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Figure 1: One slice of an anatomical scan of a patella (a) and the corresponding T, map (b) of articular cartilage investigated with Pro le

Flags (c).

ABSTRACT

This paperdescribestool for thevisualizationof T, mapsof knee
cartilage.Giventheanatomicascanandthe T, mapof thecartilage,
we combinetheinformationon theshapeandthe quality of thecar
tilagein a singleimage. The Pro le Flagis anintuitive 3D glyph
for probingandannotatingof the underlyingdata. It comprisesa
bulletin boardpin-like shapewith asmall ag on top of it. While
moving the glyph alongthe reconstructedgurfaceof anobject,the
curve datameasure@longthe pin's needleandin its neighborhood
areshavn onthe ag. The applicationareaof the Pro le Flagis
manifold,enablingthevisualizationof pro le dataof densebut in-
homogeneousbjects.Furthermoreit extractsthe essentiapartof
the datawithout removing or even reducingthe context informa-
tion. By sticking Pro le Flagsinto the investigatedstructure,one
or moresigni cant locationscanbe annotatedy shaving the lo-
cal characteristicef the dataat thatlocations.In this paperwe are
demonstratinghe propertiesof the tool by visualizing T, mapsof
kneecartilage.

CR Categories: 1.3.8 [Computing Methodologies]: Computer

f mlejnekgroelleg@cg.tuwien.ac.at
'f pierre.ermégrans.gerritseg@philips.com
*A.Vilanova@tue.nl
Srob@\anderrijt.njharrie.vd.bosch@catharina-zésthuis.nl

Graphics—Applications;].3 [Computer Applications]: Life and
medicalsciences—Medicahformationsystems

Keywords: visualizationin medicine applicationf visualization

1 INTRODUCTION AND MEDICAL BACKGROUND

The surfacesof kneejoints arecoveredby atissuewith a comple
structure,called articular cartilage. Among the functionsof the
cartilageare distribution of weight, frictionlessmotion and shock
absorption. Damageto the cartilagecan be either post-traumatic
or degeneratie, both may leadto osteoarthritis.In osteoarthritis,
softeningof the cartilageis obsened, causingthe tissueto beless
resistantto load bearing. Ulcerationandthinning of the cartilage
occursin thenext stageof osteoarthritisleadingto exposureof the
bearbonein thecourseof severalyears.Clinically, thisis accompa-
niedby pain,stiffnessandprogressie lossof function. Researcho
nd treatmentgo stopor evenreversethesedegeneratie changes
arewell in progress.Essentiato a treatmentat an early stageof
osteoarthritiss early detectionof cartilagedegeneratiori4, 8, 5].
Importantfactorsin the characterizatiorof cartilagedegenera-
tion are thicknessof the tissuelayer and tissuequality, the latter
representeth watercontentor T, values.Both areimportantfor a
quantitatve andqualitatve measurementgspectiely, thus,allow-
ing for follow up to the diseaserogressiorandto the responséo
treatmentSincethe cartilageis only afew millimetersthick, anac-
curatemeasuremertf thethicknessandof the quality of thetissue
is necessarfor theearlydeterminatiorof ajoint's degenerationA
changein cartilagethicknessandits quality indicatesthe stateof
thediseaseindcanbeused.e.g.,for the estimationof the progress



Figure 2: T, map of the articular cartilage with three T, proles
(white lines). Notice their perpendicular alignment to the underlying
subchondral bone.

of osteoarthritispr for the evaluationof the responseo therapies.

CurrentMR cartilage-imagingechniquesllow adetailedexam-
inationof thejoint cartilage jncludingboththicknessaandquality of
thetissue.ln generaltwo typesof MR sequenceareused:a high-
resolutionanatomicakcan(e.g.,a 3D water suppressedequence
or protondensityweightedsequenceanda T, map, representing
thetissuequality. The computatiorof T, mapsfrom spin-echam-
agess discussedh section3.1. Figuresl(a)and(b) shav oneslice
of theanatomicakcanandthe T, mapof the patellarcartilage re-
spectvely. While the anatomicalkcangivesthe informationabout
the shapeand thicknessof the cartilage,in T, mapsthe radiolo-
gistsaresearchindor disruptionsof typical T, patternsTherefore,
thesetwo scansareusuallystudiedontwo linkedscreensn aslice-
by-slicemanneror by multi-planarreconstructiorfor radiological
assessmentThis considerablyreduceghe spatialperceptionand
prolongsthe examinationtime. A 3D representatiorof the car
tilage anatomyis a valuabletool for radiologists giving added3D
informationfor abetterlocalizationof lesions.For abettercommu-
nicationwith the orthopedistsliagnosticinformationis illustrated
in onesingleimagewith anatomiccorrelation.This allows aneasy
accesdo thisinformation,for exampleduringsumical procedures.
Integration of qualitative information as provided by the T, map
into the 3D representatiomakes a tool lik e this even more valu-
able.

Our approactdealswith combiningthe anatomicainformation
with the quality informationof the cartilage. Althoughthe kneeis
x ed during the acquisition,thesetwo sequencebave to be reg-
isteredby an afne transformation. It is basedon local correla-
tions [19] to compensateslight patients movements. Then, the
surface of the articular cartilageis reconstructedrom the high-
resolutionanatomicakcan.In orderto obtainthe T, maplimited to
theinterior of the cartilage the previously computedsegmentation
maskis appliedto the T, map.

Recently the spatial distribution of the T, relaxation times
within the cartilagehasbeenwidely discussedn medicallitera-
ture[13, 14, 18, 12]. For the validation of the quality of the car
tilage by meansof disruptionsin the T, map,socalledT, pro les
arecalculated A T, pro le is the curve of varying T, valuesalong
a line that is perpendiculato the subchondrabone and endsat
the surfaceof the cartilage(see gure 2). For healtty cartilagethe
T, pro les have a typical characteristicshape. This is dueto the
factthatfor healtly cartilagethe T» valuesare arrangedn layers
parallelto the subchondrabone. The T, pro les in lesionareas
signi cantly deviate from thesecharacteristishapes.Multiple T,
pro les canbegeneratedn orderto obtainlocal characteristicéor
comparisorof differentregionsof the cartilageandcomparisorbe-
tweenspecimensSinceseveralfactorse.g.,theageor thephysical

proportionsof the patientsaresigni cant for thethicknessandthe
T, relaxationtimes,anormalizedpro le canbecomputedlt yields
the T, timesfor the normalizeddistancedetweerthe subchondral
surface(distanced.0) andthe articularsurface(distancel.0). This
enablesa comparisorof spatialvariationof two pro les with dif-
ferentlengths.

The main contritution of this paperis the introductionof the
Pro le Flag, a novel userinterfacefor investigating T, maps(see

gure 1(c)). This glyph enableprobingof the T, mapswithin the
articular cartilage. It providesinformationaboutthe thicknessas
well asthe quality of the cartilage. The Pro le Flagimproveson
two ineffective stepsin the work ow of articularcartilageinspec-
tion in clinical practice. Firstly, by browsingthe T, pro les on a
reconstructedurfaceof the cartilage theradiologistdoesnot need
to switch betweentwo screensn orderto obsere both, the thick-
nesschangesand the quality within the cartilage. Moreover, by
usingmultiple Pro le Flags,thedisruptionsin the structureof the
T, mapand,thusthe deviation from a "healthy” pro le canbe vi-
sualizedin anintuitive way. Secondlythe commonlyusedproce-
dureof communicatiorbetweertheradiologistandthe orthopedist
involves marking and printing out all slicesincluding the identi-
ed lesion.UsingthePro le Flag,theinvesticgatingradiologistcan
simply annotatethe affectedregionson a reconstructedgurfaceby
shaving thelocal characteristicef the cartilagein onesingleim-
age.

The paperis structuredasfollows. Relatedwork on volumet-
ric datainteractionandannotationis reviewedin section2. Then,
the necessargnvironmentfor the visualizationof the T, mapsare
sketchedn chapter3. In the centralsection4 of the paper we dis-
cussthe differentsetupsof the Pro le Flag. Resultsareshowvn in
sectionb. In chapter6 we discusgossiblesxtensiongo thePro le
Flag. Finally, we summarizeandconcludethework in section?.

2 RELATED WORK

Thereis a large body of work discussingthe annotationof volu-
metric data. Every featurecanbe annotatedy a rectangularcap-
tion, which is locatedoutsidethe volume in image space. Each
captionis assignedo onepre-de nedfeaturein the data. Usually,

the mainissueof papersfrom this trackis the arrangemenof the
rectanglesvith the purposeof avoiding overlapin imagespacdg6].

Bell etal.[2] addressheabore mentionedssuesn avirtual 3D en-
vironment. Several groupsare discussingglyphswith picking and
manipulatingcapabilitiesin virtual ervironmentg17].

Recently the useof advancedinteractiontoolsis gaining popu-
larity beyondwhatis alreadyavailablein medicalworkstations Be-
sidesthe commonlyusedcutting planes(or even, arbitrary cutting
objects),McGufn etal. [10] presentedan interactve tool for in-
vestigationof volumetricdatabasedn differentkinds of deforma-
tionsandlayeringsof the objects.More application-speci aglyphs
have beenpresentedby Huitemaand van Liere [7] for molecu-
lar data,comprisingtranslationand measurementapabilities. In
Preimet al. [15], measuredik e distance®r angles,canbe deter
minedby anintuitive interface.

In o w visualizationdeLeeuwandvanWijk [3] presenaglyph
for the visualizationof multi-dimensionadata. The glyph canbe
locatedatanarbitrarypositionandit visualizeshelocal character
isticsof several o w attributes.

In our previous work [11], we discussthe visualizationof the
thicknessof femoralcartilage. Sincethe femoralcartilageconsti-
tutesacunedstructurewe concentratenvisualizingthethickness
informationby unfolding the cartilage. In this paperwe focuson
the patellarcartilage,which is a at structurewhenno lesionsare
presentThusno deformationsarenecessaryo representhethick-
nessin areliableway. Moreover, giventhe currentscanresolution,
thepatellarcartilageis thick enoughfor observingspatialvariations



Figure 3: Spatial variation in T, as a function of normalized distance
from the subchondral bone (0.0) to the articular surface (1.0) for the
patella. The selectedpro le is depicted in red.

of the T, timeswithin the cartilage.

3 CARTILAGE INVESTIGATION ENVIRONMENT

In this sectionswe shortly presentwo aspectswhich are closely
relatedto the investigation of the T, maps. First, the computation
of the T, mapsfrom a seriesof spin-echamagesis described.In
thesecondsubsectionwe discusghegraphof pro les, a depiction
that providesstatisticalinformationby shawving a seriesof pro les
from all overthecartilagesurface.

3.1 Computation of the T, map

As mentionedabore, two MR acquisitionsequencesare usedfor

the quantitatve and qualitatve measurementgespectrely. The
surfaceof the articular cartilageis generatedrom the anatomical
scan,while the T, mapis calculatedrom a sequencef spin-echo
images.TheT, maprepresentthetissuequality. A setof spin-echo
imagedV; is acquiredby varyingtheechotimet;. Then,theT, map
is calculatedby tting a non-linearmono-exponentialcurve on a

voxel-by-voxel basis.The signalintensityof eachvoxel V(j) of an

imageM; canbeapproximatedyV(j) Vo(j) exp(Tz—(‘})), where
Vo(]) istheintensityof thevoxel atechotimet; = 0 andTy(j) isthe
relaxationtime constantWe are tting acurve throughaweighted
leastsquarespproachThisis doneby minimizing the sumsof the
squaref deviationsbetweermeasuredndexpectedvaluesover

all sequencesmind X 5(In(V(j))  In(Vo(j)) + %(ij))zwi. N is the
numberof sequenceandthew; arethe weightingconstantsleter

mining how strongtheimageM; affectsthe curve. Theapproachis

choserbecaus®f its high accurag/computationatostratio [9].

3.2 Graph of Pro les

A graphof pro les (see gure 3) is the rst indicatorof irregular
ities in the structureof the T, map. Sincethe shapeof a T, pro le
is dependenbn several factorslike the age or the physical pro-
portionsof the patient,a default T, pro le cannotbe determined.
Moreover, chemicalshift artifactsat the bone/cartilagesurfacein-
troducelongerT, valuesat this boundary The shapeof the curve
thus dependsn the sggmentationtechnique[16]. Therefore the
graphof pro les is crucialto provide a statisticalreferencefor the
radiologists A setof uniformly distributedpro les is computedor
the entiresurfacestartingfrom the subchondrabone. Eachpro le
is shawvn in the graphin orderto give an overview of all pro les.
Sucha simultaneousepresentationf mary pro les discriminates
the oneswith suspiciouscharacteristicasoutliers. During brows-
ing thepro les with thePro le Flag,thecurrentlyinvestigatedpro-
le is emphasizeth red,while theremainingpro les yield a statis-
tical informationon theshape®f all theotherT, pro les. Figure3
shavs agraphof pro les of ahealtty specimen.

Figure 4: Prole Flag: a 3D glyph for probing of proles. The glyph
is located on the surface of the investigated structure, perpendicular
to its surface. It consistsof the banner, the range selecta, the needle
and the cutting plane.

4 PROFILE FLAG

Sofar, we have discussedhe generatiorof the T, mapswhich are
investicatedin a slice-by-slicemannerin clinical practice. In this
sectionwearepresentinghePro le Flagfor probingof theT, maps
by browsingthereconstructedurfaceof the cartilage. The Pro le
Flagis abulletin boardpin-like interfacefor probingandannotating
of underlyingdata. In orderto visualizethe correspondingpro le,
thePro le Flagis locatedon the surfaceof the cartilage.Sincethe
T, pro les arede ned alonglinesperpendiculato the subchondral
boneinterface,the Pro le Flagis alignedwith the normalvector
of the surfaceat that position. During the investigation, one can
dragthe Pro le Flag alongthe entire surfaceof the inspectedb-
ject. Multiple Pro le Flagscanbe stuckinto the objectin orderto
visualizemultiple pro les or to emphasizéhe differencebetween
two or morepro les. A Pro le Flag consistsof four components:
thebannertherangeselectorthe needleandthe cuttingplane(see
gure 4). In thefollowing the component®f the Pro le Flagand
interactiongheravith arediscussed.

4.1 The Needle

Theneedles locatedbeneaththe surfaceof theinspectedbject. It
de nesthe positionof the referencepro le. Two typesof needles
canbede ned: aneedlewith a x edlengthanda needlewith an
adaptabldength. The x edlengthneedlesampleshe underlying
volume at equally spacedntenals startingfrom the subchondral
bone(see gure 5(a)). It yieldsthe measuredraluesin relationto
the distancefrom the subchondrabone. In the investigation pro-
cessof the cartilage,sucha needleis designedor measuringhe
(absolutdength) T, pro les. If aneedlewith anadaptabldéengthis
applied,the needlemeasureshe normalizedpro le. It canbeseen
asa needlescaledto the thicknessof the cartilageat the currently
investigatedpoint (see gure 5(b)).



(@)

(b)

Figure 5: Two types of needles: (a) needle with a xed length is
probing the valuesat regularly spacedintervals and (b) an adaptive
needleis sampling the measuredvaluesalong the normalized distance
from the subchondral bone A to the articular surface B.
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Figure 6: Two setups of the range selecta. If the radius is set to
0 (a), only the reference pro le is measured, setting R> 0 (b), all
pro les within the neighborhood are visualized on the banner. The
prole at the needleis shown in red. The green lines delimit all
pro les in the neighborhood.

4.2 The RangeSelector

Therangeselectorenableghe de nition of the sizeof theinvesti-
gatedneighborhood While the referencepro le is de ned by the
positionof the needle therangeselectordetermineshe sizeof the
interestingneighborhoodhroughtheradiusR of the cone.All pro-
les locatedwithin this rangearevisualizedaccordingto the type
of the banner(seesection4.3). If the radiusis setto 0, only the
referencepro le will bevisualized(see gure 6).

4.3 The Banner

The bannerrepresentshe information de ned by the position
of the needleand the rangede ned by the rangeselector For
normalized pro les, the top of the bannercorrespondsto the
subchondrasurface while the bottomof thebannercorrespondso
thearticularsurface(see gure 7). Thebanneris alwaysfacingthe
camera. This avoids projective distortionsand thus distortionsof
the visualizedinformation. On the bannerthe pro le information
is shavn in oneof severalways:

single pro le banner: by settingthe radiusR to 0 only the
referencepro le attheneedlds shovn (see gure 8(a)).

singleaveragedpro le banner (R> 0): thistype of banner
averagesall pro les within theradiusR andshaws only one
averagedro le.

multiple pro les banner (R> 0): in additionto the refer

encepro le, all pro les within radiusR aretakeninto account.
In orderto avoid visual clutter by shaving all pro les in the
neighborhoodonly the minimalandmaximalvaluesfrom alll

pro les arerenderedn green(see gure 8(b),(c)). Thegreen
linesarenotexistingpro les but enclosurdinesof all pro les

in theinvesticatedneighborhood.

Thedeviation pro le bannerillustratesthedifferenceof pro-
les from areferenceoro le. Thereferencepro le is straight-
enedandcoincideswith theverticalaxis(see gure 8(d)). The
otherpro les undego the sametransformation. Thusthe de-
viationsfrom thereferencepro le areeasilyperceved. A de-
viation pro le canbeusedto shawv thepro le variancewithin
asingleneighborhoodAnotherpossibilitycompareswo dif-
ferentcartilageregionswith two Pro le Flags.The rst Pro-
le Flagde nesthereferencepro le, e.g.,in ahealtty region.
ThesecondPro le Flagshows thenthe differencepro les in
another(possiblysuspiciousyegion (see gure 8(e)).

Thesebannertypesarea small collectionof concevablede ni-
tions of a setof pro les. Furtherpossibilitiesinclude occurrence-
basedro le displaysandreferencepro les with statisticalannota-
tions(mean,variance).

4.4 Cutting Plane

The cutting-planecomponenbf the Pro le Flagis anextensionof
the multi-planarreconstructiona tool which is usuallyappliedfor
inspectionof T, maps. Sincewe are primarily interestedn those
cross-sectionsf thedatathatincludethereferencero le, thenee-
dle shouldbeincludedin the cutting plane. In orderto investicate
the entireneighborhoodf the pro le, the planecanbe rotatedby
an arbitrary angle aroundthe needle(see gure 9). Notice that,
whenthecuttingplaneis shavn, theneedleis notrenderedn order
notto hidethereferencepro le atthecross-section.

Moreover, the interactionwith the reconstructecgurfaceof the
cartilagecanfacilitatetheinitial settingof the positionandrotation
of the desiredcutting plane. Therefore the cutting planeis de ned
by a point on the needleanda normalvectot independentlyfrom
therotationof the object. The normalvectorof the planehasto be
perpendiculato the directionvectorof the needle. To choosethe
normalvectorfacingthe camerajt shouldbe locatedin the plane
de ned by thedirectionvectorof the needleP andtheviewing vec-
torV. Thus,thenormalvectorcanbecalculatecdoyN= (V P) P,
whereV is theviewing vectorfrom thecamerao thelocationof the
pro le andP is thedirectionvectorof theneedle.

The following two modesfor interactionwith the cutting plane
are:
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Figure 8: According to the type of the banner, the pro les de ned by the needleand the range selecta are visualized: (a) single pro le banner,
(b) multiple proles banner (radius = 1mm), (c) multiple proles banner (radius = 3mm), (d) deviation prole banner (radius = Omm), (e)

deviation pro le banner (radius = 1mm).

rotation of the cutting plane around the needle

This modeis corvenientfor rotationwith smallangles.The
obliquepositionof the cutting planeproducesprojectiondis-
tortionswhich grow with increasingrotationangle (seealso
gure 9(c)and(d)).

rotation of the object around the needle

The secondmodeis designedfor rotationwith an arbitrary
angle. The cutting planeremainsparallelto theimageplane
anddoesnot changéts positionin imagespaceduringthein-
teraction.Onecaneasilyobsene the entireneighborhooaf
thecurrentpro le. Ontheotherside,adisorientatiormayoc-
cur while rotatingthe clippedreconstructedurface(seealso
gure 9(e)and(f)).

5 RESULTS

In this chapterwe shortly discussthree scenarioof dataannota-
tions with the previously describedPro le Flag. Figure 10 shavs
two possibilitiesof annotation®f the quality of articularcartilage.
Figure10(a)containstwo Pro le Flagsvisualizinga healtly (left)

anda suspiciougpro le (right). Moreover theleft Pro le Flagcan

be setasa referencePro le Flag (gure 10(b)). Then, the right
Pro le Flag measureshe deviationsto the pro le de ned by the
referencePro le Flag. Figurel11l visualizesalsothe pro les in the
neighborhoof the referencepro le. Notice, that while the ref-
erencePro le Flagvisualizesthe minimal andmaximal T, values
within the de ned area,theright Pro le Flagsdepictsthe minimal
andmaximaldeviationfromthereferencéro le Flag. An arbitrary
numberof Pro le Flagscanbe stuckinto the surfaceof the inves-
tigated object. Figure 12 shaws an articular cartilagewith three
annotategro les. Themiddleonede nesthecuttingplane ,which
shavs across-sectioof the T, mapincludingthepro le de ned by
thereferencepro le.

6 DiscussioN

The basicconceptof the Pro le Flagsoffers mary opportunities.
Herewe discusssomeof the possibleextensionsand applications
of thePro le Flag.

Pro le Flag asan Annotation Tool
By stickingoneor morePro le Flagsinto theinspectedstruc-
ture,onecaneasilyannotateregionsof theobject,which con-
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Figure 9: The reconstructed surface (a) of the articular cartilage including one Pro le Flag. The cutting plane (b) is generated by taking into
account the viewing vector and the needle position of the observedpro le. Figures (c) and (d) demonstrate the rotation of the cutting plane
around the needleat +40 and 40 degrees,respectively. Notice the distortion of the resulting T, map causedby the rotation. Figures (e) and
(f) show the rotation of the reconstructed surface around the needleat +40 and 40 degrees,respectively. The cutting plane remains parallel
to the image plane.

tain suspiciousinternal characteristics.In clinical practice,
this stepis crucialfor transmittingthe diagnosisrom thein-

spectingradiologistto the orthopedistwho is performingthe
arthroscop. Thiscanbeachiezedin anef cient way by high-
lighting thedamagedegionsof theobjectin conjunctionwith

theanatomicatontext.

Automatic Positioning of Pro le Flags

Additionally to browsingthe pro les, onecanthink of anau-
tomatic positioningof the Pro le Flags. This canbe a pre-
processingstepbeforestartingthe investigation of the struc-
ture. In caseof cartilageimaging,onepro le, comprisinga
healtty behaior, canbedeterminedThefollowing investiga-
tion of the cartilagewould includethe browsing of the carti-

lagewith thedeviationpro les, whichshav only thevariation
from thereferencepro le. This stepwould involve a sophis-
ticatedstatisticalanalysis,sincethe T, pro les differ among
thepopulation.

Seedingof Pro les

Wheninspectinganobjectwith acurvedsurface,onecaneas-
ily missapro le with animportantcharacteristicThisis par

ticularly the casewhenusingthe Pro le Flagfor probingof

pro les within a certainneighborhood.Thus, the densityof

thePro le Flagsshouldbeadaptedo thecurvatureof thesur

facein ordernotto missary area. A similar issuehasbeen
discussedby Vilanova etal. [1] for virtual colonoscop.
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Figure 10: A disruption (right Prole Flag) in the pattern of the
T, map can be annotated in two ways. Figure (a) shows two Pro le
Flags, wherethe left one show a healthy pro le, while the right Pro le
Flag shows a suspiciouspro le. On the other hand, the left Prole
Flag in gure (b) is set as a referencePro le Flag. The right one
shows the deviation of the probed pro le from the referencePro le
Flag.

Restriction of Pro les

Additionally, the setof selectedoro les canbe restrictedby
a certaincondition. For instancerestrictingthe maximum
deviation for the multiple pro le banneiin ary pointcauses
reductionin the numberof pro les to the ones,which ful Il
this criterion. This couldinvolve modi cation of the shapeof
therangeselectoiby pointingonly to asubsebf all previously
selectedpro les.

Application Areas

In this papemwe demonstratéhe useof Pro le Flagsfor prob-
ing of T, maps.Howevertheapplicationof thetool is notlim-
ited to theinvestication of kneecartilage.Otherareasnclude
visualizationof 3D structureswhich have spatialor tempo-
ral curvesassociatedo each3D location. Examplesinclude
densegyeologicdataor time dependenseriesof dynamiccon-
trastenhancedRI for mammograph

7 SUMMARY AND CONCLUSIONS

In this paperwe have presentedhe Pro le Flag- aglyphfor prob-
ing of underlyingcurve data. ThePro le Flagconsistf four com-

Figure 11: The referenceProle Flag (red) is located at a position
of a healthy prole. Additionally, the extent of the proles within
the selectedrange is shown. The right prole (yellow) is showing the
deviations from the referencePro le Flag. Again, the neighborhood
of the current pro le is visualized.

Figure 12: A T, map annotated by three Prole Flags stuck into
the reconstructed surface of the articular cartilage. A cutting plane
is showing a cross-sectionof the T, map of the Prole Flag in the
middle.

ponents:the banney the rangeselectoy the needleandthe cutting
plane. It canbe moved alongthe reconstructedurfaceof the car
tilage by giving immediatefeedbackon thelocal characteristicef
the underlyingdata. Sincethe essentiainformationis rendered
outsidethe investigated structure,thereis no needto reducethe
information aboutthe shapeor anatomyof the inspectedobject.
Moreover, several regionsof the objectcanbe annotatedby using
eitherthe absoluteor the relative representatiorof the measured
quantity We have presentedhe applicationof the Pro le Flagin
a medicalervironmentfor the investication of kneecartilage.Be-
sidesobservingthe shapeand the thicknessof the cartilage, the
radiologistcaninspectthe changen the quality of the cartilageby
probingof the T, maps. The resultof the inspectionis the recon-
structedsurfaceof the objectwith annotatedesions,which canbe
easilyinterpretedby the orthopedist.The applicationof the Pro le
Flagis notrestrictedto a medicaldomain.Otherapplicationsareas
includeprobingof curve datain structureswherethe reductionof
the contet informationis undesirable.
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