclerosisis quite high and is in the rangeof 8-7 casesper
million [4]. In large industrial areasand cities, it is higher.
Accordingto epidemiologicalstudiesandresearchn the field
of diagnosisandtreatmenbf demyelinating5] diseasesSouth
and East Asia are in a zone of a high probability of
demyelinatingdiseases

The diagnostic by a neurologist allows evaluating the
clinical manifestationsof the disease.Magnetic resonance
imaging (MRI) is usedto visualize the location of MS and
assesshe morphologicafeaturesof the affectedaread6]. The
characteristicef metabolicprocessesf foci multiple sclerosis
areinvestigatedisingpositronemissiontomography(PET)7].
It is important to note that neurological sometimescannot
diagnosisthe MS; this condition is called a radiologically
isolatedsyndrome.n this case,the effectivenessf treatment
anddiagnosidgs determinednly by MRI.

Generally, MRI is a norninvasive medical imaging
technique that comprises of a strong magnetic field,
radiofrequency wave, and computer. The output of this
techniquds high-quality imagesof anatomicaktructuresf the
brain. The most common MRI modesare T1-weighted, T2-
weighted,andT2-Flairimage$8]. Fig. 1 showsthe braintumor
onthe T2-FLAIR andT2- weightedmodes

In this study, the T2-FLAIR image is usedbecauseMS
lesion hasvagueboundariesand low contrastin T1-weighted
and T-2 weighted [9]. Also, T2-FLAIR shows MS lesion
brighter than other mode$10]. MRI imagesare characterzed
by the presenceof randomnoisesand fuzzy boundariesn the
processof their formation. Moreover, T2-FLAIR is a very
complicated biomedical object for analysis becauseit is
achievedwith the help of specialproceduresandequipmento
visualizerealbiological objectsthathavecertainpropertieghat
make their analysis difficult.

Multiple sclerosis on T2-FLAIR [11] is more often
manifested by the presenceof multiple changesin the
substancef the brainandspinalcord, which complicategheir
dynamiccontrolaccordingto MRI data.The absencef timely
diagnosisandtreatmenteadsto disability andlossof working
capacitydue to the simultaneousiamageof variousparts of
the nerve system.The location and volume of MS lesionsare
importantin determiningthe degreeof treatmenprogresg12].
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(a) (b)
Fig. 1. Brian TumorondifferentMRI modesa) T2-Weighted b) T2-FLAIR.

The Radiologistsaandclinical expertsmanuallymeasurehe
parametersf the MS lesions andthe accuracyof their results
dependon their training and experience.The detectionand
extractionof the foci MS featuresare not just a tediousand
time-consumingprocessput alsorequiredexpertsandtrained
physicianssothe computeraidedtools becomevery important
to overcometheseobstaclesAll publishedMS computeraided
approacheswere applied on different data, mostly not
calibrated and their outputs were usually not directly
comparablemaking difficult the choice of the most effective
method adoptedto a clinical application.The MS is a fatal
diseaseand the information aboutMS lesionscanbe usedto
determine the degree of disease severity and track its
progressionin this paper,we proposeda computeraidedtool
that provides information about the current status of MS
lesions (such as shrinking, growing, or presentingof a new
one)usingdigital imageprocessindechniques.

The researchpaper is organizedas follows: Section 2
presats the critical analysisand comparisonof recentrelated
literature with our researchwork, Section 3 describesthe
proposednethodologyandthe stepwisellustrations,Section4
outlines the result and discussion and at last Section 5
concludesthe paper with brief recommendations for future
work.

Il. LITERATURE REVIEW

Medicalimagingis a nortintrusivetechniqueappliedin the
medicalfield wherethe internal organscanbe viewed without
openingup of humanbody surgically An MRI is a technique
of medicalimaging that producesmagesby an absorbedand
emittedradio frequencysignal from the humanbody [13]. In
clinical practice, T1-weighted and T2-weighted are mostly
used but therearealsoothermodessuchas T2 FLAIR, which
usedto suppresghe signalof the cerebrosmal fluid to geta
bettervisualizationof various multiple sclerosis[14]. Despite
that, MRI has superior quality as a method for the clinical
diagnosisof MS lesions aswell asunderstandinghe sizeand
locationof thediseass

The procesof MRI imageformationandstoringinterferes
with random signals and noises that disrupt the intensity
distribution of the image creatingfuzzy boundariesDifferent
methods are being used for preprocessingMRI images.
Generally, there are two techniquesfor noise reductionin
medical images, the first is by increasingthe acquisition
(computationaload andcostof the biomedicalequipmentand
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the secondoneis by applying someprocessingechniqueso
remove or reduce the noises, which usually requires less
acquisitiontime andcanreducethe computationaload. Gupta
et al[15] reviewed several linear and nonlinear filtering
algorithms for denoisingdigital images.In their study, the
main goal was smoothingand enhancingthe visual quality of
the images.In their approachthe medianfilter was adopted
due to flexibility and multiple-uses.It preserveanost details
and can remove most kinds of noises such as impulse and
Rician noises. Also, Kaur et al. [16] reviewed the noise
characteristicsn MRI imagesand applieddifferent nonlinear
filters to reduce Rician noise As known, Noises are
undesirableinformation [16] or random signals that cause
damages by producing unreal boundaries, objects, and
indistinct backgroundd.7], so the reduction of noises are
mandatonyin the medicalimageprocessing

The uniformity of intensity distribution creates fuzzy
boundarieswhich leadto the needfor filtration to removethe
noises and segmentationto separate the lesions from the
backgroundof the images.Tanyaet al. [18] improveda 3D
segmentatiorapproachusing a convolutional neural network
(CNN) to procesdour voxelbaseduncertaintiesTheir results
showedthatfiltering basedon uncertaintygreatly enhancedhe
accuracyof small MS lesionsdetection(around40% of the
dataset). Moreover, their result of segmentationprovides
clinicians or radiologistswith information permitting themto
assessvhetherto acceptor rejectlesionsof high uncertainty
quickly.

The location and volume of MS lesiors are importantin
determiningthe degreeof treatmentprogressGhribi et al.[19]
suggestedsome recent segmentation(semiautomatic and
automatic)methodsTheygavea brief reviewof somedirected
methodgo MS segmentationHowever,no oneof themcanbe
regardd as a model approach. Many MS segmentation
methodshave been proposedin the last few years [20] to
developnewtechniqueshatgive hopefulresults.

In the MRI brain white materimages,segmentingof the
MS is an essentiaprocesdeforetherapyor surgicalplanning
Ameli et al. [21] presenteda study of multiple sclerosis
segmentatioralgorithms.In their study, they exploredthirteen
segmentatiormethodson the 53 MS cases.They gathereda
databaseof 53 MS patients.The results of their study still
trailing human expertiseon both detection and delineating
criteria.

Many multiple sclerosissegmentatiormethodsbasedon
intensity distributions such as thresholdingmethod[22] and
Mixtures of Gaussianscan be implemented with the
distributionof theintensityto differentiatebetweemormaland
infectedtissueq23]. Recently,Schmidet al. [24] introduceda
pipeline segmentationof FLAIR hyperintensewhite matter
lesion changesbetweentwo points. Their method segmented
sigrificant changesn white matterlesiors. The resultof using
their approacHeadsto morecoherentesults.The limitation of
their work that they cautioned that their algorithm was
validatedusinghigh-quality MRI datain the early stageof MS.
Henceit maynotwork well with othersituations.

Roy et al[25] presenteddetails of the longitudinal white
matter lesion segmentationof MS challenge that was
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mentioned during the 2015 international symposium on
biomedicalimaging. Different lesion segmentatioralgorithms
evaluatedtheir submittedresuls. Their experimentshareda
rich dataset,collaboratecandcomprisedof variousavenueof
researchreviewedtherefinemenbf the evaluatiormetrics.

Over the pastfew years,the convolution neural network
(CNN) gaineda lot of interestin classifyingMS lesionsafter
the segmentatiorprocess.Roy et al. [26] proposeda CNN
approachto separatethe white matter lesions from multi-
contrastMRI. Their approachdivided into two paths:the first
containsmultiple parallel convolutionalfilters, andthe second
producesa thresholdingfunction for binarizationof images.
Their approachscoreda 90.48in the InternationalSymposium
on Biomedicallmagingchallenge.

Aslani et al. [27] introduced an automatedmethod for
segmentingMS lesions from multi-modal brain magnetic
resonanceémages.Their approachbasedon a deependto end
2D CNN. Theyincludeda downsamplingpaththatcanencode
informationfrom multiple modalities The volume[28] of MS
lesionscanbe usedto deternine the degreeof diseaseseverity
andtrackits progressionT herefore the segmentatiof MS in
white matterplaysan essentiaftole in understandinghe nature
of the dynamicbehaviags of MS and helpsto investigatethe
progressiorof the disease.The MS lesionsaresmallin terms
of sizeandindistinctborders.In T2 FLAIR may possessow
resolutionand often hasimaging artifacts. Multiple sclerosis
observednith high inter-ratervariability accordingto Carasst
al. [29].

The mentioned studies above have been organized a
competitionin MS lesionfiltering, segmentingandmeasuring.
All multiple sclerosisapproachesare evaluatedon different
datasetsmostly not determiningthe size and location of the
lesions Also, their resultsaremakingdifficult the choiceof the
mostrelevantmethodadaptedo clinical use.

Multiple sclerosisis described as frequently involves
lesions It can appearon a scanat one time-point and not
appearedn subsequertime points.Determiningthe MS atone
scanwithout referenceto other scansmay causeerrorsin the
estimation of damagedtissue. The damagedtissues (MS
lesions) have an indistinct correlation and they changetheir
location during treatments. Multiple sclerosis on MRI is
characterizetby the presencef multiple changegshrinkingor
growing) in the substancef the brain and spinal cord, which
complicatestheir dynamic control accordingto MRI data.
Thus, there is an apparentneedto investigatethe dynamic
changeof multiple sclerosidesionson T2-FLAIR MRI using
digital image processing.In this paper, we proposed a
comparable methodology for overcoming the problem of
dynamicchangesn MS lesionsby selectingthe mostrelevant
digital imageprocessingnethodgo provideinformationabout
the currentstatusof MS, which representMS lesionsthat are
eithernew,increasingor shrinking.

Ill. PROPOSEDMETHODOLOGY

In this study,around38 scansbeforeand after a month of
treatmentfor eachone of 55 MS casesfrom different real
clinical caseswere gatheredand presentedn DICOM format.
For retrieving the images, neurologists,and neurosurgeons
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were consultedto differentiate betweendiseasedand healthy
(normal) images. Various processesvere performedon the

selectedimagesbasedon a novel digital image processing
methods for enhancingthe structures,removing undesired
signals,segmentinghe MS from the backgroundand finally

measuringhe sizeof MS lesionsto provideinformationabout
the currentstatusof MS, which representMS lesionsthat are
eithernew, increasingor shrinking Fig. 2 illustrates the stages
of differentprocessesf the proposednethodology

A. Documentation

In this paper,T2 FLAIR modeis used.The registrationof
images was performed on a Siemensmagnetic resonance
imagingmachinewith afield strengthof 1.5T.

B. Pre-Processing Stage

During formation and transformationin various devices,
medical imagescan be distorted and degradedby different
random signals or errors. The first step in digital image
processing is the enhancementby eliminating noisy
information

1 ImageEnhancement

This stage is essentialto distinguish the lesions and
enhancethe quality of images.In this section spatial filters
were usedbecausave aredealingwith additive noises andwe
needto hawe directresults.Linearandnonlinearfilters suchas
median, Gaussian, and Laplacian smooth the images by
averagingthe value of pixels. For example, median filter
denoiseimagesfrom the impulse noise by determiningthe
positionof the impulseandreplaceit with medianvaluewhile
keepingotherpixelsof theimageintac{30].

. PREPROCESSING - = E
' )
Enhancement
Contour Mapping Prepruces_smg
Evaluation
PROCESSING =|
Histogram
Thresholding
- Processing
K-mean Clustering Evaluation
DYNAMIC C:|
| ANALYSIS
Current Status of lesion

Fig. 2. Schematidiagramof the ProposedViethodology
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1 ContourMapping

Contour is a graph that showsthe 3D image in the 2D
plane. It plots two variables,variable on the Y-axis and a
responsevariable Z as contours [31]. In this section, we
analyzedthe results of the pre-processingstageby using a
contour mappingtechniqueto draw the intensity structureof
MS lesionsbeforeandafter the pre-processingtage.The goal
of this stepis to evaluatethe enhancementf MS structureon
the T2-FLAIR images.

C. Processing (Segmentation) Stage

Segmentationplays an important role in many medical
diagnosticsandtheresultof segmentatiomfluencesthe entire
analysis. The following points contain detailed information
relatedto the proposedsegmentatiomethods.

9 Histogram

In this section the histogramwas proposedto study the
distribution of the image ingredientsand also to selectthe
thresholdingvalue to separatethe lesions from the normal
tissued32].

1 ThresholdMethod

The meaningof segmentatiorin MRl medical imagesis
dividing animageinto a setof meaningful,homogenousnon
overlappingregions.One of the effective ways for separating
theinterestis the Thresholdmethod[33].

o ofQWGRn Y
e T TV @)

The output of image I(X,y) dependson the T. The main
logic in this methodis the selectionof a thresholdvalue (T).
The selectionof thresholdvalue (T) in this methodwas made
usingthe histogramof theintensitydistribution.

1 K-meansClusteringMethod

Clustering is a technique for splitting the image into
clustersof pixels. The pixelsin eachclustermusthavesimilar
attributesandvary from otherclustersin this method thereare
not commonpixels betweenclusters.In otherwords,onepixel
canonly belongto one clusteronly[34]. K-meansclustering
algorithm(formula 2) hastwo phasesdeterminingthe number
of clusters(k=5) is first, and the secondone is taking each
point of the cluster which hasthe nearestcentroid from the
respectivadatapoint.

6 -B. B. noaw )

Wherek is the numberof selectedclusters.Although k-
meanshasa greatadvantagef beingeasyto implement,it has
some drawbacks.The quality of the final clustering results
depend®nthearbitraryselectiorof initial centroid.

In this section,we examinedthe thresholdand k-means
clusteringmethodsby comparingthe size of MS lesionsafter
segmentation with the results that done automatically
(manually) by radiologistswithout segmentationThe goal of
this sectionis to selectthe mostoptimal methodto separatéS
lesions.

Vol. 11, No. 2, 2020

D. Dynamic Analysis

In this section,a quantitativeassessmenof pathological
changesvascarriedout by calculating[35] the size of the MS
in eachslice after and beforethe treatmentto investigateand
evaluatethe dynamic changes(shrinkageor growth) of MS
lesions The expressiorthat was usedto calculatethe size of
thelesionsaftersegmentatiois:

Y B 0 zQz0 3)

WhereSois the calculatedareaof MS, Np is the numberof
segmentegixelsonGlice hp andwp arethe heightandwidth
(pixel dimensions) respectively.We shouldfix the filtration
and segmentationmethods (do not changefrom image to
image),to getaccurateandusefulresults.

IV. RESULTAND DISCUSSION

A. Pre-Processing Results and Discussion

The basic ideas of the most enhancingfilters (such as
Laplacianor median)are basedon the fact that dark andlight
pixels are found to be adjacent(next to eachother) on the
borders.The spatial filters were implementedto denoiseand
improve the quality of the images.Fig. 3 demonstrateshat
Laplacian(masks cener -8) and Sobel filters highlight the
edgeof the objects reinforcethe boundariedbetweerthe light
and dark pixels of the images. The Gaussianand Median
remove unnecessannoises and smooth the borderson the
images which will reduce the lack of accuracyin the
segmentationshownin Fig. 4. Generally,the essentiatask of
filters is smoothing, denoising, sharpeningand emphasizing
borders.

The output of this stage is the finer details of the images.
Besides, the noises were reduced to the minimum degree from
these images. Also, the MS lesiatmesare cleaand madeit
detectableascomparedo rawimages.

B. Contour Mapping

The ontour method allows for mapping the intensity
distribution. The numerical values represent the intensity
values of imags as groups of pixels correspondingto the
normalandpathologicabraintissues.

Fig. 5 presentsthe resultsof using the contour mapping
methodon the T2-FLAIR MS image. The resultsshow that
normal brain tissuehasan intensity of pixel rangingfrom 250
to 300, andpathologicahasintensityhigherthan350.

@ (b) ©

Fig. 3. SpatialFilterswith T2 FLAIR MRI Images{a) Original Image,(b)
Image withGaussiarilter, (c) Image with MedianFilter.
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®
Fig. 4. SpatialFilterswith T2 FLAIR MRI Images{a) Originallmage,(b)
Image with Laplacéilter (-4 mask),(c) Image with Gaussian filtefd) Image
with MedianFilter, e) Image with LaplacEilter (-8 Mask),(f) Image with
AveragingFilter.

(b)
Fig. 5. Resultof usingContourMappingMethod:(a) Original Image,(b)
Contourof Image

C. Results and Discussion of Pre-Processing Evaluation

In this section,we suggesthe contourmethodto studythe
resultsof filtration on T2 FLAIR MS imagesandalsoto map
thelesions.The purposeof this sectionis to evaluateheresults
of the preprocessingstage on MS lesions structuresand
comparethem with the structuresof the samelesionshbefore
preprocessing

Table | demonstratesthat the structures of multiple
sclerosidesionsafter the preprocessing stageavenoticeable
values.Also, it canbe judgedthat the MS lesionsbefore and
after having varied constructionsThe MS lesionhas after pre
processing observable constructions and clear intensity
distributions. The use of filtering in this paper (with T2-
FLAIR) wasmandatoryto give accurateand optimalresultsfor
thefollowing steps.

Vol. 11, No. 2, 2020

TABLE. 1. EVALUATION OF MS LESIONSBEFOREAND AFTER PRE-

PROCESSING

Originalimageof a patient
with Multiple sclerosis

[Thechangesn the structureof th

Beforepre-processing

After pre-processing

D. Processing (Segmentation) Results and Discussion

The meaning of segmentationin medical imaging is
dividing animageinto a setof meaningful,homogenousnpon
overlapping clusters (regions or classes).Each region has
similar attributeg(suchasintensity,depthof pixels or textures)
andshouldbedifferentfrom otherregions.

i Histogram

Histogramof an image providesa visual interpretationof
theintensitydistributionoveranimage.lt canbe usedin many
digital image processingapplications suchas study the result
of filtering techniquesby tracking the intensity distribution
over the image. Another usefor the histogramis a binarizing
image (segmentation)and determine the borders between
different image components.In this section, we used the
histogram method for the logical selectionof thresholding
segmentatiowvalues. Fig. 6 showsthe histogramrepresentation
of normalandabnormatissues

The resultof the histogramshowsthat the normal tissues
have larger peaksthan multiple sclerosis.The distribution of
the MS tissueslocatesabove 350. The histogramhelpedus
easilyto setthevalueof thresholdingsegmentatiomethod.

1 Thresholdingnethod

The histogramhelped us easily to set the value of the
thresholdingsegmentatiormethod. The optimal thresholding
segmentationvalue is T=350. Fig. 7 shows the result of
segmentatiomisingthethresholding methad
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(b)
Fig. 6. Histogramof the MRI Image(a) Original Image,(b) Histogram
Representatioof NormalandAbnormalTissues

©

Fig. 7. Resultof Thresholding Segmentation Method: (a) Original Image,
(b) Segmented Image, (c) Mapping the Segmented Image with the Original

Image.

Vol. 11, No. 2, 2020

1 K-meanstlusterirg method

Clustering is a technique for splitting the image into
clustersof pixels. The pixelsin eachclustermusthavesimilar
attributesandvary from otherclustersin this method thereare
not commonpixels betweerclusters andwe setthe numberof
clusters equal to five (k=5). Fig. 8 shows the result of
segmentatiomisingthe K-meansclusteringmethod.

All segmentationmethodsconvert a given image into a
grayscalemage,thenseparat¢heinfectedtissuedrom healthy
tissues by binarizing the image. The selection of the
thresholdingand k-meansclustering methodswas basedon
flexibility andpopularity.Both methodssuccessfullyseparated
the MS lesionsfrom the background.

(©)

Fig. 8. Result of kmeansClusteringSegmentatiorM ethod:(a) Original
Image,(b) Segmentetimage,(c) Mapping theSegmentedmage with the
Original Image
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E. Results and Discussion of Processing Evaluation

The segmentatiomethodglay a majorrole in determining
the sizeandrealboundarie®f multiple sclerosidesions.It can
give accurateor sometimesmisguidedresults.In this section,
we evaluatethe proposedsegmentingmethodsto selecta
suitable method for the following steps.The accuracyand
reliability of the resultswere confirmedby the datapresented
in the physician's (automatic evaluation by specialists)
calculation.

TABLE. II. EVALUATION OF MSLESIONSSIZE WITH THRESHOLDINGAND
K-MEAN CLUSTERING SEGMENTATION METHODS
Sizeof
Method Original Image Segmented mage MS,m
m

Patient no 1. is a woman, 43 years old, estimating MS lesion size was
(2557,85) mm?

With threshold

method 2214.12
With k-means

clustering 2135.52
method

Patientno 2. is aman,27 yearsold, estimatingVS lesionsizewas(1800,52)
mn?

1375.2
With
thresholdmetho
With k-means
clustering 1140.4
method

Vol. 11, No. 2, 2020

Table Il presentsthe changesin MS lesion size with
different segmentation methods and illustrates that the
thresholdingmethodapproximatelydeterminedhe boundaries
of the MS areaand gave a satisfactoryresult whereasthe k-
means clustering method provided critical results. The
separationof multiple sclerosislesions from healthy tissues
using segmentatiommethodsis a real challengingtask. The
resuls of using thresholding and k-means clustering were
optimistic, accordingto the presenteddata. In this paper,we
selectedthresholdingas a method to segmentthe lesions
becausef the flexibility, accuracyand capabilityof handling
big dimensionality.

F. Results and Discussion of Dynamic Analysis of MS
Lesions

Multiple sclerosiMS) is describedasfrequentlyinvolves
lesions It canbe appearean a scanat onetime-point and not
appearedin subsequentiime points as shown in Fig. 9.
Determiningthe MS at one scanwithout referenceto other
scansmay causeerrorsin the estimationof damagedtissue.
The damaged tissues (MS Lesions) have an indistinct
correlation andtheychangetheir locationduringtreatments.

In this section, we investigate the accuracy of the
implementedmethodologyusing 38 scansdivided equally as
19 scandefore and 19 scansafter a month of treatmentfor
each one of 55 MS cases.Also, we fixed the filtering
(Laplacian and Median) and segmenting (thresholding)
methods for all scans. Then the obtained results were
calibratedwith the resultsof the automaticevaluation(doneby
specialists)of MS lesionsthat are either new, increasing or
shrinking.In thefollowing, we presenthe evaluatiornresultsof
two realclinical patients.

New lesion

Old lesion

Fig. 9. DynamicChangef MS LesionsDuring Treatment
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1 FirstPatient

The first caseis a woman,45 yearsold, the resultof MRI
scans show that she has most likely pseudotumorof the
demyelinatingdiseasén theleft parietallobe, asshownin Fig.

10.

The resultsof automaticevaluationby specialistsbefore
and after one month of treatmentfor the MS lesion sizare
presentedn Tablelll, and theresultsof MS dynamicchanges
after and before treatmentfor the MS lesion sizausing our

(IJACSA) International Journal of Advanced Computer Science and Applications,

proposednethodologyareshownin TablelV.

Fig. 10. MS Lesionin differentSlices: Patientno.1
TABLE. Illl.  RESULTSOF THE AUTOMATIC EVALUATION OF DYNAMIC
CHANGESOF MSLESIONS PATIENT NO 1
) Sizeof MS lesion(mm?)
SliceNo.
Before Treatment After One Month of Treatment

1 0 0

2 0,10 0

3 0 0

4 0 0

5 1360,9 1209,3

6 0 0

7 10 0

8 0 0

9 14424 0

10 190,77 198,48

11 0 0

12 0 0

13 0,15 0

14 0 0

15 611,32 830,8

16 0 0

17 0 0

18 8 0

19 1510,8 1050,8
Totalarea,S, 5116,4 3289,4

Vol. 11, No. 2, 2020

TABLE. IV. RESULTSOF DYNAMIC MSLESIONSCHANGESUSING THE
PROPOSEDMETHODOLOGY. PATIENT NO.1
) Sizeof MS lesion (mn?)
Slice No.
Before Treatment After One Month of Treatment
1 0 0
2 0 0
3 0 0
4 0 0
5 1460,9 1169,3
6 0 0
7 0 0
8 0 0
9 1472,6 0
10 190,08 204,8
11 0 0
12 0 0
13 0 0
14 0 0
15 598,32 838,8
16 0 0
17 0 0
18 0 0
19 1491,8 1000,8
Totalarea,S, | 5213,52 3213,26

I SecondPatient
Thesecondcaseis awoman,32 yearsold, theresultsof her

MRI

scars illustrate that she has an acute and chronic

demyelinatingdiseaseasshownin Fig. 11.

The resultsof automaticevaluationby specialistsbefore
and after one month of treatmentfor the MS lesion sizare
presentedn TableV, and theresultsof MS dynamicchanges
after and before treatmentfor the MS lesion sizaising our
proposednethodologyareshownin TableVI.

Fig. 11. MS Lesionin differentSlices: Patientno.2
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TABLE. V.  RESULTSOF THE AUTOMATIC EVALUATION OF DYNAMIC
CHANGESOF MSLESIONS PATIENT NO 2
. Sizeof MS (mm?)
SliceNo.
Before Treatment After One Month of Treatment
1 0 0
2 838,8 221,04
3 854,64 1854
4 0 129,6
5 0 0
6 0 0
7 743,04 1386
8 800,64 322,56
9 185,04 52,56
10 190,77 198,48
11 0 0
12 300,24 749,52
13 1748,2 676,8
14 517,68 175,68
15 0 0
16 0 0
17 1218,2 1864,1
18 414,72 713,52
19 152,64 5,06
Totalarea,S, 7773,84 8150,4
TABLE. VI. RESULTSOF DYNAMIC MSLESIONSCHANGESUSING THE
PROPOSEDMETHODOLOGY: PATIENT NO 2
. Sizeof MS lesions(mm?)
SliceNo.
Before Treatment After One Month of Treatment
1 0 0
2 738,6 221,04
3 554,54 1454
4 0 100,6
5 0 0
6 0 0
7 641,03 1289
8 602,55 212,65
9 1354 46,51
10 0 0
11 0 0
12 199,2 678,47
13 1600,34 800,89
14 420,47 578,6
15 0 0
16 0 0
17 1122,2 1746,02
18 512,71 811,24
19 255,24 6,02
Totalarea,S, 7080.0 8237.0

All tablesshowappeaing of new and disappedng of old
multiple sclerosislesions after or before the treatment For
example,slicesnumber?2 (patientno. 1) and slice number4
(patientno. 2). Atrophy and growth of the multiple sclerosis

Vol. 11, No. 2, 2020

lesions were presentedin the results of the proposed
methodologyasthe slicesnumber5, 7,9, 10,13, 15,and19in

TablelV. Also, theslicesnumber2,3,7,8,9,12,13,14,17,1&nd
19 in Table VI. The results of the proposedmethodology
(TablelV andTableVI) werecalibratedwith the resultsof the
automaticevaluation(Table Ill and Table V) for the same
slicesin both cases.The result of calibration showsthat the
errors between automatic evaluation and proposed
methodologyfor patientno. 1 before and after treatmentare
nearly 1.89% and 2.31%, respectively.The patientno. 2 had
8.9%beforetreatmentind1.06%afteronemonthof treatment.

In this paper,the proposedmethodologyused T2-FLAIR
MRI scansto measureand investigateMS lesion shrinking,
growing, and appearingof a new onein 55 MS cases.The
result showsthat shrinkageof lesionspresentedn 29 cases,
whereasl9 casesshowedmore severegrowth in old lesions
Also, new lesionspresentedn 7 cases The accuracyof the
proposed methodology was 96%, accordingto the results
presentedn data.The lack of accuracyis relatedto the errors
of filtration andsegmentation.

V. CONCLUSION

The selectedMRI imageswere T2-FLAIR becausehese
typesof imagesshowdistinct boundarieof multiple sclerosis
and haveacceptablecontrast.In this paper,the useof spatial
filters was mandatoryto detectand enhancethe visuality of
MS lesions.The resultsof spatialfilters were testedusingthe
contourmethod.Theresultsof the contourmethodshowedthat
MS lesions after filtration have observableconstructionand
clear intensity distribution. The segmentatiormethodsplay a
major role in determiningthe size and real boundariesof
multiple sclerosislesions.It can give accurateor sometimes
misguided results. The thresholding method (with T=350)
approximatelydeterminedthe boundariesof the MS areaand
gave a satisfactoryresult Whereasthe k-means clustering
methodwith (k=5) providel critical results.In this paper,we
selectedthresholdingas a method to segmentthe lesions
becawse of the flexibility, accuracyandcapabilityof handling
big dimensionality.The sizeof MS lesionswasmeasuredising
the quantitative method after fixing the filtration and
segmentation methods. The evaluation of the proposed
methodologywasdoneusingT2 FLAIR MRI scango measure
andinvestigateMS lesionshrinking,growing,andappearingf
anewonein 55 MS casesThe resultshowsthat shrinkageof
lesionspresentedn 29 caseswhereasl9 casesshowedmore
severegrowth in old lesions Also, new lesionspresentedn 7
cases.The accuracyof the proposedmethodologywas 96 %,
accordingto theresultspresentedn data.The lack of accuracy
is related to some errors in segmentation. The proposed
methodcanbe usedfor filtering, segmentingandtrackingthe
information aboutthe current statusof MS, which represent
MS lesionsthat are either new, increasingor shrinking. The
improvementof accuracywill be betterwith more data. This
approachcan be used in diagnosticsroom for automatic
decisiondn critical multiple sclerosisases.
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