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Abstract

With the recent development of diagnosis using radiation and increasing demand of the medical treatment, we
need to minimize radiation exposure dose. So, This is the method which reduce patient dose by measuring
surface dose of radiographic change factor and by comparing theoretical and actual dose, when we take an
X-ray which is generally used. By changing the factor of kV, mAs, FSD, whose range is 60 to 120 kV, 20 to
100 mAs, 80 to 180 cm, we compared theoretical surface dose with actual surface dose calculated by the simple
calculation program, Bit system, and NDD-M method As a result, when kV and mAs were higher, theoretical
surface dose and actual surface dose were more increased. but the higher FSD was, the more decreased surface
dose was. According to this, the error were measured about 0.1 to 0.2 mGy in low dose part and about 0.7 to
15 mGy in high dose part. Therefore, this shows that theoretical surface dose calculation method is more
correct in low dose part than in high dose part. In conclusion, we will have to make constant efforts which can
reduce patient and radiographer’s exposure dose, studying methods which can predict patient’s radiation exposure

dose more exactly.
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1. pgEn W =

XA ¥ = HitachiAbe] RH-6FC31A(focus: 1.2/0.6
mm, 3Phase)®} ShimadzuAle] P164DK-85(focus: 1.2/0.6
mm, 3Phase)& A3tk

FAAFS S48 f1ete] PTW FreiburgAhe] io-
nization chamber(Mod. 77335, =44 %49: 3mR-66
R)¢} electrometer(Mod.Unidose E-PTW)S AF-&-3}%] 1L,
AYZ4S YalA acryl phantom(30x30x1 cm, Hth 10
Me AHEkATh

2. AHAH

71 A A AHkV, mAs, FSD)o| W3lo] w2 FH A
& ionization chamberE ©]&3}o] AR
, o AF blolHE 72=E st AA YAelA ALE

5
]

o
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Sl H9d 24| upe}l acryl phantom ©]-§3}¢]
7kl g gs S48anh 247 &2 t&
H(Fig. 1).

1) kv H3t0f| [ME BHMY =%

SSD= 110 cm, chamberolA EH7F#|2] A2 Hidachi
Ab9} ShimadzuAbe]l & A3 w5 Naiad At uhah
10 cm® o] H ik T AbekAMo] o3 F7bo] gl
sto]l FAstder 2 XS bita NDD-MH
o]-g-sto] Hlulstitt ofu], FAlokE= 20x20 cm, ¥
AFE 20 mAsZ AN, 60~120 kVHHANA 10

kVA ®stE Fo] 33]0] ZA AFS FAsAh

2) mAs H30f| [ME BHMYE =7

20~100 mAs 9 WelA 10 mAs¥ o] Wsts +
Z4srser, #dge 80 kVE 14383tk mAsghe]
4L mAE AT F, AR WSIAA 246t

KN S

gor, 7 99 A kel APt AT sel =

my N

m[o Jht

4 4
3) FSD EIR40] O[9t BBIMY =%

FA%LE 80 kV, #AF= 20 mAs= 14 & FSD
(X-ray tube ©l4 chamberZ7}<2] A2)E dAolA F
2 AFgst= Al 80 cmolA 180 cn® 9 Wil A 20
cem® BsHE Fo| FASGT & 334 AA FA5)
ow, Fitghs Tete] ol B FA 9 vl

4) Phantom& O|8%t £HE TZ0| ME HH

M =B

A FEIAbe A 20S st 2AEAC
o, ZgA(FSD)= d8x03 Fd Aol At
Td 334 2Abste] F RS ek th(Fig. 1).

chamber

BSD(back scattering distance) 10 cm
Fig. 1. Surface dose measurement
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9 Aol wet 27zt 31 Wk wE A
gy o249 W (bit system™, NDD-MH)2

A
AL
2 Qe o|gABY £A8 sl A

(B, # ‘ & 4k
o= ofe #Y AAEL A, A5 ol EA A
% BAAL 2 Poln

3 LR
g = olA tha] AFEC] 9] /¥ Non Dosimeter
Dosimetry-M(NDD-M) 24 22082 o3 23 2
E}_(S).

D=NDD-M(f)xmAsx(1/FSD)’
D : entrance surface dose(mGy)
NDD-M(f) : NDD-M factor
mAs : mAxsecond
FSD : film-to-skin distance(cm)

NDD® -2 Brich7} ¥33sk 30~150 kV Alele] &
o, THe 74, e A4 Fo wet A4S AAtshe

A e Vx5 Fa fdE WHo A NDD-
M factore= ZHE F4 15~90 mmAl 40~150 kV
Arol o] g stel tiste] AFkAle] wepA 78 = gl
H(Table 1).

3

p

Table 1. NDD-M factor according to the kV and
filter thickness(3Phase device)

mmaAl
KV 15 20 25 30

60 0.0580 | 0.0450 | 0.0363 0.0302
70 0.0764 | 0.06710 | 0.0506 0.0430
80 0.0970 | 0.0798 | 0.0677 0.0586
90 0.1174 | 0.0986 | 0.0849 0.0746
100 0.1383 | 0.1180 | 0.1031 0.0916
110 0.1587 | 0.1373 | 0.1214 0.1088
120 0.1784 | 0.1565 | 0.1397 0.1263

Table 2. Bit value according to skin dose

skin dose | skin dose | skin dose | skin dose
(mR)=Bit (mR)=Bit (mR)=Bit (mR)=Bit
105R=46.4 | 1.7R=43.8 |280mR=41.2| 45mR=38.6
9.0R=46.2 | 1.5R=43.6 |240mR=41.0| 40mR=38.4
7.8R=46.0 | 1.3R=434 |210mR=40.8| 35mR=38.2
6.8R=45.8 | 1.1R=43.2 |182mR=40.6 | 30mR=38.0
5.9R=45.6 |960mR=43.0 | 160mR=40.4 | 26mR=37.8
5.2R=45.4 | 840mR=42.8 | 140mR=40.2 | 23mR=37.6
45R=45.2 | 730mR=42.6 | 120mR=40.0 | 20mR=37.4
3.9R=45.0 |640mR=42.4 |105mR=39.8 | 18mR=37.2
3.4R=44.8 |560mR=42.2 | 92mR=39.6 | 15mR=37.0
3.0R=44.6 | 185mR=42.0 | 80mR=39.4 | 13mR=36.8
2.6R=44.4 | 420mR=41.8 | 70mR=39.2 | 1TTmR=36.6
2.3R=44.2 | 365mR=41.6 | 60mR=39.0 | 10mR=36.4
2.0R=44.0 |320mR=41.4 | 52mR=38.8 | 9ImR=36.2

2) Bit—system&i2| HIt

Bit-system W% 321472 DupontAHe] bit system
¥} NDD(None Dosimeter Dosimetry)2] 3+ H'H 0 2 A
o] bit systeme] ¥&#HA At} DupontAte] bhit system
S 7|8o2 39 TEo( NDDZEA Q] hit system-
A ALNS e ket & S Qltk(Table 2).
& wASH #AF, A T Fx bitA
g 717] Foizl HolAl Ftate]l @A bitAE thAl
= R AFmRAZ taste] YElE & e
ojth, WA 1 e Hibel Holu HGgmrt

HE o v

Ionization chamberE o]&3te] = =
bit system, NDD-M()® & AF&3lo] -3k o] &4}
HaEte] kS w) 1 QA& Hit 0% P == e
wom NDD-M(f)Hel 224&9] bit system® v Hit
12%4 %= AA A=A 1 de o 2oh
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Table 3. Comparison of theoretical and actual surface
dose from change of kV

Theoretical Error(%)
Actual surface i .
surface dose (Hitachi,
dose(mGy) ]
KV (mGy) Shimadzu)
. ~|Shimad| Bit |NDD-M| Bit |NDD-M
Hitachi

Zu |method|method|method|method

Table 4. Comparison of theoretical and actual surface
dose from change of mAs

Theoretical Error(%)
Actual surface . .
surface dose (Hitachi,
dose(mGy) ,
mAs (mGy) Shimadzu)
. ~|Shimad| Bit |NDD-M| Bit |[NDD-M
Hitachi

Zu |method|method|method method

60 | 063 | 059 | 075 | 072 |19, 27 |14, 22

70 | 090 | 0.88 1.05 1.01 | 17,1912, 15

80 | 1.26 121 | 1504 | 135 |19, 24| 7, 12

90 | 1.56 1.5 1.84 169 |18, 23| 8, 13
100 194 | 185 | 228 | 206 |17,23| 6, 11
110 240 | 223 | 281 243 117,26 1,9
120 282 | 262 | 345 | 279 |22, 32| 1,7

1. KVO| HSI0| O[Ot MZS/MT O|E /MOl
H@

kVel wslol]l gt AEdwFn oM7Y nlaleA
2e sl Al ST IS o4 %
olst® FAEGOH, kV7 F/tEFE A

|2 ggte]l Skl wet 1 e A7 A S8k 3
L AAEA A o|ZA T QA& bit System
o] 17~32%, Shimadzurte] =9} 19~32% Alole] %

AHow e Qak&o] YERal NDD-MW-& J—J&Xd
¢t "o+ Hitachirte]l AX¢= 1~6%, Shimadzu
Abel A 9t= T~11%9] 2A4H&S Hilow, At
W]l A &= HitachirAl =]} 7~16%, Shimadzurl 4]
o} 12~22%9] 2a-&S YERTE HAA O E bit system
Hol Ayt MM = 5%, 1L HAdAE 20

o

o

ko)

_>.L

~30% A% NDD-MY HT} Qxk&o] A Uehyitt

(Table 3).

2. mAsQ| H2I0| 2Pt MzyMDp O|2MEO
H| By
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20 | 126 | 1.21 15 135 | 19,237, 11

32 | 218 | 178 | 246 | 216 |12, 38| 1, 21

40 2.7 235 | 3.01 27 | 11,280, 14

50 | 332 | 307 | 369 | 338 |11,20|18 10

63 | 416 | 3.81 492 | 426 |18 29| 2, 11

80 | 5.16 4.6 6.02 | 541 |16, 30 |48 17

100 | 6.44 5.7 739 | 677 |14,29| 5, 18

Q&) HlaLoX = AFAFFo] o]2H e FA R}
HitachiA} 212 7% bit system HI+= 11~19%, NDD
M= 0~7%9] eab8-S WehiRlaL, Shimadzurl %
9] A% bit systemY = 20~38%, NDD-MH 3=
10~21%°] @Ab&o] Yebwmth AAA o= bit system
Mol NDD-MHRTE 9~8% 4% Qxp&o] %A e
H(Table 4).

3. FSDQ| H2I0] 2|9t MMy
|J-'-E-'—I

EFSDe| wsto] ]t

olgr o] A&A

FSDoll wHi] s

QA% Aols B h 9_7@%—3‘ FSD7} 180 cm<!

$-o| M+ Hitachirl x| 3¢ A&AM23} bit system
<> %5 YEWS™, ShimadzuAt
A9 - bit systemB 2= 21%, NDD-MH 2= 10%
= vrebetrh 28 i vaA #2 AR 80 em Aol
A& Hitachirl A9 A9 bit systemB I 24%,
NDD-M® o] 7% 6% 24&5, Shimadzurl 34 9
7% bit systemH I 36%, NDD-MEHE= 17%9] &
AHgo] vEbtth AA A SR bit systemE o] NDD-M
HET 2F&o] ¢F 10%AE =4 YelsttH(Table 5).
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Table 5. Comparison of theoretical and actual surface
dose from change of FSD

Theoretical Error(%)
Actual surface ) ]
dose(mGy) surface dose (Hitachi,
FSD Y (mGy) Shimadzu)
(cm) .
) ~|Shimad| Bit |NDD-M| Bit |NDD-M
Hitachi
Zu |method|method|method|method
80 1.98 1.8 2.46 211 | 24,36 6, 17
100 | 1.26 1.21 1.55 135 23,28 7, 11
120 | 0.97 0.92 1.06 094 | 9,15 | 3,2
140 | 0.7 0.78 0.81 069 | 13,3 | 1,11
160 | 0.55 0.53 0.62 053 [11,16] 3,0
180 | 0.45 0.38 0.46 042 | 2,21 | 6,10
4. HQE mMO| ME NSMFD O
|y
wey 27 we AL} o2 ALl HladA
= AR QA AgEhe BgRe 2SN A
% ol2MY 4 olate] ghel LpERTHTable
6).

Table 6. Comparison of theoretical and actual surface
dose from condition of each region

Surface dose

Parameter
(mGy)
actual| . |NDD
FFD | SFD | FSD | kV |mAs Bit
dose -M
Skull AP [100| 20 | 80 | 70 | 32 | 2.17 |2.27|2.53
Chest PA|180| 20 |160|125| 4 | 0.22 | 0.3 |0.31
Chest
100 10 | 90 | 77 | 6.4 | 0.48 |0.56| 0.6
(Infant)
Pelvis |100| 20 | 80 | 75 | 32 | 2.61 |3.22|2.94
Shoulder
AP 100| 15| 85 | 66 |12.5| 0.65 |0.81|0.73
Knee AP | 100| 15 | 85 | 60 | 6.4 | 0.28 |0.34]0.29
Wrist 1000 5 | 95|52 | 5 | 0.12 |0.17|0.15
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Ao NES A% AFH FT P, P QP
of FASFE 7 Aol WA AFE BB e
3} 947 Beg Aolth,

rlo

2 AFelMe FAkeke WA FE  ionization
chamber7}412] A&7} 10 cm o|H-E Fg¢S x| &
= AR YeiEth mheba] 2 wstel] wE xHA
o =4 Ago = FHkeA 2l (BSD: back scattering

distance)& 10 cm= 1A 3}

L

£
7}oll ‘L}E} o] EX| ¢} AZA]
A7 ARE & T AN
system¥ NDD-M$ 9] ®Hlu A] A A2 hit system
Hol AAHY HYAAHE 5%, nHAAY WA=
20~30%8 % NDD-MWHETF Qakgo] EA et
wzbAd NDD-MH ] Ab-go] bit systemit} ©f$ A3t
st AS & 5 AT

mAs H3lol e FHAMF vl B E mAsS
202 =ol AEdHgT o|EAR BT 2u=E FU)e)
o] mAse] 9% FHAFS HFHgor FUtetS & &

ol Hl# A Tt FAHAET ofE o]

A T
AFelM= veiga flglen, Fuiddgo] S7hgel

we} AEALT o|2AY RE ol ARG & F
AN ASAFIe] e AFE vl A= bit systemXE
Tt NDD-M4eo] ¢ 15%4%= 22489 X*?ﬂ L
NDD-M#e] ®t} 4 f@lﬂt}—t— e & ?

FSDe| wisge] w2 xw i
7} FopEa g ol 2l gt %%t%} R Z]?ﬂfrﬂi

2 F7F8klal FSD7E 2 A%

A
DFL = “H Eﬂ% AEggs & F Ak ks v
Al 160 cm o] W Aol £ bit systeme 10% W
9], NDD-M¥-2 3% uWj¢]¢l §bA FSD7F ol d 75
1 Q9A-&9] bit systeme 36%, NDD-MWH-2 17%7}H4|

vheht 94 FSD7E A48 ) uck F e gatgol o
% Be Aoz vey

Py AA AgEE 4 FYRY 2QEE A
ERAYT olg S Wws A, AAHoZ ol
Hepsh gzAgme] oabge] o 11%~35% W9z
bt frolE PGS 2o nAF Peel A
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of 35%7}xl£ Pj}%Ol ‘/}E]r‘/}"“— W, knee AP £
Aok 2ol 4 o oF 10%7H

) Age ALl Sls) AREg
bit#H 7 NDD® 2 #7ska, FH o] 57, XA 2A%A
]ix% u]—moﬂ

Of

= A
ARt JeAE EA ko] o= W]l AASA %k
H 77heAE Solr iz stdlon 1 AnE o] &4
d o R A% Mol Al SAMFRET =&
TAE B, ole AA FHAA Mg dofol & 4
AT T 850 ot S FAIS o] &4 54
Wi o] 7] wiZoelgka Azt

o]Z4 <l Mag=AwHel NDD-MH} bit system™
o5 gk Ay AP ease RE A
3ol A D-M¥eo] A vepwton 1 eab&e 3
T4 02 NDD-MWo] 7.36%, bit system# o] 17.43%
2 Ueld NDD-MH ¢ o] &o] u% A3t wHds
o AATE Fgk AA SA3 FI o]EHo =z At
sk gk BF Aol S8 & E A ARS &
AN AXTF HIAME o|EMHI AHSAMTF o
217F 01~02 mGy A=Y wAg 2ol Hol: Hhy,
Al F71ge wel 1 @A7F oF 0.7~1.5 mGy
ooz F7HEHE YEth ol& 3l ol&F < ALt
WS o] & Aol Hlw A AMEE ol ARE
o] R} At AIFFS AbEsted Two] @ Aol
AR E T

24

1L AeA: B3y HAPAARES] WAk Qbd e o

#el o2 W e AL AALERS =1 12, 1992.
2. & AP ALY A Fol BeE A AALE
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=, 1-3, 1995.
3. AHE: XA Awe] JojAe] Andn Bxe =
AR 7183 A, 18(1), 55-62, 1995.
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. IPSM: National protocol for patient dose measure- 8. Suzuki S, Suhama C, Tanimoto K, et al; Patient
ment in diagnostic radiology. NRPB, 110-113, 1992. exposure doses from medical x-ray examinations

L BE o WARA 3 AR A% E3AL 131-135, in Japan. First Korea-Japan joint conference for
2000. radiological technologist, 84, 2004.

9. e AR BAFAAES] AT FAFE Aol
W AT, AArekelEE, 3-4, 2006,
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