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Fairman, R. P., Hankinson, J., Imbus, H., Lapp, N. L., and Morgan, W. K. C. (1975). British
Journal ofIndustrial Medicine, 32, 235-238. Pilot study of closing volume in byssinosis.A study
of the relative sensitivities of forced expiratory volume in one second (FEV1), maximal mid-
expiratory flow (MMF), and closing volume (CV) in the detection of subjects with byssinosis
was carried out in a North Carolina cotton mill. Altogether 35 workers participated in the
study. Of these, nine showed a decline in FEV1 of 10% or more during thefirst work shift that
followed the weekend break. Twelve subjects showed a decrease in MMF of 15% or more. In
contrast only six workers exhibited a 10% increase in closing capacity, while ten showed
a 10% increase in CV. Recent evidence of the magnitude of variability in closing volume
manoeuvres suggests that our chosen level of change was too low. A 40% change in CV would
have identified only five subjects. CV is a more complex manoeuvre for the subject being
tested and for the technician to perform, is more time consuming, and is subject to greater
variation. To have any advantage over spirometry, CV would have to be appreciably more
sensitive. Our study suggests that it is not. However, the MMF may prove to be more sensitive
than the FEV1 in the detection of byssinosis.

The measurement of closing volume (CV) has been
proposed as a means whereby respiratory disease
can be detected early in its course while it is still
reversible (McCarthy et al., 1972). CV has been
shown to be abnormal in asymptomatic cigarette
smokers and in asthmatics whose standard spiro-
metric tests are within normal limits (Buist, 1973;
McCarthy and Milic-Emili, 1973; McFadden
et al., 1974). It therefore occurred to us that
the measurement of CV may be more sensitive
than the forced expiratory volume in one second
(FEV1) in the detection of subjects with early
byssinosis. With this in mind, we conducted a pilot
study in a North Carolina cotton mill to compare
the relative sensitivities of FEV1, maximal mid-
expiratory flow (MMF) and CV.

Material and methods
The study was carried out in a North Carolina cotton mill

using the Medical ResearchCouncil (MRC) questionnaire,
and standard tests of ventilatory capacity before and
after a shift, had disclosed an appreciable prevalence
of the condition. Altogether 35 cotton mill operatives
were selected for study, of whom about half at any one
time had symptoms suggesting byssinosis. Of these,
one was employed in picking, nine in carding, ten in
spinning, and fifteen in weaving. There were six women
spinners and six women weavers. All the rest were men.
Each subject had Schilling's modification of the MRC

questionnaire administered (Roach and Schilling, 1960).
In addition all participants performed spirometry and
closing volume half an hour to an hour before the first
shift that followed the weekend break. These manoeuvres
were repeated after the subject had been working for
a period of six to eight hours. Smokers were asked to
refrain from smoking for at least half an hour before
each test to reduce the effect of cigarettes.

Ventilatory capacity
At least three reproducible forced expiratory volume
manoeuvres were performed and recorded on a Jones
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in which byssinosis is still a problem. Previous surveys

Pulmonor (Jones Medical Instrument Company, 200
Windsor Drive, Oak Brook, Illinois 60521)1. The largest
forced expiratory volume in one second (FEV,) and the
largest forced vital capacity (FVC) were accepted as the
patient's values. A decline in FEV1 of 10% during the
shift was felt to be clinically significant and to suggest
the presence of byssinosis. The maximal mid-expiratory
flow (MMF) was also measured (Leuallen and Fowler,
1955), but since this index of ventilatory capacity is
subject to greater variation, a decrement of 15% was
accepted as an indication of the presence of byssinosis.

Closing volume
The subjects performed a modified single breath nitrogen
closing volume manoeuvre before and after the same
work shift in which they performed spirometry. The
patient was seated and fitted with a nose clip. He was
instructed to take a deep breath, seal his lips around the
mouth piece, and exhale into the spirometer. After
reaching residual volume, a 3-way valve was turned so
that he inspired 100% oxygen from the bag in a box
until his lungs were filled completely. The patient then
exhaled slowly and evenly into the spirometer to residual
volume. Both inspiratory and expiratory flow rates were
monitored with a visual display and patients were
instructed to maintain an inspiratory flow rate of
approximately 0-25 I/s and an expiratory rate below
0 5 1/s. The procedure was repeated at least twice but
as often as necessary to obtain two acceptable tracings
using the criteria described in Suggested Standardized

"Mention of brand names or products does not constitute
endorsement by the USA Public Health Service.

Procedures for Closing Volume Determination (National
Heart and Lung Institute, 1973). Five minutes were

allowed between manoeuvres. Gas was sampled
continuously at the mouth by a rapidly responding
nitrogen analyzer (Medical Science Electronics
Nitralyzer Model 605, St Louis, Missouri 63132).
Volume and nitrogen concentration were recorded on

the horizontal and vertical axes of an x-y recorder
(Hewlett-Packard Model 7043A, Monroeville, Pennsyl-
vania 15146). The tracings were measured according
to National Heart and Lung Institute standards and
calculations made of total lung capacity (TLC), closing
volume (CV), and closing capacity (CC). The vital
capacities of the selected tracings had to be within 10%.
The mean of the two values was used in the analysis of
the results, and a 10% increase over the shift was
accepted as an indication of byssinosis. This value was
chosen on the basis of early reports of the reproducibility
of the test (Collins et al., 1973).

Results

Only two subjects gave symptoms of Grade I
byssinosis. All the others denied having symptoms
on this occasion. One operative was unable to
perform the spirometry satisfactorily, while two
were unable to follow the instructions for the CV
manoeuvre. Satisfactory measurements were thus
obtained in 32 subjects. Comparison of individual
patient tracings of the largest FVC with the second
largest showed that before shift only two, and after
that shift only three, of our patients had greater
than 10% variability in the measurement of FEV1.

TABLE 1
DISTRIBUTION OF SAMPLE BY SMOKING STATUS, SEX, AND OCCUPATION

Occupation Men Women

Smokers Ex-smokers Non-smokers Smokers Ex-smokers Non-smokers

Picking .. 1 0 0 0 0 0
Carding .. 7 1 0 0 0 0
Spinning .. 1 2 1 4 0 1
Weaving and
warping 6 1 1 2 0 4

TABLE 2
NUMBER OF SUBJECTS SHOWING 10% DECREASE IN FEV1, OR 15% DECREASE IN MMF*

FEV, MMF
Occupation

Smokers Ex-Smokeers Non-smokers Smokers Ex-smokers Non-smokers

Picking .. 0/1 - 0/1 -

Carding .. 3/7 0/1 - 3/7 0/1 -
Spinning .. 1/5 0/2 1/2 1/5 0/2 1/2
Weaving and
warping .. 2/8 1/1 1/5 5/8 1/1 1/5

*Numerator-number responding; denominator-number exposed.
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TABLE 3
NUMBER OF SUBJECTS SHOWING 10% INCREASE IN CC/TLC AND CV/VC*

Occupalion CC/TLC CV/ VC
Smokers Ex-smokers Non-smokers Smokers Ex-smokers Non-smokers

Picking .. 0/1 0/1
Carding 2/7 0/1 2/7 0/1
Spinning 2/5 0/2 0/2 2/5 0/2 0/2
Weaving and

warping 1/8 0/1 1/5 3/8 0/1 3/5

*Numerator-number responding; denominator-number exposed.

The vast majority of the subjects, namely 20,
exhibited less than 3% variability. When the MMF
was examined, none of the patients before shift
and only one after shift demonstrated more than
15 %variability. The smokinghabits of thepopulation
are shown in Table 1.

Six men and three women showed a decline of 10%
in FEV1 during the shift. Their smoking habits and
work place are shown in Table 2. As can be seen
from the table, positive responses occurred not only
in the carders but also among the weavers and
spinners. All nine of these subjects demonstrated
a 15% decrease in MMF. Three additional subjects,
one man and two women, developed a 15% decrease
in MMF but no change in their FEV1 (Table 2).

There was a 10% increase in CC/TLC in three
men and in three women. These data are shown in
Table 3. When CV/VC was considered, five men
and five women showed a 10% increase (Table 3).
It is generally accepted that CC/TLC is more
sensitive than CV/VC and that such sensitivity may
be conferred by an increase in the residual volume
(RV). However, in those four patients in whom the
CV/VC was more sensitive, the RV was unchanged
in two despite an increase in TLC and in the other
two, RV actually decreased slightly.

Five subjects whose FEV1 did not decline by 10%
showed an increase of 10% or more in either
CV/VC or CC/TLC. In contrast, however, there
were four patients who showed at least a 10%
decline in FEV1, but whose CV/VC and CC/TLC
remained essentially unchanged.

Comment
In this pilot study, byssinosis was defined by changes
in one or more tests of pulmonary function. This was
done to avoid the highly subjective questionnaire
definition of low-grade byssinotics in whom no
measurable reaction occurs (Braun et al., 1973)
and the falsely negative cases in workers who do not
report symptoms but who demonstrate decrements
in pulmonary function (Zuskin et al., 1969). It also

eliminates those who have chronic symptoms of
cough and chest tightness (breathlessness) owing to
smoking from those whose symptoms are due to
more advanced (Grade III) byssinosis.
A learning effect cannot be responsible for the

changes which we found. First, such an effect would
be in the opposite direction from those changes
with which we are concerned. Secondly, all our
subjects had performed these forced expiratory
volume manoeuvres as part of a routine testing
programme at the mill and were familiar with the
procedures at the time of the study.

Likewise, diurnal variation in ventilatory capacity
cannot be the cause of the changes. Variation in
ventilatory capacity during the day shift in several
studies (Guberan et al., 1969; Walford et al., 1966;
Lapp et al., 1972) was in the opposite direction, and
during the night shift little or no change occurred.
Only in the afternoon was there a decrease and its
magnitude (approximately 2%) was considerably less
than the change which we accepted as clinically sig-
nificant. Diurnal variation in closing volume has not
been demonstrated in a small group of subjects
(McFadden, Holmes, and Kiker, 1975).

It appears from this pilot study that CV would be
no more sensitive than the FEV1 in the detection of
subjects with byssinosis. Although there were several
subjects who demonstrated an increase in CV/VC
or CC/TLC without a corresponding decrement in
FEV1, there was an almost equal number of subjects
who showed a decline in FEV1 but whose CV/VC
and CC/TLC did not change appreciably. Such a
discrepancy suggests that different mechanisms may
be at work producing the alteration in these tests,
and further investigations to delineate these mech-
anisms would be valuable.
CV/VC appears to be more sensitive than CC/

TLC in this group of cotton mill workers. This
finding may be related to lack of the usual increase in
RV in such situations. A similar finding was observed
in another occupationally exposed group. In 82
working coal miners the mean closing volume was
more sensitive to years spent working underground
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than the CC/TLC (Lapp et al., submitted for public-
ation).
CV is technically more difficult and takes five to

six times as long to perform as does conventional
spirometry. Moreover, measurement of CV requires
expensive equipment, a well-trained skilled tech-
nician, and measurement of the tracing is subject to
appreciable inter- and intra-observer variation. A
greater number of subjects are unable to perform
the more complex respiratory manoeuvres that
constitute the test.
Repeated closing volume manoeuvres are subject

to greater variability than forced expiratory volume
manoeuvres. We chose 10% as a clinically sig-
nificant change in the values of CV/VC and CC/
TLC. We selected this value based on the studies
of Collins et al. (1973), using a foreign gas technique,
in which the variability of repeated closing volume
manoeuvres was approximately 10%. We recog-
nized that our selected value was lenient and that the
significance of such a change could be questioned.
This was confirmed in our own laboratory using the
resident gas technique described earlier and a small
group of highly motivated and well-trained volun-
teers; the variability of the CV/VC was 21 % and
CC/TLC, 12% (unpublished observations). Mc-
Fadden et al. (1975) in a paper published after the
completion of this study used the resident gas
technique in a similar structured setting and reported
coefficients of variation for these measurements of
approximately 25% and 9% respectively. It is doubt-
ful if untrained subjects in a field setting could be
coached to maintain the highly standardized tech-
niques that were required in these research facilities.
Had a change of 40% in CV/VC been required as an
indication of byssinosis only five patients would
have been identified and all of these demonstrated
clinically significant changes in one of the spiro-
metric tests.
For CV to be useful in routine detection of

byssinosis, it would have to bemoresensitivethanthe
FEV1. Our experience in this limited study suggests
that CV is less practical and no more sensitive than
the FEV1. Although further studies to confirm this
impression are desirable, we are hesitant to initiate
them because of the problems in reproducing closing
volume measurements. In contrast to CV, the MMF
appears more sensitive than the FEV1. It requires
no additional equipment and little additional time
for measurement. Our results suggest that a larger
trial comparing the sensitivity of the FEV1 and the
MMF in the evaluation of byssinosis is warranted.
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