
At the thought of statistics, the Collector, walk-
ing throughthechaoticResidencygarden,felt his
heart quicken with joy.... For what were statistics
but the ordering of a chaotic universe? Statistics
were the leg-ironsto be clappedon the ’thugs’ of
ignoranceand superstition which strangledTruth
in lonelybyways.

J.G.Farrell, TheSiegeof Krishnapur

Chapter 6

Integrated Visualization of
Functional and Anatomical Brain
Data: A Validation Study

Abstract
2D SPECTdisplayandthreemethodsfor integratedvisualizationof functionalandanatom-
ical dataareevaluatedby a multi-observer study. Methods: SPECTandMRI dataof 30
patientsarepresentedusingfour typesof display, viz. oneof SPECTin isolation,two inte-
grated2D displays,andoneintegrated3D display. Cold andhot-spotsarepre-selectedand
indicatedon printedblack-and-whiteimagesof the data. Nuclearmedicinephysiciansare
askedto assignthesespotsto a lobeanda gyrus,andgive a confidenceratingfor bothlocal-
izations. Inter-observer agreementusingkappastatisticsandaverageconfidenceratingsare
assessedto interpretthe reportedobservations. Results: Both the inter-observer agreement
andtheconfidenceof theobserversis larger for the integrated2D displaysthanfor the2D
SPECTdisplay. A further increasein agreementandconfidenceis witnessedwith the inte-
grated3D display. Conclusions: Integrateddisplayof SPECTandMR brainimagesprovides
improvedlocalizationof cerebralbloodperfusionabnormalitiesin relationto theanatomyof
thebrainoversinglemodalitydisplayandincreasestheconfidenceof theobserver.
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6.1 Introduction

Integratedvisualizationis aimedat theefficient presentionof informationfrom dif-
ferentsources,usuallycombiningafunctionalmodality(SPECT, PET, fMRI) with an
anatomicalmodality(CT, MRI). Correlationof functionalprocesseswith anatomical
structuresis hamperedby the low spatialresolutionof functional imagingmodali-
ties(MazziottaandKoslow 1987,Kundel1990,Zubaletal. 1995,Evansetal. 1996).
Thesemodalitiesmight benifit from additionalanatomicalinformationprovidedby
MRI and/orCT (seealso(Levin etal.1989,Holmanetal.1991,Valentinoetal.1991,
Viergeveretal. 1992,Hill et al. 1992,Britton 1994)).

In Chapters3 and 4 several known and novel techniqueshave beenproposed
for integratedvisualizationof functionalandanatomicalbrain images.This chapter
presentsa multi-observer study to evaluatethreeof thesetechniques,two for 2D
andonefor 3D display, soasto establishwhetherintegratedvisualizationimproves
diagnosticagreementoversinglemodalitydisplay. Thediagnostictaskfor thisstudy
is the localizationof cold andhot-spotsin thecortex of thebrain. We focuson the
fusion of HMPAO–SPECTand T1-weighted3D gradient-echoMR imagesof the
brain,whichhavepreviouslybeenregistered.

We first presenta brief overview of integratedvisualizationtechniques,divided
into 2D and3D approaches.

6.1.1 Integrated 2D Visualization

Adjacentdisplayof 2D imagesof differentsourcesbeit on a lightbox or a computer
monitor can be consideredthe most rudimentaryform of integratedvisualization.
A valuableextensionof this approachis the useof a linked cursorindicatingcor-
respondinglocationsin several images(Hawkeset al. 1990) (seeFigure6.1A and
B).

Integrationof informationfrom two or moreimageslicesinto one2D imagehas
beenperformedusingalternatepixel display, color integrationprocedures,additional
dimensions(heightand time), areasand contours(Schadet al. 1987,Weisset al.
1987,Pelizzariet al. 1989,Hawkeset al. 1990,Condon1991,Viergever et al. 1992)
(Chapter3). Two categoriescanbe distinguished,viz.; i) non-selective integration,
whereall informationfrom the images,whetherrelevant or not, is combinedusing
techniquessuchasmultiplication, addition,or color scaling,and ii) selective inte-
gration,wherespecificdiagnosticfeatures(e.g., regions,objectboundaries,intensity
ranges)areextractedandsubsequentlyintegratedinto thedisplayof anothermodal-
ity with theobjective to optimally convey only the relevant informationrequiredto
performthediagnostictask(seeFigure6.1C).

Previous studieson non-selective integrationof SPECTandMRI datashowed
that this approachconveyed little additionalinformation,if at all, comparedto ad-
jacentdisplay. Moreover, valuablefeaturesmaybecamouflagedby non-diagnostic
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information(seeChapter3). Consequently, while thesetechniquesareeasyto use
andallow fastvisualization,they arenot effective. Color modelshold morepromise
asthehumanvisualsystememploys colormoreeffectively thangrey levels(Kundel
1990,Alf anoet al. 1992,Stapletonet al. 1994). The HSV color modelyields en-
couragingresults,but theRGBmodelis notsatisfactoryfor SPECT/MRIintegration
(Chapter3).

Selective integrationof SPECTandMRI dataallows a moreeffective display
of the relevant information. Initially the costof segmentationwasthe main handi-
cap,but in the pastfew yearssemi-automatedsegmentationmethodsto extract the
brainfrom T1-weightedMR imageshavebecomeavailable,e.g., HöhneandHanson
(1992),RobbandHanson(1996),Vinckenet al. (1997),andNiessen(1997).Under
well controlledcircumstances,fully automaticextractionof the cerebralcortex has
evenappearedfeasible(seeChapter2).

6.1.2 Integrated 3D visualization

Integrated3D visualizationof functionaland anatomicalbrain dataincludeswin-
dows (Levin et al. 1989,Hu et al. 1990)(Chapter3), cutplanes(Evanset al. 1996)
(Chapter3), opacityweighteddisplay(Evansetal. 1996),andsurfacemappingtech-
niques(Levin etal. 1989,Hu etal. 1990,PayneandToga1990)(Chapter4).

A B C D

Figure 6.1 Thethree integrateddisplaysusedfor validation of the localization
task. The2D imagesof the datasetscould be investigatedwith threeorthogonal
views(coronal,sagittal andtransversal)andacross-haircouldbeusedtodetermine
the locationof a givenpoint. Frame(A) and(B) showthe2D Adjacentdisplayof
(registered) SPECTimageswith correspondingMRI slicesand Frame(C) shows
the2D Contourdisplay. TheNormalFusionimagesin Frame(D) showrenderings
fromsixorthogonaldirections.
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Furthermore,anintegrated3D presentationcanbefocussedonthevisualizationof al-
readydetectedabnormalities(Wowraetal. 1989,Evansetal. 1996),sothatstandard
volumevisualizationtechniquescanbeapplied(Wallis 1992).

In previous work we experimentedwith several of thesetechniquesandfound
especiallythe Normal Fusionapproach(Chapter4 andFigure6.1D) promising. A
preliminaryclinicalevaluationof theNormalFusiontechniquewasconducted,which
indicatedthat anatomicallocalizationand communicationmight benefitfrom this
technique. It was concludedthat a thoroughevaluationwas requiredto establish
whethersimultaneousdisplayof SPECTandMRI indeedoffersincreaseddiagnostic
agreementamongraters;this is thesubjectof thepresentstudy.

6.2 Materials and methods

We investigatedthe valueof additionalanatomicalinformationfor the localization
of functionalprocessesin thebrain. Threetechniquesfor integratedvisualizationof
SPECTandMRI datawereevaluated.

Cold andhot-spotsin thecorticalareasof clinical brainSPECTdatawerepre-
selectedandindicatedon paperusingblack-and-whiteimages(seeFigure6.2). Five
nuclearmedicinephysicianswereasked to assignthesespotsto theanatomyusing
four differenttypesof presentation(seeFigure6.1),viz.; i) 2D SPECTdisplay, ii) ad-
jacent2Ddisplay, iii) (selectively) integrated2DdisplayusingtheMRI braincontour,
andiv) integrated3D displayusingNormalFusion.We verifiedthat the locationof
theindicatedabnormalitieswasidenticalin all displaytypes.Thecoldandhot-spots
hadto beassignedto a lobeanda gyrusfor all displaytypes,andconfidencehadto
be ratedon a scaleof 1 (very confident)to 5 (no confidence)for eachlocalization.
For eachof thedisplaytypestheinter-observeragreementwasusedasameasurefor
localizationaccuracy andtheconfidencevalueswereaveragedoverall observations.
Viewing conditionswereidenticalto theclinical situation.

Threepatientcaseshadbeenusedin a trainingsessionprior to this localization
studyin orderto familiarizetheobserverwith thesetupandanatomicalinformation.
Thesecaseshadalreadybeenusedin a previousstudy(Chapter4) andthreeof the
fiveobservershadworkedwith thesetrainingdataat thattime.

6.2.1 Patient data

Patientmaterialwasgatheredby listingall patientswith appropriateHMPAO–SPECT
andMRI brainscans.A totalof 30patientdatasetswereselectedfrom this list by the
principal author(not a rater)whereabsenceof grossabnormalitiesin both SPECT
andMRI datawasusedasselectioncriterion. All 30 caseswereacquiredunderthe
instructionof the Departmentof Child Psychiatry. Most of them(N=25) weredi-
agnosedwith Gillesdela TouretteSyndromeand/or Attention-DeficitHyperactivity
Disorderand/or comorbiddisorders,theothers(N=5)werediagnosedwith disorders
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suchasautisticbehavior andobsessive compulsive disorder. Thenuclearmedicine
physicianswereonly suppliedwith the imagedata,no informationconcerningthe
patientscouldbeconsulted.

T1-weighted3D gradient-echoMR imageswere acquiredwith a whole-body
Philips Gyroscan0.5 Teslausinga standardheadcoil. The acquisitiondataof the
wholeheadconsistedof contiguousaxialslicesof 1.2mmthicknesswith TR=30ms,
TE=13 ms, 256� 256 matrix, and230 mm FOV. The SPECTimagedatawereac-
quiredwith aPickerPRISMTM three-detectorgammacamerausinga long-boreultra
highresolution,low energy fanbeamcollimatorandreconstructedto contiguousaxial
sliceswith a 64 � 64 matrix, a slice thicknessof approximately7.1 mm anda plane
resolutionof 7.5mmFWHM.

6.2.2 Registration

Oneof the prerequisitesfor integratedvisualizationis adequateregistrationof the
modalities.Registrationis the processwherebythe transformationmatrix is calcu-
latedthat relatesthecoordinatesystemsof differentdatasets.Earlier techniquesin-
volvedframesor markerswhichwereattachedto thepatientwhile acquiringthedata.
Nowadays,automated,retrospective techniquesarebecomingavailable(Maintz and
Viergever1998).

TherequiredregistrationwasperformedusingtheMutual Informationtechnique
(Maesetal. 1997).Thisautomatic,robust,retrospective registrationtechniquemaxi-
mizesthestatisticaldependencebetweenimageintensitiesof voxel pairsof different
datasets,therebycalculatingthe requiredtransformationmatrix to align themgeo-
metrically. Thedeterminedmatrix wasappliedto theSPECTdatausingcubiccon-
volution (Parkeretal. 1983),in effect resamplingtheSPECTdatato theMRI data.

6.2.3 Segmentation

Anotherprerequisiteis thesegmentationof interestingstructuresthatareto bevisual-
ized.Segmentationextractsmeaningfulobjectsfrom digital imagedataby grouping
voxelsinto larger, basicstructures.Thesestructurescanbeusedfor quantitativemea-
surementsor for visualizationpurposes(e.g., a3D volumevisualizationof thebrain).
Differentstrategiesareavailable for the extractionof objectsfrom a dataset,such
asmanualdrawing in 2D slices,thresholding,region growing, interactive methods
usingmathematicalmorphology, near-automaticmethodsbasedon multiresolution,
or completelyautomaticbrainsegmentationusingregion growing andmathematical
morphology(seeChapter2). For anextensive overview on MRI brainsegmentation
wereferto Clarkeetal. (1995).

In thepresentstudy, segmentationof theMRI datasetswasperformedusingAN-
ALYZE (RobbandHanson1996)basedonregiongrowing andmathematicalmor-
phologyasdescribedin (HöhneandHanson1992). Thesegmentationstartsby ap-
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plying� athresholdrangeto theMRI datasetto determineabasevolumeencapsulating
thebrain. Fromthis basevolumethebrain is extractedwith a sequenceof erosion,
region growing arounda seedpoint in thebrain,andgeodesicdilation with thebase
volumeasa mask.UsingANALYZE a satisfactorysegmentationof thebrainwas
performedin 15minutes.Thesegmentedbrainwasusedfor theNormalFusionvisu-
alizationsandfor definingthebraincontoursin transverseMRI slices;thesecontours
weresubsequentlysuperimposedonto the correspondingregisteredSPECTimages
for integrated2D display(seeFigure6.1C).

6.2.4 Display methodology

We evaluatethe valueof integratedvisualizationover singlemodality SPECTdis-
play. The basisfor the latter is the routineviewing of SPECTdataat the Nuclear
Medicinedepartment,supportedby the reportingandimagemanipulationprogram
MedView. Multiplanar2D imagescanbedisplayedalongthethreeorthogonalaxes
of the volumedataanda cross-haircanbe usedto determinethe 3D positionof a
givenlocation.A mouseclick in oneof theimagesupdatestheotherorthogonalim-
agesto the indicatedposition. Furthermore,a color lookuptablecanbechosenand
changedatwill by theobserver.

Threeintegratedvisualizationtechniqueswereusedfor thevalidationstudy(see
Figure6.1),viz.; i) integrated2D visualizationwith adjacentdisplay(denotedas2D
Adjacent), ii) integrated2D visualizationwith selective integrationof contoursof
the brain from MRI superimposedonto the SPECTdata(denotedas2D Contour),
and iii) integrated3D visualizationusingimagesrenderedwith the Normal Fusion
techniqueof the SPECT/MRIdata(in the remainderof this chapterreferredto as
3D NormalFusion).Thevisualizationtechniqueswhichwereusedin thisvalidation
studyhavebeendescribedin Chapters3 and4,andwill beonly briefly reviewedhere.

For the contoursfrom the MRI datasuperimposedonto the SPECTimageswe
useda valuecorrespondingto the maximumSPECTvalue, in effect assigningthe
highestlookuptablecolor (usuallywhite) to thecontours.

With the 3D Normal Fusiontechniquelocal functional informationis sampled
andprojectedontoananatomicstructurealonga pathdefinedby theinwardnormal
of thelocalsurfacedirection(Chapter4). In thepresentstudytheSPECTdatabelow
thecorticalsurfaceweresampledin therange[0 - 15 mm]. Theaveragevaluewas
subsequentlycolorencodedontotheMRI cortex rendering,soasto signalbothcold
andhot-spots.Theobserversweresuppliedwith oneimagecontainingsix orthogonal
3D NormalFusionvisualizationsof thebrainunderinvestigation(seeFigure6.1D).

Assignmentof a lookup tablefor color encodingof the 3D NormalFusionim-
agesis verydifficult asuseof color is dependentontheoperator, themonitor, andthe
environment,which makesa generalconsensusfor theoptimumtablenigh impossi-
ble to obtain. This is why a techniquedescribedin Chapter5 wasusedthatenables
theobserver to manipulatecontrolpointsfor thecolor lookuptableof thefunctional
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 A B

Figure 6.2 Selectionof printedimagesusedto indicatepre-selectedcold (C1and
C2)andhot-spots(H1, H2, H3) to belocalized.

informationof the3D NormalFusionvisualizations.

6.2.5 Setup

The localizationtaskfor the four displaytypes(seeFigure6.1) wasperformedby
five nuclearmedicinephysiciansin their usualsetting. Thepatientcaseswereran-
domizedfor eachdisplaytype. Completerandomizationover all displaytypeswas
impracticalasobserverswould have to switchbetweendifferentdisplaysandmoni-
tors.Furthermore,anundesirablememoryeffectwouldhavebeenintroduced,i.e., we
hadexperiencedfrom thetrainingsessionthatthe3D NormalFusionimagesmake it
easyto remembercertainspots.Theincompleterandomizationpossiblyintroducesa
learningeffect,but thisshouldbeminimizedby thetrainingsession.

The spotsto be localizedwith the 2D displayswereindicatedon paperby us-
ing a printedblack-and-whiteimageof the(registered,for the2D Adjacentand2D
Contourdisplay)SPECTsliceswith a superimposedcircle andcodethat consisted
of a C for cold-spots,an H for hot-spotsanda number(seeFigure6.2A). The 3D
NormalFusiondisplaywaspresentedasa printedblack-and-whiteimageof thesix
visualizationswith superimposedcirclesandthecodescorrespondingto thecodesin
theSPECTdisplay(seeFigure6.2B).

Thelocalizationwasrestrictedto coldandhot-spotsin thecorticalsurfacelayer;
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Figure 6.3 A schematicsubdivisionof thebrain in lobesandgyri for thelocaliza-
tion of abnormalities.

the 3D Normal Fusiontechniqueis not suitablefor the presentationof functional
informationin otherpartsof thegrey matter. To avoid ambiguitiesin thelocalization
of the patientdata,only focal spotswereused(spotsthat spanan areamay cause
problemsin assignmentto a specificlobe or gyrus). A total of 122 spotsresulted
in 122 � 5 raters � 4 displays= 2440observations,consistingof a lobeandgyrus
localizationandaconfidenceratingfor both.

The location of a cortical spot had to be assignedto a lobe (frontal, parietal,
occipital, temporal),andgyrus(e.g., superiortemporalgyrus). Theobserverswere
suppliedwith theatlassesof Duvernoy (1991),Kahleet al. (1995),andGray(1994)
for referenceon brain anatomyand a schematicsummarywas supplied(seeFig-
ure6.3). Both localizationaspectshadto beratedwith a confidencemeasureranked
as follows: 1 = very confident,2 = confident,3 = reasonablyconfident,4 = low
confidence,5 = no confidence.Statisticalevaluationwasperformedusinga kappa
(κ) valuefor inter-observervariability on localizationandanaveragevaluefor confi-
dence.

6.2.6 Statistical analysis

Inter-observer agreementfor two raterscanbeassessedusingtheκ-value,originally
proposedby Cohen(1960),which representsagreementcorrectedfor chanceagree-
ment.Sincethenseveralinvestigatorshave evaluatedandimprovedthis measurefor
differentstatisticalpurposes.For this studywe usedtheκ-valueproposedby Fleiss
(1971)to dealwith datafrom morethantwo raters(seeFormula( 6.1)).A κ-valueis
1.0whentheagreementbetweenobserversis perfectand0.0whenit is notdifferent
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from chanceagreement(Mezzichet al. 1981). LandisandKoch (1977)ranked the
κ-valueasfollows: Lower than0.00pooragreement;0.00- 0.20slight agreement;
0.21- 0.40fair agreement;0.41- 0.60moderateagreement;0.61- 0.80substantial
agreement;and0.81- 1.00almostperfectagreement.

κ �

n

∑
a� 1

n

∑
b� 1
b �� a

�
1 � Pa � b 	 κa � b

n

∑
a � 1

n

∑
b � 1
b �� a

�
1 � Pa � b 	

with :
κa � b � Pi 
 Pa � b

1 
 Pa � b
95%CI � κ � 1 
 96 � sdκ

(6.1)

Equation6.1expressestheκ-valueover all observers,which is a weightedaver-
ageof theκ-valuesover all observer pairs(κa � b). Pa � b is theexpectedproportionof
agreementbetweentheath andthebth observerunderthenull hypothesisof indepen-
dence,i.e., chanceagreement.Pi is the observed proportionof agreementbetween
two observers.The95%confidenceinterval (95%CI ) is calculatedfrom thestandard
deviation (sd) over all κa � b calculations.For detailswe refer to Fleiss(1971). The
κ-valueand95%CI werecalculatedusingAgree5.0 for computingagreementon
nominaldata(R. Popping,iecProGamma,Netherlands1989).

The confidenceratingsfor the lobar andgyral localizationfor eachof the four
displaytypeswerecalculatedusinganarithmeticmeanoverall observations.

6.3 Results

In Table6.1thefinal resultsoverall measurementsarepresentedfor eachof thedis-
play types. The first row presentsthe resultsfor the 2D SPECTdisplay, row 2 the
resultsfor 2D Adjacentdisplay, row 3 the2D Contourdisplay, androw 4 the3D Nor-
mal Fusiondisplay. Thecolumnsaredividedinto two partsfor anatomicallocaliza-
tion, i.e., thelobesandgyri. Eachlocalizationpart is subdividedinto a κ-valuewith
95%CI , andanaveragemeasureof perceivedconfidencein thelocalizationgiven.

Lobe Gyrus
κ � 95%CI confidence κ � 95%CI confidence

2D SPECT 0.74 � 0.03 1.6 0.32 � 0.02 2.8
2D Adjacent 0.84 � 0.03 1.3 0.40 � 0.02 2.4
2D Contour 0.84 � 0.03 1.3 0.38 � 0.02 2.4
3D NormalFusion 0.86 � 0.03 1.2 0.54 � 0.02 2.0

Table 6.1 Resultsfor thelobar andgyral localizationof coldandhot-spots.Inter-
observercorrespondenceis expressedas a κ-valuewith 95%CI, and an average
confidencemeasure is calculatedfor thefour displaysettings.
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The resultsshow that the κ-value measuringobserver agreementfor anatomi-
cal localizationincreaseswhen anatomicalinformation from MRI is addedto the
SPECTinformation. Thereis no differencebetweenthe2D Adjacentand2D Con-
tour display, but for gyral localizationsthe3D NormalFusiondisplayis superiorto
bothintegrated2D displays.Theaverageconfidencemeasureshows similar results,
i.e., theconfidenceof theobserversin their localizationsincreaseswhenadditional
anatomicalinformationis supplied.Again, the3D NormalFusiondisplayimproves
theconfidenceof theobserversfor gyral localizations.

6.4 Discussion

The κ and confidencevaluesfor lobar localizationsare very high (seeTable 6.1)
whichsignifiesa highaccuracy for this taskevenfor 2D SPECTdisplay. Additional
anatomicalinformationfrom theintegrated2D displaysimprovestheinter-observer
agreementandconfidenceof observations. A significantfurther improvementcan
not be accomplishedusing3D Normal Fusion. This suggeststhat the 2D Contour
and2D Adjacentdisplayaresufficiently accuratefor lobarlocalization.However, all
observersnotedthat thelocalizationwasperformedconsiderablyfasterwith the3D
NormalFusiondisplay.

Due to the relatively low spatialresolution,gyral localizationof abnormalities
in SPECTimagesis difficult comparedto the lobar localization,which explainsthe
lower κ andconfidencevalues.For this task,the3D NormalFusiondisplayoutper-
formstheothertechniquesappreciablyandhasa κ-valuewith acceptableaccuracy.

Overall, the observers reporteda strongappreciationfor additionalanatomical
information,which they do not usuallyhave availableon screen.Especiallythe3D
NormalFusionimageswereappreciatedasa pleasantandfastmethodfor localizing
abnormalities. Someof the observers reporteda preferencefor the 2D Adjacent
displayover the2D Contourbecausethecontourswereconsideredannoying asthey
interferedwith theSPECTdata. However, the resultsindicatethat the2D Contour
displayis aseffective asthe 2D Adjacentdisplayfor localizationof abnormalities.
Furthermore,theadjacentdisplayof imagesstill requiresmentalintegrationby the
observer. Theadditionof a linkedcursoris helpful, but integratedimagesappearto
alleviateoverall screeningevenmore.Also, the2D Contourdisplayrequiresloading
of only onedatasetinto memory, with the 2D Adjacentdisplaythis is doubled. In
addition,theviewing wasperformedon 8-bit color displaymonitorswhich causeda
problemwith the2D Adjacentdisplay. Theuseof color for SPECTin this display
typeimpliedthattheMRI datawerecolorencodedwith thesamelookuptable,which
is a problematicissuein clinical procedures.Therearesolutionsto the 8-bit color
problem,but theseresult in poorerimagequality or highercost. We considerthe
2D Contourdisplayto beat leastaspromisingfor integrated2D displayasadjacent
presentationandan additionaloption to turn the contouron andoff is expectedto
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resolve theinitial criticism.
Furtheroptionsweresuggestedby theevaluators.Especiallya linkedcursorfor

integrated2D displayandanextensionto a3D volumevisualizationof thebrainwas
considereda desirableattribute (seealsoSection3.3.2.1).Furthermore,the indica-
tion of specificfeatures,e.g., mainsulci, is likely to improve localizationabilitiesof
observersin displaytypes.

6.5 Conclusions

Fusionof SPECTandMRI informationincreasestheability of cliniciansto localize
abnormalitiesin the functionalSPECTdata,and increasesconfidenceof their ob-
servations. Volumetricdisplayusing the 3D Normal Fusiontechniquehasproven
particularlyefficient for thispurpose.

The resultsindicatethat abnormalitiespresentin SPECTdatacanbe localized
with acceptableaccuracy at thegyral level by supplyingadditionalanatomicalinfor-
mation.Thisfindingopensupnew possibilitiesfor clinical procedureswhereprecise
localizationof (cerebral)functionalinformationis required.
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