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significant differences between the category 0 + 1
and the category 2 + 3 groups for the proportions of
miners with rounded (p or q) or irregular (s or t)
opacities. The proportions of miners with q or t
opacities was similar in both category groups. The
proportion of miners with the smaller type of opac-
ity (p or s), however, was twice as high in the categ-
ory 2 + 3 group.

Discussion

Previous studies of the effects on pulmonary func-
tion of the pathophysiological development and
progression of simple CWP?*4!5~!” have been com-
plicated by the inclusion of smokers and subjects
with bronchitis. Cotes ef al'* took these factors into
account by ensuring that the subgroups of miners
under comparison were similar in respect of amount
of smoking and degree of bronchitis. This approach,
however, fails to identify the effect of simple CWP
per se, and (perhaps more realistically) reflects the
interaction between simple CWP, smoking, and
chronic bronchitis.

Lapp and Seaton* and Murphy et al® attempted to
gain a clearer insight by excluding current smokers
from their investigations. Some ex-smokers were
included, however, and about half their miners
admitted to symptoms of chronic bronchitis. Thus
until now detailed investigation of pulmonary
mechanics has been reported only on 21 lifelong
non-smoking non-bronchitic coalminers with simple
CWP (11 by Murphy et al®> and 10 by Lapp and
Seaton*). The current study extends this number to
57.

In the present study, in order to distinguish be-
tween loss of elastic recoil and intrinsic small airway
narrowing in simple CWP, the FEF/P(l) relation-
ship, and the forced expiratory flow response to
breathing oxyhelium (FEF,,H/A %) have been used.
The slope of the FEF/P(]) relationship (Gs) gives a
measure of the conductance of the “S” segment—
that is, the airways upstream of the flow limiting
segment (FLS), and is determined by the diameter
and length of the S segment.'® The intercept on the
abscissa of the FEF/P,(l) relationship is a measure
of the critical transmural pressure (Ptm’) at the
FLS—that is, the transmural pressure required to
keep the FLS from closing during effort-
independent maximal expiratory flow—and as such
is determined by its compliance.!* The Visov/FVC%
(and also the closing volume) is an index of small
airway function. It cannot, however, distinguish
between loss of recoil and intrinsic small airway nar-
rowing'® whereas the FEF,;H/A % is reported to be
principally determined by small airway calibre.!* **

In the category 0 + 1 group of miners the

P, (DTLC was significantly lower than in the con-
trols. The coefficient of retraction tended to be
lower and the compliance higher, suggesting loss of
elastic recoil, and the slightly higher Ptm’ suggested
increased collapsibility of the flow limiting segment.
The similarity between the controls and the category
0 + 1 miners for Gs and FEF,;H/A % indicated that
there was no narrowing of the small airways at this
stage, and therefore loss of elastic recoil was predo-
minant. The mean values for FVC and FEV, were
similar to those predicted for healthy non-miners of
the same age and height® but were significantly
lower than the values obtained for the controls. This
was due to the exceptionally high values observed in
the control group, despite the normal elastic recoil,
and probably results from selecting only lifelong
non-smokers with no respiratory symptoms.

The miners with category 2 + 3 simple CWP had
worked underground significantly longer than those
with category 0 + 1. Their Py (1), TLC coefficient
of retraction, and lung compliance differed
significantly from the controls, and the flow limiting
segment was more collapsible as indicated by the
significantly increased Ptm’. The significantly lower
FEF,,H/A% and the tendency for Gs to be reduced
suggests that the small airways may be narrower.
These results probably explain why FEV, was
significantly lower and the RV, RV/TLC%, Visov/
FVC%, and CC/TLC% were significantly higher
than in the category 0 + 1 group of miners.

Although the proportion of men with q or t types
of radiographic opacity was similar in both groups of
miners, there were twice as many men with p or s
opacities in the category 2 + 3 group. Murphy et al®
and Lapp and Seaton* failed to find any significant
differences in pulmonary mechanics between miners
with p or q opacities. Musk et al'” and Cotes et al,'*
however, reported a tendency for the smaller p type
opacities to be associated with a higher lung com-
pliance and lower recoil pressure. In the present
study, although the compliance was similar, the
P,()TLC of the category 2 or 3 miners was
significantly lower than that of the category 0 or 1
group. Therefore the higher proportion of p or s
opacities in the former group may have contributed
to the lower P (1)TLC.

A cross-sectional study by Rogan et al?® suggested
that there was a relationship between dust exposure
and decline in FEV, irrespective of CWP category.
This has recently been confirmed in a longitudinal
study of lung function in coalminers.?* Since in the
present study there was a 10-year difference be-
tween the two CWP groups in years worked under-
ground, the observed change in pattern of lung func-
tion could be interpreted as due to dust-induced
“emphysema bronchitis.”” The results, however, are
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consistent with the view that dilatation of the
respiratory bronchioles, as in focal emphysema,? is
associated with the early stages of simple CWP. It
may therefore be hypothesised that focal
emphysema develops into centrilobular emphysema
as simple CWP progresses. This view is supported by
the work of Pump,?* who suggests that respiratory
bronchiolar dilatation may presage destruction by
an increase in alveolar fenestrations.

The reduced FEF,;H/A% in the miners with
category 2 + 3 simple CWP suggests that intrinsic
narrowing of small airways may occur as simple
CWP progresses. This is consistent with the sugges-
tion of Leopold and Gough?* that centrilobular
emphysema may result in narrowing of the lumen of
the supplying bronchiole. If a reticulin mesh
develops to perivascular nodulation with diminish-
ing cellular component and collagen replacing
reticulin, then stiffening of the airway wall due to
fibrosis would be expected.! Although the increased
Ptm’ in the category 2 or 3 group suggests that the
collapsibility of the airways at the flow limiting seg-
ment is increased, this is probably located at the
level of the segmental bronchi during forced
expiratory flow?* rather than at the level of the
respiratory bronchioles. Thus it has not been poss-
ible to demonstrate respiratory bronchiolar wall stif-
fening in the present study because none of the pul-
monary function tests were capable of distinguishing
between airway narrowing with or without stiffening
at the respiratory bronchiolar level.

Conclusions

To investigate the pathophysiology of simple CWP,
it has been useful to study lifelong non-smoking
non-bronchitic coalminers. We have found that in
the prodromal and early stages of simple CWP the
dominant abnormality was loss of elastic recoil. As
simple CWP progressed to radiographic categories 2
and 3, the loss of recoil was maintained and there
was evidence of intrinsic small airway narrowing. It
has not been possible to show the expected stiffen-
ing of respiratory bronchiolar walls in the later
stages of simple CWP.
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Notice

The Harvard School of Public Health, Office of Continuing Education, is
offering the following courses in Boston, Massachusetts, USA.

28 March-1 April 1983

Fundamentals of industrial hygiene

Five day course which will include lectures and demonstrations. Par-
ticipants will receive preparation for peforming occupational health field
duties with reliability, accuracy, and confidence, and with minimal super-
vision. Practice will be provided in the use of proved field inspection and
measurement techniques. Fee: $800.00.

28 March-1 April 1983

Occupational and environmental radiation protection

Five day course which provides participants with the fundamentals
necessary for working safely with radiation in nuclear facilities, industrial
installations, medical and educational institutions, and research
laboratories. Daily laboratory sessions are included. Fee: $800.00.

30 March-1 April 1983

Risk analysis in environmental health

Three day course which presents techniques of assessing and evaluating
the health risks associated with the introduction of contaminants into the
ambient environment. Risk analysis in management/decision making will
be explored. Fee: $500.00.

12-14 April 1983

Industrial ventilation

Three day course which provides a basic understanding of the engineer-
ing control of occupational exposures. Emphasis is on the design and
evaluation of local exhaust ventilation systems and the proper selection
of air and gas cleaning equipment. Fee: $500.00.

16-20 May 1983
Control of occupational exposures in nuclear power plants
Five day course which will include control of the movement and distribu-
tion of radioactive materials in nuclear power plants, techniques for
removal of contamination should control not prove effective, and appli-
cation of sound radiation protection procedures to minimise the accom-
panying occupational doses. Fee: $800.00.

For further information on all courses contact the Office of Continuing
Education, Harvard School of Public Health, 677 Huntington Avenue,
Boston, Massachusetts 02115, USA. Telephone: (617) 732-1171.

* Macklem PT, Wilson NJ. Measurement of intrabronchial pres-
sure in man. J Appl Physiol 1965;20:653-63.
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Receive free email alerts when new articles cite this article.
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