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0.

¢ ulgez & ATl M in vivo AFZHAL

glo] QA PSS AdS B 4 dglm, WA

S As| dZaly] YAAE Fule] A T 279 B
o]l F2¢ 290d¢ & F Uk

ATl e FAR WAANEE e A

}o 2 in vivo AFFAHA20E A 89S o

mn
Zo) ARE ¥ W TAR ot JA ATE A

<

1. iy

2001 99 SULE] 99 18Q7HA FARo| WA
2 A% e 84 2 33 ol4e] £H Aeln 2 Ao}
o FA40] AAHA e 3579 BAE Yoz BAS
PEET S

2. piTuY

1) HAMX|27]7]

VarianA}9] Clinac 4/100 A87}47]¢] 4 MV XA% A
435he) Mol AR L At DR H 77 AHconsis-
tency check test)E At F APE APe3ict.

2) O|2&H(ion chamber) Y F2IH (electrometer)

A=A A2 942 o] 237 9x'd YAE FA 7] (multi-
channel digital electrometer)Z o]-&8lglx, AY-ZA47] A
2] (source-chamber distance, SCD)¥ 150 cm& s} t).
Z27)9] zero drift®} leakage current:= 50 fAmp o]3d}o]t,
10 MU©IA] 640 MUS] YA 05% APAE A
T %Rk

3) AMARIQ XM &2l

wjQ Ao 2 & AF A 10x10 em’e] A 2A bR
4 MV X422 100 MUS zZAsle] Z2AXE vlaslgde
o, 229 71k FAS AL &Y A8 F A
28] kg4 gl APA ] U Asle] 3 A7 e
2 AEHE Agssich

4) FnpMEko| st

T odFX] AE Hsle] B 24X £3E
Ed oL ¢uFS o g3t FHAF =] AR
o] 718 JdxgFe g 2t

D (PCD, Ip, log (A/P)) = Do [a (PCD, Tp) {log (A/P)]4+b

(PCD, Tp) {log (A/P)}’+c (PCD, Tp) {log (A/P)}*+d

(PCD, Tp) {log (A/P)}+e (PCD, Tp) ]

a, b, ¢, d, e= Z+7} PCD2) 34} & Taylor ANE 3}
4,

a (PCD, Tp) = f. (Tp) (PCD)’+g. (Tp) (PCD)’+h, (Ip)
(PCD)+ia(Tp)
b (PCD, Tp) = f» (Tp) (PCD)’+gy (Tp) (PCDY +hy (Tp)

(PCD)+1iy (Tp)
¢ (PCD,Tp) = f. (Ip) (PCDY’+g. (Tp) (PCDY'+he (Tp)
(PCD)+ic (Ip)
d (PCD,Tp) = fa (Tp) (PCDY’+gq4 (Tp) (PCD)’+hy (1p)
(PCD)+i4 (Tp)
e (PCD,Tp) = f. (Ip) (PCD)'+g. (Ip) (PCDY'+h. (Ip)
(PCD)+i. (Tp)
Do: 7]%Z&A %], field size = 10X 10 cm, Tp = 0 cmol| A
9 F3A
PCD: Phantom to chamber distance
Tp: thickness of patient
A/P: ratio of area to perimeter
a, b, c, d, ez 29 AFES regressions dlo] T3}
Bed FHAF olSA AL ool 2Aoke] YR
A A4S § 27 Akl Ik A9 B4 gad)
=9 Autstgg . mat 15, 30, 45, 6059 HFHUE
(wedge fillen)oll thet EAAAE Feigich HNAFA
(Dme) 201, 10 cm Zol, 20 em Zololl thate] FH5 Al
sl 3, olw] Aok Z7|E 5%5 em’, 10X10 em’, 15X
15 em’ 2 s}k
5) 873 X% &%
7t Aol F2A, A2, 712 & FH9 FAe
Babe] B EA BB XA LET B4 A8 A
CT %+ MRIE A-g3to] 5463

X-Z A7, CT %+ MRI G4l 4]
TNE & 9 FAE FAA

227, Ag2 4 2 R T, N, T4 2L
B9lol g BAL getel okes) Ag Agstel $73
279 $APAAERTAS AYst

Soft tissue equivalent length for 1 cm of other tissue =
(Pedother tissue/ (Pe)soft tissue

pe (electron density): number of electrons per cubic centi-
meter

ZFz4 1 ecm¥E A=23 1.65 cm, AzE 1 emye AR
0.888 cm, 27|12 X H9= d=2% 0 emz 27 BAES
o9
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e Ao} 4 267149151 SaAS 2HE g AN 5%
1. ERMBSTAALO TEA = 2043130,

gole _r]*]_o:] e A Ag A &
HH]- zx}o]:g 100

QA= +05% ol T, 237 7]7} Z 4 MV XHoﬂ EH*L
A7t 2212 WY E AFXNEHE] —1.01%04 +0.71%0]
Ao, EFAAE 039%0]0ch ol4kzt o] ZAHIZ
9 Zﬂqu,g_ ETHATE 05% o|HE X xHlel QbgAE
% AATFg. 1, 2).

2. M7121xH(Wedge factor) EHZI}

15, 30, 45, 6059 #1713 ZEl(wedge filter)ol] thslo] &=
g Aolst =AY AZE WA HrlARE F
gl 10 cm Zo|(D10), 20 cm ZL o] (D20l A & #)7]el
A HANAFE D) ZololA Y #7]00A R} 2 218
®olth. 22 3 %ol S Dl A8 7R el Tk
E2 Ehae o 54 Ao} AeE, 2499 2
7V A5, 2 #7174 S (wedge angle)7} S4-E Z}o)
7y ARE %} AU H(Table 1).

3. 5| X7 EXoIMO EHAY

Hepgiell X3 Fokell HEE 16702 zA okl A =
220 gk BAuke] F sl HufslRol x| &
ell gk 1079 =Aofell A %’Z‘J-‘M 37100 gk 2A
o] Heazgict.

Aeprol] 913 Fokoll et = Afofoll ] B 24
&3 AU A XHEe gt
BA3 759 q%ilﬁ} oAl %] 7be] HF e —8.18%014]
+051%7bA e el dleH, ex8 IFEHAE
0.19%9014 161%8 25 2.0% o2 7te Hol =49

Table 1. Wedge Factor at Various Field Size and Depth
(Clinac 4/100 4 MV X-ray)

Wedge field size D max D10 0 S pyy % diff
(B/A-1) (C/A1)

angle (em X cm) ) ®) x 100 © x 100

15 5x5 0805 0810 069 0817 151

10x10 0.806  0.809 0.41 0.816 1.28
15x15 0.808  0.812 0.41 0.818 1.15
30 5x5 0.684 0.692 126  0.701 2.50
10x10 0.686  0.691 0.73 0.701 215
15x15 0.690  0.695 0.71 0.703 1.85
45 5x5 0541  0.552 205 0563 3.96
10x10 0545 0.552 127 0563 3.40
15%15 0551  0.557 116 0.568 312
60 5x5 0.389 0403 3.58 0.416 7.09

AA A2 F 1299 BA7) ¥ Feko 7 28 g ualt} 10x10 039  0.399 235 0.411 540
AuLAB) )8 Foko 7 X @S kAt g, Huls) 15x15 0394 0403 219 0.416 5.52

—o— 98 59  —e— 0% 12¢ 0.90
0.90 —=— o8 68— 93 132 ] .
' W —a— 08 7Y ——— 08 14 —e— Reading
—— 9¥ 108 —— 9% 17Y 0.88 - —*— Corrected
0.88 - - 9% 1Y  —o— 99 18Y g
()]
B 3 0.86
g 8 M@.
® c
e 20.84
s b
L 4
& 0.82
0.82 1
0.80 — 1 1 1 T T 1 1 T T T T T T 1
ol ol ol ol ol ol ol ol U ol ol U ot ol 3 3
0.80 T T Y T T T T T T HON~®OOoO - NOYDONDO
S ® S O S S E SO SS ol o Gl ol o o
PO RPN 0 S S S
R GG PSS 583830 zazznazzne
Time of measurement Day

Fig. 1. The variation of reference reading of 4 MV X-ray dur-
ing each day over two weeks.

Fig. 2. The daily variation of reference reading of 4 MV X-ray
over two weeks.
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F sisiek. g2l oY 1A A
}4 HIE —1.84% A +4.10%0]% 1
97%2 ZFAH XA +50% 0]141.4 225 H Y H(Table 2).
ﬂﬂwfon AR Fopoll Y ZAckol ] EFA 27
A ghm AZIAAG FAY AT aknre

ygo& 392 27203k oV 709 FFLAE —8.18%4
+051%74A9) Mool dglem, e EFUAE

Table 2. Difference between Measured and Estimated Trans-
mission Dose in Patients Treated to Supratentorial Brain

Difference, mean=+SD* (%)

Beam
direction No correction Bone correction
A0OH Lt —2.16+0.19 2.00+0.20
Rt —1.87+047 2.30+0.49
209 Lt ~5.324091 —-0.27+0.96
Rt —5.87+0.61 —084+0.64
20% Lt —6.87+0.71 —1.34+0.75
Rt —5.84+054 —025+057
#0073 Lt ~1.29+1.61 1.26+1.66
Rt —0.86+0.83 1.71+0.85
A0 Lt ~529+047 —1.77+049
Rt —476+043 —1.234045
207 Lt -818+1.14 —1.84+121
Rt —6.70+0.77 —0.41+083
o] O3] Lt —295+152 2.24+1.60
Rt —1.85+0.77 3.39+0.81
A0 Lt 0.22+1.17 3.80+1.21
Rt 0.51+0.61 4104063

*. Standard deviation

0.19%94 161%2 ZF 20% o9 S Ro] 24 ¢
AR o] 2&E & F Ak F2AF | st BAE Al
e o) HFoxe HeE +8.62%¢lA4 +16.00%0]9) 3L
zZ3} g7l st BAS APgle off e —187%
oAl +1.35%0]9l.om] 98%<] ZA XA +50% o|he]
228 K rk(Table 3).

4. S8 A2 BROINY SFZY
AT B F 999 BT Frol PAANEE ¥
L 94509, o F Aol U F 2o} Sk 200

Ak AR F FHAF FFL AW A5 F 11433

Table 3. Difference between Measured and Estimated
Transmission Dose in Patients Treated to Infratentorial Brain

Difference, mean+SD (%)

Beam

direction No Bone Bone, air

correction correction correction
2107 Lt 0.29£0.67 14.43+0.76 0.29+0.67
Rt 0.42+0.72 14.59+0.82 042+0.72
AOA Lt 1.59+0.78 8.62+0.83 0.55+0.77
Rt 240+0.73 948+0.78 135+0.72
209 Lt1 -1.04+051 11.49+0.57 0.51+0.52
Rt-1 —1.88+0.55 10.53+0.62 —0.34+056
Lt2 —254+0.58 9.80+0.65 -1.01£051
Rt2 —-252+049 9.81+0.55 —0.99+0.50
A3 Lt 552+1.71 14.65+1.86 —1.87+£1.59
Rt 6.76 £0.80 16.00+0.87 —0.72+0.74

Table 4. Difference between Measured and Estimated Transmission Dose in Patients Treated to Head

Difference, mean+SD (%)

Beam
direction No correction Bone correction Bone, air corr. Bone, air, fat correction
A1OL| LPO* —6.15%06 —1.52+0.65 —152+0.65" —2.00+0.64
203}k Lt 14.86+1.50 19.11+1.56 1.93+1.33 0.88+1.32
Rt 13.69+1.55 17.90+1.60 0.90+1.37 ~0.14+1.36
A0A LPO 20.05+1.72 1.76+1.46 -0.84+142 0194144
204 RPO' ~3.70+0.83 2.9540.88 2.95+0.88' 243+0.88
20O% LPO 11.97+£3.22 15.64+3.32 —0.88+£2.85 -1.90+2.82
JOF Lt 215+1.05 215+1.05¢ —238+1.00 —238+1.00"
o]0 Lt-1 _ 313+2.49 6.87+2.58 —-0.98+2.39 -0.98+2.39"
Rt-1 3.78+2.44 8.42+4.90 —0.36+235 ~0.36+2.35"
Lt-2 3124228 6.80+2.97 —1.01+275 -1.01+2751
Rt-2 4.05+1.74 826+1.42 034+132 034+1.327
o]OF RPO —20.63+1.50 155+1.92 1.55+1.92" 1.06+1.91
RO LAOT —3.75+1.02 510+1.11 —0.20+1.06 —020+1.06"
RPO —4.10+0.31 4.76+034 —0.55+0.32 —0.55+0.327

*Left posterior oblique, TRight posterior oblique, TLeft anterior oblique, *No bony tissue was present in the center of the field, 'No
air cavity was present in the center of the field, "No fatty tissue was present in the center of the field
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oh. WAAe] aquaplast® AT E ofad 73} gl w3 279 BAL T2AY WAL UL W, T
Welg WAL pillowd EIeHE 240k Sk L, & =A% 20 ol WAS 9 W, 2249 I, A
ZRRSE YT o] F HAANE oAAgde] o ¥ wzdd o RAL d9E Wl AN E BT Tl
CE R DEL N4A} ZAAZS 2AE v 2eldrhTable 4). T2

27 24 5AS oA T 47049 AR A5 o oig BAo] A2 zAok: 1BAUL, ¢ o
ol e HAY Age 249 AR HE  BAe] Aed 2Aok: 107), A=A tgt RAol I

LLN =
A= —20.63%14 +20.05%7kA19) 2hg Bk e 23 Ak TG F23 ] gt EAS A
U X8 FFHAE 031%04] 3.22% % g Mo zAlok ] BFexe] HYgE —1.52%04 +19.11%0|) 3, 2=
AARE 322%0]1H 3 A= EF 3.0% olvie e B Az F7ll gt BAS AWYPE w) FFexs —238%
o] 24 ANHAe] =& & F UUrh oA +2.95%% 84%9] FAX| A £3.0% o] W] 2AF

Table 5. Difference between Measured and Estimated Transmission Dose in Patients Treated to Neck

Difference, mean+SD (%)

Beam

direction No correction Bone correction Bone, air corr Bone, air, fat

AOF Lt 955+1.94 955+1.94* 1.82+1.80 18241807
Rt 8.01+2.17 8.01+2.17+ 0424202 042+2.02%

RAOF Lt —0.78+2.18 —0.7842.18* —0.78+218" —078+2.187
Rt 0.20+2.70 0.20+2.70* 020+2.707 020+2.70"

FAQY: Lt 6.02+1.94 6.02+1.94* 6.02+1.947 3.35+1.89
Rt 6.17+1.81 6.17+1.81* 617+181" 349+1.76

ZA0OA Lt —36342.02 —3.63+2.02% —363+2.02" —363+202°
Rt —451+188 —451+1.88* —451+188" —451+1887

L @% Lt —0.83+1.26 —0.83+1.26 —083+1.26" —083+1.261
Rt —0.63+1.70 —0.63+1.70* —063+1.70" —063+1.70%

A0z} Ant —283+1.67 840+1.86 0.94+1.73 0.94+1.73"
k(A Ant —14.84+191 0174224 —017+224" —017+2.247
Post —15.68+2.22 —1.16+2.60 —116+2.60" —1.16+2.60"

204 Lt —6.95+1.59 —249+167 —249+1671 —249+1677
Rt 5674016 -115+0.17 —115+0177 ~115+0177

O Lt 491+045 4.91-+0.45% 1.80+0.44 1.80+0.447
Rt 6.47+1.06 - 6.47+1.06* 331+1.03 331+1.037

o103l Lt 187+1.29 1.87-+1.29¢ —061+1.26 —061+126"
Rt 1.58+0.69 1.58+0.69* —0.90+0.68 —090+068"

2Ok Lt 2.80+230 2.80+2.30* —206+219 —2.06+2197
Rt 4324227 4.32+2.27+ —062+2.17 —0.62+2177

ZO4 L1 3.89+1.85 3.89+1.85* —1.06+1.76 ~1.06+1.767
Rt-1 497+1.93 497+1.93* —0.03+184 —0.03+1.847

Lt-2 —159+1.13 —159+1.13 —159+1.13" —159+1137

Rt-2 —0.14+1.10 —0.14+1.10*% —014+1.107 —014+110%

RO Ant —1.25+328 —1.25+328* —125+328" —1.25+328"
HOZE Lt-1 3.74+0.92 3.74+0.92% 3.74+0921 3.74+0.927
Rt-1 3.00+0.64 3.00+0.64* 3.00+0.64" 3.00+0.64

Lt-2 —137+139 —137+139% —137+1397 —137+1397

Rt-2 —1.21+0.60 —1.21+0.60% —1.21+0.60" —121+0607

209 Lt1 10.07+2.29 10.07 +£2.29* 3754216 3.75+2.167
Rt-1 8.65+2.21 8.65+2.21* 241+208 . 24142087

Lt-2 5.38+0.74 5,38 +0.74* —0.67+0.69 —0.67+069"

Rt-2 502+1.82 5.02+1.82* —1.02+1.71 —1.02+1717

*No bony tissue was present in the center of the field, 'No air cavity was present in the center of the field, TNo fatty tissue was
present in the center of the field.
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% (o

ek =A% 371, AYEAe i 0S BF A9
P& W) A FHX 7k HFeA e —2.38%A]
+243% 2 86%2] ZAX|A +3.0% o] 9= Kt}

5. 4% X2 XMl EHA

AA B4 F 1899 B B¥ol X 2F Bakek. o
7 U BE FRIE ARE Y 1Sk 3 2A + B

7N

QL FHAZF EHE AL 3lFe F 2393 it WA
Ao| aquaplasty 314 *l 71 ot=2¥ 33} pillowE %J%
Al Ele 2407 SARIL ol & ZAlokes EA A A
2| A FA

74 24 BAE §A g Hrjdatet WAL Ml

=9 gk B A9 FAX Y o 7he]
A= —15.68%04 +10.07%7HA12] 7S B} :131
W 228 REHAE 0.16%A 4 3.28% 8 8 M zA ok
A"k 328%0] Y WA= 25 3.0% o9 & B
of 49 APl =& & T ISk

A 229 HAL 249 BANE U E W, =
223 F7)ol gt HAE sl9e o, =2 37, A
wzA e qE BA L 3AE WY X E EF Tl

o &x1 8t FAX| o] @AE B2 etglcH(Table 5). 23]
ol 3k BAgo] Hadt zAok: 59, 7o g B
ol Bagh zAok: 150, Az digt BAe] H e
g z2A ok 29k F22 6 digk BA S Age u
HFAe] WY —451%0)A +1007%0)gct. F=27
# F7lel i BAE AYde W FFeAE —451%
oA A +6.17%0) Q3L T7%2] ZH XN A £3.0% o], 92%

o] ZAx A £5.0% o9 25 Edh =A% F
7], AukzAdl g BAY & L5 APPE wfe] Hiext
L —451%NA +3.75%0) QL 80%S] ZA XA +3.0%
o|W, 95%2] ZA XA £50% oW 2xF Kt

6. EX} set-upll ME FarMeF SHO| FHIs

AN MAM ARE B WSl ojad Be
2 AR 97 24 AN E A8 457 dekFe. 3)
olufoll M1t ZAoke] S5} WAMLS B 14 ANE A
VA FEEEE A4 SEAE AR B E mA
2 ohz Bae] AAE EIE BALel pillowst ok
4 B A Aedel Ede HE B A
% A-24712 ANCCDHE Agstel BAA%
AN E FoIE ojdeke EAMel leh

=2
=

[~

oy 3

A vril 71 % oH/H = 4-&5? T8l WALl zAE oo}
3 ®u) olu)e)l AE wkAA ko] X BelaA) s RS
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Tissue Inhomogeneity Correction in Clinical Application of Transmission
Dosimetry to Head and Neck Cancer Radiation Treatment

Suzy Kim, M.D., Sung Whan Ha, M.D., Hong Gyun Wu, M.D., Soon Nyung Huh, Ph.D.

Department of Radiation Oncology, Seoul National University College of Medicine

Purpose: To confirm the reproducibility of in vivo transmission dosimetry system and the accuracy of the
algorithms for the estimation of transmission dose in head and neck radiation therapy patients.

Materials and Methods: From September 5 to 18, 2001, transmission dose measurements were performed
when radiotherapy was given to brain or head and neck cancer patients. The data of 35 patients who were
treated more than three times and whose central axis of the beam was not blocked were analyzed in this
study. To confirm the reproducibility of this system, transmission dose was measured before daily treatment and
then repetitively every hour during the treatment time, with a field size of 10x 10 cm? and a delivery of 100 MU.
The accuracy of the transmission dose calculation algorithms was confirmed by comparing estimated dose with
measured dose. To accurately estimate transmission dose, tissue inhomogeneity correction was done.
Results: The measurement variations during a day were within £0.5% and the daily variations in the checked
period were within +£1.0%, which were acceptable for system reproducibility. The mean errors between
estimated and measured doses were within =5.0% in patients treated to the brain, £25% in head, and *

5.0% in neck.

Conclusion: The results of this study confirmed the reproducibility of our system and its usefulness and
accuracy for daily treatment. We also found that tissue inhomogeneity correction was necessary for the
accurate estimation of transmission dose in patients treated to the head and neck.

Key Words: In vivo dosimetry, Transmission dose, Radiation therapy, Head and neck cancer, Brain tumor,

Tissue inhomogeneity
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