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Scatteredradiation,occurringinX-rayradiographywasstudiedbothinexperi‐

mentSusingahumanOidphantomandincli､icalpracticeTheresultsshowed

thatthedOsemeasuredwiththephantomplacedonawoodenimagingbedWas

abouttWiceofthatwithoutthephantomattheexposureconditionsof

l20KVp-100mAor200mAand80KVp-300mAThedose,withthechangeof

detector-to､grounddistance(DGD),inCreasedremarkablyabove75cm,butslightly

below50cm・Ｔｈｅｍａｘｉｍｕｍｄｏｓｅｏｆ２７１脾Ｒ，563/LRwasmeasuredwithoutthe

phantominplaceand56“Ｒ，1110牌Rwiththephantomattheexposuretiｍｅ

ｏｆｑｌ，0.2sec，respectively．ＤosedistributionaroundtheX-raytubeWasnot

unifOrmwiththephantom，ｗｈｉｌｅｉｔｗａsuniformwithoutthephantomヶDose

waseffectedbytherotationofｔｈｅｐｈａｎｔｏｍａｎｄｔｈｅｍａｘｉｍｕｍｄｏＳｅｗａｓ

measuredat45oofrotatingangle､SimilarresultswerealsoshowninX-rayradio‐

graphiesofl4patients・Thedosemeasuredduringtakingradiographofapatient

wasabouttwiceofthatwithoutpatientpresent，Ｉｔｗａｓｓｈｏｗｎａｌｉｎｅａｒｒｅｌａ‐

tionbetWeenthedoseandmAsvalue、Therewerenosignificantdifferences

amongthedosesmeasuredfromthreedirectionsofanteroposterior(ＡＰ),right

(RAO)，andleftanterioroblique（LAO).However,doseincreasedsignifiCantly

fOrthelateralViewofradiograph
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ＩｎｔｈｅｕｓｅｏｆｖａｒｉｏｕｓｍodalitieswithX-ray

generatorsystem，concemhasalWaysbeenglven
.●

havedescribedtheeffectsofexposureconditionand

imagingtableonscatteredradiation・Thescattered

radiationdoseincreasedWiththeincreasesoftube

voltage，current'exposureｔｉｍｅ，andfieldsize・

However，itdecreasedmarkedlywiththein・

creaseofdistancefromtheX-raytubeWhena

woodenimagingtableof70cminheightwasused，

doseincreasedabove80cm,Whileitdecreasedbelow

70cmbecauseoftheshieldingeffectofthetable．

tothereductionOfharmfulradiationexposureto

thepatientsandtechnologists1)i2)63),、Sincethe

scatteredradiationnotonlydegradestheimag‐

ingqualitybutalsoincreasestheradiationexpo‐
sure,itiSimportanttomakeevelyefforttoreduce

itasloWaspossible，Inprevlousreports4L5)，、ｗｅ
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Fig.２AphOtograPhofhumanoidPhantomAphotogTaphOfX-rayapparatu８．．
Ａ：X-raytube,Ｂ：Collimeter,Ｃ：Imagingtable，
ａｎｄＤ：Humanoidphantom．
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aroundthebreast,７０cmaroundthewaist,and85cm

aroundthehipwasused(Fig.2).Thephantomwas

madefromacrylicacidresinincludingactual

humanｂｏｎｅｓａｎｄｃｏｒｋｉｎＰｌａｃｅｏｆｔｈｅｌｕｎｇＴｈe

phantomwasplacedontheimagingtable(Fig.１)．
Forthemeasurmnentofdoses，adetectorwith

anionizationchamber(Model66qVictoreenCorp.，

ＵＳＡ)wasusedThedetectoronlygavethemRunits

insteadofSIunits・Theresultsofsurveymeterread

ingWe唾notconvertedtoSIunits,ａlthoughitwas

recommendedbytheinternationalCommissionon

RadiationUnitsandMeasurements（ICRU)．

２）METHODS

Inordertorepresentdosedistributionaroundan

X-raytube，polarcoordinatewasadopted,whelC

theanodeandthecathodeoftｈｅＸ－ｒａｙｔｕｂｅｗｅｒｅ

ｄｅｔｅｒｍｉｎｅｄｔｏｂｅＯ･ａｎｄ180.,rcspectivelybThe

cranialdirectionofthephantomlocatedatl80。、

Aradiationfieldof44x44cminsizｅｏｎｔｈｅｉｍａｇｉｎg

tablewasdeterminedRoutinemeasurementsof

dosewereperformedatlOOcmofthevertical

detector・to-grounddistanceのGD),andthehorizOn‐

talfocus-to-detectordistance(FDD).lneverystudy，

CompanSonofdoSesbetweentheconditibnsofwith
orwithoutUsingthephantomweremade.

（１）Effectsofexposurecondition

Exposureconditionsofl20KVp-100mAor200ｍＡ，

Thepurposeofthispaperwastoevaluatethe

scatteredradiationdurmgtakingplainradiogra-

phsinclinicalpractice、InOrdertorEducethe

unnecessaryexpoShretothePatient,asecondradid

graphyforthesamepatientwasavoidedTherefore，

detailedevaluationwasperformedｉｎｔｈｅｅｘｐｅｎ‐

ｍｅｎｔｕｓingahumanoidphantom．

ＭＡＴＥＲＩＡＴＳＡＮＤＭＥＴＨＯＤＳ

１．Experimentsusingthehumanoidphantom

l）ＭＡＴＥＲＩＡＬＳ

ＡｓｓｈｏｗｎｉｎＦｉｇｌ,X-rayapparatusWithanX-ray

tube（CIRCLEX1/２U10CN-25，ShimaZuCorp.，

Kyoto),andacollimeter(R?１０type)ｗａｓｕｓｅｄｉｎｔｈｅ

ｉｍａｇｍｇｒｏｏｍ，whoseSizewas550x510x340cm

(height)4A.ThecenteroftheX-raytubewaSatl84cm

fromthenearestwalloftheimagingroom,at263cm

fromtheotherwall，andatl70Cmverticallyfrom

theground・ＴｈｅａＸｉｓｏｆｔｈｅＸ－ｒａｙｔｕｂｅＷａｓａｌｗａｙｓ

keptparalleltothenearestwall、

Awoodenimagingtablewithdimensionsof200x

67x70cm(height)wasinstalledinsｕｃｈａｗａｙｔｈａｔ

ｔｈｅｃｅｎｔｅｒｏｆｉｔｗａｓａｌｗaysconsiStentwiththatof

theX-raytube5),．Ｔｈｅｄｉｓｔａｎｃｅｆｍｍｔｈｅｆｏｃｕｓｔｏ

ｔｈｅｓｕｌfaceoftheimagingtablewaslOOcm、

Ahumanoidphantom(SB-2-Atype,Kyotokagaku

CorpJwithdimensionsＯｆ６３ｃｍｉｎｈｅｉｇｈｔ,９２cｍ

-３４－
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suretimewasselectedempirically・Exposuretime

wasautomaticallycontrolledbythephototimerand

wasindicatediflunitsofmilliampereseconds

(ｍＡｓ)6)．Aftertheradiographyofeachpatient，

actualexposuretimewascalculatedfromthefollow‐

ingfonnula：

Exposuretime(sec)＝ｍＡｓ/Current(ｍA）……(1)

Accordingtothecalculatedexposuretime,ａsecond

radiographywasmadewithoutthepatientprCsent

andthedatawerecomparedbetweenthesetwo

situations．

（１）Chestradiography

UsingtheLiederscassetteholder，posteroante

rior(ＰＡ）ｖｉｅｗｏｆｐａｔｉｅｎｔｗａｓｔａｋｅｎｏｎｔｈｅｅｒｅｃt

positionwith200cmoffocus-to-filmdistance(FFD)．

Focus-to-grounddistance（FGD）waschangedac

cordingtoapatient，sheighLAradiationfieldof

356cm（l4inch)×35.6cmwasdeterminedaccord‐

ingtofilmsize・Exposureconditionofl20KVp‐
200ｍＡｗａｓｕｓｅｄ．

（２）PIainabdominalorlumbarvertebralradio‐

graphies

Theanteroposterior（ＡＰ）viewofabdomenor

lumbarvertebraeｗａｓｔａｋｅｎｗｉｔｈｌ２０ｃｍｏｆＦＦＤ

ｗｈｉｌｅｔｈｅｐａｔｉｅｎｔｌｙｉｎｇｏｎｔｈｅＢｕｃｋｙｔａｂｌｅａｔｔhe

supineposition，Inlumbarvertebralradiography，

therightlateralViewandtheobliqｕｅｖｌｅｗｓ，ｓｕｃｈ

ａｓＬＡＯａｎｄＲＡＯ，wereaddedAradiationfield

of35､6ｃｍ×432ｃｍ(l7inch)wasdeterminedaccord‐

ingtofilmsizeTheexposureconditionof

80KVp-300mAwasusuallyusedforARLAO,and

RAOviews・However，theexposureconditionof

９０ＫＶｐ－３００ｍＡｗａｓｕｓｅｄｆＯｒｔｈｅｒｉｇｈｔｌａｔeralview．

and80KVp-300mAwereselectedbecausetheyare

theconditionsinclinicalpracticefortakingplain

chestandabdominalradiographs，respectively・

Measurementswereperfonnedat270・ｏｎｔｈｅｐｏｌａｒ

ｍａｐ．

（２）EffectsofDGD

ToevaluatetheeffectofDGDonthescattered

radiation,dosesatvaliousDGDfroml5cmtol35cm

weremeasuredat270゜ｏｎｔｈｅｐｏｌａｒｍａｐ

（３）DosedistributionaroundtheX-raytube

DosesaroundtheX-raytubeweremeasured

circumferentiallyat30･intervalunder80KVp‐

300ｍＡ-0.1secorO2seCcondition．

（４）Rotationeffectofthephantom

Doseswerealsomeasurcdat80KVp-300ｍＡ-0.1sｅｃ

ｏｒＯ､2secwhilemtatingthephantomfrom-90゜ｔｏ

90．ａｔ15゜interval,Ｔｈｅright,theleftlateral,orthe

anteroposterior(AP)viewinclinicalpracticewere

ｏｂｔａｉｎｅｄａｔｔｈｅａｎｇｌｅｏｆ－９０．，９０.ｏｒ０゜，respec

tively・Furthermore，ｔｈｅｌｅｆｔ（LAO)，ortheright

anterioroblique（RAO）viewwasobtainedatthe

positiveorthenegativeangle，respectively，

２．MeaBurementsofdogeinclinicalpractice

DMATERIALS

TheX-rayapparatｕｓｗｉｔｈａｎＸ－ｒａｙｔｕｂｅ（CIR

CLEXO3/0.8P38C，ShimazuCorp.)，acollimeter

(R-20type),andaphototimer(ModelSP7-O70)was

employedABucky-PottertableandaLieders

cassetteholderwereinstalledintheimagingroom

withdimensionsof350x520x350cmmei9ht).The

Buckytablewithdimensionsof78x200x60cm

(height)wasfixedatthepositionwherethecenter

ofitwasl20cmfromthenearestwall，and230cm

fromtheotherwalLTheupperPlateoftheBucky

tablewasmadefromplastics・TheLiederscassette

holderlocatedat220cmfromthecenteroftheBucky

tablealongitslongitudinalaxis,andatlOcminfront

ofwalLForthemeasurementofdosesthesame

detectorwasused

Fourteenadultpatientsｗｅ正selectedatrandom：

４fOrthechestradiography,６forabdominalradio‐

graphy，and4forthelumbarvertebralradio‐

graphyo

2）METHODS

At270゜onthepolarmapmeasurementsofdoses

wereperformedatafixeddistancｅｌＯＯｃｍｆｏｒＦＤＤ

ａｎｄＤＧＤ・Priortotheexposuraappropriateexpo‐

ＲＥＳＵＬＴＳ

１．ExperimentBuBingthehumanoidphantom

l）Effectsofexposurecondition（Tableｌ）

ＴｈｅｒｅsUltshowedthatnomatterwhatexpo・

sureconditionwasused,thedosesmeasuredwith

thephantomwereusuallytwiceofthatwithoutthe

phantom、

２）ＥｆｆｅｃｔｓｏｆＤＧＤ(Fig.３）

Itwasobservedthatthescatteredradiationin‐

creasedonlyslightwhentheDGDWasbelow50cm

whileitincreasedgreatlywhentheDGDabove

75cmAmaximｕｍｄｏｓｅｏｆ２７１解Ｒ，563必Rwas

measuredwithoutthephantoman.’561側Ｒ,1110’Ｒ

ｗｉｔｈｔｈｅｐｈａｎｔｏｍａｔｅｘｐｏｓｕｒｅｔｉｍｅｏｆ0.1,0.2sec，

－３５－
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Effec鱈oflherotationofthePhantomTable２CompansonofdoSebetweenWithoutandWith
thePhantom：Effectsofexpogurecondition．
Ｍ…nnrementatlOOcmofFDDandDGD,and

270oontllepolarmap．』
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DosedighributionarOundtheX-raymbeat
800KVp-300mA-O｣Ｂｅｃ

■；withthePhantom,□；withoutthephantom．

Fig.４
句■■

formci1℃umferentiaUyaroundtheX-raytube

However，dosedistributionwasnotunifolmwith

thephantom・ＴｈｅｒｅｗａｓｎｏｉｎｃｒｅａｓｅｏｆｄｏｓｅａｔＯｏ

ｏｎｔｈｅｐｏｌａｒｍａｐ・Similarcurveswereobtainedat

0.1,ａｎｄＯ２ｓｅｃｏｆｅｘｐｏｓｕｒｅｔｉｍｅ，althoughdoseat

O2ｓｅｃｗａｓａｂｏｕｔｔＷｉｃｅｏｆｔｈａｔａｔ0.1sec、

４）RotationeffeCtofthephantom（Table２）

Amaximumdoseof656’Ｒ,1370/LRWasmeasured

attherotatingangleof45ofor0.1,0.2sec，respec‐

tively､Ｄｏｓｅｒａｔｉｏｏｆ４５･ｔｏｏ･ｗａｓ1.17,1.26ｆｏｒ0.1,

0.2sec，respectively．

0

200４００６００８００１０００１２０００

DOse(似R）

CompariSonofdosebetweenwithoutandwiththe
phantomat80KVp-300mA-0.1secａｎｄ0.28ec．
●；q2secWiththephantom，■；0.1secwith
thephantom肝○；0.2secwithoutthephantom，
□；0.1secwithoutthephantom．

Ｆｉｇ．３

respectively・TherewasnofurtherincreaseOfdose
obseｒｖｅｄｗｈｉｌｅｔｈｅＤＧＤｗａｓａｂｏｖｅｌＯＯｃｍ、

３）DosedistributionaroundtheX-rayｔｕｂｅ(Fig.

４）

Withoutthephantom,dosedistributionwasUni‐

－３６－

l１ｌｆ
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Table３Do8edurimgtaldngabdominaIradiograph8．
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ＡＰ：Anteroposteriorview
Dosel：Dosewithoutapatient ｓｅ２：Dosewithapatient

pressedas“Ｙ＝12.5Ｘ-222,'，whereXandYrepre‐
sentmAsvalueanddoserespoctively・Amongthree

vlewsofAP,ＲＡＯ,ａｎｄＬＡＯ,significantdifference

ofscatteredradiationdosewasnotobserved

However,dosesincreasedmarkedlyforthelateral

v1ew．

Ｄｏｓｅ２：Ｄｏｓｅ

2000

1500

（
閣
己
別
Ｃ
Ｑ

DISCUSSION

Intheexperlmentusingthehumanoidphantom，

scatteredradiationdosesincreasｅｄｔｏａｂｏｕｔｔｗｉｃｅ

ａｓｃｏｍｐａｒｅｄｗｉｔｈｔｈatofwithoutusingthephan‐
tom､Thiswasalsoobservedinclinicalpracticeln

otherwords，duringclinicalradiographywiththe

patientpresentitgeneratestwotimesmorescatter‐

edradiationcomparedwiththatwithoutthepatient

present・However,thisscatteredradiationincreased
inadifferentmannerwhentheDGDwasdivided

intotwoparts・OneiSabovethetable,wheredoses

increasedmarkedly・Anotheroneisbelowthetable，

wheredoseincreasedslightly､１ｔwasbelievedthat

thescatteredradiationwasshieldedbythetable5)．

Inspiteofuniformdosedistributionaroundthe

X-raytubewithoutthephantom，dosedistribu‐

tionwasnotuniformwiththephantomThe

scatteredradiationwasnotincreasedinthereglon

from‐15･ｔｏ15゜ｏｎｔｈｅｐｏｌａｒｍａｐ・Thereasonwas

unknownAfurtherstudyshouldbeperformedto

investigatｅｔｈｅｅｆｆectsofphantomsize，shape，or

positioningandsoon、Ｔｈｅｍａｘｉｍｕｍｄｏｓｅｗａｓ

ｍｅａｓｕｒｅｄａｔｔｈｅrotatingangleof45P，although

significantdifferenceofdosewasnotshownamong

differentrotatinganglesSincescatteredradia‐

tionoccursWhenthe正existsanythingontheway

throughwhichtheX-raybeampasses,ｉｔｓｅｅｍｓｔｏ
ｂｅｒｅａｓｏｎａｂｌｅｔｈａｔｔｈｅｍａxlmumdosewasmeaご

sur巴ｄａｔｔｈｅｒｏｔａｔｉｎｇａｎｇｌｅｏｆ４５ｏ・However，in

clinicalpractice，thescatteredradiationincreased

1000

500

０
150100０ 5０

ｍＡｓ

Fig.５CorrelationbetweenmAsanddoBeduringtaking
aradiographoftheImnbarvertebrae．

●；Anteroposterior,○；Rightanterioroblique，
■；Leftanterioroblique，□；Rightlateral

２．Measurementsofdo8einclinicaIpractice

l）Chestradiography

Ascatteredradiationof５，１４脾Rwasmeasured

atl20KVp-200mA6mAs，ｏｒ８ｍＡｓｉｎｔｗｏｐａｔｉ‐

ents，respectively,However,inothertWopatients，

thescatteredradiationwasundetectable、

２）Abdominalradiography(Table３）

ＡｓｓｈｏｗｎｉｎＴａｂｌｅ３，scatteredradiationin‐

creasedfrom405lLRtol320llRwhenthemAsvalue

increasedfroｍ３４ｍＡｓｔｏ８０ｍＡｓ、

３）Lumbarvertebralradiography(Fig.５）

DosesincreasedlinearlywiththeincreaseofmAs

value・ThecorrelationcoefficientbetweｅｎｍＡｓ

ｖａｌｕｅａｎｄｄｏｓｅｗａｓＯ９４３、Ｔｈｅｆｏｒｍｕｌａｗａｓｅｘ‐

－３７－
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単純Ｘ線写真撮影時の散乱線の評価

輝彦，岡村真人，関本繁，大海

昌春，孫保福，久田欣一

高山

片山

博，

要旨

単純Ｘ線写真撮影時に発生する散乱線について，人体模型を用いた実験と臨床により

検討した。模型使用時の散乱線は，使用しない時の約２倍に増加した。高さ70cmの撮影
台を使用したので，７５cm以上の高さでは線麓は著明に増加したが，５０cm以下では線避の
増加は僅かであった｡ｘ線管周囲の線趣分布は,模型を使用しない時にはほぼ均一であっ

たが，使用時には不均一となり，陽極側では線蛍の増加が認められなかった。模型の回
転による影響では，45.回転させた時に最大線蟄を示した.１４人の患者を対象とした臨

床的検討でも同様な結果が得られ，被写体がある時の線趣は，ない時の約２倍に増加し

た｡線蛍は撮影時のｍＡｓの増加につれ直線的に増加した｡腰椎の撮影では,正面と斜位
像の間で線堂に大きな差は鯛められなかったが，側面像では明らかに増加した。
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