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Abstract

Background: Chest radiography (CR) is employed as the evaluation of pneumoconiosis; however, we sometimes
encounter cases in which computed tomography (CT) is more effective in detecting subtle pathological changes or
cases in which CR yields false-positive results.

Purpose: To compare CR to CT in the diagnosis of early-stage pneumoconiosis.

Material and Methods: CR and CT were performed for 132 workers with an occupational history of mining. Ve
excluded 23 cases of arc-welder’s lung. Five readers who were experienced chest radiologists or pulmonologists inde-
pendently graded the pulmonary small opacities on CR of the remaining 109 cases. Ve then excluded 37 cases in which
the CT data were not sufficient for grading. CT images of the remaining 72 cases were graded by the five readers. We
also assessed the degree of pulmonary emphysema in those cases.

Results: The grade of profusion on CR (CR score) of all five readers was identical in only 5 of 109 cases (4.6%). The CR
score coincided with that on CT in 40 of 72 cases (56%). The CT score was higher than that on CR in 13 cases (18%).
On the other hand, the CT score was lower than that on CR in 19 cases (26%). The incidence of pulmonary emphysema
was significantly higher in patients whose CR score was higher than their CT score.

Conclusion: CT is more sensitive than CR in the evaluation of early-stage pneumoconiosis. In cases with emphysema,
the CR score tends to be higher in comparison to that on CT.
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Pneumoconiosis, chest radiography, computed tomography, chest, pulmonary emphysema
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Pneumoconiosis, an occupational lung disease caused
by the inhalation of silica, coal particles, or asbestos,
still has a serious effect on occupational health world-
wide (1). Silicosis, a pneumoconiosis, 18 an incurable

lung disease caused by the inhalation of dust contain-
ing free crystalline silica. Early recognition is important
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in the management of this disease. Early-stage pneu-
moconiosis is defined as profusion 0/1 to 1/1 cases on
chest radiography (CR) based on the international clas-
sification of radiographs of pneumoconiosis published
by International Labour Office (ILO) (2,3). Because
they do not have pulmonary dysfunction, a radiologi-
cal examination is essential for the diagnosis of pneu-
moconiosis for both clinical and epidemiological
purposes (1). Although workers with possible exposure
to occupational dust are screened using CR, there are
some limitations in the assessment of pneumoconiosis
on CR.

Computed tomography (CT) is more sensitive than
CR in detecting lung parenchymal abnormalities. CR
as well as CT findings in patients with silicosis have
been documented, and it has been reported that discor-
dance between the two was high, especially for CR-
negative and early-stage pneumoconiosis cases (2). In
addition, we sometimes encounter cases in which nod-
ules, which are suspected on CR, are not evident on
CT, especially in patients with pulmonary emphysema.
The aim of the present study was to compare the CR
and CT findings in the diagnosis of early-stage pneu-
moconiosis. Moreover, we also would like to evaluate
whether the presence or degree of pulmonary emphy-
sema is associated with the CR and CT scores.

Material and Methods

The present retrospective study was approved by the
institutional review board of our hospitals, and the
requirement for informed written consent was waived
from all participants.

Patients

CR and CT examinations were performed for 132
workers with an occupational history of mining, who
were recruited from two laborers’ hospitals. Because
the imaging findings of arc-welder’s pneumoconiosis
are different from those of silicosis (4), we excluded
23 cases of arc-welder’s lung (Fig. 1). Thus, 109 indi-
viduals (109 men; age range=48-89 years; mean
age =74.8 years) with silicosis or coal workers’ pneu-
moconiosis were included. They included 25 smokers,
72 ex-smokers, and 12 never-smokers. None of the
workers in the study had a history of pulmonary dis-
ease, such as tuberculosis, pneumonia, or lung cancer.

Interpretation of chest radiography

Posteroanterior CR was taken at full inspiration. CR
images were displayed in 3-megapixel LCD medical-
grade gray-scale monitor (Radiforce GS 320; Eizo,
Ishikawa, Japan). Five readers, who were experienced
chest radiologists (MT, KK, and SN, with 21-35 years
of experience) or pulmonologists (TK and YO, with 27
and 15 years of experience, respectively) independently
graded the profusion of lung abnormalities on CR of
109 cases in comparison to a set of standard radio-
graphs provided by Ministry of Health, Labour and
Welfare Labour Standards Bureau. In this set, CR
findings are classified into one of seven PR (profusion)
categories (PR 0, 1, 2, 3, 4A, 4B, and 4C). No radio-
graphic signs of pneumoconiosis are graded as PRO
and those with pneumoconiotic small opacities as
PR1-PR3, depending on increasing number

Patients with an occupational history of mining underwent CR and CT
(n=132)

arc-welder’s lung (n=23)

Five readers, who were experienced chest radiologists or
pulmonologists independently graded the CR images (n=109)

Slice thickness > 5 mm (n=36)

—

with bronchiectasis (n=1)

v

Five readers, who were experienced chest radiologists or
pulmonologists, graded the chest CT images with consensus (n=72)

Fig. 1. Study selection process.
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Table 1. Observer performance of the experienced chest Table 2. Comparison of both CR and CT scores (n=72).
radiologists or pulmonologists in the interpretation of CR images
(n=109). CT score
CR score  5/5 agreement  4/5 agreement  3/5 agreement  CR score 0/l 110 /1 /<l
o/l 4 |4 I 0/1 (n=27) 21 5 0 |
1/0 I 7 28 /0 (n=27) 13 9 4 I
1/ 0 3 14 [/1 {(n=15) 3 2 8 2
>1/1 0 2 4 /<1 (n=23) 0 I 0 2
el ol S il ke A R CR, chest radiography; CT, computed tomography.
CR, chest radiography.

Table 3. Correlation between the degree of pulmonary
(profusion), and large opacities as PR4. Small opacities emphysema and CR/CT scores (n =72).
prqfusmg is reco.rde.d on a 12-point scal.e from 0/- t0.3/ Puliienary erphyssma.  CRSCT  CR=CT CR<CT
+, in which 0/— indicates no abnormality and 3/+ sig-
nifies the highest concentration of small opacities. We None (n=43) 5 26 12
analyzed the observer performance of the five readers Mild (n=21) 7 13 l

Severe (n=28) 7 I 0

in the interpretation of CR. After the analysis of their
scores (Table 1), the images from cases for which there
was disagreement among the reviewers were reviewed
to reach a consensus.

Interpretation of CT

All individuals were scanned in two CT scanners (TSX-
302A/1A Aquilion PRIME (Toshiba Medical Systems,
Tochigi, Japan) and Light Speed VCT (GE Healthcare,
Chicago, IL, USA). Because of the retrospective design
of this study, various CT scan protocols were used, and
CT images were obtained with slice thicknesses in the
range of 3-8 mm and slice intervals in the range of
5-8 mm at full inspiration. We excluded 36 cases with
a slice thickness of >5mm, and one case with marked
bronchiectasis in the interpretation of CT images
(Fig. 1). CT images were also displayed in 3-megapixel
LCD medical-grade gray-scale monitor (Radiforce GS
320; Eizo, Ishikawa, Japan). All CT images were
viewed on lung window setting (level=-700 HU;
width =1500 HU). Five readers also graded the profu-
sion of lung abnormalities on CT images of 72 cases
with consensus.

We compared the scores in both the CR and CT
immages. Two other experienced chest radiologists (HH
and KA, with 22 and 30 years of experience, respec-
tively) evaluated each CT image and classified the
degree of emphysema into three levels: none; mild;
and severe. These three levels correspond to the classi-
fication in the Fleischner Society guidelines as follows:
none —none or trace; mild=mild or moderate; and
severe =confluent or advanced destructive (5). The
relationship between the degree of emphysema and
the CR/CT scores was examined.

CR, chest radiography; CT, computed tomography.

Data analysis

The weighted value of kappa was calculated for the
comparison of CR and CT scores (Table 2).
Spearman’s rank correlation coefficient was calculated
to assess the correlation between the degree of pulmo-
nary emphysema and the CR/CT scores (Table 3).

Results

The observer performance in the interpretation of CR
images is shown in Table 1. The scores of all five
observers were identical in only 5 of 109 cases
(4.6%). There were 26 cases (24%) in which the
scores of four of the five observers matched. There
were 57 cases (52%) in which the scores of three of
the five observers matched.

A comparison of CR and chest CT according to the
categories is shown in Table 2. The weighted value of
the kappa coefficient between the CR and CT scores
was 0.456 (P < 0.01). 21 out of 27 cases with a CR score
of 0/1 matched the score of the CT images. Six cases
with a CR score of 0/1 were scored as 1/0 (n=15) or 1/
<1 (n=1) on CT images. Five cases with a CR score of
1/0 were scored as 1/1 (n=4) or 1/<1 (n=1) on CT
images. Two cases with a CR score of 1/1 were scored
as 1/<1 (n=2) on CT images. Therefore, there were 13
cases in which the CT score was higher than the CR
score (Fig. 2). On the other hand, there were 19 cases in
which CR score was higher than the CT score (Fig. 3).

The correlation between the degree of pulmonary
emphysema and the CR/CT scores is shown in
Table 3. The incidence of pulmonary emphysema was
significantly higher (r=0.503; P<0.001) in cases in
which the CR score was higher than the CT score.
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Fig. 2. (a) A 72-year-old man with an exposure duration of 30 years. Chest radiography was judged as profusion 0/1. (b} Computed
tomography images revealed many small opacities in the lung parenchyma (circles).
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Fig. 3. (a) An 81-year-old man with an exposure duration of 34 years. CR was judged as profusion |/]. (b} Computed tomography
images revealed pulmonary emphysema with a few small opacities in the lung parenchyma. (c) Magnified image of the upper lung fields
of CR (a). There appear to be small nodules in the upper lung fields (circles). CR, chest radiography.

Discussion

In the present study, CT is more sensitive than CR in the
evaluation of pneumoconiosis. Pneumoconiosis is usu-
ally diagnosed based on CR. Currently the diagnosis is
based on the international classification of radiographs
of pneumoconiosis, published by the ILO in 1980 (3);
however, CR is of limited value in cases of low-grade
diffuse infiltrative lung disease (6,7). In this study, 18%
(13/72) of cases had small nodular lesions that could only
be detected on CT, or in which more nodules could be
detected by CT. There are some cases in which tiny nod-
ules can only be depicted on CT. Suganuma et al. (8)
reported that the CR categorical classification was sim-
ilar to high-resolution CT (HRCT), with the exception of
category 0, in which HRCT was more sensitive.

In patients with pulmonary emphysema, the CR
score tended to be higher than the CT score.
Although Savranlar et al. (2) also reported that the
CR categorical score was higher than the CT score in

15 of 67 patients, the reason was not shown. Patients
with silicosis often have pulmonary emphysema. Bergin
et al. (9) reported that pulmonary emphysema associ-
ated with silicosis was easily detected on CT. To the
best of our knowledge, there are no reports on the
overestimation of silicotic nodules by correlated with
pulmonary emphysema.

It is difficult to diagnose pulmonary emphysema
based on CR alone. Thurlbeck and Simon (10)
described two different roentgenologic patterns of
altered pulmonary vascularity in patients with pulmo-
nary emphysema, namely, “arterial deficiency” and
“increased marking”. “Increased marking” refer to
prominent vascular markings which tend to be irregular
in contour. This pattern is thought to occur in patients
with mild or moderate emphysema due to redistribution
of blood flow, pulmonary arterial hypertension and
lung overinflation. We hypothesize that the presence
of “increased marking” is one of the factors associated
with overestimation of tiny nodules on CR.
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Although image interpretation was performed by
experienced radiologists or pulmonologists in this
study, there were only 5 cases (4.6%) in which all five
scores of pneumoconiosis on CR matched. The diag-
nosis is based on the international classification of
radiographs; however, the criterion is ambiguous due
to the number of nodules. Since this ambiguity cannot
be completely eliminated, even by CT, we are of the
opinion that objective evaluation by a system such as
computer-assisted diagnosis will be necessary in the
future.

The present study has some limitations. First, this
was a retrospective study. Second, the study population
was relatively small. Third, the slice thickness of CT
was relatively thick, not thin-section CT, because CT
scans with thick slice thickness have been performed in
the past for screening purposes at many institutions,
and they are performed in some institutions in our
country, even at the present time. Therefore, this limi-
tation might influence the CT profusion score.

In conclusion, CT is more useful than CR in the
evaluation of pneumoconiosis. In addition to depicting
tiny nodules, we could reduce overestimation, especial-
ly in cases with pulmonary emphysema. We suggest
using CT as a standard screening method to distinguish
between normal and early-stage pneumoconiosis.
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A Computer Aided Diagnosis system for pneumoconiosis severity

using 3D CT images
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Pneumoconiosis is an occupational respiratory illness that occur by inhaling dust to the lungs. 240,000 participants are
screened for diagnosis of pneumoconiosis every year in Japan. Radiograph is used for staging of severity rate in
pneumoconiosis worldwide. CT imaging is useful for the differentiation of requirements for industrial accident
approval because it can detect small lesions in comparison with radiograph. In this paper, we extracted lung nodules
from 3D pneumoconiosis CT images by two manual processes and automatic process, and created a database of
pneumoconiosis CT images. We used the database to analyze, compare, and evaluate visual diagnostic results of
radiographs and quantitative assessment (number, size and volume) of lung nodules. This method was applied to 25
pneumoconiosis patients. Initial results showed that the proposed method can assess severity rate in pneumoconiosis
quantitatively. And we analyzed the CT values and the distribution types of result. This study demonstrates

effectiveness on diagnosis and prognosis of pneumoconiosis in CT screening. .

Key words: X-ray image, CT, Medical image processing
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