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Purpose : In order to obtain basic data for treatment plan in radiosurgery, we measured small
fields of 6 MV X-rays and compared the measured data with our Monte Carlo simulations for the
small fields.

Materials and Methods : The small fields of 1.0, 2.0 and 3.0 cm in diameter were used in this
study. Percentage depth dose (PDD) and beam profiles of those fields were measured and
calculated. A small semiconductor detector, water phantoms, and a remote control system were
used for the measurement. Monte Carlo simulations were performed using the EGS4 code with
the input data prepared for the energy distribution of 6 MV Xrays, beam divergence, circular
fields and the geometry of the water phantoms.

Results : In the case of PDD values, the calculated values were lower than the measured values
for all fields and depths, with the differences being 0.3 to 5.7% at the depths of 2.0 to 20.0 cm
and 0.0 to 8.9% at the surface regions. As a result of the analysis of beam profiles for all field
sizes at a depth of 10cm in water phantom, the measured 90% dose widths were in good
agreement with the calculated values, however, the calculated penumbra radii were 0.1 cm
shorter than measured values.

Conclusion : The measured PDDs and beam profiles agreement with the Monte Carlo
calculations approximately. However, it is different when it comes to calculations in the area of
phantom surface and penumbra because the Monte Carlo calculations were performed under
the simplified
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geometries. Therefore, we have to study how to include the actual geometries and more precise
data for the field area in Monte Carlo calculations.
The Monte Carlo calculations will be used as a useful tool for the very complicated conditions in
measurement and verification.
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Fig. 1. Divergent beam model for a circular field used in our simulation.
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Table 1. Comparison of Measured and Calculated PDDs (Percentage Depth Dose) tor Small Radiation Fields of 1.0, 2.0 and

3.0 cm in Diameter

Field size d.0 cm @.0 cm 23.0 cm
Depth(cm) Mea. Cal./%Err. Mea. Cal./%Err. Mea. Cal./%Err.
0.5 86.3 86.3/0.0 87.5 85.0/-2.8 90.3 82.2/-8.9
1.0 99.0 99.2/0.2 96.2 96.4/0.2 99.3 96.7/-2.6
15 100.0 100.0 100.0 100.0 100.0 100.0
2.0 97.7 95.0/-2.3 98.5 96.7/-1.8 98.4 99.2/0.8
4.0 85.7 85.2/-0.6 87.8 86.1/-1.9 88.2 86.9/-1.5
6.0 75.4 74.3/-1.4 76.9 76.4/-0.7 78.8 79.0/-0.3
8.0 66.8 64.5/-3.4 67.4 66.4/-1.4 69.5 68.0/-2.2
10.0 58.4 57.1/-2.2 60.2 57.3/-4.8 61.4 60.7/-1.1
12.0 51.2 50.5/-1.3 53.0 51.9/-2.0 54.1 52.3/-3.3
14.0 45.2 44.9/-0.7 47.1 45.2/-4.0 48.2 47.6/-1.2
16.0 39.8 38.8/-2.5 41.2 39.0/-5.3 42.8 42.4/-0.9
18.0 35.2 34.3/-2.6 36.8 34.8/-5.4 38.1 36.2/-5.0
20.0 314 29.6/-5.7 33.0 31.9/-3.3 337 34.8/-3.3
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Table. 2. Analysis of Measured and Calculated Beam
Profiles Normalized at the Depth of 10 cm in
the Water Phantom

Field size (cm) 21.0 22.0 23.0
Mea. Cal. Mea. Cal. Mea. Cal.

90% Dose width(cm) 0.6 06 15 1.7 27 27
Mean penumbra 04 03 05 04 06 05
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MLC (Multi Leaf Collimator)

’

. Tae Jin Choi, Ok Bae Kim, Young Hoon Kim et. al,
Dose Characteristics of Small Radiation Fields for
6MV X-ray of Linear Accelerator. J Kor Soc Ther
Radio 1989; 7:287-291

. Sung Sil Chu, Chang Ok Suh, John J.K. Loh, et al,
Treatment Planning and Dosimetry of Small
Radiation fields for Stereotactic Radiosurgery. J Kor
Soc Ther Radio 1989; 7:101-112

1994, 5:57-67

. 1995; 6:59-62
. W.R. Nelson, H. Hirayma, D. W.O. Rogers, The

EGS4 code system. SLAC Report-265 1985:1-7
. KAPM, , 1991; 2

50-51

7.

10.

1.

12.

13.

14.

. AF. Bielajaw, R Mohan, C.S. Chui,

T.M. Jenkins, W.R. Nels on, A. Rindi, et. al, Monte
Carlo Transport of Electrons and Photons. New York,
Plenum Press 1988; 287-317

. B.A. Faddegon, C.K Ross, D.W.O Rogers, Angular

distribution of bremsstrahlung from 15-MeV electrons
incident on thick targets of Be, Al, and Pb. Med Phys
1991, 18:727-739

Improved
bremsstrahlung photon angular sampling in the
EGS4 code system, NRCC Report PIRS-0203,
1989:1-12

R Mohan, C. Chui, L. Lidofsky, Energy and angular
distributions of photons from medical linear
accelerators, Med. Phys 1985; 12:592-597

P.C.Lee, Monte Carlo simulations of the differential
beam hardening effect of a flattening filter on a
therapeutic x-ray beam. Med Phys 24 (9) 1997;
1485-1489

J.K. Kim, J.H. Kim, BK. Kim, Energy Distribution of
x-rays from Medical Linear Accelerator, KAPM, 2 (1);
1991:29-35

F.M. Khan, The Physics of Radiation Therapy.2nd ed,
Baltimore, Wiliams & Wilkins 1994: 64-66

D.W.O. Rogers, B.A. Faddegon, G.X. Ding, et. al,
BEAM : A Monte Carlo code to simulate radiotherapy
treatment units. Med Phys 1995; 503-524



— Dong Hyeok Jeong, et a. : Measurement and Simulation of Small Radiation Fields —

6 MV X
t Y t
* t T +
, 6 MV X-
SSD 100 cm 1.0, 2.0, 3.0cm
, (PDD) (Beam profile)
EGS4 , 6 MV X- (divergent
beam),
2.0-20.0 cm 0.3-5.7% ,
0.0-8.9% . 10.0 cm 90%

, 0.1cm



