creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

20163 2€



Nl
it

(@)
=
B>
o
£
2
>,
_‘r"‘_l,
b
L)
o
=)
o
S~
=
°x
e
of
>,
N
>~
=
i
rlr

Monte-Carlo AAHAl J&E€3E5E W3t AA
AFstae. T o= d
dosimeter, TLD)2} PCXMC(PC-based Monte-Carlo program)& ©]-&

stAth SreeprpAbd 294 TLDE &3 a5 54 4647uS

2 3 AEA A3 Oblique angled} Zref’} FEaA =3 EAXORE #
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1] TLD chip¥ ¢ A
2] Fraction®} XA 7}=A4
3] PCXMC<9] =353 on)

4] A\ =3 T

8] PCXMCE ol &3 543 ez
9] Projection® 3ol w}& FaA =
10] 4= aso] v 34 &4 23
11] Oblique angle 3} W&

[e)
o
12] X-ray tube voltage W3} W& Fadz

L.

13] X-ray beam width W 3}o] W& F3Alwk
14] Filtration ¥ &}o] wp&

15] FRD ®W3sle] w2 fax
16] Xref Wstel] W& FEdF
17] Yref ¥ 3lo] o}

18] Zref W s}o] W& FaM=F
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[72¥] 1] 54] Ao} Rando phantom

[79 2] stwepvp 24 A ¥

(1% 3] TLDE ol §d) 4% FaMdz 1oz

[Z29 4] TLDS} PCXMC Fa&d % vla )=

[1¥ 5] Projection®3}e] W& Fa % e

[Z2% 6] Projectionol] w& F7)d 4=

[29 7] Oblique angle ¥ 3ol W& FaAsF T
[29 8] Oblique angleo] w2 7] S5

[29] 9] X-ray tube voltage W3}o] W& FagXa 1z
[ 10] X-ray tube voltageol W& 7 S50
[2¥ 11] X-ray beam width W3}lol] W& FaXz 1=
[71™ 12] X-ray beam widthol] W& H7|¥ G
[71¥ 13] Filtration ¥3le] W& Fad=F 1=

[2¥ 14] Filtrationd] w& #7|d S5

[Z29 15] FRD ®Wste] w& fad= 2=

[2% 16] FRDel w& &71¥ F5A4%F

[2%] 17] Xref Wisle] W& Fa AT 1=

[2% 18] Xref W& A7 FFA%F

[2%] 19] Yref ®igte] W& =k 1=

& 20] Yrefo] me g7 T

1
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g 21] Zref Wslo]| W& Fads ag=
e
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WA ES S4E ¢ Atk FE2 0 OAMEHe ZAAE lithium
fluoride(LiF)°]t}. TLD:= =7] ZFZo] 7}53ta Y& WHY FALH
SAo] 7bsstw Hueol ad AHol Aok ey TLD= A
(annealing)A] 71 A o] AAH 759 JFHE] E7FsdkaL, A
g3t AFEAS f8A BAASTE AEsoF & A & HE
(Fading) @ el dojus wo] ot

H ASFE Y dde wel AFYH AlEgelds Fa BestdE 2E

SAR WA FEAZS Asels o] e wa Ytk ZPAHA

Ml dlo

2y

dojA g ael PCXMC(PC-based Monte Carlo program)< WA}
FaAFS Artstes A4 HFH Al EdHelA Z2adoty, A A
FS5Aol 2 fAbel A F4 & 5 ogla dEs A

835} AgurHo]l Exsu Aol @o] AW International

HEAA G| e Z4o] otk o] PCXMC T2
W OAgAR 4] oele g 2 g/ Rt 5
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1. A %A (Dosimetric method)E ©] &3t &

NA Az FAE WA A LS 2E 8o dgHon 74

H 54 Ao}e] Rando phantom(ATOM® dosimetry phantom, model
705-D, CIRS, Norfolk, VA, USA)& o] &3t} o A 19 13
o] PJH o R 26mmitA o ® HuEo] 9lom, 110cm, 19kg®] Zo}9]

AFeE WAL 7H2] AEE T X8 AR ZARo| A A A




a2 2 whwator £AF AR

Dosimetric method % & 3334 %7 (Thermoluminescence dosimeter,
TLD)E ol&stdth. EFFALFAZ 712 1/8UA], A= 1/8UA, F7

0.03¢1x] 9] LiF TLD-100 chip(Harshaw Co.,USA)S A}&3l31 RE
TLD chip& A4 Wol ol & F e duAE ZF WEA717] ¢
3l REMTECH Co,LTD(Seoul, Korea)ol <l&stel g =z 300C o)A
2274 (annealing) ¥+ §~ 2} chipe| a9 e GHlE SAsAH. 4 A
3708 chips 22 Hldel Yo M= HFsA ¥E=% s Rando
phantomol] F1¢ Zo] 9% A At}

WAL =% & Z4ZF9] chipgs TLD reader(Harshaw Co., USA)Z =
43t & S4¥ dol=(nC)< Calibration curveg ©]-&3ste] mR T <
EERo R WY o] o v A4 F ZE A wE Bad 3
7§e] TLD chipl.& HiZWAT Fs Tt 2 SAHX A wf FAtt.

agal o] e wEFolrg STHMdEo R wiEF7] 98] correlation



factorE #al EFAZFHWG)E SArstd e’

Organ s |ice| Location | TLD chip ID
number | number
1 | Calvarium anterior 2 1 H3, H7, H8
2 | Calvarium left 2 2 G4, G11, G12
3 | Calvarium right 2 3 F6, F12, G3
4 | Midbrain 3 6 D2, E2, E3
5 | Midbrain 3 7 E1l1, F2, F5
6 | Pituitary 4 12 K3, K6, K12
7 | Right orbit 4 15 B3, B4, B9
8 | Right lens of eye 4 15 B3, B4, B9 (71} =¢)
9 | Left lens of eye 4 16 Co, C7, C11
10| Right maxillary sinus | 4 15 B3, B4, B9 (71} =¢)
11| Left nasal airway 4 12 K3, K6, K12 (61} =¢)
12| Right parotid 6 19 AS1, AS4, AS7
13| Left parotid 6 17 P6, Q1, R1
14| Left back of neck 6 20 AS10, J3, J8
15| Right ramus 6 19 AS1, AS4, AS7(122t =)
16| Left ramus 6 17 P6, Q1, R1 (131} 5¢)
17 Righ(’;I submandibular | 6 19 AS1, AS4, AS7(122 =¢)
glan
18 Lleftd submandibular | 6 17 P6, Q1, R1 (131} s¢)
glan
19| Center sublingual | 6 18 04, 07, 08
gland
20| Center C spine 8 21 N2, O1, O3
21| Thyroid superior-left | 8 22 M7, N1, H10
22| Thyroid-left 8 22 M7, N1, H10(211} =)
23| Thyroid-right 8 23 M1, M6, H9
24| Esophagus 8 21H 2| | A6, L2, L3
H|

Phantom &9| SHAZ Ofgfe| &7l MZ Z2 X H23

1)Right orbit=Right lens of eye=Right maxillary sinus

1. Pituitary=Left nasal airway

2. Right parotid=Right ramus=Right submandibular gland
3. Left parotid=Left ramus=Left submandibular gland

4. Thyroid left=Thyroid superior left

E 1 TLD chip?] 9JA]



Fraction(%) | weighting factor
bone marrow 0.12
mandible 11
calvaria 116
cervical spine 2.7
Thyroid 100 0.04
skin 5 0.01
bone surface 0.01
mandible 13
calvaria 118
cervical spine 34
brain 100 0.01
esophagus 10 0.04
salivary gland 0.01
parotid 100
submandibular 100
sublingual 100
remainder 0.12
lymphatic nodes 5
muscle 5
extrathoracic region 100
oral mucosa 100

B 2 Fractiond} ZA 7}z 489

AN o S E AAbel = Tl B (calvarium), 3%t (mandible), 7

O

A
Z(cervical spine)E& Al&3A 3 HF59 X = dheto] 1.1%, 7139l
11.6%, 371 27% =, AA F+ < 1564%7F #x35FaL Jviar Hal A

a0



F-2%  ZAAF=-0.0618xkV(p)x2/3+6.94065 o] &3te] AAIEAL
66kVoll Al 4221478 AMgstdch! ma] & R91o R EWS Ludlow
et al? =g wEk dAY 5%=2 Fi AT <5, 9
%, M EE 10%, Y A= 100%= F3At.
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FEAZE AXNE p=Nw,+H,Z Ex ZFo| wg v Al
FTrAgy SV E(H)S HE e
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2 A7V AT A GARA o] 2191 3] (ICRP, International Commission

on Radiological Protection)ol A A3k 14709 ==& 3} 14709 7|e} 2% S
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1.1. Monte-Carlo methodE ©] &3t G X%

PCXMC(PC-based Monte-Carlo Program) 2.03XZ1312] 54 Ao}
B w Add 73 b dES AR AL o] THEe] Aof AH
& 19kg, 109.1cm® A7 = At

PCXMC9 <#H3&ELS  Projection, Oblique angle, Patient height,
Patient weight, Patient age, X-ray tube voltage, Filtration, FRD,

X-ray beam width, X-ray beam height, Xref, Yref, Zref, Input dose
value 5°] 9l o|Eo] onslE vl ofgf # 37 #rp b

FPzxzdoMel A-d7, S}, ZFrAHR T, 455 d¥sidla
Input does valuet= DAPE A}&3te] AAtstATh 1 99 52

A7 ZAe) ol ;A 2ol AAFA.



Y ||
Projection TEO| te| = x-ray beamQ| BfsF
Oblique angle X-ray beamZ H|FE£ Z kL
Patient height AMZE (02 Yo A™EOMe BE AE,cm)
Patient weight ME (02 UHTH HdBAM EE NS kg)
Patient age 0,1,5,10,15,30 =0f U= (5M A0} 5)
X-ray tube voltage | A™O|A AtE%H ZH|2Q| voltage gt &A= (kV)
Filtration o AFEE EE2| FH (mm)
FRD Focus-Reference point Distance Z7dZf(cm)

X-ray beam width

AU M FRDAHE|O| O|2& x-ray beam?| L{H| (cm)

X-ray beam height | ZH™0|A FRDHZ|0| O|2Z= x-ray beam®| &=0| (cm)
Xref HE Rl ofol 7[&Y (+: HE %)
Vref HE Lol golo J|EY (+ WHO| SZ)
Zref ME Leo] ol J|EY (+: MEO| 9IF)
Input dose value DAPE AtE% (mGy*ar)
# 3 PCXMCQ] d=s=1t oo
Y 7= Y 7=k
Projection 235 X-ray beam width 0.203475
Oblique angle -8 X-ray beam height 9.048649
Patient age 5 Xref 0
X-ray voltage 66 Yref -3
Filtration 2.5 Zref 49.5~595
FRD 31 Input dose 5211
5 4 YHYST 715
A el Ao 7IE=HY ZF #*Ql Zrefdk= WIAA Dosimetric
9

,J:ﬂ e X 1” -:jl T




methodsS ©°] &3 3 FaEAFI FAR AAHPS gel o]& PCXMC

JH o] V) Fgke £20725% A w2 A A e

(1) Projectione 7|3k 235°% 7|22 +50°E WHIA|A 185°, 210°
235°, 260°, 285°°l tisle] =753t

(2) Oblique angle 7|53k -8°F 7|02 +2°5 HWIA|A -6°, -7°
-8°, -9°, -10°°l] theto] S5kt

(3) X-ray tube voltage= 7]5%k 66kVE 7]5+o 2 16kVE W 3HA|
7 50kV, 58kV, 66kV, 76kV, 84kVell tjslo] =73} t}.

(4) X-ray beam widthe= 7] 3%k 0.203475cmE 7|22 +04cm W3}
AlA 0.16cm, 0.18cm, 0.203475cm, 0.22cm, 0.24cmol A &4 35St}

(5) Filtration 7]k 25mmAlE 7]£22 £04mmAl W3A| A
2.1mmAl 2.3mmAl, 2.5mmAl, 2.7mmAl, 2.9mmAl=Z =43t

(6) FRDE 7|23 3lemE 7|22 +6cmS WA A 25cm, 28cm,
3lcm, 34cm, 37cmol A S 3sFA T

(7) XrefE 7]F7% OcmE 7|22 +5emE W3lA| A - 5cm, -2.5cm,

Ocm, 2.5cm, Scmell A =4 st}

(8 Yref= 7]53% -3cmE 7|59 2 1bhemE WIA|A - 8cm,

-5.5cm, —3cm, —-0.5cm, 2cmel A =7 31t}
(9) Zref= 7153 545cmE 7|22 +5emE W
54.5cm, 57cm, 59.5cmeol A =4 5 A Tt

3}A] A 49.5cm, 52cm,



A4 A5 23
1. Dosimetric method& °l&3% FaEAF 54 43
Organ 1t 2H 3t BT (uGy) | #ZHA

Calvariumanterior 94.48 128.1 115.3 112.6 16.97
Calvarium left 54.26 58.75 87.68 66.90 18.14
Calvarium right 121.6 7411 121 105.6 27.25
Midbrain 89.15 59.24 136.5 94.96 38.96
Midbrain 111.7 81.77 87.21 93.56 1594
Pituitary 300.6 301.9 3445 315.7 24.98
Right orbit 92.14 125.8 122.2 1134 1848
Right lens of eye 92.14 125.8 122.2 1134 18.48
Left lens of eye 137.8 58.94 125 107.2 42.32
Right maxillary sinus 92.14 125.8 122.2 1134 18.48
Left nasal airway 300.6 301.9 3445 3157 24.98
Right parotid 246.9 209.9 202 219.6 23.97
Left parotid 168 178.1 176.2 1741 5.367
Left back of neck 2535 2399 217 236.8 18.45
Right ramus 246.9 209.9 202 219.6 23.97
Left ramus 168 178.1 176.2 174.1 5.367
Right submandibular | 5459 | 2099 | 202 2196 23.97

gland
Left submandibular 168 | 1781 | 1762 | 1741 5.367

gland
Ce”terglf,j“nkzjingua' 8017 | 9615 | 112 96.11 15.92
Center C spine 192.6 1254 84.53 1342 54.57
Thyroid superior-left 80.52 113.5 84.86 92.96 17.92
Thyroid-left 80.52 1135 84.86 92.96 17.92
Thyroid-right 120.6 87.68 196.3 1349 55.70
Esophagus 192.6 1254 84.53 1342 5457

* 5 7] 94AIE TLD chip®] 447



7t 7)ol 9Ael 344 12470 TLD chipel A

22!

T Atk gl 1.4257TuSE 7V B

0.2223
0.5602
0.5442
1.789
1.4257
0.5919
0.0395
1.0838
4.6465

tEA =

0.01
0.01
0.01
0.04
0.04
0.12
0.01
0.12

(uGy)

5.266
56.021
54.423
4.4726
35.642
4.9324
3.9467
9.0322

o0
|
<k
fojn

|

<r

1

=

Krr

7|Ef=

total

o

o]

6 TLD

5
45
4
5
3
5
2
5
1
5
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1.1. Monte-Carlo methodZE ©]

4 2z

OFO
F
:{o
FOI'
[-' >~
03#

olol TLDE °]&s ¥

Zref 495 | 52 54 | 545 | 55 57 59.5
OB MEKYS) | 9.302 | 6.531 | 4.831 | 4.657 | 4.543 | 4.225 | 2.986
7 Zrefo] ®isto] & [foAlH

o] 71F gl A PCXMCE o] &3 =43

= TLDE o83 43 @ v
49} 2o PCXMC+=

TLD: 3443 gelidelA e

oh A Az 5ol A

5 faME | & MMZa | EfM | AE oM | O
FEMEWS) | 4.657 1.234 964 0.131 0.0102 | 0.0811 | 0.1429

(1) Projection

PCXMC9 ¢#3% = Projection® LS WA A F 99 2
AE AU} Projectione] Wslo] wE F fFadae 19 59

Y ZE 7HA

Skt}. Projection Zt% W3] wp

13

31, projectionZtX=7F &%
A A FARAAI P>0.052 FAA L

71 FrAddge aYEe
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S HW

(us)

5

.a!‘.

l3

l2

‘1 : i

5 II (] p—— TR

0.5
Effective Brain Bone Sdlivary Esophagus  Thyroid skin
Dose marrow glands
ETLD: @ PCYXMC
T2 4 TLDQF PCXMCO] G ez vl J2f= _
W9 5o 2o 285°Y Wl ALY EE AUAA M B SRS
Htks Ag & 9
Projection(®) 185 210 235 260 285
oHMaKuS) | 4.656 | 4641 | 4657 | 4681 | 5891
¥ 9 Projection¥igto]] ©t2 S gX<F
7
b | L]
V=001x= 25458
o 7 e — g | W
2 4
E'j 1
@ 3|
oF
2 |
1 |
180 200 220 240 260 280 300
projection(®)
2 5 Projection®sto]] @2 G gAMsf T2

14



MEA4 | R-Square Q—dsjgataeri F-Value | P-Value

projection
angle 0.010 0.518 0.358 0.170 0.170
oblique angle -0.022* 0.978 0.971 0.001 0.001

X-ray tube %

?f[a ge 0.073 0.999 0.998 0.000 0.000

X—ray beam
width 0.147 0.518 0.357 0.171 0.171
filtration 0.743* 0.997 0.997 0.000 0.000
FRD 0.005* 0.979 0971 0.001 0.001
Xref 0.009* 0.922 0.896 0.009 0.009
Yref -0.002 0.006 -0.325 0.901 0.901
Zref -0.598* 0.923 0.898 0.009 0.009

% 10 A8 o 2]7) A4 Auh(x P<0.05)

S4+HEHuG)

0.16
0.14
0.12
0.1
0.08
0.06
S
i
002
7 I!ﬂllnl__.__._IaI--.---_Iﬁllul
I 5
> e (- 47
\-- a3 %“:‘ C '\‘\:* & &
Cﬂ & &+ £ o ol & &
< o a & " A
i ) L o e
r_\{\ \,Qs. _1.:-\ ;'_'L c\
@& oF e SL}k
-

o

L

B proZB5S Epro26l B pro235 pro2l0 W prolss

3 6 Projectiono]] T2 A7|E SHA

(2) Oblique angle

PCXMC®| 9}& a5 ZF Oblique angle®] ¥ 7 WA de 4
W= F 113 2t Oblique angle®] W 3lo] WE & &
}Ee agzs JhY. 7 109 3|HAEA A4S 2W Oblique angle

TEAEE Fof dHdAE 7HA AL PO05E FAHCR et

15
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LERSETE o)== Oblique angleo] #AE 3 fFaidwo] ZoldS on g
oF 19 89 #i=E HW oblique angle©] Zfolz = el A

Aol B3 Frhshs e & 5 Atk

>
o
ool
ol

Oblique angle(®) -6 -7 -8 -9 -10
TR HZWS) 4.625 4.638 4.657 4684 | 4712

H 11 Oblique angle ¥3}lo] & S gAl=f

472
[ ]
a7
- L o 4.68
il
%I e 4.66
0
— 4.64 |
B
y=-0.022n = 44877~ 4.62
. 45
-10 ] -8 5 -E 5
Obligue angle(®)
=2 7 Oblique angle g} T2 S gXMsf J2jo
T
Z+H2Hu6)
D.14
0.12
0.1 |
0.08
0.06
0.04
0.02 ﬂ
o | [ [ T | (N | | [ | (U 1 1 [ B (1
o g e B [} o & 2 &g
& & & & F ¥ & F & ¢
RS . & e e
. 4 L
QF(\ 5(&.._5 R \ﬁ@ c*b c\
hy
~l'-d:b
o

B obbgt ®oblg? =obligB obEg-9 ®obig-10

13 8 Oblique angledl] W& 78 S70%

16



(3) X-ray tube voltage

PCXMC9 ¥ ddE F X-ray tube voltage? =S WHIAA oA
& Ay= % 129 o} X-ray tube voltage?] W3lo] W& & FaEA
F 29 99 22 aH=ZE Rdu % 109 3
X-ray tube voltaget™ F&d%FH &9 AAAAE 7HA 1 P<O.0GE &
AX o2 FojnetA YebEth o] X-ray tube voltage’t AZF=

)
=
Fol APe omdn. a9 109 A7 FeAE adzs By

—

_I

o
2

Hepo] 53 Frhshs

-

ool
&

X-ray tube voltage’} Zlold 4= el 9

[e) O~
AE & 5 9

X-ray tube voltage(kV) 50 58 66 74 82
FRMEHWS) 3414 | 4.065 657 | 5221 | 5.769

4.
¥ 12 X-ray tube voltage ¥s}o]] & G aX=f

= ="
i T
ok

50 55 60 G5 70 75 BO B5
X-ray voltage{kV)

12 9 X-ray tube voltage ¥3to] @& S gAMzF T

17



0.18
0.16
0.14
0.12 i
01 i
0.08 |
0.0k |
0.04 |
0.02 | . y :
0 | T[] T 7] [ | | | | [ — 1 [p_—-]
I T R R N I
@P &° \3,{\“ oy ‘,}ﬁ ¥ o o 6\# &
& & & 8 w® L & &
A A & & @
& &5 o (& o
[ o
b
&;"i‘-
L

Exvols0 Exvol58E ®xvolbb wolid mxvoid2

2 10 X-ray tube voltageo] T2 A7|¥H SHAF

(4) X-ray beam width
PCXMC®9 &3 = X-ray beam widthe] 4&EzkS WA A Ao

A¥= ¥ 1379 29 X-ray beam widthe] W3le] W& &+ FaHzde
I 113 e aPzE 7Y #0109 IARZESNE 2 X-ray
beam widthe} a2 &l FAX R Fove FAAAE 7 A ¥t
t}. X-ray beam width®] ®W3s}7} 7 F5Adsde] & &S A A

@FdoH(d 12).

4,662
L]
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Abstract
Pediatric absorbed doses from

rotational panoramic

radiography
—comparison of effective dose with PCXMC

and Dosimetric method-

Bora, Park
School of Dentistry
The Graduate School

Seoul National University

Monte Carlo method and phantoms measurements are essential
methods to estimate effective dose 1n rotational panoramic
radiography. We compared effective doses determined using the
PCXMC software with TLD phantom measurements of byears old
pediatric anthropomorphic phantom. Monte-Carlo calculation by
changing the input items were investigated the effects of the effective
dose.

TLD chips were calibrated, annealed and then placed in slot of
phantom. The charge read out from TLD chips and converted to
organ doses form which and effective dose was calculated. This value
was compared to than obtained from PCXMC by using the same

exposure and patient parameter.
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Panoramic radiography result of effective doses measured by the
TLD had a 4.647uS effective dose of thyroid gland, showed the
highest effective dose values. Effective Dose measurement with
PCXMC had a 4.657uS, showed the highest effective dose values in
the marrow. In addition, regression analysis, and the Zref Oblique
angle of the entry of PCXMC had a correlation between the effective
dose and statistically significant negative, X-ray tube voltage,

Filtration, FRD. Xref had a significant positive correlation.

keywords : TLD, PCXMC, dosimetry, panoramic radiography, effective
dose
Student Number : 2011-22442
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