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Abstract:Inthispaper,wehaveaddressedtheproblemoftheradiationtransportwiththeMonte
CarloN灢particle(MCNP)code.Thisisageneral灢purposeMonteCarlotooldesignedtotransport
neutron,photonandelectroninthreedimensionalgeometries.Toexaminetheperformanceof
MCNP5codeinthefieldofexternalradiotherapy,weperformedthemodelingofanElectronDen灢
sityphantom (EDP)irradiatedbyphotonsfrom60Cosource.Themodelwasusedtocalculatethe
PercentDepthDose(PDD)atdifferentdepthsinanEDP.OnefieldsizeforPDDhasbeenexam灢
ined.A60Cophotonssourceplacedat80cmsourcetosurfacedistance(SSD).Theresultsofcal灢
culationswerecomparedtoTPSdataobtainedatNationalInstituteofOncologyofRabat.
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1暋Introduction
Theradiationtherapyisthetreatmentofthe

cancerbyuseofionizingradiation.Theradiation
doseistheamountofenergyabsorbedbythetis灢
sues.

Inpracticalradiotherapy,thisradiationdose
needstobecontrolledwithinanaccuracyoffew
percent;however,theaccuratedeterminationof
absorbeddoseiscrucialtothesuccessofradiother灢
apy[1].Severalmethodsareavailableforcalcula灢
tingabsorbeddoseinaphantom.Oneofthese
methodsisbasedonthepercentdepthdose(PDD)

determination.Theaimofthisworkistocalculate
thephotoncentralaxisPDDvariationinElectron
DensityPhantom (EDP)usingageneralpurpose

MonteCarloN灢particle(MCNP)code.Thiswill
contributetotheimprovementofMonteCarlosim灢
ulationinexternalbeamradiotherapyfield.

Inradiotherapysimulation,modelsarecreated
inordertopredictdosedistribution.Thesemodels
areusedassubstitutionformeasurementsthatare
impracticalin human body.Inthisstudy,we
simulateamodelofheterogeneousphantomthatis
frequentlyusedforclinicaldosimetry[2].Itisa
commerciallyavailablesystem,i.e.,the EDP,

whichincorporatesmaterialstotakeaccountofva灢
riousbodytissuescompositions.

MCNPisacomputationalcodethatcanbe
usedinvariousapplications.Thiscodeisusedfor
particletransportsimulationandmodelingthekey
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componentsofradiationtherapy[3].Inourstudy,

the MCNPcodewasemployedtodeterminethe
dosedistributionsandthePDD.Inexternalbeam
radiotherapy,theradiationsourceisatacertain
distancefromthepatient.Themainparametersin
photonexternalbeamdosedeliveryare:(a)depth
oftreatment;(b)fieldsize;(c)sourcetosurface
distance(SSD)inSSDsetupsorsourcetoaxisdis灢
tance(SAD)inSAD (isocentric)setups;and(d)

photonbeamenergy[4].Theabsorbeddoseofthe
incidentbeamvarieswithdepth.Thus,determi灢
ningthedepthdoseevolutionalongthecentralaxis
ofthebeamisafundamentalsteptoinvestigatethe
dosevariation.Onewaytocharacterizethecentral
axisdosedistributionistonormalizethedoseat
depth withrespecttoareferencedepthandthis
quantityisusuallyexpressedasapercentageandis
knownasPDD[5].The motivationforthiswork
wastheincreasingimportanceofMonteCarlosi灢
mulationinexternalbeamradiotherapy.Inthispa灢
per,wesimulatetheEDP;the MCNPcodewas
usedto calculate dose distribution at different
depthsinthisphantomduetoa60Cospectrumat
80cmsourcetosurfacedistance(SSD).

2暋MaterialsandMethods

2.1暋DepthdosedistributionandPDD

Inradiationtherapy,theabsorbeddoseofthe
incidentbeaminthepatientvarieswithdepthde灢
pendingonmanyconditions:beamenergy,depth,

fieldsize,distancefromsourceandbeamcollima灢
tionsystem[6].Thusthecalculationofdoseinthe
phantominvolvesconsiderationsinregardtothese
parametersandothersastheyaffectdepthdose
distribution[1].

ThePDDmaybedefinedasthequotient,ex灢
pressedasapercentageoftheabsorbeddoseatany
depthdtotheabsorbeddoseatafixedreference
depthd0,alongthecentralaxisofthebeam (Fig.
1).PDDisthus:

PDD=Dd

Dd0

100.

暋暋Inthiswork,wehavesimulatedanEDPby
MCNP5/X[7]inwhichthecodewasusedtocalcu灢
latethePDDatdifferentdepthsdueto60Cogamma
sourcelocatedatanSSDof80cm.Wehavetried
oneradiationfieldsizeof30暳10cm2.ThePDD
forthisphantom wascomparedwithexperimental
dataoftheNationalInstituteofOncologyofRa灢
bat,Morocco.

Fig.1 SketchillustrationforPDDdetermination.

2.2暋TheEDP

TheCIRS Model062,EDP[8]adoptedinthis
studyisshowninFig.2.Itisemployedtoprovide
twodifferentfunctions:(a)Atooltoassistphysi灢
ciansindocumentingtherelationshipbetweenCT
numberandelectrondensityfortherangeoftissue
foundwithinthehumanbody[9];(b)A medical
physicstool,usedbytechnologiesandphysicistsin
performingqualityassuranceevaluation[10].

InthisworktheEDPisusedforitsmedical
physicstoolfunction.Thisphantomhasanelliptic
shapewithaheightof270mm,awidthof330mm
andthicknessof5cmforanabdominalscan.It
consistsoftwobodypartswhicharemadeofsoft
tissueequivalentepoxyresin.Thebodysizecanbe
small(head)withradiusof90mmorlarge(abdo灢
men)andisdrilledwith2concentricringswithra灢
diusof60and115.3 mm respectively[11].Each
ringwillhave8holesequallyspaced.Thephantom
hasalsoanadditionalholeatitscentresoitcanac灢
commodateatotalof17inserts.Thewholeinserts
arefilledwithcylindricalcontainerswhichsimulate
headandabdomentissues.TheEDPincludeseight
differenttissuesequivalentinsertsaslistedinTa灢
ble1[12].Thearrangementoftheinsertmaterials
isshowninFig.3.
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Fig.2Physicalfeaturesoftissuecharacterizationphantom,

CIRSModel62(CIRSTissueSimulationTechnology,

Norfolk,VA).

Table1暋EDPtissuesdescriptionanddensities

Material
Locationon

Fig.3

Physical

Density
/(g/ml)

Relative

Electron

Density
Syringewater 1 1.000 1.000
Lung(inhale) 2 0.195 0.190
Lung(exhale) 3 0.495 0.489
Breast(50/50) 4 0.991 0.976

Densebone 5 1.609 1.512
Trabecularbone 6 1.161 1.117

Liver 7 1.071 1.052
Muscle 8 1.062 1.043
Adipose 9 0.967 0.952

Fig.3 ArrangementoftheinsertswithinEDP.

InparallelandincooperationwiththeNation灢
alInstituteofOncologyofRabat,Morocco,we
haveusedthecomputedtomography(CT)scanner
toscantheElectron DensityPhantom.TheCT
imageofthePhantom wasdownloadedintothe
treatmentplanningsystem.Inthisexercise,two
typesofmediums,homogeneousandheterogene灢
ouswereused.Inhomogeneousmediumthephan灢
tomisfilledonlybywaterwhereastheheterogene灢
ousoneisformedoftissues.

2.3暋Sourceandcollimatormodelling

Intheradiationexternalbeam photonthera灢

py,mosttreatmentsaredeliveredwithauniform
radiationbeamontheirradiatedfield[13].Thecolli灢
matorisadeviceusedtoreducethecrosssectional
areaoftheusefulbeam ofphotonsorelectrons
withanabsorbingmaterial.Inourcaseitisaconi灢
calopeningmachinedinleadblockthatcanbeused
tolimitthebeamintoadesiredsizeandpermitsa
continuouslyadjustablefieldsize[14].

Thedosecalculationaccuracy by MCNPis
highlyinfluencedbythequalityofthecollimator
andsourceemissionmodelling.Thesourceissup灢
posedemittinginlimitedsolidangledefinedbythe
collimator.Fourcommongroupsoffieldshapes
areusedinradiotherapy:square,rectangular,cir灢
cularandirregular[9].Inthisstudywefocusedour
interestonrectangularfields.

Theradiationcomingfromthesourceiscolli灢
matedbyacollimatorofwidth10cm.Thiscolli灢
matorisplacedonthepathofthebeamat35cm
fromthesource.Weusedacoupledelectron灢pho灢
tonmodeforproductionrun.Theusercutoffener灢
gywas0.050MeV.Thescoringofenergydeposi灢
tion wasaccomplished with *F8 MCNP tally
whichisatracklengthestimate.

3暋ResultsandDiscussion

TheMCNPmodeloftheEDPgeometry,the
sourceandthecollimatorareshowninFig.4.

Fig.4 MCNPmodelofEDP.

Weareinterestedbycalculatingthedosede灢
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positedineachinsertforthetwocases.Thecom灢
parisonofthePDDresultsobtainedinoursimula灢
tionstothoseprovidedbytheNationalInstituteof
OncologyisshowninTables2and3.

Table2暋ComparisonbetweenMCNPcalculationand

experimentaldataforhomogeneousEDP

Locationin

thephantom

PDDby

MCNP(%)
PDDby

TPS(%)

Difference

betweenMCNP

andTPS(%)

9灢8(large灢body) 90 88 2
3灢2(large灢body) 58 57 1
7灢4(large灢body) 34 34 _

4灢7(small灢body) 71 70 1

2灢3(small灢body) 56 55 1
9灢8(small灢body) 42 42 _

5灢top 100 100 _

6灢top 74 75 1

1 53 54 1

5灢bottom 34 37 3

6灢bottom 23 25 2

Table3暋ComparisonbetweenMCNPcalculationand

experimentaldataforheterogeneousEDP

Locationinthe

phantom

PDDby

MCNP(%)
PDDby

TPS(%)

Difference

betweenMCNP

andTPS(%)

9灢8(large灢body) 52 52.5 0.5
3灢2(large灢body) 36 34 2
7灢4(large灢body) 78.5 80 1.5
4灢7(small灢body) 65 62 3

2灢3(small灢body) 51 47 4
9灢8(small灢body) 40 38 2

5灢top 100 100 _

6灢top 61 63 2
1 44 43 1

5灢bottom 29 28 1
6灢bottom 20 18 2

3.1暋HomogeneousEDP(water)

Inthiscasethedifferentinsertsareoccupied
bywatercylindersofthesamedensity.Table1re灢
presentsacomparisonbetweenthemeasuredPDD
obtainedfromtreatmentplanningsystem (TPS)

andthatobtainedfromtheMCNPsimulation.The
meshtallyisgeneratedfromanMCTALfileinthe

MCPLOTtallyplotterimplementedintheversion
2.5ofMCNPX.AccordingtotheTable1andFig.
5thatshowsameshtallyofanEDPconfiguration,

wecanmentiontheflowingremarks.

Fig.5 MeshtallyofanEDPconfigurationfilledwithwater

UnitsareMeV/cm3/incidentphoton.

ThePDDdecreaseswithdepth.Forexample,

thePDDatlocations5,6,1,5and6(Toptoward
bottom)startstodecreasefromhole5(depth0,5
cmfor60Co)toward1 (Fig.5).Moreover,we
foundthattheinsertslocatedatthesamelevel
havethesamePDD (exampleofinserts9灢8,7灢4
and3灢2forbothsmallandlargebodiesrespective灢
ly).Itisimportanttopointoutthesmalldiffe灢
rencesbetweenthePDDofTPSandthatofMCNP
(Table2)forallpoints.

3.2暋HeterogeneousEDP(tissues)

Inthis casetwo parametersinfluencethe
PDD,thedepthoflocationandthedensityofma灢
terials.Fig.6presentstheresultsoftheabsorbed
dosecalculatedby MCNPusing MESHtallyfor
thePEDfilledwithtissuematerials.

Wenotethefollowing:
(a)Forthelargebody,theinserts8and9are

locatedatthesamelevel.Theinsert8hasadensi灢
tyof1.062 g/cc butthe 9 has a density of
0.967g/cc,thusthedoseishigherininsert8than
ininsert9.

(b)Fortheinserts8and9ofthesmallbody,

wenotethesameremark;howevertheirdoseisin灢
feriortothatintheinserts8and9ofthelarge
bodywhichcanbeexplainedbythedeptheffect.

(c)Forthelargebody,theinserts7and4are
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locatedatthesamelevel.Theinsert7hasadensi灢
tyof1.071 g/cc butthe4 hasa density of
0.991g/cc,thusthedoseisimprovedininsert7
thanininsert4.

(d)Theinsert6ofthesmallbodyhasadensi灢
tyof1.161g/ccwitchishigherthanthedensityof
theinsert7butitreceivesaquantityofdosethatis
inferior.Wecanexplainthisbythescreeneffect
wheretheinsert5oflargebodyshadestheinsert6
ofsmallbody.

Fig.6 MeshtallyofanEDPconfigurationfilledwithmateri灢

alsUnitsareMeV/cm3/incidentphoton.

(e)Thedoselevel,whichisdefinedasenergy
depositedperunitvolume,of1.014暳10-5(MeV/

cm3/incidentphoton)ininsert3isconfusedwith
thatofthesmallbody;whereasinsert2hasa
lowerdoselevelof3.379暳10-6(MeV/cm3/inci灢
dentphoton)eveniftheyareatthesamedepth.
Thisdifferenceis dueto thelarge distinction
betweenthedensitiesofthetwoinserts.

(f)Thereisafluctuationatthedoselevelof
1.014暳10-5 MeV/cm3/incidentphotonwhichcan
beexplainedby:thesecondaryelectronsaregener灢
atedandejectedintheforwarddirection.These
electronsmovealongtheirpathanddeposittheir
energyatsignificantdistanceawayfromtheirsite
oforigin.Inthiscasetheelectronscontinueto
moveuntiloversteppingtheupperedgeofthere灢
gionatthedoselevelof1.014暳10-5(MeV/cm3/

incidentphoton)andtheyarestoppedatacertain
depthinthelastdoselevelregionenhancingthus
thedoselevelonthislocation.Thisresultsin
anomaliesintheshapeoftheedgeofthisregion

correspondingtothesitesofinserts2and3.
(g)Theinsert6ofthelargebodyreceivesa

minimalvalueofthedose;thisisduetothedepth
effectwhichisconjugatedtothescreeneffect.

4暋Conclusion

Inthiswork,doseduetoCobaltphotonswas
calculated within an EDP at various reference
depthsforafieldsize30暳10cm2 byuseofMC灢
NP5/Xcode.TheresultsarecomparedtoTPSda灢
ta.A goodagreementwasobtainedbetweenthe
twosetsofdata.Thus,thepresentworkprovides
anassessmentofreadyMonteCarlotoolthataccu灢
ratelyandfullydescribesdosedeterminationinthe
fieldofradiotherapy.
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