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Questionnaire for digital chest radiography and chest CT for medical screening, surveillance and clinical

evaluation of dust exposed workers

Y Kusaka, SC of Respiratory Disorders

Please answer the following questions.

1.
2.

10.

Which country are you working in? ( )
What is your primary specialty? ( )
Does your government accept digital chest radiography (either imaging plate type CR or flat panel
type DR) for medical screening of current and past dust-exposed workers?

a. yes(CR,DR,both) b. no ¢. don’t know
Does your government accept monitor reading results of digital chest radiography as legal report on
pneumoconiosis screening among current and past dust-exposed workers?

a. yes b. no c. don’t know
Are their recommended parameter for visualization of digital chest radiography in your country?

a. yes b. no c. don’t know
Is either type of digital chest radiography used in clinical evaluation of dust-exposed and other patient
with chest diseases?

a. yes b. no ¢. don’t know
Does your government or compensation foundation cover the cost of annual CT scan of current and
past dust-exposed workers?

a. yes (if with profusion 1/0 or more, with plaque, any dust exposed)

b. no

c. don’t know
Is HRCT or thin-section CT used often for evaluation of dust-induced lung diseases in your country?

a.yes b. no c. don’t know
Does your government accept fibrotic findings detected by CT among radiographic normal current
and past dust-exposed workers as pneumoconiosis for compensation?
a. yes b. no ¢. don’t know

Please give us your opinion about implementing digital diagnostic measures into pneumoconiosis

screening and surveillance.
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COMPARISON OF DIGITAL RADIOGRAPHS WITH FILM-SCREEN RADIOGRAPHS FOR
CLASSIFICATION OF PNEUMOCONIOSIS

Alfred Franzblau, MD*, Ella A. Kazerooni, MD, Ananda Sen, PhD, Mitchell M. Goodsitt, PhD,

Shih-Yuan Lee, MPH, Kenneth D. Rosenman, MD, MPH,James E. Lockey, MD,

Cristopher A. Meyer, MD, Brenda W. Gillespie, PhD, E. Lee Petsonk, MD, Mei Lin Wang, MD

*Correspondence to Dr. Franzblau at:

University of Michigan School of Public Health

109 South Observatory Street, Ann Arbor, Michigan 48109-2029, USA.
Email: afranz@umich.edu, Phone: (734) 936-0758, Fax: (734) 763-8095

Support for this research was provided by grant #52200-22/23 from the Association of Schools of Public
Health (ASPH) and the Centers for Disease Control and Prevention (CDC)/National Institute for
Occupational Safety and Health (NIOSH).

Abstract

Purpose: This investigation assessed the equivalency of digital radiographic images (hard copy (HC) and
soft copy (SC)) with traditional film-screen radiographs (FSR) for recognition and quantification of
parenchymal and pleural abnormalities due to pneumoconiosis and other forms of fibrotic lung disease
using the International Labour Organization (ILO) classification system.

Materials and Methods: This report is based on analyses of readings of FSR, HC and SC images from 107
subjects by 6 certified B ‘readers. -

Results: Readings of FSR and SC for small parenchymal opacities did not differ significantly; in contrast
HC readings demonstrated a significantly greater prevalence of small opacities compared to FSR and SC.
The prevalence of large opacities differed significantly among all three image formats, with HC>FSR>SC,
however, no difference was seen between FSR and SC readings when images with ‘ax’ were grouped with
large opacities. The prevalence of pleural abnormalities differed significantly among all three image
formats, with FSR>HC>SC.

Conclusion: ILO classification outcomes are similar using either film-screen radiographs or soft copy
digital images (but not hard copy images) for small parenchymal opacities and for large opacities (with
‘ax’). Both film-screen and soft copy digital images can therefore be recommended for the recognition
and classification of dust-related parenchymal abnormalities. The role of digital radiography in reading

for pleural abnormalities requires additional clarification.
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CR and DR chest radiographic image parameters for the pneumoconioses: the Japanese
approach and experience

Narufumi Suganuma Mp PhD', Kiyoshi Murata MD PhD’, Yukinori Kusaka MD PhD’

1 Department of Environmental Medicine, Kochi Medical School, 783-8505 JAPAN, 2 Department of Radiology,
Shiga Medical School, 3 Department of Environmental Health, University of Fukui School of Medicine

Email: nsuganuma@kochi-u.ac.jp

Summary

Recently the Ministry of Health, Welfare and Labour, Japan (MHWL-J) has approved the flat-panel detector
(FPD) Digital Radiography (DR) for its use in the legal medical judgment of pneumoconiosis. The computed
radiography that needs the imaging plate has been already approved for the purpose since 2001. We described
the approach that the Pneumoconiosis Taskforce for the MHWL-J has taken to decide the appropriate imaging
parameters of DR for the medical judgment of presence of pneumoconiotic opacities as demanded by the
Pneumoconiosis Law in Japan. The pre-storage parameters for gray scale processing and spatial frequency
processing are critical to the visualization of the image more than the post-storage parameters like window level
and width. In order to obtain comparable images, pre-storage processing considerably affects image, and storage
using P-value stated in DICOM part 14 is strongly recommended.

introduction

Digital alternatives of radiography, both the computed radiography (CR) and the digital radlography (DR), have
been accepted well for the clinical use. Their strong points include easy handling, less chemical waste, less space
for storage, and better latitude compared to the conventional film-screen (FS) radiography and they have almost
substituted the FS radiography in the most of the big hospitals in Japan. The increasing use of the Picture
Archiving and Communication System (PACS) in such hospitals prompted the trend of digitalization of the
radiography. .

Such trend has influenced to the medical screening of pneumoconioses and their legal _]udgment which
directly affect compensation of the patient. The Pneumoconiosis Law (1) in Japan demands the workers exposed
to dust to take the medical examination including chest radiograph. The radiograph is reviewed by a physician
according to the Japan Classification of Radiograph of Pneumoconiosis (2), which is almost parallel to the ILO
International Classification of Radiograph of Pneumoconioses (ILO/ICRP) (3, 4).

Recently the Ministry of Health, Welfare and Labour, Japan (MHWL-J) has approved the ﬂat-panel
detector (FPD) DR for its use in the legal medical judgment of pneumoconiosis (5). The other type of digital
radiographic techniques, the CR that needs the storage phosphor, i.e. the imaging plate (IP), has been already
approved since 2001 (6). For the image of CR was not quite similar to the FS radiograph, the MHWL-J had
selected typical case sets that supplement the Japan Pneumoconiosis Standard Radiographs. However, it is not an
easy task as to merely introduce new substitutable technology to conventional film-screen (FS) radiograph. As
the Pneumoconiosis Law uses the radiographic judgment as scale to decide the class of dust exposed workers
that decides whether or not he is applicable to the compensation, revision of this law has been a socially
sensitive issue. The taskforce was demanded to assure that the new modality is same in scaling the
pneumoconiotic opacities.

This article aimed to describe the approach that the DR Taskforce has taken to decide the appropriate
imaging parameters of DR for the medical judgment of presence of pneumoconiotic opacities as demanded by
the Pneumoconiosis Law in Japan. Our approach has been, firstly, to decide the appropriate DR parameters for
the judgment of pneumoconiosis, and secondly to assess the appropriateness of the parameter through reading
trial using the proposed parameters. For the former purpose we took Canon CXDI as example and made
thorough investigation on its imaging parameters. After we have decided the appropriate imaging parameters, we
performed reading trial comparing radiograph and the hard copy of DR. Similar approach had been taken to
decide the parameter for CR before its approval for the pneumoconiosis judgment in 2001. As there are some
other venders those producing the FPD DR systems, the taskforce demanded the venders to submit typical
pneumoconiosis images taken by their systems. Specific parameters that correspond to the taskforce
recommendation were sought out. The taskforce also decided the process to approve the new apparatus for the
legal medical judgment of pneumoconioses.
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I. Evaluation of appropriate DR parameters for judging the grade of pneumoconiosis using
Canon DR system . .

As the full technical support from engineers was available from Canon, Inc. as well as Canon has top share
concerning the FPD DR systems in Japan, the CXDI (Canon, Inc., Tokyo) was chosen as the one to fully assess
its imaging parameters. All the FPD DR images and FS radiograph were obtained after taking written informed
consent from the subjects in the hospitals which had collaborated to this study. As the new cases of
pneumoconioses are not abundant in Japan, most of the cases were from the two major institutes that had
installed the FPD DR system for years.

In order to decide the appropriate parameters, four typical cases of silicosis were selected from the DR
case archives, each representing the mid-category of profusion 0, 1, 2, and 3. Imaging parameters concerning the
gray scale processing and the spatial frequency processing were changed one by one to assess the difference
caused by the parameter modification. The taskforce for CR approval took the similar approach to assess the
comparability of chest radiograph and CR hard copy. The middle column of the Table 1 shows appropriate
ranges for the gray-scale and spatial frequency processing that was recommended by the MHWL-J taskforce for
CR approval to the legal medical judgment of pneumoconiosis in 2001 (6). The comparable imaging parameters
for each vender of the CR and CXDI (Canon, Inc., Tokyo) are listed in Table 2. The DR Taskforce performed
the group-review by the five experienced physicians changing the parameters one by one for ali the four cases.
The Table 3 compared the two parameters sets: the one was recommended by the vender that keeps the image
within the CR Taskforce guideline and the other was approved by the DR Taskforce after group-reviewing the
images using various parameters.

Five experienced physicians, who are either radiologists or pulmonologists and serving as regional or
central Pneumoconiosis Examination Physicians appointed by the MHWL-J, reviewed differently processed hard
copies of DR and gave consensus decision whether it was appropriate for pneumoconiosis judgment or not. After
the group reading, the taskforce decided not to recommend the use of the Enhancement, a parameter for the
spatial frequency processing, more than 2 for the CXDI.

Table 1 Appropriate imaging parameter of the gray-scale and spatial frequency processing
recommended by the CR Taskforce in 2001 and the DR Taskforce in 2007

CR-TF Recommendation DR-TF Recommendation

Gray- scale (gradation) processing
Lung field 1.6-2.0 1.6-2.0
Mediastinum, heart 0.15-0.25 not defined
Spatial frequency processing
High frequency (> 0.2 cycle/mm)
10-1.2 " OFF*

Low frequency (0 cycle/mm)

Note: CR-TF is the CR Taskforce, while DR-TF is the DR Taskforce. *Spatial frequency processing was
recommended to be basically OFF for the any FPD, except CXDI (Canon, Inc.). The range recommended by the CR
Taskforce is equivalent to Enhancement 0-4 for CXDI as in the Vender’s recommendation in Table 3. The DR Taskforce
accepted the Enhancement 0 and 1 for CXDI after the group review (See Table 3).
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Table 2 Corresponding parameters of image processing: CR and CXDI

DR
Fuji Konica Kodak Canon (CXDI)
Gray-scale GA G value Contrast Factor Contrast
processing
GC Upper Contrast
Lower Contrast
GS Lung density  Density Shift Brightness
Shoulder Shift
Toe Shift
e ST LU Curve shape -
Spatial RN Mask size Matrix size Frequency
frequency
processing
RE Emphasized  High Density Boost Enhancement

degree
Low Density Boost

Note: The parameters for the multi-frequency processing are not included in this table.

Table 3 Appropriate imaging parameter for legal medical judgment of pneumoconiosis for CXDI
CXDI (Canon, Inc., Tokyo)

Vender’s Recommendation DR-TF Recommendation
Contrast 14-17 14-17
Brightness 17-20 17-20
Curve shape Chest Chest
Frequency 7 7
Enhancement 0-4 0-1

Note: See also the Note for Table 1.

ll. Comparison of judgment of the grade of pneumoconiosis between film-screen system and
Canon DR system in the same patient

Using the parameters recommended by the DR Taskforce, we have performed reading trial by the same five
physicians participated in the previous parameter study. In this study, we aimed to assess the consistency of
classification of profusion compared to that of film-screen radiograph.

Methods

The DR Taskforce has compared the hard copy of the DR against the radiograph of the same patient and chosen
the parameters that could produce the most similar image as the radiograph. We have extracted 35 cases with
pair of the DR hard copy and the FS radiograph from the Occupational Safety and Health Compensation
Hospitals (Rosai Hospitals) and other academic group on the pneumoconioses (Fukui University Hospital and
NHO-Kinki Chuo Chest Medical Center). Five readers who serve as the regional or central Pneumoconiosis
Examination Physicians independently reviewed 35 pairs of the DR hard copy and the FS radiograph. For the
classification the 4 point-scale profusion (0, 1, 2, and 3) was used according to the Japan Classification, which is
almost parallel to the ILO/ICRP.

Crude agreement and Cohen’s x statistics was used to assess the consistency between the classification
results within the reader (intra-reader agreement), or between the readers (inter-reader agreement). Altman’s
criteria for the  statistics interpretation was used to decide the agreement: poor <0.2, fair 0.21-0.40, moderate
0.41-0.60, good 0.61-0.80, and very good >0.81 (7).
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Results

The median reading results of five readers’ trial on the 335 pairs of the FPD DR hard copy and the FS radiograph
were summarized in Table 4 and 5. Accumulation of 5 readers’ individual reading results of 35 pairs showed
crude agreement of 78.9% (138/175 readings) as well as 15.4% (27/175) DR’s over-reading and 5.7% (10/175)
DR’s under-reading compared to FS radiograph (Table 4). Crude agreement between median profusion of FPD
DR and FS radiograph as shown in Table 5 was 82.86% and its x statistics was 0.74 (Std. Error 0.1078). The
intra-reader agreement was good (k= 0.6975; range: 0.4909-0.7886). The inter-reader agreement was also good
as the average k value between FS radiograph and FPD DR was 0.6072 and 0.6968, respectively. From the
results of this study, the FPD DR showed the same capability in judging the profusion category of
pneumoconiosis as the FS chest radiography has.

Table 4 Comparison of the profusion between FS and DR chest radiography in 175 accumulated
cases (5 readers, 35 patients)

Difference of the Profusion

FS -DR Number of cases FS>DR FS<DR FS=DR
0 -0 45 45
0 - 1 11 11
1 - 0 3 3
1 - 1 63 63
1 - 2 8 8
2 -1 3 3
2 - 2 22 22
2 - 3 8 8
3 - 2 4 4
3 -3 8 8
Total (%) 175 (100) 10 (5.7) 27 (15.4) 138 (78.9)

Table 5 Summary of the median profusion of five readers: FS vs DR

DR
FS 0 1 2 3 Total
0 9 3 0 0 12
1 0 14 1 0 15
2 0 0 4 1 5
3 0 0 1 2 3
Total 9 17 6 3 35

lll. Evaluation of appropriate DR parameters in other DR systems

As far as the taskforce has known, the DR systems produced by Philips, Siemens, GE, Toshiba, Hitachi, and
Shimazu were available in Japan. Each of these venders was asked to submit a few typical pneumoconiosis cases
for the evaluation by the DR Taskforce. Various sets of parameter modification were assessed by the same
manner described above. After the evaluation in section ll, the taskforce concluded that the spatial frequency
processing should be off for the pneumoconioses screening. The multi-frequency processing that enable
differential processing at the areas with the high and the low frequency was not allowed for the judgment of
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presence of pneumoconiotic opacities. The DR Taskforce’s recommendation was, therefore, revised as the right
side column in Table 1. Also the gray-scale processing on the mediastinum was omitted from the previous one.

Table 6 Applicable imaging parameters for each vender to match the recommendation by the DR
Taskforce for MHWL-J in 2007

Canon E *orl
D % ok %k k ok
Brightness 17-20
Contrast 14 - 17
Philips Density (D) 15-17
Gamma (G) 40 - 45
NC (N) 00-03
DCE 0.0
Siemens SF Q/x*x*
LUT 8
w 2300 - 3300
C 1900 - 2300
GE Contrast (C) 119-130
Brightness (B) 152 - 157
Edge (E) 1
Toshiba WL 1800 - 2400
ww 1200 - 2800
G 7
E 0
D 0
I 0
Hitachi Filter 0-3
Mask size 5
DRC 0
Y 3
WL 2100
wWwW 3850
Shimazu w . 11500 - 12500
L 6000 - 6500
E 0

Note *, ¥**** *** are off,

As stated in the note of the table, the taskforce have reviewed CXDI hardcopies and accepted the use of
Enhancement, a parameter for the spatial frequency processing, up to 1, while the CR Taskforce’s
recommendation is equivalent to the CXDI’s Enhancement up to 4 as shown in the vender’s recommendation in
Table 3. For the other venders’ DR, the taskforce only reviewed the hardcopies produced as the Spatial
Frequency Processing OFF and the images were acceptable. The sharpness of the opacities’ edge may largely
affected by the Enhancement, but other factor like the distance between the subject and the film-screen or the
flat-panel detector may also affect the sharpness of the images.

In order to perform a group review, the taskforce requested the venders to submit the hardcopies
produced according to the recommendation shown in Table 1. Table 6 summarized the parameter set for the
each vender which is compatible to the DR Taskforce’s recommendation for the processing of FPD DR. The
contrast, the density, and the edge enhancement seem to be the comparable parameters for the majority of the
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venders, although there is no detailed explanation. Some of the venders include the window width and level,
while the others do not.

Discussion

For the most of the physicians using CR or DR at their clinics may not realize the importance of the present
study to ensure the comparability to the FS radiograph. What they are viewing on the medical monitor or laser
printed hard copy on the view box is routinely produced images according to the pre-decided parameters, maybe
recommended by its vender or by the hospital’s chief radiologist, and in the black box to most of the physicians.
As the storage medium is not infinite, the PACS system only carries the compressed data of the clinical images.
After the compression, any pre-storage modified parameters for the gray scale processing and the spatial
frequency processing cannot be re-modified. It is not the window level or width of the stored image but the
pre-storage parameter setting that is critical to the visualization of the appropriate image.

Therefore, the images stored on the PACS system are usually different from the raw data and
re-modification is not possible. In order to guarantee the compatibility of the data on the medical monitors or the
medical laser printers, the DICOM Part 14 will be the format to use. The DICOM Part 14 provides the
standardized format for gray scale display, the P-value, i.e. the pixel value after all DICOM defined gray scale
transformations have been applied (8). We have experienced that when certain DICOM formatted CR image
cannot be properly visualized on the high-resolution medical monitor, which is probably caused by not applying
the DICOM Part 14. Such standardized format for gray scale will be the minimum requirement for the data
collection. For the research purposes the image data should be obtained as the parameters modifiable data stored
uncompressed or by reversible compression. Such data will not be usually available without the venders’
assistance. It will not be practical to demand all the CR or DR data should be stored as raw data, but it is
essential to demand all the digital radiograph data to be stored using P-value as defined in DICOM Part 14.

The DICOM Part 14 guarantees the standardization of gray scale, but it does not guarantee the
standardization of other parameters of spatial frequency processing, multi-frequency processing and dynamic
range control. The multi-frequency processing enables differential processing at the areas with the high and the
low frequency. The dynamic range control, a pre-storage processing to allow showing the back of heart and
diaphragm shadow less white while keeping the gray-scale of the lung field, would be useful for other clinical
purposes but not allowed to use for legal medial judgment of pneumoconiosis at least in Japan. These parameters”
were tool for better visualization of DR images and may enable to show patho]oglc lesions more clearly, but
standardization of those parameters has not been achieved yet.

Film-based hard copy of FPD DR was evaluated concerning imaging parameter appropriateness and
consistency of classification results to the conventional FS radiograph. The hard copy of FPD DR was similar in
brightness and contrast of gray-scale when produced applying the decided parameter range. Authors conducted
similar study including comparison with CR using 10 definite, 10 borderline and 10 negative cases with HRCT
proof (9). After optimization with venders’ engineer’s help the FPD DR could produce very similar image as the
FS radiograph, while the CR hard copies produced by the CR vender’s recommended parameter was not as
similar as the FS radiograph when compared to the FPD DR, according to the study. However, the study did not
able to detect the difference among the three modalities’ area under the curve (AUC) of the ROC analyses when
the HRCT proven FS radiograph reading results were considered as the gold standard.

The present study performed by the DR Taskforce started from the parameters that the previous CR
Taskforce for MHWL-J has recommended. The conclusion that the DR Taskforce has reached, as stated above, is
more rigorous than the former recommendation, not allowing the use of the spatial frequency processing for the
DR. This new report may urge reconsideration of the former recommendation made by the previous CR
Taskforce.

The FPD DR was officially approved for the pneumoconiosis judging purpose in December 2007.
Evaluation of the image or soft copy on the CRT or LCD monitors was not in the scope of the evaluation
performed by the MHWL-J taskforce. For its use as soft copy, rigorous evaluation of monitor spec, maintenance
and calibration of the monitor, data storage, data compression rate, and pre-storage data processing should be
done before implementation. This report may covers come part of the pre-storage data processing assuming the
conventional film-screen radiograph is the best image to compare.

Conclusion

The MHWL-J DR Taskforce has concluded that the DR chest radiography with appropriate settings as presented
in this article can be used in the legal management of patients with pneumoconiosis. Accordingly, the FPD DR
was officially approved for the pneumoconiosis judging purpose in December 2007 in Japan. The pre-storage
parameters, both gray scale processing and spatial frequency processing, are important to decide the image
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output as well as the post-storage parameters like window level and width. Those influences on the output image
are universal to both hard copy and or soft copy. The DICOM Part 14 should be included as the grayscale format
compatible to the DICOM monitors. Evaluation of the image or soft copy on the CRT or LCD monitors was not
in the scope of the evaluation performed by the MHWL-J taskforce. For its use as soft copy, rigorous evaluation
of monitor spec, maintenance and calibration of the monitor, data storage, data compression rate, and pre-storage
data processing should be done before implementation.
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MEBHE . BREfELE @EEERKERNRE)
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MREE :
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BIIFETE—RELHEN, CABHERROBEREMATHE TS LR8I VEE LN L EL
bhie,
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