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Clinical Study on the Chronic Obstructive Lung Disease with Radic-spirography and
y-ray Thickness Gauge

Kazuo Uemura
Department of Radiology, Tohoku University School of Medicine, Sendai, Japan
(Director: Prof. Fumihiko Hoshino)

Chronic obstructive lung diseases are including many problems, especially, radiological diagnosis of’
chronic pulmonary emphysema is very difficult.

Attempts have been made on these disease with functional and quantitative radiolegical methods,
i.e, Radio-spirography and tissue volume measurement with y-ray thickness gauge, which has been devel-
oped in our laboratory. .

Method:

Radio-spirography (Fig. 1); This is the photoelectric measurement of X-ray absorption change due
to respiration, the recording is calibrated in unit of 1 cm water thickness. Each patients were examined
at 6 zones of lung, upper, middle and lower zone of both sides. With Radio-spirography, a regional
lung ventilation was attempted to study.

Tissue volume measurement with y-ray thickness gauge (Fig. 2). The gauge was composed of ¥Cs
y-ray source, moving table and scintillation counter. With this system, chest tissue thickness (water
equivalent thickness)was measured on the right medioclavicular line using scanning method, and from
these data, the lung density was calculated (Fig. 3).

From those, quantitative observation of lung tissue destruction was estimated on various lung diseases.

Materials:

The examination was carried out on 98 patients with chronic obstructive lung diseases and 15 control
patients without lung diseases (Table 1).

Results:

The data of the two examination were summarized on “Table 37 and “Fig. 13”°. And data of con-
trol subjects were on ““Table 27,

1. Chronic pulmonary emphysema; 47 patients were examined, The Radio-spirogram findings
were as follows. Marked deminution and regional difference of the respiratory ampritude, check valve
phenomenon at forced expiration were observed. and in 65%, of this group, paradoxical respiration on

regional lung were observed.



The lung density is observed 0.08-0.28 g/cm® except one case. (Control group, (.33 4 0.04 g/cm?)

2. Chronic bronchitis; 24 patients were examined. FBoth the Radio-spirogram and the lung density
of this group indicated intermediate findings between chronic emphysema group and control one.

3. Bronchial asthma; 14 patients were examined. Findings of both examinations were seem to
almost same to the bronchitis group, but lung densities were a little lower than the former.

4. From this study, following diagnostic criteria for chronic pulmonary emphysema were introduced.

a. The lung density was less than 0.20 gfem?,

b. The paradoxical respiration was noticed.

c. The check valve phenomena was observed on more than five examined zone.

When more than 1 criteria among these could be recognized, chronic pulmonary emphysema was
highly suspected.

5. Correlation between the lung density and some routine lung function data were examined (Fig.
14, 15, 16).

6. Emphysema patients were classified base on F. Bentivoglio’s criteria, and almost same results

were derived from the Radiospirogram’s data.
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Fig. L. Block diagram of ‘“Multichannel Radio-spircometer’’.
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Fig. 2. Block diagram of ¢“y-ray Thickness Gauge’’.
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Table 1. Groups of diseases studied.

Radio Spirogram| Lung Density

Age Man [Woman| Sum Examined Examined
Chronic pulm, emphysema 38--79 47 1 48 46 32
Chronic bronchitis 19-—-65 14 10 24 20 23
Asthma bronchiale 2270 11 7 18 14 16
Semile lung 50-—86 7 1 8 8 ' 6
Control 45-70 | 10 5 15 15 15
Sum 89 24 113 103 92
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Fig. 4. Radio-spirograms ampritudes of each lung field at rest respiration.
Control values are indicated as follows; Transvers line is mean
valves. Solid longitudinal lines is its standard deviation.
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Ventilation distribution index is calculated as follows:
Radio Spirogram Ampritude of a lung field X 100
Summation of ampritudes on all lung felds.
If ampritudes are equal on all fields, V.I.= 16.7.
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Table 2. Data of Radio-Spirogram and Lung Density in Control Group.

Ampritude of Radio Index of Distribution
Spirogram Ventilation Distribution FEV 1.0/VC Index of
Rest Deep Rest Deep (G,') FEV1.0/VC
Respiration | Respiration | Respiration | Respiration - (%)
Left 6.3 + 2.9 24.5+ 8.1 o N
upper lung |mmEq Water |mmEq Water 12.8 +=1.3| 13.8 = 3.2 | 44 4+ 10.0 | 1.02 £ 0.19
Right ; i 2 ’
upper lung 6.0 & 2.7 | 22.5+ 6.3 12.3 = 2.2 | 12.7T = 2.5| 42 +=15.2 | 0.98 + 0.14
Left ! . . N
middle lung 8.6 & 3.7 | 30.0% 8.9 17.6 + 2.6 | 16.8 = 2.2 | 41 + 12,5 | 0.96 + 0.11
Right ' ; "
middle Tung 8.5 += 3.0 | 24.2+ 8.1 17.4 +3.2| 13.8 1.6 | 41 4+ 10.4 | 0.96 &+ 0.17
Left "
lower ludg 9.6 &= 3.9 | 38.04 9.4 195 +2.4| 21.5 +£1.9| 46 + 14.1 | 1.05 + 0.17
Right 3 "
lower lung 10.3 £+ 4.1 | 38.0410.0 20.4 +4.0| 21.5 £ 2.9| 45 +10.8 |1.04 + 0.22
Mean lung density 0.33 £ 0.04
Mean thoracic tissue ratio 0.48 + 0.05
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Table 3. Frequency of abnormal Radio-Spirogram findings in each groups.

\%‘Ef&"fbs’im Resp. Avariude | of Amorrse Check Valve Reonivation
of Disases ™ | = |+ # #|— £|+ # #| — |+ # #| — |+ # #
C.P.E. 7 2|6 17 14| 5 3| 9 15 14 0 5 12 20 17 |16 11 2
46 19.5% | 80.5% |17.4% | 82.6% 0% 100% | 34.8% | 65.29
Bronchitis chr. |15 1| 2 2 011 5| 2 2 0| 10 5 3 2| 18 2 0 0]
80 9 20% 80 9% 20% 50% 509 909 10%
Asthma bronch, [10 1] 2 0 1| 9 1| 2 2 0 9 2 2 1| 13 1 0 0
14 78.5% | 21.5% | 71.59% | 28.5% |64.8% | 85.79% | 92.8% 7.29%
Senile lung 6 1|1 0 0|4 3[0 1 0 6 2 0 0 8 0 0 0
8 87.5% | 12.5% | 87.5% 2.5% 75% 25% 1009 0%
Control 13 2,0 0 0/13 2|0 0 0| 15 00 0| 15 0 0 0
15 10095 0% 10025 0% 1002 0% 1002 0%
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() almost normal

(+) slightly disturbed
(#) moderately disturbed

() severly disturbed
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Fig. 11. Relationship between Gas distribution

disturbance (4N,)and unevenness of Radic-
spirogram ampritude.
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Fig. 12. Relationship between the lung density

and the thoracic tissue ratio. Thoracic ti-

ssue ratio calculated as follows; Thoracic

Thoracic tissue thickness.
p-a diameter of thorax cage.
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Fig. 13. The lung densities in each disease
groups and control group. In emphysema
group, the lung densities are extremely low.
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Fig. 14. Relationship between (RV/TLC 100)
and the lung density.
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Fig. 15. Relationship between the lung densi-
ty and lung compliance.
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Fig. 16. Relationship between the lung density
and ‘(FEV 1.0/V) x 100%,”,
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Fig. 17. Case 1. Series No. 16, A.T 52 yrs. fe-
male clinical diagnosis bronchiectasis. Ch-
est X-ray film (1), Radio-spirogram (2),
Recording of 7-ray thickness gauge (3),
Radio-spirogram shows nearly 0 ampritude
at rest respiration and paradoxical respirat-
ion at deep respiration, at RL fields, check
valve phenomenon. Lung density is measu-

red 0.28g/cm?
i

b
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BafRy A B X 5wl . &I T ok
o2y 3 em Eq Water oE X2 &5
% (Fig. 17 (3),

#of. K.A. 62 Series No. 64. [HIK#Z
Wi SUEERE, WRixgEm (Fig. 17 (D)
T, BEEHSRIEAL, TR A T ©E Ak
B ER2Hy, MECRBERD LTw%. 45
FicBRE 5 5. S ABTIRIiRBERE S
Db MR AT, Bl SR TR oETR
W SERI Tapering pattern 34 b, [l F,
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2cm
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Fig. 18. Case 2. Series No. 64, K.A. 62 yrs.
male, clinical diagnosis bronchial asthma.
Radio-spirogram shows strongly deceased am-
pritude at RU field, and prolongation of
force expiration curve. Lung density is 0.18
gf/cm?®, and decrease of lung tissue at lower
lung field is indicated.
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Fig. 19. Case 3. Series No. 15, N.K. 50 yrs.
male, clinical diagnosis asthma bronchiale,
susp, C.P.E. Radio-spirogram findings; ch-
eck valve phenomenon in all lung fields,
(Compare to conventional Spirogram) and
small ampritude of rest respiration at right
lung. Lung density is 0.22 g/cm®. From th-
ese findings, this case is suspected strongly
diffuse pulmonary emphysema with slight
fibrosis.
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SESE.  EoRbRIERAL, I EEtE b
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Fig. 20. Case 4, Series No. 2, T.0,63 yrs. male
clinical. diag, CP) Radio-spirogram shows
many findings, paradoxical respiration cu-
rve at deeprentilation at RL, check valve
phenomenon at all zone except RL, slight
phase delay of rest respiration at left lung,
Lung density is extremely low, 0.08 gfem?,
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Fig. 21. Case 5. Series No. 30, K.O. 58 yrs.
male, clinical diagnosis C.P.E. Radio-spirog-
ram shows extreme diminution of ampritude
at all lung zone, especially in deep respir-
ation. And curve form changes extremely,
paradoxical respiration can be seen at both
upper lung field. Lung density 0.12 g/cm?.
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