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ABSTRACT

Five experienced readers, working independently and without exposure or other subject data, applied the
ILO 1980 classification to the chest radiographs of 1,168 workers currently employed in the manufacture
of man-made mineral fibers. To examine the effect of using five instead of three readers, we determined
the difference in profusion of small opacities when using the median readings of all five readers, compared
to the medians produced by each of the ten panels combining three of the readers. The distribution of small
opacity profusion differed among individual readers, but most of the films were placed in low catégories:
fewer than one percent were above category 1/1. Readers also differed in their assessments of film quality,
and showed differing sensitivities to radiographic effects of age and smoking. Despite these individual dif-
ferences, the addition of two readers usually had little effect on median profusion judgments. For eight
of the ten panels, five or fewer percent of films were classified differently; for all ten panels, fewer than
two percent of films were reclassified beyond an adjacent category on the twelve-part scale. Eight panels
were sensitive to radiographic effects of smoking, and three to effects of age; the five-member panel was
also sensitive to smoking. We conclude that, when experienced readers are used, enlarging a panel from

three to five members is unlikely to affect median small opacity profusion.

INTRODUCTION

The ILO 1980 Classification of Radiographic Appearances
of Pneumooonioses is subject to inter- and intra-observer
variability.! It has therefore been accepted practice to use
several experienced readers—at least three—in order to
minimize the chance of systematic bias.? The median
reading for the readers has been used to summarize each film,
since it is not affected by the values of the extreme readings,
as would be the mean reading.? Although it is intuitively
true that the accuracy of the summarized readings should in-
crease with more readers, there is a question whether a
significant proportion of readings would change if the number
of readers was increased beyond three. In a study of a work-
ing population engaged in man-made mineral fiber manufac-
wring, ILO 1980 classifications of a set of chest X-rays by
five readers were available for comparison with all possible
subsets of three readers.

METHODS

The study materials consisted of the chest radiographs of
1,755 employees in seven plants. All five readers attempted
to classify all films according to the ILO 1980 Classifica-
tion. The readers concluded that a different percentage of
these 1,755 films were of unreadable quality (0% to 8%).
A total of 1,603 films were judged readable, and were
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classified by all five readers. At the time of this analysis com-
plete smoking history was available for 1,168 subjects, and
we will only consider this subset to assess the effect of age
and smoking status on the classification of low-level
opacities. The ages of the workers considered have a mean
of 41 years, a standard deviation of 11 years, and a range
from 19 to 76 years. Sixty-eight percent of the workers were
either current or ex-smokers with pack years having a mean
of 28, a standard deviation of 25, and a range from 0.2 to
168.

RESULTS

Most individual readings were concentrated in the lower pro-
fusion categories, as indicated in Table I. All readers
classified between 82% and 98% of the films as 0/0, with
only between 1% and 10% over 0/1. Two readers classified
0.5% of the films % or higher.

Table II considers the distribution of individual readings
relative to the entire group. The entries in the table repre-
sent the percentage of times each individual reading deviates
from the median reading for all five readers. For example,
Reader A classified 3.5% of the 1,168 films one category
higher than the classifications based on the median of all five
readers. If we consider the number of times individuals rated
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Table 1
Distribution of Small Opacities Profusion in %, by Reader (N = 1,168)

Profusion
Reader 0/0 0/1 1/0 1/1 21/2
A 90.6 3.7 1.2 4.0 0.5
B g2.1 7.5 3.6 6.3 0.5
C 89.4 8.5 1.3 0.8 0.0
D 92.1 6.0 1.5 0.4 0.0
E 98.0 1.2 0.7 0.1 0.0
Median 94.8 3.6 1.1 0.5 0.0
Table II
Distributions of Individuals’ Readings, by Distance from Median Reading (N = 1,168)
Number of Sub-=Categories From the Median
Reader =3 -2 -1 0 +1 +2 z2+3
A 0.0 0,0 1.0 91.4 3.5 2.1 2.0
B 0.0 0.1 0.3 83.6 7.3 4.3 h.4
c 0.1 0.2 0.9 92.0 6.2 0.3 0.3
D 0.0 0.4 1.8 93.0 4,1 0.7 0.0
E 0.0 0.6 3.4 95.9 0.1 0.0 0.0

films more than one category above or below the median,
we sce that Readers A and B tended to read higher than the
others. Readers C and D read on both sides of the median,
with slightly greater readings above. Reader E read con-
sistently lower than the others.

In order to assess the effect of adding two readers to an
original three, all ten possible panels of three readers were
considered. For each of these panels of three, the median
reading for each film was recorded. Table ITI demonstrates,
for eacb combination, the percentage of films that changed
their classification when the medians were based on all five
readers. Since a change of more than one category is con-
sidered important, the combinations of readers in Table III

are ranked in descending order according to the percentage
of films that changed more than one subcategory when two
readers were added. In the worst case, adding two readers
made any change in only 7.4% of the films (when A, B, and
C are the original three), and a change greater than one
category in only 1.6%. In the majority of combinations
{70%), fewer than 0.5% changed by more than one category.
The combinations that are affected the most by adding two
readers are the ones that include Readers A and B, the two
highest readers based on Table H. The addition of two more
moderate readers will affect a greater proportion of film
classifications. Nevertheless, even in these cases only 1.5%
of the classifications changed by two or more categories, in-
dicating that the addition of two readers had little effect.
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The possible effects of age and smoking status on the
classification of low-level opacities was investigated for each
reader. Exposure information on the workers was not
available at the time of analysis and was not included. Ob-
viously, this very important explanatory variable should be
considered when possible, since any detectable effects due
to ape and smoking alone could be confounded with an ex-
posure effect. The limited attempt here is to see how often
detection of the radiographic effects of age or smoking are
changed by changing the size or composition of panels. Table
IV presents the result of logistic regressions on age, smok-
ing (ever versus never), pack years, and finally pack years
after adjusting for age, for each reader. Readers A and E,
high and low readers respectively, detected no effects (with
the exception of an age effect for Reader E). Readers B, C,
_and D detected almost every effect. Therefore, no discerni-
ble relationship to over- or under-reading exists, Table V

presents the result of logistic regressions for each three-reader
panel and for the five-reader panel. Eight panels were sen-
sitive to the radiographic effects of smoking, as shown by
a significant relationship between small opacity profusion and
either smoking category or pack-years. Three panels were
sirilarly sensitive to the effects of age. The five-member
panel was also sensitive to smoking, indicating that the ad-
dition of two readers is unlikely to eliminate this possible
source of confounding with dust effects.

CONCLUSIONS

When using three experienced readers (the widely accepted
minimum for epidemiologic research), the effect of including
two additional readers seems to be neglible. Despite using
readers with significant inter-observer variability, only a
small proportion of films were changed by more than one
category, after adding two readers.

Table III

Rate of Change in Median Profusion Category After Adding Two Readers,
for Each Possible Combination of Three Readers

Percent Films

Showing Any

Percent Films
Changing More Than One

Readers Change Sub-Category
ABC T.4 1.6
ABD 5.7 1.5
ABE 5.0 1.4
BDE 3.2 0.4
BCD 4.6 0.3
CDE 3.3 0.3
ACD 2.4 0.3
ADE 2.7 0.3
BCE 3.4 0.3
ACE 2.2 0.2
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Table IV

Sensitivities of Individual Readers to Age and Smoking Effects on
Small Opacity Profusion (Logistic Regression, N = 1,168)

Reader % > 0/0 Age Smoking Pack-Years Pack-Years/Age
A 9.4 NS NS NS NS
B 17.9 11 113 1 »
c 10.6 NS . #a 1
D 7.9 1 1 : 1 1
E 2.0 . NS NS NS

#significant p =
##gignificant p &
NS = not significant

0.05
0,01

Table V
Sensitivities of All Three-Reader Panels to Age and Smoking Effects on Small Opacity Profusion

Readers Age Smoking Pack-Years Pack=Years/Age
ABC NS NS * NS
ABD L NS . NS
ABE b NS NSV NS
BDE # ] e "
BCD NS " ne -
CDE NS T (2] 1
ACD NS * haded .
ADE NS . NS NS
BCE N3 » * hd
ACE NS NS NS NS
ABCDE NS . NS NS
#p 3 0.05

®ép = 0.01

NS = not significant
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