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Relationship of pulmonary impairment in simple coal workers' pneumoconiosis to type of radio-
graphic opacity. From a group of 1 461 working coal miners who participated in an epidemi-
ological study, 223 men with simple pneumoconiosis were selected on the basis of the
type of small rounded opacity noted to be present in their chest films. No differences in
spirometry or lung volumes were found between those with the micronodular (q) and those
with pinhead (p) opacities. Twenty-five non-smoking miners with category 2 or 3 simple
coal workers'pneumoconiosiswere subsequently selected for further pulmonary function test-
ing. Studies of lung volumes and pulmonary mechanics showed no difference between
those with the pinhead and micronodular types of opacity; however, transfer factor was
somewhat lower in those with the former.

Three types of regular opacity may be found in the
chest radiograph of subjects with simple coal
workers' pneumoconiosis (CWP). The smallest
opacities, those less than 1-5 mm diameter, are
known as pinhead (p), those between 1-5 and 3 mm
as micronodular (q), while those between 3 and 10
mm are known as nodular (r). It has been suggested
that differences exist in terms of morbid anatomy
between the three types of opacity (Gough, James,
and Wentworth, 1949; Ryder, Lyons, Campbell,
and Gough, 1970). This study was planned to in-
vestigate physiological differences between groups
of working miners with simple coal workers' pneu-
moconiosis of the pinhead and micronodular types
(UICC/Cincinnati classification, 1970).

Subjects
As part ot' a nationwide survey of the prevalence and
functional effects of CWP currently being carried out by
the U.S. Public Health Service, 1 461 working coal miners
from six mines in south-western and central Pennsylvania

were studied. Of these, 649 were judged to have simple
CWP. In 223 of them, agreement was independently
reached by two observers on the predominant type of
small regular opacity present in their chest radiograph,
viz., pinhead (p), micronodular (q), or nodular (r) (UICC
Cincinnati classification). Subjects in whom agreement
could not be reached concerning the type of opacity were
excluded, as were subjects who also had small irregular
opacities present. These 223 miners form the first part of
this report, 52 having the pinhead, 162 the micronodular,
and 9 the nodular type of opacity. Fifteen miners from
the above group and a further 10 from another mine in
northern West Virgina were selected for further study on
the basis of the following criteria:

(1) he had been a non-smoker for at least 10 years;
(2) he had category2 or 3 simple CWP, the predominant

opacity being either p or q;
(3) he had a forced expiratory volume (1 second)

divided by forced vital capacity (FVC %) of 70 %

or greater;
(4) he had no cardiorespiratory illness other than
symptoms of bronchitis.
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All participants were volunteers and agreed to undergo
the tests after full explanation of the procedures. Fifteen
had q and 10 had p type opacities. All save two had
category 2 simple CWP, the remainder being category 3 q.

Methods and materials'
All subjects completed a modified version of the Medical
Research Council short questionnaire on chronic bron-
chitis (1965). The subjects in the initial field study per-
formed spirometry on an Electro Med 780 waterless
spirometer. The flow-volume loops were photographed
and measured to obtain forced vital capacity (FVC),
forced expiratory volume in one second (FEVy) and
forced expiratory flow at 50% of FVC (FEF50) (Hankinson
and Lapp, 1970). Total lung capacity (TLC) was measured
by Barnhard's radiographic method as described pre-
viously (O'Shea et al., 1970). Residual volume (RV)
was obtained by subtracting FVC from TLC. Normal
values for the spirometry were those of Kory, Callahan,
and Boren (1961) and for lung volumes the short equation
of Needham, Rogan, and McDonald (1954) was used.
The 25 subjects selected for further study were inves-

tigated in the laboratory. Total lung capacity and airways
resistance were measured in a constant volume body
plethysmograph (DuBois, Botelho, and Comroe, 1956).
Predicted normal values used were again those of Need-
ham et al. (1954) for lung volumes and of Briscoe and
DuBois (1958) for airways resistance. Transfer factor
for carbon monoxide (DL) was measured by the single
breath technique (Ogilvie, Forster, Blakemore, and
Morton, 1957) modified by using the residual volume
obtained in the plethysmograph and analysing the gases
in a Beckman gas chromatograph. Values obtained on
20 normal male subjects in our own laboratory were used
to predict the normal transfer factor on the basis of the
subject's height (DL = 1-48 ht (inches)-64).

Studies of pulmonary mechanics were made using a
10-cm latex oesophageal balloon connected via a polythene
tube to a sensitive strain gauge transducer (Milic-Emili,
Mead, and Turner, 1964). Lateral oral pressure recorded
at the mouthpiece was subtracted electronically from
oesophageal pressure, recorded by the balloon in the
lower third of the oesophagus, to obtain transpulmonary
pressure. Flow measured by a pneumotachograph was
integrated electronically to obtain volume. Dynamic
compliance was obtained by measuring related changes in
pressure and volume over eight or more respiratory
cycles at three different rates of respiration. Static com-
pliance and pulmonary recoil pressure were measured
from the expiratory limb of a static pressure-volume
curve.

Results

Field survey
As there were only nine subjects with r opacities,
they have been excluded from consideration except
in one instance to be mentioned later. A comparison
between the groups with p and q opacities, regardless
of profusion, showed no significant difference in

'Mention of commercial concerns or products does not con-
stitute endorsement by the U.S. Public Health Service.

either spirometry or lung volumes. Table 1 records
the means of the observed values expressed as a
percentage of predicted values for the two groups.
The groups were divided into smokers and non-

smokers or ex-smokers and again no significant
differences were found (Table 2).
When only those subjects with either category

2 or 3 simple CWP were considered, minor differ-
ences were found in the residual volume; those with
p and q lesions, though not different from one
another, were both markedly lower than those with
r lesions (Table 3).
As there are no satisfactory formulae for predicting

FEF50, the means of the actual values for the two
groups were compared and no difference was found
(Table 4).

Detailed study
The mean results in the 25 selected subjects are
recorded in Table 5. No significant difference was
found between the two groups in age, height, years

TABLE 1
MEAN VALUES FOR SPIROMETRY AND LUNG VOLUMES

Percent Pinhead (p) Micronodular (q)
predicted opacities (52') opacities (1621)

Mean S.D. Mean S.D.

FVC .. 102 14 100 15
FEV1 94 14 94 16
RV 127 33 124 34
TLC .. 110 14 107 15
FEVC 100 10 102 12

'Number of subjects.

TABLE 2
MEAN VALUES FOR SPIROMETRY AND LUNG VOLUMES

RELATED TO SMOKING HABITS

Pinhead (p) opacities Micronodular (q)
opacities

Percent
predicted Smokers Non- Smokers Non-

(311) smokers (711) smoker
(211) (911)

Mean S.D. Mean S.D. Mean S.D. Mean S. D.

FVC .. 103 16 100 12 98 14 101 16
FEV1 .. 95 15 93 13 91 15 95 16
TLC . 111 15 109 11 108 15 106 15
RV 129 34 124 33 129 35 121 32
FEV, 100 4 101 11 101 10 102 11
FVC

'Number of subjects
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TABLE 3
MEAN VALUES FOR SPIROMETRY AND LUNG VOLUMES
IN SUBJECTS WITH CATEGORY 2 OR 3 SIMPLE CWP

Percent Pinhead (p) Micronodular Nodular (r)
predicted opacities (131) (q) opacities opacities (91)

(50')
Mean S.D. Mean S.D. Mean S.D.

FVC 109 12 104 18 105 18
FEV1 101 13 97 16 89 22
TLC 114 13 108 16 120 15
RV 122 28 123 30 145 17
FEV, 101 9 102 11 92 12
FVC

'Number of subjects

spent underground or pack-years of cigarettes
smoked. Six of the subjects with type p opacities
and four of those with q opacities gave a history of
cough and sputum satisfying the criteria of the
Medical Research Council for chronic bronchitis.
In spite of this, mean airways resistance was signi-
ficantly higher at the 5% level in the group with q
lesions; however, this difference disappeared when
resistance was expressed in terms of specific airway
conductance. The only other significant diffelences
between the two groups lay in the transfer factor
(DL) either expressed as ml/min/mmHg, as a per-
centage of predicted or divided by total lung capacity
(TLC) as shown in the Figure. The differences were
tested by a t test for unpaired samples (Table 6).
Dynamic compliance was shown to be frequency-

dependent in 17 of the subjects, 6 with p opacities and
11 with q. Seven of these had clinical chronic
bronchitis, leaving 10 in whom the pneumoconiosis
may be assumed to have been responsible. The
detailed results of the changes in mechanics have
been reported elsewhere as part of a comprehensive
study of lung mechanics in coal workers (Seaton,
Lapp, and Morgan, 1971).

TABLE 4
MEAN FORCED EXPIRATORY FLOW RATES AT 50%

OF FVC

Pinhead (p) opacities Micronodular (q)
opacities

Total Non- Smoker Total Non- Smoker
smoker smoker

No. of
subjects 52 21 31 162 91 71

Mean FEF50
(I/s) 4-08 4 00 4-14 4 30 4-41 4 15

S.D. .. 149 1-70 1 36 1*55 159 1 50

TABLE 5
MEAN DATA ON 25 WORKING MINERS

Micronodular Pinhead
opacity (151) opacity (101)

Mean S.D. Mean S.D.

Age(yr) 55 5 54 6
Height (inches) .. 70 3 68 2
Years underground 35 8 31 11
Pack years smoked 4 8 8 10
FEV1/FVC % . 75 5 76 8
Total lung capacity

(litres) .. 6-66 0-83 6-62 1*13
Total lung capacity
(% predicted) .. 94 12 94 11

Residual volume (litres) 1-97 0-46 2-00 0-86
Residual volume
(% predicted) 76 16 77 31

RV/TLC % .. . 30 6 30 8
Airways resistance at

functional residual
capacity (cm H2O/l/s 1 90 0-58 1-43 0-48'

Airways resistance
(% predicted) 130 44 93 31'

Specific conductance
(1/s/cm H2O/1) .. 0-23 003 0-24 0-06

Static compliance
(1/cm HO) .. .. 0-23 0-06 0-25 0-06

Static compliance
( % predicted) .. 85 18 101 23

Pulmonary recoil pres-
sure at TLC (Pei) * 27 6 27 6

Pei/TLC .. .. 4-1 1*1 4-1 1.0
Transfer factor
(ml/min/mmHg) .. 41-0 58 35-5 6 0'

Transfer factor (D')
(% predicted) .. 105-7 12 4 95 0 12 52

DL/TLC .. .. 6-2 0-8 5-4 0 7'
Dynamic compliance at
60 breaths/minute
Tidal dynamic % 72 24 71 12
compliance

'Number of subjects
'Significant difference

TABLE 6
TEST FOR DIFFERENCES BETWEEN GROUPS WITH P

AND q LESIONS

Transfer factor (DL) .. .. .. 2-29 <005
Transfer factor 2-11 <0-05

Predicted transfer factor
Total lung capacity 2 57 <005

Transfer factor

Discussion

Interest in physiopathological differences between
the different radiographic types of opacity found in
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FIGURE Values for transfer factor and transfer factor/total lung capacity in miners with p and q opacities.

simple pneumoconiosis was initially aroused by
finding that subjects with nodular lesions (r) had an
increased frequency of positive serological tests for
rheumatoid arthritis (Caplan, Payne, and Withey,
1962). Gough et al. (1949) had previously suggested
that subjects with the p type of opacity had more
focal emphysema, and more recently some support
for this has come from the pathological work of
Ryder et al. (1970). Sartorelli, Baraldi, Grieco, and
Zedda (1963) investigated steady state DL in 31
miners, and their results indicate lower values in
those with p than those with q lesions, though these
authors did not comment on this. Englert and De
Coster (1965) studied single breath DL in 41 miners
and found those with the p type of opacity had lower
values than those with q opacities. When DL was
divided by total lung capacity, those with p opacities
had abnormally low values compared to the authors'
normal controls.

Lyons, Clarke, Hall, and Cotes (1967), using the
single breath technique, found lower values for DL
in those of their subjects with p than in those with q
opacities, but when corrected for differences in
cigarette smoking between the two groups, this

finding lost its statistical significance. These authors
also found that the group with a lower DL had a
significant reduction in pulmonary capillary blood
volume and in diffusing capacity of the membrane.
Recently, Cotes, Deivanayagam, and Field (1970)
have reported the results of more detailed inves-
tigations into the physiology of subjects with p and q
types of opacity found in simple CWP. They found
a lower DL and DL divided by TLC in the group
with p lesions and also noted that this group had a
slight increase in lung compliance. They suggested
that these changes were related to the more frequent
occurrence of focal emphysema in this type of
lesion.
The present study is the first in which a comparison

between the physiological effects of different types
of radiographic opacities has been made on a large
sample of working miners. We have found no
significant difference in spirometry between miners
with the p and q opacities. Our mean spirometry
values for both groups were close to 100% of pre-
dicted, and in regard to lung volumes, a similar
increase in residual volume was noted in both
groups. This finding has been confirmed in a larger
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sample (Morgan et al., 1971). It was necessary to
subject selected men to more detailed scrutiny in
the laboratory before any difference could be found,
and the results of this study confirm the previous
findings of a lower DL in subjects with the p type of
opacity. It should be noted, however, that in no
case in this series, and only very infrequently in the
literature (Lapp and Seaton, 1971), has simple CWP
been associated with an abnormally low DL. In the
uncomplicated disease DL probably never declines
to the levels seen in interstitial fibrosis and is thus
unlikely to be associated with symptoms.
The cause of the difference in DL between the two

groups is not clear. If it were related to more focal
emphysema, then other indices of emphysema, viz.,
TLC, RV, RV divided by TLC, pulmonary recoil
pressure, and coefficient of retraction (Schlueter,
Immekus, and Stead, 1967), should show a similar
difference between the two groups. However, it is
possible that the lower DL reflects a loss of surface
area for diffusion, but that the changes in lung
volume and mechanics are masked by the presence
of slightly more interstitial fibrosis in those with p
opacities.
Another possible explanation for the difference

is that there is greater inequality between ventilation
and perfusion in the group with the p type of opacity.
The present results show no difference between the
two groups in frequency dependence of compliance,
a finding which suggests that small airways obstruc-
tion, while present in both groups, does not pre-
dominate in either. Gross abnormalities of perfusion
have not been demonstrated in simple CWP (Seaton,
Lapp, and Chang, 1971) but minor arteriolar
narrowing may exist (Naeye and Laqueur, 1970)
and regional ventilation-perfusion inequalities are
yet to be investigated in these subjects. Lavenne,
Meersseman, and Brasseur (1965) have argued
strongly that ventilation-perfusion inequalities rather
than interstitial fibrosis account for the gas exchange
and diffusion abnormalities found in coal workers.
The findings in this study indicate that in simple

CWP no differences in pulmonary function exist
between subjects with the p and q types of opacity
except in regard to the transfer factor (DL). Fre-
quency dependence of compliance and minor
mechanical abnormalities were shown to occur with
equal frequency with both types of opacity.

We wish to thank Dr. Eugene P. Pendergrass for his
interpretation of the films, Mr. Robert B. Reger and
Mr. Ira Buckalew for statistical help, and Mr. Bruce
Shipe for technical assistance.
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