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Radiographic and physiological findings
in patients with asbestosis
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ZITTING, A., HUUSKONEN, M. S., ALANKO, K. and MATTSSON, T. Radiographic
and physiological findings in patients with asbestosis. Scand. j. work environ. &
health 4 (1978) 275—283. Radiographic and respiratory functional findings are
reported for a series of 133 Finnish patients with asbestosis. Of these patients, 65
(49 %) were found to have radiographically mild diffuse pulmonary fibrosis (pro-
fusion 0/1, 1/0 or 1/1), 48 (36 %) moderate fibrosis (1/2, 2/1 or 2/2) and 20 (15 %o)
diffuse fibrosis in an advanced stage (2/3 or more). The type of fibrosis was mostly
irregular (110 = 83 %). Fibrosis was typically the most advanced in the lower zones
of the lungs. Of the 133 patients, 88 (66 %) showed pleural changes and 78 (59 %)
pleural calcifications. The more severe the fibrosis, as seen in the radiographs, the
greater the decrease in vital capacity (VC) and expiratory volume in 1 s (FEVji.9).
Transfer factor was generally impaired only in advanced cases of asbestosis (fibrosis
2/3 or more). In general, obstruction was not observed in this series. Pleural changes
seemed to decrease VC and FEVi,y when the fibrosis was mild (0/1, 1/0 or 1/1).
They had no effect on diffusion capacity (TL,_ ).
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Asbestosis, a disease of asbestos workers,
is characterized by progressive pulmonary
fibrosis and is, in some cases, associated
with pleural thickening and calcification.
The distribution of both pulmonary and
pleural lesions is usually basal.

The abnormalities of pulmonary func-
tion in patients with asbestosis have al-
ready been described well (17, 21). Bader
et al. (1) concluded that the most sensi-
tive index of progression of the disease is
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the change in vital capacity, which corre-
lates well with radiographic changes.
Opinions differ, however, concerning the
value of the gas transfer factor in the
diagnosis of asbestosis (14, 22). The corre-
lations between the radiographic findings
and lung function of asbestos workers
have varied (1, 2, 14, 17, 21, 22).

Asbestosis is regarded as a difficult
disease to diagnose. The problem is to
identify early changes that are barely out-
side normal limits and to distinguish cases,
even when advanced, from the many other
conditions that can cause similar radio-
graphic changes (6, 9, 18).

The aim of the present study was to
determine the radiographic and physio-
logical findings of 133 asbestosis patients,
to compare these findings, and to analyze
the radiographic progression of asbestosis.
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Table 1. Characteristics of the subjects at the time of the reexamination.

Sex Age at time of reexamination (years)

Occupation

Males Females <3y 40—49 50—59 > 60
Insulators 54 1 1 15 19 20
N=55 mean 55.6
Workers in
asbestos
cement
product
factory 16 16 0 2 7 23
N=32 mean 64.0
Workers in
asbestos
quarry 27 2 1 9 13 6
N=29 mean 52.9
Asbestos
sprayers 8 0 5 1 2 0
N=8 mean 41.0
Others 8 1 0 2 2 5
N=9 mean 57.3
Total 113 20 7 29 43 54
N=133 mean 56.3

SUBJECTS AND METHODS

Between 1964 and 1976, 229 cases of asbes-
tosis were reported to the Occupational
Disease Register in Finland. Of these cases
202 (88 /o) had been diagnosed at the Insti-
tute of Occupational Health with the use
of the following criteria:

(a) a confirmed history of occupational
exposure to asbestos dust and

(b) a positive radiographic finding of
fibrosis of the lungs.

Additional supporting features included:
dyspnea on physical effort, persistent basal
crepitations, clubbing of fingers, and a
reduction in vital capacity, forced expir-
atory volume in 1 s, and the single-breath
carbon-monoxide transfer factor. These
were not, however, used as essential diag-
nostic criteria.

In 1976 the 140 living asbestosis patients
of those diagnosed at the Institute were
asked to attend a reexamination between
November 1976 and March 1977. A total
of 133 (95 %) did so.

The present study deals with these 133
patients. Detailed information concerning
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work conditions with regard to asbestos
exposure and other data were available
(tables 1, 2 and 3).

The reexamination consisted of a radio-
graphic examination, lung function tests,
and a clinical examination. ,

The radiographic examination included
one lateral and two full-size postero-ante-
rior chest films. One of the postero-ante-
rior radiographs was taken with a kilo-
voltage of 125 and the other with 70—80
kV. The kilovoltage of the lateral film
was 125. The mAs value was adjusted to
obtain films of a suitable shade. (Most
films were taken with an automatic expo-
sure control) The radiographic technique
used at the time of diagnosis had been
similar. The radiographs taken both at the
time of diagnosis and at the reexamination
were analyzed according to the ILO U/C
International Classification of Radiographs
of Pneumoconioses (extended classifica-
tion) (10). They were examined by the
same three persons, two radiologists and a
specialist in occupational medicine at the
Institute of Occupational Health.

Vital capacity (VC) and forced expir-
atory volume in 1 s (FEV, ;) were analyzed
from flow volume curves registered with



Table 2. Year of entry and age at entry into asbestos work.

Year of entry Age at entery (years)

Occupation 1930— 1940 1950—

< 1929 1939 1949 1959 > 1960 <19 20—29 30—39 >40
Insulators 5 10 20 18 2 19 22 9 5
N=55 (1923—1971) mean 24.9
Workers in
asbestos
cement
product
factory 1 8 15 6 2 1 11 14 6
N=32 (1928—1966) mean 32.4
Workers in
asbestos
quarry —_ 6 13 8 2 9 16 4 —_
N=29 (1931—1965) mean 22.8
Asbestos
sprayers = — — 1 7 —_ 6 2 —
N=8 (1952—1965) mean 25.6
Others —_ 1 1 4 3 — 3 3 3
N=9 (1938—1968) mean 39.7
Total 6 25 49 37 16 29 58 32 14
N=133 (1923—1971) mean 27.3

Table 3. Length of asbestos exposure and smoking habits.

Exposure years Smoking habits

Occupation <9 10—19 20—29 >30 Nonsmokers Exsmokers Smokers
N % N % N %

Insulators 3 14 22 16 8 145 26 473 21 38.2

N=55 mean 24.6

Workers in

asbestos

cement

product

factory 6 4 15 7 15 46.9 10 313 7 21.9

N=32 mean 22.3

Workers in

asbestos

quarry 3 8 12 6 8 27.6 8 276 13 448

N=29 mean 21.8

Asbestos

sprayers | 6 1 — 2 25.0 3 375 3 375

N=8 mean 12.8

Others 4 3 1 1 1 111 6 66.7 2 222

N=9 mean 14.8

Total 17 35 51 30 34 256 53 39.8 46 34.6

N=133 mean 22.1
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a pneumotachograph (Medistor®, U.S.A.).
FEVY%o was calculated as (FEV,y/VC) X
100 (5). The single-breath carbon-mon-
oxide transfer factor (TL.) was measured
according to the usual procedure (15).
Three subjects refused to participate in the
lung function tests.

The clinical examinations were per-
formed by the same physician (M.H.).
Each patient was placed in one of the
following three categories: (a) smokers,
persons who habitually carried cigarettes
or cigarette tobacco for their own use,
(b) exsmokers, those who had stopped
smoking one year earlier or more, (c) non-
smokers, those who did not and had never
smoked cigarettes regularly (table 3).

The statistical analyses were made with
the chi-square test and, in some compari-
sons when frequencies were low, with
Fisher’s exact probability test. Student’s
t-test was also used.

RESULTS

Radiographic findings
Radiographs taken at the time of diagnosis

were available for only 116 of the 133
asbestosis patients; 66 of these 116 subjects

Table 4.

had been exposed to asbestos after the
date of diagnosis.

Table 4 shows the profusion of small
opacities found in the two sets of radio-
graphs according to occupational groups.
The types of small opacities seen in the
reexamination were as follows: s 98 (74 %),
t 11 (8 %), u 1 (0.8 %), p 11 (8 %), q 3
(2 %), r 1 (0.8 %) and combined 8 (6 Y%o).
No large opacities were found. The opac-
ities (small irregular or small rounded)
were generally of the same type in both
sets of radiographs. However, at the time
of the reexamination the small opacities
were more profuse than they had been
earlier (table 4). At the time of diagnosis
they were found in the lower zones of all
the subjects, in the middle zones in 78 %o
of the subjects, and in the upper zones of
16 °.. At the reexamination the corre-
sponding figures were 100, 94 and 34 %
for the lower, middle and upper zones,
respectively. There was no significant dif-
ference in the type, profusion or extent of
the opacities between workers in different
occupations.

The profusion of fibrosis and the length
of exposure have been summarized in
table 5.

In the two sets of radiographs poor defi-
nition of the diaphragm and/or cardic out-
line was just as frequent at the time of
diagnosis as at the reexamination, and

Number of subjects in different occupations classified according to profusion of small

opacities at the time of diagnosis and reexamination.

Occupation Profusion at time of diagnosis Profusion at reexamination
0/1—1/1 1/2—2/2 2/3—3/4 0/1—1/1 1/2—2/2 2/3—3/4

Insulators 39 11 3 27 19 9

Workers in asbestos

cement product

factory 17 5 1 14 11 7

‘Workers in asbes-

tos quarry 23 — — 14 12 3

Asbestos sprayers 7 1 — 4 4 —

Others 7 1 1 6 2 1

Total 93 18 5 65 48 20

Percentage 93/116= 18/116= 5/116= 65/133= 48/133= 20/133=

80 % 16 /o 4.3 % 49 % 36 % 15 %/
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Table 5. Percentage distribution of the subjects (N = 133) according to
profusion of fibrosis and length of exposure at the time of the reexami-
nation.

Profusion Exposure time (years)

category <9 10—19 20—29 > 30 Total
0/1—1/1 4 17 19 9 49
1/2—2/2 4 8 14 10 36
2/3—3/4 4 2 5 4 15
Total 12 27 38 23 100

Table 6. Vital capacity (VC), forced expiratory volume in 1s (FEVji,), deltaFEV % and car-
bon-monoxide transfer factor (TL,,) (mean as the percentage of predicted and the standard de-

viation) of the subjects grouped according to smoking habits and profusion of small radiographic

opacities.
Smoking vC FEVi deltaFEV”/o TLe,
habits Profusion category Profusion category Profusion category Profusion category
0/1— 1/2— 0/1— 1/2— 0/1— 1/2— 0/1— 1/2—
/1 2/2 >2/3 /1 2/2 > 2/3 /1 2/2 >2/3 /1 2/2 >2/3
Non-
smokers
Mean 75.9 632 720 794 628 788 +34 —0.6 —10.0 102.9 98.1 78.7
SD 164 132 838 189 173 11.1 8.9 15.2 15.7 17.7 26.2 18.6
N 17 13 4 17 13 17 13 4 17 13 4
Ex-
smokers
Mean 77.9 705 61.7 81.6 663 63.6 +44 —50 +1.1 90.1 98.3 67.7
SD 18.8 150 8.7 19.1 21.1 155 5.5 142 172 17.7 219 11.8
N 26 17 7 26 17 26 17 7 26 17 7
Smokers
Mean 79.4 704 67.8 718 64.1 66.3 —51 —43 +0.2 89.8 1794 626
SD 14.1 18.7 105 13.7 22.7 118 8.7 133 7.8 141 23.0 193
N 19 18 9 19 18 19 18 9 19 18 9
Total
Mean 77.8 68.5 66.5 78.0 645 67.9 +12 —35 —0.0 935 912 676
SD 16.7 159 9.5 17.4 207 13.0 7.4 144 127 16.6 23,5 16.5
N 62 48 20 62 48 62 48 20 62 48 20

there were no significant differences for it
with respect to the occupation of the
workers.

Pleural thickening was present in 66 of
the 116 available radiographs taken at the
time of diagnosis (57 %) and in 88 of the
133 taken at the reexamination (66 ). In
regard to the site, width and extent of the
pleural thickenings, no significant differ-
ences were found between the two sets of
radiographs or between the workers in
different occupations.

At the reexamination pleural thickening
was recorded bilaterally in 60 cases (68 %),

in the right lung only in 10 cases, and in
the left lung only in 18 cases. The width
of the pleural shadow was more than 10
mm in 56 cases (64 %) and less than 5 mm
in 23 cases (26 %) (width c¢ and a of the
classification). In 55 cases (63 %) the total
extent of the thickenings exceeded one-
half of the projection of one lateral chest
wall (extent 2 of the classification).
Pleural calcifications were recorded in
41 °/o of the radiographs taken at the time
of diagnosis and in 59 %o of those taken at
the reexamination. Insulators had rela-
tively fewer calcifications than the sub-
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Table 7. Vital capacity (VC), forced expiratory volume in 1 s (FEVi), delta FEV% and car-
bon-monoxide transfer factor (TL(!()) (mean as the percentage of predicted and the standard

deviation) of the subjects grouped according to profusion of small radiographic opacities and
occurrence of pleural thickening.

vC FEVi.0 delta FEV%e TL,

Profusion of

0

small pulmo-

Pleural thickening Pleural thickening Pleural thickening

Pleural thickening

nary opacities — + _ + . + .
0/1, 1/0, 1/1
Mean 72.7 85.2 73.0 85.3 +20 —o0.1 95.1 99.3
SD 13.2 18.4 15.3 18.8 10.0 9.8 16.5 18.6
N 34 28 34 38 34 28 34 28
1/2,2/1,2/2
Mean 67.6 71.4 64.4 65.3 —36 —3.3 94.2 80.0
SD 15.0 19.7 20.3 21.9 14.0 15.3 23.4 26.7
N 35 13 35 13 35 13 35 13
2/3 or more
Mean 66.3 68.5 66.1 84.0 + 0.1 —11.0 65.7 78.0
SD 10.3 7.8 12.8 14.1 11.8 24.0 15.6 31.1
N 18 2 18 2 18 2 18 2

jects with other occupations (y® = 7.43;
p < 0.01).

There was no significant difference for
the occurrence of other diseases (additional
symbols of the ILO U/C classification) be-
tween the time of diagnosis and the re-
examination or between the different occu-
pations. Of the 133 patients who were re-
examined, 41 (31 %) had an enlarged left
ventricle, 19 (14 %) showed signs of em-
physema, and 22 (17 %) honeycombing.

Respiratory physiological measurements

Among the 130 patients who participated
in the respiratory physiological measure-
ments in the reexamination, VC was nor-
mal (= 80 %) in 47 (36 °/o) and decreased
(<80 %) in 83 (64 %). FEV,, was normal
in 44 subjects (34 %) and decreased
(<80 %) in 86 (66 °). For 13 patients
(10 °/0) the delta FEV%o (predicted minus
observed) was greater than or equal to
13 %. TL,, was decreased (< 80 %) in 46
subjects (35 %).

The patients were grouped according to
smoking habits, profusion of small radio-
graphic opacities, VC, FEV,,, and FEV%
(table 6). In addition to opacities the pres-
ence of pleural thickening was evaluated,
and the various groups were compared
with respect to pleural changes and respi-
ratory function.
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The more severe the fibrosis, the greater,
as a rule, the decrease in VC and FEV, .
TL., on the contrary, was generally im-
paired only in advanced cases (fibrosis 2/3
or more) (table 6).

Obstruction was rarely observed among
the patients (10 ).

No significant differences in VC were
found between the groups with different
smoking habits. However the FEV,, of
exsmokers was somewhat higher than that
of smokers (t = 1.86; p < 0.07) among the
patients with the mildest lung fibrosis
(less than 1/2). But the subjects with mod-
erate and severe lung fibrosis showed no
differences in FEV;, according to smoking
habits (table 6).

In delta FEV?%o there was likewise no
difference according to smoking habits
among the subjects with severe and
moderate lung fibrosis, but in the group
with mild fibrosis smokers showed signs of
obstruction more often than nonsmokers
(t =265; p<0.05) and exsmokers (t=
4.44; p <0.001) (table 6).

Neither did the last lung function
parameter to be assessed, TL,, sig-
nificantly differ according to smoking
habits among the patients with severe
fibrosis. But in the group with moderate
fibrosis, smokers showed signs of impaired
diffusion when compared with exsmokers
(t = 2.42; p <0.05) and nonsmokers (t=
1.91; p<0.07) (table 6). Furthermore, in



the group with mild fibrosis the TL,, val-
ues were lower for smokers than for non-
smokers (t = 2.26; p < 0.05), and lower for
exsmokers than for nonsmokers (t = 2.11;
p <0.05) (table 7).

The VC, FEV,,, delta FEV% and TL,
in the 130 patients tested at the reexami-
nation are presented in table 7 according
to the profusion of small opacities and the
presence of pleural thickening. In the
group with mild fibrosis, VC and FEV,,
were significantly lower in the patients
with pleural thickening than in those
without (p <0.01; for VC t=3.02, for
FEV,, t = 2.72).

No association could be shown between
pleural calcifications and functional im-
pairment.

DISCUSSION

Asbestos-related diseases have been
studied in Finland since 1947 (19). In
1960 Kiviluoto published an extensive
radiographic investigation on the occur-
rence of pleural -calcifications among
people living in the vicinity of two as-
bestos mines in Finland. He showed that
bilateral calcifications of the parietal
pleura were common (11). There is a
certain discrepancy between this finding
and the results of the first Finnish study
(19), in which no case of pleural calcifica-
tion was detected. The formation of cal-
careous plaques seems to require a very
long time, since lesions are seldom ob-
served in patients under 30 years of age
(13).

The occurrence of unusual pleural cal-
cifications in compulsory mass radiographs
in Finland was studied by Raunio (16).
Since early pleural changes are difficult
to detect radiologically, other methods
have also been tried, e.g., ultrasonic
studies (20).

The diagnostic criteria of asbestosis have
been the subject of much debate (14). In
the present study widely accepted diag-
nostic criteria were used (4). Some au-
thors (8) have advocated more rigorous
criteria however. A person with an occu-

pational history of exposure to asbestos
dust and interstitial lung fibrosis does not
necessarily have asbestosis. Doubt could
particularly be cast on cases with a rel-
atively slight exposure and fibrosis classi-
fied as 0/1. Additional diagnostic criteria
do not afford an absolutely certain diag-
nosis but would increase its probability.

Of the 54 patients in whom lung fibrosis
was classed as grade 0/1 at the time of
diagnosis in the present study, 37 had
moved to a higher grade in the follow-up.
The clear progression of the condition
supports the diagnosis. In the remaining 17
patients, the apparent quiescence of the
fibrosis can probably, in many cases, be
attributed to the short interval between
the time of diagnosis and the follow-up.

The asbestosis of the quarry workers
in the study appeared to be certified
earlier than that of the other occupational
groups (table 4). This phenomonen can
probably be attributed to the fact that
these subjects have been more carefully
checked than the others, as they have
attended periodic health examinations at
our Institute.

The quality of asbestos varied in dif-
ferent occupations. Asbestos sprayers were
exposed to crocidolite, and asbestos quarry
workers to anthophyllite. In other occu-
pations the asbestos exposure was mixed,
consisting mainly of chrysotile and, in
smaller amounts, anthophyllite, crocidolite
and amosite. The quality of asbestos ac-
cording to occupation had no significant
effect on the radiographic findings of the
asbestos patients.

If a person has been exposed to asbestos
dust and has interstitial lung fibrosis (and
other signs of disease), there is no test that
will rule out asbestosis, even if there is
evidence for some other disease that pro-
duces similar signs. Fibrosing alveolitis,
although a rare condition, should be borne
in mind, since it produces a similar picture
(18).

In the analysis of the radiographs the sole
criterion for such qualities as “irregular”
or “rounded,” as well as for profusion, was
the similarity to the reference films of the
ILO U/C classification (10, 12). The fact
that a clear progression was found for
lung fibrosis but not for pleural thickening
may be due to the difference in scale. For
the profusion of lung opacities there are
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10 grades from the slightest to the most
advanced changes, whereas for the width
and extent of pleural thickening there are
only three grades.

Vital capacity has rather generally been
considered to be a good measure of
asbestosis. Evidence has been published
suggesting that it may even be reduced
before there is radiological evidence of
disease (3).

Different opinions have been presented
concerning the value of the gas transfer
factor in the diagnosis of asbestosis. Ac-
cording to Britton et al. (7), a marked
reduction in the transfer factor often pre-
cedes any significant decline in wvital
capacity. In their series changes in vital
capacity and the transfer factor did not
give any indication of prognosis. In a study
by Woitowitz (22), vital capacity decreased
significantly as asbestos exposure in-
creased; it was concluded that a decrease
in vital capacity could be used as a sign
of early asbestosis, even prior to any radio-
graphic abnormality. Measurements of
FEV?%, did not support the view that the
obstructive changes were due to asbestosis.
No impairment in alveolar gas exchange
was found. According to Woitowitz tests of
the pulmonary gas transfer factor (dif-
fusion capacity) do not aid the early de-
tection of asbestosis, and this conclusion
was supported by the present results. Since
histologically some anatomical obstacle to
gas exchange must be assumed tfo exist,
it can be assumed that pulmonary func-
tional reserves compensate for the deficit.

Pulmonary fibrosis is thought to be ac-
companied by a greater degree of func-
tional abnormality than pleural changes.
The present study supports this assump-
tion.
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