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IN-VIVO DOSE RECONSTRUCTION USING A TRANSMISION FACTOR AND AN
EFFECTIVE FIELD CONCEPT

You Hyun Kim - In Hwan Yeo - Soo II Kwon
Dept, of Radiation Technology. College of Health Sciences. Korea University
Dept of Radiation Physics, Princess Margaret Hospital/University Hospital Newwork, Canada’
Dept. of Physics, Kyonggi Unjversfty“

The aim of this study is to develop a simple and fast method which computes in-vivo doses from transmission doses
measured during patient treatment using an ionization chamber. Energy fluence and the dose that reach the chamber
positioned behind the patient is modified by three factors: patient atfenuation, inverse square attenuation. and
scattering. We adopted a straightforward empirical approach using a phantom transmission factor (PTF) which
accounts for the contribution from all three factors. It was done as follows.

First of all, the phantom transmission factor was measured as a simple ratio of the chamber reading measured with
and without a homogeneous phantom in the radiation beam according to various field sizes(rp), phantom to chamber
distance(dg) and phantom thickness(Ty).

Secondly, we used the concept of effective field to the cases with inhomogeneous phantom (patients) and irregular
fields. The effective field size is calculated by finding the field size that produces the same value of PTF to that for the
irregular field and/or inhomogeneous phantom. The hypothesis is that the presence of inhomogeneity and irregular field can
be accommodated to a certain extent by altering the field size. Thirdly, the center dose at the prescription depth can be
computed using the new TMR(rper) and Splrpes) from the effective field size. After that, when TMR{d, rper) and
Sp(rperr) are acquired, the tumor dose is as follows.
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To make certain the accuracy of this method, we checked the accuracy for the following four cases: in cases of

2
Deenter = Dt/ PTF(dy, Ty) X ( ) X BSF(to) X Splrpe) X TMR(d, Tpett)

regular or irregular field size. inhomogeneous material included, any errors made and clinical situation. The errors were
within 2.3% for regular field size, 3.0% irregular field size. 24% when inhomogeneous material was included in the
phantom, 3.8% for 6 MV when the error was made purposely, 4.7% for 10 MV and 1.8% for the measurement of a
patient in clinic.

It is considered that this methode can make the quality control for dose at the time of radiation therapy because it
is non-invasive that makes possible to measure the doses whenever a patient is given a therapy as well as eliminates
the problem for entrance or exit dose measurement.

LA & Mol RAgS A2sSFAM FTERHYWE Ao
AAG e gl ol E 4z AANM 4D F 9
de ANEs) 9% AR s FATHA E TAES FU AfE FFAG gt 49

- 63 - CHEHUAMM 7 {£8E51X] Vol. 25, No. 1, 2002



e Agagt?,

wheb] WA A E Ao Abd o] E R A &3
ZAbs]olol e BEE ok mgsl: WALA T A
stojol s} AwrFHo T WAL XN Al AFADe
oM oF 3~4%°] BIRHYLS Al exAAR 7
F . a5 Ao Yol E AR a7t LA
= oz WAL Qo AME §¥ 4 TN =
Aol 9stm 228709 WALH ANBAANE 2 A
3 33709 FRIA e AaEd A AR P A

olell 3~6%¢< 2A7F EHHAL 12708 FAAA 6%

olake] oxrt WAHAYGY. we NEAHL ATHS
o83 ASdE YEH Hole wi TZ Y 98

o % LA BANE A7} gol HA @A 2A

A BANEE o 15%71A9 2A4F dElE Ao
BRIz gt olefd 2Ae & A5 AFARE 2
A #pse o Agd BEe 2Agd AL 93
of Hl¢ AN FFY AEE AWML 2249 WA
cHE oot otk F PANAEY HEE YRE &
A7) ARME P AR A LAZ T G
YA FS W) AR At FAF Best sk

JE skl A7 AFAE s tholeEy 4y
A A (TLD)E ol §ste] Ax T £28 4%
dstHEe 77k FRHAAR
JEE olE B Fol AA oA YR FsHo
33AE AR AUE A P W

tljo
ol

©.

Me b Jbew w97k I8 AeEW A4 A2/
ok 24 Hol A wEHoz W AuAsE P
Agel A AL AY Brisen TR 240
Mol E e WESEE 84 AAEW QAR w
AREE HHAAY B4 FA FEIALTE SH
ool ok T QAET QApsle] wAHTE
EAsE Ee WA 24719 279 BE uzEe
BREr}t 23 237 AA7E QA R FAET 2 B
ol 9% WA F gon, B4 AN B o
@ Zevl 94 ROEE g B3 HolH oF 2
Adgel oFE BAY & 9E ALl Uk B %
ARAZANE & BN Y thrd FARES AHE
FE2 W zAARY ZP718 A RHAR e B
AIE YoiM Hgo) @A Aok

erUAARE ST PEe ASE B2 F99
JRel WA EH7E RS £ PAATE 57
e Ao T2 AUAM ARHE 3 FYNE @
A FR RAsE d ofggol 9T F BANM o
2A4Ee AgstE AY W E=ARnD 5371 oA
Pastelol s 2ol Aok

¥ @plME olee o PSS dHH ARAE
S FEsE T A Y2 AR A5 434
WEe Fohel degel Eass A% e WA
M 2a, % 2R A# @ AAREH Al 9
o ey A 9% 52 #AWe 29 AUEH

1A} (Pantom Tranmission Factor, ©13t PTF)9t & %
A (effective field size, rper) NEE =Y thS3
Ze 2AR A+E FY3rAh
A, FAT & WHPAM thekdt ZAMEY A7(r),
By A AG(de), "8 FA(T) A wE FHRAF
ZARsta o] HH N AWRlel RL Wy HAF
(Do) o] B9l WEEAJNA(PTF)E 3t} I8°
2 €W A Z7E A F URE §)
Aate] ghollA 38k PTF7HE ZAMHO die 3% 4=
B Aste ad =g 2t
A, Wgle] E44d £ e A BAFY
szl fisted fEzAN g )
A Fgk 3R A EgA BEW BEad B
Ao FAY ZAEY AL PTFR
ZA }ﬁ% T3t § & FAMH (effective  field
2 g A7 BEAHY AR EaEEAE
+9] PTF#2 MU D& o) &3t

rJ
e

>
2
o

K2
2,

0,
3%
rlr

SS o N RN
ofl
_%
rr

e QolA 7B & FABANY TMR
(rp.eff)"’} Sp(rpeff % q’ ]'0:1 i Oﬂ?—oﬂ/ﬂ 7HHL§} )—\} Dcenter =

SCD
SAD
(d. 1pert) & o183t 73T

1;4"! o] uptn_q XJ;Q;‘]—/KJ
Hx—l?si FARY AL
dejel oele DE

\_.Y.E_.
S N8N B X

D./PTE(d, T,) X ( ) X BSF(r)) X Sp(rpeit) X TMR

EARNZA Kolghdd 2 5xrAbd Fol] A X 5
g 71471 (M= VarianAh, Clinacl800 C)Z%-F
= MVe 10MV X-4E& o839 oln &9
A 320 MU/minel ok, A2 Farmer type A3
FHPTW M233641-1169) & v 27 914 (electrometer, PTW
Q4o dA3Y FAHsAX olw build-upE 1.5cm ¥
25cm FAE AMESAT 4L dH€eRE B
(W] = Radiation Products DesignAl) & o] &3¢t
Aol oF 308 o) FHVE A Fol d¥9E FHA
ERAX e} ARELS 24/“]7“’])kL 74 <t
2A FH8A4z2A B2 248 HA At
1 Y R#AE Fig. 134 2

£3L AUA(6MV, IOMV)EZ B9 F7(T,) & 0,
5, 10, 15, 20, 25, 30cm& 72@AE WHIAAHIL FAH
AN ()= A/P 075, 1.25, 2.0, 25, 3.75. 5.0, 6.25, 752
SHA R TRt SAsATE £ #Y-H$ A (phantom
10, 20, 30, 40, 50cm ] STA =

JIN dff 10 JIN‘ i)
o O H ox o W

chamber distance, dg) &

o~
oD



Target

SSD SAD

L. i A v

/ water phantom \ i To o
\ J e

Fig. 1. Experimental setup.
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(SSD : source surface distance, SAD : source axis distance,
Tp : phantom thickness, ! phantom chamber distance,

o : field size)
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Fig. 3. Schematic drawing of the transmission dose
measurements with an ionization chamber behind in-
homogeneous phantoms. The phantom consists of cork

in water.
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Table 1. Distribution of error between measured and
calculated dose for 6 MV. (unit : %) T, : Thickness, tp:
Field Size, dg : Phantom to Chamber Distance
Tprlcm) 15 20 25
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Table 2. Distribution of error between measured and
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Table 3. Comparison between measured and calculated dose fo 100 ¢cGy center dose for 6 MV and 10 MV at dg

= 10 cm.
Energy 6 MV 10 MV
Field
shape a b a b
h
. Calculated | Measured Calculated | Measured Calculated | Measured Calculated | Measured
Thickness d d Error d d Error d a Error q a Error
(cm) ose ose (%) ose ose (%) ose ose (%) ose ose (%)
(cGy) (cGy) (cGy) (cGy) (cGy) (cGy) (cGy) (cGy)
15 99.7 101.2 15 101.6 100.8 0.8 100.3 101.8 1.5 101.3 103.4 2.0
20 99.9 101.8 1.9 97.8 100.6 2.8 1014 1039 2.4 102.2 104.3 2.0
25 98.8 100.9 2.1 96.9 100.2 3.3 994 102.1 2.6 1015 105.3 3.6
Table 4. Comparison between calculated dose and FA A G FF L] B2} o] FojHord Ao|r)

measured dose to 100 cGy center dose for 6 MV and
10 MV in inhomogeneous phantoms at d, = 10 cm.
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Table 5. Ratio of predicted dose and planned dose in
actural treatment condtion for 10 MV at dg = 10cm.

Lung(18) Abdomen(14) Cervix (28) Total(60)
|
mean | S.D. mean S.D. mean | SD. | mean ! SD,

0979 | 0.018 | 0.983 0.011 | 0985 | 0.009 | 0.982 |0.012
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