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Figure 1: One slice of an anatomical scan of a patella (a) and the corresponding T2 map (b) of articular cartilage investigated with Pro�le
Flags (c).

ABSTRACT

Thispaperdescribesa tool for thevisualizationof T2 mapsof knee
cartilage.GiventheanatomicalscanandtheT2 mapof thecartilage,
wecombinetheinformationontheshapeandthequalityof thecar-
tilage in a singleimage. ThePro�le Flag is an intuitive 3D glyph
for probingandannotatingof the underlyingdata. It comprisesa
bulletin boardpin-like shapewith a small �ag on top of it. While
moving theglyph alongthereconstructedsurfaceof anobject,the
curvedatameasuredalongthepin'sneedleandin its neighborhood
areshown on the �ag. The applicationareaof the Pro�le Flag is
manifold,enablingthevisualizationof pro�le dataof densebut in-
homogeneousobjects.Furthermore,it extractstheessentialpartof
the datawithout removing or even reducingthe context informa-
tion. By sticking Pro�le Flagsinto the investigatedstructure,one
or moresigni�cant locationscanbe annotatedby showing the lo-
cal characteristicsof thedataat thatlocations.In this paperwe are
demonstratingthepropertiesof the tool by visualizingT2 mapsof
kneecartilage.
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1 I NTRODUCTI ON AND M EDI CAL BACK GROUND

Thesurfacesof kneejoints arecoveredby a tissuewith a complex
structure,called articular cartilage. Among the functionsof the
cartilagearedistribution of weight, frictionlessmotion andshock
absorption. Damageto the cartilagecanbe eitherpost-traumatic
or degenerative, both may leadto osteoarthritis.In osteoarthritis,
softeningof thecartilageis observed,causingthe tissueto be less
resistantto load bearing. Ulcerationandthinning of the cartilage
occursin thenext stageof osteoarthritis,leadingto exposureof the
bearbonein thecourseof severalyears.Clinically, this is accompa-
niedby pain,stiffnessandprogressive lossof function.Researchto
�nd treatmentsto stopor even reversethesedegenerative changes
arewell in progress.Essentialto a treatmentat an early stageof
osteoarthritisis earlydetectionof cartilagedegeneration[4, 8, 5].

Importantfactorsin the characterizationof cartilagedegenera-
tion are thicknessof the tissuelayer and tissuequality, the latter
representedin water-contentor T2 values.Both areimportantfor a
quantitativeandqualitativemeasurement,respectively, thus,allow-
ing for follow up to thediseaseprogressionandto theresponseto
treatment.Sincethecartilageis only afew millimetersthick, anac-
curatemeasurementof thethicknessandof thequalityof thetissue
is necessaryfor theearlydeterminationof a joint'sdegeneration.A
changein cartilagethicknessandits quality indicatesthe stateof
thediseaseandcanbeused,e.g.,for theestimationof theprogress
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Figure 2: T2 map of the articular cartilage with three T2 pro�les
(white lines). Notice their perpendicular alignment to the underlying
subchondral bone.

of osteoarthritis,or for theevaluationof theresponseto therapies.
CurrentMR cartilage-imagingtechniquesallow adetailedexam-

inationof thejoint cartilage,includingboththicknessandqualityof
thetissue.In general,two typesof MR sequencesareused:ahigh-
resolutionanatomicalscan(e.g.,a 3D watersuppressedsequence
or protondensityweightedsequence)anda T2 map,representing
thetissuequality. Thecomputationof T2 mapsfrom spin-echoim-
agesis discussedin section3.1.Figures1(a)and(b) show oneslice
of theanatomicalscanandtheT2 mapof thepatellarcartilage,re-
spectively. While theanatomicalscangivesthe informationabout
the shapeand thicknessof the cartilage,in T2 mapsthe radiolo-
gistsaresearchingfor disruptionsof typicalT2 patterns.Therefore,
thesetwo scansareusuallystudiedontwo linkedscreensin aslice-
by-slicemanneror by multi-planarreconstructionfor radiological
assessment.This considerablyreducesthe spatialperceptionand
prolongsthe examinationtime. A 3D representationof the car-
tilageanatomyis a valuabletool for radiologists,giving added3D
informationfor abetterlocalizationof lesions.For abettercommu-
nicationwith the orthopedistsdiagnosticinformationis illustrated
in onesingleimagewith anatomiccorrelation.This allows aneasy
accessto this information,for exampleduringsurgical procedures.
Integration of qualitative information as provided by the T2 map
into the 3D representationmakesa tool like this even morevalu-
able.

Our approachdealswith combiningtheanatomicalinformation
with thequality informationof thecartilage.Althoughthekneeis
�x ed during the acquisition,thesetwo sequenceshave to be reg-
isteredby an af�ne transformation. It is basedon local correla-
tions [19] to compensateslight patient's movements. Then, the
surfaceof the articular cartilageis reconstructedfrom the high-
resolutionanatomicalscan.In orderto obtaintheT2 maplimited to
theinterior of thecartilage,thepreviously computedsegmentation
maskis appliedto theT2 map.

Recently, the spatial distribution of the T2 relaxation times
within the cartilagehasbeenwidely discussedin medical litera-
ture [13, 14, 18, 12]. For the validationof the quality of the car-
tilageby meansof disruptionsin theT2 map,socalledT2 pro�les
arecalculated.A T2 pro�le is thecurve of varyingT2 valuesalong
a line that is perpendicularto the subchondralboneand endsat
thesurfaceof thecartilage(see�gure 2). For healthy cartilagethe
T2 pro�les have a typical characteristicshape.This is dueto the
fact that for healthy cartilagethe T2 valuesarearrangedin layers
parallel to the subchondralbone. The T2 pro�les in lesion areas
signi�cantly deviate from thesecharacteristicshapes.Multiple T2
pro�les canbegeneratedin orderto obtainlocal characteristicsfor
comparisonof differentregionsof thecartilageandcomparisonbe-
tweenspecimens.Sinceseveralfactors,e.g.,theageor thephysical

proportionsof thepatients,aresigni�cant for thethicknessandthe
T2 relaxationtimes,anormalizedpro�le canbecomputed.It yields
theT2 timesfor thenormalizeddistancesbetweenthesubchondral
surface(distance0.0)andthearticularsurface(distance1.0). This
enablesa comparisonof spatialvariationof two pro�les with dif-
ferentlengths.

The main contribution of this paperis the introductionof the
Pro�le Flag, a novel userinterfacefor investigating T2 maps(see
�gure 1(c)). This glyph enablesprobingof theT2 mapswithin the
articularcartilage. It provides informationaboutthe thicknessas
well asthe quality of the cartilage. The Pro�le Flag improveson
two ineffective stepsin the work�o w of articularcartilageinspec-
tion in clinical practice. Firstly, by browsing the T2 pro�les on a
reconstructedsurfaceof thecartilage,theradiologistdoesnotneed
to switchbetweentwo screensin orderto observe both, the thick-
nesschangesand the quality within the cartilage. Moreover, by
usingmultiple Pro�le Flags,thedisruptionsin thestructureof the
T2 mapand,thusthedeviation from a ”healthy” pro�le canbevi-
sualizedin an intuitive way. Secondly, thecommonlyusedproce-
dureof communicationbetweentheradiologistandtheorthopedist
involves marking and printing out all slicesincluding the identi-
�ed lesion.UsingthePro�le Flag,theinvestigatingradiologistcan
simply annotatetheaffectedregionson a reconstructedsurfaceby
showing the local characteristicsof thecartilagein onesingleim-
age.

The paperis structuredas follows. Relatedwork on volumet-
ric datainteractionandannotationis reviewed in section2. Then,
thenecessaryenvironmentfor thevisualizationof theT2 mapsare
sketchedin chapter3. In thecentralsection4 of thepaper, we dis-
cussthe differentsetupsof the Pro�le Flag. Resultsareshown in
section5. In chapter6 wediscusspossibleextensionsto thePro�le
Flag.Finally, wesummarizeandconcludethework in section7.

2 REL ATED WORK

Thereis a large body of work discussingthe annotationof volu-
metric data. Every featurecanbe annotatedby a rectangularcap-
tion, which is locatedoutsidethe volume in imagespace. Each
captionis assignedto onepre-de�nedfeaturein thedata.Usually,
the main issueof papersfrom this track is the arrangementof the
rectangleswith thepurposeof avoidingoverlapin imagespace[6].
Bell etal. [2] addresstheabovementionedissuesin avirtual 3D en-
vironment.Severalgroupsarediscussingglyphswith picking and
manipulatingcapabilitiesin virtual environments[17].

Recently, theuseof advancedinteractiontools is gainingpopu-
larity beyondwhatis alreadyavailablein medicalworkstations.Be-
sidesthecommonlyusedcuttingplanes(or even,arbitrarycutting
objects),McGuf�n et al. [10] presentedan interactive tool for in-
vestigationof volumetricdatabasedondifferentkindsof deforma-
tionsandlayeringsof theobjects.Moreapplication-speci�cglyphs
have beenpresentedby Huitemaand van Liere [7] for molecu-
lar data,comprisingtranslationandmeasurementcapabilities. In
Preimet al. [15], measureslike distancesor angles,canbe deter-
minedby anintuitive interface.

In �o w visualization,deLeeuwandvanWijk [3] presentaglyph
for the visualizationof multi-dimensionaldata. The glyph canbe
locatedatanarbitrarypositionandit visualizesthelocal character-
isticsof several�o w attributes.

In our previous work [11], we discussthe visualizationof the
thicknessof femoralcartilage.Sincethe femoralcartilageconsti-
tutesacurvedstructure,weconcentrateonvisualizingthethickness
informationby unfolding the cartilage. In this paperwe focuson
thepatellarcartilage,which is a �at structurewhenno lesionsare
present.Thusnodeformationsarenecessaryto representthethick-
nessin a reliableway. Moreover, giventhecurrentscanresolution,
thepatellarcartilageis thick enoughfor observingspatialvariations



Figure 3: Spatial variation in T2 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 theT2 timeswithin thecartilage.

3 CARTI L AGE I NVESTI GATI ON ENVI RONM ENT

In this sectionswe shortly presenttwo aspects,which areclosely
relatedto the investigation of the T2 maps.First, the computation
of the T2 mapsfrom a seriesof spin-echoimagesis described.In
thesecondsubsection,wediscussthegraphof pro�les, adepiction
thatprovidesstatisticalinformationby showing a seriesof pro�les
from all over thecartilagesurface.

3.1 Computation of the T2 map

As mentionedabove, two MR acquisitionsequencesareusedfor
the quantitative and qualitative measurements,respectively. The
surfaceof the articularcartilageis generatedfrom the anatomical
scan,while theT2 mapis calculatedfrom a sequenceof spin-echo
images.TheT2 maprepresentsthetissuequality. A setof spin-echo
imagesMi is acquiredby varyingtheechotimeti . Then,theT2 map
is calculatedby �tting a non-linearmono-exponentialcurve on a
voxel-by-voxel basis.Thesignalintensityof eachvoxel V( j) of an
imageMi canbeapproximatedbyV( j) � V0( j) � exp( � ti

T2( j) ), where

V0( j) is theintensityof thevoxel atechotimeti = 0 andT2( j) is the
relaxationtime constant.We are�tting a curve througha weighted
leastsquaresapproach.This is doneby minimizing thesumsof the
squaresof deviationsbetweenmeasuredandexpectedvaluesover
all sequences:minå N

i= 0(ln(V( j)) � ln(V0( j)) + ti
T2( j) )2wi . N is the

numberof sequencesandthewi aretheweightingconstantsdeter-
mininghow strongtheimageMi affectsthecurve. Theapproachis
chosenbecauseof its highaccuracy/computationalcostratio [9].

3.2 Graph of Pro�les

A graphof pro�les (see�gure 3) is the �rst indicatorof irregular-
ities in thestructureof theT2 map. Sincetheshapeof a T2 pro�le
is dependenton several factorslike the ageor the physical pro-
portionsof the patient,a default T2 pro�le cannotbe determined.
Moreover, chemicalshift artifactsat thebone/cartilagesurfacein-
troducelongerT2 valuesat this boundary. Theshapeof thecurve
thusdependson the segmentationtechnique[16]. Therefore,the
graphof pro�les is crucial to provide a statisticalreferencefor the
radiologists.A setof uniformly distributedpro�les is computedfor
theentiresurfacestartingfrom thesubchondralbone.Eachpro�le
is shown in the graphin orderto give an overview of all pro�les.
Sucha simultaneousrepresentationof many pro�les discriminates
theoneswith suspiciouscharacteristicsasoutliers. During brows-
ing thepro�les with thePro�le Flag,thecurrentlyinvestigatedpro-
�le is emphasizedin red,while theremainingpro�les yield astatis-
tical informationon theshapesof all theotherT2 pro�les. Figure3
showsagraphof pro�les of ahealthy specimen.

Figure 4: Pro�le Flag: a 3D glyph for probing of pro�les. The glyph
is located on the surface of the investigated structure, perpendicular
to its surface. It consistsof the banner, the range selector, the needle
and the cutting plane.

4 PROFI L E FL AG

Sofar, we have discussedthegenerationof theT2 maps,which are
investigatedin a slice-by-slicemannerin clinical practice. In this
sectionwearepresentingthePro�le Flagfor probingof theT2 maps
by browsingthereconstructedsurfaceof thecartilage.ThePro�le
Flagis abulletin boardpin-likeinterfacefor probingandannotating
of underlyingdata.In orderto visualizethecorrespondingpro�le,
thePro�le Flagis locatedon thesurfaceof thecartilage.Sincethe
T2 pro�les arede�ned alonglinesperpendicularto thesubchondral
boneinterface,the Pro�le Flag is alignedwith the normalvector
of the surfaceat that position. During the investigation, onecan
dragthe Pro�le Flag alongthe entiresurfaceof the inspectedob-
ject. Multiple Pro�le Flagscanbestuckinto theobjectin orderto
visualizemultiple pro�les or to emphasizethe differencebetween
two or morepro�les. A Pro�le Flagconsistsof four components:
thebanner, therangeselector, theneedleandthecuttingplane(see
�gure 4). In the following thecomponentsof thePro�le Flagand
interactionstherewith arediscussed.

4.1 The Needle

Theneedleis locatedbeneaththesurfaceof theinspectedobject.It
de�nes thepositionof the referencepro�le. Two typesof needles
canbe de�ned: a needlewith a �x ed lengthanda needlewith an
adaptablelength. The �x ed lengthneedlesamplesthe underlying
volume at equally spacedintervals startingfrom the subchondral
bone(see�gure 5(a)). It yields themeasuredvaluesin relationto
the distancefrom the subchondralbone. In the investigation pro-
cessof the cartilage,sucha needleis designedfor measuringthe
(absolutelength)T2 pro�les. If aneedlewith anadaptablelengthis
applied,theneedlemeasuresthenormalizedpro�le. It canbeseen
asa needlescaledto the thicknessof thecartilageat thecurrently
investigatedpoint (see�gure 5(b)).
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Figure 5: Two types of needles: (a) needle with a �xed length is
probing the values at 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 selector. 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
pro�le at the needle is shown in red. The green lines delimit all
pro�les in the neighborhood.

4.2 The RangeSelector

Therangeselectorenablesthede�nition of thesizeof the investi-
gatedneighborhood.While the referencepro�le is de�ned by the
positionof theneedle,therangeselectordeterminesthesizeof the
interestingneighborhoodthroughtheradiusRof thecone.All pro-
�les locatedwithin this rangearevisualizedaccordingto the type
of the banner(seesection4.3). If the radiusis set to 0, only the
referencepro�le will bevisualized(see�gure 6).

4.3 The Banner

The banner representsthe information de�ned by the position
of the needleand the rangede�ned by the rangeselector. For
normalized pro�les, the top of the banner correspondsto the
subchondralsurface,while thebottomof thebannercorrespondsto
thearticularsurface(see�gure 7). Thebanneris alwaysfacingthe
camera.This avoids projective distortionsandthusdistortionsof
the visualizedinformation. On the bannerthe pro�le information
is shown in oneof severalways:

� single pro�le banner: by settingthe radiusR to 0 only the
referencepro�le at theneedleis shown (see�gure 8(a)).

� singleaveragedpro�le banner (R> 0): this typeof banner
averagesall pro�les within the radiusR andshows only one
averagedpro�le.

� multiple pro�les banner (R > 0): in addition to the refer-
encepro�le, all pro�les within radiusRaretakenintoaccount.
In orderto avoid visual clutterby showing all pro�les in the
neighborhood,only theminimalandmaximalvaluesfrom all
pro�les arerenderedin green(see�gure 8(b), (c)). Thegreen
linesarenotexistingpro�les but enclosurelinesof all pro�les
in theinvestigatedneighborhood.

� Thedeviation pro�le banner illustratesthedifferenceof pro-
�les from areferencepro�le. Thereferencepro�le is straight-
enedandcoincideswith theverticalaxis(see�gure 8(d)). The
otherpro�les undergo thesametransformation.Thusthede-
viationsfrom thereferencepro�le areeasilyperceived.A de-
viationpro�le canbeusedto show thepro�le variancewithin
asingleneighborhood.Anotherpossibilitycomparestwo dif-
ferentcartilageregionswith two Pro�le Flags.The�rst Pro-
�le Flagde�nesthereferencepro�le, e.g.,in ahealthy region.
ThesecondPro�le Flagshows thenthedifferencepro�les in
another(possiblysuspicious)region (see�gure 8(e)).

Thesebannertypesarea smallcollectionof conceivablede�ni-
tions of a setof pro�les. Furtherpossibilitiesincludeoccurrence-
basedpro�le displaysandreferencepro�les with statisticalannota-
tions(mean,variance).

4.4 Cutting Plane

Thecutting-planecomponentof thePro�le Flagis anextensionof
themulti-planarreconstruction,a tool which is usuallyappliedfor
inspectionof T2 maps. Sincewe areprimarily interestedin those
cross-sectionsof thedatathatincludethereferencepro�le, thenee-
dle shouldbe includedin thecuttingplane. In orderto investigate
theentireneighborhoodof thepro�le, theplanecanberotatedby
an arbitrary anglearoundthe needle(see�gure 9). Notice that,
whenthecuttingplaneis shown, theneedleis not renderedin order
not to hidethereferencepro�le at thecross-section.

Moreover, the interactionwith the reconstructedsurfaceof the
cartilagecanfacilitatetheinitial settingof thepositionandrotation
of thedesiredcuttingplane.Therefore,thecuttingplaneis de�ned
by a point on the needleanda normalvector, independentlyfrom
therotationof theobject.Thenormalvectorof theplanehasto be
perpendicularto the directionvectorof the needle.To choosethe
normalvectorfacingthecamera,it shouldbe locatedin theplane
de�ned by thedirectionvectorof theneedlePandtheviewing vec-
torV. Thus,thenormalvectorcanbecalculatedbyN = (V � P) � P,
whereV is theviewing vectorfrom thecamerato thelocationof the
pro�le andP is thedirectionvectorof theneedle.

The following two modesfor interactionwith thecuttingplane
are:
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Figure 7: One slice of the T2 map with one pro�le (left) and the corresponding banner (right). When measuring a normalized pro�le, the top
of the banner (right) corresponds to the bone/cartilage (B) interface, while the bottom of the banner represents the articular surface (A).

100 20406080 0

1 
   

   
  N

O
R

M
A

LI
Z

E
D

 D
IS

TA
N

C
E

   
   

   
   

0

100 20406080 0

1 
   

   
  N

O
R

M
A

LI
Z

E
D

 D
IS

TA
N

C
E

   
   

   
   

0

100 20406080 0

1 
   

   
  N

O
R

M
A

LI
Z

E
D

 D
IS

TA
N

C
E

   
   

   
   

0

100 0

1 
   

   
  N

O
R

M
A

LI
Z

E
D

 D
IS

TA
N

C
E

   
   

   
   

0

-100-5050 100 0

1 
   

   
  N

O
R

M
A

LI
Z

E
D

 D
IS

TA
N

C
E

   
   

   
   

0

-100-5050

(a) (b) (c) (d) (e)

Figure 8: According to the type of the banner, the pro�les de�ned by the needleand the range selector are visualized: (a) single pro�le banner,
(b) multiple pro�les banner (radius = 1mm), (c) multiple pro�les banner (radius = 3mm), (d) deviation pro�le banner (radius = 0mm), (e)
deviation pro�le banner (radius = 1mm).

� rotation of the cutting planearound the needle:
This modeis convenientfor rotationwith small angles.The
obliquepositionof thecuttingplaneproducesprojectiondis-
tortionswhich grow with increasingrotationangle(seealso
�gure 9(c)and(d)).

� rotation of the object around the needle:
The secondmodeis designedfor rotation with an arbitrary
angle. Thecuttingplaneremainsparallelto the imageplane
anddoesnotchangeits positionin imagespaceduringthein-
teraction.Onecaneasilyobserve theentireneighborhoodof
thecurrentpro�le. Ontheotherside,adisorientationmayoc-
cur while rotatingtheclippedreconstructedsurface(seealso
�gure 9(e)and(f)).

5 RESULTS

In this chapterwe shortly discussthreescenariosof dataannota-
tions with the previously describedPro�le Flag. Figure10 shows
two possibilitiesof annotationsof thequality of articularcartilage.
Figure10(a)containstwo Pro�le Flagsvisualizinga healthy (left)
anda suspiciouspro�le (right). Moreover the left Pro�le Flagcan

be set as a referencePro�le Flag (�gure 10(b)). Then, the right
Pro�le Flag measuresthe deviations to the pro�le de�ned by the
referencePro�le Flag. Figure11 visualizesalsothepro�les in the
neighborhoodof the referencepro�le. Notice, that while the ref-
erencePro�le Flag visualizesthe minimal andmaximalT2 values
within thede�ned area,theright Pro�le Flagsdepictstheminimal
andmaximaldeviationfrom thereferencePro�le Flag.An arbitrary
numberof Pro�le Flagscanbestuckinto thesurfaceof the inves-
tigatedobject. Figure 12 shows an articular cartilagewith three
annotatedpro�les. Themiddleonede�nesthecuttingplane,which
showsacross-sectionof theT2 mapincludingthepro�le de�nedby
thereferencepro�le.

6 DI SCUSSI ON

The basicconceptof the Pro�le Flagsoffers many opportunities.
Herewe discusssomeof the possibleextensionsandapplications
of thePro�le Flag.

� Pro�le Flag asan Annotation Tool
By stickingoneor morePro�le Flagsinto theinspectedstruc-
ture,onecaneasilyannotateregionsof theobject,whichcon-
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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 T2 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 crucial for transmittingthediagnosisfrom thein-
spectingradiologistto theorthopedist,who is performingthe
arthroscopy. Thiscanbeachievedin anef�cient wayby high-
lighting thedamagedregionsof theobjectin conjunctionwith
theanatomicalcontext.

� Automatic Positioning of Pro�le Flags
Additionally to browsingthepro�les, onecanthink of anau-
tomaticpositioningof the Pro�le Flags. This canbe a pre-
processingstepbeforestartingthe investigationof thestruc-
ture. In caseof cartilageimaging,onepro�le, comprisinga
healthy behavior, canbedetermined.Thefollowing investiga-
tion of thecartilagewould includethebrowsingof thecarti-

lagewith thedeviationpro�les, whichshow only thevariation
from thereferencepro�le. This stepwould involve a sophis-
ticatedstatisticalanalysis,sincethe T2 pro�les differ among
thepopulation.

� Seedingof Pro�les
Wheninspectinganobjectwith acurvedsurface,onecaneas-
ily missapro�le with animportantcharacteristic.This is par-
ticularly the casewhenusingthe Pro�le Flag for probingof
pro�les within a certainneighborhood.Thus,the densityof
thePro�le Flagsshouldbeadaptedto thecurvatureof thesur-
facein ordernot to missany area. A similar issuehasbeen
discussedby Vilanovaetal. [1] for virtual colonoscopy.
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Figure 10: A disruption (right Pro�le Flag) in the pattern of the
T2 map can be annotated in two ways. Figure (a) shows two Pro�le
Flags, wherethe left oneshow a healthy pro�le, while the right Pro�le
Flag shows a suspiciouspro�le. On the other hand, the left Pro�le
Flag in �gure (b) is set as a reference Pro�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 selectedpro�les canbe restrictedby
a certaincondition. For instance,restrictingthe maximum
deviation for themultiplepro�le bannerin any point causesa
reductionin the numberof pro�les to the ones,which ful�ll
this criterion.Thiscouldinvolvemodi�cation of theshapeof
therangeselectorbypointingonly toasubsetof all previously
selectedpro�les.

� Application Ar eas
In thispaperwedemonstratetheuseof Pro�le Flagsfor prob-
ing of T2 maps.Howevertheapplicationof thetool is not lim-
ited to theinvestigationof kneecartilage.Otherareasinclude
visualizationof 3D structureswhich have spatialor tempo-
ral curvesassociatedto each3D location. Examplesinclude
densegeologicdataor timedependentseriesof dynamiccon-
trastenhancedMRI for mammography.

7 SUM M ARY AND CONCL USI ONS

In this paperwe have presentedthePro�le Flag- a glyph for prob-
ing of underlyingcurvedata.ThePro�le Flagconsistsof four com-

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

Figure 12: A T2 map annotated by three Pro�le Flags stuck into
the reconstructed surface of the articular cartilage. A cutting plane
is showing a cross-sectionof the T2 map of the Pro�le Flag in the
middle.

ponents:thebanner, the rangeselector, theneedleandthecutting
plane. It canbemovedalongthe reconstructedsurfaceof thecar-
tilageby giving immediatefeedbackon thelocal characteristicsof
the underlyingdata. Sincethe essentialinformation is rendered
outsidethe investigatedstructure,thereis no needto reducethe
information about the shapeor anatomyof the inspectedobject.
Moreover, several regionsof theobjectcanbeannotated,by using
either the absoluteor the relative representationof the measured
quantity. We have presentedthe applicationof the Pro�le Flag in
a medicalenvironmentfor the investigationof kneecartilage.Be-
sidesobservingthe shapeand the thicknessof the cartilage,the
radiologistcaninspectthechangein thequality of thecartilageby
probingof the T2 maps.The resultof the inspectionis the recon-
structedsurfaceof theobjectwith annotatedlesions,which canbe
easilyinterpretedby theorthopedist.Theapplicationof thePro�le
Flagis not restrictedto amedicaldomain.Otherapplicationsareas
includeprobingof curve datain structures,wherethereductionof
thecontext informationis undesirable.
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tive thicknessvisualizationof articularcartilage. In Proceedingsof
IEEEVisualization2004, pages521–527,oct2004.

[12] Timothy J. Mosher, ChristopherM. Collins, Harvey E. Smith, Lau-
ren E. Moser, RebeccaT. Sivarajah, Bernard J. Dardzinski, and
MichaelB. Smith. Effectof genderon in vivo cartilagemagneticres-
onanceimagingT2 mapping.J. Magn.Reson.Imaging, 19:323–328,
2004.

[13] Timothy J.Mosher, BernardJ.Dardzinski,andMichaelB. Smith.Hu-
manarticularcartilage:In�uence of agingandearlysymptomaticde-
generationon the spatialvariationof T2–preliminary�ndings at 3T.
Radiology, 214:259–266,2000.

[14] Timothy J. Mosher, Harvey Smith,BernardJ. Dardzinski,VincentJ.
Schmithorst,andMichael B. Smith. MR imagingandT2 mapping
of femoralcartilage:in vivo determinationof themagicangleeffect.
AmericanJournalof Roentgenology, 177:665–669,2001.

[15] BernhardPreim, Christian Tietjen, Wolf Spindler, and Heinz Otto
Peitgen. Integrationof measurementtools in medical3D visualiza-
tions. In Proceedingsof IEEEVisualization2002, pages21–28,2002.

[16] Harvey E. Smith, Timothy J. Mosher, BernardJ. Dardzinski, Be-
linda G. Collins, ChristopherM. Collins, Qing X. Yang,VincentJ.
Schmithorst,andMichael B. Smith. Spatialvariationin cartilageof
theknee.J MagnResonImaging, 14:50–55,2001.
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