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Variationriationofeffectivemassattenuationcoefficient

atthedifferentlocationinMix-Dpphantom．
◆

KichiroKoshida，TeruhikoTakayalna

ABSIIRACT

Inordertoevaluateradiationexposurbofpatientsintakingadiagnosticradio‐
logy,wemeasuredexposureintheMix-DpphantomusinglONEXionizationchamber
andthermoluminescence(TLD)andcalculatedthevaluesofeffectivemassattenua‐
tioncoefficient(effectiveMAC)frDmtheseresults.（１）TransmitteddOseatbroad
beamwasmoregreaterthanthatatnarrowbeambecausetheformerhasgr巳at
amountofscattering，whilethelatterhaseq[tremelysmallamountofScatteling・
ThevalueofeffectiveMACatbroadbeamwassignificantlylessthanthatatnarrow
beamb(2)WithenlargedradiationfieldJdepthdoseinthephant･mincreasedand
thevalueofeffectiveMACdecreasedThevalueofeffectｉｖｅＭＡＣｂｙｄｅｐｔｈｄｏｓｅ
ｉｎｔｈｅｐｈａｎｔｏｍｗ己ssignificantlylessthanthatbytransmitteddose,althoughｉｔ
・increasedwithincreasingdepthinthephantomjThevaluesofeffectivｅＭＡＣｂｙ
ｄｅｐｔｈｄoseinthephantomgraduallyapProachedtotheconstantvalue・However，
thevalueschangedaccordingtothesizeofradiationfield.(3)Thestandarddevia‐
tionatthemeasuredresultswithTLDwaSgreaterthanthatwithionizationchamberd
InconclUsion，themethodWePerformedinthisstudｙｓｅｅｍｅｄｔobeveryUseful
inevaluatingdepthｄｏｓｅａｎｄｔｈｅｖａｌｕｅｏｆｅｆｆｅｃｔｉｖｅＭＡＣ６
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INTRODUCTION

SomeauthorshaverepOrtedonradiation

posureofpatientsintakingadiagnostic

ingthevaluesamongdifferentinstitutesinthe

country，However，theusefUlnessofcalibrat‐

ingdosimeterislimitedtotheexposureinair・

Inordertoevaluateapatient，sradiationexpo‐
sul巳，measurementswithaphantomhaveto

beperfOrmed3TheattenuationinaPhantom
isrelatedwithnotOnlytheabsorptionbutalso
thescatteIingduetoabsorber・Atthesueface

ofphantom,mostofscattelingisbackscatter‐

ing,whileatthedeeplocationinthephantom，
thescatteringwithin90･ofthescatteredangle
isaddedtoit､Inaddition,theyarealsoaffected

byloadingfactors，dimensionsofpatientand
thesizeofradiationfieldSincemassattenua‐

exposureo1patlentsmtakingadiagnostic

radiology1-5).However,itisaffectedbyseveral
factorssuchaslhedimensionsofpatients,the
pelfOrmanceofX-raytube,thesizeofradia-

tionfield,l0adingfactors(tubevoltage,current，
irradiationtime）ａｎｄ'soonTherefore，the
standardmethodofameasunngpatient's
radiationexposureintakingdiagnosticradio‐

logyhasnotbeenestablishedinspiteofevery
effort・Ｔａｍｉｙａｅｔａｌ１）proposedthecalibra‐

tionsofdosimeterunderthenationalscale

ThismethodisgreatlyusefUlinstandardiz‐

DepartmentofRadiolOgicalTeChnology，SchoolofAUiedMedicalPmfessions，KanazawaUniversity．
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Ｆｉｇ．１GeometryinthigBtudy．

Ｘ,X-raytube.；Ｉ,IONEXionizationchamber．；Ｔ,Thermolumine‐
scence(TLD)．；Ｐ,MixDpphantom.（A）ａｎｄ（B),Measurementof
transmitteddosewhichpassedthroughthephantomUsinｇｌＯＮＥＸ．
(A)naITowbeamwith5cmx5cm,ａｎｄ(B)broadbeamwithl5cmx
30cmofradiationfield.(C),の),ａｎｄ(E),Measurementofdepthdose
inthephantomusinglONEX,(C)５ｃｍ×5ｃｍ,(D)１０ｃｍ×10ｃｍ,ａｎｄ
(E）l5cmx30cmofradiationfield.(F),Measurementofdepthdose
inthephantomusingTLDwithlOcmx10cmofradiationfield

ｗａｓｃｈａｍｇｅｄｆｒｏｍ５ｃｍｔｏ２０ｃｍｂｙｐｉｌｉｎｇｕｐ

ｓｏｍｅｓｈｅｅｔｓｏｆｐｌａｔｅ,Ａｐｌａｔｅｈａｓａｇｒｏｏｖｅａｔ

ｔｈｅｃｅｎｔｅｒｏｆｔhesurfacewheretheheadof

dosimeterwasplaced・Forthecomparlson,two

kindsofdosimeterwereused；１）IONEX

thimbleionizationchamber(volumeO6cc)with

calibrationfactorofl200forCo-60gammaray、

and２）thermoluminescencedosimeter（TLD，

KaseiOptonixCorp.)madeofMg2Sio4;Ｔｂｗｉｔｈ

ｄｉｍｅｎｓｉｏｎｓｏｆｌｃｍｘ２ｍｍ○．

Figlshowsthegeometryusedinthisstudy・

Changingthepositionofdosimeterandphan‐

tom，sixkindsofmeasurementwererepeated

at80kV-200mA-O2sec；（A)-(F)．

(1)ThevalueofeffectiveMACatthedifferent

radiationfield

Inordertoevaluatetheeffectofbeamwidth，

transmitteddosewhichpassedthroughthe

phantomwasmeasuredin(Ａ）ａｎｄ（B）chang‐

ingthesizeofradiationfield；(Ａ)narrowbeam

with5cmx5cmofradiationfield,ａｎｄ(B)broad

beamwithlOcm×10ｃｍ・Ｉｎｂｏｔｈ（Ａ）ａｎｄ（B)，

focus-to-Chamberandchamber-to-tabledis‐

tancewerelOOcmand30cm，respectively．

tioncoefficient（MAqapparenUychanges

accordingtothescatteringatthedifferencein

thephantom,ｗｅｄｅｆｉｎｅｄｉｔａｓ“effective，，ＭＡＣ、

Thepurposeofthispaperistoevaluateeffec

tiveMACatthedifferentlocationintheMix-Dp

phantomandtostudyradiationexposureand

thescatteringofX､ray．

ＭＡＴUURuAnSandMETHODS

Asix-peakhigh-voltageX-raygeneratorwas

used・ＡｎＸ－ｒａｙｔｕｂｅ(CIRCLEXO8P38CS,Shi‐

madzuCorp）hasthefO11owingdimensions；

0.8ｍｍ×0.8mmoffocussize,１２degreesoftarget

angle，andinherentfiltrationequivalenｔｔｏ

Ｌ５ｍｍａｌｍｉｎＵｍ(Ａｌ).Thebeamlimitingdevice

(TypeR-20）ｉｓｅｑｕｉｖａｌｅｎｔｔｏＡｌｏｆｌ・Ommin

thiCkness､ThetotalfiltrationofX-raysource

assemblyisequivaleｎｔｔｏ２５ｍｍＡ１ｗｉｔｈ

ｈａｌｆｖａｌｕｅｌａｙｅｒｏｆ2.45ｍｍＡ１ａｔ８０ｋＶｏｆｔｕｂｅ

ｖｏｌｔａｇｅ・Effectiveenergywas27､7ｋｅＶａｔ８０ｋＶ・

Ａｓａｐｈａｎｔｏｍ，platesmadeofMix-Dp

(KyotokagakuCorpJwithdimensionsof30cmx

30cminarea,５cminthickness,ａｎｄ1.01ｃｍ2/g

indensitywereusedThethicknessofphantom

-４０－
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Ｔａｂｌｅｌ ＥＪｍｏＢｕｒｅａｔ diBtancehomthegurfaceofphantom．、Ⅳ

Exposure(ｍＲ）
■■

lｎａｌｒ

DepthDose(ｍＲ）

inthePhantom

Distance

fmmthe

Surface

に、）

ＩＯＮＥＸＩＯＮＥＸ

（A）（B）

ＩＯＮＥＸ

（C）

ＩＯＮＥＸ

⑮）

ＴＬＤ

（F）

248.946

ＩＯＮＥＸ

の)

０
２
４
６
８
ｍ
ｍ
皿

０
０
０
５
０
０
８
８

●
０
０
◆
●
●
●
●

２
９
６
５
４
８
４
２

８
８
４
２
１

１

197.0

134.4

89.0

59.2

３９．２

２６６８

１７．６

１２．２

216.320

145.238

83.966

49.405

29.427

１７．４９６

１０．５８０

6.362

248.946

186.900

122.368

82.302

54.684

36.240

24.006

１５．３９０

253.440

199.299

132.935

88.456

59.164

40.176

２６．９１６

１８．２０２

167.786

109.174

76.837

52.250

36.461

26.436

16.457

Thevaluesof(C),(D),(E),ａｎａ(F)ａｒｅnomlalizedatlOOcmofdistance

However,ｉｎ(Ａ)Chamber-to-phantom(bottom）

distancewas30cm,whileｉｎ(B）thephantom

wasplacedonthe1ionizationchamber．

(2)ThevalueofeffectiveMACatthedifferent

locationinthephantom

ln（C),（D）ａｎｄ(E),exposure("depthdose"）

atthedifferentlocationinthephantomwas

measu正dchangingthesizeofradiationfield

Threekindsofsizeofradiationfieldwere

selectedasfollows；(C)５ｃｍ×5ｃｍ,(D)１０ｃｍ×

10ｃｍ,ａｎｄ(E)１５cmx30cmontheimagingtable、

RadiationfieldoflOcmx10cmwasselectedas

thestandardsize，５cmx5cmforthesmallest

amountsofscatteredradiation，andl5cmx

30cmbasedontheexaminationofthoracic

spine・Thephantomof20cminthiCknesswas

placedontheimagingtablewithlOOcmof

focuSLto割tabledistanceThepositionofioniza‐

tionchamberwaschangedfromOcm（the

surfaceofphantom）ｔｏｌ４ｃｍｉｎｔｈｅｐｈａｎｔｏｍ．

(3)ＴｈｅｖａｌｕｅｏｆｅｆｆｅｃｔｉｖｅＭＡＣｕｓｉｎｇＴＬＤ

Measurementsin(A)ｔｏ(E)wereperformed

usingIONEXionizationchamber・Ｉｎｏｒｄｅｒｔｏ

ｃｏｍｐａｒｅｗｉｔｈｔｈｅｓｅｒ巳sults,depthdoseinthe

phantomwithlOcmx10cmofradiationfield

wasmeasureｄｕｓｉｎｇＴＬＤｉｎ（F)．Theposi‐

tionofTLDwaschangedfromOcm(thesurface

ofphantom）tol4cminthephantom

Takingaccountofabsorptionandscattered

radiationduetotheabsorber，ｔｈｅｖａｌｕｅｓｏｆ

ｅｆｆｅｃｔｉｖｅＭＡＣａｔｔｈｅｄｉffercntlocationinthe

phantomwerecorrectedbytheinversesquare

law、Theresultatanypositionwasnorma‐

ｌｉｚｅｄｔｏｔｈｅｖａｌｕｅａｔｌＯＯｃｍｂｙｍｅａｎｓofthe

fOllowingequation

Ed＝Ｅｘ・1002／｛100-(20-X))２ （１）

whereＸ(c、)isthedistancefromthesurface

ofphantom,Ｅｘ(ｍＲ)ｉｓｔｈｅｄｅｐｔｈｄｏｓｅａｔＸ

ａｎｄＥｄ(ｍＲ)isthecorrecteddoseDepthdose

wasevaluatedfromthesurfaceofphantomto

l4cminthephantomThen,thevaluesofeffec‐

tiveMACwerecalculatedbymeansofthe

fO11owingequation．

Ｍo＝1，（E･/Ex)/(x･１０）（２）

whereＸ(c、)isthedistancefromthesurface

ofphantom,１０(g/cm3)isthedensityofphantom，

E･(ｍＲ)isthesulfacedose,ａｎｄＥｘ(ｍＲ)isthe

dePthdoseatX,ａｎｄ’/p(cm2/g)isthevalue
ofeffectiveMAC．

RESULTS

Exposurewererepresentedｗｉｔｈｔｈｅ“ｍＲ,，

unitbecauseofunknownconversionｆａｃｔｏｒ

ｆｒｏｍｍＲｔｏＧｙ．，

(1)ＴｈｅｖａｌｕｅｏｆｅｆｆｅｃｔｉｖｅＭＡＣａｔｔｈｅｄｉｆfe‐

rentradiationfield

lnboth（Ａ）ａｎｄ（B)，transmitteddosede‐

creasedwithincreasingthicknessｏｆｐｈａｎ‐

tom､ＴｈｅｙｗｅｒｅｌｅｓｓｔｈａｎｌＯｍＲｉｎｃａｓｅｏｆｍｏre

thanlOcminphantomthicknessatnarrow

beam（Ａ）Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,ａｔｂｒｏａｄｂｅａｍ

(B)theyweremOregreaterthanthosein（A）

(Tableｌ).ThevaluesofeffectiveMACatany

thiCknessin（Ａ）calculatedfmmequation（２）

-４１－
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Table２Thevalue8ofeffectivemassattenuationcoefficieⅡHtatanydiBtamce
mmthegurfaceofPhantom．

EffectiveMassAttenuationCoefficient(cm2/g）

Ⅲf●霧iii

》辨呼伽一
２
４
６
８
ｍ
Ｅ
ｕ

IONEX

（A）

ＩＯＮＥＸ

（B）

ｌＯＮＥＸ

（C）

ＩＯＮＥＸ

巴）

ＩＯＮＥＸ

①）

0.3541

0.3404

0,3243

0.3174

0.3094

0.2999

0.2952

0.1893

0.1967

0.1984

0.1998

0.1975

0.1993

0.1967

0.1972

0.2342

0.2437

0.2469

0.2490

q2490

q2494

0.1419

0.1758

0.1826

0.1876

01908

0.1930

0.1967

0.1190

0.1597

0.1737

0.1801

0.1834

0.1850

0.1863

－￣

悪decreasedwithincreasingthickneｓｓｏｆｐｈａｎ‐

tom，ｗｈｉｌｅｔｈｅｖａｌｕｅｓｉｎ（B）ｉｎcreasedwith

increasingthickness(Table２)．

(2)ThevalueofeffectiveMACatthedifferent

locationinthephantom

ln(C),の),ａｎｄ(E),depthdosedecreasedwith

increasingdepthinthephantom､Ａｔｔｈｅｓａｍｅ

ｄｅｐｔｈｉｎｔｈｅｐｈａｎｔｏｍ，theyincreasedwith

incr巳asingsizeofradiationfield(Tableｌ).The

valuesofeffectiveMACincreasedwithincreas‐

ingdepthinthephantom・Ａｔｔｈｅｓａｍｅｄｅｐｔｈ

ｉｎｔｈｅｐｈａｎｔｏｍ，theydecreasedwithincreas‐

ingsizeofradiationfield(Table2).Fig2shows

thevaluesofeffectiveMＡＣwiththedifferent

radiationfield・ＡｓｓｈｏｗｎｉｎＦｉｇ２,thesevalues

graduallyappmachedtothecertainconstant

valuewithincreasingdepth､However,ｔｈｅｃｏｎ‐

stantvaluesdifferCdamongthedifferentsize

ofradi2tionfield．

(3)ThevalueofeffectiveMACusingTLD

DepthdosemeasuredbymeansofTLDwere

approximatelysimilarwiththoseinthe

measurement(D)byionizationchamber(Table

1,2)．
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ThicknessofMix-DpPhantom（c、）

Ｆｉｇ．２Thevaluesofeffbcti▼emagBattenuation

coefficieIHtatanydepthinthePlMmtom．

【A)ａｎｄ(B),Measurementoftransmitteddose

whichpassedthroughthephantomusmg
lONEXKA)narrowbeamwith5cmx5cm,ａｎｄ
（B）ｂｍａｄｂｅａｍｗｉｔｈｌＯｃｍｘｌＯｃｍｏｆｒａｄｉａ‐

tionfield．（C)，（D)，ａｎｄ（E),Measurementof
depthdoseinthephantomusinglONEX,(C）

５ｃｍ×5ｃｍ,の)l0cmx10cm,and(E)l5cmx30cm

ofradiationfield.（F),Measurementofdepth
doseinthephaｎｔｏｍｕｓｉｎｇＴＬＤｗｉｔｈｌＯｃｍｘ
ｌＯｃｍｏｆｒａｄiationfirld．

DISCUSSION

ItiswellknownthatX-raysarecomposed

ofthecontinuousspectrumofenergy,Ifithas

singleenergy,ｔｈｅｖａｌｕｅｏｆｅｆｆｅｃｔｉｖｅＭＡＣｗｉｌｌ

ｂｅｅａsilyevaluatedWhenthescatteringhas

tobeconside正d,multiplicationofthebuildup

factorisaloneneededtogetsatisfactoryresults．

lntheestimationofX-raysquality,forsimpli‐

fication，theconceptofeffectiveenergyis

usuallyemployedwhereX-rayswithcontinuous

energyaresubstitutedfortheradiatiOnwith

singleenergy・However）thisconcepthaSthe
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disadvantagethatX-raysaneestimatedtotally
androughly・Therefore，ｉｔｉｓｎｏｔｓｏｕｓｅｆｕｌｉｎ

ｅｓｔｉｍａｔｉｎｇｅｘｐosureatanylocationinthe

subjectrCgionallyandexacUy

NextprobleminconsideringX-raysquality
istheabsorption、X-raysqualitychangesao

cordingtothethicknessofpatientsorphantｏｍ、
Itisgenerallysaidthatthicknessofthesecond

halfvaluelayerisgreaterthanthatofthefirst

oneX-rayswithlongwavelengthinteractsat

thesuperficiallayerintheabsorber,ａｎｄthere‐

forCtheattenuationincreasesinappearance

Ontheotherhand，X-rayswithshortwave

lengthincreasesatthedeeplayerandthe
attenuationdecreasesasaresultofincreas‐

ingtransmitteddosewhichpassedthroughthe

absorber、Inthisstudytransmitteddosewas

relativelygrEaterthandepthdoseinthephan‐

tomThedifferencemainlydependsonthe
absorption

Theproblemofthescatteringplaysthemost

importantroleinconsideringX-raysquality・
Smallerradiationfieldisenoughtocalibrate

dosimeters・However,inordertoevaluatedepth

doseinthｅｈｕｍａｎｂｏｄｙ,thescatteringhasto

beconsidered、Inthisstudy，significant

differenceoftransmitteddosebetweennarTOw
andbroadbeamwasshoｗn.Thedifferencewas

causedbythescattering・Becausethercisextre-

melysmallamountofscatteringatnarrow

beam，whilegreateramountatbroadbeam・

Depthdoseinthephantomwithenlargedradia‐
tionfieldwasgreaterthanthatwithshrinked

radiationfieldowingtothescatteringThere‐

fore,ｉｔmaybemuchbettertomeasuredepth
doseintheenlargedradiationfield・

ＴｈｅｖａｌｕｅｏｆｅｆｆｅｃｔｉｖｅＭＡＣｂｙｄｅｐｔｈｄose

inthephantomwasfairlylessthanthatby
transmitteddose､ThevalueofeffectiveMAC

decreaseｄａｓｔｈｅｓｉｚｅｏｆｒａｄｉａｔｉｏｎｆｉｅｌｄｉｎ‐

creased，whileitincreasedwithincreasing
dｅｐｔｈｉｎｔｈｅphantom・Ｔｈｉｓsuggeststhatthe

effectofthescatteringisgreaterthanthatof

attenuationinX-rayswithlowenergy，Ａｓ

ｓｈｏｗｎｉｎＦｉｇ,１，ｔｈｅｖａｌｕｅｏｆｅｆｆｅｃｔｉｖｅＭＡＣｂｙ
ｄｅｐｔｈｄoseinthephantomgraduallyapp‐

roachedtothecertainconstantvalue

Inthemeasurementofdepthdose,itisdesir‐

ａｂｌｅｔｏｕｓｅｄｏｓｉｍｅｔｅｒｗｉｔｈｓｍａｌｌｍｅａsunng
volume、TheTLDsatisfiesthisdem月nd

However,italsohasthedisadvantagethatthe

measurementsusingTLDdependgreatlyon

theenetgyandthestandarddeviationonthe

resultsisremarkablygreaterthanthatby

ionizationchamber・A1sointhisstudyconsider‐

ablevariationwasshowninthevaluｅｏｆｅｆｆｅｃ

ｔｉｖｅＭＡＣｂｙｍｅａｎｓｏｆＴＬＤ、

ItappearsthatX-raysWithdifferentquality

occurbetweensingle‐andthree-phasegene‐
ratorsandbetweendifferenttotalfiltration

Althoughtheestimationofthescattelingusing
theMonteCarlomethodwastried,thestandard

methodinevaluatingdepthdoseinthesubject

hasnotbeenestablishedTherefOre，our

methodperfOrmedinthisstudyappearedto

beveryusefulinevaluatingdepthdose

lnconC1usion，weproposethatitisvery
usefulinevaluatingradiationexposur巳to

measuredepthdoseinthephantombymeans

ofionizationchamberandcalculatethevalue

ofeffectiveMACintakingadiagnosticradio‐

logy．
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照射野の大きさとファントムの厚さによる

見かけ上の質量減弱係数の変動

越田吉郎，高山輝彦

要旨

放射線診断に伴う放射線被曝を評価するため,ＩＯＮＥＸ電離箱と熱ルミネセンス線堂計を用
いて被曝線蚤を測定し，これらの値から見かけ上の質量減弱係数（ＭＡＣ）を計算した。（１）
照射野の幅に対する見かけ上のＭＡＣの違いについて,細い線束と広い線束では有意な差が
あり，前者は散乱が全くないか小さく，後者は散乱が多かった。(2)ファントム内における違
いについては，照射野が広くファントム内を通過したものとそうでないものとに違いがあっ

た。ファントムを通過した透過線量から計算した見かけ上のＭＡＣは次第に一定値に近づく
ように見えた。一方，ファントム内の深部線鯉から計算した見かけ上のＭＡＣについては変
動が大きかった。けれども，見かけ上のＭＡＣはファントムの深さが増せば大きくなった。

ファントム内の深部線量から計算した見かけ上のＭＡＣは一定値に収束したが，同じ一定値
ではなかった｡照射野の幅が大きくなるにつれ見かけ上のＭＡＣは小さくなった｡(3)ＴＬＤを

用いて測定したとき標準偏差が電離箱より大きくエネルギーにおおきく依存していたので利
用価値が少なかった。したがって，本研究に用いた方法で深部線童を評価することが必要で
ある。
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