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EffectsoftheMirlDrPositionontheDistribution

ofX-raylntensityinRadiatio、Field

KichiroKoshida，TeruhikoTakayama

ABSTRACT

WeevaluatedtheeffectsofmirrorpositiononthedistlibutionofX-rayinten‐
sitywithintheradiationfieldlntｈｅdirectionparalleltothetubeaxls，exposure
atthepositiontowardtheanodedecreasedremarkablyWithincrcasingdistance
fromthecenter､Ｏｎｔｈｅｏｔｈｅｒｈａｎｄ,inthedirectiOnpelpendiculartothetubeaxis，
theeffectofdistancefromthecenterwasnotsoprominent、Atthepositionsin
theparaUelorperpendiculardirection,homogeneousintensityareashiftedtoward
thecathodeortheposterior,respectively、ThemaxlmumdiffermceofX-rayinte､‐
sityatthedifferentmirrorpositionｗａｓ12.0％、Wheneverwetakearadiography，
wealwaysshouldconsiderthepositionofthemilrorinthebeamlimitingdevice
togethomogeneousX-rayintensitywithintheradiationfieldWhenthemirroris

placedat(A)positionwher℃ｔｈｅａｎｏｄｅｓｉｄｅｏｆｔｈｅｍｉｎ｢orapproachestheanode，
theimprovementcanbeexpectedshowingunifOｒｍｉｔｙＯｆ12%←

●
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MirrorpOsition,X-rayintensity,Aluminumequivalent,EXposure,Taiget
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ＩｔｉｓｗｅｌｌｋｎｏｗｎｔｈａｔX-rayintensityisnot
homogeneousoverthewholeradiationfield

However，inordertogetexcellentradio‐

grams,X-rayintensityshouldbekeptasｈｏｍｏ‐

geneousaspossibleOfvanousfactorssuch

astargetangle,anodematerial，filtration，

mirror,ａｎｄｓｏｏｎ,thepositionofamirrorplayS

theimportantrole，ｂｅcausebeamlimiting
deviceiseasilytumedtoseveralpositions

accordingtokindsofradiographyandposi‐

tioningofpatients，amirroreqUiPpedinthe

beamlimitingdevicealsochangestlleposi‐
tionrelativetotheX-raytubejTheeffectof

mirrorpositionsonthedistributionofXTay

intensitycan，tbeignoredinthelargeradia‐
tionfield，althoughitmaybenegligibleinthe

smallfieldSomeauthors1-3)reportedtheangu‐

lardistributionofX-rayintensityondiagnos‐

ticX-raytubes,However,theeffectsofmirror

positionsonX-rayintensityhavenotbeen

reporｔｅｄ

ＴｈｅｐＵｒｐｏｓｅｏｆｔｈｉｓｐａｐｅｒｉｓｔｏｅｖaluatethe

effectsofmilrorpositionsonthedistribu‐

tionofX-rayintenSitywithintheradiationfield，
andtodecidethemostappropriatepositionto

gethomogeneousX-rayintensity．

１．MAT1DRUAmR

Asix-peakhigh-voltageX-raygeneratorwas

used・ＡｎＸ－ｒａｙｔｕｂｅ(CIRCLEXq8P38CS,Shi‐

madzuCorp.）hasthefO11owingdimensions；

0.8ｘＯ８ｍｍＯｆｆｏｃｕｓｓｉｚｅ，１２degreesoftarget

angle,andinherentfiltrationequivalentL5mm

aluminUm(Ａ１).Thebeamlimitingdevice(Type

R-20）ｉｓｅｑＵｉｖａｌｅｎｔｔｏＡｌｏｆＬＯｍｍｉｎｔｈｉｃｋ‐

DepartmentofRadiologicalTechnology,SChoolofAlliedMedicalProfessions,KanazawaUniversity
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Ｆｉｇ、lGeometHyinthisgtudy．

Ｂ,Beamlimitingdevice.；Ｉ,IONEX
ionizationchamber・ThetaIget-
toch2mherdistanceislOOcmand

thechamber-to-tabledistzunceis

３０ｃｍ・Theradi2tionfieldis35cmx

42.5cｍ（l4inchxl7inCh）ｉｎｓｉｚｅ．

Arrang巴ｍｅＩｕｔｏｆｔｈｅｍｉｒｍｒｒｅ１ａｔｉｖｅｔｏｔheX-raytmbe．

Ａ,Anode.;Ｃ,Cathode.；TjTarget.；Ｍ,MiITor.(A),The
rightendofthemirrorapproachestothetube；(B)ａｎｄ
(D),TheposteriorendofthemilTorapproaChestothe
tuba;(C)ａｎｄ(E),Theleftendofthemilmrapproaches

tothetube.（A),⑱)，ａｎｄ（C）ｓｈｏｗmeasurementatthe
positionintheparalleldirectiontothetubeaxis,while
<D）ａｎｄ(E)intheperpendiculardirection．

Fig.２

whichｃａｎｂｅｄｅｔｅｒｍｉｎｅｄｂｙｔｈｅｂｅａｍｌｉｍｉｔ‐

ingdeviceTheionizationchamberwasplaced

sothatthelongaxiscouldbeperpendicular

totheprimaryX-ray・

Exposurewithintheradiationfieldwas

measuredatthedifferentpositionsintwodirec

tions；

（１）paralleltothetubeaxis,ａｎｄ

（２）perpendiculaItｏｔｈｅｔｕｂｅａｘｌｓ・

ＡｓｓｈｏｗｎｉｎＦｉｇ､２，arrangementoftheminFor

wasChangedbyturningthebeamlimiting

device・

Intheparalleldirection，

（A）therightendofthemirrorapproachｅｓ

ｔｏｔｈｅｔｕｂｅ研

（B)theposteriorendofthemirrorapproaches

tothetube，

（C)theleftendofthemirTorapproacheｓｔｏ

ｔｈｅｔｕｂｅ・

I、thepeIpendiculardirection，

nessTherefore，thetotalfiltrationofX-ray

sourceassemblyisequivalentt０２．５mmA1with

half-valuelayerof2､45ｍｍＡ１ａｔ８０ｋＶ､AmirrDr

isequippedinthebeamlimitingdevicewith

ainclinedangleof36degreestothehorizon‐

talplaneThebeamlimitingdevicecanbe

easilymrnedaroundtheverticalaxisanda

mirrorChangesthepositionrelativetotheX-ray

tube．

２．ＭｗＩＴＩＯＤＳ

ＵｓｉｎｇｌＯＮＥＸｔｈｉｍｂｌｅｉｏｎｉzationchamber

(volumeU6cc)，exposurewasmeasuredat

80kV-200mA-0.2sec､Ｆｉｇｌｓｈｏｗｓｔｈｅｇｅｏｍｅｔｒｙ

ｕｓｅｄｉｎｔｈｉｓstudy,Thetarget-to-chamberdis‐

tancewaslOOcm,andthechamber-to-tabledis‐

tancewas30clnThesizeofradiationfieldwas

alwayskepttobe35cmx42.5ｃｍ(l4inchxl7inCh）

becausethisisthemzuximumsizefOrmedical

useandcorresPondswith82､4％ｏｆｆｕｌｌｓｉｚｅ
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Ｔａｂｌｅｌ EJqDoBurewithintheradiationfieIdat

lOOCmh⑪mthetaZg巴t,ａｎｄ８０kV･200ｍＡ－
０．２sec.(A),(Ｂｈ(C),(D)and(E)are圏hown
inHg､２．

Table２Ⅱ｡moBmcratiobetweenthediffC-

rentmirTorpositioms．

IEXposure(ｍＲ）

!(B)－(A)(C)－(A)の)－囮）

Ｉ（A）（A）（E）

DiStancefrom

thecenterに、）Exposure(ｍＲ）

~rEi￣ｉＥ１Ｔ面７
．Ｉ

２４２４１１６４

７５７３１１７２
．１１０１０６１１６７

１５６１５２１１８６

１８１１７９１１９２
１９７１９７１１９７

２０２２０６１１９７
２０２２０８１１９６

１９９２０７ｉｌ９４
１６６１７４１１９１

。、

９９１０３１１７９

Distancefrom

thecenterに、）

Ｔｏｗａｒｄ＋21.3

ｔｏｔｈｅ＋17.8

anode＋15.8

＋10.5

＋５．２

±０．０

－５．２

－１０．５

ＴＯｗａｒｄ-15.8

ｔｏｔｈｅ-17.8
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Toward

tothe

cathode

（D）theposteriorendofthemilTOrappro‐

ａＣｈｅｓｔｏｔｈｅｔｕｂｅ，

（E)theleftendofthemirrorapproachesto
thetube

Measunngsitewasrepresentedusingboththe

distancefromthecenter，andtheanglefrom
theverticallineasfO11owsThecenterwithin

theradiationfieldis±0.0ｃｍｏｒ±0゜、Ｆｏｒｃｏｎ‐

venience，Sake,thepositiontowardtheanode

inthedirectionparalleltothetubeaxis,ｏｒｏｎｅ
ｔｏｗａｒｄｔｈｅａｎｔｅｒｉｏｒｅｎｄｏｆｔｈｅmirmrinthe

directionperpendiculartothetubeaxiswas

representedwithpositivecoordinate・Expo‐

surewasmeasuredatthefO110wingposi‐

tions；±0.0ｃｍ，±5.2ｃｍ，±10.5ｃｍ，±15.8ｃｍ，±

17.8ｃｍａｎｄ±21.3ｃｍ，Thesepositionscorres‐

pondｔｏ±0.,±3゜，±6.,±9.,±10.2゜ａｎｄ±12・

inthepolarcoordinate．

nent,althoughexposuredecreasedwithincreas‐

ingdistanceFurthennore，exposurewasnot

significantlyaffectedbymirrorpositionsExpo‐
ｓｕｒｅａｔ２Ｌ３ｃｍｏｒ-21.3cｍｗａｓｌ６４ｍＲｏｒｌ７９ｍＲ

ｉｎ（D)，ａｎｄｌ７３ｍＲｏｒｌ７４ｍＲｉｎ（E),respec

tively､Table2showspercentagedifferencesof

X-rayintensityamong(Ａ),(B),(C),(D)ａｎｄ(E)．

Themax1mumdifferencewasｓｈｏｗｎａｔｔｈｅ

ｐｏｓｉｔｉｏｎｏｆ－２Ｌ３ｃｍｔｏｂｅ7.6％between(Ａ)ａｎｄ

(B),ａｎｄ12.0％between(Ａ)ａｎｄ(C).Therefore，

iｆｔｈｅｍｉｒｒｏｒｉｓｐｌａｃｅｄａｔ（A)，ｔｈｅimprove‐

ｍｅｎｔcanbeexpectedwithUniformilyofl2.0%・

TheX-rayintensityattheconstantdistance

fromthefocuswithvariousangleswascalcu‐

latedbytheinversesquarelaw

Ex＝EC・〔1002＋(±Ｘ)2〕/1002 （１）

whereXisthedistancefromthecenter(c、)．

Existheexposureateachposition(±Ｘｃｍ)and

Eoistheexposureatthecenter・Ｔｈｅｓｅｖａｌｕｅｓ

ａｒｅｓｈｏｗｎｉｎＦｉｇ,３ａｓｔｈｅｍｔｉｏｔｏｔｈｅｖａｌｕｅ

ａｔｔｈｅｃｅｎｔｅｒ・Ｔｈｅａｒｅａｓｈｏｗｉｎｇ９０％ｔｏ１１０％

ofexposureatthecenterranged4･ｔｏ-10゜

ｉｎ(A）ａｎｄ(B),ａｎｄ3.5゜ｔｏ-11.ｉｎ(C),while

l2oto-12･ｉｎの)ａｎｄ(E).TherefOre,(D)ａｎｄ

(E)showedthewidestarearanging＋12゜ｔｏ－

１２．，althoughthevalueatbothedgestoward

theanodeandthecathodedecrcasedsigni‐

ficantlyascompar℃ｄｗｉｔｈｔｈａｔａｔｔｈｅｃｅｎｔｅｒ・

ＡｓｓｈｏｗｎｉｎＦｉｇ３,intheparallelorperpendi‐

culardirection，ｔｈｅａｒｅａｓｈｏｗｉｎｇ９０％ｔｏ１１０％

RESILTS

Tablelshowsexposureinthedirectionsboth

parallelandperpendiculartothetubeaxls・

Exposurewithintheradiationfieldwasaffected

bythedifferentmirrorpOsitionsln(A),(B)ａｎｄ

(C)，exposureatthepositivecoordinatede

creasedremarkablywithincreasingdistance

fromthecenter，Exposureat＋21.3cｍｏｒ－

２Ｌ３ｃｍｉｎ（A）ｗａｓ２４ｍＲｏｒ９２ｍＲ，respect‐

ively・Tothecontrary,ｉｎ(D)ａｎｄ(E),theeffect

ofdistancefmmthecenterwasn，ｔｓｏｐｒｏｍｉ‐

－２５－
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Fig.３ DiBtributionofX-myintenBityontlBepolarcoordimteBatlOOcm企omthefOcugandwitlwario頤
angUestothecentralray．

Ａ,Anode.；Ｍ,Mirror.(A),(B),ａｎｄ(C）ｓｈｏｗmeasurementatthepositionsinthedirection
paralleltothetubeaxis,whileの)ａｎｄ(E)perpendiculartothetubeaxis．

(B),3.5゜ｔｏ-11゜ｉｎ(C),ａｎｄｌ２ｏｔｏ－１２゜ｉｎ(D）

and(E).Itshouldbenotedthatthemaximum

intensityareaandtheareashowing90％ｔｏ110％

ofeXposureatthecentershiftedfromthecenter

towardthecathodeintheparalleldirection,ｏｒ

ｔｏｗａｒｄｔｈｅｐｏｓｔｅｒｉｏｒｓｉｄｅｉｎｔｈｅｐerpendi‐

culardirectionTheareashowing90％ｔｏ110％

isregardedashomogeneousintensityarea

lnthediscussionofX-rayintensity,wehave

totakeaccountofinherentfiltration，the

absorptionofX-raybytargetitselfandthick-

nessofamilTor・FirsUy,inherantfiltrationis

definedasthefiltrationofmaterialsbetween

thetargetandtheexteriorofthetubeafterall

thematerialsinthebeamhavebeenremoved，

butthetubehasbeenremainingoperationaL

Thereisnostandardmethodformeasunng

inherantfiltrationofintacttubes3).Secondly，

X-raythatoccurreddeeplytothesurfaceofthe

targetaremoreheavilyfilteredbeforeleaving

thetarget､Thisphenomenoniscalledthe“heel，，

effectandinfluencesX-rayqualityaswellas

X-rayintensity・Lastly，thicknessofamirror

changesaccordingtotheangleatwhichX-rays

areemittedbecauseamirrorisobliquelｙ

ｅｑｕｉｐｐｅｄｏｎｔｈｅｗａｙｏｆｔｈｅｐａｓｓａｇｅｏfX-ray・

Themirrorusedinthisstudyinclined36

degreestOthehorizontalplane，Thereforeat

ofexposureatthecentershiftedtowardthe

cathodeortheposterior・Themaxlmuminten‐

ｓｉｔｙｗａｓｓｈｏｗｎａｔ－３。，－６゜，－９．，－９゜ａｎｄ±

0°ｉｎ(A),(B),(C),(D),ａｎｄ(E),respectively．

DISCUSSION

Thepositionofbeamlimitingdevicerela‐

tivetotheX-raytubecanbechangedaccord

ingtokindsofradiographyandpositioningof

patients，andsoonSimultaneously，amirror

withwhichthebeamlimitingdevicehasequiP‐

pedalsOchangesthepositionrelativetothe

X-raytube､Sinceamirmrisobliquelyinserted

onthewayｏｆｐａｓｓａｇｅｏｆＸ－ｒａｙｂｅａｍ，which

wasweakenedaccordingtothedistancefrom

thefOcus，penetratesthemilTorwiththe

differentintensity・Therefore，thechangeof

mirrorpositioncausestheheterogeneousdis‐

tributionofX-rayintensityanddegradesthe

imagmgquality、Inordertodecidethebest

positionofthemirror,westudiedtheeffects

ofmirrorpositiononthedistributionofX-ray

intensitywithintheradiationfield

lnourresultsthemaximumintensiｔｙａｒｅａ

ｗａｓｓｈｏｗｎａｔ－３．，－６．，－９．，－９゜，ａｎｄＯ・ｉｎ

(Ａ),(B),(C),(D),ａｎｄ(E),r巳spectivelyFurther‐

more,ｔｈｅａｒｅａｓｈｏｗｉｎｇ９０％ｔｏ110％ｏｆｅｘｐｏ‐

sureatthecenterranged4oto-10．ｉｎ(Ａ)ａｎｄ

･－２６－
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小
tuswithoutbeamlimitingdevice・Hereported

thatchangesinoutputwereproducedbyfiltra‐

tion，andindicatedthatthequalityofradia

tionalsovariedwiththeanglefiomthecentral

ray・ArdranG,Ｍｅｔａｌ3）reportedtheeffectof

targetangleonX-rayqualitywiththeinhe‐

rentfiltrationandconcludedthatthetarget

angleofthetubehadtheimportanteffectin

alteringX-rayquality・

Fromourresults,itwasconsideredthatthe

shiftofthemaxlmumandhomogeneousarea

towardthecathodewascausedbytheheel

effectOntheotherhand,althoughthearrange‐

mentｉｎ(D)did､'trdatetoheeleffect,themaxi‐

mumandhomogeneousareashiftedtowardthe

posteriorside・Thisshiftwasconsideredtobe

duetotheeffectsofamirrorposition・The

maxlmumdifferenceamongvanousarTange‐

mentofamilTorwas12.0％intheparalleldirec‐

ｔｉｏｎＡｍｉｒｒｏｒｅｘｉｓｔｉｎｇｏｎｔｈｅｗａｙｏｆｔhe

passageofX-rayweakenstheintensityandacts

asafilter､Thisactionisenhancedagainstweak

X-ray．Ｉnordertogethomogeneousdistribu‐

tion，amirrorshouldbeplacedattheposi‐

tionwhereX-raywithhighintensitypene

tratesthethiCkpartOfamirror､Therefore,(A）

seemstobethemostappropriateposition〆

Inconclusion，wheneverwetakearadio‐

graphy，wealwaysshouldconsidertheposi‐

ｔｉｏｎｏｆａｍｉｒｒｏｒｉｎｔｈｅｂｅａｍｌｉｍｉｔｉｎｇdevice．

e（゜）

１
．
１０
』
３
』
６
．
９

ユロ０４ユ ０．９６５

ユ．089 ０．９３４

ユ．１４４ ０．９０８

1．1５４ﾕ０．２ ０．９００

ユ．２０９ﾕ２ ０．８８５

FYg、４ Relation8hipbetweentheanglefromthe
vertiCaIIineandrelativeｔｈｉｄｍｅｇｇｏｆｔｈｅ

ｍｍｏｒ．Ｆ，Focus.；Ｍ，Mirror．

lZinthepolorcoordinate,thicknessofamirmr

atthenear,orfarlocationversusthecentral

thicknesswascalculatedtobeO885，ｏｒ1.209,

respectively(Fig.4).Thisdifferencecan'tbe

ignoredonthediscussionofX-rayintensity，

Someauthors1-3)reportedontheX-rayinten‐
sityWithintheradiationfieldandfiltration

However，theydidn'tdiscusstheeffectofa

mirrorposition､CooligeWD・ｅｔａｌ１)described

thatwithoutfilter,themaxlmumintensityfrom

thebackofthethrgetwasl1.1％ｏｆｔｈｅｍａｘｉ‐

ｍｕｍｆｒｏｍｔｈｅｆｒｏｎｔｏｆｔｈｅｔａｒｇｅｔ；with3mm

and6mmofAlfilteritwasl0.4％ａｎｄ9.0%,res‐

pectively、ZintheoCJ2）investigatedthatthe

variationintheX-rayoutputwasaffectedby

theａｎｇｌｅｔｏｔｈｅｃｅｎｔｒａｌｒａｙｕｓｉｎｇｔｈｅａｐpara‐

ＲＥＦＥＲＥＮＣＥＳ

１）Coolidge,ＷＤ.,Kearsley,ＷＫ.：HighvoltageX-ray
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照射野内のＸ線強度分布に及ぼすミラー位置の影響

越田吉郎，高山輝彦

要旨

Ｘ線発生装置の照射野限定部には，光学的照射野とＸ線照射野を一致させるためにミラー
が取り付けられている．このミラーの位置がＸ線強度に及ぼす影響について検討した。Ｘ線
管の管軸と平行方向の陽極側の位置では，中心からの距離の増加につれてＸ線強度は著明に
低下した。しかし，管軸に垂直方向では中心からの距離の影響は平行方向ほど著明でなかっ
た。Ｘ線強度が均一分布を示す領域は，管軸に平行な方向では陰極側へ移動し，垂直方向で
は後側に移動した。またミラーの陽極側が陽極に近づく配置では，最も均一なＸ線強度分布
を示したが，陽極から遠ざかる配置では，最も不均一な分布を示した。ミラーの陽極側が陽
極に近づく位置に配置すると，均一性が改善した。以上より，照射野内のＸ線強度分布は，
ミラーの位圃によって影響されることから，撮影に際しては照射野内のＸ線強度を均一にす

ザ

るために，ミラーの位置について考慮しなければならない。
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