








ATTACK RATE OF PROGRESSIVE MASSIVE FIBROSIS

interest. In a previous paper (Cochrane, 1954),
after reviewing the literature and work of the
Pneumoconiosis Research Unit, the present author
concluded that there was something in the old
adage " a little dust is good for you ", suggesting
that a small dose of coal dust might have some
protective value against tuberculosis; the minimal
value of the attack rate curve at category 0 5 would
certainly be compatible with this idea, but it cannot,
of course, be claimed as definite evidence in its
support. The trend would also be compatible with
the idea that dust exposure was good for tuberculosis
and that P.M.F. was quite a separate condition, not
related to tuberculous infection.
The curves are also of interest in the light they

throw on objectives in preventive medicine. In
both curves there is a very sharp rise between
category 1 and category 2 in the attack rate, and it
seems clear that the aim should be to prevent
progression past category 1 if the appearance of
P.M.F. is to be controlled.

Discussion
Aetiology of Progressive Massive Fibrosis.-In a

previous publication (Cochrane and Miall, 1956)
the various theories about the aetiology of P.M.F.
were reviewed, and it was concluded then, on the
basis of pathological, bacteriological, radiological,
chemical, and epidemiological evidence, that the
tuberculosis hypothesis was the most probable.
Since that time there have been a few publications
relevant to this which are best discussed in relation
to the various hypotheses.

(1) The " silica " hypothesis has in general lost
ground through the publication of several new
cases of progressive massive fibrosis in which free
silica has not been found when the lung has been
analysed chemically, or only in very low amounts
which did not exceed those found in normal lungs
(Watson, Black, Doig, and Nagelschmidt, 1959;
Vaccarezza, 1958). In addition, D. Rivers (personal
communication, 1960) has found no increased
concentration of silica in the isolated P.M.F. lesion
compared with the simple pneumoconiosis elsewhere
in the lung. On the other hand, the silica hypothesis
has probably been discussed more often recently
than in the past because of the interest aroused by
the Milan School's hypothesis about the aetiology
of the silicotic nodule (Vigliani and Pernis, 1958).

This theory, in brief, suggests that the macro-
phages, dying after the ingestion of silica particles,
produce a substance or substances which stimulate
the local production of collagen, and also stimulate
the reticulo-endothelial system so that there is an
increased antibody response to any antigen present.
They suggested that this might play a role in the

aetiology of P.M.F. but at present there is no direct
evidence of its importance, apart from the fact
that the gammaglobulin is slightly raised in cases of
P.M.F. (Cochrane, Davies, Chapman, and Rae,
1956); however, this would be as compatible with
the " infective'" hypothesis as with the silica one.

(2) No new evidence has been published in
support of the " other infections" hypothesis, and
the evidence against it has been ably marshalled by
Gough (1959). The evidence in the section on
smoking habits in the present paper, and the
unimportance of smoking could also be cited here.

(3) The " total dust " hypothesis has also been
weakened by the discovery that many lungs with
simple pneumoconiosis without progressive massive
fibrosis have as much dust in them as cases with
P.M.F. (King, Maguire, and Nagelschmidt, 1956;
Rivers et al., 1960). However, the evidence in
Fig. 5 of the present paper could now be cited in
favour of this hypothesis.

(4) The " tuberculosis " hypothesis has been
strongly reinforced by the animal work done at
Hammersmith by Professor King and his colleagues
(Zaidi, Harrison, King, and Mitchison, 1955;
King, Harrison, Mohanty, and Mitchison, 1953;
King, Yoganathan, Harrison, and Mitchison, 1957;
Attygalle, Harrison, King, and Mohanty, 1954),
and in America by Gross (Gross, Westrick, and
McNerney, 1957). Both groups have shown that
collagenous lesions resembling P.M.F. can be
produced in animals with a mixture of coal dust
and acid-fast bacilli of low virulence. It is of interest
that King and his co-workers have observed that
there appears to be some relationship between the
amount of dust in the lungs and the success of the
experiment.
The present position is that the " silica "

hypothesis has lost and the "tuberculosis "
hypothesis has gained ground, but that no support
for the latter has been found epidemiologically.

Prevention of Progressive Massive Fibrosis.
Action at any particular time can only be based
on the best knowledge available. In earlier years it
appeared reasonable to hope that a rapid reduction
in exogenous tuberculous infection might result in
a reduction in the risk of developing P.M.F. This
would have removed the greatest source of disability
and excess mortality without making the engineers'
task of dust control too difficult. This no longer
seems a reasonable hope in the area we studied.
Unsatisfactory though the Two Valley Experiment
has been in some ways, there is no doubt that after
a major anti-tuberculosis campaign the rate of
appearance of new cases of P.M.F. is still far too
high. In addition, a very close quantitative
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relationship between the category of simple
pneumoconiosis and the risk of developing P.M.F.
has been found. It seems therefore logical to turn
to the control of the category of simple pneumo-
coniosis as the best means of controlling P.M.F.
It is impossible, at present, to reduce the category
of simple pneumoconiosis or alter the risk of attack
associated with the present categories of miners.
One must, therefore, concentrate on preventing any
increase in category, i.e. the progression of simple
pneumoconiosis to a category higher than 1, and
this, as far as present knowledge goes, can only be
done by control of the dust concentrations and the
length of time miners are exposed to them.
The progression of simple pneumoconiosis has

been less studied than that of progressive massive
fibrosis. In the first place, P.M.F. is a more serious
condition, and secondly the National Coal Board's
large-scale Pneumoconiosis Field Research Scheme,
which has now been in progress for more than five
years, is relied upon to give all the answers about
simple pneumoconiosis that are required. No report
has yet been made, but some information about the
progression of simple pneumoconiosis in the area
in which the work reported here was done has
emerged from the work of the Pneumoconiosis
Research Unit. For instance, during the 1950/51-
1953/54 follow-up of the miners in the eight collieries
in the Rhondda Fach and the Aberdare Valley a
study was made of the change of category of simple
pneumcconiosis of men on the coal-face during the
period between the two surveys. There is still
considerable doubt as to the best method of assessing
change of category as the readings tend to be biased
by the technical quality of the radiographs and
preconceptions about progression on the part of
the observers. It was, therefore, thought better on
this occasion to conceal all identifying features
such as name and date and to categorize the
radiographs separately. This was done by Dr. W. E.
Miall and the author, and the results are shown in
Table 11. It is clear that there was a significant
trend towards the higher category at the time of the
second survey. This, however, could have been
due to differences in radiographic technique, which
certainly existed. One way round this difficulty
was to assess the radiographs for technique
separately, and then repeat the tabulation using
only the radiographs of acceptable technique.
This was done and the same trend was found, but
the radiographs of acceptable technique did not
represent a random sample of the population.
Another example of such progression can be seen

in a further study of some of the coal-face workers
in population Z-the " pure " colliers. As pre-
viously, the first and second radiographs were

TABLE 1 1
COMPARISON OF CATEGORIES OF SIMPLE PNEUMO-
CONIOSIS IN 687 RADIOGRAPHS OF COAL-FACE WORKERS
AT EIGHT WELSH COLLIERIES EXAMINED ON TWO
OCCASIONS TWO AND A HALF YEARS APART (1950/51-
53 AND 1951-54). RADIOGRAPHS READ SEPARATELY

Category of Category of Simple Pneumoconiosis TotalSimple Second Occasion
Pneumoconiosis
First Occasion 0 1 2 3

0 327 85 42 - 454
1 6 35 37 I I 89
2 3 4 47 30 84
3_I 5 54 60

Total 336 125 131 95 687

In 19 radiographs category was lower on second occasion.
In 205 radiographs category was higher on second occasion.

randomized and the identifying features concealed.
In addition, they were mixed with a matched sample
of radiographs of men from the same colliery who
had either not been exposed to dust during the period
between the two surveys or had had only a minimal
dust exposure, i.e. surface workers. These radio-
graphs were read by several readers, including Dr.
P. J. Chapman (at that time one of the National
Coal Board's readers in the Field Research Scheme),
and his readings are shown in Table 12. It is clear
from this Table that very considerable progression
of simple pneumoconiosis has taken place among
coal-face workers in population Z. The fact that
Dr. Chapman found no progression amongst those
men exposed to little or no dust, while reading their
radiographs at the same time as the others, being
unaware of the industrial histories, makes these
results even more significant than the others.

Evidence based on " certifications " is never
completely satisfactory, but the figures in Table 13
suggest that the chance of developing pneumo-
coniosis amongst young miners is very much greater
in the South Western Division than in the others,
and that within the South Western Division the
worst areas are Rhondda and Aberdare-approxi-
mately the two areas where the Pneumoconiosis
Research Unit has been working.

It is logical at this stage to turn to the dust
conditions in these collieries over this period. The
work of the National Coal Board in this connexion
has been described by Fay and Tomlinson (1959).
Briefly, the basis for approved conditions is a
" gentleman's agreement " between the N.C.B. and
other interested parties to consider as " approved"
those areas of a mine where concentrations less than
" 850 particles per ml." are found in the size range
1-5,u (" 650 particles per ml." for anthracite mines).
These figures were reached on the basis of the best
evidence then available and have always been
considered provisional. The N.C.B.'s Field Research
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TABLE 12
COMPARISON OF CATEGORIES OF SIMPLE PNEUMOCONIOSIS (ON TWO OCCASIONS EIGHT YEARS APART) USING
RADIOGRAPHS OF "PURE" COLLIERS AND A MATCHED SAMPLE OF THOSE WITH MINIMAL DUST EXPOSURE

Category of Maximal Dust Exposure Exposed to Minimal Dust
Simple Category of Simple Pneumoconiosis Category of Simple Pneumoconiosis

Pneumoconiosis O Second Occasion (dated 1959)
Fis cainScncain(dated1959)___ ___ _____

(dated 1951) 0 0-5 1 2 3 Total 0 0(5 1 2 3 Total

0 11 3 7 6 2 29 33 2 2 37
0-5 1 11 3 3 2 5
1 1 1 ~~ ~ ~~~~73 12 2 1 8

2 5 4 9 1 21 3
3 233 1 1

Total It1 5 9 18 13 56 37 4 7 5 2 55*

In one radiograph category was lower on second oc-
casion; in 34 radiographs category was higher on second
occasion.

In six radiographs category was lower on second oc-
casion; in seven radiographs category was higher on
second occasion.

* Plus one technically unreadable by this reader.
Radiographs read separately by Dr. P. J. Chapman (for this work a category 0.5 was introduced to increase the sensitivitv of the readings).

TABLE 13*
NEW CERTIFICATIONS FOR PNEUMOCONIOSIS AMONGST

YOUfNG MINERS 1951-1957
(a) BY N.C.B. DIVISIONS

Divisions Certifications per 1,000 Underground Workers
Aged 40 and Under

Scottish 0 5
Northern 0-6
Durham 2-8
N. Eastern 1 2
N. Western 4-7
E. Midlands 0-2
W. Midlands 8-3
S. Western 20-4
S. Eastern 8-3

(b) BY AREA IN S. WALES

Area in Certifications per 1,000 Underground Workers
S. Wales Aged 30 and Under Aged 40 and Under

Swansea 1-3 15 9
Maesteg 3-5 24-9
Rhondda 611 31-4
Aberdare 5 7 31 1
Rhymney 2-9 21*3
Mom-nouth 0-6 9-1

* I am indebted to Dr. Andrew Meiklejohn for this Table.

Scheme is designed to test out their validity,
but no definite results are yet available. South
Wales pioneered dust suppression, and for many
years only a very small proportion of their
" coal-faces " have been returned as " unapproved ".
In practice any dust count which comes above the
defined limit leads at once to investigation and
action, so that no " coal-face " should remain
" unapproved " for any length of time. The
introduction of the system of " approved " condi-
tions has undoubtedly made a great improvement
in Welsh collieries.

In view of the great effort by the engineers and
administrators this medical evidence strikes a
discordant note, for it seems only reasonable to
conclude that either the present level of " approved "
conditions is too high for these coal-faces or that
" approved" conditions were not actually achieved
in some of them. It would be very wrong to assume
that the present standard of " approved " conditions
is unsatisfactory without the fullest investigation of
the other possibility. Such an investigation has
actually been undertaken by the National Coal
Board, who have been of the greatest help in these
investigations and have already taken action on
some smaller points as they were brought to their
attention during the course of the work.

Such a long-term study could not be completed
without the co-operation of a very large number of
people. To mention all would be impossible; to
mention some would be invidious. I can only express
my gratitude to everyone concerned.
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