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ABSTRACT-The authors studied the influence of multiple readings on the 
problem of detecting and evaluating coal workers' pneumoconioois (CWP). 
There was an unexpected disagreement between three groups of readers, based 
on (a) poor film quality, (b) lack of experience with the classification systems 
employed, and (c) lack of familiarity with the roentgen manifestations of CWP. 
It is hoped that future surveys may be improved by films of higher quality and 
by a heightened awareness of the roentgen signs and symptoms of CWP among 
physicians. 
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T HE PURPOSE of this report is to present the 
results of our investigation into the influence 

of multiple readings on the problem of detecting and 
evaluating coal workers' pneumoconiosis (CWP). 
Three significant events have made this study 
possible: 

(a) Reports of the effect and implications of 
multiple interpretations of chest films by Yeru­
shalmy et al. in the 1950's (2, 6, 7, 17-20). They 
recommended dual readings to improve accuracy in 
recognizing and evaluating pulmonary lesions; 
however, their material did not include subjects 
with pneumoconiosis. 

(b) Multiple readings have been employed 
routinely in the diagnosis and categorization of 
pneumoconiosis in Great Britain for many years 
(1, 14) but have only recently been adopted in the 
U. S. There have been few attempts in either 
country to evaluate the use of multiple readings 
(3, 4, 12). 

(c) A large group of chest films subjected to 
multiple readings and analysis, comprising a chest 
roentgenographic survey of about 60,000 U. S. 
coal miners, has recently been made available. 

BACKGROUND 

The Federal Coal Mine Health and Safety A.ct of 
1969 (PL 91-173) gave every underground coal 
miner in the U. S. the right to have a free chest 
roentgenogram, and approximately 60,000 miners 
took advantage of this opportunity in 1971 and 
1972. The examination was designed (a) to 
determine whether the miner was eligible for 
disability benefits and/ or transfer to a less dusty 

job, and (b) to provide an overall evaluation of the 
prevalence of pneumoconiosis among coal workers. 

· The findings in the 55,730 miners who have re­
ceived dual readings to date are described and 
analyzed in this report. 

Public Law 91-173 empowered the National 
Institute for Occupational Safety and Health 
(NIOSH) of the U. S. Public Health Service 
(USPHS) . to implement the chest examination 
provisions of the law for active miners. The law 
also specified that the films should be interpreted 
in terms of either the 1967 UICC2/Cincinnati 
classification or the 1968 extended International 
Labour Office (ILO) classification (15). It further 
stated that a miner diagnosed as having either 
(a) complicated pneumoconiosis, (b) simple pneu­
moconiosis at the category 2 or 3 level, or (c) 
category 1 simple pneumoconiosis developing with 
less than 10 years of exposure in a mine could be 
transferred to an area of the mine in which the 
respirable coal dust level was below 2 mg/m3

• 

A miner with complicated pneumoconiosis also 
had the option of applying for disability benefits. 

NIOSH elected to have single standard 35.6 X 
43.2-cm (14 X 17-in.) postero-anterior chest films 
made at a radiographic facility or mobile x-ray unit 
in or near the miner's community. Each facility 
was required to submit six films for certification. 
If NIOSH consultants considered them technically 
satisfactory, the facility was approved for this 
part of the program. 

METHOD 

A multiple reading method, the so-called ABC 

1 Presented at the Fifty-eighth Scientific Assembly and Annual Meeting of the Radiological Society of North America, Chicago, Ill., 
Nov. 26-Dec. 1, 1972. 
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system, was devised by NIOSH for use in inter­
preting the films. The first interpretation was 
made by a local physician, the A reader, who was 
often the physician in charge of the facility at 
which the roentgenogram was obtained. The 
NIOSH decision to involve local physicians in the 
program was based upon (a) the requirement that 
the first round of roentgen examinations be ac­
complished within 18 months after the law was 
passed, (b) a lack of federal facilities to carry out 
the examinations, and (c) a desire to integrate the 
project with the health care resources that ordi­
narily served the miners and their community. 

To qualify as an A reader, the physician had to 
either participate in one of the two-day seminars 
conducted periodically for NIOSH by the Ameri­
can College of Radiology (ACR) or submit to 
NIOSH six films interpreted properly according to 
the UICC/ Cincinnati or ILO classification. Most 
qualified by attending one of the seminars, but 
many were certified on both counts. The A 
readers were drawn from several medical dis­
ciplines, including radiology, internal medicine, 
chest disease, industrial medicine, and general 
practice. Of the 175 A readers, 139 were radiol­
ogists and 36 were from other disciplines. 

After the A reader had recorded his interpreta­
tion on a special form, the radiograph and report 
were sent to the Appalachian Laboratory for 
Occupational Respiratory Diseases (ALFORD), 
where the findings were recorded. All films were 
then forwarded to B readers, 24 radiologists with 
long experience with pneumoconiosis drawn from 
three radiology departments, two of which were at 
university hospitals. The B reader then returned 
the films to ALFORD together with his interpreta­
tions. 

If both the A and B readers interpreted the film 
as normal, or if they agreed on the major degree of 
profusion of small lesions (simple CWP) and the 
presence and extent of large opacities (complicated 
CWP), the reading was accepted as final. If 
there was disagreement regarding any of these 
parameters, the film was sent to a C reader for 
arbitration. Films in which there was disagree­
ment only in the type (irregular or rounded), size, 
or zone distribution of small opacities were not 
submitted for a C reading. There were seven C 
readers, all experienced in pneumoconiosis inter­
pretation, who served as staff radiologists in one of 
the three radiology departments from which the B 
readers were recruited, though the B and C 
readers of a given film were never from the same 
institution. Three of the C readers were members 
of the USPHS Panel of Radiology Consultants 
to NIOSH. The C reader was given the A and B 

readings but was not told which was which. The 
film and its C reading were returned to ALFORD 
for recording and storage. ALFORD notified the 
miner and his personal physician of the results, 
including the need for further medical attention. 
The Bureau of Mines was contacted if job transfer 
rights were involved. The data used in this paper 
came from ALFORD reports for the period ending 
July31, 1972. 

RESULTS 

The findings of the A and B, A and C, and Band 
C readers in regard to small opacities, i.e., simple 
CWP, are compared in TABLES I-III. The A and 
B readers agreed in about three-fourths of their 
readings (68.93 of negative readings and 5.53 
among the categories of positive readings) (TABLE 
I). They disagreed in about one-fourth of the 
films, of which 21. 9% were read as negative by 
either A or B and 4.03 were read as positive by 
both but at different levels (e.g., category 2 vs. 
category 1). In general, the A readers showed a 
much stronger tendency to read a film as positive 
than did the B readers. If films read as normal by 
both readers were excluded, roughly 17,000 films 
remained. Of these "positive" films (as indicated 
by one or both readers), one reader disagreed 
with the other in 82.23 and the two agreed in 
only 17.73. 

The collective comparison between the A and C 
readers is shown in TABLE II. Of the 14,594 films 
on which the A and B readers disagreed, the C 
readers found 225 unreadable. Of the remaining 
14,369 readings, there was agreement in 3,552 
(24.43) and disagreement in 10,817 (75.33). In 
only 10.13 did both A and C readers agree that the 
chest was normal. In 9,336 films only one reader 
gave a normal reading; in 93.53 of these, it was 
the C reader who recorded the negative reading. 
The tendency of the A reader to ascribe higher 
categories of involvement was again noted, es­
pecially when one reader read the film as 0. Our 
statistics do not presently allow a comparison of 
the level of agreement for A readers who were 
radiologists and those from other medical disci­
plines. 

The B and C readings are compared in TABLE 
III. Again, these were only the films in which the 
A and B readers disagreed. There was 69.83 
agreement and 30.23 disagreement between the 
two groups. Of the 3,106 cases in which only one 
reading was negative, 523 were C readings and 
483 were B readings. Among the positive read­
ings, the B readers tended to list a higher category 
than the C readers, but this was not as striking as 
the discrepancy between the A and C readers. 
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TABLE J : COLLECTIVE EXPERIENCE, A !IS. B* 

Reader A 

category of Simple CWP 

Total 

0 30,425 0j!95 J,717 44 40,401 
(60.9") (14.9") (3. l"l (<O.l") (07."") 

l Jp51 J,9 13 941 90 4;595 
(3."") (3 .4") (1 . 7") (0.2") (8.3") 

~ . ... 
"' 0. .. -~ 

~ 
"' 
"' 0 

"' 

2 375 656 J,064 209 1,)04 
(O. 7") (1.2") (1.9") (0.4") (4.2") 

3 22 45 192 91 350 
w 
0 (fO.l") (<O . l") (0 . 4") (0 . 2") (0 . 7") 
g' .. .. 
0 

l'rotal. 40.~73 10, 909 ~914 434 55, 730 
(72 . 6") (19.6") (7.1") (0.8") (10"") 

• All percentages are based on 55, 730 cases. This table relates 
to the distributions of small opacities, regardless of whether or 
not large opacities were also present. 

Size of large or conglomerate opacities- (com­
plicated CWP) was omitted as a parameter in the 
present study. There were 1,181 instances in 
which the A or B reader or both indicated the 
presence of complicated CWP. In 35.6% the two 
agreed; in 41.8% the A readers recorded it while 
the B readers did not; the reverse occurred in 
22.5%. Again, the A readers overread as com­
pared with the B readers. 

When A and C readers were compared in regard 
to complicated CWP, there were 943 instances in 
which one or both gave a positive reading. The 
two agreed in 35%, while the A readers alone gave 
a positive reading in 45% and only the C reading 
was positive in 18%. When B and C readers 
were compared in respect to the 697 films which 
one or both read positive for large opacities, there 
was agreement in 52%; the films were read as 
positive by B alone in 25% and by C alone in 22%. 
Thus the level of positivity of the B and C readings 
of large opacities was approximately the same. 

DISCUSSION 

Several factors may be responsible for the 
disappointing level of divergent interpretations 
among the A, B, and C readers in this first round of 
roentgen examinations, notably (a) inherent inter­
observer disagreement, (b) films of poor quality, 
(c) a basic lack of experience with the UICC/ 
Cincinnati and ILO classification systems on the 
part of many of the A and B readers, and (d) a 
general lack of familiarity with the roentgen mani­
festations of CWP. 

In the 1950's, Yerushalmy et al. studied the 

TABLE II: COLLECTIVE EXPERIENCE, A vs. C* 

Reader A 

cat• gory of Simpl• CWP 

Total 

0 ;460 7J.57 1,44 1 32 10, 190 
(10.1") (49. 7") (9 . 9") (0.2") (69 . 9") 

1 537 1,369 801 53 :1,760 
(3. 7") (9.4") (5.5") (0 . 4") (19. 0%) 

12 65 332 628 201 1,226 
(0.4") (2.3") (4.3") (l . 4") (8.4") 

3 4 0 86 87 185 
1.-0 . l") l<"O . l") (0 , 6") (0.6") (1.3") 

b/R 59 102 59 5 225 
(0.4") (0. 7") (0.4'i (f"O . l") (1 .5") 

~-

~otal 'tJ-33 ~68 3,015 378 14,594 
(14.61') (62.2") (20. 7j(,) (2.6") (10"") 

•All percentages are based on 14,594 cases. 

TABLE III: COLLECTIVE EXPERIENCE, B vs. C* 

. 
1 
"' 
"' 0 

"' 
~ 
!;I 
0 

0 

1 

2 

3 

U/ R 

r-- -

T0 tal 

Reader B 

category of Simple CWP 

~58 J,316 309 
(58.6") (9.()%) (2.1%) 

J,315 988 424 
(9 . ()%) (6.8") (2. 9") 

146 355 564 
(l."") (2.4") (3 . 9") 

5 20 80 
(t"0.1%) (0.1%) (0.5%) 

117 75 28 
(0.8") (0.51') (0.2%) 

1<µ41 2754 11105 
(69.5%) (18. 9") (9 . 6%) 

15 
(0.1%) 

33 
(0 . 2") 

161 
(1.1") 

80 
(0.5%) 

5 
(<0.1%) 

294 
(2.()%) 

*All percentages are based on 14,594 cases. 

Total 

10 , 198 
(69 . 9") 

~760 
(18 .9") 

J,226 
(8 .4") 

185 
(1.3") 

225 
(1.5") 

14,594 
(100.0%) 

I 

results of multiple readings of groups of chest 
films by expert panels of radiologists and chest 
physicians (2, 4, 5, 17-20) . They found inter­
individual disagreement on all films (both negative 
and positive) to be less than 53, whereas among 
the abnormal films it rose to 303. Intraindividual 
disagreement in the positive group was about 
203. These figures applied not only to recogniz­
ing lesions but also to evaluating their significance. 
Incorporating a rereading of the same :films by the 
same reader or different readers lowered the false-
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negative figures (positive films read as negative) 
significantly but had the opposite effect on the 
number of false-positives ~negative films read as 
positive). It was also noted that the incon­
sistency of the readings increased in proportion 
to the number of categories or terms used in de­
scribing the lesions. (Such intra- and inter­
observer disagreements are not confined to radi­
ology, of course.) Yerushalmy's conclusions cer­
tainly apply to the present study. In fact, we 
had even more categories to consider and a grada­
tion from one category to the next to judge, 
adding to the difficulty of interpretation and the 
likelihood of differences of opinion. 

The method employed by Yerushalmy et al . 
to determine the ''correct'' answer was unanimous 
agreement among the experts, either on individual 
reading or at a panel session. This was not the 
case in our series. We accepted the C reading as 
the final verdict. However, a recent study by 
Reger and Morgan (12) indicated that inter­
observer error varied between 19 and 333 among 
positive readings for CWP by four "experts," two 
of whom were members of the NIOSH Radiology 
Consultants Panel. Since the experts so often 
disagree among themselves, there is certainly no 
assurance that the C reading is the valid one. 
However, the fact that the C reader was the most 
experienced of the three readers added some credi­
bility to his interpretations. 

A higher rate of disagreement between the A 
readings and the B and C readings was found 
as expected. Some consolation can be gleaned if a 
discrepancy of one category is accepted as agree­
ment, in which case the level of agreement rises 
considerably. For example, if the two readings on 
a film are 0 and 1, 1 and 2, or 2 and 3 and this 
difference is accepted as agreement, the concor­
dance between A and B readers rose from 74.53 to 
95.93, while that between A and C readers rose 
from 24.43 to 88.83 and that between B and 
C readers rose from 69.83 to 96.33. Even 
so, the level of disagreement between the 
A and B readings and the C readings was disap­
pointingly high and far beyond that anticipated 
from inherent problems of interobserver variation. 
Obviously, other factors probably contributed to 
this situation. 

It has been shown that film quality exerts a 
significant effect on the categorization of pneumo­
coniosis (10, 11, 16). In a recent study, Reger 
et al. showed that experienced readers tend to 
compensate for under- and overpenetrated films, 
while a neophyte may not (13). Because of the 
necessity of completing the first round at an early 
date and because of the difficulty of finding in-

dividual miners and persuading them to return for 
retakes, the A and B readers were requested to 
interpret all films unless they were absolutely 
unreadable. Despite this, more than 103 of some 
of the film batches submitted were subsequently 
considered unreadable by C readers. As time 
passed, it became apparent that all readers would 
have to become more critical if the effect of poor 
film quality was to be reduced. Thus the fact 
that the quality of many of the films in this study 
was clearly below standard may well have been a 
cause of some of the disparities in reading. At 
present, the role played by film quality in this 
regard is not measurable. 

There was a widespread lack of familiarity with 
the present pneumoconiosis classification systems 
among both the A and B readers. For example, 
only the three members of the USPHS Panel of 
Radiology Consultants to NIOSH had had prior 
experience with the UICC/Cincinnati classifica­
tion. A crash training program in classifying had 
to be set up, and the ACR was authorized by 
NIOSH to do this. Nevertheless, although the 
weekend seminars and home study material 
prepared by the ACR were acknowledged to be 
extremely helpful by most A and B readers, they 
were not always effective in raising the proficiency 
in classification to the required level. Some of the 
difficulties in coding appeared to lessen with time 
as inexperienced readers became more familiar with 
the intricacies of the system. 

Another problem was the absence of a set of 
standard films already classified by groups of 
experts which A and B readers could compare to 
the films they were reading. These standard sets 
have only recently become available, too late to be 
of use to the A, B, and C readers. 

Another cause of difficulty was unfamiliarity 
of many of the A readers with the basic roentgen 
characteristics of CWP. Some of them did not 
have a clear concept of the many roentgen details 
of CWP and v:ere also unaware of the wide varia­
tion in appearance of the healthy chest (these 
shortcomings also applied to some of the B 
readers). The difficulty in distinguishing cate­
gory I CWP from a normal lung is emphasized by 
the frequency with which the C reader recorded 
a chest as normal while the A or B reader called 
it positive. The A readers had a very strong 
tendency toward the positive side in these in­
stances. Kerr has been critical of the lack of 
training provided by our medical schools in occu­
pational diseases in general and the pulmonary 
aspects in particular, as well as the limited number 
of publications on the subject other than in 
journals of occupational health (9). 



Vol. 109 RESULTS OF MULTIPLE READINGS OF CHEST FILMS IN COAL MINERS' PNEUMOCONIOSIS 
Diagnostic 

23 Radiology 

SUMMARY AND CONCLUSIONS 

The extent of disagreement in the A, B, and C 
readings for this group of miners' films in the first 
round of medical examinations is felt to be un­
acceptable. It is ironic that a system designed to 
determine proper compensation for respiratory 
disease is based on a test with a level of reliability 
lower than that which is acceptable for many other 
diagnostic techniques. 

Several ways of improving the interpretation of 
future chest films might be suggested. Most 
obvious to NIOSH and ACR task force participants 
is the need to improve the quality of the films. 
Too many roentgen facilities fail to produce 
routine films of consistently good diagnostic 
quality (8), whether for pneumoconiosis or other 
purposes. This subject will be dealt with in 
more detail by other participants in this project, 
and an additional report on this aspect will appear 
shortly. 

Inexperience of physicians with the disease and 
its classification has lessened as a result of Public 
Law \ll-173 and the NIOSH program, and many 
more physicians have come to have a heightened 
awareness of the effects of CWP and related oc­
cupational respiratory diseases. NIOSH has in­
dicated that it will continue to create and sponsor 
physician education projects to overcome the dif­
ficulties encountered in this first effort. Whether 
this will eventually produce more experts in the 
roentgen aspects of CWP remains to be seen. A 
pneumoconiosis film-reading proficiency test which 
may be used in the future as a qualifying method 
for A, B, and C readers is almost ready for trial. 

Efforts are being made to devise a better system 
to interpret films taken in the second round. It 
is of paramount importance that an effective 
method be found to accurately interpret large 
numbers of chest films, not only those of coal work­
ers but those of men exposed to other types of 
dust such as asbestos and beryllium who will soon 
be studied in a similar manner as the result of new 
legislation. 
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