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EXPERIMENT-1:

FFull-size 1LO-filns vs. Full-size test fiims)
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EXPERIMENT-3

Full-size ILO films vs. reduced test films
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Effects of Image Quality and Film Size of CR Image
on Pneumoconiosis Diagnosis

Yukinori Kusaka , Toru Matsumoto, Toshio Shida and Yutaka Hosoda

1. Introduction
For over many years, International Labor Organization (ILO) has discussed the classification
of pneumoconiosis x-ray photographs and has published successive guidelines on the topics.
International standards for the evaluation of pneumoconiosis are presently based on guidelines
published in 1980, and pneumoconiosis diagnosis is accordingly carried out by comparing an
x~ray photograph of a subject with standard photographs prepared by ILO in 1980.

Recently, Fuji Computed Radiograph (FCR), a device which can collect, process and display
x-ray photographs digitally, has been put to practical use widely in the diagnosis of
pheumoconiosis.

The digitization of x-ray diagnosis of pneumoconiosis is considered to provide the following
advantages.

1) Stable film density can be maintained in different photographs (the image quality is not
influenced by photographic conditions.)

2) X-ray can be taken while exposing the subject to lower doses of radiation than present
procedures.

3) The easily diagnosed x-ray photographs can be drawn by an image processor.

Pictures for pneumoconiosis diagnosis are usually full-scale size, but using FCR they are
half the usual size and one quarter the area. (A note; but is different now in those days.)
There are various ways to process an FCR image and an optimum image processing technique for
pneumoconiosis diagnosis has not yet been determined. The present report addresses the
following problems, which remain to be solved, regarding the practical use of FCR for
pneumoconiosis diagnosis. (A note: A problem to be common to a current hard copy (CR, DR) and
soft copy for digital images of pneumoconiosis)

1) Relationship between the accuracy of pneumoconiosis diagnosis and image quality.

2) Whether there are any effects due to the reduction of film size by half.

2. Materials and Methods
The order of experiments presented in this report are summarized in Fig. 1

Experiment 1: In this experiment, the normal comparison, ILO, full size, is compared to the
full-size test. Full-size ILO films consisted of seventeen full-size standard films, as
designated by the International pneumoconiosis x-ray classification. Full-size test films
consisted of twenty-six pneumoconiosis films used for study in the USA and standard films
prepared in W. Germany. As shown in Table 1, test films were classified by pneumoconiosis types
according to the diagnosis of many medical specialists in each country (original diagnosis)
carried out on actual, full-size films.

Table 1 presents the profusion, Shape and size of twenty—six pneumoconiosis films representing
the final data for each film used in the present study.

Eight physicians participated in the comparison of 26 full-size test films with full-size
ILO films, which are normally used for pneumoconiosis diagnosis. The pneumoconiosis diagnosis
was carried out as follows:

1) The profusion of opacities was broadly classified into one of four types, 0, 1, 2 or 3 (twelve

types in detail, 0/-, 0/0, 0/1, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/4).

2) Shape and size were classified into six types, p, @, I, s, t and u
3) The lung field was divided into six areas, right, left; upper, middle and lower regions.
The extent of the image was checked with the above classifications.

49



Experiment 2: This experiment examine ILO film reduction versus test film reduction. ILO
reduction refers to film which underwent image processing C (described later) by a similar
method to that used for FCR.

After full-size ILO films were digitized with a drum scanner, they were reduced in length
by half, and by quarter in area. Test reduction refers to film which was reduced using the
same procedure, but which underwent four types of image processing (Fig.2), as follows (since
there were 26 full-size test films, the total number of sheets came to 104):

processing A: +y=0.85

processing B: v =0.85, rank 4, BE=0.50

processing C: v =0.85, rank 2, BE=0.25

processing D +y =0.85, rank 4, BE=0.30

The same eight physicians carried out observations of reduced test films and compared them
with reduced ILO films.

Experiment 3: This experiment compared ILO full-size films with reduced test films.

A total of 104 sheets of reduced test film were observed by six of the eight physicians
who participated in experiments 1 and 2 and were compared with full-size ILO films. These
experiments were performed in the order of 1, 2 and 3, and the eight evaluating physicians
had no previous knowledge of FCR and had never observed reduced pneumoconiosis films prior
to the present study.

3. Results and Discussion

3. 1 Correspondence of final data to the pneumoconiosis profusion diagnosed by observation

As shown I Table 1, the 26 test films used as subjects in our observation included 10 out
of a possible 12 scale, except 0/— (scorel) and 3/+ (scorel2). Fig.3 shows that the 26 films
could be classified into to four categories, 0, 1, 2 and 3. The average scores of each
pneumoconiosis profusion classified by the physicians was calculated and compared with a
representative value of each category (0/0, 1/1, 2/2, 3/3). If the results of the observation
experiment correspond to the final data, a straight, diagonal line should be obtained. The
black circle represents the results of the comparison between ILO full-size and test-size films.
The left graph of Fig.3 shows the comparison of ILO full-size film versus reduced test film
and ILO full-scale size film versus reduced test film and ILO full-scale size film versus
test—-size film. The right graph of Fig.3 shows the comparison of ILO full-size film versus
test full-size film and reduced ILO film versus reduced test film. In the case of test reduction
by image processing A, standard and test films classified as type 0 were distributed above
the diagonal line (higher profusion side), which is the usual case. However, films classified
as type 1, 2, or 3 were distributed below the diagonal, or normal range, (lower profusion side).
In the case of image processing B, all film types, with the expectation of type 3, were
distributed on the higher profusion side. Processing types C and D tended to give distributions
in the normal rang.

3.2 The average profusion classification and variance

The 12 diagnostic categories of pneumoconiosis classification were each given a score from
1 to 12 and the average score and variance were calculated for each case. The dotted line in
Fig. 4 represents the relationship between the average profusion score (the horizontal axis)
and the variance ( the vertical axis) obtained in the experiment comparing ILO full-size versus
test—full size (normal) films for film types 0, 1, 2 and 3, as evaluated by the eight physicians.

The average profusion classification for type 1 films was close to 1/0 (score 4), where
the variance of scores is maximum. Thus, dispersion of pneumoconiosis profusion classification
is maximal near the border between type 0 and typel. A similar tendency was seen in the
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experimental results of ILO described in our previous report.

The pneumoconiosis classification guidelines published by the ILO in 1980 started that
pneumoconiosis classification by x-ray films should be determined objectively from the fact
without considering social insurance payment classification. However, these results suggest
that doctors diagnose x-ray photographs without fully discriminating between type 0 and type
1.

Solid lines in the left graph of Fig.4 represent the results of pneumoconiosis profusion
classification obtained in the experiment comparing ILO full-size film versus reduced test
film.

When classifying films reduced by image processing, using full-size ILO films as standards,
diagnostic opinions among doctors were remarkably different, compared with the normal situation.
The relationship between the average profusion classification and the variance differed
according to the type of image processing. Especially in the case of processing B, type 0 was
almost always classified as type 1 and the diagnoses differed greatly between physicians, unlike
the normal pattern. The right graph of Fig.4 shows the comparison between reduced ILO film,
reduced test film and normal size film. There was less variance in the profusion classification
compared to ILO full-size versus test reduction films. Examination of ILO reduction versus
test reduction gave a near normal pattern. It was especially similar to normal films in the
case of processing C.

3.3 Discrimination of profusion

The left half of Fig. 5 shows the discrimination of profusion for type 0 and type 1 and type
2 obtained in the comparison of ILO full-size versus test full-size films. The right half of
Fig.5 shows the results obtained from reduced test films (processing C) in comparison with
reduced ILO versus reduced test films.

These curves were obtained by first determining the frequency distribution of the profusion
(score) of the type O and type 1 films, as classified by the eight physicians. These
distributions were then accumulation in the order of highest to lowest score. The percentage
accumulation for scores of type 1 were plotted on the vertical axis and the percentage
accumulation for score of type O were plotted on the horizontal axis. Curves in the upper left
part of the graph indicate little overlap in the frequency distribution of scores obtained
from type 0 and type 1. Thus, the higher distribution of profusion was demonstrated.

Fig.5 imply the following:

1) Discrimination between type O and type 2 was easier than that between type 0 and type 1.
2) The discrimination of profusion was equivalent for comparisons of full size ILO film versu
full-size test films and reduced ILO film versus reduced test film.

Fig. 6 shows the comparison of profusion discrimination among experiments 1, 2 and , using
the procedure described above. Discrimination of ILO full-size films from test reduction is
lower than that of reduced ILO films from reduced test. In the comparison of full-size ILO
films versus reduced test films (processing type C or D), the results obtained were within
the normal range.

Fig. 7 shows the comparison of profusion discrimination between type 0, p and type 1, p.
In the comparison of ILO full-size films versus reduced test films, processing type A showed
similar effect to the normal method, while other types (B, C, D) showed lower effect. In the
comparison of reduced ILO versus reduced test films, discrimination of processing type A or
C showed the same effect as the normal method. Fig.8 shows the discrimination of shape q.

3.4 Ratio of correctly classified profusion

The films were classified into four types 0, 1, 2 and 3, and the ratios of correctly classified
types (ratios of correctly classified profusions) were calculated from image reading. These
results are presented in Fig.9 and Fig. 10. The narrow line represents ILO full-size versus
test full-size (normal comparison ) films. The thich line shows the results of classifying
the films reduced by the four processing methods in the experiments of ILO full-size films
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versus reduced test and reduced ILO versus reduced test films. Fig.9 suggests the following:
in the comparison of reduced ILO versus reduced test films, the classification of profusion
was higher than normal for type 0 and processing method A and was lower than normal for all
other types. For processing method B, the rates for type 1 and type 3 were higher, and those
for type 0 and type 2 were lower than normal. For processing methods C and D, the classifications
were very close to normal but not completely normal. The results shown in Fig. 10 (ILO full-size
versus reduced test films) display similar tendencies to those presented in Fig. 8. However,
in Fig. 10 the drift from the normal range is greater than in Figure 9.

4. Conclusion

1) A half reduction of film length, or a reduction of area by a quarter, as in the FCR system,
will not influence the diagnosis of pneumoconiosis using x—ray photographs, if appropriate
image processing is carried.

2) The above experimental results suggest that the following image processing methods of FCR
for filmreduction are suitable: C (y =0. 85, rank=2, BE=0. 25) or D(y =0. 85, rank=2, BE=0. 30)

3) The results indicate the potential for the practical use of reduced films, because there
was relatively little variance in observations, even through the evaluating physicians
observed reduced films for the first time.
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DENSITY

- Experiment 1

Full-size ILO films
(17 sheets)

- Experiment 2

it

e

Processing C -

Comparison

Comparison

Answer

Full-size test films{26 sheets)

A B C.D

Reduced test films(4 processing modes X 26 sheets

Reduced ILO films{17 sheest) Answer =104 sheets)

- Experiment 3

Full-size ILO films(17 sheets)

Comparison

Answer

A BCD
Reduced test films(104 sheets)

Fig. 1 Type and order of imagc reading study

relative iog 1E
. Contrast characteristic curves of type E
and T used for the processed film.

RESPONCE

60 002 005 01 Q2 05 1 2
Spatis) Freqency(C/mm)
Spatial frequency characteristic curves
used in final film reading of this study.

4

Fig.2 Image quality (A, B, C, D) of reduced test film of CR
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Fig.3 Relationship between results of profusion scoring by
image reading study-1,2,3 and final diagnosis by three specialists

Table 1 Final diagnosis (profusion, shape/
size) of full-size test films and
reduced test films for the present

study
shape & size

profusion | No. of case| P 9 r | s t u

0/0 3

0/1 5 3 2

1/0 5 1 1

1/1 2 1

1/2 1

2/1 2

2/2 3 3

2/3 2 2

3/2 2

3/3

total 26 7 10 114 1 0
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Diagnostic Variations in ILO Standard Films (Rev.80)
for the Diagnosis of Pneumoconiosis

Yukinori Kusaka, Toru Matsumoto, Toshio Shida and Yutaka Hosoda et al.

1. Introduction
In the diagnosis of pneumoconiosis, the profusion, shape and size of dust in the lung are
classified by reading X-ray films of the chest. Currently, international X-ray classification
of pneumoconiosis which has been extensively used in various countries, is based on the text
and standard X-ray films for the diagnosis published by ILO in 1980. These standard films
were selected from image reading studies carried out by ILO for about 2 years from 1977 and
presently play a role as a measure for the classification of the pneumoconiosis.
In this study, the data from that image reading study were reanalyzed to clarify inter-reader
variations in interpretation of the standard X-ray films, to investigate factors affecting
the accuracy and precision of the diagnoses of pneumoconiosis using X-ray films.

2. Material and methods
The image reading study data reanalyzed here, were obtained by ILO-working group for revision
of the X-ray classification system of pneumoconiosis follows.

At first, prior to the image reading experiments, many X-ray films of patients with
pneumoconiosis were collected from European countries, the USA and Japan, from which 106 films
were selected as candidates for standard films. Next, one set of these films was sent to a
representative of each country and were circulated among specialists of pneumoconiosis
diagnosis for image reading. Image reading carried out with reference to the standard films
prepared by ILO in 1971. Finally, the results of image reading were recorded in the image reading
chart developed by ILO and were then sent to ILO.

As shown in “guideline for the use of ILO international classification of radiographs of
pneumoconiosis “ (Rev 80), various kinds of findings are detected by the interpretation of
a X-ray film of pneumoconiosis. Fig.1l shows a sample of the part of the image reading data
on each film collected by ILO. Twenty seven physicians carried out image reading. The image
reader number from 1 to 9 represent code numbers for Japanese readers, from 10 to 17 for American
readers, and from 18 to 27 for European readers,

In this study, two kinds of data were reanalyzed, that is, (1) technical image quality
subjectively estimated by physicians, (2) after differentiating small opacities into rounded
opacities and irregular opacities, the profusion of opacities classified on a 12-point scale.

From these data, inter case variations, inter—reader variations and inter-nation variations
in the diagnosis of pneumoconiosis were examined.

3. Results and Discussion

3.1 Means and standard deviations of profusion scores

The profusion of opacities on a X-ray film is classified on a 12-point scale. That is,
physicians classify the profusion shown on a film into either 0/-, 0/0, 0/1 (0-type), 1/0,
1/1, 1/2 (1-type), 2/1, 2/2, 2/3 (2-type), 3/2, 3/3, or 3/+ (3-type). This classification is
performed assuming a linear relationship between the results from X-ray classification and
the dust weight in dissected lungs which had been demonstrated in the studies in the 1950s.
Scores 1 to 12 were assigned to each grade on the 12-point scale and the mean and standard
deviation of the scores of 27 readers of each film were calculated as follows: means = Xx/n:
average of profusion scores and standard deviations (SD). Where, x is mean profusion, Xx is
summation over reader 1-27, and n is equal to the number of reader. (27).

An example of the mean value and standard deviation of profusion of opacities obtained in
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