At the thoughtof statistics,the Collector walk-
ing throughthe chaotic Residencyarden,felt his
heart quicken with joy.... For whatwetre statistics
but the ordering of a chaotic univeise? Statistics
were the leg-ironsto be clappedon the 'thugs’ of

ignoranceand supestition which strangled Truth

in lonelybyways.

J.G. Farrell, TheSiae of Krishnapur

Chapter 6

|ntegrated Visualization of
Functional and Anatomical Brain
Data: A Validation Study

Abstract

2D SPECTdisplayandthreemethoddor integratedvisualizationof functionalandanatom-
ical dataare evaluatedby a multi-obserer study Methods. SPECTandMRI dataof 30
patientsare presentedisingfour typesof display viz. oneof SPECTin isolation,two inte-
grated2D displays,andoneintegrated3D display Cold andhot-spotsare pre-selecteénd
indicatedon printed black-and-whitémagesof the data. Nuclearmedicinephysiciansare
asledto assignthesespotsto alobeanda gyrus,andgive a confidenceatingfor bothlocal-
izations. Inter-obserer agreementisingkappastatisticsand averageconfidenceatingsare
assessetb interpretthe reportedobsenations. Results: Both the inter-obserer agreement
andthe confidenceof the obsenrersis largerfor the integrated2D displaysthanfor the 2D
SPECTdisplay A furtherincreasdn agreemenandconfidencds witnessedwith the inte-
grated3D display Conclusions: Integrateddisplayof SPECTandMR brainimagesrovides
improvedlocalizationof cerebrablood perfusionabnormalitiesn relationto theanatomyof
thebrainover singlemodalitydisplayandincreaseshe confidenceof theobserer.
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6.1 Introduction

Integratedvisualizationis aimedat the efficient presentiorof informationfrom dif-
ferentsourcesysuallycombiningafunctionalmodality(SPECTPET, fMRI) with an
anatomicamodality (CT, MRI). Correlationof functionalprocessewith anatomical
structureds hamperedy the low spatialresolutionof functionalimaging modali-
ties(MazziottaandKoslov 1987,Kundel1990,Zubaletal. 1995,Evansetal. 1996).
Thesemodalitiesmight benifit from additionalanatomicainformationprovided by
MRI and/orCT (seealso(Levin etal. 1989,Holmanetal. 1991 Valentinoetal. 1991,
Viergeveretal. 1992,Hill etal. 1992,Britton 1994)).

In Chapters3 and 4 several known and novel techniqueshave beenproposed
for integratedvisualizationof functionalandanatomicabrainimages.This chapter
presentsa multi-obserer study to evaluatethree of thesetechniquestwo for 2D
andonefor 3D display soasto establishwhetherintegratedvisualizationimproves
diagnosticagreemenbver singlemodalitydisplay Thediagnostidaskfor this study
is the localizationof cold andhot-spotdan the cortex of the brain. We focuson the
fusion of HMPAO-SPECTand T1-weighted3D gradient-echdviR imagesof the
brain,which have previously beenregistered.

We first presenta brief overview of integratedvisualizationtechniquesdivided
into 2D and3D approaches.

6.1.1 Integrated 2D Visualization

Adjacentdisplayof 2D imagesof differentsourcedeit on a lightbox or acomputer
monitor can be consideredhe most rudimentaryform of integratedvisualization.
A valuableextensionof this approachis the useof a linked cursorindicating cor
respondindocationsin several images(Hawkeset al. 1990) (seeFigure 6.1A and
B).

Integrationof informationfrom two or moreimageslicesinto one2D imagehas
beenperformedusingalternatepixel display colorintegrationproceduresadditional
dimensiongheightand time), areasand contours(Schadet al. 1987, Weisset al.
1987,Pelizzarietal. 1989,Hawkesetal. 1990,Condon1991,Viergeveretal. 1992)
(Chapter3). Two cateyoriescanbe distinguishedyiz.; i) non-selectie integration,
whereall informationfrom the images,whetherrelevant or not, is combinedusing
techniquessuchas multiplication, addition, or color scaling,andii) selectve inte-
gration,wherespecificdiagnostideaturege.g., regions,objectboundariesintensity
rangespreextractedandsubsequentlyntegratedinto the displayof anothermodal-
ity with the objective to optimally cornvey only the relevantinformationrequiredto
performthe diagnostidask(seeFigure6.1C).

Previous studieson non-selectie integration of SPECTand MRI datashaved
that this approachcorveyed little additionalinformation,if at all, comparedo ad-
jacentdisplay Moreover, valuablefeaturesmay be camouflagedy non-diagnostic
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information (seeChapter3d). Consequentlywhile thesetechniquesare easyto use
andallow fastvisualization they arenot effective. Color modelshold morepromise
asthe humanvisual systememplgys color moreeffectively thangrey levels (Kundel
1990, Alfanoet al. 1992, Stapletonet al. 1994). The HSV color modelyields en-
couragingesults but the RGB modelis not satishctoryfor SPECT/MRIintegration
(Chapter3).

Selectve integration of SPECTand MRI dataallows a more effective display
of the relevantinformation. Initially the costof segmentatiorwasthe main handi-
cap,but in the pastfew yearssemi-automatedegmentatiormethodsto extractthe
brainfrom T1-weightedVIR imageshave becomeavailable,e.g., HohneandHanson
(1992),RobbandHanson(1996),Vinckenetal. (1997),andNiessen1997). Under
well controlledcircumstancedully automaticextractionof the cerebralcortex has
evenappearedeasible(seeChapter?).

6.1.2 Integrated 3D visualization

Integrated3D visualizationof functional and anatomicalbrain dataincludeswin-
dows (Levin etal. 1989,Hu et al. 1990) (Chapter3), cutplaneqEvanset al. 1996)
(Chapter3), opacityweighteddisplay(Evansetal. 1996),andsurfacemappingtech-
niques(Levin etal. 1989,Hu etal. 1990,PayneandToga 1990)(Chapter).

Figure 6.1 Thethreeintegrateddisplaysusedfor validation of the localization

task. The 2D images of the datasetscould be investigatedwith three orthogonal

views(coronal,sagittal andtransvesal) anda cross-haircouldbeusedo determine
thelocation of a givenpoint. Frame(A) and (B) showthe 2D Adjacentdisplay of

(registered) SPECTimages with correspondingMRI slicesand Frame(C) shows
the 2D Contourdisplay TheNormalFusionimagesin Frame(D) showrenderings
fromsix orthogonaldirections.
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Furthermoreanintegrated3D presentatioganbefocussednthevisualizationof al-
readydetectecabnormalitiegWowraetal. 1989,Evansetal. 1996),sothatstandard
volumevisualizationtechnigueganbeapplied(Wallis 1992).

In previous work we experimentedwith several of thesetechniquesand found
especiallythe Normal FusionapproachChapterd andFigure 6.1D) promising. A
preliminaryclinical evaluationof theNormalFusiontechniquevasconductedwhich
indicatedthat anatomicallocalizationand communicationrmight benefitfrom this
technique. It was concludedthat a thoroughevaluationwas requiredto establish
whethersimultaneouslisplayof SPECTandMRI indeedoffersincreasedliagnostic
agreemenamongratersithisis the subjectof the presenstudy

6.2 Materialsand methods

We investicatedthe value of additionalanatomicainformationfor the localization
of functionalprocessem the brain. Threetechniquedor integratedvisualizationof
SPECTandMRI datawereevaluated.

Cold andhot-spotsn the cortical areasof clinical brain SPECTdatawere pre-
selectedandindicatedon paperusingblack-and-whitémageg(seeFigure6.2). Five
nuclearmedicinephysicianswereasled to assignthesespotsto the anatomyusing
four differenttypesof presentatiofiseeFigure6.1),viz,; i) 2D SPECTdisplay ii) ad-
jacent2D displayiii) (selectvely)integrated2D displayusingtheMRI braincontour
andiv) integrated3D displayusingNormal Fusion. We verified thatthe locationof
theindicatedabnormalitiesvasidenticalin all displaytypes.The cold andhot-spots
hadto beassignedo alobeanda gyrusfor all displaytypes,andconfidencehadto
be ratedon a scaleof 1 (very confident)to 5 (no confidence¥or eachlocalization.
For eachof thedisplaytypestheinter-obserer agreemenivasusedasa measurdor
localizationaccurag andthe confidencevalueswereaveragedver all obserations.
Viewing conditionswereidenticalto theclinical situation.

Threepatientcaseshadbeenusedin atraining sessiorprior to this localization
studyin orderto familiarizethe obserer with the setupandanatomicalnformation.
Thesecasedhadalreadybeenusedin a previous study (Chapterd) andthreeof the
five obserershadworkedwith thesetrainingdataat thattime.

6.2.1 Patient data

Patientmaterialwasgatheredy listing all patientswith appropriattHMPAO-SPECT
andMRI brainscansA total of 30 patientdatasetsvereselectedrom thislist by the
principal author(not a rater) whereabsencef grossabnormalitiesn both SPECT
andMRI datawasusedasselectioncriterion. All 30 caseswvereacquiredunderthe
instructionof the Departmenbf Child Psychiatry Most of them (N=25) weredi-
agnoseavith Gilles dela TouretteSyndromeand/or Attention-DeficitHyperactvity
Disorderand/or comorbiddisorderstheothers(N=5) werediagnosedvith disorders
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suchasautisticbehaior andobsessie compulsve disorder The nuclearmedicine
physicianswere only suppliedwith the imagedata,no informationconcerningthe
patientscouldbe consulted.

T1-weighted3D gradient-echdVIR imageswere acquiredwith a whole-body
Philips Gyroscan0.5 Teslausing a standarcheadcoil. The acquisitiondataof the
wholeheadconsistedf contiguousaxial slicesof 1.2mmthicknessvith TR=30ms,
TE=13ms, 256x 256 matrix, and 230 mm FOV. The SPECTimagedatawere ac-
quiredwith a Picker PRISM™ three-detectogammacamerausingalong-boreultra
highresolution)Jow enegy fanbeantollimatorandreconstructetb contiguousaxial
sliceswith a 64x 64 matrix, a slice thicknessof approximately7.1 mm anda plane
resolutionof 7.5mm FWHM.

6.2.2 Registration

One of the prerequisitesor integratedvisualizationis adequateaegistrationof the
modalities. Registrationis the processvherebythe transformatiommatrix is calcu-
latedthatrelatesthe coordinatesystemsof differentdatasetsEarliertechniquesn-
volvedframesor markerswhichwereattachedo the patientwhile acquiringthedata.
Nowadays automatedretrospectie techniquesrebecomingavailable (Maintz and
Viergever 1998).

Therequiredregistrationwasperformedusingthe Mutual Informationtechnique
(Maesetal. 1997). Thisautomaticrobust,retrospectie registrationtechniquamnaxi-
mizesthe statisticaldependencbetweerimageintensitiesof voxel pairsof different
datasetstherebycalculatingthe requiredtransformatiormatrix to align themgeo-
metrically Thedeterminedmatrix wasappliedto the SPECTdatausingcubiccon-
volution (Parker etal. 1983),in effectresamplinghe SPECTdatato the MRI data.

6.2.3 Segmentation

Anotherprerequisites thesggmentatiorof interestingstructureshatareto bevisual-
ized. Sggmentatiorextractsmeaningfulobjectsfrom digital imagedataby grouping
voxelsinto larger, basicstructuresThesestructuresanbeusedfor quantitatve mea-
surementsr for visualizationpurposege.g., a 3D volumevisualizationof thebrain).
Differentstratgies are available for the extraction of objectsfrom a datasetsuch
asmanualdrawing in 2D slices,thresholdingregion growing, interactve methods
usingmathematicamorphology nearautomaticmethodsbasedon multiresolution,
or completelyautomaticbrain segmentatiorusingregion growing andmathematical
morphology(seeChapter2). For an extensize overview on MRI brain segmentation
wereferto Clarke etal. (1995).

In the presenstudy sggmentatiorof the MRI datasetsvasperformedusingAN-
ALYZE[O (RobbandHansonl996)basednregiongrowving andmathematicatnor
phologyasdescribedn (HohneandHanson1992). The sggmentationstartsby ap-
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plying athresholdangeto theMRI dataseto determineabasevolumeencapsulating
the brain. Fromthis basevolumethe brainis extractedwith a sequencef erosion,
region growing arounda seedpointin the brain,andgeodesidilation with the base
volumeasamask.UsingANALYZE[ asatisactorysegmentatiorof the brainwas
performedn 15minutes.Thesagmentedrainwasusedfor the NormalFusionvisu-
alizationsandfor definingthebraincontoursn transerseMRI slices;thesecontours
were subsequenthguperimposento the correspondingegisteredSPECTimages
for integrated2D display(seeFigure6.1C).

6.2.4 Display methodology

We evaluatethe value of integratedvisualizationover single modality SPECTdis-
play. The basisfor the latteris the routine viewing of SPECTdataat the Nuclear
Medicine departmentsupportedoy the reportingandimagemanipulationprogram
MedViewO . Multiplanar2D imagescanbedisplayedalongthethreeorthogonabxes
of the volume dataand a cross-haircan be usedto determinethe 3D positionof a
givenlocation.A mouseclick in oneof theimagesupdateghe otherorthogonaim-
agesto theindicatedposition. Furthermorea color lookup tablecanbe choserand
changedatwill by theobserer.

Threeintegratedvisualizationtechniquesvereusedfor the validationstudy(see
Figure6.1),viz, i) integrated2D visualizationwith adjacentdisplay(denotedas2D
Adjacent),ii) integrated2D visualizationwith selectve integration of contoursof
the brain from MRI superimpose@nto the SPECTdata(denotedas2D Contour),
andiii) integrated3D visualizationusingimagesrenderedwith the Normal Fusion
techniqueof the SPECT/MRIdata(in the remainderof this chapterreferredto as
3D NormalFusion).Thevisualizationtechniquesvhich wereusedin this validation
studyhave beendescribedn Chapters8 and4, andwill beonly briefly reviewedhere.

For the contoursfrom the MRI datasuperimpose@nto the SPECTimageswe
useda value correspondingo the maximumSPECTvalue, in effect assigningthe
highestiookuptablecolor (usuallywhite) to the contours.

With the 3D Normal Fusiontechniquelocal functionalinformationis sampled
andprojectedonto ananatomicstructurealonga pathdefinedby theinward normal
of thelocal surfacedirection(Chapte). In thepresenstudythe SPECTdatabelov
the cortical surfaceweresampledn the range[0 - 15 mm]. The averagevaluewas
subsequentlgolor encodedntothe MRI cortex renderingsoasto signalbothcold
andhot-spots.Theobserersweresuppliedwith oneimagecontainingsix orthogonal
3D NormalFusionvisualizationsof the brainunderinvestigation (seeFigure6.1D).

Assignmeniof a lookup tablefor color encodingof the 3D Normal Fusionim-
agesds verydifficult asuseof coloris dependenbntheoperatorthemonitor, andthe
ervironment,which makesa generakonsensusor the optimumtablenigh impossi-
ble to obtain. This is why atechniquedescribedn Chapter5 wasusedthatenables
the obsenrerto manipulatecontrolpointsfor the color lookuptableof thefunctional
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Figure 6.2 Selectiorof printedimagesusedto indicatepre-selectedold (C1 and
C2)andhot-spotgH1, H2, H3) to belocalized.

informationof the 3D Normal Fusionvisualizations.

6.2.5 Setup

The localizationtask for the four displaytypes(seeFigure 6.1) was performedby
five nuclearmedicinephysiciansin their usualsetting. The patientcasesvereran-
domizedfor eachdisplaytype. Completerandomizatiorover all displaytypeswas
impracticalasobsenerswould have to switch betweerdifferentdisplaysandmoni-
tors. Furthermoreanundesirablenemoryeffectwouldhave beernintroducedi.e., we
hadexperiencedrom thetrainingsessiorthatthe 3D NormalFusionimagesmale it
easyto remembecertainspots.Theincompleterandomizatiorpossiblyintroducesa
learningeffect, but this shouldbe minimizedby thetrainingsession.

The spotsto be localizedwith the 2D displayswere indicatedon paperby us-
ing a printedblack-and-whitemageof the (registered for the 2D Adjacentand2D
Contourdisplay) SPECTsliceswith a superimposedircle and codethat consisted
of a C for cold-spots,anH for hot-spotsanda number(seeFigure 6.2A). The 3D
Normal Fusiondisplaywas presente@sa printedblack-and-whitémageof the six
visualizationsvith superimposedirclesandthe codescorrespondingo the codesn
the SPECTdisplay(seeFigure6.2B).

Thelocalizationwasrestrictedo cold andhot-spotdn the corticalsurfacelayer;
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FS - Frontal Superior
FM - Frontal Medial

FI - Frontal Inferior
FP - Frontal Precentral

PP - Parietal Postcentral
PS - Parietal Superior

PI - Parietal Inferior

PM - Parietal Supramarginal
PA - Parietal Angular

OS - Occipital Superior
OM - Occipital Medial

Ol - Occipital Inferior

OD - Occipital Descendens

TS - Temporal Superior
TM - Temporal Medial
Tl - Temporal Inferior

Figure 6.3 A schematicsubdivisiorof thebrain in lobesandgyri for thelocaliza-
tion of abnormalities.

the 3D Normal Fusiontechniqueis not suitablefor the presentatiorof functional
informationin otherpartsof thegrey matter To avoid ambiguitiesn thelocalization
of the patientdata,only focal spotswere used(spotsthat spanan areamay cause
problemsin assignmento a specificlobe or gyrus). A total of 122 spotsresulted
in 122 x 5ratersx 4 displays= 24400bsenations,consistingof a lobe andgyrus
localizationanda confidenceatingfor both.

The location of a cortical spothadto be assignedo a lobe (frontal, parietal,
occipital, temporal),andgyrus(e.g., superiortemporalgyrus). The obsenerswere
suppliedwith the atlasse®f Duvernogy (1991),Kahleetal. (1995),andGray (1994)
for referenceon brain anatomyand a schematicsummarywas supplied(seeFig-
ure6.3). Both localizationaspect$iadto beratedwith a confidenceneasureanked
asfollows: 1 = very confident,2 = confident,3 = reasonablyconfident,4 = low
confidenceb = no confidence.Statisticalevaluationwas performedusinga kappa
() valuefor inter-obserer variability onlocalizationandanaveragevaluefor confi-
dence.

6.2.6 Statistical analysis

Inter-obsener agreementor two raterscanbe assessedsingthe k-value,originally
proposedy Cohen(1960),which representagreementorrectedor chanceagree-
ment. Sincethenseveralinvestigatorshave evaluatedandimprovedthis measurdor
differentstatisticalpurposeskor this studywe usedthe k-value proposedy Fleiss
(1971)to dealwith datafrom morethantwo raters(seeFormula( 6.1)). A k-valueis
1.0whentheagreemenbetweerpbserersis perfectand0.0whenit is not different
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from chanceagreemen{Mezzichet al. 1981). LandisandKoch (1977)ranked the

K-valueasfollows: Lower than0.00 pooragreementf).00- 0.20slight agreement;
0.21- 0.40fair agreementf.41- 0.60 moderateagreementf.61- 0.80 substantial
agreementand0.81- 1.00almostperfectagreement.

n
Z (1—Pap)Kap
b=

QD
M-

b ell Kapb = T:pP:’s
K= —> with: (6.1)
z z (1—Pap) 95%CI = K +1.96+ sd|

b;éa

Equation6.1 expresseshek-valueover all obsenrers,which is aweightedaver
ageof the k-valuesover all obserer pairs(kap). Pap is the expectedproportionof
agreemenbetweerthed" andtheb™ obsererunderthenull hypothesisf indepen-
dence,.e., chanceagreementR is the obsered proportionof agreemenbetween
two obseners. The95%confidenceantenal (95%Cl) is calculatedrom the standard
deviation (sd) over all K5}, calculations.For detailswe referto Fleiss(1971). The
K-value and 95%CI were calculatedusing Agree 5.0 for computingagreemenbn
nominaldata(R. PoppingjecProGamma)etherland4989).

The confidenceratingsfor the lobar and gyral localizationfor eachof the four
displaytypeswerecalculatedusinganarithmeticmeanover all obsenations.

6.3 Reaults

In Table6.1thefinal resultsover all measuremen@representedor eachof the dis-
play types. Thefirst row presentghe resultsfor the 2D SPECTdisplay row 2 the
resultsfor 2D Adjacentdisplay row 3 the2D Contourdisplay androw 4 the 3D Nor-
mal Fusiondisplay Thecolumnsaredividedinto two partsfor anatomicalocaliza-
tion, i.e., thelobesandgyri. Eachlocalizationpartis subdvidedinto a k-valuewith
95%CI, andanaveragemeasuref perceved confidencen thelocalizationgiven.

L obe Gyrus
] | k£95%CI | confidence]| k+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 0.384+ 0.02 2.4
3D NormalFusion || 0.864 0.03 1.2 0.54+ 0.02 2.0

Table 6.1 Resultdor thelobar andgyral localizationof cold andhot-spotsinter-
observercorrespondencés expressedas a K-value with 95%CI, and an aveiage
confidenceneasue is calculatedfor the four displaysettings.
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The resultsshowv that the k-value measuringobsener agreementor anatomi-
cal localizationincreasesvhen anatomicalinformation from MRI is addedto the
SPECTinformation. Thereis no differencebetweerthe 2D Adjacentand2D Con-
tour display but for gyral localizationsthe 3D Normal Fusiondisplayis superiorto
bothintegrated2D displays.The averageconfidencaneasureshowvs similar results,
i.e., the confidenceof the obserersin their localizationsincreasesvhenadditional
anatomicainformationis supplied.Again, the 3D Normal Fusiondisplayimproves
the confidenceof the obserersfor gyrallocalizations.

6.4 Discussion

The k and confidencevaluesfor lobar localizationsare very high (seeTable 6.1)
which signifiesa high accurag for this taskevenfor 2D SPECTdisplay Additional
anatomicainformationfrom theintegrated2D displaysimprovestheinter-obserer
agreementind confidenceof obserations. A significantfurtherimprovementcan
not be accomplishedising3D Normal Fusion. This suggestshatthe 2D Contour
and2D Adjacentdisplayaresuficiently accuratdor lobarlocalization.However, all
obserersnotedthatthe localizationwasperformedconsiderablyasterwith the 3D
NormalFusiondisplay

Due to the relatively low spatialresolution,gyral localizationof abnormalities
in SPECTimagesis difficult comparedo thelobarlocalization,which explainsthe
lower k andconfidencevalues.For this task,the 3D Normal Fusiondisplayoutper
formsthe othertechniquesppreciablyandhasa k-valuewith acceptableaccurag.

Overall, the obserersreporteda strongappreciatiorfor additionalanatomical
information,which they do not usuallyhave availableon screen.Especiallythe 3D
NormalFusionimageswereappreciatedsa pleasanandfastmethodfor localizing
abnormalities. Someof the obserers reporteda preferencefor the 2D Adjacent
displayoverthe 2D Contourbecausehe contourswvereconsiderec&nnging asthey
interferedwith the SPECTdata. However, the resultsindicatethatthe 2D Contour
displayis aseffective asthe 2D Adjacentdisplayfor localizationof abnormalities.
Furthermorethe adjacentisplayof imagesstill requiresmentalintegrationby the
obserer. Theadditionof alinked cursoris helpful, but integratedimagesappeato
alleviate overall screeningvenmore.Also, the 2D Contourdisplayrequiredoading
of only onedataseinto memory with the 2D Adjacentdisplaythis is doubled. In
addition,the viewing wasperformedon 8-bit color displaymonitorswhich causeda
problemwith the 2D Adjacentdisplay The useof color for SPECTin this display
typeimpliedthattheMRI datawerecolorencodedvith thesamdookuptable,which
is a problematicissuein clinical procedures.Thereare solutionsto the 8-bit color
problem,but theseresultin poorerimage quality or higher cost. We considerthe
2D Contourdisplayto be at leastaspromisingfor integrated2D displayasadjacent
presentatiorand an additionaloption to turn the contouron and off is expectedto
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resohe theinitial criticism.

Furtheroptionsweresuggestedby the evaluators.Especiallya linked cursorfor
integrated2D displayandanextensionto a 3D volumevisualizationof the brainwas
considered desirableattribute (seealso Section3.3.2.1). Furthermorethe indica-
tion of specificfeaturesge.g., mainsulci, is likely to improve localizationabilities of
obsenrersin displaytypes.

6.5 Conclusions

Fusionof SPECTandMRI informationincreaseshe ability of cliniciansto localize
abnormalitiedn the functional SPECTdata,and increasesonfidenceof their ob-
senations. Volumetricdisplay usingthe 3D Normal Fusiontechniquehasproven
particularlyefficientfor this purpose.

Theresultsindicatethat abnormalitiegpresentin SPECTdatacanbe localized
with acceptabl@accurag atthegyrallevel by supplyingadditionalanatomicalnfor-
mation. Thisfinding opensup new possibilitiesfor clinical proceduresvhereprecise
localizationof (cerebralfunctionalinformationis required.
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