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Abstract:  Pleural plaques are asymptomatic focal thickenings of the pleura and considered the 
hallmark of asbestos exposure.  However, it is often difficult to detect pleural plaques on chest 
x-rays (CXR).  In a retrospective study, using chest CT scans of 140 Japanese asbestos-exposed 
construction workers who have probable or definite findings of pleural plaque on CXR; firstly, 
we proposed plaque morphology-based classification for CXR findings, and then we exam-
ined if those classified findings could be confirmed as pleural plaques on CT scans.  Our 
morphology-based classification of pleural plaque findings included nine types.  The percent-
ages of confirmed pleural plaques on CT scans by type (number of confirmed pleural plaque 
on CT/number of observed on CXR) were 93% (40/43) for straight, 89% (56/63) for diamond, 
88% (7/8) for double, 83% (19/23) for tapered medially, 80% (20/25) for parallel, 77% (23/30) 
for crescent, 79% (11/14) for tenting, 72% (18/25) for tapered-laterally (long type), and 0% (0/9) 
for tapered-laterally (short type).  When added to the ILO classification, morphology-based 
classification of CXR pleural plaque findings makes its detection easier and hence chest radio-
graph continues to be a suitable tool for screening asbestos-related pleural plaques based on its 
simplicity, low radiation exposure, wide availability and cost-effectiveness.
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Introduction

In the construction industry, asbestos is found in 
installed products such as sprayed-on fireproofing, 
fire-resistant drywall, roofing material, floor tiles, and 
cement pipes.  In Japan, exposure to asbestos likely 
occurred during construction, renovation or demolition 
of buildings containing asbestos.

Comparing with asbestosis, a lower inhaled fiber 
burden results in pleural plaques1).  There is a long 
latency period from 20 to 30 yr between initial expo-
sure to asbestos and the development of pleural plaques.  
Pleural plaques are the commonest radiographic mani-
festations of asbestos exposure and the presence of 
bilateral scattered calcified pleural plaques can be 
regarded as virtually pathognomonic of asbestos expo-
sure2).

Histopathologically, pleural plaques are circumscribed 
and discrete areas of hyaline or calcified fibrosis local-
ized in the parietal pleura of the lateral chest wall, the 
diaphragm, and/or the mediastinum3).

Pleural plaques tend to be found adjacent to relatively 
rigid structures such as the ribs, vertebral column and 
the tendinous portion of the diaphragm.  According to 
radiographic studies, the characteristic sites of pleural 
plaques include the posterolateral chest wall between 
the seventh and tenth ribs, the lateral wall between the 
sixth and ninth ribs, the dome of the diaphragm and the 
mediastinal pleura particularly over the pericardium4).  
The sensitivity of the plain chest x-ray (CXR) in detect-
ing pleural plaques depends on their size, location, 
shape, degree of calcification and technical quality of 
the radiograph5).  However, normal anatomic structures, 
such as extra-pleural muscle and fat, may lead to false 
positive diagnosis in up to 20% of cases6). 

On computed tomography (CT), plaques are readily 
recognized as circumscribed areas of pleural thickening 
with well-demarcated edges and are commonly located 
in the posterolateral and para-spinal regions of the tho-

rax.  Many studies showed that CT is more sensitive 
than CXR for the detection of pleural disease, especially 
for plaques located in the para-vertebral area7, 8).

The aim of the present study is to improve the 
screening efficiency of CXR in identifying pleural 
plaques by proposing a plaque morphology-based clas-
sification.

Subjects and Methods

In this study, we hypothesized that the use of a mor-
phology-based classification of pleural plaques, in addi-
tion to their location, width and extent with the other 
ILO criteria, may improve the detection rate of pleural 
plaque findings on CXR.  The subjects of this study 
were 140 Japanese asbestos-exposed construction work-
ers with probable and definite findings of pleural plaque 
on CXR.  They were among current Japanese construc-
tion workers, and they underwent annual health check 
up during the period from 2005 to 2007 through the 
Mie Construction Workers’ Health Insurance Society.  
The total number of the examined workers was 5,782, 
5,771 and 5,346 in 2005, 2006 and 2007 respectively.  
One of the authors (N.H.) performed screening of their 
CXR regarding pleural plaque findings.  A total of 311 
workers with definite or probable findings of pleu-
ral plaque on CXR, were asked to perform chest CT 
scans.  Among them, 179 workers agreed to continue 
in our research.  Asbestos exposure was assessed using 
information obtained from the occupational histories 
of those workers.  We excluded subjects with pulmo-
nary pathological changes such as tuberculosis, diffuse 
pleural thickening and parenchymal fibrosis (irregular 
opacities corresponding to ILO category of ≥1/0), which 
may interfere with pleural plaques detection on CXR 
and CT scans (Table 1).  Moreover, cases with non-
homogenous shadows were also excluded in order to 
retain cases with probable or definite pleural plaques 
only (Fig. 1).  Finally, the subject of this study was 140 

Table 1.   Diagnostic criteria of pleural plaque findings on CXR and CT scans

CT Scans

Lung tissue view Mediastinal view Diagnosis

CXR

In profile pleural plaques

+ + +

+ – ±

– – –

Face-on pleural plaques
+ + +

– – –

Diaphragmatic pleural plaques
+ + +

– – –

± No clear diagnosis of pleural plaques because only CT lung tissue views showed pleural plaque findings.
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workers.  The site (chest wall and diaphragm), width, 
and extent of pleural plaque findings were recorded 
separately, according to the International Labour Office 
(ILO) classification of radiographs of pneumoconiosis9).  
Moreover, all rib companion shadows were defined by 
shape for further classification. 

Using CT scan as the gold standard for the diagnosis 
of pleural plaques, we evaluated the reading ability of 
CXR in detection of pleural plaques.  The CXR and CT 
scans of each construction worker were coded and sepa-
rated before being evaluated for pleural plaque shapes, 
sites, extent and width by three independent occupa-
tional physicians.  The confirmed pleural plaques repre-
sented those that were agreed upon by consensus among 
the independent readings of them.

Throughout this research, we adhered to the Japanese 
ethical guidelines for epidemiologic studies; and the 
study protocol was approved by the Institutional Review 
Boards of Nagoya University Graduate School of 
Medicine.

Results

A total of 140 male construction workers were evalu-
ated in this study; among them 65 (46.4%) were car-
penters, 15 (10.7%) plasterers, 10 (7.1%) steel frame 
workers, 9 (6.4%) interior finishers, 7 (5.0%) electri-
cians, 6 (4.3%) painters, 6 (4.3%) plumbers, 6 (4.3%) 
roofers, and 16 (11.5%) had performed various other 
construction-related tasks.  The mean age of the workers 

was 60.0 ± 7.5 yr; and the majority (about 73.6%) spent 
long periods (30–49 yr) in the construction-related jobs, 
during which they were exposed to asbestos (Table 2).

According to the ILO classification of radiographs 
of pneumoconiosis, among 92 subjects with chest wall 
pleural plaques (in-profile + face-on), 45 (49%) showed 
plaques on both sides of the pleura, 16 (17%) on the 
left side and 31 (34%) on the right side.  Among the 
61 subjects with diaphragmatic pleural plaques, 18 
(30%) had plaques on both sides, 21 (34%) on the left 
side and 22 (36%) on the right side.  Calcification was 
detected in 34 sites, 21 were located on the diaphragm 
(9 bilateral, 9 on the right and 3 on the left side), 9 
were facing-on, 2 on the cardiac margins, and 2 on the 
chest wall (Table 3). 

Examination of the 140 CT scans showed 427 sites 
of pleural plaque; 203 in-profile chest wall, 43 face-
on, 89 para-vertebral, 6 on the cardiac margins and 86 
diaphragmatic pleural plaques.  In 22 sites (9 in-profile, 
4 face-on, 2 para-cardiac and 7 diaphragmatic sites), the 
CXR showed no lesion while chest CT scans demon-
strated plaques (Table 4).  Using CT as the gold stan-
dard, the frequency of CXR in-profile, face-on, para-
cardiac and diaphragmatic plaques confirmed on CT 
was 194 out of 203, 39 out of 43, 4 out of 6 and 79 
out of 86, respectively.

The percentage of calcification detected at the dia-
phragmatic, para-vertebral, facing-on and para-cardiac 
sites on CT was (30/86) 35%, (15/89) 17%, (23/43) 
53% and (2/6) 33%, respectively (Fig. 2).

The in-profile chest wall probable or definite pleu-
ral plaques were classified into nine types shown in 
Table 5.  The following are the frequencies of in-profile 
pleural plaques on CT among pleural plaques on CXR 
according to their types: a straight medial border in 
40 out of 43 (93%) pleural plaque shadows, diamond-
shaped in 56/63 (89%) pleural plaque shadows, double-
shape appearance in 7/8 (88%) pleural plaque shadows, 

Fig. 1.   Chest radiograph of an individual with non-
homogenous shadows as an example of the excluded cases.

Table 2.   Frequency distribution of the work-
ers according to the time spent working in the 
construction industry

Time spent working in the 
construction industry (years)

Number (%)

n 140

<20  2 (1.4%)

20–29 13 (9.3%)

30–39  56 (40.0%)

40–49  47 (33.6%)

≥50  19 (13.6%)

Unknown  3 (2.1%)

Mean ± SD 39.6 ± 9.0
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medially-tapered in 19/23 (83%) pleural plaque shad-
ows, parallel shaped (to the rib margin) in 20/25 (80%) 
pleural plaque shadows, crescent-shaped in 23/33 (77%) 
pleural plaque shadows, tenting appearance with base at 
the chest wall in 11/14 (79%) pleural plaque shadows, 
tapered laterally (long type >3 cm in length) in 18/25 
(72%) pleural plaque shadows and tapered laterally 
(short type ≤3 cm in length) (Table 5).  Pleural plaque 
shadows with straight medial border and diamond-shape 
border were the most common on the CXR, comprising 
40 and 56 sites, respectively (Fig. 3).

We excluded data obtained from 33 in-profile sites 
since the diagnosis of pleural plaques was not clear.  
On the CXR of those 33 sites, we found pleural shad-
ows, while there were no corresponding pleural plaque 
findings on CT mediastinal views; only CT lung tis-
sue views showed pleural plaque changes.  The percent 
of those excluded shadows that were confirmed only 
on CT lung tissue views among the whole diagnosed 
in-profile pleural plaques was 14% (33/240).

Discussion

In this study, we found that the use of a morphology-
based classification of pleural plaques, in addition to 
their location, width and extent with other ILO criteria, 
will help pleural plaque identification and improve its 
reading on CXR.  It seems that pleural plaque shadows 
with straight medial border and diamond-shape were 
the most common on the CXR and have the highest 
percentages of confirmed pleural plaques on CT, while 
shadows which tapered laterally (short type) often 
appears unlikely in CT.  Shadows that were ruled out 
to be pleural plaques on CT scans had the same CXR 
shape of the confirmed shadows but they were less in 
density and width.  On the other hand, on CT scans, 
no corresponding signs could be found for 9 rib com-
panion shadows that were detected on CXR with their 
thick parts directed medially (tapered laterally short 
type ≤3 cm in length).  After applying our morphology-
based classification of pleural plaques, CXR couldn’t 
detect 9 sites of chest wall pleural plaques (9/240=3.7%), 

Table 3.   Pleural plaque findings according to ILO classification 
of pneumoconiosis, 2002

Pleural plaques n (%)

Site
In profile

Bilateral 45 49
Right side 16 17
Left side 31 34

Face on
Bilateral 7 44
Right side 6 38
Left side 3 19

Diaphragm
Bilateral 18 30
Right side 22 36
Left side 21 34

Other site(s)
Left paracardiac 4 100

Calcification
In profile

Bilateral 0 0
Right side 1 50
Left side 1 50

Face on
Bilateral 5 56
Right side 3 33
Left side 1 11

Diaphragm
Bilateral 9 47
Right side 9 42
Left side 3 11

Other site(s)
Left paracardiac 2 100

Extent
Right side

up to ¼ of the lateral chest wall 35 57
¼ to ½ of the lateral chest wall 21 34
>½ of the lateral chest wall 5 8

Left side
up to ¼ of the lateral chest wall 37 49
¼ to ½ of the lateral chest wall 26 34
> ½ of the lateral chest wall 13 17

Width (3 mm minimum width)
Right side

3 to 5 mm 31 51
5 to 10 mm 25 41
>10 mm 5 8

Left side
3 to 5 mm 35 46
5 to 10 mm 34 45
>10 mm 7 9

Table 4.   Pleural plaque findings on CXR and CT scans

Pleural 
plaque find-
ings on CXR

CT confirmed 
pleural 
plaques

Falsely diag-
nosed pleural 
plaques on CXR

Falsely missed 
pleural plaque 
on CXR 

Total PP find-
ings on CT

*SN 
(%)

*PPV

In-profile-chest wall pleural plaques 240 194 46 9 203 96  81

Face-on pleural plaques  44  39  5 4  43 91  89

Para-cardiac pleural plaques   4   4 — 2   6 67 100

Diaphragmatic pleural plaques  96  79 17 7  86 92  82

*SN: Sensitivity; PPV: Positive Predictive value.
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Fig. 2.   Conventional CT images of the lung (a) and mediastinum (b) showing calcified in-profile and para-vertebral pleural 
plaques.

Table 5.   Schematic representation and distribution of in-profile chest wall pleural plaque findings on CXR and their con-
firmed percentage on CT scans

Chest X-ray findings

CT scans assessment

Total (n)
CXR Missed 
cases (FN)

Definite pleural plaque Unlikely pleural plaque

n (%) n (%)

Straight medial border 40 (93) 3   (7) 43 Zero

Diamond-shaped 56 (89) 7  (11) 63 Zero

Doubled-shaped  7 (88) 1  (12) 8 Zero

Tapered medially 19 (83) 4  (17) 23 Zero

Parallel to the rib 20 (80) 5  (20) 25 Zero

Crescent in shape 23 (77) 7  (23) 30 4

Tenting shape 
(rising up from the chest wall)

11 (79) 3  (21) 14 Zero

Tapered laterally

(Long type >3 cm in length) 
18 (72) 7  (28) 25 5

Tapered laterally

(Short type ≤ 3 cm in length) 
zero — 9 (100) 9 —
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5 shadows have shadows tapered laterally (long type) 
and 4 shadows have crescent shape but their width is 
less than 2 mm, taken together, these results suggest 
better sensitivity of CXR except the above mentioned 
two types of pleural plaque shadows and this could be 
a good way to decrease the false negative cases in CXR 

by exclusion of these shapes. 
According to the ILO classification of pneumoco-

niosis radiographs, our results were consistent with the 
findings of Kikuchi and coworkers9, 10) who reported 
that 68.6% out of 70 cases with chest wall pleural 
plaques (in-profile + face-on) were distributed on both 

Fig. 3.   Chest radiographs of construction workers exposed to asbestos showing different morphologies of the 
in-profile pleural plaques.



632 M ELSHAZLEY et al.

Industrial Health 2011, 49, 626–633

sides of the chest, while 25.7% were on the left and 5.7% 
on the right.  They also found that among 40 cases with 
diaphragmatic pleural plaques, 22.5% was bilaterally 
located, 60% on the left side and 17.5% on the right.  
In their 22 subjects with calcified plaques, calcification 
was found in 32 sites; including 26 on the diaphragm 
(13 on the left and 13 on the right side), 3 on cardiac 
margins and 3 on the chest wall. 

Our results showed 22 false negative sites on the 
CXR (9 in-profile, 7 diaphragmatic, 4 face-on and 
2 para-cardiac sites).  The CXR showed no lesions, 
while the chest CT scans demonstrated hyaline plaques 
in all 22 sites.  These results are similar to those report-
ed by Kishimoto et al11). 

In this research, data from 33 in-profile sites were 
excluded because no clear diagnosis of pleural plaques 
could be made.  It is possible that these plaques were 
early-stage plaques and hence the difficulty in the diag-
nosis.  Therefore, follow-up of those workers with CXR 
is recommended.  Alternatively, the structures on the 
CXR could have been false positive findings related to 
normal anatomical structures (e.g., extra-pleural muscles 
and fat). 

Comparisons of positive findings on both types of 
imaging (CXR and CT scan) showed that the reading 
of chest wall, diaphragmatic, face-on and para-cardiac 
plaques in CXR is quite similar to CT findings.  In this 
regard Suganuma and coworkers13) reported a sensitivity 
of 0.94 for the CXR and CT scan for pleural plaques 
detection.  This could be a good reason to back up 
the screening of dust-exposed workers by radiographs, 
which can be done at a lower cost. Technological inno-
vation has allowed accurate diagnosis of dust-related 
pulmonary diseases, but not all dust-exposed workers 
can benefit from these new diagnostic modalities.  In 
that sense, simple and inexpensive diagnostic screening 
tests such as CXR should be further assessed to maxi-
mize their sensitivity. 

We couldn’t detect pleural plaques located in the para-
vetebral site on CXR, while CT examination revealed 
89 para-vertebral pleural plaques, in this regards many 
studies have shown that CT is more sensitive for the 
detection of pleural disease especially for plaques locat-
ed in the paravertebral area12, 13).  Our results add fur-
ther support to these early studies and showed that CT 
scan is better than CXR in detection of pleural plaques 
located in the para-vertebral areas.  However, we should 
take into consideration that the additional information to 
be gained from CT evaluation must be balanced by the 
additional costs and time required especially in screen-
ing large numbers of dust-exposed individuals over the 
coming decades.  Hence, the CXR will continue to be 
advantageous as the screening tool of choice for detec-

tion of asbestos-related pleural plaques.  In conclusion, 
while CT scan has its unique advantage in the detection 
of pleural plaques in the para-vertebral sites, the reading 
of pleural plaques in CXR can be improved by classifi-
cations that include morphology with anatomical loca-
tion, width, extent as well as other ILO criteria.  CXR 
will continue to be the primary survey imaging modal-
ity of choice because of its simplicity, wide availability, 
low cost and low radiation exposure.
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