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Abstract

Medical providers use x-rays on patients to diagnose diseases;
however, the patients undergoing x-rays will be exposed to radiation. Since X-
rays of each machine are different in quantity and quality, it is very important
for radiological technologists to calibrate the exposure technique properly for
each patient undergoing radiography. Technologists can use the International
Atomic Energy Agency (IAEA) Technical Reports Series No. 457 method to
evaluate the patient skin dose receiving from x-ray examination. The process
begins with the X-ray tube output measurement of the X-ray machine. Then
one estimates the trend line from the relationship of kilovoltage peak (kVp)
and X-ray tube output. The result is a model for calculating X-ray tube output
as function of various kVp. After that, one can calculate the Entrance Surface
Air Kerma value from the technical setting data from kVp, milli-ampere-second
(mAs), focus-to-object distance (FOD), and patient thickness. This method can
be used to assess the amount of radiation for patient skin dose in different
positions, which can be used as the reference dose for each X-ray machine.
The benefit of developing this method is that it can be used to control the

amount of radiation that the patients receive.
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$adond (X-ray) gnihanldanenmienasdiiae Wetelrinsidadelseilausiug: aunsouesiiu
anufnUndfiAnsuluidiasldnnamienss laglifeshmsihdanardmaironissnw wiluvmedvhms
femnessdlendiiielildnmenasddmiunsidadelsa guasdildsunsaienmensisdagldsutiinm
Sedluuinadigniensise 1wu Rvildluduildsunsareisdiond vieeToiwisidiendnzarn Uinussdnin
fuaelesuasiinalnenseiunmaifananadinersuilesnanmslasuied Tnonuismsmdanulsnyssning
Uszwna (International Atomic Energy Agency: IAEA) TalausuugUsunassdainnisatennsaduasisnis
dmfuussifiuuiinas@agUaslasu (AEA, 1996) iasnsusunusdiendvesusaziaioszdusunauas
Aruamiikansaty SadanuddyBedmsuiingsdnsumeitandudifemmsliuinasatvnyatuiei
WLNSUN TN INLENDLTE

HaN13ANIUBY Atchara Promduang et al. (2019) l@iinw A Study of Entrance Surface Air Kerma
for Patients Undergoing Chest and Abdomen from Digital Radiography at Chulabhorn Hospital 310
N13ANYIAT ESAK (Entrance Surface Air Kerma) n335n13084 IAEA Technical Reports Series No. 457 Wu1
A1 ESAK La@t 99nM15anenmienaLsemsisensin PA (Posteroanterior) ¥835UaamAndls 0.08 mGy Uazvos
AUEMAYIY 0.09 MGy WagAINNITELAINLBNLTEYBD9M AP (Anteroposterior) o Uieineangq 0.98
mGy LLamm@fﬂwmem 1.06 mGy (Promduang, Pongnapang, Ritlumlert, Tangruangkiat & Phonlakrai,
2019) wag Wan135A n¥1 Assessment of ESAK and ED for Adult’s Patients Examined by Computed
Radiography 31An19@n®1A1 ESAK @1335n15089 IAEATechnical Reports Series No. 457 Tuvi1n150529
LeNTLIENIE9 9 TouA Skull (AP) 0.88-3.30 mGy, Skull (Lateral) 0.59-1.87 mGy, Chest PA 0.03-2.00 mGy,
Lumbar spine AP 1.50-3.40 mGy, Lumbar spine (Lateral) 2.60-5.15 mGy w&ae Pelvis AP 1.05-4.40 mGy
(Alameen, Badrey, Abdullateef & Ahmed, 2016)

Uniyal et al 1o @ nw1 Estimation of entrance surface air kerma due to diagnostic X-ray
examinations of adult patients in Uttarakhand, India and establishment of local diagnostic reference
levels Anw1A1 ESAK @1135n15994 IAEATechnical Reports Series No. 457 Tuvinn13052a10n9Lsgvi619 9
la'wn Chest PA, Cervical spine AP, Skull PA, Abdomen AP, KUB (kidney, ureter and bladder), Lumbar
spine AP and Lateral, Pelvis AP, Thoracic spine AP Wag Thoracic spine Lateral (Uniyal, Chaturvedi, Sharma
& Raghuvanshi, 2017) uaz 39 Jvn53asena wasame (2553) WiFnw Uhinussdifmdwesithedlésuan
mMsghenmssdnsienlulsmerunaniuaiung anzunmerans univendsveuuny na13liin Usunasead
Avifsdtae anmstamadianisanefaddnuduaslunmansanidadensien fdedsussiefidudlng
#i 75 1A 0.2 way 0.23 mGy Gi'f'\'i”l,m'Lﬁuﬂ'wﬁmmi’aﬁayw'Sm'mmsgw IAEA (Witchathorntrakun,

= v aada

Wongsanon & Kheonkaew, 2010) wenani dnade @3Usvina (2555) ladnw) n1sfnwusunnsedniaves

AUreflasuanmsaeamisdnsienlulsaimeruianiudug nanlidiwansinusnassdnianadigde ag
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LonagLIEAae 75 (68-82) kVp wagAnsruanasnnmiuiaaglugie 15 (10-20) mAs USuaused@niimiad

AUreuInamsien dAnafowazilesidudlngd 75 wirdu 0.178 uay 0.220 mGy mua1diu nan1sinusunmn

(9

Sedlunguit 2 Wamenussfndninelviiuvasnenawsdnus 89 (82-96) kVp uazAINIzuanaanAmiuLIaT0Y

[

433 5 (2-8) mAs UsunaussdniavnadndUisusnamsnenianad suazosidudlndn 75 wiriu 0.089 uaz
0.123 mGy »&a19U (Siripreeshakul, 2012)
WATANITIAAIUSUIUSI@A IAEA Technical Reports Series No. 457 1il® Incident air kerma %30

Air kerma WUunaansnlaannn1svsuasives Kinetic energies U89 Charged particles ¥1s#ane9lAn1nA1T

'
v

guiuiinaniduaiu kg lueimanduanendfigninfiuuifinalsesduaeiiuvisiiavesUiensons

Y

Y89uuney (Phantom) WAAIAIAINT 1 F9A Incident air kerma bailain Backscatter uieataa (IAEA,

2007)

Detector
== | «— X-ray tube output

Incident air kerma
(no backscatter)

Y S © <«—ESAK
v

L — ‘ Bucky's
* thickness

AN 1 AN InUSUNUTE

NN 1 BEAINITInUSUIUSIENNATRWENTSE LaefIn51917 (Detector) USRI INSIdRBIRI7N

o

fukudn$ad msinusumsidazinfisvezien@s (FDD: Focus to detector distance) Faluszazainyalulia

(Focal spot) vesnasnlenlsdnaiinsad Tanszezienlod (FOD: Focus to object distance) Failuszezain

= 4

Focal spot wesasnontsdivingusedUas wayinfisvazieniond (FFD: Focus to film distance) Fadusyey

q

310 Focal spot YesnasalanaLsdialduvIaukusudyy i menased lay t, As AunuIvesiUiguay
Bucky’s thickness ussezsyninadiheiuidunseunusudayaianinenaised (AEA, 2007)

JgN191199n9anin (Source) S9dazdiauduvesuuiasdidulumungidaonndu

(Inverse square law) lagAULTLYDITIFRUINNHUAISIADIVDIT2 29PN (Bushong, 2017)
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Entrance surface air kerma (ESAK) 10u Kerma Tueinimaingiuasiendiigninfiuuifnatavesawas

NeumisiivessUleviserivasununey BeA1 ESAK 161 Backscatter 1nAw3nuaae (IAEA, 2007)

X-ray tube output \JunadnsAilaaInn15mIses Air kerma iszasnneszezuilsanyaliiavasviaon

WNLSERY Tube current-exposure time product 758 MAs (IAEA, 2007)
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«Focal spot

——=1 Detector

AT 3 LNUNINANTINAT X-ray tube output U4LATBLLENYLTE

N131AAT X-ray tube output (JAEA, 2007) U94tAT9L0NLTE (AT 3) n15inmeRtindidnszes

[
= v a v s

lvlAAv3eszazaINga focal spot fis detector 1Wu 3ndl 50 cm Tneevirindsdismnuazmssgudnatsvesuun
154800 Field size 10 cm x 10 cm vidolvirauUinaAdRsUALDs RS EvoaaTesin Arenalmives
(exposure) t¥U 50kvp 10mAs, 60kVp 10mAs, 70kVp 10mAs, 80kVp 10mAs, 90kVp 10mAs, kag 100kVp

10mAs ¥1MN3 expose 3 AT NNAN exposure \lefuInuAn air kerma (K (d) IAEA, 2007) fsasinng

K(d)=MNKVQKQKt’p

'
A

$\0)

o—

K (d) fofn air kerma 1128 mR %39 mGy
M Juraduves dosimeter reading fvtag mR 130 mGy

Ny o 31 CF Aaan calibration factor Y8 dosimeter #alpunanmsaouLiigusnnsgIu

KQ L{JUF’]I']LLﬁﬂ’J’]&ILLMﬂGi'NIUﬂ’]SG]E]UﬁU@QGUGQ dosimeter (= 1)

~

wp ‘UuAuAgumgianusiuielag

: P
Kt b = M _0 1319 TO: 20 °C, PO = 101.3 kPa
» |\ 2782+T, | P

We T unugaumall (°0) uag P unuanudu (kPa)

AI9E 1NN TANLIUAILAGUNAILAEAIUA IINANNWIARBUYBWIDUONLTE LU TiouanuLIdgaumall
ﬁ o

25.6 °C ANNAUUIIEINIA 99.0 kPa ﬂﬂ‘lﬂj

K =

t.p

(273.2 + 25.6)(101.3

~1.0428
273.2+20 )\ 99.0
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ANUUADIAIUI

A8 (Secondary Standard Dosimetry Laboratory, SSDL) vnaua@liivinfiu 0.98 aganunsanian Air

(9

AU UA

A1 Calibration factor 484 dosimeter #slaunannisaeuisuLINIFIUANIU URNTInSIdNm g

[
Y]

kerma lansnusinglunisnem 1

A1519% 1 A1 Air kerma
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S 2

wAgamngduazanuduindu 1.0428 eg1alsfiniunmin dosimeter anunsaldaudla Al

Output
Air kerma

kVp  mAs (mGy) Ny o Q Kip

EJ T EJ - (mGy)

AT 1 A2 AT 3 ARGl

50 10 0.7884  0.7941  0.7897  0.7907 0.98 1 1.0428 0.8081
60 10 1.1855 1.1918 1.1894 1.1889 0.98 1 1.0428 1.2150
70 10 1.6337  1.6405  1.6387 1.6376 0.98 1 1.0428 1.6736
80 10 2.0235 20312 20272 20273 0.98 1 1.0428 2.0718
90 10 25153 25231 25184 25189 0.98 1 1.0428 2.5742
100 10 29148 29214 29186 29183 0.98 1 1.0428 2.9823

NN3AIAAT X-ray tube output %38 Y (d) 1danan air kerma w13aae MAS Asaung

AILUAZANNNT0MIAT X-ray tube output lafanUsINlum15197 2

A197199 2 A1 X-ray tube output UBIATILDNGLTE

A1 Air kerma X-ray tube output
kVp mAs
(mGy) (mGy/mAs)

50 10 0.8081 0.0808
60 10 1.2150 0.1215
70 10 1.6736 0.1674
80 10 2.0718 0.2072
90 10 25742 0.2574
100 10 2.9823 0.2982
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AUz A d ULU U UINAUENWUS VDY A1 kVp AU A1 X-ray tube output Taeld
NYUIUN1T0ANBEBUFUABY (Polynomial regression order 2) kagfin R? ¥93a1n1309na13 (A1 R square

ThdAeetu 1 hansAuLklug1v9n1sUsEUNUAENN1SALe) @a1N15aRATUN AN 4.

v =0.00000316x%+ 0.00391018x - 0.12321429
R*=0.99934787

e s
= e N
b = b3

X-ray tube output (mGy/mAs)
e

40 50 60 70 80 90 100 110
kVp

2N 4 nsvluszanuAduLUIlTIINNANUENTUGYBS kVp iU X-ray tube output
nToyad1aiuinlilafiuuy (Model) dmsudtuinen X-ray tube outputit kVp #1g 9 Algluns

e S Ule sl

X —ray tube output = 0.00000316 kVp2 +0.00391018 kVp —0.12321429
msﬁﬂmmﬂ'w’%mm%’ﬂﬁﬁﬁwﬂfa@ﬂw%’%’u 1158 ESAK (IAEA, 2007) @d15amuiadlaneaunig

ESAK =Y (d) x mAs X(FDDJZ « BSF
FOD

e

ESAK @ Entrance Surface Air Kerma (mGy)

Y (d) fer X-ray tube output YOUATONONTTE (mGy/mAs)

MAS fofLduleLearonIzhanaanaufIelIal (mAs)

FDD #Aaszen1997n Focal spot 619 detector 3053d (cm)

FOD fiesvagmeainyalniavesmasnienstseisiagUae (cm)

BSF @@ Back Scatter Factor
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A10819n15U58 I uUT U@ AT UaelaTu (ESAK) 31nN158180 MLeNELsEA1u35N15U89

IAEATechnical Reports Series No. 457 (IAEA, 2007) Htunaunsil

i 5 gunsalinanunrugae

N3AUIUAT ESAK 83 Ua8tonaisgnsieenyin PA upright I0ANUMUIUSIIUNTINBNATIIN center
ray Uszanaunsegndunds thoracic 7 7 neldgunsaiinanumungtas (amdl 5) ity 20 cm fedumada
94kVp, 3mAs, a1 FFD iy 180 cm, 14 grid, Bucky 1 3 cm

1. fruseudn Y (d) %30 A1 Xray tube output veuA3BNBNTLIE 9nMsRern kVp = 94

911 Model d3ufuanA X-ray tube outputdi KVp #ig 9

X —ray tube output = 0.00000316 kVp2 +0.00391018 kVp —0.12321429

[
[

WnLAT KVp = 105 fiRslunisienelsenssenyinPA upright Tuassil

X —ray tube output = 0.00000316 x (94)2 +0.00391018 x 94 —0.12321429 = 0.2723 mGy/mAs
2. A1 MAS Vié?ﬂﬁﬁ'uﬁﬂwwhﬁ’u 3
3.a1 FDD = 50 cm
4.1 FOD dunalaainszezain focal spot aususudyaiaunin (180 cm) - anunuigdae (20 cm) -
AU Bucky (3 cm) = 157 cm
5.a1 BSF ann@lvivindu 1.37

Al ESAK %58 A1 Entrance Surface Air Kerma 310

2
ESAK =Y (d)xmAs x| 22 | «BSF
FOD
LNUAN

2
ESAK =0.2723x SX(%J x1.37 =0.1135
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o 1%
v Y

”quuaﬂ’wwﬂmiém’maﬂvh PA uprightA21uMUIUSIIUNTINON 20 cm feaAmALla 94kVp, 3mAs,

FFD winiu 180 cm, 14 grid, bucky 111 3 cm azdia1 ESAK wihiu 0.1135 mGy

unasy

75115904 IAEA Technical Reports Series No. 457 @1315auu1Usegndldiienial £SAK @y

§ Y aAY

= L = oA Y ! N o al o ° a v aay vo
LATDNLENYLIYLLOASLAIDY LYU NQU?SN’]L@ﬂ“ﬁLiS [AMPY U'gEJ‘VﬁE]QJL‘VW!ﬂ']'3EIJV]7\]3G\@Qﬂquamﬂﬁﬂqm3an1ﬂiU‘ﬂqﬂ

Y

X &4 v oA o a U oA Y Yo a8 v A A 1 o o
ﬂ’]'ﬁLE]ﬂGUL'ﬁ'EJVH‘lU mmma‘uﬂuL‘W@muﬁmﬂiNWNiQaWQUw‘lGﬁU I@SaUﬂuVHmw’iw LLAEINAUANSIATATINIU

aa v

anenengtsdle sauvslduseleridunsumuinUsinus@ngUslasuannsaeen kVp waz mAs d@usutin

Y

o = ¢ S 1o o v S g vy, Yo o o o ! ¢ =
'ﬁﬂaﬂ’13LLWVIBVIQSG\QﬂqaqﬂiUQqUﬂ’]WL@ﬂmﬁﬂﬁaﬂ’)ﬂ IG]EJGNMIMQU’JEJIMUNHW@@LLGmWWLEJﬂ“(JLiﬁJiJﬂmmWVI

q

(9 [y

anunsediladeld Wusiu Fazdumsimuaunmauiudd@idedesaz dulsslevinedreiidiunsuuinig

AMsaNEANLBNYLSERa U

dalauauue

MeUssuUnasdnimilstasldfuannsmenmienasd Tuans s warmsussiuuiinmusedd
AmiaUa8n13 3815984 IAEA Technical Reports Series No. 457 \lunmaidenviafianunsaléifunuamis
dmsumsussiliudinasdnguasldsuannsaienimensss warannsaldnmsuseifiuuimnaseditm

AUaeldsuannnisaenimenssdluniin 4 ielfidulsinasididedmsunietenasdudiaziaiod
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