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A SIEVE FOR TELECOBALT THERAPY
By
Morimasa Maeda and Chikahisa Yamada

Department of Radiolozy, Kyoto Prefectural University of Medicine
(Director, Prof. H. Kaneda)
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Sieve irradiation was first deviced by Kohler? in 1909. Using the sieve, which
was a net constructed with wires 1 mm. in diameter crossed at intervals of 2 mm.,
he could irradiate with 10-15 times the dose of conventional irradiation at that time.

The purpose of sieve irradiation, of course, is to reduce radiation damage to
the skin. The skin tolerance dose is increased by the use of a sieve in radiation
therapy. Marks® (1950) reported that he could irradiate 24,000 r in 28 days. Tanzel®
(1952) exposed patients to 280 r in air daily and a total of 23,000 r in 30 days, and
Freid, Lipman and Jacobson® (1953) and Gros, Wolf and Burg® (1953) have given
the same large doses by means of sieve irradiation. Kaneda and Kondo® (1956) stated
that the maximal skin tolerance dose was 24,000 r in sieve therapy.

By dividing the radiation the sieve makes it possible to give generally 4 tirmes
and up to 6 times the conventional irradiation dose. Elevation of the skin tolerance
dose results in an increase of the depth dose. With skin doses over 10,000 r, however,
a moist dermatitis is inevitable, and doses of 16,000 r, cause severe erosion which
results later in a sieve-patterned leucoderma.

Many telecobalt therapy apparatusses are in use throughout the world. There
are over 200 units in Japan, and the U.S.A. is the only country to have more.
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The first advantage of telecobalt therapy is, of course, the elevation of skin
tolerance dose to about 12,000 r. The second is a greater depth dose than X-ray
therapy.

Since telecobalt has these advantages, can it be said that a sieve would not be
useful in telecobalt therapy?

The reasons we use the sieve in telecobalt therapy are :

a) Normal tissue damage may be minimized by dividing the radiation in space, so
that the therapeutic ratio for malignant tumours may be increased.

b) Systemic radiation reactions such as radiation sickness and leucopenia are
minimized, and patients are able to tolerate a large dose with a larege field of irradi-
ation.

¢) With talecobalt sieve therapy, skin damage may be decreased more than with
conventional telecobalt therapy.

The sieve for telecobalt therapy has already been reported by Becker, Gudden and
Kuttig? (1958), Caffaarelli and Laconi® (1960), and Mauderli, Gould and Lane® (1060).
In our clinic, 2 telecobalt sieve was constructed in 1960 and has been used in many
cases of lung cancerl®.

In this paper, the results of our experiments on dose distribution and some
considerations in regard to telecobalt sieve are reported.

Telecobalt sieve constructed in our clinie
The cobalt-60 source in our clinic is of a wafer type 2 cm. in diameter. Our
sieve, shown in Figs. 1 and 2, is made of lead 4.6cm. in thickness perforated with
cylindrical holes 1.0 cra. in diameter in the direction of the radiation from the source.

Fig. 1 Geometric arrangment of the sieve
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Three adjacent holes make an equilateral triangle. The open area is 55% of the
sieve on the source side, 456% on the patient side, and 50% in the center. Although
the sieve weighs 8 kg., it can easily be fixed to the telecobalt therapy unit by means
of the attachment shown in Fig. 2. A Cd-filter 0.5mm. thick is placed under the
sieve to remove the soft radiation scattered from the lead of the sieve. Moreover,
in practical use, the sieve' is placed 5 cm. away from the skin, so the source-skin

distance is 55 cm.

Dose distribution and ‘ Inhomogeneity Quotient *’

The dose distribution in a water phantom was measured with a fluoroglass dosimeter
(Toshiba Co.) which is a rod Imm. in diameter and 6mm. in length. For each depth,
measuring points were chosen, at the center of the openings (Point A) and at the
center of the shielded (Point B), which is the center of 2 triangle. At each point
figured by radiography, a rod was fixed perpendicularly on the film and exposed
in a water phantom. The results are shown in Fig. 4 and Table 1.

The depth dose at the opening (Point A) decreases exponentially as the depth
increases, but at the shielded (Point B) the dose decreases very slowly.

The ratio of the dose at the opening to that at the shielded, the so-called
*‘ Inhomogeneity ‘Quotient ”’, is one of the important factors in Ibiuﬂogical sieve effects.

Fig. 4 Depth dose curves of telecobalt sieve
irradiation in comparison with X-ray
sieve irradiation.

Fig. 3 Point A represents the center of the
opening. Point B represents the center
of the shielded.
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Table 1 Depth doses of telecobalt sieve irradiation and ‘‘ Inhomogeneity Quotient *’

967

Depth in cm. Point A Point B In}gﬂgigee;eity
05 100 13.7 7.3
5.0 70 15.3 4.6
10.0 47 13. 4 8.5
15.0 31 Tlg2 2.8
20,0 23 9.2 2.5
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This problem has already been pointed out by Kaneda, Hishida and Maeda (1962), in
the experiment of survival of mice, in which no sieve effect could be seen in those
irradiated with an inhomogeneity quotient below 2.

The inhomogeneity quotient decreases to a value below 2 at 10 cm. depth in X-ray
sieve irradiation of 1.0 mm. Cu h.v.l. (Fig. 4), however with telecobalt sieve therapy
it holds a value of 3.5 at 10 cm. depth and 2.5 even at 20 cm. depth, where we can,
therefore, expect the biological sieve effect. :

As mentioned above, sieves for telecobalt therapy have hbeen constructed by
several workers. The size and structure of sieves differ, so the inhomogeneity
quotient varies, but these telecobalt sieves generally have a larger quotient value than
X-ray sieves (Table 2).

Table 2 Comparison of different telecobalt sieves.

Iéi?‘io hlzggf' Becker Mauderli Caffarelli || -
Japan : Germany U.S.A. Italy
Hole diameter, in mm. 10 11 el b e T 15
Ratio of opening, % 55 50 40483 1 820 20 50
Thickness. in mm. 46 al 56 60
Source diameter, in mm. 20 20 20 28
?flssEiaer::C;'i ﬁ‘ir{élg‘ce-mstalend 50 50 35.6 80
O :
Dosimetry Fluoroglass 1018. Ellslgrnn}xsr Film Film
= ; o i 4.0% No. 1 | No. 12 oua
i g i e 14% ;
By = 5.0 4.6 , 2.7% Fp
£.8 = 10.0 3.5 [ 19| 5.o% 2. 7%
%g B [50 2.8 2.3% 15%| 5.0% 2.7
20.0 2.5 ThEE S48 nD e

* The values are calculated or estimated from the data or figures reported by the authors.

Our sieve has the highest percent of open area and a large inhomogeneity quotient,
so it is considered to be very excellent for telecobalt sieve therapy.

Mean dose in telecobalt sieve irradiation

In sieve therapy, it is neéessary to calculate a mean tissue dose, which is commonly
defined as the average dose of the shielded and the opening. With the X-ray sieve,
it is relatively easy to calculate the mean dose by such methods as Schrick-Vietor’s!,
but not with telecobalt sieve. Mauderli et al. reported film dosimetry to obtain the
volume dose. ,

In our laboratory the mean dose was measured by fluoroglass in the following
way. As is shown in Fig. 5, the equilateral triangle, formed by the centers of
three openings, is a unit with a definite ratio of open and shielded areas. The
average dose in this area is the mean dose in sieve therapy. As is shown in Fig.

I
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5, a circle can be drawn surrounding a hexagon, which consists of 6 equilateral triangles.
The percent of the open area in the circle -is very close to tha: in the hexagon.
When a mean dose in that circle is measured, it can be clinically used as a mean
dose of the sieve.

Fluorods were fixed in the phantom at 10 equidistant points along the radius of
this circle, and were exposed to -rays when the phantom was rotating around an
axis through the center of the circle. The dose to each rod (D.) was multiplied
by its distance (R.) from the center of the circle, and the mezn dose (Dy) was
calculated from the sum of each product :

Du——Tp

The mean dose at 0.5, 5, and 10 cm. depth was 53.2, 39.0 and 25.2% of the air dose,

respectively. The mean valve obtained at each depth was lower than one half of the

sum of the percent depth doses of points A and B.

Caleulation of depth dose

A new method of calculation was devised to estimate the approximate dose dis-
tribution in telecobalt sieve irradiation, and the results were compared with data
obtained with fluorods in our clinic and with the data reported by Mauderli et al.

As is shown in Fig. 6, when the upper and lower edges of a hole in the sieve
are projected from a measuring point to the level of the source, two circles can be
drawn around the 2cm. circular source. Vihen the measuring point. is at the center
of the opening, the three circles are concentric, (Fig. 7) and radiation from the
source reaches the measuring point without any shielding. When the measuring point
moves away from the center of the opening, the three circles are no longer con-
centric. Thus, in respect to the path way of radiation, the source can ke divided
into three parts; inside both circles, between the two circles and outside both circles.
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Fig. 7 Displacement of circles in relation to

measuring points.
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Fig. 8 Dose distribution calculated at each
depth (Abscissa: mm.)
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Fig. 9 Comparison of calculated doses with
the data measured by fluorods.
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From the first (S.) radiation passes through the sieve without any shielding, from the
second (S;) radiation penetrates obliquely through the side wall of a hole and from

the third (S,) radiation must penetrate the entire 4.6 cm. of lead.

These three

parts of the source can be drawn geometrically and measured by a planimeter. When
the penetrating percent doses from, S.,S;, and Sy are assumed to be 100, 40 and
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102, respectively, the primary radiation coming to the measuring point, in another
word, the Utilization (U%) of the source is calculated as follows:
e Sa X100-+Sp x40+S, x10
S S=S; +S5 +S; :

Finaly, the depth dose (D,) can be calculated when U is multiplied by percent
depth dose (Dy) of primary radiation at each depth and an appropriate dose of scatter-
ed radiation is added. The value of percent depth dose of primary radiation was
quoted from the Wacksmann’s data, and the dose of scatter was defined as one half
of the dose (Ds) which is the difference between the percent depth dose of 0 cm2 and
100 cm?. quoted from the same table, because the sieve has an open area of about 50%
and the dose of scatter may be one half of that with a homogeneous irradiation.

D,=UxDp+Dsy/2

The depth doses calculated at 0.5, 5 and 10 em. depth are shown in Fig. 8. In
Fig. 9, these calculated values are compared with those measured hy fluorods, and
the results are found to be very similar, although at point B the former is slightly
lower than the latter When this method of calculation was applied to Mauderli’s
sieve, it showed a very satisfactory coincidence.

From these findings, it could be said that this calculation method is able to
distinguish different properties of different sieves and give good information for the
construction of telecobalt sieves.

Summary

It is believed that sieve irradiation has of great value not only in X-ray therapy
but also in telecobalt. A Telecobalt sieve was constructed in our clinic and has been
used clinically.

In this paper, dose distribution and mean dose at each depth measured by fluorods
are reported, and a new method of calculation is described.
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