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Given a singlebidimensionalultrasonogram or scintigraphic image,we considerthe
feasibility for a tridimensional reconstruction of a human gland or organ. In
particular, the reconstruction of onelobe of the thyroid glandis considered.The
output sought,besideshe visualization of the organ in space s the approximation
of the functional and morphological volume of the organ; this valueis alsotaken as
the approximation of the vascularizationvolume.

Blood vesselsn the human body have complexbranching structures and recent
studiesindicate that they are likely to havea fractal elementin their aggregation.in
this work, we initiate a study of the possibility for recreating the geometryof the
thyroid arteries. By employingan angiographicimage, showingthe entire profile of
onethyroid lobe,we analyzethe feasibility of identifying its arterial reticule. An
image analysisapproachis followed for studying the fractal nature of the thyroid
arterial tree geometry.The aim is to understand whether it is practicable to model
the lobe vascular framework, in suchaway that it representsthe correct
anatomical network, on which to designan organ that maintains the morphological
and physiologicalfeaturesof the thyroid gland.

We will discussthe featuresof Mathematica that are usefulin modelingeachphase
of the problem considered:image data acquisition, analysisand visualization.
Mathematicarepresentsan ideal framework for the creation of prototypal
proceduresand the developmentof new algorithms, asit is now fast enoughfor 2D
and 3D imageanalysis.The symbolic and numeric capabilities of Mathematica are
exploited, togetherwith its facilities for importing and rendering image data of
various origin, aswell asfor data approximation. Image processingand graphical
tools are alsoemployed,for the shapeanalysisand reconstruction.

Keywords: edgedetection;dataapproximation; volumeestimation;,vascularization
volume;fractal branchingmodel.

1. Introduction

A singleechographicscintigraphicor angiographiémageof onelobe of thethyroid
glandis consideredThefocusis on patientsaffectedby a particularpathologyof the
thyroid, namelythePlummer'snodule.Theideasthatwill be pursuedn thiswork, in the
tridimensionatreatmenbf thelobe,canbeappliedto otherhumanglandsandorgansas
long astheir morphologyis similar to thatof thethyroid.

Q-
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2 Giulia Spalett:

Currentlythevolumeof athyroidis estimatedashalf the volumeof a parallelepiped,
usingthe measuresf its threeaxesasprovidedby theechographerAsidefrom the
tridimensionalvisualizationof the thyroid lobe,the scopeis to providea numerical
approximatiorto thelobe volumethatis moreaccuratehanthe currentway of
estimatingt [Spaletta:2004].

Throughthetridimensionainformationobtainedtheaim s to performbotha functional
andmorphologicakhnalysisof lobesaffectedby the Plummer'snodule to establistsuch
a pathologywith theleastinvasiveandexpensiveexamination.

Thereexistsarelationbetweerthe occurrencef the Plummer'spathologyandthe
vascularizatiorof onelobe. It is thusimportantto identify its arterialreticuleandto
designa modelfor thethyroid arterialtreegeometry Our study,currentlyat aninitial
state follows afractalbranchingapproachto reproducehelobevasculaframework.In
doingso,theaimis to preservehe morphologicalindphysiologicafeaturesof the
thyroid gland.

This paperis organizedasfollows. The medicalproblemis explainedn § 2, in which
detailsof the morphologyandfunctionsof thethyroid glandaregiven. Thenumerical
modelandsolutionmethodaredescribedn § 3, containinganoutline of the procedures
for thedatacollectionandapproximationaswell asthevolumeevaluationandthe
tridimensionalvisualizationtechnique$Gray:1998],[Gonzalez:2002]a numerical
exampleis givenin § 4. A variationof the proposednethod,in the caseof two input
imagesijs outlinedin 8 5. Thecurrentresearchon thefractalbranchingmodellingof the
thyroid arterialsystem|js briefly illustratedin § 6. Someconclusionsaredrawnin § 7.

Q-

2. Thyroidal Morphology and Function

Thethyroidis the biggestglandin the neck,situatedn theanteriorneck,belowthe skin
andmusclelayers.It takesthe shapeof a butterfly wrappedaroundthetracheawith the
two wingsrepresentedly two lobes,left andright, connectedn the middle by an
isthmus.

In anadultthe glandgenerallyweighs20 grams butthis canvary noticeably.The
dimensionsalsocanvary; generallythethreelobe diametersneasurein centimeters:
5~ 6 (height,in theverticalor coronalplane);2~ 3 (width, in the horizontalor
transverser axial plane);1~ 2 (depth,in thelongitudinalor sagittalplane).By dividing
the heightin threeuniformintervals,eachlobe canbeideally dividedinto threeparts,
calledupper,centralandlowerthirds.

Thethyroid is anendocrine gland,producinginternalhormonalsecretionsin particular
triiodothyronine(T3) andthyroxine(T4), thatincreasehe cellularactivity of nearlyall
bodytissuesThethyroid functionis thusto regulatethe metabolismthatin turnsaffects
manyapparatusike renalandrespiratoryapparatandthe circulatorysystemit also
haveanimportanteffecton thegrowthandevolutionof the humanbody.
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a Plummer's Nodule

Plummer'sdiseasés a disorderin which a partof thethyroid tissueis functioning
autonomouslytoxic nodule)from therestof the gland(parenchyma, normaltissue)and
producingexcesiormonesilt is characterizethy the presencef a single
hyperfunctioninghot nodulewithin onelobe of anormalthyroid gland;the evolutionof
the nodulecanleadto a progressivesuppressionf theremainingthyroid parenchyma.

Theclinical signsarehyperthyroidismandcardiovasculamanifestationssuchas
tachycardiaatrialfibrillation, congestivéheartfailure. Weaknessmusclewasting,
emotionallability arecommon Eye symptomsusuallydo not occur,unlike for other
thyroid diseasesThe Plummer'spathologyis generallybenign.The progressivegrowth
of thenodule though,cancauseairway or digestivetractobstructionJeadingto dyspnea
(shortnes®f breath) dysphagiddifficulty in swallowing),dysphonia(alteredvoice
production),andmayrequireemergenthyroid surgery.

a Thyroid Arteries and Lobe Shapes

Blood is acirculatingtissue,composeaf afluid (plasmawith suspendedlementgred
andwhite blood cellsandplatelets) Arterial bloodis the meansby which oxygenand
nutrientsaretransportedo tissuesVenousbloodis the meansby which carbondioxide
andmetabolichby-productsaretransportedor excretion.No bloodflowing througha
noduleis anindicationthatthetissueis notlive (likely acyst),suggesting benign
nodule.

For eachlobethearea superiorthyroid artery (STA) andaninferior thyroid artery
(ITA). Thefollowing figure showshowthe STA andITA supplythelobesof two
thyroids,with oval and coniclobesrespectively.

Fg d
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Basedon shapea classificatiornof thelobe canbe done:oval or ellipsoidallobe,
observedn onethird of the population;conic or pear shapedobe,thatoccursin two
third of the population.In [Toni:2002a],[Toni:2002b]arelationis consideredetween
the occurrencef the Plummer'spathologyandthedominanceof the STA or ITA in the
vascularizatiorof onelobe.In anoval shapedobeit hasbeenobserveda STA
dominanceijn aconicshapedobeit hasbeennotedanITA dominance.

The Plummer'snoduleis highly vascularizegndhighly functioning.lts formationand
survival arestrictly dependean the vascularizatiorof the parenchymassaultedby this
pathology.As a consequencd, is morelikely thata noduleis a Plummer'soneif it isin
the upperthird andif thereis a STA dominancegovallobe). Analogously it is more
likely thata noduleis a Plummer'snoduleif it is in thelower third andif thereis anITA
dominancgconiclobe).

A computationfrom the datacontainedn asingleultrasonogramof thevascularization
volumeis importantto obtaintherapeutiandpharmacologicahdications It is also
importantto avoidfurtherexaminatiorandpossiblyalsoavoid surgicalextraction.
Finally, it isimportantsinceit couldbeusedto minimizethe needfor post- surgical
examination.

In all theabove hypothesi®of uniformityin thetissueandin the arterialdistribution,
extensioranddensityaremade.Theseassumptionsanbereasonablynadein thecase
of athyroid lobeandnodule.Theyalsoapplyto otherorgansor glandsin thehuman
body, suchasliver, kidneys,lungs,suprarenaglands hypophysispvaries testicles,
mammaryglands etc. Thefinding of thiswork thuscanbe extendedo the studyof the
organsandglandsmentioned.

3. Numerical Model

Q-

Theinputdatato our problemis representedly the scanof a bidimensionalmageof one
thyroid lobe affectedby the Plummer'spathology. A scintigraphidmageis considered,
butthesamedeascanbeappliedto anultrasoundmage.Colorsarerenderedasgray
levelsby meanf theformula:gray = 0.299red + 0.587green+ 0.114blue

The outputsought besideghevisualizationof thelobein spacejs (underspacial
uniformity assumptionsthe approximatiorof thefunctional/morphologicarolumeof
thelobethirdsandof thenodule, aswell asthe approximatiorof the centerof gravity of
thelobeandof thenodule(thesetwo centersareusedto determingheincidenceof the
noduleinsideeachof thethirds).

Thelobeis classifiedaccordingo its shapegstablishedby a simpleobservationin an
oval lobe,thevolumeproportionbetweerthe upperthird andtheentirelobeis
equivalentto the volumeproportionbetweerthelower third andthelobe;in aconic
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lobe, thevolumeproportionbetweerthe upperthird andthe entirelobeis smallerthan
the volumeproportionbetweerthelower third andthelobe.

By utilizing the outputdata,ananalysisof the statisticalcorrelationbetweerthelobe
shapeandtherelativepositionof the centersof gravity is performedA relationis
obtainedbetweerthelobe shapeandtheincidenceof the Plummer'spathology(within a
particularthird of thelobe).Suchresultsrepresenthe medicalmotivationfor this work.

Fromthe numericalpoint of view of computationaimathematicsthe motivationfor this
projectis afeasibility studyof reconstructing tridimensionalvolumefrom data
containedn onebidimensionalmage.Theapproximated/olumehasto fulfill criteriaof
accuracywhile theimplementatiorof thereconstructioomethodmustbe robustand
efficientin termsof memoryrequirementsgomputationatime andcost.

s

a Algorithm Outline

Theingredientsfor thealgorithmareasfollows.

a Thegraylevel bidimensionalmageis storedasa matrix, in which anedgedetection
method(plussomerefiningtechnique)s appliedin orderto determinegheborderof the
thyroid lobe (or nodule).

a Theborderpointsarecollectedinto two separateets,in suchaway thateachsetcan
beapproximated by a function; in otherwords,thelobe edgeis splitinto two
silhouettes, saysland s2 of knownanalyticform (two splinefunctions,for example).
a A parametrizatiotin spacds appliedin orderfor s1to rotateandbe smoothly
deformed into s2 In thisway atridimensionabbjectis obtainedwith knownanalytic
expressionthatcanthereforebeintegrated to obtainthevolumevalue.

a Thecenterof gravity of thelobe (or nodule)canalsobe easilycomputedrom the
collecteddata.

Thefollowing subsectionglescribethereconstructiorstepsin moredetail.
Herearethe preliminariesn Mathematica, thatarerequiredfor thealgorithm
implementation.

Off @seneral :: spelll D

<< Graphics'Graphics®

<< LinearAlgebra’MatrixManipulation

<< DiscreteMath’ComputationalGeometry®
<< Statistics DescriptiveStatistics’

<< Graphics'ParametricPlot3D"

<< Graphics'Graphics3D"

a Edge Detection and Data Collection

Thebuilt-in Import routineis usedto acquirethescintigraphydata,in thecorrect
format,andconvertit to aMathematica expression.

filename = "tiroide7j .jpg ";

img = Import @ilename , "JPEG'D;
Givenamatrix,whoseelementsareRGB vectors getChannelsyieldsthreematrices,

onefor eachcolor componentgrayCut definesthetransformatiorfrom colorsto gray
scale; myShowrenderghe dataasa grey scalematrix.

8red , green , blue <= getChannels @mg@gl, 1DDD;

cutArea = 88411, 620<, 8165, 300<<;

grayCut =0.299 * Take @ed, cutArea @@lDD, cutArea @®RDDD +
0.587 * Take @reen , cutArea @QLDD, cutArea @@2DDD +
0.114 * Take @lue , cutArea @dLDD, cutArea @@ DDD;

myShow@rayCut D;
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6 Giulia Spalett:

Thyroid3D is the nameof the prototypalpackagehatimplementghe algorithmandthat
needso beloaded.

<< Thyroid3D"

Theinputsareasfollows.
a Thegreyscaleimage(of onethyroid lobe); two integersin ascaledrange|0, 100],
usedasa probability percentageto determingheimageregionscontainingthelobeand
nodulebaricenterstespectively.
a Two thresholds for pre- andpost-processindghe currentimage,beforeandafteredge
detectionrespectivelythethresholdsanbeinitially setequalto the pixel average
value,but adjustmentmightbe necessarysinginformationfrom the gradientimage
histogram.
a A parametealpha usedwhendetermininghetwo separatsetsof borderdata(for
penalizinghorizontal versusverticaldiscrepancies).
a Theapproximansplinedegree; thenumber of approximatiorpoints;the valuesof the
splinederivativevaluesatleft andright intervalends.
a A boolean optionfor visualizingintermediatdmages.

percentBaricenterLobe = 35;

percentBaricenterNodule = 85;

thresholdBeforeEdgeDetection = 70;

thresholdMagnitudeGradient =220 ;

alpha = 10;

degree = 3;

numberApproximationPoints = 30;

derivativelLeft = 10;
derivativeRight = - 4;

8sl, s2, maxHeight , baricenterLobe , baricenterNodule < =
Thyroid3D @rayCut ,
percentBaricenterLobe , percentBaricenterNodule ,
thresholdBeforeEdgeDetection , thresholdMagnitudeGradient ,
alpha , degree , numberApproximationPoints ,
derivativelLeft , derivativeRight , False D;

The outputsare:thetwo approximants thelobeheight; the positionsof thelobeand
nodulebaricenters, respectively.

Thefollowing figure collectstheintermediatémagesfrom left to right:

a thegreyscaleimagestoredasa matrix;

a ablack/whiteimageobtainedirom the grey scaleusingthefirst threshold;

a ablurredimage, obtainedvia convolutionof the b/w imagewith afilter matrix, sothat
thelesssharppartsof theborderwill beignoredby edgedetection;

a theimageyieldedby edgedetection;

a theimageobtainedafterfurtherborderrefining via the secondhreshold.
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Modellingthe Thyroid Geometry 7

The following figure (from left to right) illustrateshow the edgerefinedmatrixis
processedo determineadottedborder. The currentmatrix entriesareO (off ) or 1 (on).
A horizontalrow scansetsa pixel valueto 1 only if thereis a stepfrom anoff pixel to an
on pixel, otherwiseit setsit to 0. The samescanis repeatedertically, columnby
column.Theresultingstructures a sparsematrix havinga few unitaryentries:ithe
coordinate®f pixelsof valuel, representinghe borderpoints,canthenbe storedin an
arrayandplottedvia ListPlot.

20 40 B0 80 100

Notethatanedgedetectionprocedurds alsoavailablein the Mathematica third party
packageDigital Image ProcessingAlternativeedgedetectionstrategiecanbefoundin
theliterature[Marshall:2003][Sonka:2003].

a Data Approximation

Let (xi, yi) denotethelobeborderdata.Thesearesubdividednto two setsw.r.t.a
vertical axisS of symmetry,in suchaway thatpointsto theleft of S defineafunctionfl
andpointsto theright of Sdefineafunctionf2, with f1 andf2 definedon acommunal
domainof theindependentariableu. TheaxisSis determinedwvith therotation
procedureoutlinedbelow:

a minimumhx andmaximumnx valuesof thexi arecomputediogethewith analogous
valueshy , ny in theyi;

a arotationangleis definedasq = ArcTan[(ny - hy)/(mx - hx)];

a all datapointsarerotatedaccordingto g.

The procedurds repeateduntil ny = hy, thatis q = 0, or for amaximumnumberof
iterations.Someadjustingmight be necessanytp takeinto accounthe occurrencef
multiple datawith hx = nx and/orhy = nry. Threeiterationsaregenerallysufficientto
obtaing» 0 in thistype of problem.

Thefirst two imagesbelow (from left to right) illustratethe lobe dataandtherotation,as
well aslobeandnodulebaricentersThelasttwo imagesshowdataseparateéh sucha
way thatthey canrepresensamplesf two functions.Again simplecallsto ListPlot are
sufficientfor visualization.
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Pointsto theleft of theaxisS aredenotedu, f1(u)), thoseto theright of S are(u, f2(u)).
Approximantssl ands2 to thefunctionsf1 andf2 canberecoveredy data
approximationLeastsquaresapproximatioris usedhere,with polynomialsor splines,
constrainedo usederivativeinformation,for smoothnessattheendpointsof therange

[0, maxHeight] of thevariableu [Dierck:1995].

Notethatthe standarcpackageNumericalMath makesavailablevariousnumericaldata
approximants. PolynomialFit computesa leastsquaregpolynomialapproximanbf a
desideratedegreechoosinga moreappropriatdbasethansimplepowersof a variable;it
returnsa purefunction,thatcanbe evaluatedn a numericallystableway. SplineFit
worksin asimilarway, yieldinga splineapproximantA leastsquaresrigonometric
approximantouldalsobe considered,usingTrigFit.

Thefirst two imagesbelow (from left to right) illustratethe rotatedlobe data,visualized
via thePlotJoined optionof ListPlot. Thelastimageis thePlot of thetwo approximants
sl ands2.
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a Parametrization

A parametrizatiotin spaces appliedin orderfor s1to rotateandbe smoothlydeformed
into s2. Imagesn thefollowing figureillustratetheideaby employingtwo synthetic
silhouettesA purerotationin spacew.r.t. theaxisS would not be sufficientto obtaina
closedtridimensionabbject(see below,theimageto thefar right).
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Amongthedifferentchoicesof parametrizationywe consideredor example

Hu, rL # HSHu, rLcos HrL, SHu, rLsin HrL, uL

1+ cos HrL 1- cos HL
SHu, rL:=s; HuL €& £ G :

+

S, HuL

As theangler rangefromOtop, arotationalsmoothmovemenis performedjn space,
fromsl(r =0)to 2 (r =p).

a Volume

With the correctparametrizatiora tridimensionabbjectis constructecdindcanbe
visualizedwith ParametricPlot3D.

S@ _, rho_D:=
sl@D* HlL + Cos@ho DL 2 +s2@D* HlL - H1 + Cos@ho DL 2L;
ParametricPlot3D @S@, rho D Cos@ho D, S@, rho D Sin @ho D, u<,
8u, 0, maxHeightF <, 8rho, 0, 2 Pi<, PlotPoints ® 8100, 100<,
ImageSize ®5* 72, Axes ® False , Shading ® False D;

It is alsopossibleto highlightthethreelobethirdsin colors.

As theanalyticexpressiorof thetridimensionabbjectis known,its volumecanbe
computedoy numericalintegration, with NIntegrate. Theinnerintegrationrangeis [A,
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B] = [0, maxHeight] to obtainthelobevolume.Thevolumesof eachof thelobethirds
canbe computedby varyingtheintegrationrange0, B/3] for the (red)lower third; [B/3,
2 B/3] for the (green)middlethird; [2 B/3, B] for the (blue)upperthird.

_ 2p (B 2 2 2 . 208 A
V = Lﬂ) Lﬁx ISHI, rLU cosHL + SHi, rLC sin HL Mau ar
VolumelLobe =
Nintegrate @@, rhoD"2, 8z, A, B<, 8heta, 0, 2 Pi<De 2 «.
8A®0, B-> maxHeight <

The procedurdollowed to reconstructhe lobe volumecanberepeatedor thenodule.
Fromthedatacollected boththelobeandnodulebaricenterarecomputed,
implementingthe mathematicatlefinition of gravity center.

4. Numerical Test

Computationareperformedon a2.13GHz Pentium4M laptop,with 1 GB of RAM,
runningRedHat Linux FedoraCore4 andMathematica version5.2.0.

Q-

The scintigraphidmageof thethyroid of awoman(aged37) is theinput. Providedby an
accompanyingchographythe nodulemeasuresarein centimeter80.8(height),18.7
(width), 17.1(depth).Thevolumeestimatedy theradiologistis (30.86.8.P67.1)/2 =
4.924cm? . Thefollowing figure showsthetridimensionareconstructiorof the nodule,
with volumevalue5.379,ascomputeddy our methodsThereconstructior{elapsed)
time is lessthantwelve seconds.

T

T
T

a 5. Two Image Input

Echographiexaminatioralwaysprovidestwo bidimensionalmagesof the organ,
projectedon two planesthatcanbe considerearthogonako eachother.If thisis the
casejt is worthincludingtheinformationprovidedby bothvertical andhorizontal
referenceémagesin thetridimensionakreconstruction.
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The procedurdor edgedetectionanddataapproximatioris usedon bothimages,
yielding a pair of approximantsl ands2in theverticalplane,aswell asa pair of
approximants 1 andr2 in thehorizontalplane.Approximantssl ands2aretreatedas
seenin the caseof a singlereferencémage.Approximantsr1 andr2 areusedto
estimatethe correctdepthof eachpointonthe surfacethatis beingformedin spacelf
we intersecthereconstructedridimensionabbjectwith planesparallelto theoriginal
horizontalonewe thereforeobtainhorizontalsectionswith the sameshapegthough
scaledandtranslatedpstheinitial horizontalreferencémage.

In the caseof two referencémagesthe spatialparametrizatioris:
Hu, rL # HS Hu, rL, Sy Hu, rL, uL

Sy Hu, rL:=
BE+s, HUL J1 -

Sy Hu, rL:=
[E+ s, HuL J1 -

1S1 HuL

1S1 HuL

cos HrL

FHu, rL

FHu, rL:=8k HmaxWidth L ry HuL if r < P;

k HmaxWidth L r, HuL if

r > P<

Theinterval[0, maxWidth] is thedomainof theapproximants1 andr2. Theparameter
k is computedasthe maximumwidth allowedat a certainheight,asit is usedfor scaling

andtranslatinghe horizontalsections.
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a 6. Fractal Model

In thiswork, a feasibility studyis initiatedfor the possibility of recreatinghethyroidal
arterygeometry.By analyzingangiographiémages showingthe entirecontourof one
lobe,we aretrying to establisha fractalnaturefor thethyroid arterialnetworkandto
modelits vascularstructureaccordingly.This hasto bedonesoto allow for the correct
designof a syntheticscaffold,to be potentiallyemployedn thethyroid tissue
engineering.

The branchinggeometryof arterialblood vesselsn the humanbody suggestshatthey
may havea fractalstructurgBarnsley:1988]Theydo not scaleoveraninfinite range as
puremathematicalractalsdo, butit is possiblethata fractalelementouldbedetected
betweerthe scalesof the mainsupplyingarteryandthe arteriolegFalconer:1990],
[Kaandorp:1994].

The applicationof fractalrulesto simulatebiologicalsystemshasbeenprovento reflect
thetexture within anorgan,andtheregionalflow distribution.Many physical
phenomenaregovernedoy only oneor two fractalrules.

Growth by branchings a centralalgorithmin thedevelopmenbf mostcellsandorgans.
Thereasorfor thiscommonbehavioramongtissuess the commonneedto obtain
nutrientsandto removewaste. Like trees theratiosof branchdiametersaandlengthtend
to beconstant.

Therearerelationsthatcanbe exploitedto definearegularfractaltree.Let 11 be the
lengthof theaortaandlc thelengthof eacharteriole. Assumethatthe currentbranchis s
timesshorterthanthe previousbranch After n recursions:

lc =s" 11
andthetotal lengthof thearterioless givenby:
ltot =2" Ic

Thereforeif estimate®f 11, Ic andltot areavailable,t is possibleto computethe
recursiondepthn, aswell ass which representthe similarity dimensiorof theregular
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fractal. Onewayto characterize fractal,in fact, is throughthe definition of its (non
necessarilynteger)dimension.

Dueto its recursivenature oneway to fractalgenerations via iteratedfunctions,using
repeatedpplicationf translationyotationandscaling(lteratedFunctionSystem).

A simpleway to iteratefunctionswith Mathematica is to useNest or NestList. A treein
two dimensionganbedescribedy afew parametersy := anglebetweerbranchess :=
scalefactor;n := depth.A treein threedimensioncanbe createdby addinga further
parameter: m ;= numberof branchegrom previousbranch[Cabrera:2000].

<< Geometry Rotations’

NewBranch @_, s_D@ranch @1_List , rO_List DD: =
Module @r<, r =rl - r0;
8Branch @1 +s RotationMatrix2D @D.r, rlD,
Branch @1 + s RotationMatrix2D @ gD. r, rl D<D;

NewBranch @_, s_D@v_List D:= Map@ewBranch @, sD, wD;

Tree2D @_, s_, r_List , n_D:=
NestList @\ewBranch @, sD, Branch @, 80, 0<D, nD-.
Branch @__ D, Line @x<D;
Settingg =pe+ 6, s =8+ 10, r =80, 1<, n =6, andcallingShow torender
Graphics[Tree2DJq,s,r,n]] givesthefollowing image:

We canstorethe edgepoints,atthe arterioledevel, which definethe borderof the organ
underconsideration.

ntake = 2/ n;

Take @latten @ree2D @, s, r, nDD, - ntake D

data = Flatten @.evel @4 82<D, 1De* Union ;

ListPlot @lata ,
PlotStyle ® PointSize @.02 D, AspectRatio -> Automatic D;

Fromtheborderdata,it is possibleto obtainan estimateof thetridimensionalvolume,
with the proceduredescribedn § 3.

[ ] o0 O
o .: ® o ...:o ° :. °®
%e% % ° LA :
® .. ° ° e 3 ° ° ° i
e ©® ] ] o oo
Y 2.5 ‘ee®
[ ] [ ]
[ ] [ ]
[ J L]
o2 -1 1 2¢ *
[ ] [ ]
°® 15 °.
[ ] [ ]
To directly build a tridimensionalractalblood network,it is necessaryo imposeafew
constraints:
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a placethe currentbranchsothatit avoidspreviousbranches;
a preventthe currentbranchfrom goingbeyondthetissuelimits.

Fractalbranchingmodelsfor coronary pulmonary renalarterialtrees aswell asfor the
retinabloodvesselshavebeenstudiedin theliterature[Bassingthwaighte:1998],
[Cross:1998]Forthesevascularsystemspptimalratiosof diametersbranchingangles,
andsoon, havebeencomputed Fromsuchoptimalmeasuregppologicallyappropriate
reconstructionsf thevasculatreecanbebuilt. Theaimis to constructfrom suchdata,
a mathematicamodelthatmaintainghe physiologicalfeaturesf therealtree,atleastin
a statisticalsense.

A crucialpartof our currentprojectis the determinatiorof optimalmeasure$or these
parameter$or thethyroid gland.

Imageanalysisrepresents usefultool for the measuremerntf fractal dimension
[Eins:1998].Digital imageanalysiss a meansof obtainingquantitativeinformation(i.e.
numericaldata)from animage.Computewision methodseeda highly mathematical
approachin which differentialgeometry partialdifferentialequationsstatistics)inear
algebraansoon, play acrucialrole. In the currentversionof Mathematicafast
prototypinganddesignof newalgorithmshasbecomeextremelyefficient.

Tissue Engineering

Tissuelossrepresena crisisin healthcare.Furtherto xenotransplantatiomther
therapeuti@pproachearecurrentlybeingpursuedsuchasthe developmenof
mechanicablevicesfor thereplacementf organfunction,andtherapidly emerging
field of tissueengineering.

An approactto constructingeplacemenbrganss to seedandexpandautologousells
on microporougpolymerconstructsengineeredo replicatethe structureandfunction of
thetargetorgan.This approactis constrainedy theinability to generateomplex
tissuesdueto oxygentransporiimitationswithin the growingtissue Naturesolvesthis
diffusion problemthroughthe constructiorof a vastnetworkof bloodvesselsthat
permeatdhe organatsizescalegangingfrom 1 cmdownto 10 um. In developing
vascularizedtructurestherearetwo mainbarriers:

a insufficientdimensionatesolution(300um) in existingpolymerprocessingnethods;
a lackof suitablemodelsfor the designof the microcirculation.

Thereexistsa substantialiteraturedetailingthe morphometryof bloodvessehetworks
of theheartandliver. Fluid dynamicsmodelsproducethe vasculametworksfor tissue
engineerednolds,with theaim of reproducingboththe structuralandthe dynamic
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propertiesof thevasculatureFractalcomputatioris used,asit accountdor the blood
ability to flow or be deformedThefractalapproachattemptdo emulatethe adaptation
andremodelingof microvasculastructure allowing for dynamicevolutionof thedesign
of themicrovasculanetwork[Peitgen:1992][Rashevsky:1954].

Ourfocusis onthestructureof boththe STA andITA in athyroid lobe. Theultimate
aimis to establisha modelfor the designandconstructiorof a polymerscaffoldfor
organreplacement-or this ambitiousaim, it is essentiathatthe anatomicaframework
is representedorrectly,soto maintainthe morphologicabndphysiologicalfeatureof
thethyroid gland.

7. Conclusion and Future Work

Therobustnessf the methodpresentedh this paperis essentiallydependentiponthe
polynomialor splineapproximationThe computationatostalsocoincidesmainly with
thatof dataapproximationConcerninghe memoryrequirementsthreematricesare
neededall of the samesize:thefirst matrix storeghereferencémagevalues;two more
matricesareneededo performthe edgedetectionprocedureThe methodapplicationto
a256x 128image requiregustafew second®f elapsedime.

Q-

A tridimensionalmodelof thethyroid, aswell asof otherorgansor glandssatisfyingthe
assumptiorof spatialuniformity, is currentlybeinginvestigatedwhichis essentiato test
the accuracyof thereconstruction.

A comparisorwith othertechnique®f reconstructiornis alsocurrentlybeingcarriedout;
thefocusis in particularon methodghatrequireonly one(or two) referencémages,
suchasthemethoddescribedn [Falcone:1997].

The easeof useof the currentroutineis acceptablérom the point of view of anumerical
scientistwhile aninterfaceis still neededo makethe softwaremoreaccessibléo
medicalresearchers.

Our currentresearclpriority, however s the developmenof afractalbranching
approacho the modellingof thethyroid arterialsystem.

Theresourcesvailablein Mathematica havebeenfundamentaln developinghe
prototypealgorithmimplementedhusfar. As well asthebuilt-in resourcestherearea
variety of additionalpackagegsuchasfractalgeneratiorandedgedetectionlsomeof
which availablethroughMathSour ce, thateasehe studyof eachphaseof the problem
consideredSymbolicandnumericcapabilitiesof Mathematica areexploited,aswell as
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its facilities for imagedatamanipulation Performancein termsof executiortime and
memoryusage,allowsfor the efficienttreatmenof both planaror spatialobjects.

Q-
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