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Rationale and Objectives. Digital chest imaging has replaced film chest radiographs in many centers, but the International 
Labour Organization classification system, which is the most widely used syslem for recognition and classification of dust-related 
abnormalities, is predicated on film chest radiographs. The purpose of this study was lo evaluate the equivalency of digital chest 
radiographs (including bolh hard copy and soft copy) with film radiographs for the recognition and quantification of abnor­
malities consistent with pneumoconiosis using the International Labour Organization classification system. 

Materials and Methods. Digital chest images and film images, obtained from 107 subjects with a range of parenchymal and 
pleural abnormalities, were classified in random order by six B readers. 

Results. Readings of film and soft copy images were equivalent for small opacity profusion; readings of hard copy images had 
significantly greater prevalence of small opacities compared 10 film and soft copy. The prevalence of large opacities differed 
significantly among all lhsee image fonnats: hard copy greater than film greater than soft copy . However, film and soft copy 
readings for large opacities did not differ significantly when images demonstrating the coalescence of small opacities that had not 
yet become a large opacity were grouped with large opacities. The prevalence of pleural abnonnalities differed significantly 
among all three image fonnat5 : film greater than hard copy greater than soft copy. 

Conclusions. Film and soft copy images can be recommended for the recognition and classificalion of dust-related parenchymal 
abnonnalities using International Labour Organization dassifications. The role of digital radiography in reading for pleural 
abnmmalities requires additional investigation . 
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Pneumoconioses are fibrotic or granulomatous lung diseases 
related to the inhalation of certain inorganic dusts (l-3) . 
Workers in selected occupations have been at risk of pneu­
moconiosis since antiquity . Silica, asbestos, and coal have 
been the major dust hazards , though there are many other less 
commonly encountered materials that can present an inha­
lation hazard for pneumoconiosis . 

In the I 930s, the International Labour Organization (ILO) 
based in Geneva, Switzerland, became involved in the develop­
ment and evolution of a system for standardizing the classification 
of posteroanterior (PA) chest radio graphs for pneurnoconiosis 
(4). After multiple revisions, the JLO system remains the most 
widely used method for classifying chest radiographic abnor­
malities related to inhalation of pathogenic dusts (5-7). 
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The ILO system is predicated on use of film-screen ra­
diographs (FSR) (5). In recent decades, many medical centers 
have introduced various fonns of digital radiographic imag­
ing into clinical practice. It has become difficult to obtain 
FSRs in many areas in the United States and it is anticipated 
this trend will continue. 

Few studies have compared digital radiographic technol­
ogy and FSR for the identification and quantification of 
abnormalities resulting from dust inhalation using the ILO 
system (8,9). The situation is further complicated by the fact 
that digital images can be viewed in two fonnats : laser­
printed onto transparent medical imaging film as hard copy 
(HC) digital images and viewed with traditional view boxes 
like FSR images, or soft copy (SC) digital images that are 
viewed on a computer workstation monitor. 

The goal of the present investigation was to assess and 
compare the impact of image format (FSR, SC, and HC) on 
the recognition and quantification of dust-related abnormal­
ities when ILO classifications are perfom1ed by physicians 
experienced in interpreting radiographs for pne.umoconiosis . 

MATEROALS AND METHODS 

The study had three phases: I) recruitment of subjects and 
capturing of images; 2) reading of images (FSR, SC, HC) by 
a panel of six readers certified by the National Institute for 
Occupational Safety and Health in the use of the ILO system 
(ie, B readers); and 3) data cleaning and statistical analyses. 
Subjects gave written infonned consent that was approved by 
the Medical Institutional Review Board of the University of 
Michigan and complied with Health Insurance P01tability 
and Accountability Act regulations . 

Recruitment of Subjects and Questionnaire 
The study was perfom1ed between 2002 and early 2007, 

and subject recruitment was from early 2003 through early 
2005. Subjects had to be at least l8 years old, capable of 
giving informed consent, and capable of corning to the Uni­
versity of Michigan Medical Center to complete the required 
radiographic studies and a short written questionnaire. 
Pregnant women were not eligible to avoid potential radia­
tion exposure to the fetus. Subjects were recruited from two 
sources: patients seen or refened to the University of Mich­
igan or patients listed in the Michigan or Ohio Silicosis 
Registries (10,11). 

A primary objective of subject recruitment was to 
achieve a final study group that had adequate representation 
of all major ILO small opacity profusion categories (ie, 0, 1, 
2, and 3). More subjects were sought in the two lower ILO 
major profusion categories (ie, 0, I) because it was con­
sidered important to characterize differences at the critical 
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0/1 and 1/0 boundary. Other recruitment objectives were to 
include adequate numbers of subjects with a range of 
pleural abnonnalities such as found with asbestos exposure 
and to have a reasonable balance of inc,,eased profusion of 
both "rounded" and "irregular" small opacities so that our 
findings would be applicable to all forms of pneumoconi­
osis. An impo11ant, but secondary recruitment objective was 
to recruit subjects with large pneumoconiotic opacities. 
These. recmitment objectives we.re based partly on use of 
the ,-: statistic to assess inter-rater and intrarater agreement 
(note: results of K analyses will be presented elsewhere). 
The value of K depends, in part, on the prevalence of 
"positive" findings: K approaches zero when the true 
prevalence approaches zero or 100% (12). Hence, recruit­
ment was designed so that the prevalence of key "positive" 
findings would be bounded away from these extremes. 

All subjects completed a survey that included questions 
in the following areas : demographics (age, gender, race/ 
ethnicity); smoking history (13); occupational and dust 
exposure history; and medical history, particularly related 
to lung and pleural disease. Height and weight were 
measured. 

Chest Radiographic Imaging Methods and Quality 
Control 

For each subject, a standard PA FSR image and a PA 
digital radiographic (DR) image were obtained on the same 
day. One DR image was lost in the Picture Archiving and 
Communication System and was not recoverable, and one 
FSR was lost in the radiology fl.le room, each on different 
subjects. Therefore, the final study group included 106 im­
ages for FSR, HC, and SC, respectively, but these were based 
on 107 subjects. 

All radiographic images were obtained at the University of 
Michigan Medical Center. Protocols for acquiring the DR 
and FSR images for this study were developed to ensure that 
uniform techniques were employed and to maintain detailed 
records of the examinations. The protocol for capturing DR 
chest images was as follows . 

I . lmages were captured on the flat-panel amorphous 
Selenium digital detector of the Hologic DR lOOOC 
system (Hologic, Inc., Bedford, MA) with the fol­
lowing settings : 120 kVp, 160 or 250 mA, 72" (183 
cm) source-to-image distance with left and right (lung 
field) phototimer sensors. A I 0: l, 70 grid lines/cm, 
165 cm focus, scatter rejection grid was employed. 
The Hologic (direct ray) detector has a pixel size of 
139 µm. The image array size is 2560 x 3072 pixels 
(35 cm x 43 cm). 

2 . The kVp, mA, exposure time, and mAs were recorded 
on the patient record sheet. 



Academic Radiology, Vol 16, No 6, June 2009 COMPARISON OF IJIGIYAL AND FILM RADIOGRAPHS 

3. The digital image wa~ sent to the thoracic radiology 
reading room for routine·clinical interpretation and 
was archived. 

4. Subject identifiers were stripped out of the DICOM 
header of DR image files, a unique subject identifier 
number was inserted into IJ1e header, and the deiden­
tified DICOM file was stored for research purposes . 

5. The deidentified digital image was printed on a Fuji 
FM-DPL high-quality laser printer (FUJIFILM Med­
ical Systems USA, Inc., Stamford, CT) using Fuji 
film. Images were printed using the standard look-up 
table recommended by Fuji for printing hard copies 
(LUT Gamma# 17, linear-lone, blue base, OD range: 
0 .15 to 3). Hard copies were printed in 100% fo1mal 
(ie, full size, no reduction). 

The final digital images were generated using the stan­
dard image processing settings for PA chest radiographs on 
the Hologic DR system employed in the University of 
Michigan radiology department at the time of the study. 
These Hologic-specific settings were: density = 0.2; adap­
tive= OFF; fix.ed latitude= 75; adaptive latitude= 110; IT 
weight= 0.0; DRC filter= O; look-up table = 3; collimate = 
OFF; index method = 2; levels = 6; region 1 = 2.0; region 
2 = 2.0; and IT param = 218 . An investigation to determine 
the optimal numerical processing algorithm for diagnosing 
lung disease from Hologic DR chest images was beyond 
the scope of this study. 

The protocol for capturing FSR images was as follows. 

I. Standard PA chest 111111/screen technique was; em­
ployed: 125 kVp, 150 mA, wall unit, 72" (183 cm) 
source-to-image distance, all three phototimer sen­
sors, Agfa UVC film (Agfa-Gevaert Group, Wil­
mington, DE) in Agfa UV Super Rapid Screen 
Cassette, Normal "O" density setling (the speed of the 
screen-film system was 200) . Either a 10: 1 or a 12: 1, 
40 grid lines/cm, J 52-183 cm focal range (for each), 
scatter rejection grid was employed. 

2. The kVp, mA, exposure time, and mAs were recorded 
on the patient record sheet. 

3. Exposed film was developed in an automatic proces­
sor using the standard 90-second cycle and using 
Agfa/DuPont HSG chemistry, and the fi Im was then 
placed in the patient's film folder. 

4. After clinical interpretation, patient identifiers on the 
film were covered with opaque tape, and a unique 
subject identifier number was written on the tape. 

Standard ILO Radiographic Images 
All B readers used their own set of 22 ILO wmdard films 

when reading FSR and HC images, in accordance with ILO 
guidelines (5). 

To allow for side-by-side comparison of SC images with 
ILO standard images, it was necessary to develop a digital 
version of the ILO standard films. With pem1ission from the 
ILO, we accomplished this by digitizing and archiving the 
entire set of ILO standard films. The films were digitized 
using a VIDAR Diagnostic Pro Scanner (VIDAR Systems 
Co1poration, Herndon, VA), using standard chest processing. 
The films were digitized to 12 bits (4096 gray levels) with 
a spatial resolution of 142 µm . The digital images were then 
re.viewed on a high-quality display and two participants in the 
study adjusted the window width and level of each image on 
the monitor so that the resulting image approximated the 
corresponding FSR standard image on a view box. A list of 
the window level and width values for each standard film is 
available from the authors. The digitized ILO standard im­
ages were supplied to each of the participating B readers. 

Reading of Images 
The six physicians who interpreted images for this study 

were all B readers. Their durations of certification ranged 
from 4 to 24 years, with a mean of 13 years . 

To ensure that all B readers employed high-quality display 
monitors when reading SC images, they were required to use 
a high-resolution physician-quality diagnostic workstation 
similar to that employed in the radiology department at the 
University of Michigan at the time of the study (ie, 
SIEMENS SIENET Magic View 1000 system). This 
system consists of: 

I. A Sun UltraSPARC 60 workstation with 2x DOME 
dual-head Md5px frame buffer. 

2. Software version VB33C including display functions 
such as: window level and width (brightness and 
contrast.) adjustment, continuous pan/zoom, user se­
lectable zoom factor, full resolution and full view 
image presentation, a "magnifying glass" tool with 
independent window/level adjustments, and a region­
of-interest measurement tool with mean pixel value 
and standard deviation readings. 

3. SIMOMED 2 K Grayscale CRT monitors (four 
monitors per workstation) with the following charac­
teristics: 

Resolution (pixels) 2048 x 2560 
Maximum luminance: 

10 cm x 10 cm area 600 cd/m2 

Fully white screen 350 cd/m2 

The specifications most critical for this study were the 
2k-monitor resolution, max.imum brightness levels, and 
window/level adjustment, zooming, panning, and magnify­
ing glass features. It was also critical that the brightness and 
contrast of the monitors were adjusted to satisfy the DICOM 
Grayscale Standard Display Function (14, 15). We achieved 
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Table 1 
Reading Order of Image Formats by B Readers 

Round 1 Round 2 

Reader Cycle 1 Cycle 2 Cycle 3 Cycle 1 Cycle 2 Cycle 3 

1 Hard· Film' Soft1 Hard Soft Film 

2 Soft Film Hard Film Soft Hard 

3 Film Soft Hard Film Hard Soft 

4 Hard Soft Film Soft Hard Film 

5 Film Hard Soft Hard Film Soft 

6 Soft Hard Film Soft Film Hard 

• Hard= digital radiograph laser-printed on film, and the hard copy 
viewed on a standard radiographic viewbox. 

1 Film = traditional film-screen radiograph viewed on a standard 
radiographic viewbox. 

: Soft = digital radiograph viewed as soft copy on a diagnostic 
quality workstation. 

this on the SIMOMED 2K monitors by adjusting the monitor 
settings so that the luminance of the 20% gray step of the 
Society of Motion Picture and Television Engineers pattern 
was set at 6.0 ± 0.2 ccl/n,2 and the 90% gray step was set at 
152.6 ± 0.5 cd/ni2 (16) . Other monitors that were employed 
in the study at the other sites were adjusted similarly. 
B readers were able to control the displayed brightness and 
contrast of each individual image via the window level and 
width settings on the workstation. They also could change the 
magnification when reading the soft copy images. 

There were two rounds of readings; a round consisted of 
each reader classifying all of the images in each of the for­
mats (FSR, HC, and SC) . The three image fomrnts were 
presented to the readers in random order (Table 1 ). Within 
each image fom1at the order of presentation of the individual 
radiographs was also randomized. Readers classified images 
according to the 2000 revision of the ILO classification sys­
tem (5) . There were al least 30 days between readings of each 
set of images for each reader. 

Statistical Analyses 
Models evaluated marginal rating differences across im­

age fom1ats with and without controlling for potential con­
founders. Both generalized estimating equations and mixed 
model approaches were adopted for statistical analyses to 
account for the clustering effect induced by multiple ratings 
made on the same subject using different image formats. The 
generalized estimating equation approach was implemented 
using the SAS procedure GENMOD lo analyze outcomes 
that are both continuous and discrete. In these models image 
format, reader, and round, have been used as fixed effects, 
and the subject id was used as a random effect. To make the 
analysis robust (ie, not too dependent on the model as­
sumptions), a compound symmetry/sphericity working cor­
relation matrix was used to model the dependence between 
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Table 2 
Subject Characteristics 

Frequency Percent 

Gender 
Male 86 BO 
Female 21 20 

Body mass index (kg/m2) 

<25 (normal) 28 26 
::c25 to <30 (overweight} 45 42 
;?:30 (obese) 34 32 

Ever smoked 
No 39 36 
Yes 68 64 

Current smoking 

No 97 91 
Yes 10 9 

History of dust exposure 
No 47 44 
Yes 60 56 

Dust exposure type (n = 60)* 

Silica 34 57 
Asbestos 28 47 
Other/unknown 12 20 

Mean (S.D.) Median (range) 
Age (y) 64.7 (11 .9) 65 (31-91) 
Body mass index (kg/m2

) 28.5 (5.2) 28.1 (19.5-48.8) 
Pack-years 

All subjects (n = 107) 19.5 (24.1) 12 (0-96) 
Ever smoked (n = 68) 30.7 (23.8) 23.5 (1-96) 

SD, standard deviation. 
• Some subjects reported more than one type of dust exposure, so 

the numbers add up to more than 60. 

the measurements made on the same subject (the only two 
exceptions being parenchymal abno1malities and large 
opacities or "ax" where we had to use an independent 
correlated structure because of convergence issues). Vari­
ables that could potentially influence ratings (eg, age, gender, 
body mass index [BMI), and pack-years of smoking), were 
included in models as covaiiates. Models of outcomes other 
than image quality were also adjusted for median image 
quality . Mixed model analyses were performed using SAS/ 
ST AT GLIMMIX for dichotomous outcomes and MIXED 
for continuous outcomes. All analyses were perfonned using 
SAS/STAT for Windows version 9.1 (17) . 

RESIIJILTS 

Of the 107 subjects, 80% (n = 86) were male, 56% (n = 60) 
had a history of pathogenic dust exposure, 64% (11 = 68) were 
current or former smokers, and 74% (n = 79) were over­
weight or obese (ie, BMI 2:25 kg/m2

) . The mean subject age 
was 64.7 years (range, 31-91) (Table 2). 
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Table 3 
Results of ILO Classifications Overall and by Image Format 

Overall Film Hard Copy Soft Copy 

Outcome variable n % n % n % n % X2 (PValue) 

1. Image quality (n = 3816') 
1 1130 29% 398 31 % 301 24% 431 34% 76.62 
2 2282 60% 774 61% 778 61 % 730 57% (<.0001) 

3 382 10% 98 8% 175 14% 109 9% (6 df) 
4 (unreadable) 22 1% 2 0% 18 1% 2 0% 

2A. Any parenchymal abnormalities (n = 3794' ) 11 .97 

No 1216 32% 443 35% 358 29% 415 33% (.0025) 
Yes 2578 68% 827 65% 896 71% 855 67% (2 df) 

2Ba. Shape/size of primary small opacities (n = 2578) 1.85 
Round (p, q, r) 829 32% 281 34% 280 31% 268 31% (.3958) 
Irregular (s, t, u) 1749 68% 546 66% 616 69% 587 69% (2 df} 

2Bc. Small opacity profusion 
0 1529 40% 543 43% 455 36% 531 42% 16.55 

1158 31% 385 30% 392 31% 381 30% (.0111) 
2 852 22% 265 21% 306 25% 281 22% (6 df} 
3 255 7% 77 6% 101 8% 77 6% 

2C. Large opacities 
0 3216 85% 1076 85% 1036 83% 1104 87% 14.12 
A 228 6% 78 6% 79 6% 71 6% (.0284) 
B 271 7% 93 7% 101 8% 77 6% (6 df} 
C 79 2% 23 2% 38 3% 18 1% 

2C. Large opacities 9.09 
No(O) 3216 85% 1076 85% 1036 83% 1104 87% (.0106) 
Yes (A or B or C) 578 15% 194 15% 218 17% 166 13% (2 df) 

2C. Large opacities or ax 7.87 
No (0) 3026 80% 1020 80% 969 77% 1037 82% (.02) 
Yes (A or B or C or ax) 768 20% 250 20% 285 23% 233 18% (2 df) 

3A. Pleural abnormalities 30.26 
No 2585 68% 795 63% 868 69% 922 73% (<.0001) 
Yes 1209 32% 475 37% 386 31% 348 27% (2 df) 

3C. Costophrenic angle obliteration 6.37 
No 3546 93% 1169 92% 1183 94% 1194 94% (.0413) 
Yes (right and/or left) 248 7% 101 8% 71 6% 76 6% (2 df) 

3D. Diffuse pleural thickening 4.52 
No 3620 95% 1199 94% 1201 96% 1220 96% (.1043) 
Yes (right and/or left) 174 5% 71 6% 53 4% 50 4% (2 df} 

df = degrees of freedom. 
• Images were obtained for each of the three modalities in 1 07 subjects and were classified on two separate occasions by six B Readers. The 

number of images assessed for film quality is greater than for subsequent outcomes. For a small number readings, image quality was rated 
unreadable (n = 22). These readings provide no data for subsequent outcomes. 

A total of 3816 readings were completed for the study (34%) and small iITegular opacities (66%) . Fifteen percent of 
(I 06 images x 3 fonnats x 6 readers x 2 rounds; Table 3 ). readings of FSR images indicated the presence of large 
The subject recruitment goals related to the prevalence of key opacities, and 37% indicated the presence of pleural abnor-
outcomes (ie, small opacities, large opacities , and pleural malities. Table 3 also displays the results for readings based 
abnormalities) were achieved . Small opacity profusion cate- on HC and SC images, and statistical comparisons among all 
gories "O" and" I " togetherrepresented a majority (73%) of three image formats based on x2 statistics . 
the scores for FSR images, as w as intended by design. Tables 4 and 5 display unadjusted paiiwise comparisons 
Among FSR images marked positive for small opacities, of the marginal prevalence of outcomes by image format. 
there was a reasonable representation of both small rounded There were no significant differences in image quality ratings 
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Table4 
Pairwise Comparisons of Prevalence of Findings by Image Format (FSA, HC, and SC) based on Dichotomous Outcomes 

Classification Comparison FSR VS. HC' FSR vs. SC' HC vs. sc· 

1A: Film quality (category 1 vs . 2, 3, 4) 
1.A: Film quality (categories 1, 2 vs. 3, 4) 
2.A: Parenchymal abnormalities (yes/no) 

2.C: Large opacities (yes/no) 
2.C: Large opacities with ax (yes/no) 
3.A: Pleural abnormalities (yes/no) 
3.C: Costophrenic angle obliteration (yes/no) 

3.D: Diffuse pleural thickening (yes/no) 

0.67 (0.49-0.92) 
0.47 (0.31-0.73) 

0.75 (0.65-0.86) 
0.86 (0.75-0.98) 
0.83 (0.74-0.93) 
1.30 (1 .10-1 .53) 
1.45 (0.99-2.11} 

1 .35 (0. 94-1 .95) 

1.11 (0.85-1.45) 
0.89 (0.56-1.41) 

0.91 (0.80-1.04) 
1.18 (1.03-1 .36) 
1.07 (0.98-1.17) 
1.53 (1 .31-1.78) 
1.36 (0.93-1 .99) 
1.45 (0.99-2.12) 

1.66 (1.39-1.96) 

1.87 (1.53-2.30) 
1.22 (1.09-1.35) 
1.38 (1.20-1 .58) 
1.29 (1.16-1.44) 
1.18 (1 .04-1.33) 

0.94 (0.79-1.12) 
1.07 (0.84-1.37) 

FSR, film-screen radiographs; HC, hard copy; SC, soft copy. 
• Estimate of odds ratio (95% confidence interval) based on logistic regression with generalized estimating equations accounting for 

clustering by subject. 

Table5 
Pairwise Comparisons of Mean Scores by Image Format (FSR, HC, and SC) based on Ordinal Outcomes 

Classification Comparison 

1.A: Film quality (4-point scale) 

2.8: Small opacities (12-point scale) 
2.8 : Small opacities (4-point scale) 

2.C: Large opacities (4-point scale) 

FSR vs. HC· 

- 0.166 (.0002) 

·-0.381 (<.0001) 
-0.136 (< .0001) 
-0.051 (.0142) 

FSR, film-screen radiographs; HC, hard copy; SC, soft copy. 

FSR VS. sc· 

0.013 (.7366) 

-0.028 (.6771) 
-0.015 (.5596) 

0.041 (.0098) 

He vs. sc· 

0.179 (<.0001) 

0.353 (<.0001) 

0.122 (<.0001) 

0.092 (<.0001) 

• Estimate of difference (P value) based on continuous models with generalized estimating equations accounting for clustering by subject. 

between FSR and SC, whereas the quality ratings for the HC 
images were significantly higher (ie, worse) than ratings 
for both FSR and SC images. Results of corresponding 
models that also included adjustments for age, gender, BMJ, 
pack-years of smoking, round, individual B readers, and 
image quality were similar (Tables 6, 7). 

The prevalence ofparenchymal abnormalities (yes/no) was 
not significantly different between FSR and SC images (Table 
4), whereas HC images were judged to show parenchymal 
abnormalities more frequently. A similar pattern emerged 
when considering either the 12-point or the 4-point ILO scales 
(Table 5). Inclusion of covariates in models for the shapes of 
primary and secondary small opacities (ie, rounded and i1Teg­
ular) had little effect on the magnitude, direction or statistical 
significance of the mean effects of image fo1mat (Table 7). 

The contribution to the total model log-likelihood was 
partitioned into components by reader, round, and image 
format. The relative percentages were calculated for models 
of parenchymal abnormalities (yes/no - 86.5%, 2.3%, and 
11.2%), small opacities on the 12-point scale (70.8%, 3.2%, 
and 26.0%), and small opacities on the 4-point scale (74.7%, 
3.8%, and 21.5%), respectively . Overall, although some 
statistically significant differences between formats were 
observed, the variance between forn1atc; was small compared 
to the variance between readers. 
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In models of large opacities, all pairwise comparisons of 
image formats differed significantly, with the following 
ranking of the fom1ats for the prevalence of large opacities: 
HC greater than FSR greater than SC (Tables 4 and 5). The 
symbol "ax" is used in the ILO classification scheme to 
identify the presence of a coalescence of small opacities that 
has not yet become a lm·ge opacity. The dichotomous model 
for large opacities was also analyzed by combining ax and 
large opacities as positive outcomes (there is no size classi­
fication for ax, so it is not possible to include ax in a contin­
uous model for large opacities (ie, the 4-point scale). 
Categorizing ax with large opacities had little impact on the 
odds ratios for FSR versus HC or HC versus SC, but the odds 
ratio in the model for FSR versus SC was closer to the null 
and was no longer statistically significant (Table 4). 

Pleural abnormalities were most frequently recorded with 
FSR and least frequently with SC images: FSR greater than 
HC greater than SC (Tables 3 and 4). The impact of image 
format on the prevalence of pleural findings was explored 
further by dichotomizing pleural abnormalities according to 
thickness: ::55 versus >5 mm. This re-parameterization did 
not change the results (not shown). The relative contributions 
to the model log-likelihood of reader, round and image for­
mat for pleural abnonnalities (80.2%, 2.7%, and 17.1 %, re­
spectively) were similar to the results for parenchymal 
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Table 6 
Adjusted Pairwise Comparisons of Prevalence of Findings by Image Format (FSR, HC, and SC) b_ased on Dichotomous Outcomes 

Classification Comparison FSR vs. HC' FSR vs. sc· HC vs. sc· 

1.A: Film quality (Category 1 vs . 2, 3, 4) 0.65 (0.46--0.91) 1.12 (0.84-1.49) 1. 72 (1.43-2.08) 
1.A: Film quality (Categories 1, 2 vs. 3, 4) 0.42 (0.24-0.71) 0 .87 (0.50-1 .54) 2.10 (1 .63-2.70) 

2.A: Parenchymal abnormalities (yes/no) 0.72 (0.60-0.86) 0.90 (0. 78-1 .04) 1.26 (1.09-1.46) 
2.C: Large opacities (yes/no} 0.83 (0.70-0.99) 1.23 (1.04-1.46) 1.48 (1 .24-1 . 76) 

2.C: Large opacities with ax (yes/no) 0.79 (0.66-0.94) 1.12 (0.99-1 .27) 1.43 (1 .22-1 .67) 

3.A: Pleural abnormalities (yes/no) 1.28 (1 .08-1 .53) 1.59 (1 .35-1 .88) 1.24 (1.08-1.42) 

3.C: Costophrenic angle obliteration (yes/no) 1.41 (0.99-2.00) 1.39 (0.98-1.97) 0.98 (0.80-1 .22) 

3.0: Diffuse pleural thickening (yes/no) 1.32 (0.97-1 .80) 1.43 (1.04-1 .98) 1.08 (0.84-1.40) 

FSR, film-screen radiographs; HC, hard copy; SC, soft copy. 
' Estimate of odds ratio (95% confidence interval) based on logistic regression with generalized estimating equations accounting for 

clustering by subject. All models are adjusted for age, gender, body mass index, pack-years of smoking, round and individual 8 readers. Models 
of outcomes other than image quality were also adjusted for median image quality. When we used mixed model analyses, the overall direction 
and significance of results was unchanged, suggesting that the parameter estimates are robust to assumptions about the covariance structure 
(not shown). 

abnormalities . The image f01mats did not differ significantly 
in most models of costophrenic angle obliteration and diffuse 
pleural thickening, but the prevalence of these findings was 
low (<10%), and the power was reduced for these outcomes. 

DISCUSSION 

ILO classifications of HC images demonstrated a signifi­
cantly higher prevalence of small parenchymal opacities 
compared to FSR and SC images from the same individual; 
the FSR and SC readings did not differ significantly. Rec­
ognition of large opacities differed significantly among all 
three image formats, being most prevalent for HC images, 
and least prevalent for SC images. However, a significant 
difference between FSR and SC readings was no longer 
apparent when ax was categorized with large opacities. All 
three image fonnats differed significantly for recognition of 
pleural abno1malities, with FSR having the highest preva­
lence and SC having the lowest prevalence of such findings . 
The relative contribution of image format to the log-likeli­
hood of models was small compared to readers. 

Zahringer el al (8) compared HC images obtained with a 
selenium drnm detector (Thoravis ion : Philips Medical 
Systems, Hamburg, Germany) to traditional FSR from 50 
miners (exposed to uranium and quartz dust - not asbestos) 
interpreted by four readers using the ILO system. More than 
95% of readings were ::s: 1/0; only two subjects had large 
opacities. They concluded that there was no difference be­
tween image fonnats for identification of parenchymal ab­
nonnalities, that pleural findings were more common with 
HC than FSR, and that !he image quality of HC images was 
rated significantly better than FSR. Compared Lo the present 
study, the study by Ztihringer et al (8) was limited in power 
(fewer subjects overall, few subjects with parenchymal 

abnormalities, and fewer readers) , scope (no SC, few large 
opacities, no subjects with exposure to asbestos), and anal­
yses (no adjustment for potential confounders). 

Takashima el al (9) compared flat panel detector digital 
radiographs, storage phosphor computed radiographs, and 
conventional analog radio graphs in the detection of small 
parenchymal opacities. The study involved 30 patients (only 
10 had ILO profusion score 2:: 1/0) and three readers. Digital 
images were viewed as hard copy only. Large opacities and 
pleural abno1malities were not considered as outcomes. Each 
reader compared the three images for each subject side-by­
side at the same time. There were no fom1al statistical com­
parisons of the K values across the three image formats . The 
authors concluded that the 12-point profusion scores for flat 
panel detector images and conventional radiographs did not 
differ significantly, but that computed radiographs differed 
from the other two image fom1ats. This study was small, and 
therefore also limited in power (fewer subjects, few subjects 
with parenchymal abnonnalities, and fewer readers), scope 
(no SC, no analyses related to pleural findings or large 
opacities), and analyses (no adjustment for potential con­
founders, no fom,al statistical compaTison across image for­
mats). Also, it is unclear how the side-by-side viewing 
methodology may have influenced results. 

Jn the present stud);, FSR and HC images were rated using 
the ILO standard films, whereas SC images were classified 
using a digitized version of the ILO standards. Hence, the 
present study wa5 an assessment of the combined effect of 
reading SC images using the digitized version of the ILO 
standards created for this study. The equivalence of outcomes 
related to parenchymal abno1malities (when the symbol "ax" 
is considered equivalent to a large opacity) for FSR and SC 
suggests that the digitized version of the ILO standards 
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Table 7 
Adjusted Pairwise Comparisons of Mean Scores by Image Format (FSR, HC, and SC) based on Ordinal Outcomes 

FSR vs. HC' FSR vs. sc· He vs. sc· 

1.A: Film quality (4-point scale) -0.166 (.0002) 0.013 (.7379) 
-0.026 (.6871) 

0.179 (<.0001) 
0.393 (<.0001) 
0.452 (<.0001) 
0.134(<.0001) 
0.157 (<.0001) 
0.099 (<.0001) 

2.8 : Small opacities (12-point scale) 

Adjusted for primary and secondary shape 
2.8: Small opacities (4-point scale) 
Adjusted for primary and secondary shape 
2.C: Large opacities (4-point scale) 

-0.420 (<.0001) 

- 0.404 (<.0001) -0.048 (.5652) 

·-0.148 (<.0001) 
- 0.150 (<.0001) 

-0.014 (.5642) 
-0.007 (.8232) 

-0.058 (.0093) 0.041 (.0078) 

FSR, film-screen radiographs; HC, hard copy; SC, soft copy. 
• Estimate of difference (P value) based on continuous models with generalized estimating equations accounting for clustering by subject. All 

models are adjusted for age, gender, BM! , pack-years of smoking, round and individual B readers. Models of outcomes other than image quality 
were also adjusted for median image quality. Models for 4-point and 12-point scales were additionally adjusted for primary and secondary 
shape of small opacities. When we used mixed model analyses, the overall direction and significance of results was unchanged, suggesting that 
the parameter estimates are robust to assumptions about the covariance structure (not shown). 

created for this study may provide an approach for the im­
plementation of the ILO classification for SC images. 

Differences of less than half of a minor category were 
highly significant (eg, FSR vs. HC and SC vs. HC; Table 5). 
In fact, the study had 90% power to detect a mean difference 
between image fonnats of 0.17 units on the 12-point ILO 
scale. 

The present study has a number of strengths. The study 
had adequate power to assess key outcomes, including ILO 
classifications for small opacities, lm·ge opacities, and pleural 
abnonnalities. The patient population had a reasonable mix 
of irregular and rounded small opacities. The study images 
were obtained using well-defined standard methods and up­
to-date equipment, and the readers read SC images on high­
quality work stations. The study evaluated both HC and SC 
images. A digital version of the ILO standard images was 
created so that the readers could perform side-by-side com­
parisons when reading SC images, thereby demonstrating the 
feasibility of this approach. Models with and without ad­
justment for multiple potential confounders were assessed , 
but parameter estimates did not differ, which is not surprising 
because the study design was balanced by reader, round, 
fmmat, and subject. 

The present study also has a number of weaknesses. No 
independent gold standard was used, such as chest computed 
tomographic examinations or pathology, for dete1mining the 
presence of parenchymal and pleural abnomrnlities. For ex­
ample, although significant differences in the prevalence of 
pleural abnormalities among image fonnats were found, 
these results do not indicate which fonnat is closer to the 
"truth." It is recognized that FSR has low sensitivity to 
pleural changes in comparison to autopsy results (18). 

There are other challenges not addressed in the present 
study. HC images were printed in I 00% frnmat in the present 
study. In many centers, HC images are laser-printed in 
reduced fom1at, such as a 66% scale HC ( 19). It has been 
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shown that reduction of image size by 50% or more leads to 
loss of detection accuracy (20) . The importance of the issue 
of HC image size is diminished by the findings that classifi­
cations of HC images differed significantly from readings of 
FSR and SC images for prevalence of parenchymal and 
pleural abnonnalities ; therefore, HC may not be a preferred 
choice for ILO classifications regardless of image size. 

Another important issue that is beyond the scope of the 
present study is digital image processing. For a variety of 
reasons, digital radiographic images are processed numeri­
cally before interpretation (21,22). The choice of processing 
parameters is critical because inappropriate processing can 
potentially produce false-negative or false-positive results. 
The lack of standardization of numerical processing of digital 
radiographic images is somewhat analogous to variation in 
film characteristic curves and exposure techniques with FSR. 
However, the potential for image manipulation with digital 
radiographic image processing is much greater than with 
FSR, and can be harder to detect (eg, processing parameters 
may not be displayed explicitly in the final digital image, 
processing parameters are not consistent among equipment 
manufacturers) . At present, there is no empirical basis for the 
choice of numerical processing parameters for chest digital 
images for optimal identification of parenchymal or pleural 
abn01malities consistent with pneumoconiosis. Research is 
needed to detennine acceptable or optimal numerical image 
processing parameters for digital radiographic images for 
pneumoconiosis classification. 

In summary, ILO classification outcomes for small opac­
ities and large opacities (when the symbol "ax" is considered 
equivalent to a large opacity) are similar using FSR and SC 
images (but not HC images). Both FSR and SC images can 
therefore be recommended for the recognition and classifi­
cation of dust-related parenchymal abnormalities when the 
methods used are similar to those in this study. A digital 
standard set of ILO images has been generated and 
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demonstrated for use when reading SC images. Digital radi­
ography (both HC and SC) differed significantly from FSR 
for the detection of pleural abno1111alities; therefore, the role 
of digital radiography in reading for pleural abnormalities 
requires additional investigation. 
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