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Linacgraphy
By

Tkuro Tatsuno, Naganari Izumi and Isao Takeda

The Department of Radiotherapy, National Kanazawa Hospital, Kanazawa

Masao Okuhara
The Department of Radiology, National Kanazawa Hospital, Kanazawa

Fundamental and clinical studies on supervoltage roentgenography using Mitsubishi 6 MeV linac
were carried out. We called this roentgenography as linacgraphy. Linacgraphy is important not only
for radiotherapeutic collimation but also for radiographic diagnosis.

Following mechanical device for taking linacgraphy was characteristic. (1) The effective energy for
the X-ray which is deduced from a measurement of half value layer with iron was 1.8 MeV. (2) Coil and
magnet system for accelerated electron beam was installed to make small X-ray focal spot. (3) Loss time
after switch on photography was only 0.1 second and exposure time was within one second. (4) Electronics
timer in which every 0.05 second is graded between 0 to 1 second showed good reproduction. (5) A.F.C.
(Automatic Frequency Control) worked well by the adjustment not only in the therapeutic dose range
(300-—200 R/min/m) but also in the photographic dose range (80—30 R/min/m). (6) The acryl plate of
0.5 cm thickness was marked with lead at every | cm on the isocentral plane. This plate was used for field
collimation and correction. (7) Cassette holder was available at the bed to take linacgraphy on the ver-
tical and horizontal direction.

Following studies on the photosensitive materials was performed. From the standpoint of contrast
and sharpness (grain) of the linacgram and exposured dose on the human body, two combinations of screens
and film showed good results. (1) 0.5 mm L.F. screens and medical X-ray film (Fuji KX or Sakura New
Y Type). (2) The Kyokko GS screens and industrial X-ray film (Fuji No. 100 or Sakura RR Type).
Resolution was determined by Burger phantom experiments and corresponded to the X-ray picture taken
by the conventional X-ray apparatus of 60 KVp and 0.3 mm focus size. ~Finally we decided following con-
dition as one standard for taking linacgraphy. Exposure time: around 0.5 second, exposured dose on the
film: 230 mR.

Clinically, the irradiation field was corrected by the help of mark on the linacgram for field collima-

tion. In linacgraphy of the head and neck region, the nasal sinuses, pharynx, oral cavity, larynx were
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clearly shown without any superimposed bony shadow.
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Also, lung field which is superimposed with cla-

vicule, ribs, heart and diaphragm on the conventional chest film were well revealed on the linacgram.

Highly radioopaque lung on the conventional chest film demonstrated the interior structure if air is kept

in the lung. Since linacgraphy of head and neck region and chest have these characteristic advantages,

it was found to be most useful for the radiographic diagnosis of malignant tumor.

In the abdominal re-

gion, pnieumo-gastrointestinal or pneumoperitoneal linacgraphy was adopted. Abdominal masses was

clearly contrasted with air or gas.
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Fig. 1. Block diagram of coil system and magnet system of Mitsubishi 6 MeV Linac.
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Fig. 2. Schema of bending, convergence and divergence of electron beam and

generation of X-ray.
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utic timer (110,

Fig. 4. Calibration curve for electronics timer
(National No. 1236), measured by cycle-
counter (YEW.CY Type).
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Fig. 5. The acryl plate which is marked with
lead is attached on the shadow-tray.
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Fig. 6. Cassette holder for vertical projection.
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Table 1. Comparison of intensifying screens

Intensifying factor

Kind of screens (at film density; 1.2) }

Non-screen type !

(Sakura RR or Fuji £100))

No screen 1 |

LF. 0.3m 2 |

L.F. 0.5 mm 2.1 !

LF. 1.0 m 1.8 i

GS (Kyokko) 10 i

Toshiba

(Trial production) 10.3

(L.F.: Lead Foils)
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Table 2. Pb-filter experiments
" . Thickness of (1) (2) (2)
Dose (R/min) Pb-filter (mm) | Narrow beam Wide beam m
| Pb-filter 0 72.6 121.0 1. 66,
2 66.0 109.0 1. 65,
i Pb-filter 3 62.8 . 105.0 1. 67,
i (Single type) 4 . 62.0 103.0 1.61,
A; Perpendicular 5 " 58.8 99.0 1.68,
; irradiation
| 2 66.0 120.0 1. 81,
Pb-filter 3 62.8 117.0 1. 86,
(Sandwich type) 4 61.4 115.0 1.8T7,
[ 5 58.0 110.0 1. 89
i Pb-filter 0 69.4 121.0 1.74,
| 2 62.8 111.0 1. 76,
f Pb-filter 3 59.4 106.0 1. 78,
| B: Horizontal (Single type) 4 58.0 102.5 1. 76,
irradiation 5 56.2 99.0 1. 761
{ (right to left)
2 62.0 122.5 1.97,
Pb-filter 3 59.6 120.0 2.01,
(Sandwich type) 4 58.0 117.5 2.02,
5 55.4 113.0 2. 03,
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Fig. 10. Experiment of Pb-fltration

—F ¢~ Linac X-ray target

i

T ———Water phantom

—Pb-filter
Radocon-probe
Table

T
10cm

!_E"‘-—_-

96.Tcm

Floor
e /I

Fig. 9. Comparison of linacgram taken by two combinations of screens and film.

(A) The Kyokko GS screens and Fuji
No. 100 industrial X-ray film.

(B) 0.5mm L. F screens and Fuji KX

medical X-ray film.
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Fig. 11. Phantom experiment
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O Linac X-ray Target
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Fig. 13. Results of phantom experiment

Target-film-Distance : 125¢m

8
\. — \;imtgra?m )
. (Target size Imm}
1 — -»— ®Co-radiography
) (Souce size 20mm}
—-— 125kvp X-ray photography
<5t (Focus size” Zmm)
el AN N0 e Wkvp )Ei:rav plhol.n raphy
120em E ocus size (Ldmm}
ﬁ 2 5 _ —_\
‘ — =il S N
Water Z 2 : N N
Phantom g \ \
10cm a3 R E
N
. 2l e | N
Burger —— s
Phoston e jé \
I e e L “—-—--..k‘__2
1
1: Pb-Filter (t=2mm) 2: Screens DU 1 ) 3 i 3 7 g
3: Film 4: Cassette Depth of hole (mm)
Fig. 12. Effect of Pb-filtration (Phantom experiment)
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(A) X-ray film: Industrial Fuji 100
Screens: GS (Kyokko)

3 4 5
Depth of hole (mm)

(B) X-ray film: Medical Fuji KX
Screens: L.F. 0.5mm.
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Table 3. Condition to take linacgraphy

Exposure time: 0.5 sec.
T.F.D.: 120 cm

Intensifying Film Output

Region screens (R /min/m)
ot | C8 % 100
iead TOM L. 0.5m | KX | 100
ca o les ¥ 100 76
ters
AT ILF. 0.5m | KX 91
frontal | GS £ 100 53
Neck and
lateral | L.F. 0.5mm | KX 63
GS #1000 60
frontal
Ch L.F. 0.5mn | KX 72
t
. el LGS 5100 80
atera
L.F. 0.5mmn | KX 96
Abd frontal |2 #100 &
ronta
e L.F. 0.5m | KX | 100

(L.F.: Lead Foils)
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Fig. 14. Field collimation, angiofibroma of na- Fig. 15. TField collimation, lung cancer.
sopharynx.

Fig. 16. TIield collimation, after operation ol Fin. 17. Field collimation, after Ra treatment
breast cancer. of cervix cancer.

Fig. 18, Pharyngeal carcinoma, showing tumor of epi-and mesopharynx in (b)
but not in (a).

(a) 65kVp X-ray (b) 6MeV X-ray
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Fig. 19. Maxillary cancer, tumor in the left Fig. 20. Laryngeal cancer, deviation of air way

maxillary sinus and its invasion into the toward left by the tumor of right false and
true cord and no showing of the right pyr-
iform sinus.

left nasal cavity.

Fig. 21. Laryngeal cancer, huge mass ol epig- Fig. 22. Laryngeal cancer, epiglottic tumor ext-
lottis. ending to posterior wall of larynx.

!‘ ! . AWV Ay _"‘ﬁ

Fig. 23. Lung metastasis from stomach cancer. Tumor shadow which is superimposed with
clavicule, rib, heart and diaphragm are clearly shown in (b) but details of other meta-

static pattern are superior in (a).
| e I ¥ d .!

B

(a) 1251{\’1:1 X--r.'a}-' (b) 6MeV X-l:a-;'d
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Fig. 24. Lung cancer and pleuritis carcinomatosa. Pleural
effusion and tumor in the lung field are well shown.

Fig. 25. Lung cancer, radioopaque area of the right upper lung in (a) reveals
the interior structure of lung, dilatation of vena cava superior, bronchus and
hilar region in (b).

(a) 125kVp X-ray (b) 6MeV X-ray
Fig. 26. Banti’s syndrome, splenomegaly clearly shown by pneumo-gastrointestinal
linacgraphy correspond with MHP splenic scan.
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Fig. 27. Chronic myeloic leucaemia. Splenom- !

egaly are shown by pneumo-gastrointestinal !
linacgraphy.
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