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Study on Characteristics of Dosé Distribution in Tissue of High
Energy Electron Beam for Radiation Therapy

Soo Kyung Na
Dept. of Radiology, Gimcheon College

The pﬁrpose of this study is directly measure and evaluate about absorbed dose change according to nominal energy
and electron cone of medical accelerator on isodose curve, percentage depth dose, contaminated X—-ray,
inhomogeneous tissue, oblique surface and imadiation on intracavitary that electron beam with high energy distributed
in tissue, and it seftled standard data of high energy electron beam treatment, and offer to exactly data for new dose

distribution modeling study based on experimental resuls and theory.

Electron beam with high energy of 6~20 MeV is used that generated from medical linear accelerator (Clinac 2100C/D,

Varian) for the experiment, andwater phantom and Farmer chamber and Markus chamber used for absorbe

d dose measurement of electron beam, and standard absorbed dose is calculated by standard measurements of
Intemational Atomic Energy Agency{IAEA) TRS 277.

Dose analyzer (700i dose distribution analyzer, Wellhofen, film (X—OmatV, Kodak), extemal cone, intracavitary cone,

cork, animal compact bone and air were used for dose distribution measurement,

As the results of absorbed dose ratio increased while imadiation field was increased, it appeared maximum at some
irradiation field size and decreased though irradiation field size was more increased, and it decreased greatly while
energy of electron beam was increased, and scattered dose on wall of electron cone was the cause. In percentage
depth dose curve of electron beam, Effective depth dose(R80) for nominal energy of 6, 9, 12, 16 and 20 MeV are
1.85, 2.93, 4.07, 5.37 and 6.53 cm respectively, which seems to be one third of electron beam energy (MeV).
Contaminated X —ray was generated from interaction between electron beam with high energy and material, and it was

about 0.3~2.3% of maximum dose and increased with increasing energy.
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Change of depth dose ratio of electron beam was compared with theory by Monte Carlo simulation, and calculation
and measured value by Pencil beam model reciprocally, and percentage depth dose and measured value by Pencil
beam were agreed almost, however, there were a little lack on build up area and eror increased in pendulum and
multi treatment since there was no contaminated X—ray part. Percentage depth dose calculated by Monte Carlo

simulation appeared to be less from all part except maximum dose area from the curve.

The change of percentage depth dose by inhomogeneous tissue, maximum range after penetration the 1 cm bone was
moved 1 cm toward to surface then polystyrene phantom. In case of 1 cm and 2 cm cork, it was moved 0.5 cm and 1

cm toward to depth, respectively. In case of air, practical range was extended toward depth without energy loss.

Irradiation on intracavitary is using straight and beveled type cones of 2.5, 3.0, 35 cm@, and maximum and effective
80% dose depth increases while electron beam energy and size of electron cone increase. In case of contaminated X—
ray, as the energy increase, straight type cones were more highly appeared then beveled type. The output factor of
intracavitary small field electron cone was 15~86% of standard extemal electron cone{15X15 cm? and straight type
was slightly higher then beveled type.
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Table 1. Parameters for defining the shape of central percentage depth dose curves for
the electron beam of the Clinac 2100C/D

Energy DD

(MeV) e Ds(%) Dx(%) | Rmax(cm) | Reolcm) | Rso{cm) | Rolcm) | Eo(Mev) | Eoo(Mev)
6X6 80.7 0.3 1.2 1.88 2.28 2.91 5.31 6.0

10x10 81.0 0.3 1.1 1.79 219 293 51 6.0

° - | 15%X15 80.4 0.3 1.15 1.85 2.25 2.88 5.24 594
20%X20 80.6 0.2 1.25 1.87 2.27 2.9 5.29 5.98

6X6 85.0 0.6 1.86 2.86 3.41 4.25 7.95 8.68

10X10 85.0 0.6 1.86 2.85 3.41 4.25 7.94 8.68

° 15X15 84.3 0.5 1.91 293 3.48 4.29 8.1 8.76
20x20 84.3 0.6 1.91 2.94 3.50 4.31 8.16 8.80

6X6 90.9 0.6 2.54 3.97 4.72 5.85 10.9 1.6

10x10 89.6 0.6 2.66 - 4.01 4.72 5.85 10.9 11.6

¥ 15X15 89.3 1.0 2.59 4.07 478 5.81 11.14 11.8
20%x20 90.4 0.9 2.64 4.07 4.79 5.86 11.16 11.9

6%6 96.0 1.8 1.61 5.06 6.22 7.78 14.50 15.6

10x10 94.8 2.0 2.31 5.27 6.31 7.8 14.7 15.7

0 16X%15 94.4 1.8 2.11 5.37 6.43 7.81 14.98 15.84
20X20 94.6 2.0 2.35 5.38 6.43 7.81 14.98 15.85

6X6 97.2 2.0 0.91 5.80 7.64 9.83 17.8 19.93

10X10 96.0 1.8 1.26 6.34 7.96 9.9 18.55 19.95

& 15X15 95.2 2.0 2.16 6.53 8.08 9.88 18.83 20.02
J 20X20 94.9 2.3 1.71 6.52 8.09 9.89 18.85 20.05
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Table 2. Parameters for various electron beam of 3 cm ¢ straight and beveled cones at 113cm SSD.

Nominal 6 9 12 16 20
Energy (MeV)

Ep.o 52 8.3 11.2 15.3 18.5

Eo 4.66 56 8.4 12.6 14.8
Straight cone (@ = 0°)

Ds(%) 84 85 87 88 90

Rmax(cm) 0.9 12 1.4 1.6 1.9

R80(cm) 1.4 2.1 3.1 3.8 4.3

R50(cm) 2 2.4 36 5.4 6.3

Rp(cm) 2.5 4 5.4 7.5 9.1

Dx(%) 0.2 04 0.7 1.1 1.2
Beveled cone (@ = 30°)

Ds(%) 86 87 89 90 92
Rmax(cm) 0.8 1.1 1.2 1.4 1.6
R80(cm) 1.3 2 2.9 3.6 4.1
R50(cm) 1.8 2.2 3.3 5.1 6
Rp(em) 22 3.8 5.2 7.2 87

Dx(%) 0.1 0.4 0.6 1 1.1
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