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Estimation of Average Density of Lung by a Radiographic Transit Dose Method and
Correction Factors for a Lesion in the Midthoracic Oesophagus treated with
Rotation of 4.3 MV X-Rays and Cobalt-60 y-Rays

by

Yoshio Onai, Teizo Tomaru, Toraji Irifune and Isao Uchida

Department of Physics, Cancer Institute, Tokyo

It was reported in a previous paper that when the density and thickness of lung in the pass of the beam
are determined, radiation dosage can readily be calculated at any point in the thoracic section by the use
of a computer. The density of the lung may be estimated by dividing the difference between the water
equivalent thickness of the body and the thickness of water equivalent material in the body traversed by
the beam by the thickness of lung tissue traversed, if a position of the beam is selected in such a way that
no bone is irradiated. From transverse tomographs and transit dose measurements, it is possible to de-
termine the thickness of the lung and the water equivalent material, and the water equivalent thickness
of body to be traversed by each pencil of the beam considered.

In the first part of this paper, a radiographic transit dose method for determining the equivalent
thickness of body with the use of 4.3 MV X-rays is described and some attempt is made to estimate the
errors involved when the method is used. In the second part, the method applied to some patients and
the densities of the lung estimated for individual patients are described. Further, using the density of
lung, correction factors for a lesion in the midthoracic oesophagus treated with full rotation of 4.3 MV
X-rays and ®Co vy-rays were calculated by the use of a computer.

Transverse tomographs were taken by the apparatus manufactured by the Tokyo Shibaura Electric
Co., Ltd.

The results obtained are as follows:

1. The error of the water equivalent thickness of body obtained by this method is not greater than
1 g/cm?.

2. This method gives 0.27 4+ 0.07 g/cm? for the mean density of healthy lungs for 11 patients (Fig.
8).

3. TFor a lesion in the midthoracic oesophagus treated with full rotation of 4.3 MV X-rays, correc-
tion factors for 47 patients range from 1.09 to 1.19 and the mean value is 1.14 -+ 0.02 (Fig. 10).

4. For ®Co y-rays, the correction factors range from 1.11 to 1.22 and the mean value is 1.16 -~ 0.03

— 17 -



1398

(Fig. 10).
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In clinical practice, a correction factor of 1.15 may be used for both 4.3 MV X-rays and $°Co y-rays.
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Fig. 2. Apparent water equivalent thickness
of Cu-stepped wedge obtained with an ioni-
zation chamber, the apparent water equiva-
lent thickness being the thickness of water
equivalent material which transmits the same
proportion of the beam as the Cu-stepped
wedge.
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Fig. 3. WVariation of the thickness of Pb-
stepped wedge which transmits the same
proportion of the beam as the water equiva-
lentmaterial with distance from exit point to
the film for two arrangements as shown in
the insert of the graph.

8 ) ,-5"‘""'"" Thickness of phantom

o o

< p— 0 g/cm?

[+]

"%", L

- —_—

_i | T o

N e 12.6 9/cm?

S L

20—

& Pb ‘lStePPed wedge
2
=t Phantom£ | g— ——
@ e

@ r B o £21 o -
= Film — —k £33

(& -

ﬁ O 1 1 | 1 L

0 10 20 30 40 50

Distance from exit point to fiim. y (cm)

1399

Fig.4. Apparent water equivalent thickness
of Cu-stepped wedge obtained with a film
for an effective field size of 10X 25cm, the
effective fieldsize being the size of the water
equivalent material included in the beam.
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Fig. 5. Apparent water equivalent thickness
of Cu-stepped wedge obtained with a film
for an effective field size of 25X 25cm.
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Fig. 8. Densities of the lung of 11 patients
measured by the present technique.
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Fig. 9. Histogram of mean distances (%)

beyond lung and mean thicknesses(I)of lung

traversed by the beam with full rotation in
midthoracic oesphagus for 47 patients.
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Table 1. Esitmated average (p,,); upper (p,), and lower (p.) values of density of the
lung for individual patients and correction factors (CF) calculated using the
densities pay, pus pr. and 0.27 for a lesion in midthoracic oesophagus treated
with full rotation of 4.3 MV X-rays.
Density CF(p) CF(p)/CF(0.27)
Patient .
Pav oL pu |0=0.27| pay L Pu Pav n fu
A 0.16 0.09 0.23 1.14 1.17 1.18 1.15 1.02 1.03 1.01
B 0.20 0.12 0.27 1.16 1.18 1.20 1.16 1.02 1. 03 1. 00
C 0.24 0.17 0.33 1.14 1.14 1.16 1.18 1.01 1. 02 0.99
D 0.28 0.22 0.35 1.15 1.15 1.16 1.14 1. 00 1.01 0.99
E 0.32 0.23 0.40 1.12 1511 112 1.10 0.99 1.01 0.98
F 0.36 0.28 0.43 1.10 1.09 1.10 1. 08 0.99 1. 00 0.98
G 0.16 0.07 0.25 1.13 1.15 1.16 1.13 1.02 1.03 1.00
H 0.25 0.19 0.32 1.16 1.16 1.18 1.15 1.00 1.02 0.99
I 0.27 0.20 0.34 1.13 1.13 1.15 1.12 1.oo 1.01 0.99
J 0.32 0.26 0.39 1.14 1.12 1.13 1.11 0.99 1. 00 0.98
K 0.36 0.29 0.43 1.16 1.14 1.15 1.12 0.98 1. 00 0.97

PEoERR 4.3MV X e oW TFELE
LD THBH, PCo v oW TLRAEDZ &
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Fig. 10. Histogram of correction factors for a
lesion in midthoracic cesophagus for 47 pa-
tients treated with full rotation of 4.3 MV
X-rays and **Coy-rays.
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Table 2.

1403

Mean distances () beyond lung and mean thicknesses (1) of lung traversed by

the beam with full rotation in midthoracic oesophagus and correction factors
calculated from t and [, and from t; and I;, for 4.3 MV X-rays, where =(Zt;)/n

and T=(Z1;)/n.

Mean thickness [Mean distance(t) Correction factor Ratio
(L) of lung, cm |beyond lung, cm calculated from .
Patient interval interval ! and & 7: and CF/CF (5°)
5° 30° 5° 30° | CF(5°) |CF(30°)| CF(5°) |CF(30°)| CF (5°) | CF(30°)

A 3.9 4.0 4.6 4.6 1.14 1.14 1.14 1.14 0.99, 1. 00,
B 4.4 4.5 4.0 3.7 1.15 1.16 1.16 1.16 0.99, 1. 00,
C 3.9 4.0 4.1 4.1 1.13 1.14 1.14 1. 14 0.99, 1.00, |
D 4.3 4.3 5.5 5.0 1.16 1.16 1.15 1.15 1. 00, 1.00, |
E 3.8 3.7 3.0 2.8 1.12 1.12 1.12 1.12 1. 00, 0.99,
F 2.8 2.9 5.2 5.1 1.10 1.10 1.10 1.10 1. 00, 1. 00,
G 3.9 3.9 3.5 3.7 1.13 1.13 1.13 1.13 1. 00, 1. 00,
H 4.6 4.6 4.2 3.6 1.16 1.16 1.16 1.16 1. 00, 1. 00,
1 3.9 3.9 4.2 4.3 1.13 1.13 1.13 1.13 1. 00, 1. 00,
J 4.0 3.8 3.4 3.2 1.13 1.13 1.14 1.13 0.99, 0.99,
K 4.6 4.6 4.0 4.1 1.16 1.16 ¢ 1.16 1.16 1. 00, 1. 00,

Field 5 x5 cm, density of lung 0.27 g/cm?
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