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Studies on Irradiation Techniques of Betatron Eléctron Beam
— by

Kenji Kondo
Department of Radiology Kobe University, School of Medicine
(Director: Prof. Kazuyuki Narabayashi)

Betatron electron beam has several distinct physical properties in comparison to other therapeutic
radiations: (1) Distribution of electron beam is mostly homogeneous in almost all the range of the pen-
etration. (2) Depth of penetration can be adjusted with ease because it is proportional to the energy.
(3) An abrupt decrease in dose occurs in the final range of the electron beam track.

Owing to these properties, electron beam therapy is preferably used for treating the tumors seated
superficially in the body such as the tumors in the head or neck, etc. Irradiation techniques for obtaining
the suitable dose distribution in above-mentioned lesions have been investigated mainly by using water
or Mix-D phantoms.

Results of the present studies are as follows:

1) Influences of the existence of bone or air cavity upon the dose distribution of the electron beam
were estimated by means of a phantom. The influence of the bone was found to be relatively small.
Thus, the irradiation of the lesions behind the bone could be performed with the slight corrections.

In contrast, the effect of the air cavity was fairly large and complicated.

Therefore, when irradiating the lesion in which the cavity is present, a preliminary estimation of this
effect is required by preparing the phantom so that the phantom may correspond to each individual
condition.

2) Wedge filters were made of Mix-D and the dose distribution of betatron electron beam was
measured. Moreover, its clinical application was also evaluated. In case of the irradiation of the larynx
or the hypopharynx, the suitable dose distribution was obtained by the two opposed irradiation technique:
using the 30° Mix-D wedge filters.

3) The pendulous irradiation with betatron electron beam was able to produce a characteristic
dose distribution which could not be obtained by any other radiation sources, For treating laryngeal
or hypopharyngeal tumors, the pendulous irradiation is advisable because the simultancous irradiation
is feasible to both cervical metastases and primary lesions. In addition, isodose curve was obtained for
the pendulous irradiation applied to the maxillary antrum. The clinical application of this particular

procedure was also discussed.
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4) TIsodose distributions of the intracavity irradiation were measured. Intracavity therapy for the

carcinoma of the tongue or of other intraoral organs was performed with the newly devised oral cones

equipped with the endoscope and the mirror. The intraoral technique of betatron electron beam was

proved to be a very useful irradiation method and was considered to be able to replace the radium im-

plantation by this technique in the treatment of early stage of cancer of the tongue.
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Eig. 1. Comparison of central axis attenuation
curves obtained with ionization chamber and
with fluoroglass dosimeter. Field 8 X 8 cm

...... fluoroglass——ionization chamber
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Fig. 2. Comparison of central axis attenu-
ation curves obtained with ionization ch-
amber and with films. Field 8 3 8 cm.
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Fig. 3.

a) Extension of electron beams with

lead scattering foils in various thickness.
Energy: 18 MeV.
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¢) Extension of electroon beams with

copper scattering foils in various thickness.

Energy: 10 MeV.
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Table 1. Scattering

foils for practical use.

Field Size

Energy
(MeV) |9 eng, Scng| 4x4cm —8 x 8.
18—15 0 0.25mmPb

14—11 0 0.25mmNi+0.05mmPb
10— 8 0 0.2 mmCu

T— 6 0 0
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b) Extension of electron beams with nickel

and Ni4-Pb scattering foils in various thi
ckness. Energy: 14 ' MeV.

7 I\
\\\

\\ .,
\ %

Eo

2o

=+
I
=]
Y
-+

X5 LTHE® o & energy, £RHFICHIT 2
scattering foil %3 1 wR3. LT o Ek Lo
BRI Z oKL T foil AWz,

cone DO : core OMERIVEEINEDL
LIZ Lo THIBREDI AL BIEED T EAWAR
i Lo TlibRTWAY . b h b ho fuv
T\% cone [ X X30em, 1.5m/E0 Al H-CH
Za

cone ZHL Do T A MEE X b OEELR © ¥
ECIRETZRN O R D A BN d % . 18Me

Ve 8 x 8emd cone ¥ Fl\ic By, TRSTE 9L
Mok RfoRE X v 8 4w (FM4a), L
P LEGEL BTk T A E beam &SPfTCg
<, LddKpTELiciHE 35 2 ndifEs
TiEE A EFETR ORI (F4c).

¥z cone O AFENNE L I HEOAIGEALYZ
AMBEBREENB I D LML TS,
FORDI-% energy LT H 8 X 8 cmBIEF
TodLERERE (K5), X018 MeV, 10
MeV -G cone % % % 7o 6 © rhl b thi

(K6 ab) %d. CHkEDAERR L ZE—
ﬁ.a— ::5{‘13)32)45)52) s

B, BROME
BFRERCs VTR ER, nBRE, B, %

— 17 —



1270 HAREZERSAFE %S H20% B10%
Fig. 4. Effect of scattered electons from the cone. Energy: 18 MeV. Field 8x8cm.
a. in the air b. lem. deep from the water surface c¢. 2cm. deep from the water surface
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Fig. 7. Dose distribution for 14 MeV electro-
ns with 4x4cm. field in Mix-D phantom in
which a flat bone was buried.

a) Isodose disribution

b) Central axis attenuation curves
—— with a bone
------- without a bone
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Fig. 8. Dose distribution for 10 MeV electorns with 66 cm. field in Mix-
D phantom in which a humerus was buried.
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Fig. 9. Dose distribution for 18 MeV electrons with 4xX4 cm. field in Mix-D
phantom in which a mandibule was buried.
a) Isodose distribution b) Central axis attenuation curves
—— with a bone e without a bone
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Fig. 10* Dose distribution for 18 MeV electrons with 4X4 cm, field in Mix-D
phantom in which a maxillary bone and its neighboring bones were buried.
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Fig. 11. Effect of air cavity in Mix-D phantom to dose distribution.
a) Isodose distribution for 18 MeV electrons with 6x6 cm. field in Mix-D [phantom with
a 2 cm. diam. air cavity.
b) Isodose distribution for 18 MeV electrons with 66 cm. field in Mix-D phantom with
a 3 cm. diam. air cavity.
¢) Comparison of central axis attenuation curves.
—— with a 2 cm. diam. air cavity —s—« with a 3 em. air cavity -0 without an
air cavity
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AAEFRERESME 208 H108

Fig. 13. Isodose distribution of single anterior 6x4 cm. field..

a) 8MeV b) 10 MeV
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Fig. 15. Isodose dist.ributio-ns for 24 MeV electrons in Mix-D phantom
with 45° Mix-D wedge filters.
a) Field size 4x4 cm. b) Field size X6 cm. c) Field size 8x8 cm.
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Fig. 14. Isodose distributions for 18 MeV electrons in Mix-D phantom

with Mix-D wedge filters.
------ calculated isodose curves —— meacured isodose curves
a) 30° wedge filter b) 45° wedge filter c) 60° wedge filter
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Fig. 16. a) Isodose distribution of single
lateral 64 cm. field at 18 MeV.
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Fig. 17.
6x4 c¢m. field with bolus at 18 MeV.
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b) Isodose distribution of two opposing
6x4 cm. fields at 18 MeV.
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Fig. 18. a) Isodose distribution of single lat-
eral 6X4 cm. field with 45° Mix-D wedge
filter at 18 MeV.
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Fig. 18, b) Isodose distribution of two opposing 6x4 cm. fields with 45°

Mix-I) wedge filters at 18 MeV.
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Fig. 19. a) Isodose distribution of single lat- Fig. 20. Two-wedged field plan for maxillary
eral 6x4 cm. field 'with 30° Mix-D wedge cancer by 24 MeV electrons.
filter at 18 MeV

__6x6cm, 45°
Mix-D Wedge filter

Fig. 19. b) Isodose dlstnbutlon of two, oppo—
sing 6X4 cm. fields with 30° Mxx D wedge
filters at 186 MeV. iy
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Fig. 21. Isodose distributibn__in. planes perpendicular to the direction of moving with the

cone for pendulous therapy. Geometrical field size: 83 cm.. Energy: 6 MeV. Distance
from the cane to the irradiated- surface: 16 cm and 5 cm.
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Fig. 22.

Isodose curves of pendulous irradiation for maxillary cancer. Energy:

1279

18 MeV.

Field size: 3X6 cm. Pendulous angle: 180°. Center of penpulum: (2) 4 cm., (b) 6 cm.,

and (c¢) 8 cm. deep fpom the surface.
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Fig. 23.
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Isodose curves of pendulous irradiation for maxillary cancer. Energy: 18 MeV.

Field size: 36 em. Center of pendulum: 7 cm. deep from the surface. Pendulous angle:

(2) 90°, (b) 135, and(c) 180.
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Fig. 24. Isodose curves of pendulous irradia-
tion for maxillary cancer. Energy: 18 MeV.
Pendulous angle: 90. Center of pendulum:
7 cm. deep from the surface. Field size: (a)
3%6 cm., and (b) 4X6 cm.

Fig. 25. Isodose distribution of pendulous ir-
radiation in neck phantom. Energy: 10MeV.
Pendulum center: 6 ecm. deep from anterior
surface on median line. Pendulum angle:
220°. Field size: 83 cm.

2. BFAEI R UEEREIEA TS
b, ol RS (K23).

3. BEIFMHHA L InhuE iR » K 2% %
(H24).

b, FIEETR T B

WEEE, TFUHSEIESIC R LT A E = A F —
CIRTFBE 1T T ISTIPRR RS & 7o b AIET
) VAR BB R L3RS T TR

HAEZ B AFSHNRE #H20%E B10F

Fig. 26. Isodose distribution of pendulous irr-
adiation for 6 MeV electrons in neck pha-
ntorrt. Pendulum center: 6 cm. deep from
anterior surface on median line. Field size:
8x3 cm. Pendulum angle: 220.
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Fig. 27. Isodose distribution of pendulous irradiation for 6 MeV electrons. Center
of pendulum: 8 cm. deep from anterior surface on median line. Pendulum angle:
220°. Field size: 8X3 cm.
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Fig. 28. Photograph of irradiation cone
for intracavity method.
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Table 2. Rate of disappearance of tmuor (primary tumor of the tongue) and irradiation
methods: Number of cases whose tumors disappered. [ Number of patients treated.

Irradiation Method E T1 T2 T3 T4
External Irradiation Caba’e o/4
Electrons 0/2 1/1
Intraoral Electron Therapy 2/2 9/11 5/6
Ra. Implants 3/3 4/4 11/15 3/3
Combined Irradiation 1/1 11 1/2
Total 5/5 14/16 17/24 5/10
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Fig. 29. Isodose distribution curves with the cone for body cavity irradiation use.
a) 10MeV b) 10 MeV - ¢) 10 MeV
2em ¢, 90°cone 2cm ¢, 60° cone 2cm ¢, 30°cone
~
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Fig. 30. Section view of irradiation cone for EEERALEVE LB WTHEE CILTEHE

intracavity method.
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Table 3. Survival rate and irradiation methods.(Tongue cancer)

Irradiation Method 1Yr, 2Yr. 3Yr. 4Yr. 5Yr.
Intraoral Electron Therapy 17/19 12/16 10/13 3/3
Ra. Implants 18/24 9/17 5/10 3/6 1/2
External Irradiation 17 1/5 1/3 1/3 0/2
Combined Irradiation 3/5 3/5 2/5 2/4
Total 39/55 25/43 18/31 9/16 1/4
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