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Quantitative X-ray Diagnosis

Application of film scanning method to the pulmonary function test

Masaomi Takizawa
Division of Radiology, Shinshu University Hospital, Matsumotoshi
Yoichiro Umegaki, M.D.
Department of Radiology, National Cancer Center Hospital, Tokyo

The film scanner described in this paper was developped for the purpose of quantitative X-ray
diagnosis. X-ray diagnosis depends on the variety of absorption, and X-ray film stores the necessary
datas. By means of scanning densitometry, datas for the quantitative diagnosis can be collected
from X-ray films.

The film analyzer consists of a differential scanning system for a couple of films in substraction, two
non linear amplifiers, two integrating amplifiers and a recording system. On account of non-linear
characteristics of X-ray film, it requires an adequate correction and calibration before the quantitative
analysis, The purpose of substraction is to estimate changes which have occured between two exposures.

In the case of chest film, the integrated substraction corresponds to the amount of air hreathed out or
in. This is the basic principle of the pulmonary function test by filin analysis.

The benefit of the quantitative diagnosis by the film analysis are as follow.

1) It enablesus to observe X-ray films both from morphological and quantitative standpoints.

2) Partial and local pulmonary function can be analysed with this technic,

3) The technic is quite simple and inexpensive. It requires only two X-ray exposures at deep

inspiration and exspiration.

4) The calibration can be easyly done by simultaneous measuring the amont of air breathed out.

5) Interesting patterns were observed according to the type of pulmonary insufficiency.

6) Further clinical application, for example, a quantitative analysis of angiographic films are

now under development,
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Fig. 3 Photometric scannings of a chest film
on the right half, simply repeated on the
vertical direction.

a) recording of full scanning through the right
lung (slow recording)

b) recording of single scanning(fast recording)
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Fig. 4 Principle of integrating amplifier
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Fig. 5 Characteristics of integrating amplifier
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Fig. 6 Test recording of integration both in
plus and minus
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Fig. 7 Integral scanning of a chest iilm in the
right half on the vertical direction. Each
peak corresponds to the integral of density
in lung field or the amount of air in lung.

BE T S/ DFE 23T INIAED TR 2 EER L A
BT B IEIE 2R . AFig. 6 (2w
ENFE WM EATAVCERNLE > 2 @B LD
DT HBEHR, EIEED CEET d o 7. il
scanning O —#]# Fig. 7T125R7.

ZOBEE, — RGO ERE O 2 EYHE %
T AOT, RIBEBATEE 2> 2R T d
%,

IV. 71 aBHORE L ZONE

74N 2T kY RNIE 2R 3, AL
HiFy & B T4 A TARPE 2 0B L § 5 2 L ik
L7, WPEEORRS L b L T, TRE
WEX LA 74N L0EETRSLTAB L, Fig.
8D n5.

7 4 Vo Fuji PX, 5B s g

B X Z60KV grid 7z L @ HA0 b HARE

HAREE S pR e 2xdliie H25% H 38 %

100F ——

AL
u

)
NN
NS

=

e A ,

depth of water cm
relative scale

Fig. 8 Characteristics of X-ray films exposed
with 60, 80 and 140 kVp measured by our
photometer.
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Fig. 9 Twin photometric heads
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thickness
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Table 1. R-L ratio of vital capacity in

normal men

Righi[ Left |
Case Age lung | lung
O T (%) | (%)
Max inspiratory| 53.2 | 46.8
K. I |3 | 19| Differential 52.3 | 47.7
Max. expiratory| 52.4 F6|
S ‘_ . Max. insp. 51.3 | 48.7

H. T | & | 26| Diff. 52 48
 Max. exp. | 52.2 | 47.8 _
T " Max. -in'sin_— ¥7 “ZG_.?;_i
K. 7|5 | 2| D 55 45
Max.exp. | 56.8 | 43.2
|7 | Max. insp. |53.8 | 46.2
M. T |3 | 36| Dif.  |'53.6 | 46.4
B | | _Max.exp. |58 |42
___Max. insp.___ | ‘_ N
K. M| & |38 Diff. 51 |49 |
Max.exp. | |
| || Max.insp. | 59.8 40.2 |
H. T 5|45 Dit.  [59.7 40.3
|| Maxew  [sas 457
Max. insp. 54.7 | 45.3
ot Sy ]
| | Max.exy. | 53.8]46.2
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Table 2. R-L ratio of vital capacity in
normal woren,

Right| Left
Case Age lung | lung
(98) | (%)
[ Mazx. insp. | 56.6 iEIA-_
'Y. 0| @ 2| Diff.  [53.1|46.9
_ Max. exp. 55 45
o " Max. insp
K. U|9Q |22/ pif. 499 50.1
Max. exp.
Max. insp. | 45
Y. A| Q23| Diff 47

F. H| ¢ | 41| Dif. 43’__'_ 52

E. O| 9 | 55| Diff. 54.7 | 45.3
Max. exp. 59 41

Max. insp. | 52 48

Average - =
Sl Diff. 92 |48

Max. exp. | 50.7 | 49.3
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Fig. 13 Correlation between the filmmetry and
spirometry
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Table 3. R-L ratio of vital capacity in patients suffering

HAE AR F afERe W25 B3 %

from various pulmonary disease

Case Age i Right lung | Left lung Diagnosis
Vax. insp. . 63‘7_ . ._ﬁ__%.'_?_ Chronic i
S. 8 o) 37 Diff. 61 -3 pulmonary :
Max. exp. 60.1 39.9 emphysema |
Max. insp. 4.5 54.5 - i
T. Y 3 38 __&[_)iff. N 46.1 3.9 Cl poisonirg !
Max. exp. 59.8 40.2 :
Max. insp. 40.1 59.9 ]
7 — s Cancer of
M. S o) 41 _lef. | 34.2 ) 65.8 rigrt lung |
Max. exp. 50.5 49.5 |
' Max. insp. 60 __4[]'__- N ._..._._i
=5 Pulmonary i
K. W s 52 Diff. 55.4 4.3 | oo
Max. exp. | 65.7 34.3
Max. insp. 49 51 I
U. K 3 60 Diff. 48 52 Bronchiectasia
Max. exp. 51 49
o Y S = Cancer of
Y. M o 64 Did. S 60'3_ | 39.7 left lung
N Max. insp. | b7 | 4.3 |
: z | o Pulmonary
E. M @ | 66 g - B tuberculosis |
SN O | N S Max.exp. | 63.8 36.2
I ___M.ax insp. | 54 46 Cystic |
A. S 5 68 Diff. . 64.5 34.5 pulmonary !
. L o Max. evp. 63.5 36.-5_ ~ | emphysema ;
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TR SR SRR O L i, RxIER
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e Z 0 TRIROWD L-#4CH 5. Fig. 14
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Fig. 14 b, UK. 22 ¢
Case 1. Chest iillm at inspiration
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Red area: very active

Blue area: slightly active

vacint area: no significant movement
Case 1. normal female, 22 vears old Green
area which shows a negative movement ap-
peared on account of respiratory movement
of ribs.
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Fig. 15. a Case 2. Carcinoma of left hilar regi-
on. G0 years old male.
The area of tumor shadow shows a paradox
movement dotted with green color. In spite
of deep inspiration the shadow is rather in-
creazing its intensity.
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Fig. 15 b,
Case 2. Chest film at inspiration
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Fig. 16. Analysiz of AVC (axial distribution of
vital capacty) curve,
This curve can be divided into 2 components.
Tho lower one: DVC. (diaphragmatic wital

capacity)

The upper one: TVC. (thoracal vital capa-
city )

DVC. was assumed to have a symmetrical
distribution.
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Fig. 17. Patterns of partial pulmonary functions.
O normal
(»: nothing significant in pulmonary function
test
% : organic disorder in opposite lung (left

lung)
@®: general disorder
According to the nature of disorder, 3 groups
can be observed in good separation.
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Fig. 18. AVC. curves in a normal man. l.,ase 3.
26 years old man.
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Fig. 19. FVC. curve in a normal man The de-
fect seen in left side is due to the presence
of heart.
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Fig. 20. AVC. curves in 2 normal woman.

Case 4. 33 years old woman. In woman, the
peak of diaphragm is not manifest compared
to man.
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Fig. 21. Case 4.57 years old male. Chronic pul-
monary emphysema.

a) FVC. curves. Inspiration curve shows an in-
flated lung cr increased air. The crater like
plateau seen in the differential curve is a
typical pattern in pulmonary emphysema.

b) Chest X-ray film at max. inspiration.
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Fig. 22. Case 5. 68 years old male. Cystic pul-
monary emphysema.

a) AVC, curves. In spite of marked increase
seen both at inspiration and exspiration, the
exchange of air is quite small on account of
huge cysts.
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b) Chest film at max. inspiration.

¢) Chest film at max. exspiration.
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Fig. 23. Case 6.41 years old male. Pulmonary
metastasis of hepatoma ? Large tumor mas-
ses are occuping right hilar region accompa-
nied with extensive infiltration in right lung.

a) AVC. curves.

diminished air volume and respiratory mo-
vement in right lung.
Compensatory emphysema in the upper half
of left lung. Elevated peak seen in the diffe-
rential curve suggest a pendulum movement
of upper mediastinum.
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b
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b) Chest film at max. inspiration.
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Fig. 24. Case 7, 55 years old male. Atrial ceptal

1 é defect.
- i a) AVC. curves.
c) Chest film at max. exspiration. Marked increase of air volume in the left
lung due to the blocking emphysema.
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Fig. 24, ¢) Chest film at expiration.
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Fig. 25. Case 8, 60 years old male Pulmonary
fibrosis as the result of scared tuberculosis.
Emphysema and bronchiectasis are also seen.

a) AVC. curves.

In general increased air volume due to em-
physema, but definite decrease in the right
upper region. due to fibrosis.

Diminished ventilation in the area of fibrrosis
and compensatory increase in the left side.
Uneven and discontinuous curve reflects the
presence of fibrosis and bronchiectasis.
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b) Chest film at inspiration.
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¢) Chest film ataexpiration.
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Fig. 27, Caso 9,47 ye rs old man.
Pulmonary tuberculosis. Status after the tho-
racoplastic surgery.

a) AVC. curves.
Small amount of remnant air but noventila-
tion in the left lung.
Compensatory emphysema and enhanced ven-
tilation in the right lung.
The patterns show a complete collaps of left
lung.

b) Chestiillm ot inspiration.

R “‘l’
o

¢) Chest film at expiration.
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