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Factors predisposing to the development of
progressive massive fibrosis in coal miners
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ABSTRACT Altogether 238 759 miners employed by the National Coal Board were examined in the
third of the Board's radiological surveys from 1969 to 1973 inclusive. Excluding those diagnosed as

having progressive massive fibrosis (PMF) on that occasion, 210 847 were in collieries still operating
at the time of the fourth survey four to five years later; 132 728 attended for radiography at the
same colliery on the second occasion, and were used to study the attack rate of PMF. In all groups
in the age range 35-54 and having category 2 simple pneumoconiosis (SPN) or less, 80% or more

had a second radiograph. It was found that the probability of developing PMF increased sharply
with rising category of SPN; however, half the cases occurred in men having SPN categories 0 or 1,
who were in the majority. Current coalface work had no significant effect on the attack rate. Age
increased the attack rate of PMF within each major SPN category (0, 1, 2, and 3), especially the
higher categories. All or part of this effect may have been due to the fact that SPN in younger men

with categories 1 and 2 tends to lie in the lower range within these categories. Similarly, a lower
distribution of SPN within each category associated with a low overall local prevalence may account
wholly or in part for the great difference between the attack rates of PMF supervening on each
category of SPN in Scotland and South Wales. The rank (quality) of coal mined had no effect on

the attack rate.

Progressive massive fibrosis (PMF) is the most
disabling form of coal workers' pneumoconiosis12
and the only form that shortens life considerably.3 4
Once started it tends to increase fairly rapidly5 and
may continue to increase despite removal from the
dust hazard.6 For these reasons an important aim of
dust control in collieries is the prevention of PMF.
In recent years the problem of how this may best be
achieved has had attention from groups appointed
by the Government7 and by the National Union of
Mineworkers,8 but both studies were somewhat
hampered by a lack of information. To find out more
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about what sort of miner is likely to develop PMF,
we have looked at the results of routine radiographs
taken by the National Coal Board (NCB), who have
carried out periodic radiographic (PXR) surveys
since 1959. We have analysed the colliery population
examined at the third survey round and then re-x-
rayed at the same colliery in the fourth round, four to
five years later.
The factors that we have been able to study in this

way are the category of simple pneumoconiosis
(SPN) on the first occasion, current exposure to face
work, age, and rank of coal mined. The first three of
these have been looked at previously, but with
smaller numbers of miners.

Category ofSPN-The higher the category of SPN,
the more likely is it that PMF will supervene.9-'1

Current face work-PMF may progress even if there
is no further exposure to dust.6 12 There is uncer-
tainty, however, as to whether current exposure to
dusty conditions increases the chance of developing

321



Shennan, Washington, Thomas, Dick, Kaplan, and Bennett

PMF in a miner with any given category of SPN.
Dust studies referred to by McLintock et all
indicated that exposure to respirable dust (2-5
micron particles) was directly implicated. There was

no support for the suggestion that quartz dust is a

factor in the aetiology.

Age-There is no doubt that older miners are much
more prone to develop PMF, but it is less clear
whether this effect is secondary to the higher
prevalence of SPN in older men or whether age has
an additive, independent effect.10 11 McLintock et al"
looked at the attack rate at ages within minor ILO
categories of SPN and concluded that age, as such,
might be of some importance.

Coal rank-Bennett et al13 have shown a relationship
between coal rank (quality) and the prevalence of
SPN.

In addition to the influences which we were in a

position to assess it is possible that immunological
status is important in determining the occurrence of
PMF.14-16

Method

Altogether 238 759 miners were x-rayed in the third
PXR survey round, which covered all NCB collieries
in Britain between 1969 and 1973. These represented
91 6% of the defined colliery population.
We analysed the x-ray data in the third and fourth

survey rounds of all miners who were read as being
free from PMF in the third round and who were
re-x-rayed in the fourth round (four to five years
later) at the same colliery. Men at collieries that had
closed by the fourth round are therefore excluded.
The eligible population from the third round was
210 847. The number of these re-x-rayed at the same
colliery in the fourth round was 132 728. The
remainder had retired, left, or moved to a different
colliery between the two surveys, or failed to turn up
for radiography at the fourth round. They included
many men aged over 55 and many younger men who
showed no pneumoconiosis at the third round
survey.
The rank (quality) of coal mined at a colliery was

determined as described by Bennett et al.13

Results

VALIDITY OF STUDY

Reliability of readings ofSPN
There is considerable variation between readers in
general in their assessment of SPN category. To
minimise this variation, the NCB radiological

Table 1 Comparison ofprevalence of category I or
more pneumoconiosis in faceworkers, by x-ray centre,
obtained by individual readers, with that obtained by all
readers combined in the epidemiological assessments
Centre % Prevalence of category 1 or more

Individual reading Epidemiological reading
1 339 2-8
2 10-4 10-4
3 8-8 109
4 7-0 9-8
5 5-4 70
6 23-4 19-2
All centres 9.1 9 9

medical officers are calibrated against each other
annually by means of film-reading checks, and they
also meet at intervals to read films together. In the
1971 check on 350 films taken at random from all
areas, the five readers (one reader covered centres 1
and 2; centre 7 was not represented) varied from
22% to 30% in the proportion of films read as
showing category 1 SPN or higher. Table 1 compares
the prevalence of category 1 or more in face workers
by x-ray centre, obtained from the individual
clinical readings used for this study, with the
corresponding prevalence derived from the epi-
demiological readings, to which all the readers
contributed. (The collieries surveyed by centre 7
(the Pneumoconiosis Field Research (PFR) at the
Institute of Occupational Medicine, Edinburgh),
which are located in all areas, are included among
those of the other centres for the purpose of epi-
demiological reading.) It will be seen that the vari-
ation in prevalence between centres obtained by
individual readers agrees fairly well with that found
by the consensus of all readers.

Realiability of readings ofPMF
NCB readers identify PMF if they see a shadow
greater than 1 cm in diameter that they believe to be
due to pneumoconiosis. In clinical reading, the
results of which were used for this study, the decision
is being made in the interests of the subject and
carries the weight of clinical responsibility, especially
if the man has not yet been certified and the reader
must decide whether to advise him to apply to the
pneumoconiosis medical panel. Two main sources of
error arise in diagnosing PMF:

(a) Other conditions can produce similar shadows.
If the reader is not reasonably satisfied that PMF
is present he will refer the man for investigation at a
chest clinic in the first instance, and not enter the
result of the radiograph as PMF. In this way some
men having PMF are excluded from the results, and
conversely some not having PMF may be entered as
having it. The results of the present study, however,
show a well-pronounced gradient in the attack rate
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of PMF in miners read as having different categories
of SPN, ranging from 0 06% (category 0) to 18%
(category 3). This is an indication that PMF is not
being widely confused with other lesions, even
allowing for the possibility that knowledge of the
SPN category may influence the diagnosis.

(b) The coalescence of shadows of SPN into
PMF is often a gradual process, and readers may
disagree as to the precise moment at which they
aggregate into a shadow of more than 1 cm. Overall
there was 60% agreement with the pneumoconiosis
medical panels as to the presence or otherwise of
PMF.
Four per cent of men given a diagnosis ofPMF on

the first occasion were read as having reverted to
no-PMF the second time. In the great majority,
therefore, the diagnosis of PMF was still considered
correct four years later.

Completeness offollow-up
In each of the 35-44 and 45-54 age groups the
proportion re-x-rayed was 80% or more. This level
was maintained for men who were originally read as
having categories 1 and 2, indicating that men did
not leave the industry (though they may have left
face work) because of these degrees of pneumo-
coniosis. For those with category 3 the follow-up rate
fell to about 70%, so possibly some of these left
because they had this category. We may expect that a
small proportion of men developing PMF during
this period had it discovered elsewhere and there-
upon left the industry. Such men would, however, be
much more likely to remain with the colliery and
change to a non-dusty occupation.
For men aged 55 or over the follow-up rate was

only 21 %, which is too low for the derivation of
reliable results. There was a relatively low re-x-ray
rate in men aged 15-34, but this does not affect the
results, as no new case ofPMF was diagnosed among
them.
We conclude that reliable PMF attack rates can be

drawn for the miners aged 35-54, and the main
analysis will be confined to them.

Table 2 PMF attack rate per 100 men by x-ray centre
and category ofSPN at first x-ray: men aged 35-54

Centre Category

0 1 2 3

1 001 05 - -
2 005 1-5 7 11
3 007 07 3 6
4 0-02 1.9 11 25
5 0-06 2-1 9 14
6 0-16 2-0 9 24
7 0-06 1.1 9 15
All centres 0-06 1 5 7 18
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Fig 1 Prevalence ofSPN, all categories, and subsequent
attack rate ofPMF on category 0 at ages 35-54, by
x-ray centres.

Comparison of results from different x-ray cenitres
Mean age differed little between centres, varying
from 39-7 to 41-1. Table 2 shows the PMF attack rate
by initial category of SPN and x-ray centre. There is
a clear and steep gradient with ascending category,
shared by all seven centres.
The attack rate of PMF in men previously read as

category 0 shows a close relationship to the local
prevalence of category 1 or more (fig 1).

PMF DEVELOPING BY CATEGORY AND AGE
Within each age group there was a sharp rise in the
attack rate ofPMF with increasing category of SPN,
as shown in table 3. For the whole 35-54 age range
the rate increased from 0-06% in category 0 to 18%
in category 3 (fig 2).

Within this age range PMF incidence increased
with rising age, most obviously in men who started
with category 2; fig 3 illustrates this. If the con-
siderably less reliable figures for men aged 55 or
over are included the trend is seen to extend into this
group also.

DEVELOPMENT OF PMF B FROM SPN
From Table 3 it can be seen that as with all cate-
gories of PMF taken together, the incidence of
PMF category B read after a film four to five years
earlier, which had been regarded as showing SPN
only, is closely related to the initial category of SPN
read.
There was no case in which category C was read

on the second occasion when no PMF had been
recorded the first time.
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Table 3 PMF attack rate by category ofSPN and age

Age Category ofSPN at first x-ray All cats

0 1 2 3

35-44 Total 33586 1255 212 8 35061
PMF 6 13 8 1 28
% PMF 0-02 1-0 3-8 13 0-08

45-49 Total 24317 2217 570 46 27150
PMF 23 36 36 8 103
% PMF 0-09 1-6 6-3 17 0-38

50-54 Total 20538 2712 807 77 24134
PMF 17 43 68 15 143
% PMF 0-08 1-6 8-4 19 0 59

35-54 Total 78441 6184 1589 131 86345
PMF 46 92 112 24 274
% PMF 0-06 1-5 7-0 18 0-32
PMF "B" 15 12 18 6 51
% PMF "B" 0-02 0-2 1.1 5 0-06

>55 Total 8885 1497 518 30 10930
PMF 7 33 50 8 98
% PMF 0-08 2-2 9 7 27 0 90
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Fig 2 PMF attack rate by category ofSPN in miners
aged 35-54.

EFFECT OF CONTINUING EXPOSURE TO FACE
WORK
Comparison of the SPN readings on the first and
second occasions confirms the generally held belief
that face work produces more SPN than work away
from the coalface. The increase between the two
surveys was 2-23 % for face workers compared with
1 21 % for non-face workers. Miners who are face
workers for a long period can therefore be expected
to have, on average, a higher category of SPN and
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Fig 3 PMF attack rate on SPN category 2, by age.

hence a greater liability to develop PMF. We looked
into the question of whether PMF is more likely to
develop in men who are currently being exposed to
the greater concentrations of dust found at the coal
face.
The proportions of first-survey face workers and

non-face workers who were read as having PMF on
the second occasion were almost identical (0 31 %
and 0-32% respectively), and this held good within
each initial category of SPN (table 4).

324



Factors predisposing to the development ofprogressive massive fibrosis in coal miners

Table 4 PMF attack rate per 100 men by category ofSPN, age, and whether working at the coal face on the first
occasion

Category Age

35-44 45-49 50-54 All ages 35-54

Face Not face Face Not face Face Not face Face Not face

O 0-01 0-02 0 09 0-10 0 09 0-08 0 05 0 06
1 1-3 05 1-8 1 4 1-3 1-8 1 5 1-5
2 3-4 4-3 6-6 6-1 7-3 9 1 6-3 7-6
3 - - 21 15 17 20 20 18
All cats 0-10 0-06 0 45 0-32 0-55 0-62 0-31 0-32

From age 50 upwards the non-face workers, apart
from those whose initial category was 0, had a
slightly higher attack rate of PMF than the face
workers. It could therefore be argued that men who
were face workers at the time of the first x-ray were
likely to develop more SPN during the period
between the two surveys, and as a result show more
PMF when x-rayed the second time. The PMF
attack rates by SPN category were therefore re-
calculated on the basis of the SPN category found on
the secontd occasion for the original face and non-face
groups. The pattern ofPMF attacks was unchanged,
indicating that this factor was not important.

EFFECT OF COAL RANK
Of the 132 728 miners, 113 341 were in collieries
whose coal rank could be defined according to the
criteria given by Bennett et al.13 No pattern relating
the attack rate of PMF to the rank of coal mined
could be identified in any x-ray centre's area.

Discussion

CATEGORY OF SPN
By far the most important factor predisposing to an
attack of PMF was the initial category of SPN,
confirming the findings of other studies; the con-
tinuation of this trend into category 3 is shown
convincingly (table 3). McLintock et al"l showed the
same trend on a large retrospectively selected
population of face workers using simultaneous
readings; the number of miners available to
Cochrane10 was not sufficient to do this.
The pre-eminence of the category of SPN in the

causation of PMF underlines the fact that the
prevention of PMF depends on the prevention of
SPN, which in turn depends on minimising exposure
to respirable dust.
The results support the statement by Craw et a18

that the presence of category 2 or more SPN greatly
increases the danger that PMF will supervene.
Looked at the other way round, however, table 3
shows that of the 274 cases of PMF arising in the

35-54 age group, 138 had last been read as having
category 0 or 1, because of the much larger numbers
of miners having these categories. If therefore SPN
of categories 2 and 3 were totally prevented, only
half of the problem of PMF would have been
solved; the statement by Craw et al that "PMF
usually develops on a background of category 2 or
3" is not supported. Cochrane's10 opinion that the
aim should be to prevent miners from reaching the
stage of category 2 SPN should be reviewed in the
light of this.

LOCAL PREVALENCE OF SPN
The finding, illustrated by fig 1, that the attack rate of
PMF in miners previously read as having category 0
is related to the local prevalence ofSPN category 1 or
more, is important in considering the relationship of
prevalence (and also of age) to the attack rate of
PMF. A moment's reflection shows that even within
a single category, the average level of SPN is likely to
be lower in a low prevalence area than in a high
prevalence area. This can be illustrated by comparing
centre 1 (Scotland), where a few of the most severely
affected just reach category 2, with centre 6 (South
Wales), where the proportion of miners with
category 2 or more is 29 times as high. Similarly,
during the decades of dust exposure that usually
precede the radiological appearance of category 1
SPN, there must be a build-up in the lungs of a state
that can be described as preradiological pneu-
moconiosis. There will be an even wider variation in
the degree of this preradiological state with varying
prevalence than in the average level of SPN within
one of the categories 1, 2, or 3. This phenomenon
goes some way towards accounting for the other-
wise unexplained difference in the PMF attack rate
between Scotland and South Wales that is mentioned
by McLintock et al.11

Melville et al12 tabulate data for cumulative life-
long dust exposures in men whose subsequent x-ray
films were examined by three readers for the new
development of PMF. Nine, read previously as
category 0 and found currently by at least two of the

325



Shennan, Washington, Thomas, Dick, Kaplan, and Bennett

readers to have developed PMF, had a mean
cumulative exposure of 319 ghr/m3, whereas the
average cumulative exposure for all inen aged 60 or
over was only 219 ghr/m3. This indicates that those
miners who develop PMF on category 0 are the ones
with high cumulative exposures to dust.

CURRENT DUST EXPOSURE
Men working at the coal face when x-rayed on the
first occasion did not develop significantly more
PMF than those away from the face. Face workers
aged 50 and over who were read as having SPN of
categories 1 to 3 at the start actually fared slightly
better than non-face workers in this age group. A
possible explanation is a constitutional difference
between the two groups. Those who remain at the
face may, for instance, be more robust, and if
immunological factors are indeed important they
may be better equipped in this respect to resist the
development of PMF.

AGE
The finding (table 3, fig 3) that increasing age was of
importance, independently of SPN category, con-
firms the impression gained by McLintock et al.11
Cochrane'0 did not find age significant, probably
because of the small numbers available. Our
findings run counter to the statement by Craw et al8
that "younger men with SPN have the greatest risk of
developing PMF."

Possibly the age gradient is partly or wholly due to
a lower average radiological SPN level within each
category carried by younger men; this would be
represented by a predominance in older men of the
higher ILO subcategories of each main category 0, 1,
2, and 3, and of the lower subcategories in younger
men. The mechanism postulated is the same as that
producing more PMF on a single SPN category in
high-prevalence areas, discussed above.
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