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The B reader program certifies experts in the inter-
pretation of chest radiographs of the pneumoconio-
ses. The program began in the 1970s as a means

to identify physicians to participate in national pro-
grams for epidemiological research and for com-
pensation of coalminers and others with disabilities
related to dust inhalation (1). It is based on the
International Labour Office (ILO) “Classification of
Radiographs of the Pneumoconioses,” and a “Revised
Edition 2000 has recently been published. The goals
of the Classification are to standardize classification
methods and facilitate international comparisons of
data collected on pneumoconiosis for screening and
surveillance, epidemiological investigations, and clin-
ical purposes (2).

The ILO Classification provides a standard way
of describing and quantifying the changes seen

on chest radiographs of workers exposed to dusty
environments. It was designed to be used as

an epidemiological tool to facilitate international
comparability of pneumoconiosis statistics (3), but
wider uses have been found for it, including med-
ico-legal and clinical applications.

INITIAL GOALS AND HISTORY

For over 70 years, the ILO has published systems,
periodically revised, for the classification of radio-
graphs of the pneumoconioses (4). The early edi-
tions were designed to classify changes of silicosis
only and used a four-point scale of severity.

In 1959, standard films were incorporated. In
1971, the gradation of severity was expanded to

a 12-point scale, and provisions were added to
include pleural and parenchymal changes related
to asbestos inhalation. In 1980, an expanded set

of standard films illustrating the types and profu-
sion of small opacities, large opacities, and pleural
changes was added. The 2000 revision included
additional symbols, simplified the pleural classifi-
cation, and added another standard film option, the
“Quad Set.” This consists of 14 films, including
nine of the most commonly used standards from
the Complete Set, plus five films which are “com-
posite reproductions of quadrant sections from the
other radiographs in the Complete Set (2).” The
Quad Set is wholly compatible with the Complete
Set, and was intended both to reduce the cost

of purchase of the standard films and to improve
compliance with the requirement for direct com-
parison of the radiographs being classified to the
standard films, by reducing the number of films
that must be handled.

B reader certification is accomplished by passing
a practical examination which consists of classify-
ing 125 radiographs according to the ILO system.
This test is administered by the National Institute
for Occupational Safety and Health (NIOSH) in
Morgantown, WV and selected other locations.

To maintain certification, every four years B read-
ers must pass a recertification test comprising 50
radiographs. The correct answers to the test have
been determined by an expert panel of readers (5).

READER VARIABILITY

Inter- and intra-reader variation in radiographic
interpretation has been an ongoing issue with

the B reader program, despite the introduction of
revised classification systems and standard films
(6-19). Reader variability occurs throughout the
Classification including small and large rounded
opacities, but most of the current controversy
involves pleural thickening and the reading of
small irregular opacities at low profusion levels.
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The causes of reader variability are many, and include
film quality, reader training and experience, and bias,
as well as the variability inherent in the act of indi-
viduals interpreting chest radiographs. Variability in
classifying radiographs is accentuated by the use of
the detailed 12-point scale. Any approach to B reader
quality assurance should begin with an analysis of the
causes of reader variability.

Film quality is an important component of inter-
reader variation (20). Light films promote
over-reading, whereas dark films promote under-
reading (21). Digital radiography and soft copy
interpretation at a workstation will affect this
issue, because with this technology it is possible
for the reader to control density and contrast inde-
pendently of the exposure factors used to acquire
the image. Classification of digital images, com-
pared to hard copy radiography interpretation,

is reviewed elsewhere in these proceedings (see
Franzblau paper included in this publication); one
preliminary study found no significant differences
in the two approaches (22). However, technical
defects due to underinflation, mottle, scatter, and
positioning are not solved with digital imaging,
and proper comparison with the ILO standard
films may be logistically difficult unless an elec-
tronic edition of the standard films is published.

The training and experience of the reader strongly
influences inter- and intra-reader variability. Inexpe-
rienced readers tend to over-read when compared

to recognized experts (18). Experience with both
the wide variation of normal in chest radiography

as well as the typical patterns of involvement by
pneumoconiosis may reduce the misinterpretation of
non-pneumoconiotic opacities as pneumoconiosis. A
survey of a group of candidate B readers attending

a training course in 1990 indicated that 70% were
reading between zero and 10 films for pneumoconio-
sis per month (1). This finding raised the question

of whether some readers are classifying insufficient
numbers of films to maintain proficiency.

Conditions other than dust inhalation may be asso-
ciated with the appearance of small opacities.

18 Proceedings

Male sex, cigarette smoking, obesity, age, underin-
flation, and other factors can produce the appear-
ance of irregular opacities on chest radiographs,
generally at low levels of profusion (23-26). When
utilizing the Classification and the standard films
in epidemiologic studies, readers are not generally
asked to distinguish between the small irregular
opacities considered a result of interstitial fibrosis
(e.g., asbestosis) and those thought to arise from
airway inflammation or other causes. The ILO
does state that when the Classification is used

for some clinical purposes, the reader may be
instructed to “classify only those appearances
which the reader believes or suspects to be pneu-
moconiotic in origin (2).” It is a common clinical
exercise when reading chest radiographs to dif-
ferentiate non-fibrotic “increased markings” from
interstitial fibrosis. When this differentiation
cannot be made with confidence using the routine
radiograph, high resolution computerized tomog-
raphy (HRCT) may be recommended (see Rose
and Lynch paper included in this publication).

This combination of fibrotic and non-fibrotic
irregular opacities in one profusion level may con-
tribute to variation in classification. For epide-
miologic studies, readers are generally instructed
to use the classification as a “pure” tabulation

of radiographic appearances and to classify irregu-
lar opacities regardless of presumed etiology. In
other settings, readers who anticipate that a Classi-
fication indicating irregular opacities will be con-
strued as showing parenchymal asbestosis may
choose to not classify those opacities which they
judge are unlikely to be related to asbestos inhala-
tion. The ILO has recognized in the Revised
Edition 2000 that the Classification is used differ-
ently in epidemiological than in clinical studies
(2). Difterences between readers may be ampli-
fied by the fact that some observers consider the
standard films themselves to be ambiguous in this
sphere. Several of the standard films for irregular
opacities show changes that are typical of intersti-
tial fibrosis (e.g., 3/3 s/s), whereas others show an
increase in irregular opacities that is not particu-
larly typical of interstitial fibrosis (e.g., 1/1 s/t).



One reader might record “increased markings” as
“s” or “t” opacities potentially due to pneumoco-
niosis, whereas another reader might interpret the
same opacities as age or smoking related and not
classify them. To further add complexity, many

believe that occupational dust exposure produces
irregular opacities on chest radiographs without

interstitial fibrosis, perhaps by causing inflamma-

tory or fibrotic changes in airways.

The argument has been made that reader variability
will be minimized if the reader does not interpret the
findings but merely records them (27). Consistent
with that view, the 1980 edition of the Classification
instructed the reader to classify all appearances that
“might be due to pneumoconiosis,” and the 2000
revision retains that instruction for classifying radio-
graphs in epidemiologic studies (2, 3). However,
the 2000 edition of the Classification acknowledges
that, in some clinical settings, medical readers may
classify only those appearances, which they believe
or suspect to be dust-related. To avoid confusion,
individuals who utilize and interpret reports of [LO
Classifications should be familiar with the published
guidelines and the protocol used in generating the
specific results.

In the absence of calcification and using standard
radiographic approaches, the chest radiograph is
neither sensitive nor specific for pleural plaques.
Extra-pleural fat deposition and muscle shadows
produce thickening of the pleural stripe that can
mimic asbestos-related pleural plaques (28), while
plaques may be present and not visible on the PA
radiograph (10, 29, 30). Oblique views may help
increase certainty of plaques and aid discrimination
from pleural fat (7), but are not part of the ILO
Classification. The Revised Edition 2000 adds a
requirement that pleural thickening be at least 3mm
to be classified, and there 1s evidence that this mini-
mum threshold will improve reader agreement (31).
Readers who classify an area of pleural thickening
because it might be plaque would be expected to
disagree with readers who interpret a pleura opacity
as fat and therefore do not classify it. Specification
of the role of etiologic judgments in reading proto-

cols should assist in the interpretation of situations
in which a reader, for example, classifies pleural
shadows as changes that “might be pneumoconio-
sis,” but records under comments that the shadows
are deemed due to “adipose tissue.”

Bias is an important component of inter-reader vari-
ability. Knowledge of the exposure history, preva-
lence of abnormality in a given set of radiographs
for classification, employment of the reader by
plaintiff or defense counsel, and sympathy for the
plight of either the worker or the industry, among
other issues, all have the potential to influence a
reader’s tendency to under- or over-read. The local
reading environment, such as location on the east or
west coast versus mid-continent has been noted to
affect the outcome of Classifications (11).

The inherent qualities of chest radiography and
the ILO Classification, and the human element of
interpretation make variation in reading inevitable
(32). The extensive literature detailing inter-reader
variability indicates that not all the disagreement
can be from bias related to the implications of a
positive or negative reading. The great variation
of normal in chest radiographs, the asymmetric
distribution of small opacities within lung zones,
and the contribution of non-pneumoconiotic fac-
tors lead to variation in interpretation. Numerous
studies have been published in which experienced
readers with no financial incentives have signifi-
cant disagreements. To improve precision in epi-
demiological studies using the chest radiograph, it
is recommended to employ three readers represen-
tative of general reading practices (that is, they
should not fall at the extremes of the range of vari-
ability between readers) and use the median read-
ing (9, 16). In clinical situations, the radiographic
reading should be interpreted in the context of a
complete clinical evaluation (33).

STANDARD FILMS

To enhance calibration among readers, the ILO
guidelines require a side-by-side comparison to
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the standard set of radiographs for each chest
image being classified (34). However, the standard
film set is expensive and can be cumbersome to
handle. As a consequence, compliance with use
of the standards during classifications has been
inconsistent, although the availability of a lower
cost Quad Set of standards, with fewer films, may
encourage their use. An additional source of vari-
ability derives from the different published ver-
sions of the Standard Radiographs, which were
produced using differing copy techniques and
resulted in dissimilar appearances for the Standard
Radiographs from the various sets. As of this
writing, the ILO has not provided an approved
digitized version of the Standard Radiographs for
use with soft copy interpretation, and until such
images are available, NIOSH recommends that
readers “should continue to use traditional film
screen radiographs and standards (35).”

The standards are mid-category examples, so that
each exemplifies the center of each major category
from 0/0 to 3/3. Unfortunately, the standard films
are copies of radiographs, the originals of which
used dated techniques. Their quality is variable,
and several contain excessive contrast. In addition,
the two 0/0 standards are really quite normal, closer
to 0/- in the 12-point scheme, in the author’s
opinion. Thus, the gap between the standard for
normal and the standard for mild involvement is
greater than it appears, and this leads to greater
difficulty in distinguishing 0/1 and 1/0. Boundary
standards, or radiographs that illustrate the bound-
ary between categories rather than the mid-catego-
ries, may improve reader agreement (36, 37). There
is evidence that the mid-category standards bias the
reader toward mid-category classification (38).

The pleural standards require revision. The stan-
dard for diffuse thickening does not conform to the
Revised Edition 2000, which requires blunting of
the costophrenic angle. In fact, this standard most
likely illustrates pleural fat. The standard image
for noncalcified, circumscribed plaque shows an
en face plaque, but there are other appearances of
plaque that should be illustrated.
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FUTURE DIRECTIONS

It is not clinical practice for workers with a ques-
tion of occupational lung disease to undergo open
lung biopsy, so that radiologic-pathologic corre-
lation studies are limited (39). For non-pneumo-
coniotic interstitial lung disease where biopsy is
not possible or appropriate, current clinical prac-
tice 1s to integrate computerized tomography/high-
resolution computerized tomography (CT/HRCT)
with clinical assessment for diagnosis. Thus, the
best “gold standard” readily available for investi-
gation of pneumoconiosis is CT/HRCT.

Because the chest radiograph is inexpensive and
easy to acquire, its use in surveys of workers at risk
for pneumoconiosis will continue despite its well-
documented limitations. Outside the B reader pro-
gram, it is common experience that the advent of
CT scanning has improved our ability to interpret
chest radiographs. For these reasons, I propose two
areas for inquiry: The categorization of small irregu-
lar opacities and the accurate detection of pleural
plaques.

While there has been radiographic-HRCT correlation
(40, 41), there has been little interest in using HRCT
to “go backward” to improve chest radiographic inter-
pretation. We know that “increased markings” with
coarsening of bronchovascular shadows can be seen
on chest radiographs that does not reflect interstitial
fibrosis. On the other hand, interstitial fibrosis usually
produces peripheral, subpleural irregular opacities
that are confirmed with HRCT. A set of guidelines for
distinguishing these opacities on the chest radiograph
could be drawn up and tested on a cohort of workers
who have both chest x-rays (CXR) and HRCT avail-
able for review. The HRCT images could be used as
the gold standard to determine the accuracy of the
guidelines for interpretation. The inter- and intra-
reader variability could be compared to conven-
tional classifications. Non-fibrotic opacities could
be studied to identify any correlation with chronic
bronchitis or other clinical condition that might not
be fibrosis but still be occupationally related.



Similarly, classification of pleural thickening
should be studied. A set of guidelines could be
drawn up to distinguish pleural fat from pleural
plaques on the chest radiograph and tested on a
suitable cohort of workers who have both CXR
and CT/HRCT available for review.

QUALITY ASSURANCE

The current system of quadrennial recertification
is designed to periodically test the individual B
reader’s adherence to conformity with the level of
reading defined by an expert panel. The underly-
ing assumption is that the reader will read simi-
larly in practice as he/she does in the testing
situation. However, B readers are influenced by
local standards (12) that may not apply to the
testing situation, and experience suggests that bias
may modify readers’ interpretations when not in
the testing environment (42).

A 1990 workshop was held to discuss the status
of the B reader program (43). Among other ideas,
proposals for quality assurance included (1) insti-
tuting a mandatory program of checks on readers,
(2) initiating a core group of expert readers, (3)
making provision for readers to voluntarily cali-
brate themselves with expert readers.

In order for mandatory checks of readings to iden-
tify bias, they would have to be random, not
chosen by the individual B reader. Comparing

the B reader’s reports to the experts’ could pro-
mote consistent reading patterns between recertifi-
cations, but if the B reader chose the radiographs
to be monitored, bias could be maintained. The
difficulty in mandatory audits is the wide variety
of reading activity, which includes clinical, med-
ico-legal, industrial, and governmental settings.
While auditing would be easy in a large-scale
surveillance project like the NIOSH Coal Workers
X-ray Surveillance Project, it would be difficult to
achieve in the day-to-day readings done for clini-
cal and legal purposes.

Limiting the total number of B readers or appoint-

ing a core group of expert readers would have
the effect of containing the variability problem

to a smaller number of readers than the current
group. The smaller number would ensure that
each B reader would maintain a larger experience
in interpreting radiographs for pneumoconiosis.
The number of current B readers who read a low
volume of films would suggest that reducing the
total number would not have a detrimental effect
on the program. However, the elitist nature of
such a proposal, the intrusion upon local practices,
and the financial implications will make this pro-
posal unpopular and difficult to implement.

Voluntary calibration of readers has been success-
fully reported in Canada (44). This was accom-
plished by periodically circulating batches of
radiographs to physicians reading films for pneu-
moconiosis. Their interpretations were sent to

a central location, and feedback from an expert
was provided in return. This led to improved
agreement over time, indicating a learning effect.
The logistical issues of mailing radiographs were
recognized and addressed, but the advent of digi-
tal radiography and the ability to make images
available on-line or on CD-ROM discs may make
this approach even practical and economical.
CT/HRCT correlation could be included to pro-
vide validation of the expert reading. Since the

B reader would be well aware of which radio-
graphs were being reviewed, the problem of bias
would not be addressed. However, the feedback
would be more frequent than recertification every
4 years, perhaps leading to greater uniformity.

SUMMARY

In summary, reader variability is multifactorial. If
reducing bias is a priority, random review of B
reader interpretations with feedback and a mecha-
nism to enforce compliance with expert reading
standards must be developed. Requiring B readers
to maintain a minimum volume of reading would
eliminate the problem of the outlier, low volume,
B reader. Circulating CD-ROM discs or creating a
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website with cases available for interpretation with
feedback would be an inexpensive way to provide
continuing education to B readers between recer-
tification exams. Inter-reader agreement could
improve as a result.

Further research into chest radiograph interpre-
tation with HRCT correlation may reduce the
variability related to combining fibrotic and non-
fibrotic small irregular opacities in the Classifi-
cation. Differentiating pleural fat from pleural
thickening may be improved through further
study, or we may determine that, in the absence
of diaphragmatic plaques or calcification, the chest
radiograph is not effective for this purpose. The
pattern of use of the Revised Edition 2000 of
the ILO Classification with its acknowledgement
of both epidemiological and clinical approaches
needs to be clarified.

Reader variability is inherent in chest radiographic
interpretation. This is present where no financial
incentives are involved, but accentuated when
they are. Proposals for further study of methods
to improve uniformity of interpretation have been
presented. Effective quality assurance designed
to eliminate bias will be difficult to implement.
Assuring quality through innovative new methods
and inquiry into improved reading practices
through CT/HRCT correlation will help maintain
and improve the stature of the B reader program.
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