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Reger R. B. (Statistics Branch, ALFORD, P.O. Box 4292, Morgantown,
W. Va. 26505), D. F. Butcher and W. K. C. Morgan. Assessing change in
the pneumoconioses using serial radiographs: Sources and quantification
of bias. Am J Epidemiol 98: 243-254, 1973.—The assessment of progres-
sion in coalworkers’ and other pneumoconioses by comparing serial radio-
graphs is a standard procedure. Despite general acceptance of the princi-
ples involved, several sources of bias may be inherent in this practice. This
study, designed to identify and quantify the various biases, shows that the
assumed chronologic sequence of the paired radiographs, viz. the position,
as well as the disease stage existing for a given pair member, can signifi-
cantly influence the categorization process. It demonstrates that there is
marked reluctance to diagnose regression of pneumoconiosis. Although
one can not hope to eliminate totally the biases in a side by side reading
method, partial remedies are available. Recognition that such biases ex-
ist is a start. It is desirable to conduct trials with various readers to ascer-
tain those who are prone to “pull” side by side interpretations towards
the middle (i.e. the “concertina” effect) resulting in a lower progression
score and those who are oppositely inclined. Side by side readings which
differ drastically from those determined by independent interpretation
should be viewed with suspicion. Variability between readers will per-
haps always be a problem. However, rigid initial training, as well as
periodic checks to insure that reading habits do not change, would do
much to improve the validity and reliability of the categorization of pneu-
moconiosis.
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INTRODUCTION

The diagnosis of coalworkers’ pneumo-
coniosis is dependent on the appearance of
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certain fairly distinctive features in the
chest roentgenogram in association with a
history of coal dust exposure. Furthermore,
the severity of the condition is assessed by
the extent, profusion, and size of the opaci-
ties observed on the film. Accordingly, the
chest radiograph is still the only practical
method of diagnosing coalworkers’ pneumo-
coniosis in life. Justification for this prac-
tice lies in the fact that a definite relation-
ship between the extent and profusion of
radiographic opacities and coal dust content
of the lungs exists (1).
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In Great Britain, the United States, and
elsewhere, progression of coalworkers’ pneu-
moconiosis 1s determined by comparing se-
rial radiographs. In most countries, the
readings have a dual purpose. First, it is the
responsibility of those performing the work
to inform the individual examined of any
condition which might affect his health and
as such this must be a foremost considera-
tion. Secondly, the readings from the serial
films are used for research purposes where
inductive logic is used to infer from the part
to the whole. The characterization of the
relation between radiographic disease and
various other factors such as the mine envi-
ronment, pulmonary function, and symp-
tomatology are examples of such research.

The advantages as well as the drawbacks
of reading serial films have been discussed
indirectly in several articles in the litera-
ture (2-4). The optimal method of deter-
mining progression has been a subject of
controversy for many years with many of
the arguments, both pro and con, remaining
unpublished. Nevertheless administrative
considerations, usually involving personnel
and finance, generally dictate the system to
be used. Regardless of the method used, it
must be administered in such a fashion that
it does not interfere with the prompt deliv-
ery of medical care to the participating
subject.

Significant bias may be inherent in the
determination of progression of pneumoco-
niosis from the comparison of serial radi-
ographs if the dates on which the films were
taken are known to the reader. Whether a
particular film occupies the left or right
hand position in a pair and hence an im-
plied chronologic sequence, might influence
the categorization process. In addition, the
category of one film of the pair might exert
an influence on the reading of the other
film. For example, when a film is paired
with an identical film taken on the same
day or failing this a copy of itself, is it
likely to be given the same reading as when
it is paired with another film with an ob-
viously higher or lower category? Further-

more, is the above effect consistent or is it
related to the assumed chronologic sequence
as inferred from the left or right hand posi-
tion of the film? Overall effects between
readers as well as readers interacting with
other variables were also areas of prime
concern. Implicit in the above questions is
the need to determine if there is reluctance
to read regression.

METHODS AND DESIGN

The ideal circumstances for this study
would have been the availability of four
radiographs on each of several subjects
taken over a time interval such that some
amount of progression was evident. As such,
each subject’s films could be arranged in
pairs so that every permutation as well as
duplicate pairing could be exhibited in a 4
X 4 design. All pairs would then reflect the
most extreme progression and regression of
the disease as well as all intermediate
points.

Unfortunately, this was not possible be-
cause our program had not been in existence
long enough to have four serial films per
subject. In lieu of this, several pairs of radi-
ographs with varying but definite degrees of
progression of disease were obtained. Next,
an attempt was made to match the pairs in
terms of the bony architecture of the chest,
lung size, and contours of the other intra-
thoracic organs so that readers would not
suspect they were reading paired films of
different subjects. We therefore contrived a
situation in which, although we had two
pairs of films from two separate subjects,
all four were treated as if they were made
from the same subject. Eight copies of the
four films were obtained and the 32 copies
were arranged into all 16 possible pairings
of four films. Readers were told, or they
assumed from habit, that the earlier film of
each pair was always on the left. Identifi-
cation on all films was hidden from view.
The general design is shown in figure 1. The
films were arranged in order of severity; 1
showing the least disease and 4 showing the
most disease. The numerical identification

9T0Z ‘0T YoLe|N Uo Akiq1 DAD Jexdey L g usydels e /Bio'sfeunolpioyxosfe/:dny wo.y pspeojumoq


http://aje.oxfordjournals.org/

ASSESSING CHANGE IN THE PNEUMOCONIOSES

in the cells shows which films make up the
various pairs in the design. For example,
cell 11 contains Film 1, viz. the film of the
set of four showing the least disease paired
with itself. In cell 12, Film 1 is in the left
hand position while Film 2, viz. the film of
the set of four showing more radiographic
disease than Film 1 but less than Film 3,
occupies the right hand position of the pair.
The same two films are involved in cell 21;
however, their position is reversed. This
general procedure in arrangement of pairs
of films was used throughout the design.
Accordingly, progression of coalworkers’
pneumoconiosis is present for those pairs
above the principal diagonal while regres-
sion is present below the diagonal. No
change exists on the diagonal since this is
the point where each film is paired with
itself. Three distinct sets of four films each

SECOND FILM OF A PAIR

1 2 3 4
Pri Pr. 2 Pr3 Pr 4
|
1] 12 13 14
Prs Preé Pr.7 Pr8
2
FIRST 21 22 23 24
FiLM
OF Pr.9 Prio Prii Pr.i2
A 3
PAIR 31 32 33 34
Pri3 Pr.i4 Pris Pr.16
4
41 42 43 44

Ficure 1. Design of serial film reading trials.
This design involves additional dimensions across
the separate and distinct film sets as well as across
readers.
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were obtained and each set was then ar-
ranged according to the general design. All
pairs were read by three physician inter-
preters. Thus, there were 16 possible pairs
of films to be read in each square. A total of
288 readings was obtained; 32 films by
three squares by three readers. Two of the
physician interpreters were experienced in
interpreting films for coalworkers’ pneumo-
coniosis while the third was a neophyte. All
paired films were submitted to the readers
in a random order. They were read accord-
ing to the Union Internationale Contre le
Cancer (UICC)/Cincinnati Classification
System (5) which is based on and closely
resembles the National Coal Board elabora-
tion of the 1959 International Labour Orga-
nization (ILO) Classification (6) (figure 2).
Briefly, the classification system is an ex-
pandable four point scheme: Category 0
representing no pneumoconiosis, and Cate-
gories 1, 2, and 3 representing stages of sim-
ple pneumoconiosis. The expansion of these
major classifications, are those designations
separated by a slash. The first numeral
identifying the subcategory represents the
first impression (i.e. major category) as-
signed by the radiologist while the second
numeral represents his judgment of severity
within the major category. Thus if a film is
interpreted as Category 2/1, the reader
eventually decided that the film was
Category 2; however, he also seriously con-
sidered Category 1. We assumed that the
readings represent stages on a continuum
which starts with no pulmonary dust depo-
sition and ends with maximal dust deposi-
tion and that each step represents an equal

CATEGORY

SUB-CATEGORY

o/~ | 0/0 | on

o | | wa jan |22 | 23

372 /3] 3/4

Fieure 2. UICC or ILO elaboration of the classification of simple coalworkers’ pneumo-

coniosis.

9T0Z ‘0T YoJelAl uo AriqiT DAD Jexdey L 'g ueydes e /B10'sfeunolpiojxos fe//:dny woly pspeojumod


http://aje.oxfordjournals.org/

246 REGER, BUTCHER AND MORGAN

increment of dust deposited. Thus, paramet-
ric statistical procedures offer a method of
obtaining reasonable estimates of interac-
tions between film categorization and other
factors. The base reading (0/—) was given
the value 1. The next reading (0/0) was

TasLE 1
Results of previous independent readings

Readings
Film*
Square 1 Square 2 Square 3
1 1/0 0/0 0/0
2 2/1 1/1 1/0
3 2/3 2/1 1/2
4 2/3/3/2t 3/2 2/2

* The film identification (1 through 4) is the
same for all squares in the total design. However,
there are 12 distinct films involved in the study.
Hence, film; i8 not the same from square to
square.

t Represents previous readings of 2/3 by two
radiologists and 3/2 by two radiologists.

given 2, and so forth to the ultimate reading
(3/4) which was assigned the value 12.

In addition to the criteria mentioned pre-
viously, the radiographs were chosen be-
cause previous independent readings by
several radiologists had revealed unanimity
or near unanimity regarding the diagnosis.
The independent readings are given in table
1.

Several analytical methods were utilized
in testing the various hypotheses, namely,
an analysis of variance, the least significant
difference (ISD) test, and an F-max (7, 8).

REsuLTs

From the analysis of variance (table 2),
it becomes obvious that nearly every effect
tested was significant. It is quite clear that
classification is affected depending on
whether a film occupies the left or right
hand position. Figure 3 shows the effects of
position across all films averaged over read-
ers and squares (quasi replicates). The cat-
egory assigned to a film in the left hand
position of a pair was markedly lower than

TaBLE 2
Analysis of variance

Source of variation* Df';g;d“:n:’f Sum of squares Mean squares F ratio
Squares 2 126.69444444 83.3472 78.78%
Films 3 804 .86111111 268.2870 333.65%
Position (film) 4 34.97222222 8.7431 10.87%
Pair (left position) 12 27.16666667 2.2639 2.82¢
Pair (right position) 12 102.49999999 8.5417 10.62t
Square X film 6 72.05555556 12.0093 14.94¢
Error (a) 56 45.02777777 0.8041
Reader 2 15.19444444 7.5972 13.15¢
Square X reader 4 17.30555556 4.3264 7.49%
Reader X film 6 16. 55555556 2.7593 4.77t
Reader X position (film) 8 3.60444444 0.4618 0.80
Reader X pair (position) 48 35. 66666667 0.7431 1.29
Reader X square X film 12 13.52777778 1.1273 1.95¢
Error (b) 112 64.72222222 0.5779

Total 287 1379.94444444

* Different partitions of the various effects as well as single degree of freedom contrasts are avail-

able upon request.
tp < .01
t» < .05
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when it occupied the right hand position.
The sum of squares for left versus right
hand positions was 31.34 and is not in-
cluded in table 2. However, it does repre-
sent another possible and important parti-
tion of the position within film sum of
squares. Figure 4 shows that the effect of
position was not consistent across different
classes of films. It can generally be said
that a line of demarcation exists in that
those films with the least disease were read
much higher when they occupied the right
hand position while those films with more
positive evidence of disease were read about
the same in both positions. For films show-
ing minimal disease, the effect due to posi-
tion within a pair produced a disparity of
around one minor UICC category. On the
other hand, for those showing more disease,
the disparity relative to position of the film
in a pair was only around one-third of a
minor category. The four degrees of free-
dom in table 2 associated with the position
(film) effect, when broken down into single
contrasts by film class show this quite
clearly. For example, the sum of squares for
the individual contrasts were: Film 1,
14.22; Film 2, 16.06; Films 3 and 4, 2.35
each.

The effect on categorization of a particu-
lar radiograph when it is paired with itself
as compared to when it is paired with a
higher or lower category film is shown in
figure 5. Films paired with themselves are
categorized somewhat lower than when
paired with other films. The difference, al-
though statistically significant, is of such
small magnitude as to be negligible from
the viewpoint of clinical management.
However, two other inferences are worth
consideration. First, which films cause the
disparity ? Figure 6 shows the dissimilarity
by class of film averaged over readers and
squares. It is immediately evident that the
films showing the least disease account for
nearly the entire trend. They are read sig-
nificantly higher when paired with other
films. Virtually no divergence exists for

247

CATEGORY
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Ficure 3. Effect due to position (averaged over
readers and squares).
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Ficure 4. Effect due to position by film class
(averaged over readers and squares).

those films designated as 2, 3, or 4. The sum
of squares for the contrasts portrayed in
figures 5 and 6 are not included in table 2.
Again, this represents another possible par-
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CATEGORY
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Froure 5. Effect due to pairing (averaged over
readers and squares).
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Ficure 6. Effect due to pairing by film class
(averaged over readers and squares).

tition in the analysis of variance. Secondly,
is the disparity consistent regardless of the
position of the pair? From the analysis of

variance, an obviously different effect oc-
curs depending on whether one is consider-
ing the left or right hand member. The ef-
fect, although significant for both the left
and right hand pair member, is far from
consistent. This is evident from the magni-
tude of the F statistic in the analysis of
variance, and also from figure 7. Note the
appreciably greater slope of the line for the
right hand pair member.

In an attempt to elaborate on the effect
of film position on categorization, the sub-
set of films which were paired with them-
selves were analyzed, thereby holding the
disease stage constant. The difference be-
tween the left and right hand pair members
for this subgroup was only around one-third
of a minor UICC category. This is in con-
trast to a markedly higher discrepancy
shown in figure 3 where all films were used
and a difference of one minor UICC cate-
gory was evident.

If each of the trend lines in figure 7 is
separated into finer components involving
severity of disease, then the trends involv-

® LEFT HAND MEMBER
A RIGHT HAND MEMBER

CATEGORY

2/1 5

1714

1 i

PAIRED WITH PAIRED WITH
SELF ANOTHER

Ficure 7. Effect due to pairing by position (av-
eraged over readers and squares).
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ing more restrictive means come to light.
These are shown in figures 8 and 9. The
overall trend for the left hand member is
almost, if not wholly, influenced by film
class 1, i.e. the films with the smallest
amount of disease, averaged over readers
and squares (figure 8). In contrast, the
overall trend for the right hand member
(figure 9) is influenced, to some degree, by
the stage of the disease in the film. How-
ever, films with the least disease seem to
have the greatest effect. Moreover, films
with higher stages of disease seem to have a
slight, effect in the opposite direction. Eight
of the 24 degrees of freedom shown for the
pair (left and right position) in table 2 are
portrayed in figures 7, 8 and 9. Table 3
shows the sum of squares for the eight sepa-
rate contrasts shown in figures 8 and 9.

It is well documented that appreciable
interobserver variation exists in the cate-
gorization of coalworkers’ pneumoconiosis.
Surprisingly, the overall reader effect in
these trials was somewhat less than has
been shown elsewhere. The overall means

CATEGORY
2/21 FILM 4
b °
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FILM 3 °
o '
172
114
° FiILM 2 .
170~
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o1+ \
ot
. 1
o0 1
PAIRED WITH PAIRED WITH
SELF ANOTHER

Ficure 8. Effect due to pairing by film class
(averaged over readers and squares). Left hand
pair member.
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Fiaure 9. Effect due to pairing by film class
(averaged over readers and squares). Right hand
pair member.

TaBLE 3
Sum of squares for single degree of freedom contrasts

Left hand pair Right hand pair
member member
Film 1 7.26 29.04
Film 2 0.08 2.08
Film 3 0.04 1.56
Film 4 0.08 0.33

for the three readers are shown in figure 10.
Although the contrasts may be considered
real, it is questionable whether such minor
differences have any practical medical im-
portance.

As might be expected, highly significant
differences existed between squares as well
as between films. Indeed, the study was de-
signed with this in mind, and these effects
in and of themselves, are of little concern.
However, their interactions with other main
effects, e.g. readers, should be considered.
Thus, figure 11 shows the relationship be-
tween reader and square, square being the
quasi replicate of the overall 4 X 4 design.
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Ficure 10. Effect due to readers (averaged over
squares and films).
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READER

Ficure 11. Effect due to reader by square (av-
eraged over films).

Although the general reader effect remains
mostly intact, and is reflected again when
viewed across squares, some striking anom-
alies do exist. For square one, the general
effect is pronounced and exaggerated, and
in square two the reader effect becomes al-
most non-existent. Figure 12 gives the
reader by class of film interaction means.
The overall trend appears remarkably con-

REGER, BUTCHER AND MORGAN

sistent, but on closer inspection an impor-
tant phenomenon is evident. First of all
reader B categorizes all classes of films
higher than his colleagues. Of the other two
readers, C categorized those films at the low
end of the scale a bit lower than did reader
A. In contrast, reader A awarded a lower
category for films at the upper end of the
scale. A second order interaction involving
readers, squares, and films, though showing
some differences, is of no major significance.

The other effects shown in the analysis of
variance fall into one of two classes. First,
there are the main effects showing highly
significant differences which are due to the
design of the study, namely, squares and
films. In addition, there were insignificant
first order interactions; the reader by posi-
tion (film) and the reader by pair (posi-
tion) effects.

COROLLARY ANALYSIS

In an attempt to ascertain if reluctance
exists towards reading regression of disease,
the within pair variances averaged over
readers and pooled across squares were de-

FILM |
FILM 2
FILM 3
FILM 4

x & e p

CATEGORY

2721
2/14 /n\.
2

—

1714

1704
A A
A
on . s n
A 8 c
READER

Figure 12. Effect due to reader by film class
(averaged over squares).
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termined for five groups of cells. These five
groups are shown in figure 13 and are coded
0, 1, —1, 2, and —2. Theoretically, for cells
coded 0, the within pair variability should
be non-existent. For code 1 it should be
somewhat higher and higher yet for code 2.
Since those cells coded as —1 and —2 are
the same films that exist above the princi-
pal diagonal except that their order is re-
versed, their within pair variability should
resemble that of cells coded 1 and 2, respec-
tively. These within pair variances and two
composite variances are given in table 4.
Several striking features are evident from
these data. First of all, the within pair vari-
ability is significantly greater above than
below the principal diagonal. This is com-
pelling evidence to support the belief that

SECOND FILM OF A PAIR

! 2 3 4

) [o] | 2 2

FIRST 2 -1 lo} | 2
FILM
OF
A

PAIR 3 -2 -1 [o) I

4 -2 -2 Bl o)

Ficure 13. Coded components in the general
design used in determining 5 different within pair
variances.

TaBLE 4

Within pair and composile variances for
the general design

Code Description &
0 Principal diagonal 0.1851
1 One unit above diagonal 1.3867
-1 One unit below diagonal 0.1535
2 Two + units above diagonal | 5.5704
-2 Two + units below diagonal | 1.8859
1&2 All units above diagonal 3.4830
—1 & —2 | All units below diagonal 1.0197
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TABLE 5

Conirasts tnvolving within pair variances

Contrast F

1 &2vs —1 & —2 3.42*
1vs —1 9.04*
2vs —2 2.961 borderline
1vs?2 4.02t

—1vs -2 12.29*
Ovsl 7.49*
0vs —1 1.21
0vs2 30.14*
0vs —2 10.19*

*p < .01

tp < .05.

there is a reluctance on the part of inter-
preters to read regression. The variance one
position above the diagonal is about nine
times higher than its counterpart below the
diagonal; a highly significant finding. The
variances of the extremes, viz. 2 versus ~2,
does show some disparity but not of this
magnitude. Table 5 shows F statistics for
these as well as some of the other more
important contrasts involving the within
pair variances.

Discussion

Two theoretical concepts which are inher-
ent in a consideration of this problem need
examination. The first relates to the scale of
categorization of coalworkers’ pneumoco-
niosis. The 12-point elaboration of the Inter-
national Labour Organization Classification
presents an unusual problem of how to ana-
lyze discrete class data. In reality, there
exists a disease continuum which underlies
the 12 discrete radiological classifications.
Wise and Oldham (9) devised a “Percentile
Pairing” technique by fitting a smooth
curve to the International Labour Organi-
zation readings, thereby transforming the
scale. Although the technique may be theo-
retically valid, it can present a problem in
communication. In contrast, Liddell (10)
implies that there is no need for such a
weighting system and expressed the opinion
that the International Labour Organization
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readings are primarily related to logarith-
mic transformations of several variables.
The results of his work have often been
used to support the proposition that the
scale is of equal intervals. Although there
may be technical objections to the proposi-
tion, lung residue analyses in his work do
offer circumstantial confirmatory evidence
and furthermore, its use appears justified
“faute de mieux” since it offers a practical
approach to the problem of determining ra-
diographic change.

The second issue is concerned with the
inherent bias which can occur in reading
paired films as opposed to an independent
randomized system which is a theoretically
more pure approach to the problem of as-
sessing progression of coalworkers’ pneumo-
coniosis.

The side by side reading method guaran-
tees that a subjective bias occurs each time
a pair of films is categorized. The purpose
of reading the films side by side is to insure
that categorization of one film of the pair is
related to, and modified by, the appear-
ances of the other.

No doubt, some advocates of the side by
side system also subscribe to the belief that
each film should be geparately categorized,
without assessing progression directly. This
concept, although idealistic, entirely ignores
reality. The main attraction of the side by
side method is that it allows a comparison
of the films and thereby permits a more
“accurate” and direct assessment of pro-
gression. The thought processes involved in
the side by side measurement of progression
are probably as follows:

1. The films are given an “overall” as-

sessment.

2. An attempt 1s made to determine
whether there has been any radi-
ographic change.

3. The most easily read film is catego-
rized.

4. Its more difficult partner is then placed
in a category in light of the decision
on radiographic progression (stage 2
above).

REGER, BUTCHER AND MORGAN

Previous trials in Great Britain (9), have
shown that the side by side reading method
underestimates the amount of progression
of coalworkers’ pneumoconiosis as com-
pared to that assessed by the independent
randomized method. On the other hand, re-
cent work in the United States (3) has
shown an opposite effect. The absence of a
consistent directional difference rules out
the introduction of a method for a “univer-
sal” adjustment between the two methods
of determining progression. In both Britain
and the USA, the variability associated
with the side by side determination of pro-
gression has been substantially less and to
many this is an appealing argument in
favor of the method. However, to bias
knowingly an experimental design so that
the residual error is less, and to then use the
smaller residual as a justification for the
inclusion of bias in the design, is statisti-
cally invalid and can only be termed self-
deceptive sophistry (11).

Aside from these two important issues,
the question with which we must concern
ourselves relates to the fact that if we use
the side by side system, it is vital to know
the extent of the bias we are introducing.

Side by side comparison of radiographs is
accepted the world over, not only in the
diagnosis of disease, but also in the assess-
ment of therapeutic efficacy. In epidemio-
logic research it is often necessary to temper
an obsession with statistical “purism” with
practical considerations involving such fac-
tors as finance, time, and personnel; all of
which influence the choice of a reading sys-
tem.

We have shown that the position a film
occupies in a pair, viz. on the left or right,
has a direct influence on the category
awarded to it; the left hand film being as-
sumed to have been taken earlier is gener-
ally awarded a lower reading than it would
had it been placed on the right where it
would be assumed that it was the more re-
cent of the pair. This effect is most striking
for those films showing minimal disease.
The phenomenon was anticipated and
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serves to point out that readers are used to
reading progression from left to right and
are disinclined to read regression. Had they
read as much regression as they did pro-
gression and had they also read it as fre-
quently, then such an effect would not have
been manifest. Furthermore, it was also ap-
parent why the effect of position was more
pronounced for the films showing minimal
disease. When these films occupied the left
hand position, they were paired with films
showing equal or more severe disease so
that a pair would appear “in-tune” with the
interpreter’s concept as to what he should
see. In contrast, when the position of the
films was reversed, so that the film on the
left had more disease, there was a distinet
tendency to “pull” the right hand film down
and the left hand film up rather than read a
change in a direction opposite to their
thinking. Without question, a general effect
due to film position is evident. However, it
was demonstrated that this effect is drasti-
cally decreased when a subset of films
which holds the disease stage constant is

analyzed.
We have furthermore shown that films
paired with themselves are generally

awarded lower readings than when they are
paired with films of another disease stage.
This phenomenon is not consistent when the
position of the film is borne in mind. In the
left hand position, films in class 1, i.e. mini-
mal disease, almost entirely accounted for
the trend. In the right hand position, films
in most all disease stages showed a signifi-
cant difference regarding whether they were
paired with themselves or paired with oth-
ers.

Some differences existed between the
readers and, moreover, they reacted differ-
ently to the three squares making up the
total design and also to the class of films
being read. Reader variability in categoriz-
ing single as well as serial films has been
reported in numerous articles (13-21). Al-
though total elimination of this source of
variability is unlikely, some measure of
control is possible.
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Owing to the design of the study, the
readers should have read about the same
magnitude of regression of coalworkers’
pneumoconiosis as progression, however,
this was not the case. There was a general
reluctance to read regression and this phe-
nomenon is no doubt a consequence of
training. Most radiologists believe that re-
gression of coalworkers’ pneumoconiosis is a
rarity if it existg at all, and indeed what is
termed regression is artifactual and a con-
sequence of technical factors. Regression
might be explained by emphysema and hy-
perinflation developing concomitantly with
pneumoconiosis; the over-distention making
the small opacities appear less profuse be-
cause there are less of them per unit volume
of lung.

Although the pair readings by square and
reader are not shown, it should be men-
tioned that at least one gross anomaly ex-
ists in the data. For square one, cell 44, i.e.
a film read independently as borderline be-
tween Category 2 and 3, when paired with
itgself was read much lower than expected
by two of the physician interpreters. The
explanation for this is not clear. An inspec-
tion of the original film showed slight
over-penetration but the film and the copies
made from it were still in the readable
range. Prior work (22) has shown a tend-
ency for most readers to award lower cate-
gories to over-penetrated films. One can
speculate that pairing a slightly over-pene-
trated film with itself may have caused
these unexpected readings.
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