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Initial repeatability trials of the UICC/
Cincinnati classification of the radiographic
appearances of pneumoconioses
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Rossiter, C. E. (1972). Brit. J. industr. Med., 29, 407-419. Initial repeatability trials of the
UICC/Cincinnati classification of the radiographic appearances of pneumoconioses. The UICC/
Cincinnati classification was developed in 1967 as an extension of the ILO 1958 classification,
but it was decided not to publish it until evidence on the practicability and on the repeatability
of readings using this classification was available.
The scheme proved to be very practicable to use, with each reader able to read 300 to 500

films per day. There were only 0 3% omissions of any part of the complete reading in 42 000
readings.
The results of early trials of the classification show that both inter- and intra-observer

variability are very similar to those for the ILO 1958 scheme and also to those reported from
many other studies of variability in medical fields. A representative selection of the results
of these early trials is presented.

Familiarity with the classification and the standard films improved repeatability consider-
ably, and the differences between practised readers tended to be consistent.

The International Labour Office (ILO) has organ-
ized several international gatherings to discuss the
various aspects of pneumoconiosis. The third of
these in Sydney in 1950 established the first ILO
classification of the radiographic appearances of
pneumoconioses to be descriptive, rather than inter-
pretative, of these changes. At the revision of this
classification in Geneva in 1958 it was thought that
'a single classification could not apply to all the
existing forms of pneumoconiosis' (ILO, 1959).
In particular, this classification was not suitable for
asbestosis in which the typical parenchymal opacities

The members of the UICC Committee were H. Bohlig,
Germany; L. J. Bristol, U.S.A.; P. H. Cartier, Canada; B.
Felson, U.S.A.; J. C. Gilson, U.K.; T. R. Grainger, Canada;
G. Jacobson, U.S.A.; R. Kiviluoto, Finland; W. S. Lainhart,
U.S.A.; J. C. McDonald, Canada; E. P. Pendergrass,
U.S.A.; C. E. Rossiter, U.K.; I. J. Selikoff, U.S.A.; G. K.
Sluis-Cremer, Republic of South Africa; and G. W. Wright,
U.S.A.

are not rounded, as in coal workers' pneumoconiosis,
but rather more linearly or irregularly shaped.
The International Union against Cancer (UICC)

Working Group on Asbestos and Cancer (UICC,
1965) recognized the need for an international classi-
fication for asbestosis and recommended that such
a scheme should be developed using the ILO 1958
classification as a basis.

Early in 1967 there was an urgent need for a classi-
fication for use in the study by a McGill University
team of the Quebec chrysotile asbestos industry as
there were over 15 000 radiographs to be read. A
United States Public Health Service (USPHS) team
of radiologists was also working on a scheme for
classifying the films of men working in the US
asbestos manufacturing industries. These two groups
together with the UICC working group met for four
days in Cincinnati in October-November 1967 to
assess the results of some pilot trials, and to recom-
mend a classification for asbestosis.
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408 C. E. Rossiter

There was unanimous agreement at this meeting
on a new classification based on, and an extension of,
the ILO 1958 classification. The group thought that
it would be suitable, not only for asbestosis, but also
for other pneumoconioses, inasmuch as the ILO 1958
classification was included virtually unchanged
within the proposed new scheme. However, the
group also decided that the scheme should not be
published until some preliminary trials had been
carried out. During the following few months such
trials were carried out and in April 1968 the results
were promising enough to recommend publication
of the new classification to be known as the UICC/
Cincinnati classification of the radiographic appear-
ances of pneumoconioses.
These were initial trials and any assessments of

repeatability should now show less variability
because of improvements in the classification and its
accompanying standard films and because of in-
creased reading experience. However, this does mean
that this report is not entirely relevant to today's
status of the classification but it does show the initial
experience and provides a baseline for further
repeatability tests. For this reason, this paper gives
only a representative selection of the results of these
trials of inter- and intra-observer variation, a brief
summary of which was given in the publications
describing the classification (UICC Committee,
1970; Bohlig, 1972).

UICC/Cincinnati classification
Figure 1 compares the UICC/Cincinnati and ILO
1958 classifications. The main principles of both
classifications are that they are purely descriptive of
radiographic appearances; interpretative words such
as 'fibrosis' are not used, and they describe, as far as
is known, the natural history of the dust-related
radiographic changes. However, the UICC/Cincin-
nati scheme also aims to provide a method of record-
ing semiquantitatively all the main qualitatively
different features of the film (except emphysema).
For example, in the ILO 1958 classification only the
symbol 'pl' is used to record the presence of pleural
changes, whereas in the UICC/Cincinnati scheme,
pleural thickening and calcification are graded
separately. Also, costophrenic angle obliteration and
an ill-defined diaphragm are recorded as present or
absent, right or left. Similarly, the presence of an ill-
defined cardiac outline is also noted and graded.

In the ILO 1958 classification, only the rounded
small opacities typical of coal workers' pneumo-
coniosis and other mixed dust pneumoconioses were
graded. Other small opacities were only recorded as
present by using symbols such as 'L' (for linear
opacities) or 'ho' (honeycomb pattern). In the
UICC/Cincinnati classification, irregular (or linear)
small opacities are graded in a manner parallel to

that for small rounded opacities, and a separate set
of standard films is used. One other major addition
is that note is taken of the zones of the lung in which
the parenchymal changes occur. In the ILO 1958
scheme the categories of small opacities were defined
in terms of profusion and extent combined. The
UICC/Cincinnati classification separates profusion
and extent.

In April 1971, a further meeting was held in
Cardiff between advisers to ILO and representatives
of the groups which developed the UICC/Cincinnati
classification. Originally the UICC/Cincinnati classi-
fication was based on an extension of the ILO 1958
classification. At this meeting the extensions were
accepted as being a proper part of a full ILO classi-
fication and were integrated into it. There were also
some modifications of detail. The resultant ILO
U/C International Classification of Radiographs of
Pneumoconioses 1971 was accepted by ILO at their
fourth International Pneumoconiosis Conference
in Bucharest (ILO, 1972).

Results of testing the classification
Two trials of the classification have been considered.
In the first, six readers read nearly 16 000 films from
a study of the Quebec chrysotile mining industry.
In the second, 100 selected films were read by the
original six readers and by a further six, who were
inexperienced in the use of the classification.

(a) Practicability
The considerable increase in information to be
recorded on each film compared with the ILO 1958
scheme might have reduced its practicability. This
did not prove to be the case. The six members of the
group who classified nearly 16 000 chest films of
past and present asbestos miners and mill workers at
Thetford Mines and Asbestos (Quebec, Canada)
encountered no serious difficulties with the classi-
fication. Despite the number of observations to be
made for each film, each reader was able to classify
300 to 500 films per day. By using special reading
sheets and clerks to record, omissions were reduced
to 0-3% in 42 000 readings. The films were the
latest for the entire population at risk, and therefore
contained a high proportion of normal films, but
some abnormality, however slight, was recorded in a
substantial number. The classification was done
using a set of provisional standard films derived
largely, though not exclusively, from selections avail-
able from the Quebec mines.

(b) Reproducibility of readings by the same observer
(intra-observer variation)
The variation in reading by the same observer over
a few days to three months was investigated during
this classification of the 16 000 Canadian films. For

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.29.4.407 on 1 O
ctober 1972. D

ow
nloaded from

 

http://oem.bmj.com/


Initial repeatability trials of the UICC/Cincinnati classification 409

ILO 1958 UICC/CINCINNATI 1968

No pneumoconiois 0 0/ - 0/0 0/1 (rounded or irregular)
Suspect pneumoconiosis Z

SMALL Rounded
OPACITIES Profusion 1 1/0 1/1 1/2

2 2/1 2/2 2/3
3 3/2 3/3 3/4

Type p m n p q r

Extent _ Lung zones, 1- 3 on each side

Irregular

Profusion _ 1/0 1/1 1/2
2/1 2/2 2/3
3/2 3/3 3/4

Type L s t u

Extent Lung zones, 1- 3 on each side

LARGE Size A B C A B C
OPACITIES Type _ wd (well defined) id (ill defined)

OTHER Pleural thickening pl
FEATURES Costophrenic angle Right Left (lower limit standard film)

Other - type Diffuse Plaques (uncalcified)
extent 1 2 3

Ill defined diaphragm
Site Right Left (lower limit standard film)

Ill defined cardiac outline

Extent 1 2 3

Pleural calcification pl

Site Diaphragm Walls Other sites
Extent 1 2 3

ADDITIONAL SYMBOLS USED IN BOTH CLASSIFICATIONS

Obligatory in U/C and optional in ILO: ca co cp es od tba

Optonal in both U/C and ILO: ax bu cn cv di em hi ho k px rl tb

Notes

Types (sizes) of The letters 'q' and 'r' are used in the U/C classification instead of 'm'
smaM opacities and 'n' to reduce errors of transcription. There are no changes of

definition.

12 point scale for
small opacities

Symbol L

To use this, the film is classified in the usual way by comparison with
the standard films and "if during the process a neighbouring category is
considered as a serious alternative, record this after the formal category".
Thus a subcategory 2/1 is a Category 2 but Category 1 was considered
as a serious alternative.
Ihis was defined in the ILO 1958 Classification as "numerous linear or
reticular opacities, the lung pattern being normal, accentuated or obscured"
It cannot be certainly regarded as completely equivalent to 'irregular small
opacities' as defined in the UICC/Cincinnati classification.

FIG. 1. Comparison of ILO 1958 and UICC/Cincinnati 1968 classifications.
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410 C. E. Rossiter

each observer approximately 600 films selected at
random were fed back for a second reading without
his knowledge. This gave a realistic trial of intra-
observer variation under survey conditions, but the
proportion of films in some of the subgroups was too
small to test fully their reproducibility. As an
example, Table 1 shows the readings on the first
and second occasions for one observer for grading
of pleural thickening. The entries in the diagonal
boxes are those put in the same grade on the first
and second occasion-this was 572 out of 614 films
(93-2 %). This percentage is heavily influenced by the
proportion of films read as normal on both occasions
(89-6 %). The figures in the large square are the films
read as abnormal on both occasions, 43. Of these,
34 (79-1 %) were placed in the same grade on the
first and second occasions. These percentages are

TABLE 1
REPRODUCIBILITY OF GRADING OF PLEURAL THICKEN-

ING BY READER (JG)

Second reading
Grade Total

0 1 2 3

0 538 17 1 556

First 1 14 20 5 39

reading 2 1 2 10 1 14

3 1 4 5

Total 553 39 16 6 614

Overall agreement: 572/614 93-2%
Agreement for films assessed as abnormal at both readings:

34/43 79-1 %
Misreading rate = 2-8 %
Agreement standardizing to 30% abnormal: 88-7%

influenced by the number of grades of abnormality
and the relatively small numbers in the abnormal
group.
The calculation of a more useful index of repeat-

ability may be shown by considering Table 1 again;
18 films were read as abnormal on the second read-
ing, but normal on the first; 15 others were read as

abnormal on the first reading but normal on the
second. Of these 33 films, two show a change of at
least two grades between readings and are probably
examples of missed or mistaken readings. The
majority of the remaining 31 probably lie near the
boundary between grades 0 and 1. These then pro-
vide evidence on how precisely a reader can use the
standard films and wording to assess a film.
Taking p to be the misreading rate, then the

proportion of films read as normal on one occasion
and abnormal on the other is 2p(1- p). Putting this
equal to 33/614 gives p = 2-76%. All films read as

abnormal on one occasion and normal on the other
(33 in Table 1) have been included in the calculation
of the misreading rate, because the larger discrep-
ancies are relatively few and should anyway be
included in any assessment of repeatability. This
misreading rate is a measure of repeatability which
is independent of the actual numbers of normal and
abnormal films, and so it may be used to compare
repeatability for different features, readers or

surveys. An extension of this method of comparing
the repeatability of features with different preval-
ences is to standardize on an arbitrary proportion
of abnormal films, say 30% (Ashford and Enterline,
1966). This might be regarded as about the maximum
encountered in epidemiological surveys. Table 2
summarizes the intra-observer variation for the six
readers for those features where there were sufficient
numbers for analysis. It showed that for the stand-
ardized index the variation in repeatability between
the different features was not large (78 to 93%);
also that the range between observers was not very

TABLE 2
INDICES OF INTRA-OBSERVER VARIABILITY FOR NINE FEATURES OF RADIOGRAPHIC APPEARANCE

% Agreement standardized
Misreading rate % to 30% abnormalfilms

Feature
Average Range Average Range

Small irregular opacities
Profusion .. .. .. .. .. .. .. .. 388 1-5- 5-2 82-1 79-85
Type .. .. .. .. .. .. .. .. 8-53 2-6-13-8 77-8 69-93

Large opacities .. .. .. .. .. .. .. .. 0-86 0-1- 2-3 87-7 70-99
Grade of pleural thickening .. .. .. .. .. .. 3-22 2-8- 3.9 86-9 84-89
Grade of pleural calcification .. .. .. .. .. 073 0-2- 1-2 93.5 92-94
Costophrenic angle .. .. .. .. .. .. .. 2-23 2-1- 2 5 92-7 91-95
Ill-defined diaphragm .. .. .. .. .. .. .. 2-39 1-1- 3-2 85-4 68-93
Ill-defined cardiac outline .. .. .. .. .. 1-29 0-2- 2 1 84-7 77-91
Quality of film .. .. .. .. .. .. .. .. 10-48 6 5-16 9 77-6 70-83
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Initial repeatability trials of the UICC/Cincinnati classification 411

large. It was also true that no one observer was
markedly higher or lower in his repeatability when
all the features were taken together.

These results were thought to be well within the
acceptable limits for a new classification on its first
use in a large survey.

(c) Agreement between different observers (inter-
observer variation-100 films trial)
After the meeting in Cincinnati a further reading trial
of 100 films by all 12 readers independently was
organized. The 100 films were chosen so as to
include about 30 normal or nearly normal ones. The
films were from six countries and covered most of
the range of features seen in asbestos-exposed
workers. There were no films of coal miners or other
types of pneumoconiosis in which the rounded
opacities classified on the ILO 1958 scheme were
the main feature. The 100 000 or so observations
were tabulated by computer. Table 3 is an example
of the readings on one film by 12 observers. Similar
tabulations for the other films form the basis of the
main analysis. This Table shows a pattern of reading
agreements and disagreements that was frequently
seen. For example, all except one reader recorded
small irregular opacities and he recorded the highest
category of rounded opacities; there was a range in
category of irregular small opacities from 1/0 to 2/3,
but all readers thought that it was an example of type
't', that is, medium sized irregular opacities. Only
three readers thought there were rounded opacities
as well as irregular; those who did, thought they
were type 'p', that is, small sized rounded opacities.
There was good consistency in recording the zones
showing irregular and/or rounded small opacities.
Both the site of the pleural thickening and the grade
were uniformly reported; the film probably lies to-
wards the upper end of grade 1, as there were seven
reports of grade 1 and four of grade 2. Nine out of
the 12 readers noted that the diaphragm was ill-
defined on both sides. Ten readers recorded grade 2
for the degree of irregularity of the cardiac outline.
Every reader observed pleural calcification and all
but three thought it was grade 1.

Pleural changes and large opacities Figure 2 shows
the prevalences of abnormalities at any level reported
by the 12 readers for the main features of the classi-
fication other than small opacities. The variation
was least for pleural ca'cification and greatest for ill-
defined diaphragm. It will be seen that in general
there is reasonable consistency of reading so that
the prevalence of the various features, as determined
by the different readers, does not vary by more than
± 19% for the most outlying readings. Detailed
inspection of the readings for each feature showed
that the instances where only one reader out of 12
reported a f ature were not randomly distributed

(Readings of 100 films by 12 readers)

Pleural thickening

Pleural calcification

Ill-defined diaphragm

Ill-defined cardiac outline

Large opacities

S -

* lw*_ *,

808 t go .

0 20 40 60

Prevalence of abnormality (%)

FIG. 2. Prevalence of abnormality for five indices of
radiological change.

between the readers. This strongly suggests that par-
ticular readers are consistent in interpreting what
they see, but at a higher or lower level than is ac-
cepted by the majority. This accords with the higher
intra-observer consistency reported above. As an
example of this there were 20 films for which there
were positive readings of ill-defined diaphragm by
two or fewer readers. Of the 20, RK read 12 as
positive and no other reader read more than four.
At the other extreme there were eight films read as
positive by 10 or 11 readers. Of these eight, BF read
seven as normal.

This is an encouraging observation because
systematic differences between readers can be
allowed for in the analysis when several readers are
used in a survey. It also suggests that better definition
of the grades and discussions between readers on a
survey will reduce bias between readers while retain-
ing the advantages of independent separate readings.
A further more complete demonstration of the
systematic bias between readers may be found in the
discussion on Tables 10 and 11 (page 415).

Site of abnormality Tables 4 and 5 are examples of
the agreements between readers on the site of the
abnormality. Pleural calcification and irregular small
opacities have been chosen. The good consistency in
recording which zone shows small irregular opacities
substantiates the decision to include site as a feature
in the classification, which was not recorded in the
ILO 1958 scheme. Table 6 shows the results for the
types of irregular small opacities, 's', 't', and 'u'.
The results are better than anticipated by the readers
as the verbal descriptions and the examples in the
standard films were not clearly differentiated for this
trial. Further use of the classification will show how
useful it is to subdivide the type of irregular small
opacities.

Small opacities Appraising all the readings, only
five films were thought to show neither rounded nor
irregular small opacities; no films were reported as
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412 C. E. Rossiter

TABLE 3
UICC/CINCINNATI CLASSIFICATION OF RADIOGRAPHIC APPEARANCES OF PNEUMOCONIOSES

ROUNDED IRREGULAR LARGE PLEURAL us PLEURAL
SMALL OPACITIES SMALL OPACITIES OPACITIES THICKENING O am CALCIFICATION

P. m Zof L - -ctnziIMTYPiSii| | |
I a~~~~~~~~~~~~~~~~~~~~

V"

I

I1 I/

I

1 I

I

I I14f

I I/

'I

q 1

4 I

I

I

44I

i

1

4/
I

id A
L

R
2

R L
0I I

L L L Lid A
R R R 2 L R 1 O

0 0XH00L20
R R~~~

id A 0 1 * 2 L1 1 0 0R

O LR 2 R 2 L L L 0 6

IL 1 L 2 R
L LI . |

RR RR L L 2 . 0

RR 2 R 21 1R

LI I
R0R 2 R 21112L S. *

* 21111LRR R

L
R

I

L

R
2 L L 2

H. B. +

L.B. 1+

P.C. I+
t

p

p

p

p

B.F. + I

_

II4

I4I

t

2/

I

0

0

0

0

1

0/

0

/

0
0

0

0

0

0

0

J.G. +

T.G. +

G.J. +

R.K. +

J.M. '+

0

0

0o

1
I

I

I

I

I

I

I

I

2

3.
2

2

2

t

t

E.P +
t

ti.s. +±

G.S. + t

+ _I/- fO on e 0/- 0/0001o O 0 _

+ q 1I0 /1 12I I. 10/O 1/2I vd A f 1 R I f ., 1mm I
+ r.2 V2 2/32 e 211 2212/3l L L 2s L 2 L 2 s :i

WmI_/_314 13_2_3342an3 3 IGP so o

t

t

 on M
ay 26, 2023 by guest. P

rotected by copyright.
http://oem

.bm
j.com

/
B

r J Ind M
ed: first published as 10.1136/oem

.29.4.407 on 1 O
ctober 1972. D

ow
nloaded from

 

http://oem.bmj.com/


Initial repeatability trials of the UICC/Cincinnati classification 413

TABLE 4
SITES OF PLEURAL CALCIFICATION

Diaphragm Wall
Reader None Other

Right Left Bilateral Right Left Bilateral

HB .. 72 6 3 9 4 3 9 9
LB .. 81 2 4 6 1 3 6 2
PC .. 84 3 3 8 1 3 4 2
BF .. 79 4 5 5 6 4 5 4
JG 82 5 4 6 2 3 7 8
TG .. .. .. .. 80 4 1 6 2 2 8 4
GJ .. 82 5 1 6 3 5 2 2
RK .. .. 77 4 1 7 4 6 10 3
JM .. .. .. 80 1 5 8 3 3 7 5
EP .. 82 5 1 7 4 3 4 5
IS 78 6 3 6 4 3 5 4
GS .. 78 3 1 6 5 6 6 4

Average .. .. .. ..| 79-6 40 27 6 7 32 337 61 43

showing rounded only by all readers. Forty-nine and rounded small opacities separately and com-
films had no readings of rounded, and only irregular; bined. The results in general show an encouraging
46 films had readings of rounded and irregular. consistency. Inspection of the computer tabulation
In five films, nine or more of the 12 readers recorded showed that in many cases the extended categoriza-
rounded opacities only. This observation supports tion 0/- to 3/41 was useful in demonstrating that a
the decision to include rounded and irregular film was on the borderline, for example, when half
opacities in a classification designed to cover the the readings were 0/0 and the other half 0/1. The
radiographic features seen in asbestos-exposed sub-category 0/-, an extremely normal ('barndoor')
workers. In the Quebec asbestos industry (Rossiter film, was recorded by five or more readers on four
et al., 1972) 4-8% of all male employees had irregular films.
small opacities and 1-2% had rounded small Tables 4 to 9 and Fig. 2 only compare the propor-
opacities of category 1 or more, also supporting the tions of films read as abnormal without providing
decision to include both in the classification.

Tables 7, 8, and 9 show the distribution in 'The use of the extended classification (Liddell and Lindars,
categories 0, 1, 2, and 3 of the readings for irregular 1969) is described in the notes to Table 1.

TABLE 5
ZONES OF SMALL IRREGULAR OPACITIES

Right Left
Reader None Omitted

Upper Mid Lower Upper Mid Lower

HB .. .. .. .. .. .. 30 6 30 59 4 38 57
LB .. .. .. .. .. .. 46 7 17 49 5 21 43
PC .. .. .. .. .. .. 55 8 35 41 6. 33 38 2
BF .. .. .. .. .. .. 43 4 32 41 - 43 41 2
JG .. .. .. .. .. .. 68 8 20 27 1 15 24 1
TG .. .. .. .. .. .. 47 22 46 51 7 45 43
GJ .. .. .. .. .. .. 42 7 26 48 5 29 45 2
RK .. .. .. .. .. .. 20 20 40 75 19 45 65 _
JM .. .. .. .. .. .. 80 4 19 17 2 15 10
EP .. .. .. .. .. .. 39 19 44 51 12 45 50 2
IS .. .. .. .. .. .. 11 10 31 76 5 41 69 1
GS .. .. .. .. .. .. 63 12 13 27 8 17 22 _

Average .. .. .. .. .. 45.3 10-6 29-4 46-8 6-2 32-2 42-2 0-8
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414 C. E. Rossiter

TABLE 6
TYPES' OF SMALL IRREGULAR OPACITIES

Reader 0 s I u Omitted

HB. ..30 24 40 6 -
LB. ..46 15 35 4 -
PC. ..55 22 18 5 -
BF . .. 43 12 31 12 2
JG . .. 68 5 17 10
TG. ..47 7 34 11 1
GJ . ..42 26 24 8 -

RK. ..20 27 47 6 -

JM .. . 80 2 11 7 -

EP . ..39 22 27 12 -

is .. . 11 49 31 9 -

GS . .. 63 6 30 1 -

Average .. 45-3 18-1 28-8 7-6 0-2

is = fine irregular opacities

TABLE 8
CATEGORIES' OF SMALL ROUNDED OPACITIES

All
Reader 0/- 0/0 0/1 0 1 2 3

HRB . 0 86 4 90 0 9 1
LB .. 0 86 5 91 5 4 -

PC .. 2 82 3 87 11 2 -

BF .. 7 69 8 84 2 8 6
JG .. 2 78 2 82 4 12 2
TG .. 4 81 3 88 6 6 -

GJ .. 6 72 8 86 2 10 2
RK .. 0 93 0 93 1 5 1
JM . 2 84 2 88 6 5 1
EP .. 7 86 0 93 0 7 -

is . 6 73 3 72 11 8 9
GS .. 3 78 2 83 7 8 2

Average 3-2 79.8 3-3 86-5 4-6 7-0 2-0

t medium irregular opacities 'Categories 0, 1, 2, and 3 are categories of profusion of small
u = coarse (blotchy) irregular opacities opacities and are defined by standard films. Sub-category 0/1

is a category 0 film when category 1 was seriously considered
by the reader. A definite category 0 film is sub-category 0/0

any information about the consistent variation and an extremely normal film is 0/-.
between observers in their concept of points on the
continuum of radiological change. Tables 10 and 1 1
are drawn up to supply some of this extra informa- on the continuum of radiological change above
tion. Table 10 tabulates all the films by the number which they recorded 0/1, 1/0, etc., and each would
of positive readings of irregular small opacities and be able to apply his boundary points consistently.
by the readers who read the films as positive. For For example, IS assessed 89 films as having small
example, there were 10 films read as positive by two irregular opacities of category 0/1 or more whereas
readers: IS read all 10 as positive, and RK, HB, EP, RK so assessed only 80. If these two readers were
and GJ read 5, 3, 1, and 1 respectively.

If only bias existed between readers, then the only TABLE 9
differences between the readers would be the points

TABLE 7
CATEGORIES' OF SMALL IRREGULAR OPACITIES

All
Reader 0/. 0/0 0/1 0 1 2 3

HRB . 0 30 19 49 26 20 5
LB .. 0 46 21 67 21 9 3
PC .. 2 53 13 68 24 7 1
BF .. 7 36 17 60 19 14 7
JG .. 2 66 9 77 11 10 2
TG .. 4 43 14 61 20 12 7
GJ .. 6 36 13 55 23 18 4
RK .. 0 20 13 33 41 17 9
JM . 2 78 1 81 10 6 3
EP .. 7 32 4 43 24 22 11
is . 6 5 10 21 51 18 10
GS .. 3 60 3 66 19 11 4

Average 3-2 42-1 11-4 56-7 24-1 13-7 5-5

SMALL OPACITIES: CATEGORIES' OF RoUNDED AND
IRREGULAR COMBINED

(The higher category was taken when both were
recorded on the same film by the same reader.)

All
Reader 0/- 0/0 0/1 0 1 2 3

HRB . 0 16 23 39 26 29 6
LB .. 0 40 20 60 24 13 3
PC .. 2 43 14 59 31 9 1
BF .. 7 31 14 52 19 17 12
JG .. 2 50 11 63 12 21 4
TG .. 4 35 16 55 20 18 7
GJ .. 6 31 16 53 19 23 5
RK .. 0 15 13 28 40 22 10
3M . 2 68 1 71 14 11 4
EP .. 7 26 4 37 23 29 11
is . 6 3 9 48 47 20 15
GS .. 3 46 5 54 22 18 6

Average 3-2 33-7 12-2 49-1 24-7 19-2 7-0

"Categories 0, 1, 2, and 3 are categories of profusion of small 'Categories 0, 1, 2, and 3 are categories of profusion of small
opacities and are defined by standard films. Sub-category 0/1 opacities and are defined by standard films. Subcategory 0/I
is a category 0 film when category I was seriously considered is a category 0 film when category 1 sas seriously considered
by the reader. A definite category 0 film is sub-category 0/0 by the reader. A definite category 0 film is subcategory 0/0
and an extremely normal film is 0/-. and an extremely normal film is 0/-.
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Initial repeatability trials of the UICC/Cincinnati classification 415

TABLE 10
IRREGULAR SMALL OPACITIES-BIAS BETWEEN READERS

Positive readings No. offilms read as positive
(0/1+) No. offilms (readers ranked in order of number ofpositive readings)

IS RK HB EP GJ BF LB TG PC GS JG JM

0 5
1 7 3 2 2
2 10 10 5 3 1 1
3 9 8 5 5 2 2 3 1 1
4 9 9 9 8 2 4 2 1 1
5 5 5 5 4 4 3 1 2
6 5 4 5 3 4 3 2 3 2 2 1 1
7 5 5 4 4 5 2 4 4 4 1 1 1
8 4 4 4 3 2 2 4 4 4 3 1 1
9 7 7 7 5 7 7 7 7 7 4 4 1
10 5 5 5 5 5 5 5 5 4 5 4 2
11 17 17 17 16 17 17 17 17 17 17 14 14 7
12 12 12 12 12 12 12 12 12 12 12 12 12 12

Total 100 89 80 70 61 58 57 54 53 45 37 32 20

Note: If the readers rank the films in the same order, and only show bias in the setting of the lower limit of subcategory 0/1,
then all the numbers in each row should be the same as that in column 2 as far as the diagonal, and zero thereafter.
Departures from this are shown in bold type.

completely consistent then there should be just nine the diagonal and zero thereafter. All the numbers
films which IS read as positive and RK did not. In not conforming to this are shown in bold type.
fact there were three films showing some variation Inspection shows that the pattern is reasonably
in reading level, that is a certain amount of relative satisfactory with reader LB, for example, conform-
inconsistency of judgement. If the readers were ing well to the expected pattern. But other readers,
entirely consistent, differing only in the levels they for example HB, do not conform well. These anom-
recognized, then in Table 10 each number in each alies arise in large part because of the difficulty
row would be the same as that in column 2 as far as experienced in differentiating between irregular and

TABLE 11
IRREGULAR AND ROUNDED SMALL OPACITIES COMBINED-BIAS BETWEEN READERS

Positive readings
(0/1 +)

0
1
2
3
4
5
6
7
8
9
10
11
12

Total

No. offilms read as positive
(readers ranked in order of number ofpositive readings)

IS RK HB EP GJ BF TG LB PC GS JG JM

3 1 2
7 4 3
7 6 6 1 1 1 1 1
6 6 6 1 3 1 1
5 5 5 5 2 1 2
4 4 4 2 3 2 2 1 1 1
4 4 4 4 1 2 2 3 2 1 1
2 2 2 1 1 2 2 2 1 1
4 4 4 4 4 4 4 4 1 2 1
7 7 6 7 7 7 6 7 7 7 2
14 14 14 14 14 14 14 14 14 12 14 2
28 28 28 28 28 28 28 28 28 28 28 28

91 85 84 67 63 62 61 60 55 51 48 30

Note: If the readers rank the films in the same order, and only show bias in the setting of the lower limit of subcategory 0/1
then all the numbers in each row should be the same as that in column 2 as far as the diagonal, and zero thereafter.
Departures from this are shown in bold type.
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416 C. E. Rossiter

rounded small opacities. Table 11 shows the pattern
of readings for irregular and rounded small opacities
combined. The positive readings are those which
are category 0/1 or more irrespective of the kind of
small opacity. The pattern is now much nearer that
expected if only bias exists, and in particular reader
HB now agrees very closely. The one film which 10
of the other readers assessed as positive, he recorded
as 'other disease', that is he thought the radio-
graphic changes were all due to causes other than
pneumoconiosis, and 7 of the 10 read it as 0/1. For
the other extreme film - read as positive by GS
and only two other readers - there were three read-
ings of other disease and 10 of opacities suggestive
of lung carcinoma. This general pattern of the differ-
ences between readers being largely differences of
bias is very encouraging as not only does it suggest
that agreement may be increased by discussion and
using better standard films but the presence of bias
may be used to add precision to the positioning of a
film on the continuum of radiological change, for
statistical and epidemiological purposes.

Symbols The lists of symbols in Fig. 1 were
recorded in all cases if present in the trial. They were
reasonably consistently used. For example, in one
film 'tb' (opacities suggestive of inactive tuber-
culosis) was read by all readers and the film was,
therefore, by definition excluded from the classifica-
tion. In another film five readers recorded 'ho'
(honeycomb appearance). In two films, three-
quarters or more of the readers recorded 'ca'
(opacities suggestive of lung carcinoma). The
symbols 'co' (abnormal cardiac outline) and 'cp'
(abnormal heart size suggesting cor pulmonale) were
also used consistently.

Radiographic technique In the reading trial on 100
films a comment was recorded on radiographic
technique: good or acceptable (+), poor (±), and
very poor (±). No film was considered by any reader
to be completely unreadable. Table 2 shows that
agreements about technique were worse than for
any of the features in the classification. Table 12
shows the distribution of comments on technique by
the 12 readers. Twenty-eight films were regarded as
'acceptable' by at least 11 readerq. In 10 films there
was a majority agreement that the film was 'poor'
or 'very poor'. But the full range 'acceptable' to
'very poor' was recorded by different observers on a
quarter of the films so that agreement on what is
acceptable is not good.
The majority of the films were taken with conven-

tional methods and without grids. Proposals for
achieving a higher proportion of good films by using
grids and high kV techniques were made by three
members of the group (Jacobson, Bohlig, and
Kiviluoto, 1970). All members of the group agreed

TABLE 12
DISTRIBUTION OF READINGS OF TECHNICAL QUALITY1

No.
offilms

11
17
19
11
9
3
3

1
1

4--
4
4
3
1
5
4

I
l
1

Average

Readings

+ _

12
11
10
9
8
7
6
5

1
2
3
4
5
6
7

4 8
3 9

9 2 1
8 3 1
7 4 1
7 3 2
6 5 1
5 6 1
4 6 2
3 7 2
3 6 3
2 7 3

8-84 2-84 0-32

'The symbols + i _ are not given verbal equivalents but
may be taken to mean acceptable, poor, and very poor.

that the average technical standard of routine and
survey films was considerably below what could be
achieved with existing equipment, but the flms used
in this trial were chosen from those readily available
from many sources and so inevitably included a wide
variation in technique. It was also agreed that there
was a need for further trials to show the effect of
changes of technique on readings, and a need to
define the range of 'acceptable' technique.

(d) Agreement between different observers-Quebec
asbestos study
Rossiter et al. (1972) give the full analysis of the
radiographic changes in the miners and millers
exposed to chrysotile asbestos dust in Quebec. A
random selection of 600 films was read by each of
the six readers and the readings of these films were
used to develop methods of scoring the radio-
graphic changes so that that they could be related to
the quantitative measures of dust exposure available.
The proportion of abnormal films was much lower
than in the 100 films trial, but there is useful evidence
on the consistency of the six readers and on the
amount of bias between them.

In Fig. 3, the proportions of readings of small
irregular opacities less than categories 1, 2, and 3 are
plotted for each of the six readers. The boundaries
between the categories are those suggested by Wise
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Initial repeatability trials of the UICC/Cincinnati classification 417

(Rivers, Wise, King, and Nagelschmidt, 1960). For
example, reader TG considered 91-3% of the films
to be in category 0, 5 2% in category 1, 2-3% in
category 2, and 1P2% in category 3. Thus 91P3%,
96-5%, and 98-8% of readings were in category 0,
category 1 or less, and category 2 or less respectively,
and it is these proportions which are plotted in
Figure 3. Note that three of the readers recorded no
small irregular opacities of category 3: the hori-
zontal line and vertical arrow mark where the lines
would have ended had there been exactly one reading
of category 3 and hence the range of possible points
to which the lines might have extended if the sample
of films had been larger. If the only differences be-
tween the readers are differences of bias, then the lines
in Fig. 3 would be parallel. The position of a line
indicates the amount of abnormality recorded in the
series of films by a reader, the lower the line the
more abnormality considered present. Parallel lines
would suggest that the readers were observing the
same abnormalities but set the dividing lines
between the categories consistently at higher or
lower levels without changing the sizes of the cate-
gories. The pattern for each reader is a reasonably
straight line with all the lines parallel, except for
reader PC who put too many films into category 1
compared with the other readers.

In Fig. 4, the proportions of readings of ill-
defined cardiac outline less than grades 1, 2, and 3
are plotted for each of the six readers. The bound-
aries between the grades are so chosen that, on this
probability graph paper, the average of the six lines
would be straight. In this case there were two readers
who recorded no readings of grade 3. The lines for
the six readers are all reasonably straight and
parallel to each other, and a statistical analysis
confirms this.

Similar snalyses were carried out for all the graded
features of the UICC/Cincinnati classification and
the only significant deviation from linearity and
parallelism was that of the readings by PC of small
irregular opacities, as noted above. This technique
was used in the analysis by Rossiter et al. (1972) to

95
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Category of small irregular opacitis

FIG. 3. Cumulative distributions for each reader of
readings of small irregular opacities.

994->0 3L
Grad, of ill-defined cardiac outline

FIG. 4. Cumulative distributions for each reader of
readings of ill-defined cardiac outline.

estimate the bias between readers so that each read-
ing could be used to calculate the scores for the
various graded features of the radiograph.

Comment

Observer variation exists not only in the reading of
chest radiographs for descriptive purposes but also
in many other medical applications; for example, in
the radiological diagnosis of tuberculosis (Cochrane
and Garland, 1952; Nyboe, 1968; Yerushalmy,
1969), in the radiological assessment of osteo-
arthrosis (Wright and Acheson, 1970), in the reading
of electrocardiograms (Acheson, 1960), in the assess-
ment of clinical signs and symptoms (Smyllie,
Blendis, and Armitage, 1965; Fairbairn, Wood, and
Fletcher, 1959), and in the assessment of emphy-
sema on whole lung sections (Thurlbeck et al., 1970).

Fletcher and Oldham (1951) describe early tests of
the original classification for small rounded opacities
developed by the Pneumoconiosis Research Unit,
Cardiff and adopted, slightly changed, as the ILO
1950 classification. In these trials indices of both dis-
agreement between readers and consistency by one
reader were improved by the use of standard films.
However, the range of the indices between the best
and worst of the 10 readers was always about 3 to 1.
They also report that 10 to 20% of individual read-
ings differed by one or more categories from the
average reading. More recently, Liddell and Lindars
(1969) have presented evidence on the variability of
reading by nine experienced British National Coal
Board readers using the NCB elaboration of the
ILO 1958 classification. In a series of 100 films, one
reader recorded 52 as showing category 1 or more
simple pneumoconiosis, whereas another recorded
only 29. In another series of 134 films, the range was
18 to 50%. These figures are the same order as the
range of 7 to 28% for small rounded opacities in
the 100 films trial presented in this paper. In this
study the range for small irregular opacities was
larger, being 19 to 79%. However, 6 of the 12
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418 C. E. Rossiter

readers were using this classification for the first
time, and the range for the other six readers who had
worked together in classifying the films in the Quebec
survey was 19 to 39 %, agreeing more closely than
the NCB readers for small rounded opacities. The
range for the same six readers for the 600 random
films from the Quebec study was 2 to 10%, as
may be seen from Figure 3 (readers LB, PC, JG,
TG, JM, and GS).
The evidence that the more practised readers

agreed with each other about the category of small
irregular opacities better than did the non-experi-
enced readers suggests that familiarity with the
classification and the standard films should lead to
less inter-observer error. In this 100 film trial, for
every feature, except large opacities, listed in Tables
4 to 9 and Fig. 2, the six experienced readers showed
less variability than the six who were using the
classification for the first time. There is also evidence
that readers from the same reading group or geo-
graphical area tended to agree more closely with
each other, in particular, readers HB and RK from
Europe, readers PC, TG, and JM from Canada, and
the USPHS readers (LB, BF, GJ, and EP).

Evidence does not suggest that this amount of
inter-observer variability is peculiar to the reading
of radiographs for pneumoconiosis. Yerushalmy
(1969) reported 30% inter-observer and 21 % intra-
observer error in the radiological detection of
tuberculosis. Cochrane and Garland (1952) reported
6-9 to 16-9% as the range of inter-observer error
and 4-5 to 6-7% for intra-observer error, also for
the radiological detection of tuberculosis. Similarly,
three readers read 5-8, 9 5, and 15-4% of joints of
the hand as showing osteoarthrosis (Wright and
Acheson, 1970). The authors comment that 'if real
differences of this order of magnitude were found in
a comparison of two populations they would rightly
lead to the formulation of hypotheses in an attempt
to explain them, and perhaps to explain the etiology
of osteoarthrosis'.

Similar observer variation is seen in other fields.
Four readers read 51 to 66% of 53 electrocardio-
grams as normal (Acheson, 1960). The one reader
who read twice agreed on normality or abnormality
in 83% of his assessment. Smyllie et al. (1965) have
considered 20 physical signs of the respiratory
system and nine observers examined each of 20
patients for these signs. On average, the proportion
of positive findings by the observer varied from
8-7 to 15-6%. The variability of answers to a
questionnaire on respiratory symptoms is similar.
Six observers reported prevalence rates for cough
21 to 28%; for phlegm 21 to 34%; for breathless-
ness 17 to 38%; and for chest illness in past three
years 32 to 49% (Fairbairn et al., 1959).

In summary, there is no evidence that film readers
are markedly better or worse at classifying pneumo-

coniosis in the chest radiograph than are other
observers at detecting other conditions. There is
evidence, however, that practice, mutual discussion,
and the use of standard films do reduce both inter-
and intra-observer variability. If, as appears to be
so, the differences between readers are largely
differences of level, that is, that a film which one
reader has read as in a particular category will
usually be read as in that category or a higher one
by all more stringent readers, then this bias can be
used in epidemiological studies to increase the
precision of the analyses.

There appears to be a strong case for arranging a
formal small reading trial between observers before
undertaking the classification of a large group of
films or other material in an epidemiological survey.
Such trials can reveal gross discrepancies between
observers which usually turn out to be readily
explicable. They are better discovered before the
main assessment. In the survey more information
can usually be obtained by making appropriate
allowances for bias between observers in the statis-
tical analysis than by trying to remove the bias by
getting agreed readings (Wise and Oldham, 1963).
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