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2o gaoz 3 A7 AL in vivo AFZ=AHA A
Hol AT AFAE AHS AT F AN, HAA
FE A8 o 535H7] AME =] As = 2HY B
Aol =83 80dS & F USMTh

£ AP FAFA HAMAEE Be SAES
YFOZ in vivo AFESAHA2H S L3519 S v &g
9 A g 9 FAA ebs A AFE Alds}
At

o7 &k 3 ey

1. CHat

1) HAMX|ZT|7|

VarianA+€] Clinac 4/100 A& 7}471¢] 4 MV XA & A}
ot Ak AdAES Felshe YA H A A AKconsis-
tency check tes) S AlFg F AFS AP Th

2) 0|=2&k({on chamber) %! & 2| | (electrometer)

A4 A2 oA o] &3 9xd Y AE S 7] (multi-
channel digital electrometer)E ©]-&3l¥ 2, AU-FH7] A
¢} (source-chamber distance, SCD)= 150 cmZ AT}
=719 zero drift} leakage current= 50 fAmp ©]|3}o]xL
10 MUIA 640 MU Yol 05%9] HEAHS FA
T AT

3) A|IAEIS| Y =ol

Bkl g AlF A 10x10 em’Y] AW AR
4 MV XA 02 100 MUS ZAMSHY ZAHXE vlustye
o, 259 7%e] 292 NPT B A2 F A
ie‘44 A B A FelL st I A7 Ao
2 ASHS AldsAh

4) SR AN
Eopee] 2R AN Sste] B mAA 2L
i Qe duZEe o)At TG o33 AL

D (PCD, Tp, log (A/P)) = Dy [a (PCD, Tp) {log (A/P)}*+b
(PCD, Tp) {log (A/P)y+c (PCD, Tp) {log (A/P)}’+d
(PCD, Tp) {log (A/P)}+e (PCD, Tp) |
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a, b, c, d, eE Z4Z PCDY 3222 Taylor H/E 3}
H,

a (PCD, Tp) = fu (Tp) (PCD)+g, (Tp) (PCD)*+h, (Tp)
(PCD)+is(Tp)

b (PCD, Tp) = fy (Tp) (PCD)+g, (Tp) (PCD)*+h, (Tp)
(PCD)+iy (Tp)

¢ (PCD,Tp) = f. (Ip) (PCD)+g. (Tp) (PCD)*+h. (Tp)
(PCD)+ie (Tp)

d (PCD,Tp) = fa (Ip) (PCD)+gs (Tp) (PCD)*+ha (Tp)
(PCD)+ia (Tp)

e (PCD,Tp) = f. (Ip) (PCD)+g. (Tp) (PCD)*+h. (Tp)

(PCD)+i, (Tp)
Do: 71Z&ZA A, field size = 10x10 cm, Tp
BEE

PCD: Phantom to chamber distance

= 0 cmol| A

Tp: thickness of patient

A/P: ratio of area to perimeter

a, b c de 2 4 AFES regressions dho] T3}
et TG o 5H Aks st 2APoRe] IF
7F A E AS 2 27 AEo] e AY BAY gy
z9 JpdatAnk w15, 30, 45, 6059 2713
(wedge filter)o] ©H3t BAAAE Fach FHohA ZH

(Dma) Z©l, 10 cm Z©], 20 cm Zolo] sl =L A
3ty a, ol FArel AV)E 10x10 cm’, 15%
15 cm’2 39Tt

5 & =39 BF

5%5 cm’,

7z B A 224, AWz, F7|2 3§99 FAe
gAte] RXEA Y XA DEF A A5 A
CT = MRIE AHE-3Y SA AT WA ZAMHE S 5
A Z(central axis)dl| M Fste F Y LAt Y8
X-7d AR, CT = MRI G740l 224, A x4, Be

T2 3 299 FAE 29590,
TzA, AR L FAZ A RUE, WG, T
29jo) ofF B SAshel obehe] 4& AHgato]
279 FRPPATATAS AW
Soft tissue equivalent length for 1 cm of other tissue =

(pe)other tissue/ (pe)soft tissue
pe (electron density): number of electrons per cubic centi-

o

{Gd
Ao
e rlo

meter

ZZ2F 1 eme 9% 1.65 em, ANZEE 1 cme 9% 3
0.888 cm, T2 I Be X2 0 emE 247 HAEFY
=



oA A}
1. FoBEZAILES] MY

A"l QAR Fls 9t WY e A5 H 2

= x10 cm*e] 74 ZAFOERE 100
AL Aldstdon, &zt X8 F 1A

A4S AdsAT. S8 4 F9
+0.5% WAL, A7 T 4 MV XA djg
FAZEEH -1.01%14 +0.71%°]
HAAE 0 9%01“5} old# o] FA7IZ
FFAAE 05% oHE A 2"9 kP PS
AT}HFig. 1, 2).

—

2. M7l XHWedge factor) SXZ 1}

15, 30, 45, 60%=2] 719 ZE|(wedge filter)oll thslo] =
4 Zolst zAtoke] A7)E WEATHEA H71AAE T

3l4th 10 em Z°](D10), 20 cm Zo|(D20)o1 XY 271
e AW A ZFH Do) ZoloA Y H7IRAARTG & Fs
B 28 I 2H0]E DAY #7112 ] gt 9
FEE Ui S o, 33 o7t 2S5 5, Aok A7)
7} A&4E, 28 #7])4 E(wedge angle)’t 545 2]
7t ARE & 5 AATH(Table 1).

3. = X2 &XofMel EFZED}

A7 B4 F 1299 B4 HFFOR ARE @
Aol 92 FFo Amwe B4} 81, Avtel

—— 98 5¢ —e— 93 12¢
0,90 - —= o8l 64— o8l 132
’ —a— o8 7Y ———— 02| 14
—>— 98 10  —o— 9% 17Y
0.88 - —— 98 1Y  —o— 93 18Y
2
B
8 0.86
@
(8]
5
2 0.84
‘D
o
0.82
0.80 T T T T T T T T T T 1
S L Q L Q Q O Q Q Q O O
Q9 Q Q Q 0 QY .Q Q Q¥ QO Q
DT BT O T QT 0T AN BT 8T AT R

Time of measurement

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

Aol A FF) B 16749 EALoA
9 Aeshrel 9%

7R o] ZAlopoll A T22 3 F7]o] tg B

+0.51% 7} % &
0.19%1 4 1.61%

fu
H:I
S}
=
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Table 1. Wedge Factor at Various Field Size and Depth
(Clinac 4/100 4 MV X-ray)

. . % diff % diff
Wedge field size D max D10 (B/A-1) D20 (C/A-1)

angle (cmxcm)  (A) B) a0 © oo

15 5x5 0.805 0810 0.69 0.817 1.51
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 1.26 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 0.541  0.552 2.05 0.563 3.96
10x10 0.545  0.552 127 0.563 3.40
15x15 0.551  0.557 1.16 0.568 3.12
60 5x5 0.389 0403 3.58 0416 7.09
10x10 0.390  0.399 2.35 0411 5.40
15x15 0394 0403 2.19 0416 5.52

0.90
—e— Reading
0.88 —=— Corrected
()]
C
£
8 0.86
[0} M@.
[&]
g
§0.84-
Q
14
0.82
080 —T——7 T T T T T 1T 1T 1 1 1T 11
oll ol ol ol ol ol ol ol ol ol ol ol ol ol ol Bl
e rh®o®o - deITReRER2
ofl ofl ofl ofl ofll @ —
o> o o o o o ol ol ol G Gl o ol ol ol
[} D OO OO O OO O OO O
Day

Fig. 2. The daily variation of reference reading of 4 MV X-ray
over two weeks.
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o FZ2A0 U BAS A
© -1.84%1A +4.10%°] 3L
W] 235 B9 TH(Table 2).

g TGl gk ZAbek A Ed A 27
E’ﬁ% SHA] a H7|RAARe} ALY A E9 JFTS

43 A9 S|} o dA) e HE k= 8.18%01 A
+0.51%77}X4 Helol  glon, 2 EFEUA:

0.19% A 1.61%% =5 20% oW e Ko ZH9
Aol =55 & & AJh T4 9 st EHS A9
P W) FFeate] HAE +8.62%04 +16.00%°]Y1L, =
22 F7)e] tig RG-S APAS u Pt A= -1.87%
ANA +1.35%0192H 98%2 ZAAAAM £50% olul<
LAHE H Y THTable 3).

. = = = = =
Table 2. Difference between Measured and Estimated Trans— Arid B4 T o el AATE Tl HAAAEE W
mission Dose in Patients Treated to Supratentorial Brain = A5, o]E A e F FALoF = 210
Difference, mean+SD* (%) Atk A8 F FRAF S A G Slee F 11439
Beam
direction No correction Bone correction
Table Difference between  Measured and  Estimated
Fale)-:! Lt -2.16£0.19 2.00£0.20 Transmission Dose in Patients Treated to Infratentorial Brain
Rt -1.87+0.47 2.30+0.49
709 Lt -5.32+0.91 -0.27+0.96 Difference, mean+SD (%)
Rt -5.87+0.61 -0.84+0.64 Beam
Aoy Lt -6.87+0.71 -1.34+0.75 direction No Bone Bone, air
Rt -5.84+0.54 -0.25£0.57 correction correction correction
EiYe)| Lt -1.29+1.61 1.26+1.66
Rt -0.86+0.83 1.71+0.85 0 7] Lt 0.29+0.67 14.43+0.76 0.29+0.67
Ao% Lt -5.29+0.47 -1.77+0.49 Rt 0.42+0.72 14.59+0.82 0.42+0.72
Rt -4.76+0.43 -1.23+0.45 XOA Lt 1.59+0.78 8.62+0.83 0.55+0.77
#07] Lt -8.18+1.14 -1.84+1.21 Rt 2.40+0.73 9.48+0.78 1.35+0.72
Rt -6.70+0.77 -0.41+0.83 209 Lt1l -1.04+0.51 11.49+0.57 0.51+£0.52
o] 0 &} Lt -2.95+1.52 2.24+1.60 Rt-1 -1.88+0.55 10.53+0.62 -0.34+0.56
Rt -1.85+0.77 3.39+0.81 Lt-2 2.54+0.58 9.80+0.65 -1.01+0.51
09 Lt 0.22+1.17 3.80+1.21 Rt-2 -2.52+0.49 9.81+0.55 -0.99+0.50
Rt 0.51+0.61 4.10+0.63 03 Lt 5.52+1.71 14.65+1.86 -1.87+£1.59
Rt 6.76+0.80 16.00+0.87 -0.72+0.74
*. Standard deviation
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
7Zod LPO* -6.15+0.6 -1.52+0.65 -1.52+0.65" 2.00+0.64
Hoszt 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
Z0oA} LPO 20.05+1.72 1.76+1.46 -0.84+1.42 0.19+1.44
F O A} RPO' -3.70+0.83 2.95+0.88 2.95+0.88 2.43+0.88
=0T LPO 11.97+3.22 15.64+3.32 -0.88+2.85 -1.90+2.82
toz Lt 2.15+1.05 2.15+1.05° -2.38+1.00 -2.38+1.00"
o]0+ Lt-1 3.13+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+2.35 036+2.35"
Lt-2 3.12+2.28 6.80+2.97 -1.01+2.75 —1.01i2.75lw
Rt-2 4.05+1.74 8.26+1.42 0.34+1.32 0.34+1.32"
o0& RPO -20.63+1.50 1.55+1.92 1.55+1.92" 1.06+1.91
403 LAO* -3.75+1.02 510+1.11 -0.20+1.06 -0.20+1.06"
RPO -4.10+£0.31 4.76+0.34 -0.55+0.32 -055+0.32"

“Left posterior oblique, ' Right posterior oblique, * Left anterior oblique, *No bony tissue was present in the center
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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o} WAbAl o] aquaplasts: LA ol d #} 3o Bd 249 BAYL 22 RAYNS QS ), F
HE & WA FE pillows THst= AR & T, F 2234 g7l g BAZS s W, =xHF 7, A
SA3FE 41393 o5 S d4AgY 23 B WA g H4S 39S W] XS BT F3hd
Aol A Al 9] st Ath o dx 9} ZAX7te] QS vl E Y TH(Table 4). ZF 2]

EA 24 BAS oA &3 #71Ax9 WAL A9 of that ®go] Bad FAloke 137493, &7 g
2o JFgS BAS B9 ARG ddRTY HF BAo] He3dt ALk 1070, Az e B3 Bgo] I
AR 2063%014 +2005%7HA 9 #e HAT 28 23 FAeks TAATh FxAC dd BRAS APPS
4 Tz

2] FFEARE 031%0 4 3.22%% 8 e ZALok W HFexte HYE -1.52%00A +19.11%°]Q 1,
ol AT 3.22%°1N3 UM A = EF 3.0% ol s B Ay F7)e] tigh B AlPS o] HIEAE -2.38%
o 49 Aol =22 & F AU oAlA +295%Z 84%Y ZAHAAA £3.0% ol A5

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
nozx Lt 9.55+1.94 9.55+1.94* 1.82+1.80 1.82+1.80%
Rt 8.01+2.17 8.01+2.17* 0.42+2.02 0.42+2.02%
0% Lt 20784218 —0.7842.18* —0.78+218" —0.7842.18°
Rt 0.20+2.70 0.20+2.70* 0.20+2.70" 0.20+2.70%
2107 Lt 6.02+1.94 6.02+1.94 6.02+1.94 3.35+1.89
Rt 6.17+1.81 6.17+1.81* 617+1.81" 3.49+1.76
704 Lt —3.63+2.02 —3.63+2.02* —3.63+2.02" —3.63+2.02°
Rt —451+1.88 —4.51+1.88* —451+1.88" —451+1.88°
0 A} Lt —0.83+1.26 —0.83+1.26* —0.83+1.26" —0.83+1.26
Rt —0.63+1.70 —0.63+1.70* —0.63+1.70" —0.63+1.70°
A0} Ant —2.83+1.67 8.40+1.86 0.94+1.73 0.94+1.73%
ok 0 A Ant —14.84+1.91 —017+2.24 —0.1742.24" —0.17+2.24°
Post —15.68+2.22 —1.16+2.60 ~1.1642.60" —1.1642.60°
° 0% Lt —6.95+1.59 —2.49+1.67 —2.49+1.67 —2.49+1.67°
Rt —567+0.16 —1.15+0.17 —1.1540.17" —1.15+017"
goz Lt 4.91+0.45 4.91+0.45* 1.80+0.44 1.80+0.44"
Rt 6.47+1.06 6.47+1.06* 3.31+1.03 3.31+1.03"
0] 0 3 Lt 1.87£1.29 1.87+1.29* —0.61+1.26 —0.61+1.26"
Rt 1.58+0.69 1.58+0.69* —0.90+0.68 —0.90+0.68"
2ok Lt 2.80+2.30 2.80+2.30* —2.06+2.19 —2.06+2.19°
Rt 4324227 4.32+2.07* —0.6242.17 —0.62£217
Z0oA Lt-1 3.89+1.85 3.89+1.85* —1.06+1.76 —1.06+1.76"
Rt-1 497+1.93 4.97+1.93* —0.03+1.84 —0.03+1.84°
Lt-2 —1.59+1.13 —1.59+1.13* ~159+1.13" ~159+1.13°
Rt-2 —0.14+1.10 —0.14+1.10 —0.141.10" —0.14+1.10°
202} Ant —1.25+3.28 —1.25+3.28* —1.25+3.28" —1.25+3.28°
Hozx Lt-1 3.74+0.92 3.7420.92* 3.7420.92" 3.74£0.92°
Rt-1 3.00+0.64 3.00+0.64* 3.00+0.64" 3.00+°.64%
Lt=2 —1.37+1.39 —1.37+1.39* —1.37+1.39" —1.37+1.39°
Rt-2 —1.2140.60 —1.21+0.60* —1.2140.60 —1.21+%%0%
09 Lt1 10.07+2.29 10.07+2.29* 3.75+2.16 3.75+2.16"
Rt-1 8.65+2.21 8.65+2.21* 2.41+2.08 2.41+208%
Lt2 538+0.74 5.38+0.74% —0.670.69 —0.67£0.69"
Rt-2 5.02+1.82 5.02+1.82* —1.02+1.71 —1.02¢1.71°

*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
y P y P y
present in the center of the field.
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Bag. FxA 37, ARzHd g 2YS 25 A9
S W g A 1Y HIF L= 2.38%1A
+2.43% 2 86%<] =X oA £3.0% oW LAE KAt

5. 45 A= XM EFYZE L

—

AA B2 F 1899 FA7p ARo] NES WY} o
Z 3 g —‘T‘—l'?—oﬂln:_ = m-o]-r/]. Z ZAlol & 3970
A FHAL 242 AEF A5E F 23989 WA
A o] < ol=d A3 pillowES £33}
5 R ERE R

2
f=1
S

=,
©
4

FU ﬂl
[
ol
>
Y

= AR SR o5 EAbOkE

< S}Xl oL ﬁﬂﬂ 1A} WAL 2|
°§ g A e} o FA 2ke] Bt
e - H +10.07%77}7<H #He 2o oy

z} = 0.16%°14 328%% 3 7)o ZAlok
o Ak 328%°lw. Um s 2% 30% oW S B
o Z749 XHW%] i—% S & F AUk

B
"
I
OH
N
2
=2
rsﬁ
S
o
tilo
ot
ot
tilo
=
]
B
»
i
ol
N
)

H] 0l 5} 94 TH(Table 5). %3
of tigt BAo] Bagh Atoke SRR, F7l] tgk B
= 157), AZFd i HAYo] IQ
g ZAtobe 2T ExFd i EFS APAs o
Haoxte] WE -451%004 +10.07%°)1}th FZZF
I 7] g RAS ARPS W FAAE 451%
ANA +6.17%°1 A3 77%S] ZAANA £3.0% °lU, 92%

o) A A £50% ol A4S Bt FxAHY F
1, Az 3 BAGS ZF AYAS v H7est
= -451%A4 +3.75%°] A3 80%S] FAHANA £3.0%
01141, 95%2] ZAXoA £50% oo a5 HATh

N

o

A} set-upoll ME Fotugk £Ho| Mist

AN AL ASE e BAEA olad go
2 AR B4 19 4N AEIHE P57 ArkFg 3.
) A ZAR] S BANS B4 1 BAZ A
A FEHEE A4 SPAE A 28 F )L
® ohe Bae] AAE FIHG WA pillowsh ok
g B A Aelgel mes BB Sxe )
(Tp)sh 8227712 APCD)E AHgake] AL el
A4 FE)% ofPrke FAH] Atk
Da w e

P FFo) WA ARl oA Fgo] ERHow
9557 AT PG Rl PARe] EARE oo

@ BT ol FAD AR Ze] AR uA e 29
of mestelor Bk e} A ABANE BA 24

AR o] oF 15%74A] LS e B4E e

-]L7]7] &4 -4 OZ]"/]' g AL FAFHE o] &3}
= 459 48 bojg & 20 97 93 2
25 A5 4 QA (systematic error)2til $+C}. Calandrino 5
£ diode detectorE ©]E3|A] in vivo MFZAHS A3t

Fig. 3. (A) The head-tilt holder used in the treatment of brain tumor patients (B) The aquaplast holder used in the treatment of head

and neck cancer patients.
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2l 2 30l SER LA XZ SA0A S 2eEe L4 X8

65098 8] B2} F 34(045%)M X 5% ©1F] ATAH A} Mol Atk =4 ZA] HF ko] JMed AL ion
7} el Aoz Busyo? chamber$} diode detector$] |, diode detector®] 73-¢- WAL

2871719 2&Fo|y 7171 24 A ZF 03 7 of gt o] mE SR AT E 1 WA 2%=E A%
oA FAZ BT F e AE FAHFH A =1 energy o]&A0] =1 AMIFES P F AR
(random error)2}3l 3T} Noel 52 HIEA A 7|5 o]& A} Wheke] ofdko] A B A]2H o= jon chamber’} f-

oxl rl
ol
o)
2
ro
2
=
N
D)
i)
Lo
Ach
ofr
o)

sto] YAt FH RS S o}
Zolo W HAZFs AT & Je fomulas 7HLsto] 2 nddAae 35 FHS FRAFS A= W
7,519 9] A A in vivo AFESAE A]Pste] 7989 HE o] &3 AFSA A=FlH FRFs o83 &
e BAHSFT 1 F 78371 1F 7 ot QA X &S Aitete ¢SS /NEst St phantom
o1 Hustge” AEE B3 AFSE A=HY A8 2 dagEe A
weba olelgt QAES Hsta WA EY] AHAe 4 S5 Qs oyt AFE vEo R A A FA
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Abstract

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 10x10 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, £2.5% 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



