Abstract

X-ray tomosynthesiss animagingmodalitywhich reconstruct8D tissuevolumes
from multiple planarX-ray imagestaken at differentanglesrelative to the samplevol-
ume. Speci cally, tomosynthesisnammograp¥ is usedfor imaging 3-D breastvol-
umesto aid in thedetectioranddiagnosisof breasttancersElastograph is beingcon-
sideredasanadditionaltool to enhancehis imagingmodality Dueto the natureof the
tomosynthesisnammograpy examination,the breastis undera controlledcompres-
sionwhile beingimaged.At leasttwo 3-D imagesunderdifferentcompressiongyeed
to beobtainedduringtestingto obtaina strainimage.A third imageof thebreastunder
sheawill berequiredto reconstructhetissuemodulus.Imageshave highresolutionin
planesparallelto the X-ray detectorandlessresolutionin the directionperpendicular
to thedetector

Gelatinphantomahave beencreatedwith calciumparticlesintermixedto generate
speckledmagesfor displacementracking. Phantomsverecreatedwith varyingmod-
ulus distribution by controlling the concentratiorof gelatin. Initial imagesshav that
thephantomsloselymatchtheattenuatiorof the breastissue.Preliminaryanalysisof
the displacementvasdoneusinga threedimensionakrosscorrelationalgorithm. Ini-
tial resultsshov goodtrackingwith resolutionan the millimeter rangefor the planes
perpendiculato the imagingdetector A 3-D nite elementcodewill be usedto re-
constructthe modulusimagesin future experiments. The purposeof this studyis to
determineif tomosynthesisnammograpp can be usedto track tissuedisplacement
andultimately quantitatvely measurehe elasticpropertieof breastissue.

X-Ray TomosynthesigElastography

We have begun aninvestigation into the feasibility of usingthreedimen-
sionalX-ray tomosynthesi$o quantitatvely imagethe mechanicaproperties
of breasttissue. In this studywe determineda protocolfor creatingtissue-
mimicking phantomdor tomosynthesiglastograpin Ourgroupcollaborates
with MassachusettseneraHospitalto developanexperimentajprotocoland
Image our phantoms. We have adaptedan algorithm for displacemenand
strainestimationn threedimensionsandconsidemwhat,in thefuture,will be
neededo reconstructlasticmodulusimages.

Background and Moti vation

Tomosynthesis

This imaging modality produces3-D X-ray imagesof breastvolumes. It
requiresseveral X-ray images,eachtaken with the X-ray sourceat a dif-
ferent position relatve to the detectorand the tissuebeingimaged. If the
X-ray sourcepositionis changedthe pathlengthof the X-raysis alteredthus
changingheinterferenceof tissuein thosepathlengths.If the positionof the
sourceis known, a computeralgorithmis usedto reconstrucB-D imagesof
thetissuevolumesfrom theseindividual images.The over all exposurelevel
the tomosynthesisystemrequiresfor oneimagereconstructions typically

50 % higherthanthatof asinglef Im 2-D mammogram.

Our collaboratorglinically testthisimagingmodalityfor usein breasican-
cer detection(tomosynthesisnammograpy). The hopeis thatthis imaging
techniguewill reducefalse-positre andfalse-ngative diagnosesvhencom-
paredto corventional2-D mammograph [5]. X-ray mammograph is one
of the leadingtools for diagnosingoreastcancerandis highly accessibldo
clinicians.
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Figurel. Typical Slice of
Tomosynthesi8reastimage.

Elastography

Figure2. Imagingsetup.

One characteristiof clinical mammograp¥ is that the breastis held in
compressiorpetweerthe X-ray detectoranda compressiomlate. This prac-
tice motivatesheintegrationof elastograpinto thisimagingmodality Elas-
tograply is a methodof imagingtissuestiffnessby comparingmagestaken
of tissuewnhile it is beingmechanicallyperturbed.Tissuestiffnessor elastic
modulusdistribution is believedto beclinically signif cantandmaybecorre-
latedto tumorhistology/[4].
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Oneadwantageof integratingelastograpyinto thisimagingmodalityis that
It would createstrainandelasticmodulusimagesin perfectregistrationwith
the tomosynthesisnammogramsthus further improving the diagnosticac-
curag of this system. It would alsoproducea reproducible3-D imageof a
guantitythatphysiciansroutinely probeby manualpalpation.

The motivation behindguantitatvely reconstructinghe elasticmodulusis
to uniguelyidentify specifc regionsof thebreastwhich arestiffer thannormal
tissue. Quantitatve segmentationof modulusvaluescanincreaseadiagnostic
accurag andrepeatabilityfor multiple patientvisits or consisteng between
patients.

Experimental And Analytical Methods

Phantom Construction

Elastictissuemimicking phantomswere createdusing a gelatinbase. In-
clusions,madeto mimic tumor stiffness, were addedto the phantomsby
altering gelatin concentrationn discreteareasof the phantom. Chalk par
ticles (CaCQO) were usedto introducefeaturesto the phantom,mimicking
attenuationdifferencesfound betweenblood vessels,calcium depositsand
the surroundingissue.CalciumCarbonatavasusedbecausat is strongab-
sorberof X-rays. Chalk concentratiorwasmadeto approximateattenuation
In breastissue,2.0% by masd?2],[3]. Gelatin,with abloomstrengthof 300,
was concentratedat 10.0 % or 15.0 % by mass,dependingon the relatve
stiffnessrequired.The cuboidalinclusionsweremadewith 15 % gelatinand
the backgroundvas 10 %. Prior to letting any phantommaterialset,all in-
gredientsveredegassedasa mixture.

Figure3(a)and(b). TissuePhantomwith Inclusions.

Imaging Protocol

Imagesof the phantomweretakenat 11 projectionanglesover a50°range
[5]. During imaging, the phantomswere placedbetweenthe compression
plate and the detectorwith a precompressiowf several millimeters. Paper
was placedbetweenthe detectorandthe phantomwhich approximatelyen-
forcedzerodisplacemenboundaryconditions.

Imagesets(11 imagesperreconstructeamagevolume)weretakenfor in-
crementallyincreasingcompressionlmagereconstructiongsre found using
an iteratve Maximum Likelihood algorithm describedn [5]. The original
Imagesandthe reconstructionhiave high resolutionin directionsparallelto
the planeof theimagedetector{ 0.1 mm/voxel) andpoorresolutionin the
directionperpendiculatoit (  1.0mm/voxel).

Displacementand Strain Estimation

Displacementdetweenreconstructionsvere estimatedusing 3-D cross-
correlationalgorithmadaptedrom a 2-D Particle Image Velocimetryalgo-
rithm, “URAPIV” [1]. Small,equallysized3-D blocksweretakenfrom the
samepositionin eachreconstructedmageandthe peaksof their crosscor-
relationsweretakento bethe displacementsThe sizeof the blocksandthe
overlapof eachareuserdefnedin all directionsandcanbe optimizedto the
dataset. Correlationsveredoneusinga 3-D Fouriertransformandthe peaks
of the datawereinterpolatedwith a Gaussiarto approximatesub-pnel dis-
placements.The processwas donefor mary equally spacedbdlocks which
spanthe entire volume, creatingan estimated3-D vectorf eld of displace-
ments.

Strainestimatesvereevaluatedwo dimensionallyin planesparallelto the
Imaging detector(high resolutiondirections). Local strainswere calculated
by a leastsquared t to small displacemenplanescut from a whole plane.
The smallerplanesareequallyspacedandspanthe entireplane. Sizeof the
smallerplanesandamountof overlapbetweerplaness alsouserdefned.

Results

Phantomimage volumeswere re-
constructed, creating 40 Image
slices similar to that shovn in Fig-
ure4. Onereconstructedolumewas
found for eachof four different ap-
plied displacemenéxperiments.The
initial height was 40 mm and the
other imageswere taken at heights
of 39, 38, and 35 mm. This allows
usto calculatedisplacement$or dif-
ferencesf 1.0 mm through5.0 mm.
Currently only millimeter displace-
mentincrementsare allowed by na-
ture of thecompressiomlate.

Displacementsverefound for all directions. Individual block dimensions
wereapproximatelyd mmx 4 mmx 8 mmin the X, Y (high resolution)and
Z (low resolution)directions,respectrely. The overlap of eachblock was
half the block dimensiongan eachdirection. Displacementsvere calculated
separatelyor all applieddisplacementariations.

Strainestimatesverefound separatelyor eachimagingplanein the X and
Y directionsusingthe leastsquared t of the incrementalplanesizeswhich
were 15 x 15 displacemenvectorsin eachdirection. Strainswhich required
displacementm thelow resolutiondirectionwerenot calculated.
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Figure5(a)and(b). Typical Displacementmagesfor the X andY Directionsfor One

Plane( and , Respectiely).

Figure4. Typical Slice of Reconstructed
Phantommage.
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Figure6(a)and(b). Typical Strainimagesfor Two DifferentPlaneq"“Strain” =
).
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Figure7. Typical Strainimagein the X-Z Plane(“Strain” = ).

Discussion

Imagereconstructionsf the phantomgalistinguishedhebackground$rom
largerchalkparticleswith highaccurag. Smallerchalkparticlesseemeanly
to addto the backgroundattenuation.The backgrounchasno distinguishable
featuresandsignalto noiseratio arerelatvely low.

Calculatedlisplacemenimagesseemedaonsistentvith experimentameth-
ods.Thereis ahighlevel of displacemenbn theouterbordersof thecylinder
and zero measuredlisplacementloseto the centerof the phantom. The
measuredlisplacemenin the direction of low resolutionwas highly noisy,
however, overall it seemedo matchup with experimentallyapplieddisplace-
ments.

Calculatedstrainimageswereharderto interpretfor severalreasonsFirst,
the abnormalsize and geometryof the inclusionsmadeit unclearwhat the

expectedstrainimageshouldlook like. Also, thezerostrainboundarycondi-

tion onthe bottommay have addedarge artifactsto our strainimage. Strain
Imagesof simulatedphantomdatacanbe seenin Figure8. Bothimagesare
constrainedn the bottomboundaryand compresse@sour phantomswere.
Strain artifactsare presentin both imagesand are slightly more prominent
In theimagewith inclusions.Lastly, the signalto noiseratio in the displace-
mentsarelarge which causedproblemsfor differentiation. The low signalto

noiseratioswereseenn areaswith low concentratiorof chalk particles.

Figure8(a)and(b). Strainlmagein the X-Z Planeof Simulated”hantomMaterial With
(a) andWithout (b) anInclusion(“Strain” = ).

Futur e Work

Redesigneghantomsarebeingmadewith inclusionswhich will have pre-
dictablestrainf elds and the boundaryconditionsof the experimentduring
iImagingwill be controlledto allow for betterinterpretationof strainimages.
Phantomsare also being alteredto increasethe concentratiorof the larger
chalk particleswith the hopethat the featuredensitywill increasethus de-
creasinghesignalto noiseratio.

A further motivation of this studyis to usedisplacemenandstrainf elds
to determine,guantitatvely, the tissuemodulusf eld. To do this, however,
more informationneedsto be collectedto solve the inversepartial differen-
tial equation(PDE). For instance,a secondset of imageswith a different
Imposedmechanicalperturbation(shearstrain) must be obtainedto solvwe
the PDE using a direct method. The setup of the tomosynthesisystemis
suchthatimposinga shearingmnotionwith the compressiomlateis a simple
modif cation.
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