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Tangential Pendulum Therapy Using Wedge Filter
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Introduction

Many reports have been so far made on various rethods of radiation therapy for
comparatively superficial lesions which require rather extensive and intensive irradiation.
Some of those methods mostly adopted are as follows :

(1) Medium deep therapy with 100-150 kVp X-rays

(2) Tangential fixed field irradiation with 200 kVp X-rays

(3) Tangential pendulum therapy

(4) Moving beam therapy with a lead sieve

(5) Ra or %Co mould therapy

(6) High-energy electron-beam irradiation

Each technique of irradiation has its advantages and disadvantages.
(1) does not seem adequate in delivering a cancerc-cidal dose homogeneously to the
lesion. In case of (2) or (3), the delivered dose reduces as it reaches down deeper
tissues leaving cancer cells, which need higher dose than a skin tolerant dose such as
adenocarcinoma cells, only insufficiently irradiated, (4) needs a massive radiation about
Also it is too much complicated

For example,

the seventy per cent of which is at least to be wasted.
in setting-up for general use. So far as the delivery of a cancero-cidal dose within the
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limit of skin tolerance is concerned, (5) and (6) seem favorable. But they are not
without handicaps. (5) is with a risk of over exposure on the part of the operator
and (6) seems too expensive in practice.

To cover these handicaps, we propose a method in which a wedge filter is applied on
a fixed tangential or rather tangential pendulum therapy. This newly introduced method
seems very favorable in practical use in that positioning is accurate and the same
conditions for irradiation can be kept.

Wedge Filter

Since Ellis and Miller first reported (1944)» the usage of a wedge filter, it has
been used for various purposes and ways. The recent research was made by Cohen
(1959, 1960)2,%, and Cohen and Burns (1959)%.

We made several wedge filters. They are made of laminated thin copper sheets
fixed to a thin aluminium plate 0.5 mm thick, which is fixed to a duralmin base-plate
with a suitable aperture. Instead of a clinical copper filter, the hase-plate is inserted
into a filter slide which is at the end of a collimeter. The width of this wedge is
determined by a field size at the position of 50cm from the focus, and for a given
wedge filter a field length is continuously variable. A representative wedge filter is des-
cribed in Fig. 1.
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Fig. 1. Copper wedge filter

Fig. 2. Isodose curves for wedge field (in
water phantom), FSD 50 em, FS 5% 10cm.,

The isodose curves for this single wedge field are given in Fig. 2. Dose distribution
was measured in a water phantom about 70 x50 x 40 cm deep. The beam from the X-ray
tube, the axis of which was kept vertical, entered horizontally through an acrylite wall

3mm thick. The measurement was made on a horizontal plane with a thimble chamber
4 mm in internal diameter and 17.5 mm long (Type RCD-43101, Tokyo Shibaura Electric
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Co., Ltd.), with remote control and automatic recording. The thimble chamber was
used for the depth of 2—18 cm and a shallow chamber for the depth from the surface to
5cm: for the depth of 2—5cm both chambers were reasonably required.

Dose Measurement and Results

We used a cylindrical paraffin phantom 20 cm in diameter, which had several holes 2
cm in diameter and of 1,2,3,4,5, and 6cm in depth (Fig. &). Holes less than 4 e¢m in
depth are used for measurement of the dose received mainly from direct beam, and
other holes from scattering only. To avoid possible errors of measurement, we kept the
widest distance as possible between one hole and another and stuffed these holes with
paraffin except one into which the ionization chamber was set.
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Fig. 4. Schematic representation of tangent-
ial pendulum irradiation with wedge filter

Fig. 3. Cylindrical paraffin phantom

Following Kohler's method for a usual pendulum therapy, we adopted a focus-
surface distance 50cm, pendulum radius 60cm (50 cm + axis depth 10cm), field size
5x12 cm, tangential angle about 8°, and pendulum angle 200°. A wedge filter was
inserted in such a way as its thick side came on the surface of the phantom (Fig. 4).
We used a pendulum therapy unit, Type KXC-18-5, Tokyo Shibaura Electric Co., Ltd.,
operating at 200 kVp with 0.7 mm Cu+0.5mm Al filter (HVL 1.55 mm Cu, r.p.m. about
0.1 and 0.5).

Ionization chamber measurement was made in various points within and on the
surface of the phantom. The radiation dose was determined with a Model 131 Victoreen
condenser chamber.

The results of the measurements are shown in Fig. 5. The final isodose curves are
shown in Fig. 6, in which the figures indicate the percentage of a maximum surface dose.
How to determine the area of tissues to be irradiated in the tangential pendulum therapy
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Fig. 5. Dose measured in paraffin phantom (left) with wedge filter, and (right) without wedge

filter (x—x :surface, QO--QO: 1cm, ®-®: 2cn, A—A: 3cn, A A4,
«+— o« : 5¢m in depth).
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Fig. 6. Isodose curves for tangential pendulum irradiation in paraffin phantom
(left) with wedge filter, and (right) wtihout wedge filter.
is a difficult problem as discussed by Rossmann (1954, 1955)7®, and Baerwolff (1954)D,.
The dose distribution for the wedge filter technique is lower on the surface and even.
from the surface to the depth of cm than that for a non-wedge technique.

Discussions

It seems that the wedge filter technique in tangential pendulum therapy evidences
an advantage over conventional techniques, assuring a favorable practicability for
moderately superficial lesions, especially breast cancer, its metastases to regional lymph
nodes, and its chest wall recurrences which require a skilful management. The above
mentioned experiments, although they are only part of the basic experiments that should
be carried out, lead to an encouraging possibility that the use of various kinds of the
wedge filter will result in better dose distribution for treating individual lesion.

It is understood that the depth of penetration may be regulated by varying the:
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field width and the wedge width in order to reduce a delivej;'ed. dose to underlying
healthy tissues. :

‘“‘ Hot spot ”’ is referable only to fixed field irradiation not to moving field irradiation
in which it moves all over the irradiated skin surface with ever changing irradiated
areas. Likewise, the difference in the quality of transit rays through the thicker and
thinner part of a filter counts little in moving field irradiation because of ever changing
irradiation.

It seems very important to further improve the form and design of a filter as well
as its materials. For example a filter with a steep slope does not always afford good
results. Besides copper which has been rather customarily used, a combined usage of tin
and graphite was introduced by Cohen (1960)%. Therefore a tangential pendulum
irradiation with a wedge filter would be one of the most useful methods in treating
moderately superficial lesions. if the difficulties of designing a wedge filter and related
physical problems were conqured.

Because of the initial favorable experimental results, this study is being furthered on
various phantoms and cadaver thorax with a good promis.

Summary

In order to, deliver satisfactory irradiation for comparatively superficial and extensive
lesions, we propose z newly introduced method in which a wedge filter is applied on a
‘tangential pendulum therapy. The copper wedge filter was used and dose distribution
‘was measured in a cylindrical paraffin phantom in this paper. It seems that this
technique evidences an advantage over conventional techniques, assuring a favorable
practicability especially for breast cancer.
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