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Fg. 1 Set up of test equipment at supine (a) of the Rando
Man Phantom and acrylic Phantom (b)

1. &5 Jua SAX20 [H2 ESD Hln
2

O|77|H 300] & 5793 A 7R Zé‘:‘ﬂ% ‘E%‘ |
o ek 50~87(avg: 73.1) kVp, TAFZERS 8~40
(avg: 22.0) mAs, IL-GZEJ= 0.7~1.7 cmAl, _':}7}%451
~1.5 mAlE Yepth F5 WA 39 27es /S,__!-i,i
ESD 7} A3} 2|4 0,24 mGy~Z 3.13 mGy = Ve
t}. Hanan?):2 2|4 0,01 mGyollA 2|t 2.79 mGy ] =}
|7} %ttt NDDAlZ Z4: 0,03 mGyofl4 2|t 1.24 mGy
9] Zpo]7} LElsiTh EdmondsAl2 Z[4x 0,03 mGyoflA] 2|
o 2.15 mGy2] Z}o]7F YERSTE Tungd| o A= A&
0 mGyollAl 2|t 0.82 mGy2] 2po]7} Yebyitt, etz <l
gt Bt 4" A -0.05%0.23 mGy, Hanan?2
0.05%0.73 mGy, NDD4}> —0.45%0.34 mGy, Edmonds
212 —0,0310.58 mGy, Tung?]-Z 0.4010,29 mGy©|t},
Tung( *)2] field size= 30X30 cnf, HVL-& 2 mnAl&E ESD
= Akl TR AR Y 2o R SHE Ao
A X 4= 2.080]31, BSFO] X4 1,280tk &8 A
FAE T AS =4 A9 Afol= F4 0 mGyollA
2|t 0.41 mGy?9] po]7} Wit

5 AW A 29210 wE Tung| 9] ESDRO] A=
o] w2 ESDZ} Hu} t =& H3S Helom,

NDD4]9] ESDgto] AZol wE ESDEL X} o 2 7
S Bk E3E 7 om7|He] AE o wE Bt
ESD%}Z} NDD49] gro] 71 & ztol& HEGIth(Table 1,
Fig. 2).

2. &5 MUa 2ATAHW 2 ESD Hln
OJR7|H 309 32 ST AN &5 AU 2 =4
2 AL 42~67(avg: 49.2) kVp, BWHFTS 2~13
(avg: 5.0) mAs, I-FHEE= 0.7~2.5 cnAl, 27}2E 0.9
~2.0 cmAl, 1,0 cm A1+0.1 cmCu® YERGT} &5 AwAd

Y =102 A= ESD B7F A} 24 0.07 mGy ~ Fof
0.50 mGy& YEFTH Hanan?]2 2|4 0 mGyollA] Z|tj
0.16 mGy©] X}o|7} weh. NDDALE H4: 0 mGyol 4 H
0.20 mGy 2] zFo|7} Uebdth EdmondsA]S 2|4 0 mGy
of| A 2|t 0.16 mGy 2| Zpo]7} YT, Tung4]ofxl= 2]
4 0 mGyolA] Zh 0.20 mGy®] Zol7} Lhebgt). oxpz
o1t Bt A% A2 0.00£0,02 mGy, Hanan’>
0.00%0.04 mGy, NDD4]-& —0,07£0.04 mGy, Edmonds

bl 7)1EdE 20169 A394 A3E 307



Yhabd71&3k8E Vol, 39, No. 3, 2016

Iz
o
T

Experiment Value

Corrected Method

Hanan L]
NDD .
Edmonds
Tung*

@
o
T
[N NN ]

>
in
T

indirect measurement (mGy)
1

0.0 0.5 1.0 1.5 20 25

3.0

3.5

Entrance Surface Dose (mGy)

Fg. 2 The relation between directly measurement and

different mathematical equations(Skull AP)

=

indirect measurement {mGy}
s
T

w—Fxperiment Value
® Corrected Method
® Hanan
® NDD
® Edmonds
® Tung*

y=0.010x
R'=0.651 -

i
0.3 0.4 0.5
Entrance Surface Dose (mGy)

Fg. 3 The relation between directly measurement and
different mathematical equations(Wrist AP)

Table 1 Results of the comparison ESD directly measurement and that calculated by different mathematical equations (Skull AP)

, Tube  Miliampere " , . Rectification .
Medical Inherent Filter  Additional Filter distance Screen Size ESD* CMP Hanan NDD Edmonds Tung
Instituiion Voltage  seconds

(kvp) (mAs)  Allem) Culcm) Allem) Culem)  (cm) Type  Widthicm) Lengthicm) (mGy) (MGy) (MGy) (MGy) (MGy)  (MGy)

A 50 8 0.9 — 1.0 — 100 three phase 25 30 0.24 028 030 021 033 037
B 70 12 0.9 — 1.5 — 100 three phase 25 30 0.80 080 070 0.61 074 1.10
C 72 16 0.9 — 1.2 — 100 single phase 43 43 094 1.16 112 099 1.15 1,56
D 68 22 0.9 - 1.2 — 100 single phase 43 43 116 142 138 092 143 191
E 70 20 0.9 — 1.2 — 100 three phase 43 43 132 137 133 124 1.37 1.84
F 70 20 0.7 — 1.2 — 100 three phase 41 41 137 145 147 124 149 1.84
G 68 20 0.7 — 1.2 — 100 three phase 25 30 138 136 139 083 1.41 1.74
H 75 18 1.5 — 1.0 — 132 three phase 43 43 139 126 1.16 0091 1.21 1,90
I 76 20 0.9 — 1.2 — 100 three phase 43 43 143 160 157 124 159 218
il 74 16 1.0 — 1.5 - 100 three phase 40 40 143 117 1.00 081 1.05 1.65
K 80 15 0.9 — 1.2 — 100 three phase 25 30 155 136 1.30 1.30 1.30 1.81
L 75 16 1.0 — 1.1 — 100 three phase 25 30 1.65 125 123 099 124 170
M 75 16 0.9 — 1.2 — 110 three phase 41 41 1.68 127 1.23 0.99 1.24 1,70
N 72 20 0.7 — 1.2 — 100 three phase 40 40 1.68 136 147 1.24 1.49 1.84
O 70 28 0.9 - 1.5 — 100 three phase 40 40 177 1.87 1.63 142 173 258
P 74 25 0.9 — 0.9 — 100 three phase 25 30 1.80 2.06 217 1.90 2,15 2,58
Q 75 20 0.9 - 1.0 - 100 three phase 41 41 189 1.63 1.69 124 1.68 212
R 81 21 0.9 — 1.5 — 100 three phase 43 43 190 190 1.64 153 1.67 2.60
S 76 20 0.7 - 0.1 - 100 three phase 25 30 195 229 412 152 3066 218
T 80 21 0.9 - 1.2 — 100 three phase 42 42 196 191 183 183 1.82 2.54
u 60 40 1.7 — 1.2 — 100 three phase 25 30 1.97 169 142 1.23 1.63 2.69
\ 76 20 1.1 — — — 103 three phase 25 30 205 207 28 152 263 205
W 72 25 0.7 — 1.2 — 100 three phase 51 51 220 192 195 154 19 244
X 72 30 0.7 — 1.2 — 100 three phase 25 30 223 231 234 185 2.35 2,93
Y 80 25 0.9 — 1.2 — 100 three phase 46 46 236 228 218 217 2.17 3.02
Z 74 25 0.7 — 1.2 — 100 three phase 25 30 239 203 205 154 2,05 2,58
AA 80 26 0.9 - 1.2 - 100 three phase 42 42 263 236 227 226 2.25 3.14
AB 68 40 0.7 - 1.2 — 107.5 three phase 25 30 267 234 239 143 246 298
AC 87 30 0.9 — 1.5 — 100 three phase 43 43 3.03 315 232 187 235 368
AD 72 28 0.7 — — — 100 three phase 45 45 313 346 592 213 528 273

Note: aEntranceSurfaceDose, "CorrectedMethod
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Table 2 Results of the comparison ESD directly measurement and that calculated by different mathematical equations (Wrist AP)

Tube  Miliampere ) Additional ) - )
, Inherent Filter distance  Rectification Screen Size ESD? CMP Hanan NDD Edmonds Tung
Medical \Voltage seconds Fitter
Institution

kvp)  (mAs)  Allem) Culcm) Allem) Culem) — (cm) Tyoe  Widthicm) Lengthlcm) (MGy) (MGy) (MGy) (MGy) (MGy)  (MGy)

A 42 3 1.5 - 1.0 — 100 three phase 40 40 0.07 0.06 006 0.04 0.07 0.10
B 43 3 0.9 - 1.5 — 100 three phase 20 25 0.07 0,07 0.07 0.04 0.08 0.10
C 47 3 0.7 — 1.2 — 100 three phase 20 25 0,10 009 0.10 0.04 0.11 0.12
D 48 3 1.0 - 0.9 — 110 Inverter 30 25 0.10 0.09 0.10 0.04 0.12 0.13
E 46 3 0.9 — 1.2 — 100 Inverter 41 41 0.10 0.09 0.09 0.04 0.10 0.11
F 45 5 0.7 — 1.2 — 107.5  three phase 20 25 0.11 014 0.15 007 017  0.19
G 45 3 0.7 - 1.2 — 100 three phase 41 41 0.11 0.09 009 0.04 0.10 0.11
H 44 5 0.9 — 12— 100 single phase 43 43 0.11 013 013 0.04 015 0.18
I 50 3 0.7 — 1.0 — 100 three phase 25 30 011 0.11 013 0.11 0.14 0.14
J 55 2 1.5 — — — 100 three phase 43 43 012 0.10 0,12 0,07 0.12 0.11
K 50 3 0.9 — 1.2 — 100 three phase 25 30 0.13 0.10 0.10 0.08 0.11 0.14
L 44 6 0.7 — 1.2 — 100 three phase 42 42 0.13 0.16 0.17 0.09 0.20 0.21
M 48 4 0.7 — 1.2 — 100 three phase 51 51 0.13 0.13 014 0.06 0.15 0.17
N 46 4 1.0 — 15 - 100 three phase 40 40 013 0.11 010 005 012 016
O 48 5 25 — 1.0 0.1 100 three phase 27 35 0.13 0.12 009 0.04 0.12 0.21
P 45 4 0.9 — 12 — 100 three phase 43 43 0.13 011 011 0.06 013 0.15
Q 45 5 0.7 - 1.2 — 100 Inverter 20 25 013 0.14 015 0.07 0.17 0.19
R 50 3 0.7 — — — 100 three phase 20 25 0.14 0.17 0.30 0.10 0.30 0.14
S 48 5 0.9 — 1.2 — 100 three phase 43 43 0.16 0.16 0.16 0.07 018 0.21
T 50 5 1.5 — 1.0 - 100 three phase 43 43 0.16 0.15 0.14 0.10 017 023
u 52 5 1.0 — 1.1 — 100 three phase 20 25 018 0.18 018 013 0.20 0.25
Y 51 5 0.7 - 1.2 — 100 three phase 25 30 019 0.19 020 013 0.21 0.24
\Y% 49 5 0.9 — 15 - 100 three phase 43 43 0.19 0.16 0.14 0.06 017 022
X 51 5 0.9 — 09 — 100 three phase 20 25 022 018 021 017 0.22 0.24
Y 53 6 0.9 — 1.2 — 100 three phase 42 42 023 023 023 016 025 0.31
Z 47 6 — 20 — 100 three phase 41 41 024 021 019 009 021 0.24
AA 55 6 0.9 — 15 - 100 three phase 43 43 0.25 024 022 013 024 034
AB 60 6 0.8 — 1.9 — 100 three phase 33 28 0.27 0.28 0.23 0.18 0.26 0.40
AC 67 7 0.9 — 1.5 — 100 three phase 43 43 039 042 037 024 040  0.59
AD 52 13 0.9 — 1.3 — 100 three phase 20 25 0.50 048 046 030 051 0.65

Note: aEntranceSurfaceDose, "CorrectedMethod

Table 3 Weighted factor by radiological examinations

a b

Skull AP 2,08 1.28

Wrist P 2.08 1.27
A2 0.0240,04 mGy, Tung?Z 0,0520,05 mGy°lt}, £5 AEA) gz whE Tung4] 9] ESDEfo] Ao
Tung( *) 2] field size= 30%30 cn, HVLL 2 mmAl= ESD 2 ESDZE B} ¢ =& A3k H¥ 9o, NDD4]9] ESD
= Aibsisinh &5 AU 29 2002 A Ao #rol AZoll W2 ESDL Kt o 22 kS Helrh 7t
A%t A= 2.080]4L, BSFO| A|4=1.270|%eh. #2] A Olm7|e] AS 2ol uE Hat ESDRET} NDDA] 9 gio]
FAE B ASE =% A9 Zol= 24 0 mGyollA] 7P & 2ol HitK(Table 2, Fig, 3).

2| 0.04 mGy2| 2|7} Wt

b 7)1EdE 20169 A394 A3E 309



YA ]&T8E Vol, 39, No. 3, 2016

3. 24 220l 2 JI=Al Hlw

rgte] Zejxlo] ofs) A4
o] Fejrt oA Zow
PER m et AR 24} A
Aol 3£ Aol slof o] 25 ol{AIo]
o431 X0 OFS WEAIZIT Bl AR oA XA
Aol RS vlxA) a1, XA4le] wlo} Zwo] Wik A
A0 WEoR FAE ekt R Awyol
a=2.08, b=1,28, &5 HHAFO] AL 4=9 08, b=127= L}
EftHTable 3), TAR| <] ESDo] #p9Qlat@2= 57| T
3 W 2AAIZES] b ARle] A4 all BSFE] A4 b
o ke v,

ok

flo Ho
N
_':1
ot
[‘:LI
=2
_E
>~1

= N
N

oo lo o A

2

v. 11 &=

o1 AP ] tiFEe AAshE 78 WA B
o W A EApol|A 7P 7EA o= AL Y= &
H XA #YoAEE CT (computed tomography)2} PET
(positron emission tomography)S-o| ¢ich 2ol Aot
A&, oA Fol B2l F83F JdS skar g17] wzel
ML 1] teElo] AR, A 5] oS
L3t Sl weelol Waste, ol PAMEARF 717
A A R o] 2 A A A
TR D92 K AL SHAF 3] T
2wt ohjel WAz WEHFS Fol B Aol

v]=rof| A= o]=2JshE 2| A 3] (American Association of
Physics in Medicine, AAPM)E &40 2 x4 Har
2o gt E-g 2Es] shal Qle=tl, ?ﬂﬂoﬂﬁL DRLO]

= Qo|Hr}= ZXZf(reference value)o|tf= 80|15
ARl QoY e GRS 9] 18] (National
Radiological Protection Board, NRPB)o]| &Ja}] Ao 2
A BAR] HAIZE 23T o] 2 Hleho 2 FrkEAAl
o elolE] ol A8 TEGjo] REES 51T 7} BA
AR AIRFE AldSRL P, TAEASI A AR A
A 243Fe A2 7] Sl ek 710k 2 271 7]
Zol et ZAKE At Aok, AEAIEYE RS
(guidance level, GL)o|g= &8-S AR 7|2 Qb+t
AW TAE e S|EAbel et g A A
A5l QIrH) . el IARAS] HHETe o2 Aols 7
F2 viho R o3 Y, S elat S Aele

7 9 Ao LEHE [ABAY] /|E0R GLS A

il

_—

oX o
oh 2 .
fr lo
b 2k

}_

o
ol

i3
o o

A
=

oX
fr o

ukl

\:lo]-

e =lojop e}, Aek AT 29 Ay
R e el
| 272 BEH3it) n]<ke] CRCPD2] Technical White
Paper: Monitoring and Tracking of Fluoroscopic Dose
of Apzo] ojshl 1A 27 WD (7 SRR B
S . A 2R YKo oA 2 whe W
Soz 57 90 felant W MRAS vAsl, A
71=8t0] 2o RS A SlollA s ol
ArAle] thigt A3 A RARS Algstal Retalee] 44
2 Y3 FSAZEAE 855k ion chamber, DAP meter,
multi—detector—O system (Unfors)L} OSL Macrostar
Reading System52 E3lo] =A3tx 9t 18 AJAF
oK TEAY 2H71S BRI Yz AL Fadeo] B
o3 B opel, Maide] HEGE AFES YT G
oref 7] AL 24 W B4 A7ko] ol 2REE B
) S OIFIE ol 505 Akl Sl 8 sk o

lN' ]

X

I

ru[o

‘?'i'ﬂ%"*% l:-—%ﬁﬁ "'a* —’F ‘ZlEP 131‘% —4‘:' *4%“’1] gk %7]
Auke] AFmA W AR A BAAlee] Aa
2] ok EAJo] 9lrt 1998 0] A3}t TungS
FAES} SRPAbehs a1efeh u] o] digh Bt ovA] &=
74]A H 8-S Absle] ESDS AT 22U Tung?
2 A5t= field sizeQ} HVL wWjEof A= ESD} @17}
At} Moriof 23 7fdtEl NDD-MH-L =
5l thol= mGy R AL, XAIQ] AR oK)
Rolelehs Xl Alel A% R GHIES, 08
AR, AR TRt 7}
Ardzs 4 1 go= Avks & 5 A 7 ol
Non Dosimeter Dosimetryo] &]gF SA}AITF = W
71E9] AehS FAISHA] e AR SR o %
A B 4% sk %%fz} wea ggol 7
St shAlgk Al
Al Ak st7]ef
Ml A A

e cfstel B gs }XIXI Eowa o t 72
Z

Fl
o
e
:
:
;

\t.lo::i‘

r
F_L‘
s
)
o
2
[
e

Fl[‘ L

o=

% A ]oﬂ/\ﬂ‘— 37(]'7} 37| Y ]“— E;qo] 013}3) Morloﬂ
o3 7futEl NDD-M-2 AZ=A3t ESD} 71 2 927t
At =AE A2 712 Aol BHYT BSF, 114 LEjet
HIHEEE 7152 Fol A= ESDZe} S48l ESD2)
e =& U= Zolth 2 AFollAle Rl A=kl 9
3l A= ESD7} AlF A 3412 E35 ESDEY AA|H o

jis

310 Journal of Radiological Science and Technology Vol. 39, No. 3, 2016



H

Al b, Aeg XA G gAY =5, o A
P, HIA U9 2ok Fieofl iRk R <l
FA s AstE Ee] BUEe 8w
: AR, 2ARIZE] iRt AHE
g Aol & Qlsto] /el A gl ESDof FFE vA7] Wi
A o A= w7k A3 Hof
/La‘: LAE EolAl 2 Aol A=
5 ﬂrt} 2 ﬂri EER A

me o 1o hu
i
o of

A o
30,
(s
d
o
fd
i
rN
w2
e

2 Zlolch. ole] 7t 7l 5% AN 4 Gl 7ML A
L8 A3l el 4

U oful gde] A
o 4 WEHUE A& 9I5F ESD %7}7} Z1]6J 949
o B, QAN Bo] ARk Ik HALA ool digt
ESD 7P} ofolxick o thopet Ante ma W 4
oL Aotk =, Hol Azl 9 2o zAe] Wk
ESD A7} o thasi olsol A Zojch A, 14
SR AT} o] ol A AR AY %L A e
of whe wsg gtk A4 Bl that BSD B71E

o 5 e Aol

< 2
o

—L

e
L
4o -
"y
E

ol e msrol 1A
Nat, olell 76 A 1% %) .

ofUleh A2 B3 WA HE MY 0XE FolA)
wo} % o Aeke o) WEHY Bt naAsle] A Aol
o}, 3 ER7L e o) 9B Yhst welvt B olst
A W3, A w A ol WA 9L S E Al A7)

ool o =sA A7t 2 Aol

ol AT ol

10.

11,

REFERENCES

. S. E. Peters and P, C, Brennan,: Digital radiography,

high?,
Optimization of the Kodak digital radiography sys—

are the manufactures's settings too
tem with aid of the computed radiography dose index,
Eur Radio, 12(9), 2381-2387, 2001

Japan society of radiological technology, Non-—
Dosimeter—Dosimetry (NDD) method, Ibaragi Branch
office, Mito, 1996

Sungchul Kim, Chongyeal Kim, Sungmin Ahn:
Calculation method of entrance skin dose in X-ray
beam quality factor, the Journal of the Korea
Contents Association, 10(2), 258—267, 2010
Technical Report: Explanation Material of RPL,
Glass Dosimeter, Small Element System, Asahi
Technev Glass corporation, 2000

IR Edmons: Calculation of patient skin dose from di—
agnostic X—ray procedures, Br J Radiology, 57,
733744, 1984

Saad Abdulrrahman A, Al-Shehri: Assessment of
beam characteristics of some X—ray units at Security
Forces Hospital and their applications in paediatric
dose calculation, King Saud University, 2006
Chunan, J, Tong, H, Tsai: Evaluations of Gonad and
Fetal Doses for Diagnostic Radiology, Proc, Natl, Sci,
Counc, ROC(B), 23(2), 107-113, 1999

Hanan Fawaz Akhdar: Assessment of Entrance skin
dose and effective dose of some routine Examinations
using calculation technique, King Saud University,
2007

International Atomic Energy Agency: International
basic safety standards for protection against ionizing
radiations and for safety of radiation sources, IAEA
Safety Series No, 115—1, TAEA, Vienna, 1994
Gray JE, Archer BR, Butler PF, Hobbs BB, Mettler
FA, Pizzutiello RJ, Schueler BA, Strauss KJ,
Suleiman OH, Yaffe MJ, Re AAPMTG: Reference
values for diagnostic radiology: Application and
impact, Radiology, 235, 354—358, 2005

HPA: Dose to patients from radiographic and fluo—
roscopic X—ray imaging procedures in the UK — 2005

Review, Chilton, UK: Health Protection Agency,

b s)EgE 20169 A394 A3E 311



YA ]&T8E Vol, 39, No. 3, 2016

HPA—-RPD—-029, 2007 National protocol for patient dose measurement in
12, P. C, Shrimpton, B, F, Wall, D, G, Jones, et al.: diagnostic radiology, NRPB, Oxon, 1992

A national survey of doses to patients undergoing 15, Technical White Paper: Monitoring and Tracking of

a selection of routine x—ray examinations in English Fluoroscopic Dose, CRCPD Publication #E—10-7,

hospitals, NAPB—R200, National Radiological 2010

Protection Borad, Oxon, 1986, 16, T.Ishiguchi, S Iwanami, S Kawastsu, T, Ishigaki
13. National Radiological Protection Board: Patient and S,Koga:.: Radiation Exposure by Routine

doses reduction in diagnostic radiology, Documents Radiographic Exminations, Multicenter Study in

of the NCRP, 1(3), 1990 Japan with Thermoluminescenece Dosimetery and
14, The Institute of Physical Sciences in Medicine Estimation frome the Radiographic Data, Nagoya

(IPSM), NRPB and College of Radiographers (CR), University School of Medicine, Japan, 7—21, 2000

*Abstract

Entrance Surface Dose according to Dose Calculation: Head and Wrist

Ho-Jin Sung"-Jae-Bok Han?-Jong-Nam Song?-Nam-Gil Choi?

Y Department of Radiology, Chonnam National University Hospital
ZDepartment of Radiological Science, Dongshin University

This study were compared with the direct measurement and indirect dose methods through various dose
calculation in head and wrist. And, the modified equation was proposed considering equipment type, set-
ting conditions, tube voltage, inherent filter, added filter and its accompanied back scatter factor, As a re-
sult, it decreased the error of the direct measurement than the existing dose calculation, Accordingly, diag-
nostic radiography patient dose comparison would become easier and radiogrphic exposure control and
evaluation will become more efficient, The study findings are expected to be useful in patients effective
dose rate evaluation and dose reduction,

Key Words : Entrance Skin Dose, Dose Calculation, Dose Management
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