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Asbestos-induced fibrosis can involve the pulmonary
interstitium (asbestosis), the parietal pleura (pleural plaq-
ues) and/or the visceral pleura (diffuse pleural thickening)
[1]. The histopathological feature of asbestosis consists of
peribronchiolar and interstitial fibrosis, in which asbestos
bodies appear on lung sections [1]. The high-resolution
(HR) computed tomographic (CT) features of asbestosis
have been extensively described. They include curvilinear
subpleural lines, parenchymal bands, thickened interlobu-
lar (septal) and intralobular (core) lines, and later honey-
combing [2, 3]. These CT features are nonspecific, since
they can also be observed in pulmonary fibrosis from other
causes.

Pleural plaques are circumscribed and discrete areas of
hyaline or calcified fibrosis, which are localized on the
parietal pleura of the lateral chest wall, the diaphragm, or
the mediastinum [1]. Involvement of the visceral pleura
can be focal or diffuse [1]. When focal, the visceral changes
appear on chest radiographs as small, pleuroparenchymal
fibrous strands, known as "crow's feet". When extensive,
pleural fibrosis is called "diffuse pleural thickening", usu-
ally accompanied by blunting of the costophrenic angles
[4–7]. Rounded atelectasis (the folded lung), also called
Blesovsky's syndrome, is thought to be a consequence of

retractile visceral pleural fibrosis [8]. In contrast to pleural
plaques, which are considered highly specific for asbestos
exposure, especially when bilateral, diffuse pleural thick-
ening is less specific since it can occur in a variety of con-
ditions affecting the pleura, including connective tissue
disease and drug exposure [9]. Diffuse pleural thickening
is not precisely defined in radiological terms [5], and the
1980 International Labour Office (ILO) Classification did
not distinguish between lesions located on the visceral
from those on the parietal pleura. This is a potential source
of confusion [10]. MCLOUD et al. [11] defined diffuse   pleu-
ral thickening on chest radiographs as "a smooth, non-
interrupted pleural density extending over at least one-
fourth of the chest wall" associated or not with costoph-
renic blunting. On CT scans, LYNCH et al. [12] defined  dif-
fuse pleural thickening as "a continuous sheet of pleural
thickening more than 5 cm wide, more than 8 cm in cranio-
caudal extent, and more than 3 mm thick".

The aim of this study was to investigate, by CT scan,
whether these different fibrotic lesions were actually sta-
tistically associated. We also tried to find more accurate
criteria to distinguish between diffuse and circumscribed
pleural thickening by CT scans, rather than by radiogra-
phy.
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ABSTRACT: The aim of this study was to investigate by computed tomography (CT)
whether asbestosis, diffuse pleural thickening and/or pleural plaques are statistically
associated. We also tried to find criteria to differentiate between diffuse and circum-
scribed pleural thickening.

From 231 exposed workers, only those subjects whose radiograph showed neither
bilateral calcified pleural plaques nor small pulmonary opacities higher than 1/1
grade according to the 1980 International Labour Office (ILO) Classification were
considered. Scans were assessed for the presence of subpleural curvilinear lines, sep-
tal and intralobular lines, parenchymal bands, honeycombing, rounded atelectasis,
pleural plaques and diffuse pleural thickening.

CT scans revealed pleural and/or lung abnormalities in 99 workers. Pleural
plaques were unilateral in one-third of cases with plaques. Diffuse pleural thickening,
parenchymal bands and rounded atelectasis were unilateral in, respectively, 62 and
69 and 75% of cases with the abnormality. Septal and intralobular lines, and honey-
combing were always bilateral. CT signs could be grouped into three patterns: 1) sep-
tal and intralobular lines, and honeycombing corresponding to pulmonary fibrosis; 2)
pleural plaques corresponding to parietal pleural fibrosis; and 3) diffuse pleural
thickening, rounded atelectasis and parenchymal bands corresponding to visceral
pleural fibrosis.

In these workers with a normal or near-normal radiograph, three groups of sub-
jects with different responses were distinguished. Crow's feet and rounded atelectasis
help to differentiate plaques from diffuse thickening.
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Material and methods

Subjects

Workers seeking compensation for pneumoconiosis were
examined in the Belgian Occupational Diseases Fund by
engineers, to confirm occupational exposure to dust, and
by both an occupational and a chest physician for medical
evaluation. These workers had their chest radiograph read
by three experienced readers, according to the 1980 ILO
Classification [10]. If the radiograph did not display obvi-
ous bilateral calcified pleural plaques, or small pulmonary
opacities with a grade higher than 1/1, and if the latency
period (time from initial exposure) was at least 10 yrs, a
CT scan of the chest was requested from the institution, to
look for signs suggestive of asbestos-related disease. For
the present study, the CT examinations requested by the
Belgian Occupational Diseases Fund over a period of 4
yrs were considered. This group served as a referral. Indi-
viduals with known interstitial disease from other causes,
previous thoracotomy or lung resection, and known mali-
gnancy were excluded, leaving 231 subjects (227 males
and 4 females), ranging in age from 30–72 yrs (mean age±
SD: 56±8 yrs) for the study. The duration of exposure to
asbestos ranged from 1–48 yrs (mean±SD: 19±12 yrs) and
only 25 subjects were exposed for <5 yrs. One hundred
and thirty one subjects were current smokers, and they had
smoked 32±23 pack-yrs (mean±SD). Thirty two subjects
were exsmokers, and they had smoked 25±17 pack-yrs.
Sixty eight subjects were lifetime nonsmokers. Since the
association between accelerated pleural changes and in-
take of ergoline drugs [9] was not well described at the
time of this study, a systematic search of exposure to such
drugs was not conducted.

Computed tomography

As previously recommended in asymptomatic asbestos-
exposed subjects, the CT examinations included conven-
tional and HRCT scans [13]. These scans were obtained
on a Siemens Somatom Plus (Siemens, Erlangen, Ger-
many) scanner during breath-holding at full inspiration.
The conventional scans were obtained from above the lung
apices to below the posterior costophrenic angles at con-
tiguous 1 cm intervals, using 10 mm collimation, 120 kV,
210 mA, and a 1 s acquisition time. Images were recon-
structed using a standard reconstruction algorithm and
were photographed at two window settings, appropriate
for viewing the lung parenchyma on the one hand, and the
pleura and the mediastinum on the other. Contrast med-
ium was not used.

The HRCT scans were performed immediately after the
conventional CT scans and images were obtained from the
lung apices to the posterior costophrenic angles, in supine
and prone positions, at 20 or 30 mm intervals, depending
on the height of the thorax, for a total of 18–24 images.
All HRCT scans were acquired using 1 mm collimation,
137 kV, 255 mA, and a 1 s acquisition time. Images were
reconstructed with an ultra-high-spatial frequency algo-
rithm and photographed at window settings appropriate
for the lung parenchyma.

Each CT examination was viewed simultaneously by
two experienced chest radiologists. The findings from the
CT scans were agreed upon by consensus between the two
radiologists, who coded as present or absent on each side
(left and right) the following pleural and parenchymal
abnormalities, according to established criteria: 1) sub-
pleural curvilinear lines, defined as linear densities within
1 cm of the pleura and parallel to the inner chest wall (fig.
1) [2, 3, 14]; 2) septal lines and intralobular (core) lines,
defined as single or branching lines 1–2 cm in length, seen
in the subpleural parenchyma (fig. 2) [2, 3]; 3) parenchy-
mal bands, defined as linear densities 2–5 cm in length,
extending through the lung to contact the pleural surface
(fig. 3) [2, 3]; 4) honeycombing, defined as areas of lung
containing small, cystic air spaces in the order of 0.3–1.0
cm in diameter, with well-defined walls, which are often

Fig. 1.  –  Subpleural curvilinear line. Linear area of increased density
within 1 cm of the pleura and parallel to the inner chest wall (arrows).

Fig. 2.  –  Septal lines and intralobular lines. Single or branching intra-
lobular and interlobular lines up to 1–2 cm in length seen in the subp-
leural parenchyma (arrowheads).
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thick (fig. 4) [2, 3]; 5) rounded atelectasis, defined as a
mass related to an area of pleural thickening associated
with a partial interposition of lung between pleura and
mass, and with a visible "comet tail" of vessels and bron-
chi sweeping into the lateral, or medial and lateral aspect
of the mass (fig. 5) [15, 16]; 6) pleural plaques, defined as
discrete, dense, pleural linear structures, which may have
a smooth or nodular inner surface (fig. 6); and 7) diffuse
pleural thickening, defined as a contiguous sheet of pleu-
ral thickening more than 5 cm wide, more than 8 cm in
craniocaudal extent and more than 3 mm thick (fig. 7)
[12]. Increased densities seen only in the dependent areas
of the lung were disregarded.

Statistical analysis

Some of the seven signs seemed more frequently bila-
teral, and others unilateral.  In order to look for a statistic-

ally significant difference between the probabilities that a
sign appeared unilateral or bilateral, a binomial test was
used, assuming that a sign has a 0.5 probability of being
bilateral and a 0.5 probability of being unilateral. The sub-
jects with no positive CT sign were omitted from these
analyses. A statistically significant result indicates that the
probability of appearing bilateral differs (i.e. is higher or
lower) from the probability of appearing unilateral.

A second analysis was aimed at looking for possible
associations between the signs. A sign was defined as pos-
itive if it was present on the left, on the right, or on both
sides. A cluster analysis (i.e. a statistical procedure aimed
at forming groups of similar objects) including the only
subjects having at least one positive sign was performed.
Cluster analysis is based on the concept of "distance" or

Fig. 3.  –  Parenchymal bands. Linear densities 2–5 cm in length,
extending through the lung, extending to the pleural surface (arrows).

Fig. 4.  –  Honeycombing. Cystic air spaces on the order of 0.3–1.0 cm
in diameter, with well-defined and often thick walls (arrows).

Fig. 5.  –  Rounded atelectasis. Mass (x) adjacent to a sheet of pleural
thickening (arrowheads). Notice the backward displacement of the fis-
sure (white arrow) reflecting the volume loss in the left lower lobe. In
this particular case, a linear parenchymal band radiating from the mass
into the surrounding lung parenchyma was associated (black arrow).

Fig. 6.  –  Pleural plaques. Discrete dense pleural linear structures (ar-
rows).
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"dissimilarity measure"; it measures here how "far" apart
two signs are (the less frequently two signs appear toge-
ther, the "farther" apart they are). The dissimilarity meas-
ure of Lance and Williams (also known as the Bray-Curtis
nonmetric coefficient) was chosen since it is appropriate
for binary data and since it quantifies the "distance" bet-
ween two signs without taking into account the number
of subjects who are negative for both signs. Indeed, the
number of subjects being negative for two signs is nonin-
formative for detecting intersigns correlations. The dissi-
milarity measure between two signs x and y is defined by:

δ (x, y) = (b+c) / (2a + b + c)

where a is the number of subjects who are positive for x
and y, and b and c are the number of subjects positive for x
or for y, respectively. Many methods are used for combin-
ing the signs into clusters. Among them, hierarchical ag-
glomerative methods are the most frequently used [17].
More specifically, the average linking between groups me-
thod [18] was chosen since it uses information about all
pairs of distance and not just the nearest or the farthest. It
was decided that this process would be stopped as soon as
three clusters were constituted.

The statistical software used was SPSS (Norusis MJ,
SPSS for Windows, Professional Statistics, Release 5; SPSS
Inc., Chicago, IL, USA, 1992).

Results

The CT scans detected no abnormality in 132 (57%) of
the 231 subjects. Thus, there were 99 subjects left for an-
alysis. The frequency of each sign detected in these sub-
jects is listed in table 1. Pleural plaques were bilateral in
46 (64%) and unilateral in 26 (36%) cases. When unilat-
eral, plaques had no predilection for any side. Septal and
core lines, and honeycombing were bilateral in all cases.
Diffuse pleural thickening, parenchymal bands and round-
ed atelectasis were unilateral in 20 (62%), 24 (69%), and 6
(75%) cases, respectively. When unilateral, parenchymal
bands and rounded atelectasis coincided with ipsilateral
pleural thickening. Curvilinear subpleural lines were pre-

sent in only one subject, and were not associated with any
other sign. Therefore, such lines were not considered fur-
ther for analysis.

Six radiographic signs were therefore submitted to clu-
ster analysis. The procedure started out with six clusters,
each one corresponding to one sign (fig. 8). At step 1, the
signs "honeycombing" and "septal lines and intralobular
lines" were combined into a single cluster since their dis-
tance was less than the distance between the clusters of any
other pair. The second step merged "diffuse pleural thick-
ening" and "parenchymal bands" into a second cluster,
which was followed at the next step by adding "rounded
atelectasis". At this third step, the three clusters appeared as:
1) septal lines and intralobular lines together with honey-
combing; 2) diffuse pleural thickening together with
parenchymal bands and rounded atelectasis; and 3) pleural
plaques. The statistics of patients presenting the different
CT patterns are listed in table 2.

Fig. 7.  –  Diffuse pleural thickening. Sheet of pleural thickening, more
than 5 cm wide and more than 3 mm thick (arrows). Contiguous scans
show that the thickening is more than 8 cm in craniocaudal extent. Table 1.  –  CT findings compatible with asbestos-related

disease detected in 99 subjects

CT scan Bila-
teral

Unilateral 
(right/left)

Total p*

Curvilinear 
  subpleural lines
Septal and 
  intralobular lines
Parenchymal bands
Honeycombing
Rounded atelectasis
Pleural plaques
Diffuse pleural 
  thickening

1

11

11
6
2

46
12

0

0

24 (15/9)
0
6 (3/3)

26 (12/14)
20 (13/7)

1

11

35
6
8

72
32

     -

0.001

0.043
0.031
0.289
0.025
0.216

CT: computed tomography. *: p-value after binomial test.
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Fig. 8.  –  Graph illustrating the hierarchical associations of signs as
resulting from the cluster analysis. These associations are represented
by the connecting straight line.

Table 2.  –  Association into clusters of CT signs detected
in 99 subjects 
Computed tomography n
Septal and intralobular lines + honeycombing (1)
Diffuse pleural thickening + parenchymal bands +
   rounded atelectasis (2)
Pleural plaques (3)
(1) + (2)
(1) + (3)
(2) + (3)
(1) + (2) + (3)

7
18

42
2
2

27
1
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Discussion

This study only included exposed subjects with normal
chest radiographs or with low radiological grades (pulmo-
nary opacities below 1/1), and allowed an analysis of the
CT signs associated with asbestos exposure, namely their
association in three clusters and their tendency to be uni-
lateral or bilateral. Depending on the type of the lesion,
several pathophysiological hypotheses can be put forward
to explain the association of CT signs, differences in the
sites of lesions (pleura versus lung) and the unilateral ver-
sus bilateral location.

Association of CT signs in clusters

The CT signs were not randomly associated and cluster
analysis showed that there were three categories of CT
signs, corresponding to different patterns of response to
asbestos exposure. 1) Honeycombing, septal, and intralo-
bular lines form one group, and suggest interstitial lung
fibrosis. 2) Diffuse pleural thickening, parenchymal bands
and rounded atelectasis form a second group, suggestive
of diffuse fibrosis involving the visceral pleura. 3) Pleural
plaques, without other signs, form the third group.

In HRCT studies of asbestos-related diseases, paren-
chymal bands have been considered as a sign of asbestosis
[2, 3]. The association of parenchymal bands and diffuse
pleural thickening in the same cluster suggests that these
bands reflect visceral pleural fibrosis rather than intersti-
tial fibrosis.

Indeed, in other chronic infiltrative lung diseases with
no primary visceral pleural involvement such as idiopathic
pulmonary fibrosis and systemic sclerosis, these paren-
chymal bands are not reported at any stage. Thus, it app-
ears that "crow's feet", pleural tags and parenchymal bands
may correspond to similar lesions predominantly related
to the fibrosis of the visceral pleura, and should be differ-
entiated from HRCT features more suggestive of diffuse
interstitial fibrosis, such as septal and intralobular lines,
and honeycombing.

Parenchymal bands and rounded atelectasis, predomi-
nantly reflecting fibrosis of the visceral pleura, could ena-
ble the differentiation to be made between visceral pleural
fibrosis and fibrosis strictly limited to the parietal pleura.
Pleural plaques are covered by a normal mesothelium, and
are not associated with adherence between the lung and
the chest wall during respiratory movements, so that the
lung can still slide along the chest wall and can fully
expand [19]. In contrast, the involvement of the visceral
pleura through adherence and/or retractile fibrosis is res-
ponsible for the shrinking, folding or incomplete inflation
of the underlying lung parenchyma [20]. The presence of
parenchymal bands and/or rounded atelectasis should be
useful in differentiating pleural plaques from diffuse pleu-
ral thickening, when pleural thickening is too small to be
considered as diffuse, according to dimensional criteria.

It seems, thus, that there are three categories of nonma-
lignant individual responses to asbestos inhalation: fibro-
sis of the lung parenchyma, fibrosis involving the visceral
pleura (diffuse pleural thickening) and fibrosis of the pari-
etal pleura (pleural plaques). We shall discuss several hy-
potheses that might explain individual differences in the

predominant sites of lesions and why they could be inde-
pendent of one another.

The pattern of response to asbestos fibre inhalation is
determined by numerous and complex parameters, includ-
ing fibre characteristics (type and size), cumulative dose,
migration of fibres to the pleura (translocation), individu-
al factors, and latency [20].

Asbestosis, diffuse pleural thickening and pleural pla-
ques have different dose determinants [21]. Asbestosis is
related to high cumulative exposures, probably in excess
of 25 fibres·mL-1·yr-1. [22]. By contrast, pleural plaques
are the most frequent response to asbestos exposure, ap-
pearing even with low-dose, often intermittent, exposures
[21]. From a pathophysiological point of view, clearance
mechanisms reduce the initial inhaled and deposited fibre
burden in the deep lung: most of the fibres will be rem-
oved by the mucociliary clearance and a minority of them
will migrate to the interstitium. An overload effect
appears to be important in initiating the activation of lung
in-  flammatory cells leading to parenchymal fibrosis [23].
Having reached the interstitium, some of the fibres might
then migrate to the pleura through lymphatics, and con-
centrate with other particles in certain areas of the parietal
pleura, probably after a passage through the pleural space
[24, 25]. The lung plays the role of a filter, and it is con-
ceivable that the total number of fibres reaching the ple-
ura might be less influenced by the cumulative dose. This
could explain why pleural plaques and mesothelioma can
be associated with low-dose or intermittent exposures,
which are insufficient to lead to asbestosis by an overload
effect. Lung burden studies consistently recorded the hea-
viest burdens for asbestosis and lowest burdens for pleural
plaques [21, 26, 27]. This difference is also reflected in
the concentrations of asbestos bodies in the bronchoalveo-
lar lavage fluid [28]. Diffuse pleural thickening and
rounded atelectasis are reported to be associated with bur-
den levels between those of plaques and those of asbesto-
sis [29–33].

Concerning the type of fibres, several studies have dem-
onstrated a much stronger correlation between the severity
of lung fibrosis and the concentration of amphibole (amo-
site, crocidolite and tremolite) fibres, rather than chryso-
tile fibres [26, 27, 29].

Another potentially important factor relates to the trans-
location of fibres towards the pleura. The exact pathways
followed by fibres to reach the pleura are poorly known
[24, 34]. The relative amount of inhaled fibres that reaches
the pleura could differ between individuals, as in animal
species [35]. Differences in translocation to the pleura
have, for example, been put forward to explain the higher
incidence of experimental pleural tumours induced in ham-
sters than in rats, after the inhalation of fibres [35].

It has also been shown that after intrapleural injection
of asbestos, the development of pleural plaques, rather
than diffuse pleural fibrosis, can be induced by changes in
the inflammatory response. Comparing normal and nit-
rogen-mustard-treated (neutropenic) New Zealand White
rabbits, SAHN and ANTONY [36] showed that after intraple-ural
instillation of asbestos, the presence of large numbers of
pleural macrophages led to pleural plaque formation,
whereas a paucity of these mononuclear phagocytes re-
sulted in diffuse pleural fibrosis without plaque formation.

Differences in latency should also be taken into consid-
eration. Pleural plaques are rarely observed before 20 yrs
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after the onset of exposure [37]. However, asbestos pleural
effusion can occur as early as 1 yr after the first exposure
[37]. This could hypothetically explain why diffuse pleu-
ral thickening, as a sequela of pleural effusion, might
appear before the detection of lung fibrosis or pleural pla-
ques.

Unilateral versus bilateral

Septal and intralobular lines, and honeycombing, which
reflects parenchymal fibrosis, were bilateral in all cases in
this study. Previously radiographic and CT studies report-
ed that unilateral pleural plaques were not infrequent [38,
39]. In contrast to these studies, we did not observe any
side predominance, but it should be remembered that wor-
kers with bilateral calcified pleural plaques visible on the
chest radiograph were not referred for CT scans and, there-
fore, a selection bias existed. As far as we know, the left-
sided predominance for the presence as well as for the
extent of asbestos-related pleural disease has been repor-
ted in radiographic studies [39, 40], but the only CT study
reporting unilateral plaques did not investigate their side
predominance [38]. In contrast to pleural plaques, diffuse
pleural thickening, parenchymal bands and rounded atel-
ectasis were bilateral in only a minority of the subjects
included in the present study.

The most frequent unilateral lesion is diffuse pleural
thickening, especially when associated with rounded atel-
ectasis. Rounded atelectasis is a retraction and folding of
the lung occurring in various pleural disorders associated
with a retractile fibrosis of the visceral pleura secondary
to pleural effusion [8, 41, 42]. Benign asbestos pleural
effusion may be the initial event that results in visceral
pleu-ral fibrosis and rounded atelectasis [4, 43]. This effu-
sion     is often asymptomatic and resolves spontaneously
in the majority of patients [5]. When it leads to the fibrosis
of the visceral pleura with subsequent diffuse pleural
thickening, this fibrosis increases with each episode of
recurrence [4, 5, 43, 44]. Since benign asbestos pleural
effusion is frequently unilateral, one may speculate that
diffuse pleural thickening, rounded atelectasis and paren-
chymal bands, as possible sequelae of pleural effusion,
predominate on one side. Benign asbestos pleural effusion
can recur on the opposite side, but months to years may
separate lesions appearing on one side from changes
appearing on the other [45]. Again, since workers with
obvious bilateral pleural abnormalities on the chest radio-
graphs were not referred for CT scans, it is conceivable
that the subjects included in the present study were in the
time between two effusions.

In conclusion, this computed tomographic study dem-
onstrated three distinct types of benign response to asbes-
tos exposure: 1) parenchymal fibrosis, consisting of septal
lines and intralobular lines, and honeycombing; 2) parietal
pleural fibrosis, consisting of pleural plaques; and 3) vis-
ceral pleural fibrosis, consisting of diffuse pleural thick-
ening, rounded atelectasis and parenchymal bands. This
suggests that asbestos-induced lesions detectable by com-
puted tomography will be located initially on one target
organ only (lung parenchyma, parietal pleura or visceral
pleura) rather than associated in one individual. This prob-
ably depends on differences in latencies, types of expo-
sure and host responses. In practice, the absence of pleural

signs should not be considered a clue against the diagnosis
of asbestosis. It should be noted that this computed tomo-
graphic study deliberately excluded all subjects with chest
radiograph opacity grades higher than 1/1 in the paren-
chyma. A similar study including subjects with higher
grades might not have revealed the observed clusters and
the three types of response. It should also be emphasized
that a pathological approach to heavily exposed workers
might show a more frequent association of diseases [26,
27]. The statistical association of diffuse pleural thick-
ening with rounded atelectasis, parenchymal bands and
"crow's feet" should also lead to the presence of these
lesions being taken into consideration in the differential
diagnosis of diffuse versus circumscribed [10] pleural thic-
kening. The distinction between parietal pleural plaques
and diffuse pleural thickening can be important, since dif-
fuse thickening is more likely to result in an impairment
of lung function [46, 47].
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