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Table 1. Parameter characteris on elentron beam

Energy Mev 6 9 12 15 18
Parameter
R 2.75 420 5.68 6.95 8.90
G 1.00 1.00 0.88 1.00 0.85
n 1.50 1.50 145 1.50 1.40
p 0.25 0.25 0.19 0.25 0.15
@ 2.35 2.02 191 1.99 141
| G 0.45 0.36 0.27 0.18 0.40
! G -0.81 -0.67 -0.57 -0.32 034
’ Q 0.740E+0 0416E—1 0.170E—3 0.529E—4 0.174E—3 |
Q -0.594E+1 -0.440E+0 0.503E—3 0.810E—4 0425E—1 |
| Q 0.174E+1 0.164E+1 0.422E~1 -0.120E—1 0.384E—1
’ Qs 0.222E+2 0.248E+1 0.307E+0 0.109E+0 0.152E+0
Q 0.120E+2 0.113E+1 -0.648E+0 0.246E+0 0.172E+0
[ Q -0.248E+1 0.391E+0 0.648E+0 -0.388E—1 -0.241E+0
L@ 0.617E+0 0.522E+0 0.478E+0 0.368E+0 0.317E+0
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Table 2. Percentage depth dose at several energies electron field size 10X 10cm, target surface
distance 100cm

i MeV 6 9 12 15 18

‘ d.cm Cal Mea Cal Mea Cal Mea Cal Mea Cal Mea

‘ 0 85.2 85.0 88.6 88.3 94.1 94.0 95.2 95.0 96.8 96.5
0.5 97.1 97.3 93.1 93.0 95.0 95.0 96.2 96.1 974 97.2
1 100 100 99.2 994 974 97.3 98.0 98.0 98.5 98.3
15 98.0 98.0 | 100 100 99.3 99.5 93.9 99.1 99.1 99.2
2 79.5 79.4 98.3 986 | 100 100 99.8 99.9 999 100
25 38.3 384 91.2 915 98.2 985 | 100 100 100 100
3 0 2.5 789 79.2 95.8 96.0 99.1 99.3 100 100
35 513 51.5 89.5 89.7 97.2 974 99.5 99.7
4 23.2 23.8 79.7 79.5 93.8 93.7 98.3 98.5
45 0 2.8 60.8 60.4 88.2 88.0 95.2 95.3
5 41.8 415 78.9 78.7 91.8 920
55 21.3 21.8 65.1 65.2 85.0 85.2
6 0 3.0 51.0 51.3 76.1 79.0
6.5 35.2 35.5 64.3 64.7
7 19.8 20.3 52.1 525
7.5 0 35 39.8 40.3
8 26.3 26.8
85 14.1 149
9 0 4.2

Table 3. Percentage depth doses for 12MeV electrons

i S.cm 6X6 10X10 15X15 20X20 25X 25
‘d.cm Cal Mea Cal Mea Cal Mea Cal Mea Cal Mea
0 93.0 93.0 94.1 94.0 95.2 95.0 96.0 954 97.0 96.3
05 94.2 94.1 95.0 95.0 95.7 95.6 96.9 96.5 98.0 97.5
1 97.0 97.1 974 97.3 98.1 98.0 98.2 98. 98.7 98.0
S 15 99.0 99.5 99.3 99.5 99.4 99.5 99.5 99.8 99.8 100
S 2 100 100 100 100 100 100 100 100 100 100
©25 96.8 96.9 98.2 98.5 98.7 98.6 99.2 99.0 99.6 99.8
.3 92.8 92.7 95. 96.0 97.0 97.0 979 97.8 985 98.5
| 3.5 85.0 84.8 89.5 89.7 92.1 92.0 94.1 94.0 95.7 954
} 4 71.3 71.0 79.7 79.5 82.2 82.5 84.8 84.6 88.3 88.0
4.5 50.2 49.8 60.8 60.4 634 63.6 65.3 65.2 68.2 68.3
5 35.1 357 41.8 415 443 447 46.2 46.8 473 476
55 18.2 19.3 213 21.8 225 23.1 23.2 24.0 24.1 24.8
. 6 0 2.5 0 3.0 0 3.0 0 3.2 0 3.5
£32 ZAME A7) E 12MeV AApAe] AR MEE S FA3tH 247 O A7]9
ZAbHe] 22 A5AAL ALSEE ARuRge Fots AN}
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Fig 1. Percentage depth dose for 10X 10cn electron beam at several energies. Calculated
by age diffusion equation
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Fig 2. Electron beam central axis percentage depth dose ploted against field size. Calculation
by age diffusion equation.
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Fig 5. Calculated isodose distribution in water assuming a mono-energentic incident electron
energy at 16MeV and field size of 10X 10ct with a parallel beam.
The values of G, n and p are, left side, G=1.0, n=1.5, p=0.2
Right side, G=1.5, n=4.0 p=0.2

4. 1 &

ZAY #AAAe Exe AR 2R FEAEE o]&3 A A4t &3 A
Al A A ) "ZqZ]Q‘r 2 %E EAT F Qe 939 2do) HadhA H3dch
aZoAM AR U AE ol &% £ SN WAMEGe] WEkd dA Zolo A

TR (Profile) 5 B& A8 48ZRE JFstdol e Aol At 2y &
2 812k (Age diffusion equation)& ¥utF o g AED R Z FA|Sh=d AFEE o o
AqUA HANREEZE FAsed 7HF A8 Aoz dFHANS

AHEL AP DAY oA} 2AME 2 dAe] AR g¥sE =
A AAAY AREEF SHAFIHNE AE3] 4F8 F7F AL oldH AEFHME
st AgskA At & F=9loh

A 9] ol A] 6~18MeVoll A A28k AF-& QA= 2~5% o3 ZTAMHC wH&
ARg oxE 3%o)Woln e atE 3molstE ] Ao vimA Fko)

AH Ao 2% MAxpMe AFEE A4e AFFY oURA, FAMH, ZeAH,
Aggte] 8" £ glom A&En AEsiy sy Wie] o4& e A
strta AzhE e



10.

11.

12.

13.

14.

15.

A &t o] 2l AT FAMY 22 AFEET Hut

 &nEs

. K. Ayyanger, C. Leonard, N. Suntharalingam : Computerization of electron beams for treatment

planning. Med. Phys., 7, 440~445, 1980.

. K. E. Ekstrand, R. L. Dixon . The problem of obliquely incident beams in electron beam

treatment planning. Med phys., 9, 276~280, 1982.

. M. Gitein : Limitations of two dimentional treatment planning prgrams. Med, Phys. 9, 580~ 585,

1982.

. W. F. Hanson. L. W. Berkley : Measurement of electron beam ionization as depth in various

tissue like materials. Med, Phys., 9, 607~613, 1982.

. K. R. Hogstrom, M. D. Mills. P. R. Almond : Electron beam dose calculations. Phys. Med.

Biod. 26, 445~458, 1981.

. A. L. Mckenzie : Air gap correction in electron beam treatment planning. Phys. Med. Biol,

24, 608~628, 1979.

. M. D. Mills. K. R. Hogstrom, P. R. Almond : Production of electron beam output factors. Med.

Phys. 9, 60~64, 1982.

. D. J. Perry, J. G. Holt © A model for calculating the effects of small inhomogeneities on electron

beam dose distributions. Med. Phys., 7, 207~213, 1980.

. B. L. Werner, F. M. Kahn, F. C. Deibel : A model for calculating electron beam scattering

in treatment planning. Med, Phys., 9, 180~185, 1982,

J. D. Steben, K. Ayyangar, N. Suntharalingam : Betatron electron beam characterization for
dosimetry calculations. Phys. Med. Biol,, 24~2, 299~309, 1979.

L. Papiez, J. McLellan, G. A. Sandison, S. Sawchuk, X. Lu, J. J. Battista : Inclusion of energy
stragling in a numerical method for electron dose calculation. Med. Phys. 21~10, 1591~ 1598,
1994.

P. R. Storchi, H. Huizenga | On a numerical approach of the pencil beam model. Phys. Med.
Biol. 30, 467~473, 1985.

A.S. Shiu, K. R. Hogstrom : A pencil beam redefinition algorithm for electron dose distributions.
Med. Phys., 18, 7~18, 1991.

J. McLellanm, L. Papiez, G. A. Sandison, W. Huda, P. Therrien : A numerical method for electron
transport calculations. Phy. Med. Biol, 37(5), 1108~1125, 1992.

H. Huizenga, P. R. Storchi : Numerical calculation of energy depositin by broad high energy
electron beams : Phys. Med. Biol., 34, 1371~1386, 1989.



XY
ox
i

Evaluation of Electron Beam Dose Distribution by Age Diffusion
Equation

Sung Sil Chu, Ph. D.
Dept. of Radiation Oncology, College of Medicine Yonsei University. Seoul Korea.

ABSTRACT

Electron beams have found unique and complementary used in the treatment of cancer,
but it’s very difficult to delineate dose distribution, because of multi-collisions. Numerical
solution is more usefull to describe electron distributed in tissue. A semi-empirical eqution
is given for the dose at any point at various depths in water. This equation is a modificated
model which was based on solutions of a general age diffusion equation. Parameters have
been calulated from electron beams data with energies 6~18MeV form a LINAC for use
in computerised dosimetry calculations.

The depth doses and isodose curves are predicted as a function of the practical range,
source skin distance and field size. Depth dose accuracy have been achieved 2% above
50% depth dose and 5% at lower doses, relative to maximum dose. Also, the shape of
the isodose curves with the constrictions at higher dose and bulging ot lower values are
accurately predicted. Computer calculated beams have been used to generate ever isodose
distribution for certain clinical situations.



