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STUDIES ON THE DIAGNOSTIC VALUE OF RADIOGRAPHY
USING DIFFERENT TUBE VOLTAGE IN THE CASE
OF PULMONARY TUBERCULOSIS*

Report I, Basic Experiments
Report II, Clinical Investigations

Seizo FURUYA

(Received for publication March 23, 1965)

High voltage radiography is superior to low voltage radiography in the diagnosis of pulmo-
nary tuberculosis with the broad latitude of lung field and the homogenicity of pulmonary
markings, but at the same time, some lesions including calcium deposit are difficult to recognize
on high voltage radiography because of its low contrast. In the present studies, the author
intended to raise the diagnostic value of routine posterioranterior radiography by using the
intermediate voltage.

In the basic experiments, base density corresponding to the lung field was obtained by
using acryl rosin, alminium steps and bones, Indian beans, caseous lesions and calcified lesions
were set on these materials, and radiography was made by using tube voltage 50kV, 80kV,
90kV, 100kV and 130kV. The results were as follows :

1) Contrast of pulmonary lesions was most marked when the base density was between
1.0 and 1.4, next between 0.7 and 1.0, and between 1.4 and 1.8, and when the base density
was over 1.8 or less than 0.7, contrast of pulmonary lesions was least.

2) Acryl rosin steps and alminium steps were radiographed by using different tube voltage
under the physical conditions applied for human chest radiography. As shown in Fig, 1,
when acryl rosin steps was used, the difference of density with the increase of thickness
between 5 to 9 cm was most marked in low voltage radiography, and was least in high voltage
radiography. When alminium steps was radiographed, as shwon in Fig. 2, the difference of
density with the increase of thickness between 2 to 6 mm was most marked in low voltage
radiography and least in high voltage radiography, but when the thickness was 7 mm or over,
the difference of density reduced markedly in the case of low voltage radiography. When the
thickness was 13mm, density on low voltage radiogram was 0, and that on high voltage radio-
gram was 0.6. Radiography using 90 to 100 kV showed the property intermediate between low
and high voltage radiography.

3) Thus, high voltage radiography is superior to intermediate or low voltage radiography
in obtaining the optimum base density for different thickness of phantoms, but at the same

time, the density of pulmonary lesions is more homogenous on hig hvoltage radiography, and
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the contrast of pulmonary lesions is less on high voltage radiography under the same base

density.

In the clinical investigations, 90 cases of pulmonary tuberculosis were radiographed. Radio-

graphy was made on the same subject by 3 different tube voltage, i.e. high (130 to 140 kV),

intermediate (90 to 100kV) and low (50 to 60 kV).

Detectability of pulmonary lesions on

radiogram taken by 3 different tube voltage and that on tomogram was compared with the

findings on resected specimens.

Nature of pulmonary lesions on resected specimen was the

following : cavity 85, small caseous lesion 67. The results were as follows :

1) Detectability of pulmonary cavity as well as caseous lesions was best on high voltage

radiography, next on intermediate voltage radiography, and worst on low voltage radiography.

2) Detectability of pulmonary lesions on high voltage radiogram was superior to that on

intermediate voltage radiogram, when the lesions existing under clavicle and 2 lateral ribs, and

in the other cases, detectability on both radiogram was equal.

lateral ribs was 14% of total lung field.

Area occupied by clavicle and 2

3) No significant difference in the detectability of pulmonary lesions was observed by

different tube voltage,
under anterior rib.

voltage radiography.

when lesions were not covered by bone shadow or they were existing

In such cases, lesions were more easily detected on intermediate or low

4) Contrast of pulmonary lesions to the lung field was measured by densitometer, and it

was highest in intermediate voltage radiogram, next on high, and lowest on low voltage

radiogram.

5) Calcified lesions less than 2mm in their size and disseminated calcium deposit in case-

ous lesions were difficult to recognize on high voltage radiogram, but they were easily detected

on intermediate radiogram.

From the above mentioned results, it is concluded that intermediate voltage radiography is

the excellent method of routine radiography for the diagnosis of pulmonary tuberculosis, as

its diagnostic value is not at all inferior to high voltage radiography.
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Table 1. Physical Condition of Radiography

Voltage 1 mAs \Time Distance

Low voltage 50~ 60kVI 30mAs| 0.17 | 200cm
90~100 |10 0.12 | 200

Medium voltage
130~140 | 5 01 | 200
| ]

High voltage
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Table 2. Density of Acrylic Rosins
Steps on Different Tube Voltage

N‘ KV | 80KV | 90KV ‘ 100kV ‘ 130KV
) i !

lem| 3.01 3.05 3.05 2.85 2.66
4 2.25 2.40 2.38 2.16 2.00
5 1.96 2.10 2.05 1.95 1.76
8 1.07 1.09 1.07 1.08 1.08
9 0.85 0.83 0.82 0.84 0.86
12 0.39 0.37 0.38 0.40 0.41
14 0.26 0.25 0. 26 0.27 0. 26

Th.: Thickness of stage V.: Voltage
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Fig. 1. Contrast of Acryl Rosin Steps
on Different Tube Voltage
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Table 3. Density of Alminium Steps

’IN 50kV 80 kV 0 kV ‘ 100V 130kV
Imm| 2.18 2.20 2.20 2.13 2.00

3 2.00 2.09 1.96 1.98 1.85

8 0.80 1.40 1.45 1.44 1.44

11 0.45 1.00 1.05 1.08 1.14
12 0.38 0.88 0.97 1.00 1.05
15 0.24 0.59 0.72 0.73 0. 80
19 0.19 0.39 0.48 0.52 0.62
20 0.00 0.34 0.48 0.51 0.60

Th.: Thickness of Stage V.: Voltage
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Fig. 2. Contrast of Alminium Steps
on Different Tube Voltage
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was Set (Ref. to Table 4)
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Table 4. Contrast of Red Bean Set on
Human Bone (Refer to Fig.3)

M 50kV 80 kV ‘ 90 kV ‘ 100kV 130kV
1) 0.13 0.13 0.12 0.10 0.09
2) 0.10 0.12 0.13 0.10 0.09
3) 0.09 0.11 0.12 0.10 0.09
4) 0.02 0.08 0.09 0.10 0.09
5) 0.02 0.03 0.05 0.06 0.07
6) 0.02 0.03 0.05 0.06 0.07
7) 0.01 0.02 0.03 0.03 0.05
8) 0.01 0.02 0.03 0.03 0.05

The density of lung field not covered by bone is 1.05.
Back: 1) bone (—). 2) Anterior rib. (3mm). 3) Posterior
rib. (bmm). 4) Anterior and posterior ribs. (10 mm). 5)
Two posterior ribs. (15mm). 6) Clavicle (15mm). 7) Cla-
vicle+ribs. 8) Head of clavicle.
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Table 5. Contrast of the Resected Lesion
placed on 9 cm Acryl Rosins Steps
Nl 50kV 80kV 90kV 100kV | 130kV
C. Th.4mm| 0.12 | 0.12| 0.12| 0.12| 0.12
C. Th.6 0.17 | 0.18| 0.17| 0.16 | 0.14
K. Th.2 0.27 | 0.21| 0.20| 0.17 | 0.14
K. Th.3 0.38| 0.30| 0.28| 0.25| 0.19
K. Th.4 0.44 | 0.36| 0.33| 0.28| 0.25
K. Th.5 0.58 0.48 0.40 0.39 0.33

C.: Caseous lesions K.: Calcified lesions

Th.: Thickness
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Table 6. Contrast of Red Bean Set on
Human Chest Wall (Refer to Fig. 3)

N 50 kV i 80kV 90 kV 100kV 130kV
1) | 012 | 013 | 0.12 | 0.1 | 0.09
2) | 010 | 0.12 | 0.10 | 0.10 | 0.09

3) 0.06 0.08 0.10 0.10 0.09
4) 0.06 0.08 0.09 0.09 0.09

5) 0.01 0.02 0.05 0.05 0.08
6) 0.01 0.02 0.04 0.05 0.07
7) 0.01 0.01 0.02 0.03 0.05

P.: Position V.: Voltage
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Table 7. Relationship between Base Density
and Detectability of Small Object

Base density 0.4 0.7 1.0 1.4 1.8 2.1

Detectability | — +

+ [ ] + [2—
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