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Background: Digital radiography systems are replacing traditional film for chest radiographic
monitoring in the recognition of pneumoconiosis.

Methods: To further investigate previous findings regarding the equivalence of film-screen radio-
graphs (FSRs) and storage phosphor computed radiographs (CRs), FSRs and CRs from 172 under-
ground coal miners were classified independently by seven National Institute for Occupational Safety
and Health-approved B readers, using the International Labor Office (ILO) classification of radio-
graphs of pneumoconiosis.

Results: More CRs were classified as “good” quality compared with FSRs (prevalence ratio [PR],
1.5; 95% CI, 1.4-1.6; P,.001). B readers showed good overall agreement on scoring small opacity
profusion using CRs vs FSRs (weighted «, 0.58; 95% CI, 0.54-0.62). Significantly more irregular
opacities (compared with rounded) were classified using CR images compared with FSR (PR, 1.3;
95% CI, 1.1-1.6; P =.01). Similarly, the smallest sized opacities (width<1.5 mm, p and s type) were
reported more frequently using CR vs FSR images (PR, 1.3; 95% CI, 1.1-1.5; P <.001). Interreader
and intrareader agreement was lower with respect to the classification of shape and size than for
small opacity profusion. Overall, interreader and intrareader variability did not differ significantly
using CR vs FSR.

Conclusions: Under optimal conditions, using standardized methods and equipment, reader visu-
alization of small pneumoconiotic opacities does not appear to differ meaningfully, whether using
CR or FSR. Variability in ILO classifications between imaging modalities appears to be consider-
ably lower than variability among readers. The well-documented challenge of reader variability
does not appear to be resolved through the use of digital imaging alone, and additional approaches
must be evaluated. CHEST 2011; 140(6):1574-1580

Abbreviations: CR = storage phosphor computed radiograph; FSR = film-screen radiograph; ILO = International
Labor Office; NIOSH = National Institute for Occupational Safety and Health; PR = prevalence ratio

Occupational lung diseases remain important causes
of morbidity and mortality worldwide.'* Health
monitoring using chest radiographs is one of the rec-
ommended measures for the protection of workers in
dusty trades.> The International Labor Office (ILO)
classification system provides a standardized approach
for the classification of abnormalities associated with
pneumoconiosis and related diseases on chest radio-
graphic films.® In many countries, conversion from the
use of film to digital chest radiographic imaging is well
underway. Health professionals face a number of tech-

nical and logistic challenges in the application of digital
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chest radiographs for the recognition and classifica-
tion of pneumoconioses, including appropriate and
standardized means of image acquisition and viewing.
The ILO has recently accepted a digitized version of
the set of standard images used in classifying digi-
tal radiographs displayed on medical grade monitors
(I. Fedotov, MD, PhD, personal communication,
August 2010). However, to be useful in worker health
protection programs, the implemented digital systems
must be at least as effective as traditional film-screen
radiography for the recognition and classification of
pneumoconiotic opacities.™ !
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The objective of this study was to further investigate
the equivalence of film-screen and storage phosphor
computed radiography in the recognition and classi-
fication of pneumoconiosis. Specifically, we explored
several previously observed intermodality differences
(with respect to the designation of small opacity shape
and size, and the proportion of miners demonstrating
high opacity profusion) and extended earlier compari-
sons of reader variability in the classification of pneu-
moconiosis between the two radiographic modalities.

MATERIALS AND METHODS

The data for this study were derived from the National Insti-
tute for Occupational Safety and Health (NIOSH)-administered
Enhanced Coal Workers” Health Surveillance Program.!' The
current investigation explores several findings from our previous
study of 1,401 male underground coal miners.” In that study, film-
screen radiographs (FSRs) and storage phosphor computed radio-
graphs (CRs) were acquired on the same day, and each image was
later interpreted by two B readers, for a total of four classifications
for each miner (two FSRs and two CRs). For the present analysis,
we selected chest images from 172 of the 1,401 miners from the
original study for further investigation. Images were selected for
the present study based on the B reader classifications from the
earlier study. Images were included in this study if one or more
of the four original classifications indicated small opacity pro-
fusion > 0/0. The NIOSH Institutional Review Board approved
the project, and written informed consent was obtained from each
study participant (HSRB-06-DRDS-01). Information on the meth-
ods and procedures used in the Enhanced Coal Workers™ Health
Surveillance Program, including image acquisition and processing
and participant recruitment, has been published previously.”

Image Classification

For this study, FSR and CR images from 172 miner partici-
pants were classified independently by seven B readers. Each reader
interpreted both of the paired FSR and CR images from an indi-
vidual miner, but the images were presented at separate reading
sessions, and readers were blinded to the results of their own
or other readers’ previous interpretations. This yielded a total of
344 classifications from each of the seven readers (172 FSRs and
172 CRes) for a total of 2,408 total readings (1,204 for each modality).
For intermodality comparisons, complete information for small
opacity profusion was required from all seven readers in both modali-
ties. Because of missing values due to lack of recording or because
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readers defined a film as unreadable, small opacity profusion was
available for 2,370 of the 2,408 total readings (1,185 CR and 1,185
FSR matched pairs). The methods and technical specifications
for displaying images have been described previously.” In addi-
tion, each of the readers in this study had participated in the
previous study of 1,401 miners and had provided FSR and CR
classifications for some of the images included in this study. Thus,
for each of the 172 image pairs, classifications were available
from the earlier study by either another or the same reader. To
enable the assessment of within-reader variability by modality,
results from the previous classifications by the same reader were
used. For example, during the previous study, reader 1 had classi-
fied 49 of the 172 image pairs selected for this analysis. This
yielded four classifications by reader 1 available for this study
from that subset of 49; the first classification using FSR (FSR,),
the first CR classification (CR)), the second FSR classification
(FSR,), and the second CR classification (CR,).

Data Analysis

K Statistics were used to examine intermodality and intra-
modality agreement. For contingency tables larger than 2 X 2,
Cicchetti-Allison-weighted k values were used.!? The overall
weighted k value was obtained by the aggregation of the small
opacity profusion classifications across all readers for the 2,370
eligible images. P values presented are Mantel-Haenszel x2. The
SAS statistical software package, version 9.1 (SAS Institute; Cary,
North Carolina) was used for all analyses.

RESuULTS

Information on image quality is presented in Table 1
by imaging modality. More images were classified
as “good” (ILO technical quality category 1) by CR
compared with FSR (prevalence ratio [PR], 1.5;
95% CI, 1.4-1.6). The corresponding k value (k) was 0.4
(95% CI, 0.35-0.45). Additionally, significantly more
images were classified as good or acceptable with no
major defects (ILO technical quality categories 1 and 2)
by CR compared with FSR (PR, 1.2;95% CI, 1.1-1.2;
and k =0.23; 95% CI, 0.17-0.29). The low k values
were largely driven by the higher proportion of films
classified as category 3 (some defects) by FSR. Fifteen
FSR images were not classified because of unaccept-
able film quality. For 14 of these 15, the classifications
of the miners’ CR images showed small opacity pro-
fusion of 0/0 (one was classified as 0/1).

Profusion of Small Opacities by Modality

The distribution of the profusion of small opacities
for the 2,370 readings with complete information for
small opacity profusion is shown by modality in Figure 1.
The majority of readings showed profusion category 0/0
by FSR and CR.

More radiographs showing small opacities (=0/1)
were reported for FSR compared with CR (37.2%
compared with 31.0%; PR, 1.2; 95% CI, 1.1-1.3;
P=.001). In addition, intermodality agreement was
moderate to good with respect to 0/0 classifications with
k =0.59 (95% CI, 0.54-0.64). The higher percentage

CHEST /140 /6 / DECEMBER, 2011 1575


www.chestpubs.org
http://www.chestpubs.org/site/misc/reprints.xhtml
http://www.chestpubs.org/site/misc/reprints.xhtml
mailto:alaney@cdc.gov

Table 1—Image Technical Quality for 1,204
Classifications by Imaging Modality

Quality Film-Screen (FSR) Digital (CR)
1: Good 536 (45.5) 792 (65.8)
2: Acceptable, no defects 410 (34.1) 332 (27.6)
3: Acceptable, some defects 228 (18.9) 74 (6.1)
4: Unacceptable 15(1.2) 0(0)

—t Missing/no indication 15(1.2) 6(0.5)

Data are presented as No. (%) and are 172 images classified by seven
B readers, for a total of 1,204 classifications for FSR and CR each.
CR = storage phosphor computed radiograph; FSR = film-screen
radiograph.

of abnormality for FSR was concentrated mostly in
the borderline and low categories (0/1, 1/0, and 1/1;
30.5% FSR vs 24.6% CR). In contrast, the percentage
of radiographs classified as =1/2 by modality was very
similar (6.7% for FSR compared with 6.4% for CR;
PR, 1.0; 95% CI, 0.8-1.4; P=.80) and exhibited a high
level of agreement (k = 0.65 [95% CI, 0.56-0.74]).
Taken together, when all readings were aggregated,
the overall weighted k was 0.58 (95% CI, 0.54-0.62),
denoting moderate to good intermodality agreement.
The distribution of the profusion of small opacities by
modality is presented for each reader in Figure 2.

Small Opacity Shape and Size by Modality

The frequencies and percentages of the designations
of primary small opacity shape and size are presented
in Table 2. Both shape and size designations, when
each was treated dichotomously, differed by modality.
Significantly more irregular opacities (compared with
rounded) were classified using CR images compared
with FSR (PR, 1.3; 95% CI, 1.1-1.6; P = .01). Similarly,
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FIGURE 1. Profusion of small opacities for 1,204 classifications
by imaging modality. One hundred seventy-two images classi-
fied by seven B readers, for a total of 1,204 classifications for FSR
and CR each. Inset panel is data presented rescaled for viewing
purposes. CR = storage phosphor computed radiograph; FSR =
film-screen radiograph.
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the smallest sized opacities (width <1.5 mm, p and
s type) were reported more frequently using CR
vs FSR images (PR, 1.3; 95% CI, 1.1-1.5; P <.001). At
the individual level, readers tended to be similar in
their overall between-modality results, with a slight
tendency to classify more small and irregular opaci-
ties using CR images compared with FSR (see also
Figure 2, primary shape and size column). However,
both interreader and intrareader variability was high
with respect to the classification of shape and size when
assessed at the six category levels (two shape X three
size categories), as demonstrated by the low levels of
agreement presented in Table 3.

Within-Reader Variability

Intermodality agreement differed substantially from
reader to reader, ranging from k =0.39 to k =0.72
(Fig 2). However, in the analysis of within-reader vari-
ability that included readings from the earlier study
(described in the “Materials and Methods” section),
readers by and large maintained a consistency with
respect to self-agreement, irrespective of modality or
reading session. For each reader, the level of intra-
modality agreement using FSR tended to be similar
to that using CR, and similar to intermodality agree-
ment (Fig 3). The deviations from the within-reader
mean of the six k values were relatively small. In
only two of the 42 k values presented in Figure 3
did the 95% CIs not intersect the mean value; one
represented an intramodality comparison (reader 3,
FSR, vs FSR,), whereas one represented an inter-
modality comparison (reader 2, FSR, vs CR,).

Di1scUsSION

This report extends our previous comparative stud-
ies of traditional film-screen and digital radiography in
the recognition of small opacities of pneumoconiosis.
These data clearly demonstrate that classification of
radiographs itself has far greater inherent variability
than differences due to imaging modality. However,
this observation is not entirely unexpected because
interreader differences in the classification of radio-
graphs has long been known to be an inherent source
of variation.'*!” Although we were unable to identify
major intermodality differences, we did observe some
modest differences between CR and FSR with respect
to (1) image quality, (2) the proportion of radiographs
classified as 0/0, and (3) the classification of opacity
size and shape.

The largest difference observed between modali-
ties was in the rating of image quality. Across all images,
readers clearly ranked image quality higher for CR than
for film (PR, 1.5) and this is consistent with previous
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FIGURE 2. Intrareader small opacity profusion, intermodality agreement, and primary shape and size classi-
fication by imaging modality (172 images). K is weighted k value and 95% CI. Shape and size classifica-
tions are standard International Labor Office designations, p, g, and r indicating small rounded opacities
and s, t, and u indicating irregularly shaped opacities. See Figure 1 legend for expansion of abbreviations.

work.™1° It is important to highlight in this study that
for all miners with an FSR image rejected as being
of unacceptable quality, their CR image was classified
as showing major category 0. This may simply reflect
the distribution of small opacities in our study, in which
substantially more images were classified as normal.
However, digital systems do use software algorithms
for image enhancement which can “compensate” for
overpenetration or underpenetration of images, which
may also result in more “readable” images using CR

www.chestpubs.org

vs FSR. Alternatively, this finding may suggest that
the manner in which readers classify film quality is
modified by small opacity profusion for FSR but not for
CR. Further investigation into a potential association
between the classification of film quality and small
opacity profusion may be warranted. We cannot exclude
the possibility that the dwindling use of film-screen
radiology itself may be affecting image quality through
declines in technician proficiency and increasingly
outdated equipment. Studies that examine FSR film
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Table 2—Shape and Size of Opacities

Shape and Size Film-Screen Digital

Rounded 328 (74.4) 245 (66.4)
p 108 (24.5) 107 (29.0)
q 16() (36.3) 102 (27. 6)
T )

Trregular )
s ) )

t

60 (13.6
113 (25.6
72 (16.3
36 (8. )
u 5 (1.

36 (9.8

124 (33. 6)
(23 9
34 (9.
2(05

Data are presented as No. (%) and are 172 images classified by seven
B readers, for a total of 1,204 classifications for FSR and CR each.
Primary shape and size designations are standard International Labor
Office designations. Readers did not record shape and size for images
with 0/0 profusion.

quality over time could potentially address that specific
issue, but are outside the scope of the present study.

The second difference between modalities that we
observed was in the proportion of 0/0 classifications:
more CR images than FSR images were classified
as 0/0. This, too, was consistent with previous find-
ings. However, the actual magnitude of the effect was
quite small (PR, 1.1; 95% CI, 1.0-1.2) and logistic
regression models (data not shown) indicated that
the difference was entirely accounted for by read-
ers 2 and 5. The modality differences in small opacity
profusion were confined to small opacity profusion
categories 1/1 and below. It may be that the superior
CR image quality allows for greater confidence in
definitively ruling out the presence of scant small
opacities. However, because the magnitude of this
association is borderline and driven by a minority of
readers, any conclusions drawn from this observation
should be weighted accordingly.

A third difference we observed between modalities
was the greater proportion of small and irregularly
shaped opacities shown by CR compared with FSR
images. CR appears to lead to greater reporting of
opacities that are smaller and more reticular, compared
with FSR. If these results are confirmed, they have the
potential to influence the selection of standard images

Table 3—Intrareader Simple k Values and 95% ClIs
Comparing ILO Primary Shape and Size Designation

k Value 95% CI
Reader 1 0.30 0.12-0.48
Reader 2 0.19 0.03-0.36
Reader 3 0.48 0.14-0.64
Reader 4 0.39 0.14-0.64
Reader 5 0.18 —0.09-0.44
Reader 6 0.46 0.26-0.66
Reader 7 0.48 0.16-0.81

k Values represent six-category agreement level of shape and size
classification (p, q, 1, s, t, u) between film-screen and digital modalities
by reader for each image. ILO = International Labor Office.
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for future revisions of the ILO classification system
that will incorporate digital radiography. Most studies
using the ILO classification system have focused
on three outcomes: the profusion of small opacities,
the presence of large opacities, and the presence of
pleural abnormalities. To our knowledge, no studies
have reported intrareader and interreader variation
in small opacity shape and size designations. In this
study, shape and size designation differed substan-
tially by reader, with much lower levels of interreader
agreement than for profusion. This poses a challenge
in drawing conclusions regarding observed differ-
ences between modalities in opacity shape and size.
However, the increased recognition of the smallest
opacities (both rounded and irregular) when viewing
CR images compared with FSR was a consistent
finding across all readers, which reinforces it as a true
effect.

Despite considerable effort to uncover differences
between FSR and CR, we were unable to identify any
important differences between these imaging modal-
ities when they were used in the classification of
the pneumoconioses. Readers rated CR image qual-
ity higher than that of FSR, consistent with previous
studies, which should further support the adoption of
digital radiographs for this purpose.™ 101519 However,
use of digital images does not appear to reduce the
well-documented challenge of variability between read-
ers. The results of this study plainly demonstrate that
reader variability is far greater than the variability
that can be attributed to imaging modality. Reader
perception and observation is a dynamic process, and
variability both within and between readers in the
classification of radiographs of pneumoconiosis using
the ILO system has long been recognized.

A variety of methods have been used to arrive at
a “true” classification while minimizing reader vari-
ability. Some of these methods include the following:
(1) requiring readers to demonstrate proficiency in
the interpretation of radiographs of pneumoconioses
(NIOSH B reader examinations), (2) using an aggre-
gate measure from multiple readers and readings
per radiograph as a “final determination,” (3) requir-
ing readers to use standardized methods and prac-
tices, and (4) implementing quality control programs
with feedback to the readers.20

For the current study, seven experienced B readers
interpreted each of the study radiographs. When com-
bined as a group, the global weighted k value across
all readers for the full 12-category small opacity profu-
sion score was 0.58, indicating good intermodality
agreement (n =2,370). In addition, the overall dis-
tribution of small opacities by modality was similar
when taken as a whole.

By using previous classifications from an earlier
study, we were able to assess intrareader variability by

Original Research
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modality. Unfortunately, use of digital images did not
appear to improve reader variability. The ongoing chal-
lenge of reader variability stresses the importance of
integrating quality control into all pneumoconiosis
reading programs. Recommended approaches include
presenting readers, in a blinded fashion, with well-
characterized images, and providing feedback on their
performance in relation to the quality control films and
to other readers.20

CONCLUSIONS

Overall, the current study highlights two important
findings. First, with adequate attention to equipment
and methods, there appears to be little meaningful
difference between FSR and CR imaging modalities
with respect to the visualization of small pneumo-
coniotic opacities. Second, additional procedures are
required to reduce the variability of ILO classifica-
tions among readers, irrespective of imaging modal-
ity. Future studies should address the effect on
reader performance of various recommended quality
control programs.
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