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2. Absorption.

This depends upon the following factors:

When X-rays pass through a body the absorption in that
body is increased in the following ways.

a. By increasing the wave-length of the rays, and so reducing
their penetrating power; provided that no change occurs in
the dimensions of the body or in its chemical composition.

Fig. 2.

b. By increasing the thickness (depth) of the body ; provided
that the concentration of the rays and the chemical composition
of the body remain unchanged.

c¢. The higher the atomic weights of the chemical elements
which constitute the body, the greater the absorption; pro-
vided the dimensions of the body and the quality of the radia-
tion remain constant.

[llustrations of these three poirts will now be given:

a. Diagrams I, I1, and I1I in Fig. 2 represent three radiations
of different quality, the respective penetrating powers of which
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c. If we consider three absorbers of identical dimensions but
made of aluminium (atomic weight 27), sulphur’(atomic weight
32), and iron (atomic weight 56), shown in Fig. 4 at 4,, 4,, and
A, respectively, and if we assume the same composition of the

Fig. 4.

rays, then A, will absorb less than A,, and A4, less than 4. If
J, and J, are measured in these cases we have

(J1—=J2) .‘11{{‘}1_12}4‘11{(‘;1—'}’2)143' . (10)

The increase in absorption is regular; it follows the order of
the chemical elements in the table of atomic weights.

3. Scattering.

If a beam of X-rays traverse a body, a part of the rays is
scattered : the actual amount of scattering depends on the
volume of the body.

Scattering of X-rays is of the greatest importance in X-ray
therapy. It plays the more important role, the shorter the
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wave-length of the radiation and the smaller the atomic number
of the scattering substance ; which are just the conditions in the
case of deep X-ray therapy.!

If we consider a body A4, Fig. 5, irradiated by a beam of
X-rays, R, every element of volume which absorbs energy from
the beam scatters it in all directions to a greater or less degree,

Fig. s. Fig. 6.

e.g. the greater the dimensions of the irradiated space, the
more elements of volume will lie in the beam, and con-
sequently the more scattered radiation will be given out.

The practical significance of this will be seen in Fig. 6.

Let A be an absorber, of which we will consider V' to be a
portion which will absorb a definite quantity of radiation. If
absorption is the only process in the stratum 5, which is above
the portion V considered, the quantity of radiation energy in V
will be that due to the absorption loss in that part, i.e. J;— /,.

I The scattering under these conditions is small, but this constitutes
the main secondary action.
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If, however, as actually occurs, scattering as well as absorption
takes place in the stratum S, some of the scattered radiation
from S will enter V', and must be taken into account as an
addition to the ordinary supply to V. At the same time, how-
ever, V' 1s itself scattering a certain amount of energy, and some
of this amount will pass out of V. The additional radiation

entering the space V is the more enhanced, the greater the
scattering in the overlying stratum S, and, when other factors
are constant, this depends on the dimensions of the X-ray
beam, as may be seen in Fig. 7.

Fig. 7 (1) shows a beam of rays which is restricted by its
passage through a diaphragm BI, to such an extent that it can
only traverse the element V" of the body. In addition to this,
V only receives from the overlying stratum S an extra amount
of radiation which is represented between the two arrows I
and 2. If the aperture is increased to a diameter Bl,, as in
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that part of A which is traversed by the rays, and D the average
dose throughout that part, then
E (S E 2
Fons S : . oy [ 12)

The dose determined by this equation is, however, only a
mean. The uppermost stratum S, will receive a larger dose
than the lowest stratum S,, for energy
1s lost by absorption in the strata S,,
Sg, S¢ -+ - Sy—, which lie above it, and
S, will therefore receive less than any
of the others. Since this is always the
case in practical X-ray therapy, the
concept of the meandose is not adequate
for practical purposes, where it is more
important to determine the dose at a
given point in the irradiated tissues.

The exact definition of the dose is
therefore as follows:

The dose is that amount of radiant
energy which is absorbed during the
period of irradiation by an infinitesimally
small element of the body A, divided
by the volume of that element. Fig. 8.

Apart from the dose received during
the whole period of irradiation, it is important, for therapeutic
reasons, to know the dose administered during a unit of time.
To meet this need Grossmann introduced the concept of the
‘unit-time dose’, the definition of which is as follows:

The unit-time dose is that amount of radiation absorbed in
one second by a small volume element of the body A4, divided
by the volume of the element.

If the composition and amount of the beam are unchanged,
the dose reaching an element of the irradiated body is equal to
the unit-time multiplied by the time of irradiation in seconds.
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greater at the point P, than at the point P,, which is situated
at the centre of the beam. The smaller the distance from the
focus A the greater will be the difference between the radiation
received at P, and P, respectively.
(i) Absorption. In Fig. 10, A is a body traversed by a beam

Fig. 10. Fig. 11.

of rays R. The point P, at the surface of the body receives
a larger amount of radiation than the point P, at a depth
d in the body, for, apart from the expansion of the beam,
which makes the concentration at P, less than that at P,
absorption takes place in the stratum d.

(iil) Scatfering. In Fig. 11, A is a body traversed by a bundle
R. The point P, at a depth 4 in the body receives rays scattered
from all parts, while the point P, at the edge of the beam only
receives rays scattered from the space traversed by it.

From these various factors which govern the space distri-
bution of the dose, it follows that the values laid down in the
following tables for the practical dose hold gond only for the
centre of the bundle,

As Holfelder's experiments demonstrated, the points within
the beam at which the dose is equal are practically equidis-
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the dose received by an infinitesimal spatial element 2 in this
stratum, and D, is the dose received by an infinitesimal spatial
element 1 at the surface of the body A. The dosage quotient is

D, . Its size is governed by the three familiar factors:

D,
(i) spreading,
(ii) absorption in the overlying stratum 4,
(iii) scattering.

(i) If the overlying stratum % and the quality of the radiation
D,
D,
will be the smaller—and more suit-
able—the greater the distance of the
source of the rays from the body A4,
since the difference in the thickness
of the beam at the surface and In
the interior will be proportionately
less.

(ii) Given a constant overlying stra-
tum % and a constant focal distance,

are constant, the dosage quotient

the dosage quﬂtientg“ will be smaller,

and so better, the lestli the absorption
that takes place in the overlying stra-
tum & and the greater the penetrating power of the rays.
(iii) If the overlying stratum /%, the focal distance, and the
quality of the radiation remain the same, the dosage quotient

Fig. 12.

D,
D,
the body, a factor which increases with the size of the beam.

To obtain an optimum dosage quotient, therefore, these
three conditions are necessary:

a. The lengthening of the focal distance.

b. The improvement of the quality of the rays by choice of
the most suitable filters, and

C2

will improve in proportion to the scattering of the rays in
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R the light-sensitive strip (‘ Kienbdck strip’), and S a block of
wax acting as a scattering body behind it of the same dimen-
sions as the block in the iontometric estimations. The light-
sensitive strip may be exposed in a perfectly normal manner
with the ordinary X-ray apparatus and the cone at 23 cm.

Fig. 17. Fig. 18.

from the focus, giving a field of incidence of 6 x8 cm. Five
Kienbock strips are exposed for different periods, as follows:
i. 80 seconds.
. go e
iii. 100
1v. 110 I
YoIan o,

LR

These times may be made longer or shorter according to the
output of the tube and the penetrating power of the rays.

2. The estimation of the deep dose D,. The arrangement of the
apparatus for estimating the deep dose D, is set out in Fig. 18.
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sions as that used for the iontometric measurements. The de-
flection of the galvanometer pointer is then measured and found
to be F,,.

2. The estimation of the deep dose D,. The apparatus for esti-
mating the deep dose D, is shown in Fig. 21,

Fig. 2o0. Fig. 21.

F is again the focus of the X-ray tube, C the filter in use for
the given irradiation, T the cone, R the receiver connected
to the galvanometer, and S the scattering-body behind it.
Here, again, R has in front of it a wax block 10 em. thick and
of the same dimensions as those used for the iontometric
measurements. The swing of the galvanometer is now measured

and found to be F,.

3. Calculation from these results. Having by these means
obtained the relative values F, and F, for D, and D,, the
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which the biological calibration of the standard tube was
carried out.

First of all the intensity of the rays is measured by an
iontometric apparatus or, when this is not available, by a
Fiirstenau intensimeter or the Kienbock strips. If an ionto-
metric apparatus is used, the operator measures the time taken
by the pointer to return over a given number of divisions of
the scale, or the extent of the deflection of the needle. It is
advisable to repeat the measurements several times and extract
the arithmetic mean. The values thus obtained are the
measure of the intensity of the radiations emitted by the tube
in use, and form the basis for calculating the time required by
that particular tube to produce the skin unit dose. If Kienbdéck
strips are used, the operator irradiates two strips with each
tube and develops all the strips together at the end of the
irradiations. The strips are fixed, washed and dried, pasted on
to cardboard, and marked with numbers corresponding to the
tubes to be calibrated and with the calibration data. The
values obtained by this method are then compared with those
obtained with the standard tube which was used to carry out
the biological calibration, and differences are noted. When
a picture has been obtained in this manner of the quantitative
output of the tubes to be calibrated, compared with that of the
standard tube, they are calibrated qualitatively by estimating
the percentage deep dose, which is the basis for the use of the
tables given in this volume,

Having ascertained the factors necessary for estimating
dosage by time, it is possible, by comparing the values obtained
with those of the standard tube, to estimate the time taken by
each tube to deliver the skin unit dose and also the number of
applications needed to administer the desired dose to the organ
requiring treatment. Since, however, the performance of a tube
does not remain constant over very long periods, the tubes
should be tested at intervals and the times of irradiation
corrected accordingly.






























