Japan, the USA, and Europe and the whole is shown in Fig. 1.

Fig. 2 shows a plot of mean values (x-axis) versus corresponding standard deviations (y-axis)
of rounded opacities or irregular opacities. Although the standard deviations were small in
the cases in which the mean values of scores marked by 27 readers were very large or very small,
they tended to increase in cases of intermediates scores (1-type) or (2-type). As the standard
deviation of the scores represents the inter—reader variations, it is thought that the cases
showing small deviation, i.e. the normal (0/-) or abnormal (3/+) were easy to diagnose for
readers, and those with large variations (1- or 2- type) were difficult to diagnose.

From cases which showed such a relationship between mean values and standard deviations
on the profusion classification, ILO selected 15 cases as standard films. The details were:
the profusion was 1/1 (scores 5), 2/2 (score 8), or 3/3 (score 11), and the shape and size
of opacities were p/p, a/q, r/r, respectively. These letters, “p” , “q@”, “r” , represent
the shape and size of rounded opacities (p, q, r represent those up to approximately 1,5 mm,
1.5 to 3 mm, and 3 to 10 mm in diameter, respectively). Also, the letters “s”, “t”, “u”
represent the shape and size of the irregular opacities (s, t, u for those up to approximately
1.5mm, 1.5 to 3 mm, and 3 to 10 mm in width, respectively).

Fig. 3 shows a plot of mean values versus the standard deviations of profusion of opacities
marked by 27 readers for these 15 cases. In one case of 3-type, the standard deviation was
0, which means every physician made the same judgment.. Figure 3 also shows that the variation
of profusion score in five cases of 1-type was greater than those of 2- or 3-type.

The data plotted between o— and 1-type consist of two kinds of data, that is, one type of
data comes from the result of profusion classification of irregular opacities found in the
case standard films for rounded opacities (p, q, r), the other is opposite. The greatest
variation in classification can be seen on the boundary of 0— and l-type.

Fig.4 (a) shows that a similar tendency was observed with films other than the standard
films. Fig.4(b) shows a group in which the inter-reader variation was large though the mean
profusion was 1-, 2- or 3-type. As a result, even for the standard films selected by ILO on
the basis of small variations of classification at the profusion of 1-, 2- and 3-type, the
variations of classification were extremely large on the boundary between o—type and 1-type.

Next, we examined the correlation between the inter-reader variations of classification
and the quality of the film subjectively judged by readers on the image-reading. The result
is shown in Fig. 5. The technical quality of each film was classified as follows: good (scorel) ;
acceptable, no technical defects affecting diagnosis were present (score 2) ; poor, some
technical defects were present but still usable (score 3) ; and unacceptable (score 4). The
profusion variation of the rounded opacities of each film classified by more than one reader
was plotted (y-axis) against the mean score of the corresponding technical quality of film
(X-axis). The points represented by o, were the results on ILO-selected standard films. Fig.5
indicates that the technical quality of the films did not correlate with variation in profusion
classification, and the quality of the standard films was better than score 2. However, there
are many films better quality and smaller profusion variation than the standard films. Thus,
the reason why they were not selected as the standard films should be re-examined.

3.2 The performance of standard films in differentiating type of profusion

From the profusion data of standard films assigned by 27 readers, the ability to
differentiate each type of profusion (i.e. how clearly the type of profusion could be
distinguished from each other) was estimated as follows: Fig. 6(a) shows the curves of profusion
differentiation ability between 1-type and 2-type on standard films (p, g, ).

Formation of these curves is explained using p-type as an example. At first, as shown in
the left side of upper graphs, the frequency distributions of the profusion scores judged by
97 readers for rounded opacities of p in the 1-type (1/1) and 2-type (2/2) standard films were
plotted. The, going from the largest scale to smaller ones, the frequency distribution was
summed, and the accumulated percentage of the 2-type in the total results (27) was then plotted
(y-axis) against the corresponding percentage of 1-type (x—axis) and each point was jointed
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by a line. As small as the number of cross points of two frequency distribution curves of
profusion scores obtained by 27 readers on two kinds of standard films (1/1 and 2/2) is, this
curve becomes higher and further left in the graph, representing good profusion differentiation
ability.

Fig.6 (a) indicates that the profusion classification of p was more difficult than that
of qor r, and classification of q was easier than that of r. Fig.6 (b) shows similar analytical
results on small irregular opacities, s and t. As the curves cross midway, it is not clear
whether the profusion differentiation ability of t and s are different. Fig.6 (c) shows the
profusion differentiation ability between 1-type and 2-type, and between l1-type and 3-type
calculated from scores of three shaped and size (p, q, r) of opacities. It was confirmed natural
results that the latter differentiation ability was higher than the former.

3. 3 Intra— and inter—nation variations of profusion classification
We studied the intra-nation (Japan, USA, Europe) and inter-nation difference in
pneumoconiosis classification using x-rays. The results are shown bellow.

Fig. 7 shows a plot of the mean profusion scores from Japanese readers versus those from
European readers for 106 pneumoconiosis x-ray films. If all points are situated on the diagonal
line, it represents that Japanese and European doctors made the same classification. But
actually, almost all points are located above the diagonal line. That means the Japanese readers
judged the profusion to be greater than European doctors did.

Assuming there is a lineal relation between the mean Japanese profusion scores and European
or American scores for 15 standard films, a straight line (Y= a X + b) was fitted for Japanese
and European or American data by the least square method, and is shown in Fig.8. Japanese
readers marked higher scores than the American or European readers, but American and European
classification was similar.

Straight line in the similar manner, were calculated for each reader from plots of profusion
scores estimated by each Japanese, American or European readers versus those determined by
the ILO working group on the 15 standard films. Fig.9 shows the results. Out of 9 Japanese
readers, 5 readers performed the profusion classification near the diagonal line, 4 readers
performed higher. Therefore, the Japanese inter—reader variations become greater than that
of the USA. The inter-reader variation of pneumoconiosis classification by 10 European readers
is larger than that of Japan or the USA. On the other hand, classifications by American readers
were very similar except one and moreover their lines were located near the diagonal line.

Fig. 10 shows one of the reasons why the Japanese inter-reader variations of pneumoconiosis
classification was larger than that of the foreign readers in the region of O—type and 1-type.
In this figure, the standard deviations of profusion scores judged for the 15 standard films
are compared between each country. If all points are located on the diagonal line, the
inter-reader variations of two countries are the same, but, in fact, they were not the same.
Between Japan and Europe, the Japanese standard deviations for the case of p or s of 1-type
standard films are larger, though, for other cases they are smaller than those of Europe.
Therefore, we think a large inter-reader variations of Japan as shown in Fig.9 in the region
of 0-type and 1-type.

In order to minimize the inter-reader variations of profusion classification of 0—type and
1-type, the standardizing the diagnostic criteria for these cases with large classification
variations by intra- and inter-nation discussion is necessary.

4, Summary
In our study, we reanalyzed the results of the international image reading study carried
out by ILO for the selection of standard films for the diagnosis of pneumoconiosis. The findings
are follows:
1) The Japanese readers tended to classify profusion of opacities of ILO films (Rev 80), which
are currently used internationally, higher than the foreign readers by 1-1.5 point on a 12
point scale.
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2) It was confirmed that profusion classification of p is more difficult than that of q or

r.

3) The large inter—reader variation of profusion classification was observed on the boundary
of O-type and 1-type in the interpretation of standard films determined by ILO in 1980.
The aim of use of standard films in the diagnosis of pneumoconiosis was to make the variation
of diagnoses between inter-reader, inter—case, inter—area or inter-nation as small as
possible. However, it was found that the standard films themselves have produced such
variations. In order to increase the accuracy and precision of the diagnosis of
pneumoconiosis, measures to lessen these variations should be considered further.
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