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On the Linear Accelerator Radiography
(The Studies of Linac Therapy Part II)

By
_ Yoshihiko Tsuji
Department of Radiology, Kurume University School of Medicine, Kurume, Japan
(Director: Prof. Dr. Miichiro Ozeki)

Since the linear accelerator (linac) and betatron have a smaller focus than %°Co and linzc is much
higher in the x-ray dose rate than betatron, linac is considered to be fit for the supervoltage x-ray ex-
amination. !

Besides being used for diagnosis, this linacgraphy also applies to collimation for the linac x-ray ther-
apy.

In this case, a precise laying is essential first by reproducing the conditions aimed at with a siraulator
on a treatment table, and then by comparing the x-ray films taken by linac x-ray with those taken with
a simulator.

The purpose of this paper was to describe to what degree every part of the body, such as the bone,
lung, lumen, and others, contrast mediums, and lead marks attached as the target to the inside or outside
of the body are visualized, and at the same time to make mention of the diagnostic value of the linac-
graphy.

As our deviceis provided with a axial transverse tomography by linac, its clinical use was also
examined.

The results obtained are as follows:

1. Among combination of the film and the intensifying screen emploved for this experiment, a com-
bination of the KODAK industrial x-ray film (TYPE M) and the fluorescent lead intensifying screen
(KYOKKOQO GS) proved to be the best.

2. The Graedel’s technique was most effective for eliminating the scattered x-rays and a film was
placed at a distance of 20 cm from the center of the subject (with a distance of 90 cm from the focus to the
linac rotation center). Only in the case of chest film, a distance between the focus and the subject (the

skin surface facing to the film) was 180 cm and a film was taken 20 cm away from it. And the build-up
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phenomenon might be dissolved by those Graedel’s technique.

3. As to the roentgenograms taken by linac supervoltage x-rays, within the changeable scope of
linac energy used for experiments of between 12 and 6 MV, 6MV prove to be the optimal figure avail-
able for diagnosis.

4. The time of photography can be obtained from density curves of the acrylite steps depending
on the thickness of the subject. In the case of the standard adult Japanese, it amounted to 4.5 sec in the
chest, 8.5 sec in the abdomen, 7 sec in the frontal view of the head, and 6.5 sec in its sagittal view, and
the dose given at a distance of 180 cm was 3.7 R, 7.1 R, 5.8 R, and 5.4 R, respectively.

5. Since in the case of supervoltage x-ray examination, the atomic number has extremely little
influence on the coefficiency of absorption, contrast mediums, such as iodo-preparations, barium, and
others were ineffective. On the contrary, low density substance, such as a gaseous body or air, possesses
an effective visualizing potency for contrast medium.

6. As to the detail appearance of a shadow by means of Mix-DF phantorn, a Mix-D ball can be
distinctly when it is visualized 5 mm in diameter, though faintly when itis 3 mm. Columnar holes opened
in a Mix-D brick, namely aerial layers is visible to the extent of that of 0.3 cm in diameter and 0.5 cm
in height.

7. The mark of aim used for therapy at linacgraphy was the paranasal sinus, oral cavity, upper
airway, intrapulmonary tumor, bronchia in atelectatic lung, a gaseous body in the gastrointenstinal tract,
vertebra, most part of the pelvis, fernur, and lead marks attached to the body surface or inserted into the
body lumen.

8. What was uncertain to recognize as the mark of aim was a high concentration barium contrast
medium (for the esophagus), an intrapulmonary thin wall cavity, the clavicle and ilium.

9. What was unable to be visualized as the mark of aim was pictures of contrast medium for the
bronchus, gall bladder, pelvis of the kidney or that of thin barium contrast medium and ribs.

10. Linacgraphy aiming at diagnosis was useful for recognizing the state of the paranasal sinus,
oral cavity, upper airway, trachea and bronchia in mediastinum and that of the bronchia and cavity in
the pulmonary pathological changes forming a dense shadow, such as atelectasis. In other words, linac-
graphy was effective for diagnosis when a gaseous body was used as a contrast medium and the surround-
ing shadow was dense. In comparison with the conventional photography with lower voltage, it was
sornetimes found to be of more diagnostic value.

11. To employ the axial transverse tomography by linac as the laying of irradiation is not yet effec~
tive enough to obtain pictures available for routine use.

12. From those, it can be concluded that, though linacgraphy is much helpful to the collimation
for radiation therapy, it is not so necessary for making a routine diagnosis. And the axial transverse:

tornography by linac presented here demands further investigation.
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Tahb. 1. Characteristics of Linac.

13 MeV— 6 MeV

500 R/min atm (Max)
+ 3 (%) or less

2— 3un dia.

+ 2.5 (%) or less

( 0—30x30) cm at Im
0.1— 1 r.p.m.

Radiation Energy
X-Rays Output
Output Stability
Focal Spot Size
Flatness of Field
Field Size
Rotation Speed
Rotation Angle + 195° to perpendicular
Leakage Dose Rate 1/1000 to main beam
FCD 90cm
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Fig. 1. Control panel of Linac.
A. Min. & sec. timer can be set from 0,1 sec.
to 60 min.
B. Dosimeter of monitor is able to preset from
1R to 9999R.
C. Switch to transform the energy of x-rays
or electron beams.
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Fig. 2. The flattening filters of various energys.
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Fig. 3. Dose distribution curve of 6 MV x-ra-
ys in irradiation field.
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Fig. 5. Technique Lieder.
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Fig. 6. Scene of Linacgraphy by transformed
Lieder’s cassette holder.

A. Head of Linac.
B. Cassette.
C. The distance of A to B is 200 cm.

Fig. 7. Scene of axial transverse tomography
byLinac.
A, Cassette.
B. Cassette holder axial transverse tomography
byLinac.
C. Hexahedral brick made of Mix-D.
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Fig. 8. Simulator.
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Fig. 9. Characteristic density curves of three
films. (10MV, KYOKKO-GS)
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Fig. 10. The size frequency of three films. ( 200x)

a. Fuji (type 80)

W~

b. Kodak (type M)

c. Sakura (type R)
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Fig. 11. Optical density curves of acrylite

steps in Linac 6 MV x-rays with close
apposition.
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Fig. 12. Optical density curves of acrylite

steps in different energy in Linac x-rays.
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time and film density of acrylite steps,
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Fig. 14. Stability of dose rate
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Fig. 15. Photograms of various diameter vin-
yltubes(filled up various contrast mediums)
a. Urografin. b. Air. C. Barium.
A, 20 and 15 mm diameter vinyltubes,
I. Taken by 6 MVx-rays.
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II. Taken by 62 kVp.
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B. 10 and 7mm diameter vinyltubes.
I. Taken by 6 MV x-rays.
a b ¢ a b

II* Taken by 62 kVp.

10mm

a b c a b
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C. 5,3 and 1mm diameter vinyltubes.
I. Taken by 6 MV x-rays.
a b ¢

a b ¢ a b ¢
3 mm 1 mm

1I. Take by 62 kVp.

a b ¢ a b ¢ a b ¢
5 m 3mm 1 mm
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Fig. 16. Curves showing relative mass absort-
ion coefficients of wvarious types of tissue
at various MeV.
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Fig. 17. A Mix-DP phantom of the lung.
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Fig. 18. A. Diagram of Mix-DP phantom with
various diameter Mix-D balls and plastic

bulb.
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Fig. 18. B. Photogram of Mix-DP phantom
with various diameter Mix-D balls and
plastic bulb by 6 MV x-rays.

Fig. 18. C. Photogram of Mix-DP phantom
with various diameter Mix-D balls and
plastic bulb by 62 kVp.
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Fig. 19. A, Diagram of detail appearance of
Mix-D brick in various depth and diamer

of holes.

12mm@® 0mm? Bmm$ Smmé Immé

ol Hr M IS
= 10mm

o] Q00 o

O O O ° 9 Esmm

O O O ° ] E Imm
F——— 100mm-——-+

Fig. 19. B. Linacgram of Mix-D brick with
depth and diamer of holes.
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Fig. 20. Linacgrams of a skull taken by 6 MV x-rays.
B. Lateral view

A, P-A view
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Fig. 21. Linacgram of a metastastic lung cancer.
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Fig. 22. Photograms of hilar lesion (lung cancer),

A. Taken by 65kVp x-rays.

- L sl

. -.“

P
_i
o
3

Fig. 23. Linacgram of bronchia in atelectatic
lung (lung cancer)
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Fig. 24. Linacgrams of esophagus phantoms.
There are vinyl tubes of 1.5cm in diam-
eter (filled up barium contrast medium)
in the water.

A. Filled up 75 w/v 9% barium contrast me-
dium.

B. Filled up 37.5 w/v 9 barium contrast
medium,
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Fig. 25. Linacgram of esophagus cancer used Fig. 27. Lmacgram of the vertebral column.

Fig. 28. Linacgram of the pelvis.

comformation collimator of transformed feld.

r

Fig. 26. Linacgram of stomach.
A, Barium contrast medium.

B. Air,
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Fig. 29. Linacgram of a lead mark.
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Fig. 30. Photograms of a maxillary cancer.

B. Taken by 6 MV x-rays.
It is showed defekt of
maxillary bonc,

A. Taken by 75 kVp x-rays.
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Fig. 31. Photograms of a Wegener’s granulom.
A, Taken by 65 kVp x-rays.

B, Taken by 6 MV x-rays.
A, Wegener’s granulom
B. Glottic
C. The part of trachetomy

Fig. 32. Photograms of a metastastic lung sarcoma (chondrosarcoma).

A. Taken by 65 kVp x-rays.
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BE. Taken by 6 MV x-rays.
There are various size tumors
in entire lung field.
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Fig. 33. Photograms of a lung cancer. (with cavity formation)
A. Taken by 65kVp x-rays. B. Taken by 6 MV x-rays.

. e | ‘l'
.-.. m...£¢uummmtm;; i

Fig. 34. Linacgrams of Ing cancer.
A. Taken by 65 kVp x-rays. B. Taken by 6 MV x-rays.
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Fig. 36. A. Hexahedral bricks of Mix-D.
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Fig. 36. B. Axial transverse tomogram of Mix-
D bricks by linac.
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Fig. 37 B. Axial transverse tomogram of Mix-D column by linac.
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Fig 38. Photograms of a Mix-DP phantom.
A, Axial transverse tomogram
by linac.

B. Axial transverse tomogram by
conventional x-rays.
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Fig. 39. Photograms of lung cancer used comformation collimator

of transformed field,

A. Taken by 6 MV x-rays.
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